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TECHNICAL MYCOLOGY.

SECTION XIII.
r

YEAST NUTRITION AND YEAST CULTURE.

CHAPTER XLIX.

MINERAL FOODSTUFFS.

§ 257.—Ash Content and Ash Analysis.

Since the requirements of the Eumycetes in general in respect of

ash constituents have already been fully dealt with in chapter xli.,

it may seem superfluous to the reader to revert to the question of

the mineral needs of the yeasts, all of which belong to that group.

It should, however, be remembered that the matter was then
treated from a purely physiological standpoint, the problem being

to ascertain what mineral substances are essential t > the structure

of the Eumycetes, and therefore also yeasts. The question,

however, comes into the region of practical economics, so soon as

we have to deal with ferments {e.g> yeasts) that are required in

large quantities for industrial purposes. In this case it is no
longer sufficient to know that certain ash constituents are indis-

pensable, but it also becomes necessary to ascertain how these

requirements can be satisfied in practice, and to investigate the

conditions under which the activity of these ferments can be
raised to the maximum by a suitable selection of the sources of

supply of the mineral foodstufls under consideration.

From this practical standpoint we shall deal more fully, in the

present chapter, with three elements ; calcium, phosphorus, and
sulphur, which have been, up to the present, more fully investi-

gated than any others with regard to their influence on the develop-

ment and activity of yeast. On the other hand, our knowledge
on the importance of potassium must be characterised as scanty, and
therefore this foodstuff (also known to be essential) must neces-

sarily be dismissed in a few words. From experiments conducted
by H. Becker (I.) it appears that the quantity of potash in the
nutrient solution influences the degree of attenuation . A beer wort
containing naturally 0.071 per cent, of potassium (K), attenuated
to 56.4 per cent., whereas in the case of two parallel samples, the

potassium content of which was raised to 0.078 and 0.085
cent, by the addition of potassium carbonate, attenuated, under

VOL, li:?T. 2 19 1 K



192 MINERAL FOODSTUFFS.

similar conditions, to only 52.2 and 48.9 per cent, respectively.

Hence the increased potassium content of the wort resulted in a

reduced attenuation. In tests carried out by R. Kusserow (I.),

the addition of dipotassium phosphate (K^HPO^) had no apparent
influence on the fermentation of the wort

;
but here the efiect of

the potassium alone could not be judged, owing to the simultaneous

presence of the phosphoric acid of the salt. According to the

observations of C. G. Matthews (II .), potassium is more readily

assimilated when a portion is present in the condition of sulphate

than when the phosphate alone is used. Compare also the state-

ment of A. Mayer (I.) on this point.

Before proceeding to discuss the importance of the aforesaid

three elements in connection with the life and action of yeast, it

will be necessary to deal with two points of special interest to the

chemist and fermentation technologist, namely, the percentage
and the quantitative and qualitative composition of the ash con-

stituents of yeast.

With regard to the ash content, numerous determinations are

available, a few of which, referred to the dry matter of the yeast,

are given below

;

Percentage of Ash in Yeast.

Top fermentation
Yeast . . . 7.65 2.5 8.9

.
5-5 II -5

Analyst— Mitsclier- Schloss- Bull. Belohou- Hessen-
lich. berger. bek. LAND (I.).

Bottom Yeast . . 7.51 3-5 5-3 8.1 8.07
Analyst— MitscRer- Schloss- Wagner. Schiitzen- C. Lintner,

lich. berger. berger Munich.
and DesHem.

Bottom Yeast {cant.) . 7.61 8.76 7.7 10.

1

Analyst— C. Lintner, Seyffert, BeCHAMP Hcssen-
Weihenste- St. PeterS'- (VI.) land.

phan. burg.

These figures are not all equally :reliable. For instance, the

remarkably low figures given by Liebig’s pupil, J. Schloss-

BERGER (I.) are due to the fact that the yeast samples were not

only washed very clean with plenty of water, before drying and
incinerating, but were also “ purified ” with cold and hot water,

and with ether, as though dealing with a precipitate of the cha-

racter of ferric hydroxide, instead of delicate cells with permeable
walls. Other workers, though proceeding with greater care, have
mostly overlooked the fact that the sedimental yeast they obtained

from the brewery for the purposes of their experiments does not

consist exclusively of yeast cells, but contains all sorts of other

matters (§§ 245, 254, 255), only a few of which are removed by

washing and sifting, so that a considerable difieience exists

between the ash of yeast, -per se, and that of ordinary sedimental

yeast.
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194 MINPIRAL FOODSTUFFS.

The foregoing objections apply equally to the percentage com-
position of the two kinds of ash

;
and for this reason the per-

centage results of the series of ash analyses performed on wine
yeast by Braconnot must be omitted. Furthermore, the results

of analyses of commercial pressed yeast, by Champion and Pellet,
and A. Belohoubek (II.), in the table (vol. ii. p. 193) must not be

taken as unconditionally accurate, since this class of yeast contains

a considerable amount of (ash-bearing) starch, the proportions

being in these two instances 10 and 14 per cent, respectively.

For the purpose of criticism we will take the first column of

figures. The 53.8 parts of phosphoric acid require 107 parts of

lime for complete saturation, whereas only about 40 parts of that

substance are present, i.e. only sufficient to neutralise 21.6 parts

of PgO^. The remaining 28.4 parts cannot be completely combined
by the other bases, viz., i.o CaO and 6.0 MgO, so that 21.6-

(0.8 -f- 7.1) = 13.7 parts of PgO^ are left in a free state. This

excess of free phosphoric acid accounts for the acid reaction of

yeast ash, or the solution thereof, which reaction was first

observed by Quevenne (I.). Being able to resist the action of

heat, this free phosphoric acid effects the expulsion of sulphuric

acid during incineration, and consequently the latter acid will not

be found in the ash unless measures have been taken to ensure its

combination and protection. Such measures were first adopted by

Bechamp (VI.) in 1871, but were neglected by Mitscher-
LiCH (III.) in 1845, and even by J. Liebig (II.) in 1870, although

it was already known that yeast contains an appreciable quantity

of sulphur. In fact Liebig himself found 0.69 per cent, of sulphur-

in the dry residue, whilst Mitscherlich, Beichenbach, and Demp-
wolff gave the figures 0.6, 0.57, and 0.39 per cent, respectively.

The same objection must be made with regard to the results of

analyses by H. Seyffert, given in subsequent paragraphs.

In connection with the phosphoric acid, careful procedure is

also necessary to prevent its partial reduction to (volatile) phos-

phorus during the initial carbonising stage of the incineration

process. The possibility of this loss is apparently not precluded

even in the Mitscherlich method. With regard to the 14.4 per

cent. of silica mentioned in the fourth column, it is uncertain

whether this is entirely due to accidental contamination of the

sample with sand, &c. (vol. ii. p. 48). It is therefore evident

that it is by no means an easy task to secure a perfect analysis of

yeast ash
;
and it is desirable that the hiatus, resulting from this

cause, in our knowledge of yeast and its vital activity, should be

filled up as early as possible.

§ 258.—The Importance of Lime.

We cannot expect to find any reliable particulars regarding

the ash requirements of yeast at a period when the authorities were
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of opinion that this “ ferment ” was nothing more than a proteid

body in a state of incipient decomposition. EvenT. A. Quevenne
(I.), who did not dispute that yeast possesses the characteristics

of a living organism, regarded the ash of same as something

quite immaterial—an accidental impurity.

Since, as already mentioned, the proteids also contain ash, it

was not possible to affirm the necessity of mineral foodstuffs for

the development of yeast, until a nutrient medium had been

discovered in which the nitrogenous food constituents were present

in a state of combination free from ash. This was first success-

fully accomplished by Pasteur (VII.), who proposed to employ the

readily procurable ash from beer yeast for the purposes of

artificial culture in nutrient solutions in the laboratory.

The further problem of the number and character of the in-

dispensable inorganic elements was not attacked by Pasteur, tlie

first to do this being Adolf Meyeu (I. and V.), who ascertained,

by numerous culture experiments, that the mineral foodstuffs

indispensable and sufficient for the development of yeast are

potassium, magnesium, iron, phosphorus and sulphur.

The resulting indirect assumption that lime is unessential

conflicts with the practical experience, of brewers especially, that

worts and mashes poor in lime give a very defective fermentation.

In view of this circumstance, the preceding sentence requires

modification in so far that, though lime may not be essential to

the actual growth of yeast, it forms an indispensable adjunct or

stimulant when the fermentative power of the yeast is concerned.

The part played by lime in this connection is still unknown, and
its investigation would be a very thankworthy task. Possibly it

combines with and nullifies the action of the poisonous oxalic

acid, which was shown by 0 . Wehmer (V.) to be a common and
important final product of the metabolism of numerous fungi, in-

cluding A spe^'gillus glaucits, A. niger, Penicilliuyn glaucum, Mucor
mucedo, Rhizopus nigricans^ Phycomyces nitens, Peziza Fucka-
liana, &c. In the case of these fungi, the acid can probably be
rendered innocuous by the magnesium present, though the larger

quantities produced by the far greater fermentative activity and
substantive transformations resulting in the case of yeast, cannot
be properly dealt with by that base alone. A more careful

examination (which does not seem to have been undertaken as

yet) of the gradual increase in formation of oxalic acid during
the fermentation of beer wort, and the determination of the
nature of the base, or bases, with which this acid is combined,
will, it is hoped, bring us a step nearer to solving the problem
of the importance of lime in connection with yeast.

As the result of wide experience, brewers are agreed that
yeast which has been grown in worts poor in lime quickly degene-
rates, and in particular is incapable of producing “ break ” in the
wort. This defect is frequently experienced in breweries com-
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pelled to use very soft brewing liquor {i.e, deficient in lime), and

it is a common practice to counteract this evil by adding a little

powdered (unburned!) gypsum to the mashing liquor (about i^oz.

per 1000 galls.). Very satisfactory results are obtained :
good

head, thorough fermentation, good “ break” and a firm sedimental

yeast (provided the yeast employed is capable of furnishing such,

see vol. i. p. 256). We are indebted to H. Seyffert (I.) for an in-

teresting example, relating to a St. Petersburg brewery, working

with a liquor containing only 1.3 parts of CaO per 100,000. After

having failed to obtain satisfactory fermentation with a series of

pure yeasts, of German origin, it was finally decided to examine the

worts, and these were found to be deficient in lime, so that the

yeasts grown in them became more and more impoverished in

that constituent, as can be seen from the table (vol. ii. p. 196).

(The column headed CuO will be dealt with later on.) The yeasts

were famished in respect of lime, and even absorbed the small

quantities of that base present in the water with which they were

washed (vol. ii. p. 118).

H. Seyffert pushed his experiments to the furthest limit, by

reducing the already small lime content of the wort still more
by dialysis, before pitching it with yeast. In these circumstances a

highly frothy fermentation (vol. ii. p. 184) ensued. His observa-

tions have also a certain value in connection with the pure

culture of yeast, since they demonstrate that a successful result

depends not only on the happy selection of a suitable race of yeast,

but also on the favourable composition of the nutrient medium

—

a point already insisted on by Hansen (HI.). Hence, in cases

where the application of pure yeast does not fulfil expectations,

one should not immediately condemn the innovation. The yeast

can only furnish good results when a suibible medium is provided

—and this is the task of the practical man.

§ 259.—The Phosphoric Acid Requirements of Yeast.

Yeast requires a good deal of phosphoric acid
;
and, as can be

seen from particulars already given, a considerable amount of this

acid is present in the ash. The figures given in the table on p. 193
agree with those reported by K. Lintneu (1 Y.) as obtained at the

Munich Experimental Station, and ranging between the limits of

3.2 T and 3.84 percent, of (referred to dry matter), the mean
being 3.61 per cent. All these values, however, are surpassed by

59.5 per cent, of PgO. found in the ash of English top-fermenta-

tion yeast by A. 0 . Salmon and W. de Vere Mathew (I.).

Under ordinary conditions in the brewery the needs of the
yeasts for phosphoric acid are satisfied by the phosphates and
organic phosphorus compounds present in the malt, though in

some cases the amount contained in the barley and malt is in-

adequate. As a rule, 0.9 per cent., calculated on the dry residue,
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may be taken as the average phosphoric acid content in barley,

though 0 . Lintner (T.) reports an instance of a Hungarian
barley from the year 1877, which exhibited the remarkable low
content of 0.58 per cent, and furnished worts with such a low
attenuation, and sedimental yeast of such enfeebled fermentative
energy, as to cause great trouble

;
whereas barleys of the same

origin, but from the preceding year, and containing 0.67 to 1.06

per cent, of phosphoric acid, yielded readily fermentable worts
under equal conditions. Given parity in the requirements of

phosphoric acid content by the yeast, and equal treatment in

brewing, a wort low in phosphoric acid will give a relatively far

poorer beer. As a matter of fact the corresponding percentages,

so far as they have been published up to the present, fluctuate

within wide limits, 0.026 and 0.115 per cent, of in the case

of German beers. For this reason, as has already been shown by
G. Holzner (I.), the proposal of J. Skalweit (I.) and Fritz
Elsner (I.) to employ the phosphoric acid content of beer as a

measure of its quality or purity, falls to the ground. Lessened
attenuation, in consequence of a scarcity of phosphoric acid in the

wort, is also frequently experienced in British (top-fermentation)

breweries. The remedy applied in such cases is to fortify the

wort with phosphates, potassium phosphate in particular. Care is,

however, necessary not to employ an overdose, the observations of

A. G. Salomon and W. de Vere Mathew (I.) apparently indicat-

ing that an excess of phosphates retards fermentation.—Among
artificial adjuncts for such purposes, mention may be made of

G. Funk and N. von Balogh’s (I.) patented method of employing
glycerophosphoric acid, 03H5(0H)2Ho0, the calcium and magne-
sium salts of which are soluble in water.

Considerable advantages can be derived from these observa-

tions in the preparation of mead or honey wine. Honey is very poor

in ash constituents and nitrogenous nutrition, the quantity being

usually too small for even moderate development and fermentative

activity of the contained yeast cells. The resulting difficulties,

well known to all mead manufacturers, can be obviated by treat-

ing the honey with nutrient salts. The following recipe for the,

preparation of mead is based on researches carried out by G.

Gastine (I.): About 230 grms. of honey are dissolved in i litre

of water and treated with 5-7 grms. of a mixture of nutrient salts,

composed of diammonium phosphate 100 parts, neutral ammonium
tartrate 350, potassium bitartrate 600, magnesia 20, calcium

sulphate 50, common salt 3, and tartaric acid 250 parts. The one

part of sulphur, also recommended by this author, is, however,

preferably omitted. The solution, prepared as above, is boiled

up, and after recooling is pitched with wine yeast, which quickly

incites a powerful fermentation that runs its due course. It

should not be forgotten that an improvement in the flavour of

the mead may be expected from the employment of a selected
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race of yeast. As pointed out by Beyeuinck (XVIII.) and

others, yeast cells are rarely, if at all, present in the nectar of

flowers or natural honey
;
consequently an artificial addition of

high-class yeast is really necessary for obtaining accelerated fer-

mentation, and will be the more successful inasmuch as its action

is barely interfered with by the relatively small proportion of

other fermentative organisms present. A few observations in

this connection have been made by E. Ciiuard (I.), and more

exhaustive experiments by E. Kayser and E. Boullanger (I.).

The latter workers also replaced the Gastine nutrient mixture

by simpler and equally efficient adjuncts, namely, by treating

I litre of diluted (24-27 per cent.) honey with either 1.5 c.c.

of maltopeptone and 1.5 grms. of potassium tartrate, or with

1.5 c.c. of maltopeptone and i grm. of ammonium tartrate; or

with 0.12 grm. of spongy peptone, 1.5 grms. of potassium

tartrate and i grm. of ammonium phosphate. These workers

also conducted some experiments in connection with “oenomel,
’

a fermented mixture of honey and wine must.

The opinion expressed by H. Elion (I.) as to the variable

lequirements of different yeasts in respect of phosphoric acid,

and the fluctuations in the resulting increase in fermentative

activity, still needs confirmation.

L. Liebermann (I.-III
)

asserted that a portion of the

phosphoric acid present in the yeast cell is in the form of the

meta compound, and, in fact, the same as that contained in

nuclein (§ 252), because he believed he had succeeded in iso-

lating barium metaphosphate both directly from yeast, and
also from the nucleic acid separated from yeast by himself and
B. VON Bitto

(
11 .). The analyses advanced in support of this

view proved quite as untenable, under the criticism of Kossel
(lY.-YI.), as was the case with the cognate characterisation of

nuclein as a mixture of the metaphosphates of xanthin and
allied bases with a proteid metaphosphate, and the resulting

inference that the artificial nucleins prepared in this way are

identical with certain natural nucleins. Nevertheless, the first

of these hypotheses has been found accurate, Kossel (Y.) himself

having detected metaphosphoric acid among the decomposition
products of the nucleic acid of yeast (vol. ii. p. 16 1). Its occur-

rence was also demonstrated by Alb. Ascoli (I. and II.) in the

molecule of plasmic acid, one of the derivatives of that acid. On
the other hand, no metaphosphoric acid has been detected in

other nuclein bodies, such, for instance, as the paranuclein
obtained by the action of pepsin on casein? and in the so-

called leuconuclein.

Part of the phosphates or phosphoric acid consumed by yeast
is excreted from the latter in the form of phosphocarnic acid.

This interesting discovery, which, we are informed by B. Haas
(II.), was made by J. Stoklasa, will, if found to be accurate.



200 MINERAL FOODSTUFFS.

facilitate the difierentiatiori of natural and sophisticated wines by
the chemist, the latter wines usually containing phosphoric acid

solely in the form of (added) orthophosphates.

§ 260.—The Importance of Sulphur.

The value of sulphur in connection with the metabolism of

yeast is still in complete obscurity. The fact that this substance
is never absent in yeast samples justifies the inference that it is

indispensable for the growth of the plant. It is almost impossible
to prove this directly, ^.e., by cultivation experiments, because up
to the present no one has succeeded in eliminating the sulphurous
impurities (vol. ii. p. 48) from the comparatively large amount
of sugar needed to furnish a sulficient crop of yeast for analytical

purposes, which impurities—according to a calculation made by
Adolf Mayer—suffice to supply the sulphur present in the proteid
substances of the crop. The next problem on the list, namely,
the nature of the assimilable sulphur compounds taken up by the
yeast, also remains unsolved. All that can be said at present is

that the sulphates (of calcium and magnesium), so greatly appre-
ciated by the higher plants, appear ill adapted for the construc-

tion of the yeast cell. The sulphur in these salts is eliminated
and expelled either as sulphur dioxide or even sulphuretted
hydrogen. Further information on this point will no doubt
be welcomed by fermentation technologists.

The first reliable information on the production of sulphur
dioxide during alcoholic fermentation by yeast was supplied by
Fr. Pfeifer (I.), who traced the gradual accumulation of this

reduction product in fermenting beer wort, and obtained the
following figures :

SOo Context in Mgrms. per Litre.

Lager Beer. Draught Beer.

Wort from the filter-bag . traces traces traces

At the beginning of fermentation II. I 7.6 2.9
In cask, after close of primary fer-

mentation ..... II.

7

8.8 3-7
After storage for a month . 12.5

?

7-7
)

On leaving the brewery 9.6 4-7

In saccharose solutions, treated with the necessary nutrient

salts (including ammonium sulphate), sterilised and inoculated

with a large quantity of yeast, 11.4 mgrms. of SO2 were detected

at the end of five days, when fermentation was almost completed.

The same results were obtained by B. Haas (I.) in his experi-
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merits with fermenting wine must, though he raised the point

that the collaboration of reducing bacteria was not impossible.

In a fermenting must, seven weeks old, he found 49.4 mgrms.
of SOg per litre; and two months later 576 mgrms. In view,

however, of the determinations of Pfeifer, confirmed by the ob-

servations of 8 . Klaudi and A. Svoboda (I.), his statement that

the reduction of the sulphates occurs only with thin sowings of

yeast and sluggish fermentation cannot be accepted. E. Hotter
(I

)
also found 4.5-4 8 mgrms. of 80

^
per litre in cider and

currant wines prepared in the laboratory, and certainly not

sulphured.

These discoveries have no small importance for the fermenta-

tion technologist and foodstuff chemist, since, until recently, it

was usual to consider that beer found to contain sulphur dioxide

must have been made from strongly sulphured hops, or else

treated with calcium sulphite as a preservative. Similar con-

clusions (cask sulphuring or washing with calcium bisulphite)

were also formed with regard to wines found to contain sulphur,

more especially since L. Roesler (I.) in 1885 stated that he had
never succeeded in detecting sulphur dioxide in wine prepared

in the laboratory so as to preclude these sources of sulphur. The
present state of our knowledge shows that the matter is different

and that great care must be exercised, in this direction also, in

judging the results of analysis, a schooling in fermentation

physiology being moreover indispensable. Both the sulphur

dioxide produced during fermentation and that originating in

the sulphuring of the casks is almost entirely converted into a

state of combination during the storage of the wine (§ 79), so

that, as was confirmed by M. Ripper (I.) and R. Kayser (I.),

only extremely minute quantities of free SOg, mostly inferior to 2

mgrms. per 100 c.c., are present in wine that is ready for

bottling. This free dioxide alone comes under consideration in

judging wine from the medico-physiological standpoint, and not

that present as aldehydic sulphur dioxide, which is not merely
innocuous to health—according to the researches of J. Marisciiler
(I.)—but really essential to the bouquet of the wine. In con-

sequence of the reducing power of the dioxide, the presence of

larger quantities in beer or wine affects the results of sugar
determinations with Fehling’s solution, causing, as was first

pointed out by Jos. Herz (L), the sugar values to come out in

excess of the truth.

In certain circumstances the reduction of the sulphates in the
nutrient solution by the activity of yeast may proceed a stage

further than the formation of the dioxide, namely, to the pro-

duction of sulphuretted hydrogen. However, the first repm t on
this point, as made by Crouzel (I.), was found inaccurate when
tested by F. Gay (I.), though confirmed by the researches of

Nastukoff (I.) with pure cultures. A solution of 10 per cent, of
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saccharose and 0.5 per cent, of Gastine’s nutrient salt mixture

(§ 259), in which the calcium sulphate had been replaced by

magnesium sulphate, was inoculated with pure wine yeasts from

Portugal and Champagne, Brussels beer yeast, Saccharomyces

apiculatus and Sacch. Fastorianus, all of which yeasts proved

capable of producing the gas in question. The question, arising

from this result, as to the dependence of the reduction phenomenon
on the environment of the culture, was more closely examined
by A. L. Stern (I.), who failed to discover any substance of

known constitution capable of supplying the yeast with sulphur

without the concurrent liberation of sulphuretted hydrogen.

This agrees well with the fact, known to every chemist and
fermentation technologist and first pointed out by Beischauer,

that the distillates from beer very frequently contain sulphuretted

hydrogen, or a compound exhibiting all the characteristics of the

same.

Moreover, the formation of sulphuretted hydrogen by the

reducing action of yeast is not confined to the sulphates; even
sulphur itself may serve by combining with the hydrogen
liberated from other substances by the activity of a yeast enzyme
(philothion), which will be dealt with, in conjunction with other

allied matters, in a subsequent chapter.



CHAPTER L.

ORGANIC FOODSTUFFS. THE REQUIREMENTS IN

RESPECT OF OXYGEN.

§ 261.—Sources of Carbon.

The true water content, and therefore also the amount of dry

residue (dry matter) in the yeast cell itself, is not yet accurately

known. The figures cited in the literature are based on
experiments performed, not on the cells only, but on samples of

sedimental yeast from the brewery, or pressed yeast, neither of

which, as we have already seen (vol ii. pp. 119, 175, 176), is of

uniform nature, but includes a variety of organic and inorganic

admixtures. The amount of dry residue in pressed yeast is

determined, of course, by the amount of pressure employed. R.

Kusserow (III
),

in testing eight different samples, free from
starch, found 22.1 per cent, as the minimum, 29.9 per cent, as the

maximum, and 25.6 per cent, as the average water content. In
practice, 26 per cent, is usually estimated.

The sp. gr. of the cells of pressed yeast w^as determined as i.i

by P. Guichard (I.) in 1894, though the method, suspension of

the cells in a mixture of alcohol and chloroform, .was not per-

fectly reliable, and probably gave results in excess of the truth.

On the other hand, the pycnometric method adopted by Kusserow
for determining the sp. gr. of his eight samples of pressed yeast

gives values that are probably too low. He weighs out exactly

10 grms. of the yeast, triturates them with a little distilled water
in a porcelain basin, and swills the mixture into a pycnometer,
which is then filled up to the mark with distilled water and
weighed. Taking 0 as the weight of the whole and P the weight
of the pycnometer filled with water alone, the difference 0-P
being equal to a, the sp. gr. of the sample of pressed yeast works
out to S= 10 : 10 — a. Kusserow determined the maximum value
as 1. 1093 minimum as 1.0821.

The sp. gr. of the dry residue of these samples ranged from
1.580 and 1. 491, with 1.509 as the mean value. By assuming
(which is not strictly accurate) that the volume of the yeast

sample is equal to that of the percentage, by weight (T), of the
dry residue, plus that of the water content (W), and taking the

above mean into consideration, we obtain the equation
203
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W
^

T ^
I 1.509 IS

and, the sp. gr. of the sample being known, this gives the equation

whilst, the dry residue being known, the sp. gr. of the yeast

sample is found by the equation S = 296.5 : (296.5 - T).

Contrary to the proposition advanced by Hayduck, however,

it is unfortunately impracticable to determine the quantitative

addition of starch in a sample of pressed yeast by this method,

the difference between the sp. gr. of anhydrous starch (mean

1.65) and that of the dry residue of the yeast (1.509) being too

small. This method is discarded with greater regret because the

existing chemical methods, based essentially on the hydrolysis of

the starch and the determination of the resulting sugar, are very

unreliable owing to the fact that this treatment saccharifies the

glycogen of the yeast as well as the added starch, and that the

amount of the former (vol. ii. pp. 170, 171) is sometimes very

large, occasionally exceeding that of the starch itself.

The ultimate composition of the organic matter in the dry

residue of yeast cells is influenced by the mode of nutrition as

well as by the kind and age of the cells, for which reason gene-

ralised values are unreliable. Moreover, the available analytical

data on this matter have not been obtained by working with actual

cells, but from the examination of pitching yeast or pressed yeast.

Now the invariable presence of admixtures in these samples,

already alluded to in § 257 as preventing the acquisition of

reliable data on the ash constituents of the yeast cell, has a still

greater adverse influence when the determination of the amount
of carbon, hydrogen and oxygen in the cells is in question, many
of these admixtures being low in or free from ash, and consisting

solely of three or four of the elements just mentioned. Conse-
quently the results of the ultimate analysis may difier between
wide limits, according to the proportion of such impurities present.

As instances of this, and not merely to comply with an injudicious

demand for quantitative reports on the ultimate composition of

yeast, a few results obtained in this connection are reproduced

on p. 205. Although on the publication of the first analysis by
Marcet the useless character of such figures was pointed out by
Quevenne (I.) in 1838, similar results have been brought forward
from time to time since. In fact, some workers have gone so far

as to assume that an expression of the diflerence between top and
bottom yeasts can be found in the results furnished by ultimate

analysis—a view that is, of course, untenable.

Carbon compounds may be taken up by yeast for three pur-

poses
;

(i) for alcoholic fermentation and other enzyme actions;
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(2) to replace the energy dissipated by respiration; (3) for the

formation of new cell substance in growing cells, or to replace

constituents decomposed and excreted, in consequence of other

metabolic changes in full-grown cells. The first of these tlii-ee

causes of the consumption of carbon compounds will be discussed

thoroughly in a subsequent section, and will therefore be omitted

from the present paragraph. The second has also been referred

to on pp. 126, 127 of vol. ii., and will be supplemented later; so

that we have at present only the third to deal with.

We are indebted more particularly to Emil Laurent (VI.) for

a comprehensive investigation of a large number of carbon com-

Ultimate Percentage Composition of the Organic Matter

OF Yeast Referred to Dry Residue free from Ash.

Author. Class of Yeast. C H N 0 S F

Marcet Beer yeast 30-5 4.5 7.6

Y

45-4
Dumas (I.) 99 99 50.6 7-3 15.0 — 27.

1

—
Mitscherlich

(III.) .

SCHLOSSBER-
99 99

99 99

47.0 6.6 lO.O ? 0.6 —

GER (I.) „ (top yeast) 49 8 6.7 12.4 3CI — —
Hessenland

(I.) 99 99 48 6 7-1 7.8 36.6 — —
0 bottom yeast 49-3 8.2 10.5 32.0

pounds in respect of their suitability for supplying yeast with

carbon. These researches were performed on a series of pure
culture beer and wine yeasts, with both mineral nutrient solutions

and gelatin nutrient media, and showed that the following sub-

stances can be absorbed and assimilated as sources of carbon : the

acetates of potassium, sodium and ammonium
;

lactic acid and
the lactates of these three bases and of calcium

;
malonic acid

and its potassium salt
;

succinic acid and its ammonium salt

;

the potassium and calcium salts of glyceric acid
;
the calcium

salt of glycerophosphoric acid
;
malic acid and its potassium and

ammonium salts
;
dextro-tartaric acid and its potassium and am-

monium salts
;

levo-tartaric acid
;

citric acid and its potassium
and ammonium salts

;
mucinic acid

;
fumaric acid

;
aspartic acid

;

asparagin
;
glutaminic acid (all in the proportion of i per cent.)

;

glycerin, mannitol, quercitol, glucose, fructose, saccharose, maltose,

lactose, dextrin, salicin, amygdalin, and many others. On the
other hand, the following were not assimilated by the yeasts (in

sedimental and not film cultures) : methyl-, ethyl-, propyl-, and
butyl-alcohol (2-4 per cent.), formic acid and its potassium,

sodium, ammonium and calcium salts, acetic acid, propionic acid
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and its potassium salt, butyric acid, valerianic acid, stearic acid,

oleic acid and its potassium salt, sodium butyrate, oxalic acid

and its potassium and ammonium salts
;
the ammonium salts of

benzoic acid, salicylic acid, and gallic acid
;
urea (all as i per-

cent. additions).

When yeast is cultivated as film cultures on the surface of the
nutrient solution, and not under the conditions employed by
Laurent, it is also capable of utilising alcohol, though chiefly, or

even exclusively, by respiration, a method we are not considering

at present.

Both in nature and in the practice of the fermentation indus-

tries, the carbohydrates form the usual and preferential material

from which yeast obtains its requirements in respect of carbon, the
chief part in this respect being played by certain sugars. The
behaviour of yeast toward these latter, with regard to their

assimilation as distinct fiom fermentation, has not, however, been
sufliciently investigated, the results of Laurent’s researches on
this point being unsuitable for generalisation, since they apply
solely to the species of yeast tested by him, and not to all the

others. We are indebted to Beyerinck (XVIII.) for the dis-

covery that the Schizosaccharomyces octosporus, found by him on
currants, forms an exception to Laurent’s rule, inasmuch as it is

capable of assimilating maltose, glucose and fructose, but not
saccharose, lactose, raftinose, arabinose, dulcitol, quercitol, ery-

thritol and inositol. The antithesis of this species is Saccharo-

myces Zopfii, which, according to Artari (I.), can cover its needs
in respect of carbon from saccharose, glucose and mannitol, but
not from maltose, lactose, galactose, inulose or melampyrit.

Similar behaviour to the last-named organism is afforded by a

yeast discovered by Beyerinck (XXI.), and named by him
Saccharomyces fragran^i on account of the fragrant ester it pro-

duces. Sacch. kefir and Beyerinck’s Sacch. acetethylicus assimilate

glucose, fructose, maltose and saccharose, the last-named one
utilising lactose as well. With regard to the suitability of this

last disaccharide as a source of carbon, P. Maze (I.) experimented
with eleven stocks of yeast from soft cheese. These few examples
will show that, also in respect of assimilation, the only way to

obtain really applicable results is by working with pure cultures

;

and it is owing to the omission of this essential condition that

both the experiments of C. von Naegeli (IV.) in the “seventies,”

and the publications of T. Bokorny and other workers must be

left out of consideration here. Dextrin seems to form a good
source of carbon for most yeasts; in Beyerinck’s (XXI.) experi-

ments it was only refused by a single species.

The suitability of the pentoses (C-Hj^OJ as sources of carbon

for yeast has not yet been examined by fermentation physiologists

as thoroughly as might be desired in the interest of the fermenta-

tion industries. The parent substances of these sugars, namely,



SOURCES OK CARRON. 207

the pentosans (O.HgOJ occur in abundance as an important con-

stituent of the vegetable cell-wall in cereals as well, R. Tollens

and H. Glaubitz (I.) having found up to 8.9 per cent, (based on

dry matter) in barley, 11.2 per cent, in malt, 8.7 per cent, in

wheat, 1 1. 1
per cent, in rye, and 5.8 per cent, in maize. The

question whether and in what proportions the pentosans of barley

undergo hydrolysis during germination has not been exactly de-

termined, even in the exhaustive researches of Cross, Bevan, and

Cl. Smith (I.), though it is certain that this occurs during the

kilning of malR varying amounts of furfural being produced,

according to the working conditions. Tollens and Glaubitz state

that about three-fourths of the pentosans of the malt are left in

the grains by the mashing process in the brewery, partly, how-
ever, no longer in the form of pentosans, but as the resulting

pentoses. These, though unfermentable {see chapter Ixix.), may
serve as sources of carbon for the yeast, provided the external

conditions be favourable, as in the case of certain experiments

conducted by H. van Laer (I.) and by Cross and Bevan (I). In

other cases, however, as shown by Beyerinck (XXI.) with regard

to arabinose in the case of Schizosacch. octospo7'us, they are utilised

to only a small extent or not at all. Pentoses are formed, in still

larger quantity than in brewing, in raw^-grain distillery mashes,

where the raw grain is dissociated by steaming for several hours

under a pressure of 3-4 atmospheres.

Beyerinck’s (XVIII.) proposal to divide the genus Sacchao'o-

myces into six sub-genera : GlucomAjces^ Maltomyces, Lactomyces^

Raffinom^jces, Folysaccharomyces and Dextrinomyces, in accordance

with their characteristic behaviour toward the various carbo-

hydrates, is scarcely feasible {see chapter ix.).

When more than*one assimilable source of carbon is present in

the nutrient medium, selective powder {see p. 45, vol. i.) is exer-

cised. In yeasts the study of this property— so far as sugars are

concerned—is very difficult, and little progress has been made,
because of the intervention of fermentative action in most cases,

so that the separate determination of the amount of sugar con-

sumed for the structural purposes of the cell cannot be performed
with sufficient accuracy, if at all. A great influence on the ratio

of the quantities of two or more nutrient substances in unit time
is exercised by their relative difl^usibility, this being also deter-

minative when two or more fermentable sugars are at the
disposal of, and being fermented by, the yeast. The selective

power of yeast in fermentation has already been accurately

tested, but the results must be postponed to chapter Ixix., where
also the extensive literature on selective fermentation will be
cited. x\t present we can only take into consideration the dis-

covery that, when two or more diflusible carbohydrates are
present, the one exercising the greater osmotic pressure will

diffuse more abundantly in the cell per unit of time, glucose, for

VOL. II : PT. 2 o
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instance, more than fructose. According to E. Prior and
H. Schulze (I.), the permeability of the cell membrane varies in

the several species of yeast.

The amount of carbohydrates consumed in the formation of

cells depends on the rate of reproduction, and therefore on
the nature and extent of the influences controlling same.
Pasteur (VII.), for a series of experiments, calculated the

consumption for this purpose to be about i per cent, of the total

saccharose consumed
;
and Balling (I.) stated that 5.323 parts

of dry matter of yeast are formed for every 100 parts of wort
extract (not only carbohydrates) disappearing in primary fer-

mentation during the reproduction of bottom-fermentation yeast.

In an experiment by Giltay and Aberson (II.), one part of yeast

was obtained for every 3.8 parts of the total sugar consumed.

§ 262.~Inorg’anic Sources of Nitrogen.

When, in the course of his controversy with Liebig on the

character of alcoholic fermentation, and on the nature of yeast

as a living organism {see p. 121, vol. i.), Pasteur (XXIII.), in

1858, made his victorious discovery that this ferment is also

active in a solution containing nitrogen solely in the form of

ammonium tartrate, the term “yeast ” was still very vague, the

question whether wine yeast or beer yeast consisted of several

species of organisms probably differing considerably in their food-

stuff requirements had not come up for discussion, and there was
no reliable means available for separating such a mixture of

species into its components, and then examining the latter

separately. Hence no clear light could be thrown on the matter

by argument on the point of these observations. Liebig’s (II.)

statement in 1869 that he failed to obtain either fermentation or

reproduction of the sowing, in an accurate repetition of Pasteur’s

experiment, was, in the opinion of the latter (XXIV.), sufficiently

disposed of by the offer to perform the experiment again in the

presence of any trustworthy person appointed by his opponent,

and produce as much yeast as the latter “ could reasonably

desire.” An objection urged by Millon (II.) was controverted

in [864 by Duclaux (XVI.), and by degrees Pasteur’s assump-
tion that yeast is able to satisfy its nitrogen requirements from
inorganic sources exclusively, assumed the position of an un-
assailable law, observations to the contrary being repoi ted with
diffidence. A. Mayer (I.), whose researches on the nitrogen

requirement of yeast in 1869 led him to adopt substantially the

same opinion as Pasteur, observed—as did also the latter, and
subsequently Naegeli (IV.) as well—that “ the nutrition of

yeast at the expense of ammonium salts always proceeds with
somewhat greater difficulty than with nitrogenous yeast extract,”

and added, “in the former case a larger number of icell organised
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yeast elements are required to induce fermentation.” The limita-

tion implied by the words italicised was not determined until

twenty-two years later.

WiLDiERS (I.), in 190T, was the first to show, by the use of

pure cultures of top-fermentation beer yeast of the Sacch. cere-

visice Hansen type, that neither fermentation nor yeast repro-

duction took place in 125 c.c. of a saccharified nutrient solution

of mineral salts, when only a very small number of yeast cells

were used for inoculation, e.y., about as many as are contained in

two drops of a culture grown in beer wort, or in 0.25-1.0 c.c. of

a mixture of pressed yeast with ten parts of water. On the other

hand, both fermentation and reproduction took place when the in-

oculation was accompanied by the addition of a few c.c. of a decoction

of yeast, or of Liebig’s meat extract, peptone or wort. From these

observations Wildiers concluded that nitrogen in inorganic com-
bination is insufficient for the needs of theyeast cell, the growth and
fermentation also requiring a certain quantity of a special unknown
substance, absent from inorganic foodstufis, and which he pro-

posed to term Bios ” (Cr. = Life). This substance is not an ash

constituent; it is destroyed (rendered inactive) by boiling in

20 per cent, sulphuric acid, can be dialysed, is soluble in water,

and can be extracted with this solvent from yeast (especially on
boiling). Yeast, though containing bios, is incapable of elaborat-

ing it
;
so that when a small amount of yeast is taken for

inoculation, the quantity of bios introduced into the mineral

nutrient solution is insufficient for reproduction, whereas with a

more plentiful inoculation enough is introduced to allow new cells

to be formed at the expense of such as are moribund.
Owing to their highly important bearing on the study of the

nutrition of yeast, these observations deserve a thorough experi-

mental investigation
;
but at the outset they were yearly sub-

jected to deprecatory criticism, as being opposed to the ruling

dogma. Some asserted that the dependence of the result of the

experiments on the amount of the inoculation was due to the

presence, in Wildiers’ nutrient solutions, of poisons, such as

copper, derived (in traces) from the distilled water or present in

the air of the laboratory, or ultramarine contained in the
commercial saccharose used in the experiments, although
Wildiers expressly stated that no difference in the results was
obtained by working with invert sugar. To bios was ascribed

the task of rendering these poisons innocuous, becoming thereby
itself inactive and unsuitable as a yeast food, the further quan-
tities, present only in larger sowings, being required for the needs
of the cells. This opinion was tested, in a series of exhaustive
experiments, by A. Amand (1.), who showed that bios does not
play the part of an antidote.

One of the next measures was to obtain quantitative data

on the new problem. Wildiers mainly judged the results of his
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experiments by the quantity of carbon dioxide liberated from
the cultures, and did not make any exact determinations on the

number of cells sown and gathered. This, it should be distinctly

observed, is a factor that does not affect the principle of the

question
;
but in later researches it was impossible to forget, in

the investigation of the conditions of cell reproduction, the

quantity of the matter influenced, as well as the dimensions of

the influence. This requirement was first satisfied by Al.
Kossowicz (I.) in 1903. This worker, operating with pure
cultures of Sacch. ellipsoideus I. (Hansen) and the distillery yeast,

Race II. of the Berlin Experimental Station, found, for instance,

that 200 cells of the former yeast sown in 100 c.c. of saccharified

mineral nutrient solution increased to 140 million cells in fifty

days. Subsequently (II.) he extended the work by sowing
single cells

;
but in twenty-one out of twenty-two tests no

development at all could be detected under the microscope, and
the only positive result (which was very scanty) was probably

due to the accidental introduction of a larger quantity of wort-

gelatin along with the cell used for inoculation.

According to the observations of A. Amand (II.)? amount
of bios in the nutrient solutions sown with yeast decreases very

rapidly, and can then no longer be demonstrated in the cells, at

least by the lixiviation method. J. Henry (I.), on the contrary,

believed he had found yeast capable of forming new quantities of

bios, a capacity certainly possessed by other fungi {Penicillium

ijlaucum and a Mycoderma), as was first demonstrated by Kosso-
wicz (I.). Thus, saccharified mineral nutrient solutions in

which no development took place, owing to insufficient sowings

(in parallel tests), gave both reproduction and fermentation on
the Eumycetes in question being sown along with the yeast or had
been previously grown in the solution and then killed off by heat

before the introduction of the yeast. This observation, subse-

quently confirmed by A. Amand (II.), is valuable in connection

with the interpretation of the results of previous workers.

Commercial pressed yeast and wine yeast are almost always

contaminated with Mycoderma, and the same is often the case

with bi’ewers’ pitching yeast. These Mycoderma, however, as

shown by Winogradsky (XI.) and Kossowicz (with difierent

species), even in the case of rapid reproduction from a small

sowing, are able to satisfy their nitrogen requirements from ammo-
nium salts exclusively. Hence, when introduced with a sowing

of yeast into mineral nutrient solutions, they develop first, in

spite of their originally minute number, and then prepare the

nutrient medium in the above sense for the purposes of the

hitherto quiescent yeast. Ad. Mayer (I.) also reports that in

his experiments (already mentioned on p. 542), “ Mycoderma vini ”

almost invariably appeared. Hence, as is now admitted, his

results do not apply solely to yeast, and show that the only way
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to obtain reliable data regarding the nitrogenous nutriment of

yeast is by the aid of pure cultures, no others being worth the

trouble of undertaking.

The problem set out above is still too fresh for a final solution

to have been found
;
and each day may reveal some new observa-

tion opening up a quite unexpected perspective; for which

reason the matter has been very briefly treated here. However,

one point is now well established, namely, that, in a saccharified

nutrient mineral solution containing ammonia as the sole fcrm

of nitrogen, cell reproduction and fermentation can only com-

mence when the number of cells introduced does not fall below a

certain minimum, the absolute dimensions of which have not yet

been definitely ascertained, and which is probably dependent on

the other conditions of the experiment.

This, however, does not imply that yeasts unconditionally

reject ammonium salts when the other conditions essential to

development are present. On the contrary, they then exhibit a

certain preference for ammoniacal nitrogen. This was already

observed by Duclaux (XVII.) during his experiments on the

fermentation of wine must in 1866, the nitrogen content falling

from 120 mgrms. to a very small proportion per litre in conse-

quence of its consumption by the yeast present. The question

has also been studied by Mlintz and Rousseaux, then by Roos
and Chabert, and finally by J. Laborde, the last-named stating

that, at 28° 0., ammoniacal nitrogen is taken up more extensively

than organic nitrogen, though the reverse was found to occur at

36° 0 . According to Artari (I.), Sacch. Zopfii is even satisfied

with ammonium sulphate as the sole source of nitrogen. Further

particulars respecting the behaviour of Mycoderma species toward

ammonia salts will be given in chapter lx.

The nitrates, which are the best, and in some cases the only,

sources of nitrogen for higher plants, are of no value for yeasts,

except in a few cases, typified by Beyerinck’s (XXI.) Sacch.

acetethylicus. This was first proved by An. Mayer (I.)
;
and the

converse opinion expressed by Dubrunfant (III.), was disproved

by E. Laurent (VI.). The injurious effect produced on yeast by
the presence of such salts in otherwise favourable nutrient solu-

tions seems due to the reducing action of the cells causing the

formation of highly poisonous nitrites. One of the reasons of

fermentation disturbances in molasses distilleries is certainly to

be found in the presence of nitrates, which sometimes occur in

large quantities in molasses. Similar results have also been found
by L. Briant (II.) in breweries employing water rich in nitrates

;

and this worker mentions about 75 grains per gallon as the

highest permissible limit of these salts. The influence of nitrates

on attenuation has also formed the subject of experiments by
Evans (I.). In a patented process for cultivating races of yeast

capable of thoroughly fermenting dextrins {see chapter Ixv.),
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J- Effront (VIII.) is said to employ a nutrient medium con-
taining nitrates as the exclusive source of nitrogen.

§ 263—Org^anic Sources of Nitrogen.

In the worts, mashes, and musts used in practical fermentation,
the yeast has not to depend on inorganic sources of nitrogen, but
generally has at its disposal an abundance of readily assimilable

organic nitrogen compounds. The suitability of a few represen-
tatives of this large class will be more closely considered in the
following paragraphs.

Among the amides suitable as nitrogenous foodstuffs, special

attention is merited by the acid amide of aspartic acid

(COOH—CH2—CH.NH2—COOH)

namely, asparagin

(COOH—CH2—CH.NH2—CO.NH2),

this substance playing an important part in the mashes used in

practice. It is always formed during the germination of seeds,

and is therefore present in malt, and still more abundantly in malt
culms. Even potatoes contain appreciable quantities. Finally,

in addition to other amides, asparagin is one of the chief forms
in which nitrogen occurs in the molasses of beet sugar works

;

proteins, on the other hand, being almost entirely excluded or

eliminated by the method employed for obtaining the juice from
the beet in the diffuser and by the purification process in the

saturator. M. Hayduck (IV.) recognised asparagin as an
excellent source of nitrogen in the nutrition of yeast ;

and
this was confirmed by E. Laurent (VI,), G. Heinzelmann (IV.),

H. P. WiJSMANN (II.), and others. Yeast is capable of trans-

forming asparagin into proteins, a property unshared by the

animal organism so far as is known at present. The nitrogen of

asparagin (which is worthless as a food for animals) is present

in the potatoes made into distillery mash, is recovered in the

distillery waste in the form of protein, and imparts to this waste

product the character of a concentrated fodder for stall-fed

cattle. In an experiment carried out by P. Petit (II.) with a

nutrient medium containing asparagin and ammonium phosphate,

it was found that top-fermentation yeast consumed twice as much
of the former as was utilised by bottom yeast—a difference con-

sidered by the author to afford a means of differentiating these

two yeasts. According to a comparison instituted by R. Kus-
SEROW (I.), on the relative influence of asparagin and peptone as

the source of nitrogen in saccharified mineral nutrient solutions,

the former substance accelerates fermentation and increases the

yeast crop. The observation that when grown with the aid of

asparagin, the cells of the sedimental yeast are not cohesive,
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whereas in the case of peptone they unite into flocculent masses,

which settle down less firmly than the others, was also con-

firmed by H. Lange (I.) with beer wort, his explanation being

that the cohesion is due to precipitated peptone. A high selec-

tive power is exerted by Schizosacch. octosporus, which, according

to Beyerinck (XYIII.
)
is suited only by the nitrogen compounds

naturally present in raisins or malt, and not by ammonium salts,

asparagin or peptone.

Among cereal grains, rye is characterised by a high percent-

age of proteins specially suitable for the formation of yeast

protoplasm. This is one of the reasons why yeast manufacturers,

particularly those working with the old (Vienna) method, prepare

their mashes with an addition (usually one-third) of this grain.

Its percentage content of nitrogenous substances fluctuates, how-

ever, betwen wide limits, 7.5 per cent, on the one hand and 15.3

per cent, on the other, being by no means exceptional figures—as

was shown by Delbruck (IV.) in a highly interesting experiment.

Manufacturers endeavour to counteract the resulting great varia-

tion in the amount of the yeast crop by employing mixtures of

rye of different origin
;
but they would, no doubt, prefer to be

able to determine the amount of these proteins in buying the raw
material, and to value the latter accordingly. On this point, how-
ever, there are no data at present available. Among the proteins

and allied substances mention should also be made of diastase,

which is not merely capable of serving as a source of nitrogen

when present as the sole nitrogenous constituent of the nutrient

medium, but is also taken up and utilised by the yeast, and thereby

caused to disappear, even when peptone and asparagin are also

present in sufficient quantity. This observation, recorded by
Heinzelmann (IV.), is of interest in connection with the fer-

mentation of raw grain (maize, &c.) mashes, in which the unsac-
charified dextrin is intended to be hydrolysed by diastase during
the prolonged primary fermentation. In one experiment per-

formed by Heinzelmann (V.), out of the 37 parts of diastase left

from each 100 originally present at the end of the mashing process,

33.4 disappeared during fermentation, so that only 3.6 remained
in the fermented mash.

When amides are present in nutrient media together with
proteins and their nearest degradation products, the selective

power of the cells [see p. 46, vol. i.) becomes manifest. In this

connection a number of very instructive data are already available.

The degradation products of protein are always present in brewery
and distillery mashes, owing to the activity of the proteolytic

enzymes in the malt used. In an experiment performed by 0 . J.

Lintner (V.), out of the total nitrogen (0.092 per cent.) in the
saccharified malt extract used as the nutrient medium, and com-
posed of o’o62 per cent, of amides and 0.030 per cent, of proteins,

&c., 0.036 per cent, (viz., 0.030 per cent, of amide nitrogen and only
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0.008 per cent, of proteid nitrogen) was absorbed by the yeast.

Wahl and Hantke (I.) found the relative proportions of nitrogen
absorbed (from wort) by the yeast, in the form of proteins, pep-

tone and amides, were: 0.411.7: 19.9 mgrms. respectively per

1000 C.C., the initial content in the wort being 9.0 : 27.4 : 52.0. In
this case also amides were preferentially absorbed. Though P.

Petit and G. Labourasse (I.) consider that their observations

justify an opposite conclusion, it follows from R. Kusserow’s (IV.)

experiments that the protein degradation products are better

foodstufis than the unaltered proteins. This partly explains the

favourable influence of an addition of malt culms to the mash,
especially in cases of sluggish fermentation of rich mashes. This
throws new light on the influence of the kind of mashing process

on the protein content of beer wort, and thereby on the progress of

the development of yeast, as also the course of fermentation and the

character of the resulting beer, especially in contrasting the two
opposite processes of the infusion method on the one hand and the

Bavarian thick-mash method on the other. Adalbert Fluhler
(I.) was the first to draw attention to this, and his work was con-

tinued by Y. Griessmayer (II.). 0 . J. Lintner (V.) reported

that these discoveries were confirmed by Ad. Ott.

Hayduck (IV.) carried out the first experiments worthy of

mention on the ratio between the size of the yeast crop and the

amount of the nitrogen content in the nutrient medium
;
and

this worker found that asparagin, when present as the sole source

of nitrogen, and to an extent not exceeding 0.25 per cent., in a

saccharified solution of mineral salts, was completely absorbed by
the added pressed yeast. With a larger quantity of asparagin

present, more was consumed, but in all cases a portion remained

undecomposed. On the other hand, A. L. Stern (I. and III.)

found 0.025 cent, of asparagin to be the maximum, no appre-

ciable increase in the reproduction of the cells occurring with any

larger quantity. A similar observation was made by P. Thomas
(I.) with regard to urea as a source of nitrogen. Iwanowski (II.)

states that the degree of alcoholic fermentation in a saccharified

mineral-salt solution varies inversely with* the amount of peptone

added as the source of nitrogen. On the other hand, in experi-

ments with wine must containing i per cent, of added peptone,

J. Behrens (XIII.) found that this addition assisted fermentation

(by pure yeast).

The observations of D. Delbruck (IV.), Ces. Forti (I.) and

E. Boullanger (I.) show that the quantity of nitrogen absorbed

from the nutrient medium is primarily dependent on the species

of yeast employed. It also varies, however, with one and the

same yeast, according to the other conditions of environment,

being greater, for instance, in aerated and strongly agitated cul-

tures. This was noted both by the last-named worker and also

by C. F. Hyde (I.) who found that 23.8 per cent, of the nitrogen
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originally present in a given wort was eliminated by means of a

large sowing of yeast, coupled with rousing and agitation, whereas

with a medium sowing without aeration only 17.2 per cent, was
removed, and merely 15.8 per cent, with a small sowing and slight

aeration.

The influence of the nature of the source of nitrogen is revealed

by the observation made by A. L. Stern (Y.) that in parallel

cultures with equal initial nitrogen content, either in the form of

asparagin, peptone or yeast extract, the relative quantities of this

element eliminated by the yeast were i : 1.8 : 2.2. That the amount
of sugar present in the nutrient medium also influences the ab-

sorption of nitrogen has been shown by P. Thomas (I.) and also by
Stern (III.) The former observer found that a larger quantity

of the urea offered as the source of nitrogen was assimilated in

presence of 20 per cent, of dextrose than when only 10 per cent,

of that sugar was available. In Stern’s experiments the largest

quantity of asparagin was assimilated from a mineral-salt solution

containing 0.3 per cent, of that substance when the added dex-

trose amounted to 15 per cent, (the limits ranging from o to 30
per cent.)

;
but when only 0.15 per cent, of asparagin was present

the optimum quantity of sugar fell to 12.5 per cent.

Apart from the exceptions to be mentioned hereafter, all the

worts, musts, and mashes fermented on a practical scale contain a

surplus of nitrogeuous nutriment
;
so that this is still far from

being exhausted by the time cell-reproduction has come to a stand-

still in consequence of the gradual change for the worse in the

other conditions of nutrition, especially by the increased alcohol

content (see chapter lii.). Hence a larger or smaller quantity of

useful nitrogenous nutriment remains in the fermented product.

As we have been informed by J. von Liebig (II.), Graham, A. \Y.

Hoffmann, and Redwood in 1853 found that pale English worts
containing 0.217 per cent, of nitrogen furnished beers containing

0.134 per cent. Similar investigations—also with infusion worts

in an English brewery—were made by H. Grimmer (I.), with the

result that, of the nitrogen (0.132-0.138 per cent.) in the original

wort, about one-fourth (24-26 per cent.) was found to have been
taken up by the yeast, the greater portion (one-half to two-thirds)

being absorbed during the first twenty to twenty-four hours after

pitching. This was confirmed by C. F. Hyde (I.). Substantially

the same observation was made by Helbruck (I.) in the case of

pressed yeast in 1879, so that the nitrogen consumption curve
rises very sharply. One pressed yeast and three different samples
of low-fermentation beer yeast (containing 8.24 and 8.94 to 9.54
per cent, of nitrogen in the dry residue), which were allowed by
Hayduck (V., YI.) to develop under identical conditions in malt-

extract solution containing initially 0.0876 per cent, of nitrogen,

absorbed 43 and 30-39 per cent, of this foodstuff for the struc-

tural purposes of the cell. That the residual nitrogenous substances
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in young beer are capable of affording nutrition for the further
development of yeast has been repeatedly shown, inter alia, by
F. Hyde (I.) and Hayduck (V., VI.), though it would be erroneous
to assume that the whole of these nitrogenous substances are

suitable for this purpose, or that any one of them is accessible to

any race of yeast. Unfortunately, the observations available on
this important question are but few, e.g. those communicated by
Delbruck (V.). The appearance of yeasty haze in lager beer [see

p. 1 86, vol. ii.) and in stored wine may probably be traced by
further investigation to wort or must proteids, which the yeast

concerned in primary fermentation has been unable to consume,
but which during storage has furnished structural material for the

development of some other race of yeast that has crept in in the

meantime. Wine must also contains an excess of nitrogenous
nutriment for the yeast, and left unconsumed by the latter. H.
MtiLLER-TnURGAU (II.) took a Geisenheimer Riesling must of

1888 vintage, which he subjected to six fermentations in suc-

cession, removing the resulting yeast and alcohol and adding
fresh sugar each time, the final result being a wine containing

0.051 grm. of nitrogen per 100 c.c., as against 0.100 grm. in the

must, whilst the removed yeast contained 0.049 accord-

ance with the gradual diminution of nitrogen in the maturing
wine, the successive deposits of yeast separated from the super-

natant wine also exhibit a diminished nitrogen content. Thus in

a case examined by A. Czeh and H. Muller-Tiiurgau ([.), the

first deposit of yeast furnished 6.19 percent., and the fourth only

4.3 per cent. The course of fermentation in the must is also

induenced by the method of treating the vines. Miiller-Thurgau
(II.) reported on a case of stormy fermentation in must which, in

consequence of the heavy manuring of the vineyard, contained

not less than 0.12 percent, of nitrogen. The residue of nitro-

genous constituents in the new wine, after the removal of the

primary yeast, enables the secondary fermentation to be carried

through.

Apple and pear musts are frequently poor in nitrogenous yeast

food, and this is generally the case with berry musts, especially

bilberry must
;
and for this reason they ferment very sluggishly

and incompletely. These defects may be remedied—as was first

advocated by Nessler and tried by H. Miiller-Thurgau—by an
addition of 20 grms. of sal ammoniac per hectolitre (about 3 oz.

per TOO gallons). Similar results, but at higher cost, can be

obtained—as was done by R. Otto (I.)—by the use of ammo-
nium tartrate or even asparagin.

It would be incorrect to suppose that the total quantity of

nitrogenous matters present in wines or beers already existed as

such in the must, wort, or mash. On the contrary, a portion,

varying considerably according to the conditions of fermentation,

originates in the metabolism of the yeast employed, and is excreted
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by the latter; if soluble, it remains in the liquid, but if trans-

formed into the insoluble condition it will be found in the sedi-

mental yeast. The quantity of the soluble matters excreted from
the cells increases with the temperature, other conditions being

equal. The experiments of E. Hantke (I.) on this point showed,

for example, that beer produced from a wort containing 5.59 per

cent, of nitrogenous substances, by means of one and the same
type of yeast, contained 4.42 per cent, of these substances when
fermented in the cool cellar of the brewery, and 5.10 per cent,

when the fermentation was completed in the laboratory (at 66° F.).

The characteristic disagreeable flavour produced in beer by fer-

mentation at an unduly high temperature is due to this increased

formation of metabolic flavouring products, which will be the

more noticeable in proportion as the other (flavouring) extract

constituents is smaller. For this reason beers of this class

(especially Pilsen) must be fermented at a lower temperature
than those of the Bavarian type.

Finally, it should be mentioned that the fact of the migration
of nitrogenous substances from the yeast to the nutrient medium
renders illusory the results of all investigations in which it is

sought to ascertain the quantity of nitrogenous matter assimilated

by yeast from the difference in the nitrogen content of the medium
at the beginning and end of the experiment. Consequently, this

question also needs reinvestigation by the application of more
delicate methods of experiment.



CHAPTER LI.

CULTIVATION AND REPRODUCTION OF YEAST.

§ 264.—Hansen’s Method of Single-Cell Culture.

In samples of yeast as they reach the laboratory from natural
sources or from the fermentation industries, the cells are not
infrequently in an enfeebled condition, and therefore need to be

reinvigorated before they C5?n be sowed in the nutrient gelatin

employed for making pure cultures. Thus in the case of

breweries, for instance, the usual practice adopted for sending
yeast samples to a pure-culture laboratory through the post is

to place a drop of the thick balm, about the size of a pea at the

most, on a sterilised filter-paper, and thus free it from water to

a sufficient extent to enable it to be sent, enclosed in several

layers of the paper, in an envelope. On reaching the laboratory

this desiccated drop is placed in wort, where the cells are revived

and regain their full power. The same thing is done in the case

of wine lees. The reinvigorated sample is then subdivided, in

the manner described below, in order to obtain cultures that are

indubitably grown from a single cell, and are therefore termed
“single-cell cultures.”

The insecurity of the dilution method has already been pointed

out in vol i. (p. 125); and for the purpose of obtaining pure

yeast cultures, this method was improved upon by E. Che.
Hansen (II.) in 1879. Hansen had observed that when several

cells were present in a culture vessel they settled down separately,

when properly stirred, and being devoid of locomotive power,

each developed into a colony by itself. In such cases those in

which only a single colony developed were alone suitable for the

purposes of pure culture. The first six species of Saccharomycetes

introduced into the literature by Hansen, namely S. cerevisice

S. Pastorianus /-///., S. elUpsoideus /. and //., were obtained

in this manner. At a later date (1883) Hansen (XII.) made use

of the liquefiable solid medium, 10 per cent, wort-gelatin. J.

Chr. Holm (IV.), in a critical investigation of the resulting

priority controversy, established the fact that this was done by

Hansen independently, and especially so with respect to the

method of R. Koch.
As already stated in vol. i. (p. 132), it is only capable of fur-

218
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nishing true pure cultures when the experimenter has succeeded,

by shaking, in distributing the sample sown in the nutrient

gelatin so uniformly that the cells are all embedded separately in

the solidified gelatin stratum. Despite the opinion of G. Topf (I.)

to the contrary, this condition is not always attainable. By
means of an artificial mixture of beer yeast with Sacch. ajnculaius

—which is recognisable from the peculiar shape of its cells

—

Hansen (XII.) showed that about 2 per cent, of the colonies on

the resultant plate cultures were impure, ^.e., contained cells of

both species. In a special experiment with a series of pure yeast,

partly alone and partly in artificially prepared mixtures, J. C.

Holm (IV.) showed that from 108 to 135 cells formed the basis

of 100 colonies obtained on nutrient gelatin plates by the Koch
method. Still more unfavourable are the conditions in cases

occurring in laboratory practice, where natural mixtures have to

be separated in which the mutual connection of difterent species

is, for various reasons, of more frequent occurrence and more
intimate. Thus P. Miquel (IX.) found, in a case of air analysis,

that out of 442 colonies—of which 385 consisted of bacteria

—

only 136 contained a single species, whilst 87 contained two, 75
three, and 87 four or more species, and Lafar (I.) has shown
that mixed colonies, formed of yeast and bacteria together, also

occur. Hence, in view of the small dimensions of the cells, the

only way to remedy tne unreliability of the plate culture method
in Die case of bacteria is by making repeated cultures, as recom-
mended in vol. i., chapter xi. With yeast, on the other hand, it

is much easier to overcome the defects of the method and obtain

cultures undoubtedly arising from a single cell, the cells being
large enough (usually 5-10 /x) to enable a low-power objective to

be used, the longer focus obviating the risk of contact with the

gelatin layer under examination. Consequently the freshly

moulded plate, inoculated with the sample to be subdivided, can
be examined with a low power (40-60) for the purpose of dis-

covering cells that, in addition to being alone, are far enough from
their neighbours to ensure the isolation of the resulting colonies

and enable re-inoculations to be made from these without incur-

ring the risk of including members from other colonies in the
transfer. The position of these suitable cells in the gelatin

stratum is noted down at once, so that they may be readily identi-

fied later and used for cultures that shall be indisputably descended
from a single cell and therefore pure cultures in the strictest

sense of the term.

At present we can only deal briefiy with the technique of the
preparation of single-cell cultures, the reader being referred for

more complete details and modifications of the method to the
special works on the subject, notably the instructions given by
E. C. Hansen (XV. and XXXV.) himself, and A. Klocker’s
book (VII.) detailing the experience gained in this branch at the
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Carlsbuig laboratory. A small portion of the sample (previously

reinvigorated, if necessary) is placed in sterilised water— or

preferably in a 0.5 per cent, solution of common salt—and shaken
up so as to separate the agglomerations of yeast and distribute

the cells as uniformly as possible. The number of cells in a
single drop of the diluted mass having been examined under the
microscope, sufficient is transferred to a flask, already charged
with 20-100 c.c. of liquefied wort-gelatin (or must-gelatin) to

ensure that a tiny drop of this latter contains only a very few
cells. To prepare a miniature plate culture, a large cover-glass is

sterilised, by passing it through a spirit flame, and one side of

the same is then coated with a layer (about 0.2 mm. thick) of the

inoculated gelatin, by means of a small platinum loop, in such a

manner as to leave an outer ring of clear glass several milli-

metres wide. The cover-glass is then laid on the vaseline-coated

ring (c) of a sterilised Bottcher cell (Fig. 159), the bottom of

which has already been coated with a minute quantity of sterilised

water [d'). If this moist cell be laid horizontally on a suitable

foundation and exposed to a medium room temperature (15^0.),

the gelatin film {h) on the inside will quickly set evenly. A
hollow-ground microscope slide may also be used in place of the

Bottcher cell. It is advisable to make several of these plate cultures

and not merely a single

one. As soon as the

gelatin film has set, the

cell is examined under
the microscope, prefer-

ably one fitted with a

nose-piece to enable the

two requisite objectives

of difierent power (e.g.,

Zeiss Nos. A and D) to be rapidly exchanged. The low power

(about 40-60) is used for systematically examining the gelatin

film all over, to find suitable cells that are isolated and far

enough away from all others. The higher power (about 250-

400) is then used to make sure, and the exact position of the

selected cells is noted down. The various methods and appliances

for fixing the position of the cells in single-cell culture have been

critically reviewed by H. Will (XXIY.) on the basis of his wide

experience. The author finds the simplest and most convenient

method—and much less troublesome to the beginner than the

object-marker—is that of marking the position of the cell direct

on the glass (the low power being used so that the objective is

about I cm. away from the slide) by means of two fine dots of ink

or preferably black varnish, applied to the top surface of the cover-

glass by means of a fine drawing-pen or a pointed inoculating

hook. About half a dozen or more cells are marked off in this

way, a necessary precaution, because it often happens that one or

d

Fig. 159.

Biittclier Cell in vertical section. Slightly

reduced. {After Hansen.)
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more of those selected remains barren, either because it was already

dead at the commencement of the test or else was too feeble to

develop in the strong (10 per cent.) gelatin medium. The task of

seeking out the cells is troublesome, even for the experienced

worker. It may be greatly lightened by using cover-glasses cross-

etched in squares of about 2 mm. side, as recommended by Will,

and preferably marked with etched figures as advised by Alfred

Jorgensen. This is also desirable on account of the ease with

which it enables the position of the cells to be entered in the

note-book, and facilitates keeping a record of the observations.

When the marking is finished, the Rdttcher cells are placed in a

Fig. 160.

Cbamberland P''lask.

About one-liftb uatural size.

{After Hansen.)

Fig. 161.—Pasteur Flask, with Hansen's
imiiroved modification by widening'

tlie swan neck tube. About one-fifth

natural size. ( After Hansen.)

large double basin and left for about twenty hours in the

thermostat at about 20° C., by the end of which time the cells

that are capable of development will be actively forming colonies.

After another twenty-four hours the colonies will be visible to

the unaided eye, as small white dots. The selected colonies are

again examined under the low power, for the presence of

dangerous neighbours, and inoculations are made from each

colony into flasks already charged with sterilised nutrient medium
(wort, wine, must, &c.), another examination being afterwards

made to make sure that the selected colonies alone have been
drawn upon and that the adjacent ones are intact. When an
inoculating hook is used, it will be found more convenient to

transfer the cells to a Freudenreich or Ohamberland flask (Fig.

160), and then, after further reproduction, inoculate from this

with a loop into a Pasteur flask (Fig. 161), with a capacity of

about 250 c.c. and charged with about 100 c.c. of wort. On the

other hand, the inoculation can be conveniently effected into the
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latter culture vessel direct when use is ma(|e of a platinum wire,

about I cm. long and 0.5 mm. thick, held with a forceps and
sterilised in the flame just before using.

Another result—either subsidiary or as the main object—

•

obtainable by means of the above method of reinvigoration, is a
purification of the sample. In this way Muller-Thukgau (XX.),
for instance, in cultivating yeast destined for the fermentation of

red wine or perry musts (rich in tannin) and therefore required
to be able to stand the presence of large quantities of that sub-

stance, allowed the sediment forming the raw material to repro-

duce several times in red must or tart perry must. In this way
he effected a selection affording greater prospects of ultimate

success in the cultures afterwards prepared by the single-cell

method.

P. Lindner (XXI. and XV.) applied the name “small drop”
culture to a modification of Hansen’s single-cell method. He
diluted the dissected sample to such an extent with wort that

a small drop of same contained only a single cell, and then, by
means of a very fine sterilised drawing-pen, made a number
of small drops or fine streaks on a sterilised cover-glass, which
was next fixed over a Bdttcher cell or hollowed slide, by means
of vaseline, &c., and examined under the microscope, each
small drop found to contain only one cell being marked. The
resulting colonies are afterwards transferred to another medium
(wort-gelatin, wort). The shrinkage which takes place in cells

placed in the highly plasmolytic nutrient gelatin is here avoided,

and consequently the proportion of cells that will not develop is

reduced. Moreover the cells are more readily detected than is

the case with solid media, owing to the greater difference between
the refractive power of the cells on the one hand and the medium
on the other. F. Schonfeld (II.) found it useful to combine the

externals of this method with the essential features of the Hansen
single-culture method, by treating a little of the sample (sludge

or sedimental yeast) with wort-gelatin and transferring small

drops and streaks of this mixture to a cover-glass which is after-

wards fastened down on a hollowed slide.

Re-inoculation from a single-cell culture into a fresh nutrient

medium gives an absolutely pure culture. The labour devoted to

the latter has then a different purpose, more especially to deter-

mine whether it is adapted to the object in view, to select the most
suitable from a series of pure cultures, and finally to reproduce a

sufficient quantity for use in practice.

A few remarks may be made, for the information of beginners,

on the best method of keeping pure cultures in the laboratory.

The most convenient, when feasible, is to leave the yeast covered

by the liquid in which it has been grown. This is only practicable,

however, when the operator has sufficient leisure or inducement

(in the way of orders for supplies of yeast) to re-transfer the
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cultures to fresh medium at frequent intervals. If this be neg-

lected, and the cells are left for a long time in the spent liquid,

they will be injured by the products of metabolism and fermenta-

tion. The length of the intervals within which this re-inoculation

must be performed in order to prevent the danger aforesaid,

depends on the species of yeast as well as on the constitution of

the nutrient medium. Thus, H. Muller-Tiiurgau (HI.) states

that he was able to leave certain wine yeasts in their respective

wines for ten months without appreciable injury. On the other

hand, the author found that a spirit yeast, Race II,, suffered a tran-

sitory, but decided, weakening (especially in reproductive power)

by remaining only three months in the fermented wort. The live

herbarium in the laboratory of a fermentation physiologist, that

is to say, the collection of cultures of micro-organisms, usually

contains a very large number of yeasts. These include certain

kinds—especially yeasts for the production of wines and berry
wines, then the so-called wild yeast, and others—for whose re-

inoculation there is little or no outside demand. Nevertheless
the re-inoculations take a good deal of time and labour when

—

as is desirable yer se—the collection is a large one numerically.

In order to reduce the work to a minimum the yeast should be
transferred to the medium in which it is known to keep longest
without suffering a change of character. Beer wort is not suitable

for the prolonged storage of brewery yeasts
;
but, on the other

hand, the aqueous 10 per cent, solution of saccharose tried and
recommended by E. 0 . Hansen (XXXV.)
usually behaves well. It is generally kept
in Freudenreich flasks or in the Hansen
modification shown in Fig. 162, these

being filled about half full. To minimise
the inevitable evaporation, J. C. Holm
(III.) employs a modified form of cap or

hood. The amount of sediment of the

culture to be preserved must not be more
than imparts a slight turbidity to the

liquid, the reproduction of the sowing and
the chemical alteration of the liquid being

then very slight. The object in view is

not the reproduction, but the preservation

of the cells, and it is therefore necessary

to prevent as far as possible the distribu-

tion of the store of nitrogenous food

introduced by the cells and consumed for

their own maintenance during storage, or

a weakened progeny will certainly result. Moreover, the re-

inoculations should be kept in the dark and at a temperature not

far exceeding 1 5
° C. Under these conditions nearly all the species

(about 50 in number) examined in this connection by Hansen
VOL. II : PT. 2 p

Fig. 162.

Freudeurcich-Hauseii
Flask. About lialf natural

size. {After Hansen.)
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(XXIV., V.) retained their vitality for many years (up to seven-

teen). Sacch. Ludwigii proved less hardy, some of the samples

dying within one-two years, though others lasted six years; and
Carlsburg bottom yeast No. 2 behaved in a similar manner. To
these exceptions must be added the Sacch. theohromce isolated by
A. Preyer (I.) from putrefying cocoa, and also—according to J. C.

Holm (II.)—a few species of Schizosaccharomyces, one of which
perished within a year in saccharose solution, though found to be

still living in wort after two and a half years. Beer wort, on the

other hand, proved unreliable with all the others tested for this

purpose. True, in not a few instances, living cells were found in

it after ten or even eleven years, but just as freqaently none could

be detected at the end of a single year. This liquid is subject to

considerable variations in constitution which cannot be influenced

or ascertained by the experimenter. In countries where the

summer is hot, provision must be made at that season for artifi-

cially cooling the cultures (in an ice-chest of special construction)

;

otherwise, as was observed by H. Will (XIX.) in Munich, and by
A. Kukla (I.) in Prague, degeneration and death will occur even
with saccharose solution. In consequence of unfavourable expe-

riences, A. Jorgensen (IX.) recommends that streak cultures on
wort gelatin should not be employed for storage purposes. The
tendency to and results of the formation of films on ageing
cultures have been already referred to on p. 120, vol. ii.

The colour of beer wort is ameliorated by the fermenting yeast,

not solely (as is known to every brewer) during primary fer-

mentation, but also, and to a far greater extent, when the fer-

mented beer is left for a long time in contact with the sedimental

yeast, as is the case when yeast cultures are stored in wort. A
gradual and extensive decoloration of the nutrient medium occurs

(see p. 126, vol. ii.)
;
so much so, in fact, that the colour may be

changed from brown to pale straw-yellow. The experiments con-

ducted on this point by H. Will (XXV. and XXII.) showed that

the wild yeasts generally are more powerful decolorants than the

culture yeasts.

When a pure culture has to be transferred from one laboratory

to another, which possesses the necessary equipment for further

reproduction, a small quantity of the culture—even a couple of

vigorous cells will sufiice—is placed on a little cotton-wool and
inserted in a previously sterilised Freudenreich or Freudenreich-
Hansen flask. The cotton should not have been freed from fat,

and will then be hygroscopic enough to supply the yeast with the
requisite minimum of moisture to prolong its vitality. The
Hansen modification of the Freudenreich flask (Fig. 162) difl^’ers

from the original type by the provision of a slanting tube at the
side to facilitate connection with a Pasteur flask, both for intro-

ducing a drop of the transferred culture on to the cotton (e) and
also for inoculating it into a fresh nutrient solution, A coating
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of sealing-wax (c) makes a tight joint over the stopper of rolled

asbestos-paper (d). The ping of cotton
(
5

)
in the neck of the flask

prevents over-rapid and excessive desiccation of the contained

cells, and at the same time excludes any extraneous germs that

may have slipped through the plug (a) in the cap tube. This

method of storage on cotton is of special value, and in fact indis-

pensable, when perfectly pure cultures are to be sent to tropical

countries and will be exposed to high air temperatures for some
time e?i route. Streak cultures on gelatin or agar-agar, which
are occasionally used for transport over short distances in the

temperate zone, are out of the question in such cases.

§ 265.—Conditions of Cell Reproduction.

Of the two possible methods of cell reproduction in yeast,

namely, budding (the vegetable form) and ascosporulation, the

second may be disregarded so far as the practice of yeast culture is

concerned, on account of the greatly restricted increase it furnishes.

The method of budding, with which alone we shall now have to

deal, has already been treated of in § 245, though only from the

standpoint of the morphologist, the chief point being the variability

in the form and aggregation of the cells resulting from vegetative

reproduction. In the present paragraph this information will

be supplemented by a review of the external conditions of cell

reproduction, the requisite constitution of the nutrient medium
having been already dealt with in the two previous chapters.

Before, however, entering upon a discussion of this question, it

will be necessary to treat of the limitation of three definitions

which here come into application.

The term “ reproductive capacity ” (occasionally also known as

“coefficient of reproduction”) relates to the total number of cells

in the yeast crop obtainable under any given conditions (f.c., in-

dependently of time) per unit of the original sowing. This unit
may be taken on the basis of weight, in which event a reproductive
capacity of 20, for instance, implies that 20 grins, of yeast crop
have been obtained for every i grin, of yeast sown. Tbe crop is

usually obtained in the form of a sediment {see vol. ii. p. 1 14), and is

weighed either in the pressed condition (with a variable content
of water according to the degree of pressure) or else after drying.
The latter method is the most reliable, especially in experiments
on the consumption of nutrient substances, provided—as we
know (vol. ii. p. 179) is not usually the case—the deposit consists

of yeast cells exclusively. For this reason statements, based on
unit weight, relating to the ratio of increase are of merely low and
conditional value. Far greater comparative reliability attaches to
determinations made with the cell-counter (vol. i. p. 124), and
referred to the unit of cells in the sowing.

“Reproductive power” (also spoken of as “the velocity of
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reproduction” or “reproductive energy”) indicates the number of

cells produced from the unit of sowing in unit time. With regard

to the determination of this value, the remarks just made also

apply.

By the “period of generation” is generally understood the

interval of time necessary for the production of a fully developed

daughter cell from the parent cell l3y budding. If F. Baseneau’s
formula (I.) (vol. i. p. 59) is used for this determination, instead

of the method of direct observation of the individual cell, it must
be remembered that this formula does not strictly apply, except

under the condition that the duration of generation has been the

same for all cells in the culture throughout the whole experiment,

and that each newly formed daughter cell has immediately begun
to act as a parent cell. Since this latter condition in particular is

not usually fulfilled in its entirety, the value furnished by the

calculation is higher than the truth.

The infiuence of temperature on cell reproduction by budding
deserves very close consideration, because the use in practice of

nutrient media which are mostly of almost constant and unchange-

able constitution, renders it possible to control the progress of

reproduction by graduating the influence in question. The limits

of temperature within which cells will bud in beer wort have

been determined by E. C. Hansen (XXXII.) for eleven different

Saccharomycetes. The upper limits were : foi* Sacch. Past. /., 34° 0 .

;

for Sacch. memh'aiucfaciens, S. Ludvnyii, and Wortmann’s wine
yeast, Johannisberg II., 37° 0 . ;

for S. cerevisicc /., S. Past. II.

and S. ellij^s. II., 40° 0 . ;
for S. dli'ps, /., 40-41° C.

;
and for S.

Marxianus, 46-47° 0. ;
whilst the lower limits were as follow

:

S. cerevisufi I. and S. memhrancefaciens, 3° to 1° 0 ., S. anomalus,

l° 0 . to 0.5° C., and fortheothereight species 0.5° 0 . Acomparison

of these figures with those in the table opposite p. 136, vol. ii.,

will confirm the remark on pp. 129, 130, that the limits of

temperature are somewhat wider in the case of budding than for

sporulation, provided the former occurs in wort. If, on the other

hand, the cells be allowed to bud in water, the higher limit of

temperature is slightly reduced, whilst the minimum is raised.

Saccharomycopsis guttidatus will only bud at 37° 0 .

The influence of temperature on the period of generation was

first closely investigated by Rasmus Pedersen (II.), after a few

observations on the subject had been communicated by Pasteur

and others. Working with a low-fermentation beer yeast in un-

hopped wort (16.2° Balling), Pedersen found that the duration of

generation in the first 24 hours of development was 20 houis at

4° C., io| hours at 13.5° C., 6J hours at 23° C., 5.8 hours at

28° 0., and 9 hours at 34° 0., no budding occurring at 38° 0.

Consequently, the optimum temperature giving the shortest period

of generation in these experiments was between 28° and 34° 0.

At a later date a more comprehensive test was performed by
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D. P. IIoYER (I.) by fixing (i small luimber of cells, in a state of

watery suspension, on a thin film of solidified wort-gelatin applied

to the under side of the cover-glass of a Jfdttcher cell. The pre-

parations, which could be examined and counted direct, were

maintained at the desired temperature for a certain time, the

cells produced in the interval being then counted and the period

of generation calculated by means of the formula already men-
tioned. The following results were obtained at 13° C. : Sacch.

Pastorianus /., Hansen, 6 h. 6 min.; Past. //., 8 h. 45 min.;

S. Past. III., 8 h. 39 min.; S. ellipsoicleus /., 9 h. 4 min.; S.

eltips. //., 8 h. 49 min.
;
S. anomalus, 5 h. 12 min.

;
S. Ludvngii,

8 h. 10 min.; P>. memhrancpfaciens, 7 h. i min.; Saaz yeast,

7 h. 48 min.; Frohberg yeast, 7 b. 21 min.; Sacch. apiculatus,

4 h. 45 min., etc. The period of generation at 25° C. was, for

k. Past. II., 5 h. 12 min.
;
N. Past. III., 6 h. 8 min.

;
aS'. ellips. /.,

6 h. 12 min.; P>. ellips, II., 6 h. 9 min.; S . memhraiuefaciens,

5
h. 13 min.

;
Saaz yeast, 4 h. 23 min.

;
Frohberg yeast, 4 b. i 8 min.

in the same proportion as nevv cells are formed, the medium is

impoverished of the necessary structural materials and enriched

with metabolic products inimical to development. Both these

influences grow quicker when the nutrient medium is kept warm,
and then soon become so powerful that the velocity of reproduction

falls below the value previously obtained from cultures that have

been kept much cooler, while at the same time the period of

generation is correspondingly increased. Thus in Pedersen’s

experiments, cited above, the period of generation on the second

day, though 20 hours at 4° 0. and 16.7 hours at 13.5° 0. was
increased to 65,5 hours at 23° C. Further details will be

given on this point in that portion of the next chapter wdiich

deals with the influence of alcohol on the life of yeast. In the

case of temperatures near the limits beyond which budding ceases,

the velocity of reproduction is so low as to be regarded as nil from
the practical standpoint, H. Muller- Tiiurgau (XIX.) having
reported, for instance, that the wine yeasts examined by him
ceased to reproduce at 40° C. In climates where the temperature
at the time of the vintage approaches this limit—the South of

France, for example, according to Kayser and Barra (I.)—the

must has to be artificially cooled, or the yeast cells present will

reproduce so slowly that ordy a sluggish fermentation will be set

up, incapable of suppressing concomitant injurious organisms.

In northern vineyards, on the other hand, the autumn temperature
not infrequently approaches the lower limit for yeast reju’oduction

;

and in that event the fermentation of the must is greatly retarded

and slow.

In breweries using low-fermentation yeast the wort is pitched

at 5°-7.5° 0., and during primary fermentation the temperature
is not allowed to exceed 9° 0 . for beer of the Bohemian type,

9.5° 0 . for Vienna beer, or 10.5° C, for Bavarian beer; so that
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the temperature throughout remains considerably below the

optimum reproduction temperature. The usual amount of pitch-

ing yeast, namely, about one part by volume of thick barm per

2 000 of wort, causes fermentation to start quickly; but when,
from any cause, the brewer is restricted to the use of a smaller

proportion of yeast, he does not allow this to act on the whole
mash at once, but first puts it through a reproduction process in

a portion of the wort that has been cooled to i5°-2o° C., and is

maintained at that temperature. Reproduction ensues rapidly

and abundantly, so that in a few hours the culture, which is

beginning to throw up a “ head,” can be used for pitching the rest

of the wort at the usual temperature.

Particulars on the influence of temperature on the reproductive

capacity of yeast have also been published by A. L. Stern (HL),
who, cultivating Burton yeast in a mineral salt nutrient solution

treated with dextrose and asparagin, obtained the maximum
weight of yeast crop at a temperature between 21° and 25° C.

The influence of the constitution of the nutrient medium on

the reproductive capacity has been established by a series of

observations. With regard to the source of nitrogen, F. Hess (I.)

was able to prove the superiority of yeast water over mineral salt

solutions containing sufiicient asparagin or peptone to furnish an
approximately equivalent quantity of nitrogen (9.0, 8.2, and 8.5

mgrms. per 100 c.c.) and sugar, the following results having been
obtained in each 100 c.c. of the liquid during 28 days, the number
of cells being referred to each cell in the original sowing (20 cells

per c.c.) :

Source of Nitrogen.

Reproductive Capacity of

Saaz. Frohberg. Logos yeast.

Asparagin 536 601 645
Pe|)tone ..... 704 1580 2037
Yeast water .... 1529 1659 3608

A similar result was obtained by C. Soldan (I.); and the

reports of P. Thomas (I.) and A. L. Stern (HI.) have already

been mentioned in vol. ii. on p. 214. A certain influence is also

exerted by the nature of the source of carbon, as has been shown
by Soldan, the Saaz, Frohberg and Logos yeasts exhibiting the

highest reproductive capacity when maltose was added, as source

of carbon, to nutrient media consisting of mineral-salt solutions

containing asparagin or yeast water. Dextrose furnished a medium
crop, and saccharose gave the lowest.

The influence of the concentration of the medium on the repro-
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ductive capacity is stated by R. Pedersen (IL) to be small. More
exhaustive experiments were instituted in 1887 byJ.ARCHLEB (I.),

pressed yeast (i grm. per litre) being treated with malt extract

ranging in strength from i to 25 per cent., the largest yeast crop

was furnished by the 14 per cent, solution. In the case of a

Burton yeast grown by A. J. Brown (VII.) at 20° C. in hopped
ale worts of various strengths, gave no increase in crop when the

concentration exceeded about 15 per cent. Balling. A. L. Stern
(III.) who grew Burton yeast in two sets of experiments in which
the asparagin content (3 grrns. and 1.5 grms. respectively) was
constant, whilst the dextrose varied between o and 30 per cent,,

obtained the maximum yeast crop with 15 per cent, of sugar in

the one case and 1 2.5-1 5 per cent, in the other. Again, the

experiments of Emil Bauer (III.) show that any excess of nitro-

genous nutriment (whether in the form of yeast extract or of the

autodigestion products of yeast) beyond the amount absolutely

necessary has no influence on the crop.

Nutrient solutions which are very rich in sugar, and therefore

have a strongly plasmolytic action on the cells, retard or even
entirely prevent reproduction, a circumstance that is utilised in

cookery for the preservation of fruit. No generally applicable

data can be given respecting the proportion of sugar necessary
to cause plasmolysis, because the corresponding influence of other

ingredients in the solution also comes into play. In the experi-

ments of E. Laurent (VI.) with a number of beer and wine
yeasts, the appreciable reproduction ceased in the cultures in

which the nutrient solution (a decoction of malt culms) contained
about 60 grms. of saccharose, invert sugar, dextrose or maltose
per 100 c.c. Greater powers of resistance in this respect are pos-

sessed hy Sacch. Zopfii; and the yeast isolated by E. Dubourg (II.)

from sweet Sauterne proved capaple of acting in an 80 per cent,

solution of invert sugar. A. Mayer (VI.) claimed that the plas-

molytic action of a 30 per cent, sugar solution could be counter-
acted by a small percentage of Seignette salt, the addition of which
soon caused abundant reproduction and powerful fermentation in

a previously quiescent nutrient medium
;
but this was disproved

by M. Hayduck and M. Delbruck (I.). Greater powers of with-
standing the influence of high percentages of sugar and other
ingredients in the nutrient medium are possessed by the yeasts
concerned in the (spontaneous) fermentation of Danzig Jopen
beer (chiefly exported to England, under the name spruce beer or
black beer). This was demonstrated by P. Lindner (XIV.), who
isolated two new species of yeast, >Sacch. farinosus and Sacch.
Bailii, ii'om fermenting Jopen wort of the initial concentration

53-54 per cent. Balling.

The relative permeability of the cell membrane also affects the
reproductive power. This permeability varies, not merely in the
different races of yeast, but among individuals of the same race^
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and is determined by numerous factors, more particularly the

age of the cells and the conditions of its earlier life. Hence both

the fecundity and reproductive power differ, under identical

external conditions, with the species (or race) of the yeast. On
this point P. Lindner (XX. and XIV.) in 1889 instituted com-
parative experiments with twenty-two beer yeasts and fifteen white
beer, spirit and pressed yeasts. The former, sown in 650 c.c. of

hopped wort (11.95° Railing), furnished from 4.3 to 12 grms. of

crop, weighed after pressing, whilst the yield from the second
group, sown in 1350 c.c. of wort, was 9.3 to 19.5 grms. The
highest yield was obtained from the white-beer yeasts, the pressed

yeasts coming second. Further contributions on this matter have
been published by E. Schonfeld (I.), C. Soldan (I.), E. Hess (I.),

Roderick Meissner (I.), G. Korff (I.), W. Knecht (I.), and
others.

The influence of the age of the sowing on the reproductive

capacity and reproductive power was examined by M. Elliesen (I.)

in the case of Frohberg and Logos yeasts. Some of his results

are given below

:

Age of Cells iu the

Sowing.

Reproductive Capacity in

42 days at 6°-8° C.

Reproductive Rower iu

8 days at 6°-8° C.

Frohberg. Logos. Frohherg. Logos.

24 hours 2880 6400 144 320

3 weeks 800 3200 40 160

8 weeks 1200 720 60 36

With increasing age the vitality and reproductive power of the

cells are weakened. Whilst the gradual thickening of the cell

membrane is a good defence against adverse influences on the

part of a nutrient medium that is changed for the worse, it

equally presents obstacles which must be overcome by the stimu-

lating ingredients of a fresh medium before the sowing can

reproduce itself and lay up new material. The far higher repro-

ductive capacity of the day-old sowing in the above table is

therefore not surprising.

An important point in fermentation technology is the influence

of the extent of the sowing on the amount of crop that can be

produced in a nutrient medium of given quantity and composition.

This applies to the brewer and vintner, as well as to the yeast

manufacturer. The first reliable determinations obtained under

practical working conditions were those of Thausing (I.), who insti-

tuted parallel experiments in four Austrian breweries (A to D),

the wort being pitched with 0.33, 0.5 and 0.66 litre of thick low-
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fermentation barm per hectolitre respectively. The results are

expressed in the following table, which shows, in the first place,

the total crop from each sowing, and then the actual increase

(crop mhius sowing)

;

Sowing of thick Barm
per Hectolitre of Wort.

lAtre.

Resulting Crop of thick

Barm. Litres.

Increase—thick Barm.
Litres.

A C u A V> C I)

0-33 1.63 1.99 1.74 1.49 1.30 1.66 1.41 1. 16

0.50 1. 61 I 95 1.95 1.50 1. 10 1-45 1-45 1.00

0.66 1.66 1.83 1.79 1-53 1.00 1. 21 I-I 3 0.87

It is thus evident that while an increase in the amount of the

sowung has little effect on the total crop, it causes an appreciable

diminution of the increase. This fact has been repeatedly con-

firmed : for instance, by O. Rienke (II.) in 1889 for low-fermen-

tation beer yeast; by A. J. Brown (VII. and IV.) in 1890 and

1892 for Burton top-fermentation yeast; in 1897 by Thausing
himself in new experiments

;
and in the same year by A.

Reichard and A. Riehl (II.) at the low-fermentation brewery
at Lutterbach (Elsass), and by the Bierbrouwery d’Oranjeboom
(I.) at Rotterdam.

The latter also confirmed Thausing’s discovery that the

accuracy of the results is unaffected by the height of the

temperature, it being immaterial whether the fermentation was
conducted at a low temperature (starting at 3.8° C. and rising to

9.4° C., to afterwards recede to 6° C.), or in the warm, com-
mencing at 10.1° C., rising to above 15.8° C., and afterwards

declining to 10° C., or finally carried on at the usual level of

8° C., 8.8° C., and 11° C. In low-fermentation breweries it is

customary to pitch the wort witli -I per cent, by volume of thick

barm, wliich increases about eightfold during fermentation.

The resulting deposit of yeast at the bottom of the fermentation

vessel consists of three layers : bottom, middle or core, and top,

the middle one being carefully separated from the other two and
alone used for pitching subsequent brews. It forms about 60
per cent, of the total deposit, but suffers diminution during the

washing process to which it is subjected, the final yield being

only about twice the original amount of the pitching yeast.

§ 266. Consumption of Oxygen for Cell Reproduction
and Respiration.

The question whether strictly anaerobic species of yeast {see

vol. i. p. 181) exist, and therefore whether cell reproduction

can proceed, without restriction, in the entire absence of free
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oxygen, cannot yet be finally settled. J. Behrens (VIII.)
reports that he found a comparatively large number of anaerobic
yeasts on hop cones, and Traube (II.) had previously stated that
yeast reproduction may proceed, in certain circumstances, in the
absence of oxygen. On the other hand, Brefeld (XIII.) con-
sidered he had proved the absolute necessity for the presence of

oxygen. G. Korff (I.) observed a considerable degree of repro-
duction in cultures in yeast water treated with lo per cent, of

saccharose and traversed uninterruptedly by a current of hydrogen,
the yeast sowing employed having been grown under similar

conditions. At the end of fourteen days the amount of crop
obtained per original cell was : Saaz yeast, 876 cells; Frohberg
yeast, 1346 cells; and Logos yeast, 1160 cells. According to P.
Barker (I.) a Saccharomyces isolated from ginger exhibited no
signs of incipient growth when oxygen was completely excluded.

The more closely we criticise the reliability of the methods and
appliances hitherto used for obtaining really anaerobic conditions
in cultures, the smaller the trust we place in the results of the
experiments made in this connection, and the greater becomes the
doubt whether this or that anaerobic is one in the strict sense of

the term or merely an aerobe requiring only a very small quantity
of oxygen. We need only remember how difficult it is to com-
pletely eliminate oxygen from the gas (hydrogen, nitrogen, or

carbon dioxide) employed to displace the air and traverse the
cultures

;
and the non-fulfilment of this preliminary condition

will certainly influence the results when we are dealing with
organisms that are very sensitive toward oxygen and are stimu-
lated by very small quantities of that gas. Now yeast is an
organism of this kind, being, as Brefeld (XIII.) observed,

satisfied with a tension corresponding to the presence of i part

of oxygen in 6000 parts of carbon dioxide. Traube’s counter-

proof with the assistance of sulphindigotic acid cannot be accepted

unconditionally
;
and the fact that yeasts will reproduce during

the temporary exclusion of oxygen is insufficient as proof, since in

such cases the yeasts consume the previously accumulated store of

that element. Moreover, cultures in which the vessel is provided

with a seal of dilute sulphuric acid during fermentation cannot
be regarded as having developed in the absence of oxygen. E. C.

Hansen (XXXII.) states briefly that budding occurred in his

experiments with nitrogen freed from oxygen
;
but there is a

decided difference between this and sporulation, which takes

place only in presence of an abundant supply of oxygen.

As a matter of fact, the growth and reproduction of all the

yeasts hitherto examined proceed more freely in aerated cultures.

The first results that can be classed as reliable (because obtained

with the counting cell) were obtained in 1879 ^7
Hansen (XXX.), who showed that a certain beer yeast when
grown in wort at i2°-i4° 0. increased 11.2-fold in 60 hours
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without aeration, and 15.8-fold with admission of air. In a

second experiment, at 13°-! 5°
0., the crop was 9 and 27.3 cells

respectively per original single cell. Other workers afterwards

obtained similar results. The assertion of N. von Oiiudiakow
(
1 .)

that oxygen is indispensable for yeast reproduction only in the

case of imperfectly nutritive media, does not seem to rest on a

sufficient foundation. Other conditions being equal, the degree

of stimulation imparted to cell reproduction by aeration depends

on the race of the yeast—a fact observed by G. Korff (I.), M.
DelbrIjck (I.) and several other workers. Nevertheless, as

Prior (II.) has shown, the greater fecundity observed in aerated

cultures is attributable not merely to the excess of available free

oxygen, but also to the circumstance—which should not be under-

estimated—that the gas traversing the nutrient medium frees the

latter from various products (volatile acids) of yeast metabolism

that retard reproduction.

Yeast has the power of absorbing free oxygen from the

environment, utilising it in completing internal chemical changes,

and then excreting the most part in the form of carbon dioxide.

The closer examination of this process of respiration is illumina-

tive. The quantity of oxygen taken up by the yeast cell has been

determined by P. Scuutzenberger and E. Quinquaud (I.), in

an experiment wherein pressed yeast (containing 26 per cent, of dry
matter) was distributed in aerated water, the figures per i grm.
yeast in i hour being o.i c.c. at 9°C., 0.4 c.c. at 11° C., i.2C.c. at

22° 0 ., 2.1 c.c. at 33° C., 2.1 c.c. at 40° C., 2.4 c.c. at 50° C., and
0.0 c.c. at 60° 0 . These workers assert that no further absorp-

tion of oxygen takes place in media which, like arterial blood, are

capable of cedeing 200-230 c.c. of oxygen per litre, instead of the

6-7 c.c. present in the water used, but this is true only when the

experiment is conducted under the conditions employed by them.
By working under different conditions, A. Harden and S. Row-
land (I.) found that i grm. of pressed yeast can take up an
average of 3.54 c.c. of oxygen per hour. Moreover, the consump-
tion of oxygen would probably reach a high figure if the cells

were abundantly supplied with respirable substances, instead of,

as in this case, being compelled to feed on one another. In fact,

it has been found by Giltay and Aberson (I.) that yeast grown
in a medium containing sugar consumed more and more of that

substance in proportion as the degree of aeration was increased

and the mixture of air and oxygen was richer in the latter con-

stituent, as much as 21 per cent, of the total sugar (utilised for

cell construction, respiration, and fermentation) being consumed
in this way. The higher final attenuation of wort that has

been strongly aerated during fermentation is partly due to the

increased respiration.

Few of the investigations made in connection with the de-

pendence of yeast respiration on external conditions are reliable.
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Since the discovery that alcoholic fermentation by yeast is a

purely enzymatic action {see chapter Ixiii.), and not directly and
inseparably connected with the life of the cell, it has become
necessary to bear in mind the two-fold character of the sources

from which the liberation of carbon dioxide may proceed, and
therefore to consider respiration separately from fermentation.

Strictly speaking, the only way in which the influencing of

respiration can be reliably tested is by employing conditions in

which the nature of the yeast and medium precludes the possi-

bility of any alcoholic fermentation—a stipulation which at once

disqualifies a whole series of investigations on the “ carbon

balance” of the fermentation process, the stimulation of the

latter by aeration, &c. Little is known as to the intermediate

stages of the combustion of the substances undergoing respiration.

Saccharomyces llansenii isolated by W. Zopff (XIII.) from
American cotton-seed meal— a yeast incapable of inciting

alcoholic fermentation—forms large quantities of oxalic acid as

the final oxidation product (instead of carbon dioxide) of the

sugars (glucose, galactose, saccharose, maltose, lactose, mannitol,

dulcitol, and glycerol) added to the nutrient medium. Several

workers, including E. Prior (II.) have found that copious aeration

increases the quantity of acids formed in yeast cultures
;
but it

is not yet certain how far these are to be regarded as products of

the purely chemical action of oxygen on the constituents of the

medium or as the result of hyperstimulation of yeast metabolism.

According to the comparative experiments of G. Korff (I.) with

Saaz, Erohberg and Logos yeasts, the aerated cultures contain

a higher proportion of fixed acids, whilst those traversed by a

current of hydrogen furnish a higher yield of volatile acids. In

this connection we may recall the remarks made on p. 126, vol. ii.

with reference to the divergent chemico-physiological behaviour

of the cells of sedi mental and film yeasts. The nature of the

influence of external conditions on the coefficient of respiration

of yeasts {see p. 79, vol. ii.) has not yet been sufficiently investi-

gated. Under favourable circumstances the amount of heat

liberated by respiration may give rise to a considerable increase in

temperature, and in a case observed by Effront (VIII.), in

wdiich 2 kilos, of pressed yeast were crumbled down and exposed

to the air (20° 0.) as a layer 37 cm. in depth, this amounted to

36° C. in three hours.

The utility of aerating the nutrient medium as regards the

development of the yeast to be grown therein has long been

recognised in practice. During the early stages of rousing (aera-

tion), whilst it is still very hot, the wort absorbs oxygen freely,

fixing it by chemical combination and retaining it partly in the

form of carbon dioxide. Afterwards, when the temperature has

fallen, a considerable amount of the gas is also retained physically

(in solution). The quantities were found by Pasteur (UI.)<
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one experiment, to amount to 41.7 and 7 c.c. respectively per

litre of wort; but a considerably lower figure (5.7 c.c.) was

obtained in the latter case by P. Petit (III.). A. Petersen (If.)

detected 2-4 c.c. of oxygen per litre in the worts of the Alt-

Carlsburg brewery
;
and, finally, C. Bleiscii and Ji. Schweitzer

(I.), in investigating the connection between oxygen absorption

and the temperature, chemical composition, gravity motion of the

wort, determined the amount of the physically dissolved oxygen

in wort of 14.4 and 14° Balling, as 2.4 c.c. per litre at 62.5° C.

and 4.4 c.c. at 5° 0., the chemically combined portion, on the

other hand, being 53 c.c. at 85° C. and 4 c.c. at 45° C. The
decomposing action of oxygen, whilst very mild at medium tem-

perature (15° 0.), is nevertheless appreciable when continued for

a long time. In this connection reference may be made to the

occurrence of formic acid (associated with carbon dioxide) ob-

served by Eayman and Kruis (I.) in old, sterile wort exposed to

the air.

The aeration method of yeast manufacture {see vol. ii. p. 184) is

based on the observation that cell reproduction is stimulated by
powerful aeration, and originated in Sweden, thou<jh the first

incentive was given by H. ITayduck’s experiments (V.), subse-

quently followed up by M. Delbruck (VI.). Under the stimu-

lating influence of oxygen the yield of pressed yeast furnished by
this method amounts to 25-30 per cent, of the weight of cereal

substances in the mash, as compared with about 12 per cent, in

the old method which is now being gradually superseded.

In the laboratory cultivation of yeast for technical purposes,

the aeration of the nutrient medium must not be omitted
;
for it

has been shown by Hansen, and confirmed by A. Jorgensen (X.)

that beer yeast grown in imperfectly aerated wort gives unsatis-

factory results when used in practice, the “break” of the wort
especially being defective.

The influence exerted by oxygen on the progress of alcoholic

fermentation will be dealt with in chapter Ixiv.



CHAPTER LIE

THE EFFECT OF CERTAIN TECHNICALLY IMPORTANT
CHEMICAL INFLUENCES ON YEAST.

§ 267. Copper and its Salts.

In the previous three chapters we have set fortli the formal con-

ditions relating to the nutrition and reproduction of yeast
;
and

we have now to deal with certain important adverse influences to

which this organism is exposed either in nature or in fermenta-

tion on a practical scale. The eftect of physical agencies may be

disregarded at present, since they are treated of elsewhere, and
we confine ourselves for the moment to chemical influences,

beginning with those of copper as the first to which the yeast

is generally exposed during reproduction or fermentation.

The beliavioLir of yeast cells toward copper and copper salts is

of particular interest to the vintager. As the reader is aware,

the I'avages of Feronos'pora viticola are combated by sprinkling

the vines with “ bouillie Bordelaise” (introduced by A. Millardet

of Bordeaux), an approximately 3 per cent, solution of copper

sulphate in which—as has been shown by Beelese and Sostegni

(I.)—the copper is converted into hydroxide (or basic double salt)

by the addition of an equivalent amount of calcium hydroxide.

Experience has proved that this remedy produces the desired

effect, the conidia of the fungus being destroyed, and the leaves

and fruit of the vine preserved
;
but at the same time the copper

exerts a toxic influence on the natural yeasts present on the

grapes, and since the various races of yeast probably difier in

their susceptibility to this action of copper, it may be supposed

that the treatment of the vines will result in an alteration in the

flora of the grapes, and that its influence will extend as far as the

must vat—more especially when sprinkling has been performed

late in the season. Thus, A. Rommier (I.) has observed that

must from late-sprinkled grapes gave no sign of fermentation,

even under favourable conditions of temperature
;
whilst in other

cases the only living cells detected were those of Saccharomyces

apimdatus (probably less sensitive to copper), so that the fer-

mentation remained incomplete. . This observation led Rommier
to investigate the influence of copper on yeast cells, with the

result that even an addition of 25 mgrms. of Ou
( = 98 mgrms,

236
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of crystallised copper sulphate) per litre of must was found to

retard the commencement of fermentation. On the other hand,

P. PrcHi (I.) stated in 1891 that the addition of less than 150
mgrms. of copper per litre of must had no adverse influence on
the development and fermentative action of the species of wine
yeast examined by him. Both workers, however, omitted to bear

in mind Polacci’s observation that the copper sulphate added to

wine must combines with the tartrate present to form potassium
sulphate and copper tartrate, which latter, being insoluble, is

precipitated and thrown out of action. Observing this precaution,

F. Kruger (I.) in 1894 found, in the case of a pure culture

Johannisberg yeast, that the maximum amount of copper sul-

phate—present in solution and therefore active—that the yeast

would stand without appreciable injury was equivalent to 44-45
mgrms. of copper per litre. When increased above this limit it

gradually diminished the fermentative power, though the repro-

ductive faculty and fermentative capacity were not so quickly
destroyed. In the experiments conducted on low-fermentation
beer yeasts by H. Will (I.), a large number of cells, after immer-
sion in a 5 per cent, solution of copper sulphate for twenty-four
hours still proved capable of fermenting the sugar solution to

which they were transferred.

The assumption that the above figures obtained by Krliger
may be of general application was controverted by the important
discovery, made by E. Biernacki (I.) in 1891, to the effect that
the amount of antiseptic (here copper sulphate) necessary to

retard the fermentative activity of yeast varies with the amount
of the sowing. This has been confirmed by other workers

;
for

example, by H. Mann (I.), H. Pottevin (I.) and A. Amand (I.) in

connection with copper sulphate
;
by Mann in the case of iron

sulphate, lead acetate and corrosive sublimate
;
by 0 . Wehmer

(XV.) with potassium and sodium arsenite, and by Muller-
Thurgau (XVII.) in the case of sulphurous acid. Nevertheless,
though the idea of obtaining unconditionally accurate limit values
in this way must be abandoned, it is still highly desirable to make
further investigations, especially on the comparative sensitiveness
of different pure yeasts and more particularly as a contribution to
the solution of the important question of the influence of the
copper treatment on the modification of the yeast flora of the
vine.

It should be mentioned—as might be foreseen from particulars
already given in vol. i. p. 118, when copper sulphate is added in
far smaller quantities than the above limits, it no longer restricts,

but actually stimulates the fermentative activity of yeast. This
occurs, according to Biernacki, when the dilution reaches the pro-
portion of I part of copper sulphate per 600,000 parts of nutrient
solution.

Apart from very exceptional cases, the vintager has no ne^d to
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fear that any disturbance of vinous fermentation will be caused by
the copper sprinkled on the grapes. According to Tsciimcii (II.),

the results of E. Mach’s researches—confirmed by the investiga-

tions of M. Hop^fmann (V.) on Portugese wine—only about one-
tenth of the copper on the grapes finds its way into the must, all

the rest remaining on the skins. Moreover, it seems from
Polacci’s researches that only a small fraction of that tenth
actually becomes operative, so that but little damage can be
caused, and Chuard has shown that this soluble remainder is

mostly precipitated as malate and tartrate as the percentage of

alcohol increases during fermentation, some portion being also

converted into sulphide by the sulphuretted hydrogen (seevol. ii.

p. 200) produced by the yeast cells. Consequently the clarified

wine after separation from the yeast will only contain a few milli-

grammes of copper per litre, even when made from grapes that

have been extensively sprinkled with copper. Of course a corre-

spondingly larger amount will be present in the deposited yeast.

From the researches of II. Manx (I.) and H. Pottevin (I.) it

may be concluded that the yeast converts a portion of the copper
sulphate in the nutrient solution into copper phosphates
(Cii2H2P20g and Cu^P^Og), whilst another portion is retained by the

cells. When a yeast thus enriched with copper is transferred to

a colourless nutrient solution, the observations of H. Will (I.)

show that the metal (i.e., an unidentified compound of same)
passes into the liquid, which acquires a blue tinge. The combina-
tion is probably between the metal and substances of the nature

of those already referred to as yeast gum on p. 176, vol. ii.
;
and

for this reason also, the figures already quoted above with regard

to the toxic action of copper sulphate cannot be regarded as un-
conditionally accurate.

When pure yeast is grown in copper vessels for use in practical

fermentation, the inner side of the vessel in contact with the

fermenting liquid must always be well tinned. Otherwise the

copper will be corroded, and the yeast crop will contain appreciable

quantities of the metal, which is undesirable for several reasons.

Thus, H. Seyffert (I.) detected 0.27-0.64 per cent, of CuO in

the ash of pure yeast (see vol. ii. p. 196) grown in an apparatus that

was defective in this respect. This quantity probably consisted

in part of insoluble copper salts formed during fermentation and
deposited, and partly of cupriferous constituents of the yeast cells.

The tin used for plating the apparatus should be as low as possible

in lead, since, as observed by Prior (IY.), this latter metal injures

yeast considerably.

§ 268. Behaviour of Yeast Cells toward Alcohol.

From the standpoint of the cecological theory of fermentation,

the alcohol produced by yefist should be regarded as a weapon
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capable of hindering the appearance of other fungoid competitors

in saccharine nutrient media. However, when accumulated in

the medium during the progress of fermentation, it also restricts

the further development and action of its producer. In this case,

as with yeast poisons in general, the first result is the cessation of

cell reproduction, a larger quantity of alcohol being necessary

to arrest fermentation, and a still further quantity to kill the

cells. On this point again it is impossible to expect absolutely

applicable figures, because, as in other cases, the quantity of

alcohol requisite for producing a given efiect, even with one

and the same species of yeast, is determined by external con-

ditions (e.g.^ composition of the nutrient medium) that cannot be

closely gauged.

The restriction of cell productionis effected by a quantity of

alcohol that is smaller in proportion as its increase in the medium
is gradual, so that the cells have been subjected to its adverse

influence through many generations. Thus, according to M.
Hayduck (VII.) the reproduction of yeast cells in fermenting
distillery wash becomes sluggish when the alcohol content reaches

2 per cent, by volume, and ceases when 6 per cent, is attained.

This end point coincides approximately with the appearance of

ebullient fermentation, a phenomenon well known to the practical

man, and one that ordinarily appears about thirty hours after

pitching. From this point onward, reproduction proceeds very
slowly if at all, and therefore the maker of pressed yeast gathers

his crop during that preliminary stage, since the main point with
him is the amount of yeast produced, and the provision of suitable

conditions for reproduction his chief care, the amount of alcohol

formed being a minor consideration. On the other hand, the
conditions are reversed in distilleries, the object there being to

minimise cell reproduction, since this goes on at the cost of the
sugar in the wash and therefore of the production of alcohol. In
low-fermentation breweries also the end of the cell-reproduction

period is indicated by the characteristic appearance of a “ head ”

on the surface of the wort. During this initial period the alcohol

content of wort reaches 2-2.2 per cent., as was determined by
Mohr (II.) and confirmed by F. Schonfeld (I.).

When it is desired to prevent the development of active yeast
cells in a liquid that is as yet free from alcohol—for example, to

preserve wine must in an unfermented condition—the quantity of

alcohol to be added, in order to produce this effect, must be
larger than the 6 per cent, referred to above, and according to

Hayduck (III.) and E. Laurent (VI.), at least 10 per cent, is

necessary. And even this limit must be raised considerably, for

H. Muller-Thurgau (HI.) not only confirmed the observation
of earlier workers that the various races of yeast differ in

their degree of sensitiveness toward alcohol, but also discovered

races that are capable of active reproduction in presence of

VOL. II : PT. 2 q
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1 2-1 2. 5 per cent, of alcohol in the nutrient medium. This

discovery, which was made chiefly in connection with German and
Swiss wine yeasts, was afterwards extended and confirmed by the

researches of C. Foeti (I.) on Italian wine yeasts. In investigating

the preparation of the rice spirit, Awamori, in the Loochoo Islands,

near Formosa, Inui (I.) described a yeast, Sacch. Awamori^ which
plays an active part in the process, and whose development is not

crippled until the medium contains 13 per cent, of alcohol, 20 per

cent, being required to arrest it completely. The Sake yeast

examined by K. Yabe (II.) continues to grow until the alcohol

content of the medium attains 24 percent. Afar lower power of

resistance is exhibited by two red budding fungi discovered by
Yabe (IV.) in the air of Japan and on the surface of rice straw, to

which he gave the hardly appropriate names, Saccharomyces Japo-

?ucztsand S. Keiskeana. The development of both these organisms
is checked by 7 per cent, of alcohol in the medium. The budding
fungi described by Eiciiard Meissner (II.), which are incapable

of forming alcohol and therefore do not belong to the yeasts,

though they are of technical importance on account of their power
of turning must and wine ropy (see p. 177), cease to reproduce

and to form mucus when the medium contains over 5 per cent,

(vol.) of alcohol.

Under otherwise equal conditions a larger quantity of alcohol

is necessary to check fermentative activity than to stop repro-

duction. Thus a pressed yeast examined by Hayduck (IV.) was
able to set up active fermentation in a saccharose nutrient salt

solution containing 7 per cent, of alcohol, though not to reproduce

therein. According to the researches of Brefeld (XV.), the

addition of 17.3 percent, of alcohol to the nutrient solution is

necessary for preventing fermentation, though in Hayduck’s ex-

periments (III.) this result ensued in presence of 15 per cent, of

alcohol. U. Peglion (IL) found a yeast still actively engaged in

the secondary fermentation of an Italian wine containing 14.3 per

cent, of alcohol. Further reports on the influencing of alcoholic

fermentation by the presence of alcohol will be found in chapter Ixiii.,

and the same point in connection with Mycoderma is discussed in

chapter lx.

Temperature is the first of the external conditions exercising a

determinating influence on the amount of alcohol required to

restrict fermentation. This influence is progressive as the tem-

perature rises within the limits that can be taken into consideration.

In the first place, the rise in temperature is accompanied by a

greater physical permeability of the cell membrane for the osmotic

conveyance of alcohol into the cell
;
and, secondly, by the physio-

logical mobility of the molecular groups of the plasma, and
consequently the sensitiveness of this substance to external influ-

ences. For definite information on this point we are indebted to

H. Muller-Thurgau (XIV.), who found that, under otherwise
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identical conditions as regards the composition of the nutrient

solution and the race of yeast, fermentation was arrested

At 36° C. as soon as the alcohol content reached 3.8 per cent, by weight.

?? 7-5 91

n ?)
8.8

5 > 99

n M 9.5 9 ? 99

Practical brewers would seem to have long recognised the existence

of some relation between temperature and the degree of sensitive-

ness of yeast toward alcohol, since they laid it down as an axiom
that, in order to obtain an active sedimental yeast as well as a

good beer, the temperature in the fermenting tun should be allowed

to rise at the start (when the amount of alcohol present is small)

and be afterwards gradually reduced.

The composition of the nutrient solution also influences the

sensitiveness of the yeast toward alcohol, and therefore affects the

amount of alcohol that can be produced in the fermenting liquid.

Unfortunately, there is little reliable information available on
this point, though the researches of H. Muller-Thurgau (XIV.)
have shown that, under otherwise identical conditions, the retard-

ing effect of alcohol increases with the amount of sugar in the

medium. This fact (the cause of which is still undetermined) is

utilised in certain fermentation industries, notably in molasses
distilleries. In countries where the excise duties are levied,

partly or entirely, on the dimensions of the mash tun or ferment-
ing vessel, the interests of the distiller lead him to work with
mash of the highest possible concentration. To overcome the
difficulty arising from the increasing sensitiveness of the yeast to

alcohol in these strong mashes, prolonged tentative experiment
has led to the mash being pitched at the highest gravity found to

be compatible with regular fermentation, and replenished with
concentrated mash in proportion as the sugar is consumed. In
distilleries where raw grain (maize, &c.) or potatoes are used this

method is impracticable, owing to reasons which need not be dis-

cussed here
;
but in breweries it is not infrequently resorted to,

especially when the amount of pitching yeast is insufficient for a
brew and must be increased quickly. In the strong musts in-

tended for the production of choice wines, and fermented without
this artifice, fermentation comes to a standstill before the whole
of the sugar is consumed, and the resulting wines, though com-
pletely fermented, are sweet.

Yeasts in general are capable of a certain degree of habituation
in respect of alcohol, so that they can be gradually accustomed to
work in a nutrient solution containing a larger proportion of

alcohol than was previously sufficient to arrest their activity.

However, as was shown by E. Laurent (VI.), for a series of beer
and wine yeasts, this is possible only within comparatively narrow
limits.
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H. Muller-Thurgau (XIY.) has shown that yeast cells in a

nutrient medium in which the alcohol produced by their own
activity gradually reaches menacing proportions, assume the con-

dition of resting cells (seep. 118, vol. ii.) which remain at the
bottom of the liquid, and are incapable of setting up fermentation
when transferred to a fresh, non-alcoholic nutrient solution.

Under these latter conditions, however, they produce in a short
time daughter cells, which effect the fermentation of the proffered

sugar. The prevention of this formation of resting cells is the
main cause of the beneficial effect resulting from the practice of

stirring up the yeast with a stick, &c., when fermentation growls

sluggish in the must. When fermentation has reached the stage
at which the wine begins to clarify by the deposition of the yeast,

the consumption of sugar and formation of alcohol are efected
almost entirely by the sedimental yeast collected at the bottom of

the vessel. This alcohol, however, diffuses with considerable diffi-

culty in the already strongly alcoholic liquid, its buoyancy being
insufficient to overcome the frictional resistance. Hence a stratum,
rich in alcohol, is formed immediately above the sedimental yeast,

the upper cells of which are converted, under its influence, into

the resting condition, and constitute a wall separating the active

yeast from the still saccharine liquid, so that fermentation is

arrested. The object of the stirring is to alter this state of

things and remix the yeast with the liquid. The researches of

J. WoRTMANN (YII.) on the yeast content of bottled wines con-

firm the above recorded observation of Mliller-Thurgau, the

presence of budding fungi (yeasts and torulse), capable of repro-

duction, having been detected in twenty-eight out of fifty-four

samples of wine of guaranteed age in bottle.

The discovery and use of yeasts possessing high powers of

resistance and low sensitiveness toward alcohol has proved espe-

cially useful to makers of wine and fruit wine
;
in the first place

for artificially incited secondary fermentation, then for re-fermen-

tation, and, finally, for the production of champagne (see p. 188,

vol. ii.). Similar interest attaches to the preparation of Sake,

the Japanese rice wine, which, according to A. Schkohe (II.),

usually contains 14 per cent, (by weight) of alcohol, and occasionally

even 18 per cent.

The foregoing particulars relate exclusively to ethyl alcohol.

With regard to the influence exerted on the fermentation activity

of yeast by the homologous allies of this alcohol, certain experi-

ments were instituted, first by P. Pegnard (I.) with an un-

specified yeast in 1889, and then in 1897 by K. Yabe (HI.) with

the Sake yeast mentioned on p. 240. The former used for each

10 grms. of yeast, 250 c.c. of an 8 per cent, solution of grape

sugar, i.e., a not particularly favourable nutrient medium. No
fermentation ensued in the cultures when treated with the

following additions (per cent, by volume)

:
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Regnard .

3Ietliyl-A.

20

Etliyl-A.

15

Fropyl-A.

10

Butyl-A.

2.5

Yabe •
'

— —

Regnard .

Isobutyl-A.

•
'

Ainyl-A.

I.O

Hexyl-A.

0.2

Capryl-A.

O.I

Yabe 3.0 I.O — 0-5

Hence the toxic properties of these alcohols increase with the

number of carbon atoms in the molecule.

§ 269. Inorganic Acids and Salts.

Though several observations have been published already with

regard to the influence of carbon dioxide on the yeast cell, the

importance of this hitherto imperfectly appreciated question

to fermentation technology renders further investigation highly

desirable. On repeating in 1887 the experiments first performed

by C. Prandtl (I.) in 1865 on the cultivation of beer yeast in

open and sealed tubes respectively, G. Foth (I.) observed a smaller

increase of the sowing under the latter conditions
;

but it is

doubtful in how far this is due to the presence of carbon dioxide

or to the lack of oxygen. After L. Lixdet (III.) had made
further experiments, in 1889, without any decisive result, H.
Ortloff (I.) in 1900 recorded a similar adverse effect on repro-

duction in pure cultures of Sacch. cerevisice Hansen, Sacch.

Fastorianus /., //., III., Sacch. ellipsoideus /. and II., Saaz yeast,

Frohberg yeast and Logos yeast, traversed by a current of

(presumably oxygen-free) carbon dioxide throughout the whole
period of reproduction. With regard to wine yeasts, H. Muller-
Thurgau (II. and III.) had already shown in 1889 that repro-

duction was checked by a high content of carbon dioxide in the

wine freshly inoculated with that yeast. In the experiments of

Lopriore (II.) with the cells of a hanging-drop culture of pure
yeast, it was found that budding continued in a few cells during
the first 4-6 hours of passing oxygen-free carbon dioxide through
the Bottcher cell, but not afterwards. The divergent sensitive-

ness of the various species and races had already been observed
by Foth (II.), who found Sacch. Fastorianus I. to be more resistant

than Carlsburg bottom yeast No. i
;
and this divergence is also

deducible from Ortloff’s results. A high percentage of the gas in

que.stion also diminishes the fermentative activity, judged as a
whole, in the culture, this being confirmed by both Foth and
Ortloff. As pointed out, however, by E. C. Hansen (XXXVI.)
and J. C. Holm (I.), .such a result admits of two opposite interpre-

tations
;
for though the yield of alcohol per cell of yeast crop may

work out lower in the cultures treated with carbon dioxide, and
thus lead to the conclusion that an adverse influence has been
exerted by that gas, the exact opposite may have occurred in
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reality, and the fermentative activity of the effective cells may
have been even stimulated, especially when a number of cells

in the crop became inoperative at a very early stage. Little is

known with regard to the effect on the capacity of the individual

cells. When working in a nutrient medium contained in a

hermetically sealed vessel of sufficient strength (e.p., a champagne
bottle), the yeast and its fermentative activity are soon brought
under the influence of carbon dioxide at high pressure, and will

suffer injury, not through the effect of the high gas pressure per

se, toward which yeast is not very sensitive, but owing to the

increased concentration of the acid in the fermenting liquid. It

is desirable that the pressure at which fermentation is finally

suppressed in closed vessels should be more accurately determined,

the limit not having been reached at 12.6 atmospheres in the

experiments made by 0 . G. Matthews (HI.) with Burton yeast

in beer wort. Conversely, the artificial removal of pressure from
the fermenting liquid, by drawing off the carbon dioxide (and

other volatile injurious products) accelerates fermentation and
heightens the attenuation [see chapter Ixiv.), a point already

observed by Boussingault (I.), followed up subsequently by
Prior (II

)
and others, and finally evolved by Grauaug and

Kranz (I.), by Nathan (in his Hansen apparatus), and by
Pfaudler into a vacuum fermentation process which has been
reported on by L. Aubry (III.).

The most important points in connection with the influencing

of yeast by sulphur dioxide, whether in the gaseous state or in

the form of acid salts—especially calcium bisulphite—have already

been discussed on pp. 108, 109, vol. i.

Though the comparatively slight action of arsenious acid and
its potassium and sodium salts on yeast—investigated by C.

Wehmer (YII.) and 0 . Knoesel (I.)—is of no importanee in

practical fermentation, it has proved useful in the theoretical

study of the enzyme of alcoholic fermentation [see chapter Ixiii.).

Hydrochloric acid, sulphuric acid, hydrcfluoricacid, and certain

other fluorine compounds have a relatively stronger effect on most
bacteria than on yeasts, so that, by selecting an appropriate

degree of concentration, the latter organisms can be protected

against the former [see vol. i. p. 248). C. Knoesel (I.) has

shown that an acid nutrient medium is not unconditionally

essential to yeasts
;
but, within certain limits, the presence of

free acids stimulates both reproduction and fermentative

activity.

That boric acid has little adverse influence on yeast was observed

by J. Mattern (I.) and E. Biernacki (I.); and in H. Will’s

experiments (I.) it proved unable to kill the whole of the cells,

even after an exposure of 20 minutes. The same has been found

in respect of calcium borate, and also—contrary to a previous

report by Wernke (I.)—of borax, so that use can be made of
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another property of this substance, as already mentioned on

pp. 179, 180, vol. ii.

Though corrosive sublimate has been shown by Wernke (I.)

and Weumer (VII.) to have but a separatively slight toxic efiect

on yeast, its otherwise strongly poisonous properties render it

unsuitable for use in practical fermentation. Other substances

also devoid of j^ractical importance are : bismuth nitrate, zinc

sulphate, zinc chloride, ferrous sulphate, ferrous chloride, man-
ganous chloride, potassium permanganate, aluminium sulphate,

aluminium chloride, and potassium alum, the influence of which
on yeast was studied by H. Will (I.).

As shown by J. Dumas (V.) and subsef|uently more closely

investigated by U. Gayon and E. Dubourg (IV.), a considerable

amount of cell juice, rich in nitrogen, can be extracted from yeast

cells by exposure to the influence of a saturated solution of a

suitable salt, such as sodium acetate, phosphate or sulphate,

potassium acetate, oxalate, tartrate or iodide, ir.agnesium sul-

phate, calcium chloride, &c. A. Becijamp (VIII. and XI.)
obtained a still higher yield by kneading pressed yeast with the
powdered, dry salts, an almost immediate liquefaction of the
pasty mixture occurring in most cases. Saccharose is also suitable,

when used in the proportion of two parts to three of yeast, and
the same applies to gum arabic, Ac. The auto-fermentation
frequently occurring under these conditions was investigated by
C. J. Lintner (III.), in a series of experiments to which further

reference will be made in chapter Ixv.

§ 270. Org^anic Stimulants and Poisons.

The mutual relations between yeasts and the organic acids of

the aliphatic series are varied. Some of them, succinic acid, for

instance, occur as decomposition products of the cell substance

(see chapters Ixiv. and Ixvi.). In other cases similar acids play

the part of a source of carbon, and therefore supply material for the

process of metabolism, as already mentioned on p. 205, vol. ii.
;
whilst

in still other instances, with which we shall now deal, they excite

interest on account of their stimulant or poisonous action. Yeasts

are very susceptible to butyric acid, and must therefore be pro-

tected from the danger with which they are menaced by this acid

in distillery work (see vol. i. p. 245). The general rule that

yeasts of different species are variously influenced by any given

stimulant has found practical utilisation in connection with tar-

taric acid. On the occasion of his critical examination of Pasteur’s

method of purifying the pitching yeast used in the bi'ewery,

E. 0 . Hansen (XXXIV.) found that the beer yeasts, Sacch. cere-

visice /., Hansen, Carlsburg bottom yeast No. 2, Ac., are more
susceptible to tartaric acid than the wild yeasts (Sacch. Pastorianus
I, and ///., Sacch. ellipsoideus II .) ;

so that in a mixture of the two
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classes the relative proportion changes in favour of the wild yeasts

when the culture is grown in a 10 percent, solution of saccharose

containing 4 per cent, of tartaric acid. The progressive diminu-
tion of the culture yeasts and increased percentage of wild yeasts

obtained by successive re-inoculations in such a liquid, forms an
excellent means of detecting the latter in critical cases. The Sake
yeast examined by K. Yabe (HI.) will not develop at all in this

solution. The influence of acetic acid was first investigated, in

the case of pure cultures, by Lafar (IL), who found that the

fifteen species of wine yeast examined differed considerably in

point of sensitiveness. Roderich Meissner (I.) afterwards found
the same result in the case of Saaz, Frohberg and Logos yeasts,

which, however, cannot stand nearly so much of this acid as the

wine yeasts in question, the first two losing their fermentative

capacity almost completely in presence of 0.25 per cent., and the

third with 0.375 cent., whereas all the fifteen wine yeasts

continued to ferment in presence of 0.78 per cent, of acid, and
three of them even with i per cent. H. Muller-Thurgau (XXI.

)

found that the restrictive influence of this acid on development
can be ameliorated by aerating the nutrient medium (must).

According to Duclaux (I.), the presence of 0.4 grm. of formic

acid per litre will retard the development of cells of various kinds

of beer yeast sown in wort, reproduction ceasing entirely when
the addition is doubled. Oxalic acid is found by 0 . Loew (IX.)

to destroy the fermentative power of yeast in twenty-four hours,

when forming i per cent, of the solution
;
and H. Will (I.) states

that the same result ensues with 10 per cent, in five minutes. In

the case of succinic acid, M. Hayduck (VIII.) stated that even

0.59 per cent, does not hinder fermentation by yeast; and

E. Kayser (X.) showed that this quantity is consumed by the

organism. The sam.e worker (IX.) also found variable degrees of

sensitiveness to malic acid and citric acid on the part of different

yeasts. In the comparative tests made by J. Behrens (VIII.)

with Carlsburg bottom yeast No. i in unhopped beer wort, an

addition of o. 2-0.4 cent, of citric acid retarded the maximum
development of fermentative capacity to some extent, without

diminishing the total effect.

The behaviour of yeasts toward hop resins—a chemical biblio-

graphy of which has been compiled by G. Barth (I.)—has not

yet been sufficiently investigated. Three of these resins (see

vol. i. p. no) were isolated from hops by M. Hayduck (IX., X.,

XII., I.), who showed that no appreciable antiseptic effect is pro-

duced by hop tannin or by the ethereal oil which imparts to hops

their characteristic aroma. On the other hand, according to this

worker, the two soft resins decidedly retard the progress of fer-

mentation
;
but L. Aubry (HI.) proved that the final attenuation

in hopped wort is higher than in unhopped wort, a result con-

firmed by J. Behrens (VIII.), though F. W. Richardson (I.)
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observed the contrary. Further attention should be devoted to

Hayduck’s observation that the amount of nitrogen compounds

absorbed by yeast from wort increases with the quantity of hops

employed, bearing in mind a statement made in this connection

by Behrens (VIII.). With regard to the part played by hop

resins in the formation of “ head ” on the fermenting wort, com-

pare p. 183, vol. ii.

Many yeasts are rather sensitive to the tannins in wine must

and certain fruit musts, as was observed by A. Rosenstieiil (I.).

This is a well-known fact among vintagers, and special measures

are adopted in consequence.

The nature of the resins and ethereal oils rendering the fer-

mentation of juniper-berry juice a difficult operation is still

unknown. G. Kassner (I.) published a note on this j)oint.

According to Wernke (I.), oil of mustard (C3Hg.N0S) in the

proportion of i : 16,700 is fatal to yeast.

The maltol (CgHgOg) first discovered by J. Brand (III.) in

caramel-colour malt, and regarded by Iviliani and IUzlen (I.) as

a methylpyromeconic acid, is stated by II. Will (XXVI.) to have

but a feeble toxic effect on yeast and to be devoid of influence in

practice, for though o.i per cent, will delay yeast reproduction,

the amount present in wort is far below that proportion. Even
the furfural (OgH^OJ produced during the curing of malt [see p. 207,

vol. ii.),from which it passes into the wort—though rarely found
in beer—is stated by H. Will (XXVII.) to have but little effect

on yeast, though the different yeasts are variously affected and all

are killed by an addition of 0.5 per cent. It has not yet been

definitely settled whether and to what extent this or other pro-

ducts of the curing of malt are responsible for the admitted fact

that dark worts furnish a lowei\ attenuation than those from pale

malts. Researches on this point were undertaken by M. Irmiscii

(I.) and F. Niemeyer.
Among the compounds of the aromatic series, Wernke (I.)

states that benzene (Ogllg), toluene (0gIT..CIT3), and xylene

(CgH4(OH3)^) are fatal to yeast in the proportions of i : 200,

i : 300, and i ; 800 respectively. The action of carbolic acid or

phenol (CgH^.OII) on yeasts was studied by Lemaire, W. Buciiolz

(L), H. Hoffmann (V.), and H. Fleck (I.), and afterwards more
carefully by C. Knoesel (I.), who found that an addition of about

0.5 per cent, of phenol, at room temperature, kills the cells.

According to Biernacki (I.) the introduction of a second and
third hydroxyl group into phenol lowers its toxic properties, so

that resorcin (CgIl4.(OH),) is only half as powerful, and pyrogallol

(C.H3(0H)3) has only one-third the strength of phenol. K. Yabe
(V.) confirmed this observation, and found it also applicable to

pyrocatechin, hydrokinone, and phloroglucin. Benzoic acid, even
in the small proportions in which it is soluble in aqueous liquids,

has a somewhat powerful effect on yeasts, according to the dis-
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covery made by H. Will (I.) and (at a later date) by C. Weiimer
(YII.), and confirmed by H. Fleck (I.) This is utilised in the

practice of preserving fruit (see voh i. p. 108). Comparative tests

made by Wehmer (XV.) on Frohberg yeast with benzoic acid and
its three monoxy-derivatives, showed that 0,1 per cent, of the

first-named and also of its ortho-derivative (salicylic acid) entirely

prevent the development of yeast, though the m- and p-oxybenzoic

acids in the same concentration have no appreciable influence.

According to G. Heinzelmann (VI.), o.i grm. of salicylic acid per

litre has a stimulating rather than an injurious action (see vol. i.

p. 104), whereas 0.37 per cent, is fatal to yeast; and similar results

were obtained by H. Will (I.) The behaviour of yeast toward
cinnamic acid was reported on by Fleck (I.). Saccharin, which
was found by Burkard and Seifert (I.) to have little efiect

on yeast, is stated by Macheleidt (I.) to prevent fermentation in

hopped wort when used in the proportion of i per cent. No
appreciable influence in this connection could be detected by
G. Bryilants (I.) with 0.7 per cent, of phenolphthalein. The
behaviour of yeasts toward certain alkaloids was investigated by
Ol. Fermi and E. Pomponi (I.).



SECTION XIV.

LIFE HISTORY AND VARIABILITY OF THE SACCHA-

ROMYCETES. CLASSIFICATION OF THE SACCHA-

ROMYCETES AND SCHIZOSACCHAROMYCETES.

By albert KLOCKER, Copenhagen.

CHAPTER LIII.

THE LIFE HISTORY OF SACCHAROMYCETES
IN NATURE.

§ 271. Fundamental Researches on the Life

History of Saccharomycetes.

The first of the yeast fungi whose cycle of existence was traced in

nature was the Saccliaromyces apiculatus^ more fully described in

chapter Ixi.j the researches having been carried out by Hansen.

This small, lemon-shaped asporogenic alcohol yeast, which is

widespread in nature and generally known, received its name,

Sacch. apicidatus^ from Reess. In the following lines the term
Saccharomycetes, whether used in a general sense or cjualified by

the prefix “ true,” will be applied to alcohol yeasts capable of

producing endospores as well as of budding. As the researches in

connection with Sacch. apiculatus are typical of those concerned

with the life history of the true Saccharomycetes, a brief intro-

ductory resume of them will now be given.

In the years 1880-1881 Hansen (XXII. and IX.) published

the results of his investigations on the career of the yeast in

question. From these it appears that the chief habitat and breed-

ing-place of this fungus in the summer and autumn are damaged,
sweet, juicy fruits, in the juice of which it reproduces in great

abundance, whilst in winter and spring it inhabits the soil under-

neath fruit trees and bushes. From the fruit it finds its way into

the soil, either through the dropping of the fruit or the swilling

action of rain, as well as in the excrement of the numerous insects

that infest and devour the sweet, juicy fruit inhabited by the cells.

With regard to the means by which the minute cells are ti*ans-

249
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ported from the soil to the fruit, Hansen ascribes the principal

role to the wind
;

though, both in his first and subsequent
treatises he remarks on the great importance of rain, insects and
other animals in this connection, the transference of cells from one

fruit to another being attributed to insect agency. A powerful

storm of rain may splash up the wet soil, accompanied by the

yeast cells, on to the fruit of low-lying plants, such as strawberries.

Whilst the action of insects as conveyers of infection is restricted

to a short period in the year—not only in the vicinity of Copen-
hagen, where Hansen’s researches were carried on, but also

throughout the greater part of Europe—the wind continues to act

all the year round, enormous numbers of the cells being carried up
in clouds of dust and deposited on the fruit. The researches also

show that this life history is the normal one for the yeast in

question, and that the cells soon die when deposited on unripe

fruit, owing—as was ascertained by Hansen (X.)—to the fact that

the fungus has a very low power of resisting drought and the

action of the sun’s rays.

We will now turn to the question of the life history of the true

Saccharowycetes. When Hansen commenced his investigations

in this direction there had already been published a series of

researches by Brefeld and Pasteur running contrary to the ideas

which formed his starting-point.

Brefeld (XVII.) formed the opinion that yeast cells not only

reproduced in the alimentary canal of the animal organism, but

that their chief breeding-place and habitat was the excrement of

herbivorous animals. Hansen showed that this is incorrect.

From the time of the first researches on the fermentation of

wine, it was a recognised fact that ripe—and especially damaged
—grapes are rich in yeast cells at gathering time, and it naturally

followed that the yeast cells would find their way into the soil

with the fallen grapes or when swilled off by rain. Pasteur
(XXX. and XVIII.), however, concluded from his experiments

that the cells could not live long in the soil, and that the latter

therefore could not form their winter habitat, though he gave no
hint as to what actually constitutes the latter.

HanSEN (LVII.) adopted two methods in his researches : partly

the analysis of samples of soil and other natural substrata,

including the dust in the air, and partly the sowing of certain

species in the soil under natural conditions. The results showed
that true Saccharomycetes are to be found in the soil and the air

at all periods of the year, but most abundantly when the sweet,

juicy fruits are ripe. The inoculation experiments were performed

with Sacch. cerevisice^ Sacch. ellipsoideus and Sacch. Pastorimms,

the yeasts being sown in sterilised soil, placed in flower-pots

embedded in the ground out of doors. Here it was proved beyond
dispute that the cells live from one fruit harvest to another

;
and

at the same time the observation was made (LYIII.) that the cells
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are capable of producing endospores on the surface of the ground.

On the basis of these experiments Hansen was able, in his second

communication in 1882, to demonstrate that the life history of the

true Saccharomycetes is substantially identical with that of Sacch.

apiculatus. The chief breeding-place is on sweet, juicy fruit, the

soil constituting the winter habitat, whilst the principal methods

of transport are the wind, rain, insects and other small animals.

The inoculation experiments were repeated subsequently by

Hansen (LIX. and XL II I.) both with Sacch. apiculatus and with,

in part, the same Saccharomycetes (viz., Sacch. elliptsoideus, Sacch.

Pastorianus., Carlsburg bottom yeast No. i and a top-fermentation

beer yeast), but in this case the flower- pots were replaced by

ChamberHnd earthenware pipes, in order to ascertain whether the

yeasts could survive for several years in the soil. The earthen-

ware pipes were used in order to protect the cells, as far as

possible, from infection and the ravages of animals from the

surrounding earth. In the result it was found that the yeasts in

question are able to live for more than three years in soil.

Both at that time and subsequently, the question of pleomor-

phism in these fungi was actively discussed, especially in con-

sequence of the researches of Brefeld, and Pasteur’s theory of the

development of Saccharomycetes from brown Dematium cells must
be classed in the same catagory. It was considered possible that

still living original forms of these yeast fungi might be discovered,

and probably of such a character as to point to a very different

life history to that established by the researches on Sacch. apicu-

latus. Hansen himself, by referring to this possibility in several

of his later publications, not only led to the following up of this

line of research by several workers, but also to the institution of

experiments by others with a view to upsetting the theory he had
commenced to establish in connection with the life history of

yeasts.

The repetition of Hansen’s experiments, especially in connection

with the analysis of vineyard soils, became a matter of practical

and theoretical importance
;
and in 1889 a series of investigations

in this direction was undertaken byH. Muller-Tuurgau (XXIX.).
This worker, also, found that the chief breeding-place of the
Saccharomycetes is on fruit, and that the cells of wine yeasts can
be discovered in soil all the year round. His experiments were
made in a vineyard at Geisenheim, and he was the first to

ascertain how deep yeast cells can be embedded in the earth and
continue to live, namely, 8-12 inches on the average, none being
found as deep as 16 inches. In the summer time the number of

yeasts cells on the surface is smaller than at a depth of a few
centimetres. At the outset, Miiller-Thurgau held the opinion
that insects formed the chief means of transporting the yeast cells,

and he declined to admit the importance of wind in this connec-
tion. Hence the only point on which he was in complete accord
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with Hansen was that, also in vineyards, the soil forms the normal
Avinter habitat of the Saccharomycetes, and the latter find their

way thence to the breeding-place, namely, the grapes. Later on,

however, he recognised (LYIII.) that both wind and rain are

important means of transport. His experiments with sowing
wine yeasts in earthenware pipes showed that the fungi can live in

the soil from one autumn to another. Miiller-Thurgau also states

that Sacch. ellipsoideus has a very low power of resisting drought,
and therefore soon dies when on the surface of grapes exposed
to very dry weather and intense sunlight—an observation also

confirmed by Martinand (II.).

A few years later a thorough investigation of vineyard soil was
undertaken by Wortmann (VI.), with samples taken from the

same plot at intervals of 14 days during two years. The largest

number of yeast cells was found in November and December; and
must inoculated with the samples of soil quickly began to ferment.
During January, February and March the number of yeast cells

diminished
;
and during the spring and summer—the latter

especially—the proportion became more and more unfavourable,

and the yeasts disappeared from a progressively larger number of

the samples. The most unfavourable results were obtained in

late summer ; August and September
;
but from the beginning

of the grape harvest the conditions improved almost immediately.

Wortmann’s conclusion was to the effect that the yeast cells

become enfeebled during their sojourn in the soil, most of them
dying off

;
and that the continuation of the species is confined to

the few cells that survive the winter and are fortunate enough to

find themselves on a damaged grape. As will be evident,

especially from what follows, this does not entirely coincide with

Hansen’s experiments, according to which the conditions in the

soil are not so unfavourable for the kiaccharomycetes. With
regard to the means of transport, he thinks that Hansen gives

undue credit to the wind, his own experiments tending to show
that the chief part is played by wasps.

Whilst both Wortmann and Miiller-Thurgau agree in the main
with Hansen’s theory on the life history of the Saccharomycetes^

the workers named below express a difi’erent view on certain

points, several of them stating that in hot climates, Italy in

particular, the soil is not the chief habitat of the yeast cells.

Boutroux (IX., X.) regards the nectar of flowers, insects, and
unripe fruit as constituting the habitat of yeast fungi from the

end of winter to the fruit season, and states that the cells are

conveyed from flower to flower and from fruit to fruit by insects.

It must, however, be remembered that he makes no distinction

between Saccharomyces and Torula, but applies the former name
to all yeast cells capable of inciting fermentation. Probably,

therefore, the cells found by him were not always Saccharomycetes^

most of them being certainly forms of Torula^ Avhich are widely
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met with in nature. Neither Hansen (LIX.) nor J3etje-

RiNCK (XXVIII.) was able to confirm Boutroux’s communication.

Another remarkable result obtained by this worker (III.) was
that insects play a more important part than wind in the con-

veyance of yeast cells that are unable to invert saccharose, the

converse being the case with yeasts capable of inversion.

Rommier (I.) is of opinion that fSacch. aj^iculatus passes the

winter in honeycomb
;
but neither these nor any other yeast

cells have been discovered in comb by Boutroux, Hansen,
Beijerinck, or Klocker. Of course it is possible that a few
isolated yeast cells or other ‘ micro-organisms may be found

occasionally in any situation
;
but we are now concerned solely

with large quantities and constancy of occurrence.

Berlese ( IV.) asserted that the digestive canal of insects forms
the true winter resort of the Saccharomycetes, and that Hansen
was in error when he located this resort in the soil

;
and he

claimed that the cells pass the winter in Hies (especially in Italy).

This statement may, however, be disregarded, since the insects do

not themselves pass through the winter in the perfect state

(imago) in Europe, except in the most southerly districts (and

therefore not at all in the largest part of Italy)
;
in addition to

which he only succeeded in finding a single fly containing Saccharo-

myces among 150 examined. He also states that the cells pass

the winter in ant-runs in hollow trees and woodwork—a circum-

stance of no importance even if true, because these habitats are

so rare in comparison with the area presented by the soil that

even if every ant’s dwelling contained Saccharomycetes their

number would be insignificant in comparison with those found
in the soil. Moreover, Klocker carried on a large number of

experiments on the behaviour of insects toward Saccharomycetes,

and found that insects are devoid of importance as a winter

habitat, at least in Europe north of the Alps.

Tiiat Saccharomycetes are able to pass without injury through
the alimentary canal of various animals has been demonstrated
by several workers, e.g., by Klocker and Sciiionning (VIII.) in

the case of insects and birds
;
by Berlese (IV.) with insects

;
and

by Cordier (I.) in the case of insects and animals. Consequently
the micro-organisms in question may also be disseminated by
these means.

§ 272. Later Experience on the Life History of

Saccharomycetes.

The starting-point and basis of the foregoing researches on the

life history of the true Saccharomycetes were constituted by the
results of Hansen’s experiments on Sacch, apiciilatios. However,
though the Hansen theory sufficed to explain all the observations

made with respect to that species, it was, in seveial cases, not
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unconditionally applicable to the true Saccharomycetes, Thus, in

his researches in the German wine districts, he found that at

certain periods the samples of soil from the vineyards contained
fewer yeast cells, and also wine-yeast fungi, than similar samples
from adjacent meadows. Indeed some 50 c.c. samples of vineyard
soil did not contain a single living cell that could be identified

as Sacch, ellipsoicleus. Analogous, though scarcely so extensive,

irregularities occurred in certain analyses of orchard and arable

soils in the vicinity of Copenhagen. Consequently, Hansen (LX.)
was led to extend his researches and proceed in a diflerent

manner, the methods being made more stringent, the number of

the analyses greatly increased, and the area of the experiments
broadened to comprise an enormous district, from Scandinavia
to southern Italy, from the plain to the highest mountain top.

The principal new direction taken by these experiments was,

however, the investigation of the secondary habitats. The
analyses of soils from round Copenhagen showed that true

Saccharomycetes are to be found everywhere in the soil all the

year through, even in places where Sacch. apiculatus is only

detected occasionally if atj all, that is to say, at considerable

distances from fruit gardens. Only when the number of analyses

had reached sufficient dimensions did it appear that the garden
soils are the richest in Saccharomycetes^ and that the number of

the cells diminishes as the distance from these centres increases.

For instance, in a series of 200 analyses, true Saccharomycetes

were found in 67 per cent, of samples of soil taken from under
fruit trees and fruit bushes

;
in 30 per cent, of those from under

deciduous and coniferous trees in the vicinity of fruit gardens,

and only on 19 per cent, of samples from distant fields. Similar

results were obtained in the experiments conducted in mountain
districts, e.^., the Hartz Mountains and the Alps. The greater

the altitude and the distance from fruit gardens, the less plenti-

fully are Saccharomyces cells found in the soil. Hansen’s newer
analyses show that the parallel also holds good in warmer climates,

e.g., Italy.

The reason of the presence of Saccharomycetes at considerable

distances from fruit gardens and primary breeding-places in

general is in part traceable to the fact that their power of pro-

ducing endospores makes them better fitted than Sacch. apiculatus

for resisting drought. On the other hand, it is to some extent

due to their higher capacity for reproducing in nature in numerous
secondary breeding-places, apart from the primaryl ones (sweet,

ripe fruit), the latter, moreover, being located in woods and other

places, and not merely restricted to gardens and vineyards. Such

secondary breeding-places are formed by the liquid matters of the

soil, i.e., organic extracts of animal and vegetable substances,

manure, &c. True, the reproduction eflfected in this way is very

small in comparison with that of the primary breeding-places, and
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especially so far as Sacch. apiculatus is concerned, this species

being reproduced under these conditions less extensively than the

true Saccharomycetes. In addition, the latter will also stand a

longer immersion in water than Sacch. apiculatus.

Saccharomycetes are found not only on the surface of the ground,

but also in the thin layers of soil found above ground on trees,

brickwork, stones, &c., where they are protected from drought by

a stratum of moss, lichens and algm. These plants avidly absorb

water, and the under layer—which, especially in the case of moss,

consists of dead residual matter—readily cedes nutrient substances

to the water. In forests of deciduous trees the foliage affords

additional protection against drought; but in the open fields

difierent conditions obtain, the Saccharomycetes occupying secon-

dary breeding-places there, being exposed to more or less extensive

desiccation.

These studies on secondary breeding-places and on the behaviour

of the various species towards drought, furnished Hansen with an

explanation of the irregularities referred to above. When Sac-

charomycetes cannot be found in the primary breeding-places

(sweet, juicy fruit), sun, wind and weather have made their

infiuence felt
;
and when, on the other hand, they are found abun-

dantly in the open fields, the reason is that they have discovered

unusually favourable secondary breeding-places there, and have at

the same time been protected from desiccation. The secondary

breeding-places are of considerable importance by reason of their

extensive distribution. An examination of the behaviour of the

species towards temperature also explains in some respects what is

taking place in nature, Hansen having found that several species

are capable of reproduction when the surrounding temperature is

at freezing-point—though under these conditions several months
are necessary for the production of a single generation, even when
the cells are situated in a favourable nutrient liquid. As a rule

reproduction ceases when the temperature falls to i°- 2 ° 0., and
a much higher degree is necessary to enable it to proceed with
vigour. For this reason the number of yeast cells found in a

given spot vaiies according to the time of year, being greatest in

the fruit season, at which season the most favourable conditions

are found in respect of temperature, food-supply and moisture.

Among the primary breeding-places the soil furnishes its maximum
yield in autumn

;
and it follows from what has been stated above

that the secondary breeding-places are active at the same time.

Afterwards, the fiuctuations in the course of the year are con-

siderable, more especially, as already mentioned, where extensive

drying takes place.

The principal result therefore is that the soil is the chief habitat

of the Saccahromycetes in general (as it is in the case of Sacch.

apiculatus) all the year round. From this starting-point the cells

are transported by the aid of wind, rain, insects and other small

VOL. II : PT. 2 R
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animals, to the primary breeding-places (the sweet, juicy fruits),

and thence in turn by the aid of the same factors either to new
primary breeding-places, where extensive reproduction occurs, or

else to a more modest existence for an inderterminate period in a

secondary breeding-place. In the fruit season an important part

in the conveyance from one primary breeding-place to another

(often over long distances) is played by birds; and, in addition,

cells find their way from primary breeding-places to the soil in

the excrement of these animals. At present the Hansen theory,

especially since his investigations on the secondary breeding-

places, afibrds a natural explanation of all the observations

hitherto made.
The importance of these experiments to the practice of brewing

consists chiefly in the light they have thrown on the habitats of

wild yeasts, and on the way in which these yeasts can find their

way into the brewery. Thus it is evident that atmospheric dust

at all times of the year may contain cells of true Saccharomycetes

and also those of wild yeasts. The soil of fruit gardens and vine-

yards constitutes the chief source of danger, especially during the

season of ripe fruit. In the air analyses referred to above it was
found that the greatest risk of infection by yeast cells in the

brewery is greatest, for Denmark, in the months of August and
September. As a rule these cells find their way into the brewery
via the cooler, but they may also enter the fermenting-room
direct. Where the conditions allow the cooler to be abolished,

this should be done. Nevertheless, the risk of infection has been
greatly diminished by the introduction of pure-culture yeast, the

more or less enfeebled wild yeasts gaining access to the wmrt on
the cooler being generally suppressed by the pure yeast in the

fermenting vessel.



CHAPTER LIV.

VARIABILITY AND HEREDITY IN SACCHAROMYCETES.

§ 273. Temporary Variations.

Both the morphological and physiological characteristics are

subject to variation, not only among micro-organisms but also

among higher organisms, both vegetable and animal. Just

as the study of the Saccharomycetes first obtained precision

when the discovery of reliable methods of pure culture

furnished a sure starting-point for the investigations, so also

the era of trustworthy observations on variation dates from the

same period.

We are indebted to the researches of Hansen for the foundation

of our knowledge of the variations of the Saccharomycetes. These
researches form two main groups : one comprising such variations

as must be considered temporary and dependent on conditions at

present unknown, whilst the other relates to variations occurring

under known conditions. The experimental researches and the

results obtained in connection with this latter group form the

most important part of Hansen’s labours in this field.

The variations may be classified into temporary and constant

from another point of view, temporary variations being those

continuing for only a limited time, at the expiration of which they

disappear, either spontaneously or under special treatment, whilst

the constant variations are those that cannot be restored to their

original condition by any treatment.

We shall first discuss the temporary variations, citing dif-

ferent examples. The total number of these variations is naturally

enormous.
Hansen’s observations in this connection were commenced at

the time he introduced pure culture, and they include examples
from nearly every branch of the morphology and physiology of the

yeast cell, the important being given below. Thus he observed

that a yeast from the brewery gave a higher attenuation, defective

clarification, a strange flavour, &c., after it had been grown for

some time in the laboratory, but regained its original properties

on being returned to practical use. This observation has also

been made by other workers. Moreover he found (XL.) that

when Carlsberg bottom yeast No. i was grown on wort gelatin, it

257
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furnished some colonies consisting of oval cells, whilst those in

others were elongated and therefore abnormal in shape. Both
sets of colonies when grown by themselves produced descendants
which retained their characteristic shape for some time, the
elongated cells only resuming their normal form after recultiva-

tion in wort for a certain period. In the brewery, also, the
normal elongated form was retained during several fermentations.
The asporogenic form of Sacch. intermedius {=S. Fast. II.)

obtained by cultivation at 25° 0. on wort gelatin, produced cells

which, when grown in wort cultures, furnished vegetations some
of which resembled S. ellipsoideus and others S. Pastorianus, the
difference persisting during a large number of cultures, both at

the ordinary room temperature and at 25° 0.

The clarifying power of beer yeast can be influenced to some
extent by the previous method of cultivation [see also pp. 157,
188, vol. ii.), as was clearly shown by the experiments of

Hansen (XLII.) with Oarlsberg bottom yeast Nos. i and 2. The
cultivation of these two species separately in aerated wort furnished

vegetations which clarified satisfactorily in the brewery
;

but
when the same species were grown in unaerated wort, the result-

ing yeasts did not act normally in practice until they had been
put through several fermentations. The No. i yeast reverted to

its original condition quicker than No. 2, the transitory modifica-

tion sustained by them both having been greater in the one case

than the other. The beer obtained by the fermentation of the

unaerated wort was highly opalescent, and, as a rule, little

improvement in this respect was effected by prolonged storage,

the beer remaining cloudy even after the yeast cells had settled

down and the liquid had remained exposed to ordinary room
temperature for several days. This was more particularly the

case with the beer fermented with the No. i yeast. Tlie subject

of variation in clarifying power has also been reported on by
A. Jorgensen (XII.), who observed that top yeast kept on gelatin

clarified more slowly and gave a higher attenuation than when
kept in wort. There is no doubt that chemical influences are

concerned in this case, as may be concluded from Hansen’s obser-

vation that Sacch. Paslorianus /., when repeatedly grown for many
generations in a solution of saccharose in yeast water at 32° 0,,

loses for a time its property of producing the characteristic

disagreeable taste and smell in wort (see p. 116, vol. ii.).

Continued cultivation in wort, however, soon causes the vegeta-

tion to revert to its original state.

These instances of temporary variation may be supplemented

by the following, also observed by Hansen (XXXYIII.). The film

cells of certain species, and also cells derived from old vegetations

grown in saccharose solution, gave, in wort cultures, a loose, curdy

deposit, quite different from the ordinary, pasty form
;
but the

original type was restored by repeated cultures in wort. Similar
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curdy yeast may be produced when the yeast has been left for

some time in a desiccated condition.

In 1886 the same observer (XXXIX.) reported an experiment

in which pure-culture bottom yeasts behaved like top yeast, but

reverted to the original type after several re-inoculations. It was
also found that typical top yeasts can behave like bottom yeasts

for several generations, the whole being therefoi e merely transitory

variations. A few instances had also been previously reported

(in 1884) by Hansen and Kiihle, in which stormy fermentation,

with the characteristics of top fermentation, was produced at once

in wort by samples of Carlsberg bottom yeast No. 2, which had
been kept in the brewery for several weeks, partly in beer, partly

in wort, and partly as washed, pressed yeast in an ice-chest. Even
in this case, however, the vegetation quickly reverted to the

original state. Similar observations have also been recorded in

later years, Henneberg (IV.), for instance, having examined at

the Berlin Experimental station a typical Dortmund bottom yeast

which, after acting satisfactorily for some time in the brewery, at

length began to form a head and deposit similar to top-fermenta-

tion yeast. Nothing could be ascertained as to the cause of this

variation. According to Lindxer (XXVIII.), this yeast eventually

reverted to its normal state, and was successfully used in

practice.

The percentage content of the enzymes present in the cells is

also subject to variation, the cause being largely attributable to the

method of nutrition. There is, however, no proof available that

yeast can lose its capacity of producing enzymes so completely as

not to regain it under favourable conditions of growth, nor is

there any known instance of a yeast producing, under special

treatment, a new enzyme that it previously lacked. The assump-
tion put forward by Dubourg (I.) and other French workers,

that, under suitable treatment, a yeast could be induced to form
an enzyme that it had not previously produced, has been shown to

be totally inaccurate by the experiments of Klocker (IV.). This
statement does not imply the non-existence in nature of species

in a state of transition in this respect, but only that all the species

hitherto closely examined have proved constant in their behaviour
towards sugars [see chap. Ixv.). Recently it was found by
Warsciiawsky (1.) that Sacch. cereviske /. and /^Wiizosaccli . Pombe
produce zymase only when grown on a fermentable nutrient
medium, this enzyme not being formed when the medium is

unfermentable. He also found that even under the former
conditions, Schizosacch. Pomhe does not produce zymase when the
nitrogen in the medium is in the form of ammonium phosphate.
On the other hand, zymase is again formed when favourable
conditions of cultivation are restored, so that the case is

merely one of temporary weakness. Moreover, no one has yet
succeeded in depriving an alcohol-forming yeast of that property;
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nor has^ this tendency been found in any case of spontaneous
variation.

With regard to the influence of chemical and physical factors

on the production of more or less temporary variations, the reader

is also referred to chapter xlvi. of the present volume.

§ 274. Hansen’s Researches on Asporogenation. The
Production of Constant Varieties by Transforma-
tion.

Hansen’s (XL.) discovery, in 1889, of asporogenation, Le., the

loss of the capacity for producing spores, in Saccharomycetes,

opened up a new stage in the investigation of variation among
these micro-organisms. He observed in the case of Saccharomy-
cocles Ludioigii that a number of cells lost the power of forming
spores when grown for some time on one and the same nutrient

medium, whilst another portion of the cells was considerably

weakened in this respect; the remainder, however, remaining
unaffected. This variation proved hereditary for some time in

wort cultures. The same peculiarity was also observed in other

species, e.g,^ Sacch. cerevisice^ Sacch. Pastorianus, Sacch. intermedins

(= Sacch. Pastorianus //.), Sacch. validus (= Sacch. Pastorianus

IIP), Sacch. elli'psoideus I., and several bottom-fermentation beer

yeasts, when kept on wort gelatin or in wort, a larger or smaller

proportion of the cells losing the faculty of producing spores.

Beijerinck (XXII. and XXIY.) subsequently found the same
behaviour in the case of Schizosaccharomyces octosporus. This

worker also noted several points of difierence between the asporo-

genic cells and the others, the former producing less trypsin and
larger quantities of acid. Another species, which he named Sacch.

orientalis, also revealed the existence of a relation between sporo-

genation and proteolysis, inasmuch as the asporogenic colonies in

a surface-plate culture did not liquefy the gelatin, whilst the

sporogenic cultures did. Moreover, the former cells were quite

destitute of glycogen, though the sporogenic cells contained that

substance. The loss of sporogenic capacity in Saccharomycetes

stored in the laboratory is also mentioned by Lindner (XXIX.).
In these cases the variation is partly transitory and partly

constant. In certain instances Hansen succeeded in restoring

the faculty of sporogenation to asporogenic cells of Sacch. Lud-
wigii, by cultivation in a nutrient medium containing dextrose.

In other cases, however, both this and other culture methods
proved unavailing, the cells remaining asporogenic. In this con-

nection mention may also be made of Klocker’s observation (HI.),

that a vegetation of Sacch. Marxianus, which produced only a few

spores, was considerably strengthened in this respect by cultivation

in a medium containing dextrin.
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Hansen (XXXYII.), in 1883, showed that spores can stand

greater heat than the vegetative cells. This observation was taken

by Beijerinck (XXII. and XXIV.) as the starting-point in his

endeavours to produce vigorous sporogenation in a culture origin-

ally forming only a small number of spores. There is no fixed

method for this purpose, the treatment differing with the kind of

culture and requiring to be performed tentatively in each case.

Beijerinck made the mistake of applying the term regeneration

to the result of his experiments, the matter being merely one of

selection of the individuals which have not lost their sporogenic

power, so that it is incorrect to speak of a lost capacity of the

individual.

We will now deal with Hansen’s fundamental experiments, in

which he produced permanently asporogenic varieties by the

action of certain external agencies, in the same year (1889) in

which he observed the spontaneous asporogenic varieties of Sacch.

Ludwigii mentioned above. In the course of his experiments on
the limits of temperature for budding and sporulation in Saccharo-

mycetes, he observed that the maximum temperature for the former
function is always a few degrees higher than that of the latter

;

whilst the minimum temperature of budding is a few degrees

lower than that of sporulation. This law holds good for all true

Saccharomycetes (see pp. 129, 130, vol. ii.).

Hansen tried to ascertain what happens when Saccharomycetes

are grown at temperatures intermediate between the said two
maxima and minima respectively, and whether the result is the

same in each case. This latter, however, does not occur, the species

undergoing a remarkable change on cultivation at a temperature
intermediate between the two maxima, though not in the other

event. This change consists in the Saccharomyces vegetation

completely losing the power of sporulation when cultivated for a

number of generations in nutrient liquid at the temperature in

question. As might be anticipated, it was also found that the

maximum temperature is not exactly the same for all the indi-

viduals constituting a vegetation. In experiments for ascertaining

the maximum temperature of a species, the result applies to the

individuals possessing the highest maximum, though there may
be also other individuals present which have a slightly lower
maximum temperature. Hence modification experiments may
reveal the presence of individuals which apparently can be modified

at a temperature below the maximum found for sporulation,

whereas in reality these individuals belong to the group exhibiting

the lower maximum temperature of the species
;
and therefore,

even in this case, the modification occurs at a temperature inter-

mediate between the maxima for sporulation and budding respec-

tively. Consequently it may be stated, as a general proposition,

that the said modification proceeds by cultivation at a temperature
bordering on the maximum temperatui’e for sporulation. The
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material for these modification experiments is taken from a young
and vigorous vegetation, grown in wort under ordinary conditions

and at a suitable temperature. A new culture is started wdth
this material in wort, at a temperature between the maxima for

sporulation and budding, this temperature varying for difierent

species. After this method of culture has been in progress for a

short time, an average portion of the vegetation grown at the

high temperature being transferred every day to a new flask of

wort at the same temperature, the cultures being shaken up
several times a day, asporogenic vegetations are obtained. The
number of cultures necessary for producing this result varies

according to the species. In this manner Hansen obtained con-

stant asporogenic varieties of all the species that have been proved
to belong to the genus Saccharomyces ; but no modification could

be produced by this treatment in the case of the genera Pichia^

Willia and Saccha^'omycodes.

In order to elucidate the progress of this modification, Hansen
(XLIY.) afterwards carried out special investigations, the chief

result of which may be summed up as follows : The material con-

sisted always of a single cell of the species in question
;
in some

cases a vegetative cell, in others a spore, the material throughout
being thoroughly capable of sporulation, and in which the strictest

examination failed to reveal a single asporogenic cell. To facilitate

the examination of the conditions of sporulation throughout the

treatment, plate cultiu’es were prepared by transferring the cells

to the surface of wort gelatin by means of a platinum stylus.

The mature colonies, when of sufficient size, were transferred

direct on to moist gypsum blocks for sporulation, those too small

for this treatment being first placed in wort and the sedimental

yeast therefrom transferred to the gypsum. The principal ex-

periments wore made partly with Sacch. Past. I. at 32° C., and
partly with Johannisberg 2 wine yeast at 36° C. The following

table gives an example of the results obtained from the former

yeast during the various stages of the treatment.

In stage 2 i per cent, of constantly asporogenic cells was found.

V 4 )» >» )) n

7 100 ,, ,, ,, ,,

Each stage represents twenty-four hours.

To settle the fundamental question whether this formation of

asporogenic varieties is due to selection on transformation, Hansen
instituted further investigations with Johannisberg 2 yeast. In
the normal vegetation it was absolutely impossible to find a single

cell which did not produce sporogenic vegetations when grown
under normal conditions. The vegetation employed for starting the

experiment was analysed by isolating at least 1000 cells and testing

the resulting vegetation for sporulation, an abundance of spores

being found in every case. The experiments also showed that the
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intermediate, temporarily asporogenic forms appeared as soon as

the treatment commenced
;
and since they were never found in

the original material, their origin must therefore be attributed to

the treatment applied. Finally, the variation in question is a

universal phenomenon, appearing in all cases when the cells are

subjected to the treatment described. The results obtained, both

from the analysis of the original material and that of the various

stages of the treatment, indicate clearly that the variation pro-

duced by the treatment is due to transformation or modification.

It has been urged against this view that, since all the cells are

of equal value, they must all undergo transformation at the same
time if the process is really one of modification. This, however,

is incorrect, since the cells are far from being of equal value, their

condition at the moment of commencing the treatment differing

considerably in respect of age, nutrition, etc., and therefore the

transformation cannot proceed simultaneously with all the indi-

viduals present.

A highly characteristic feature, which was also tested experi-

mentally by Hansen, is that, even when the initial material

consists of a single vegetative cell or spore, the following three

classes : sporogenic cells, temporarily asporogenic cells, and con-

stantly asporogenic cells, appear during the treatment. From the

two former classes it is possible to take single cells which in turn

produce members of all three classes. This also proves the change
is due to modification, inasmuch as these intermediate forms,

which revert to the sporogenic form when excluded from the

treatment, become constantly asporogenic only after treatment
for a considerable time.

AVith regard to the conditions necessary for the modification,

it might be thought that the chemical composition of the nutrient

medium, the vibration produced by shaking the flask, the aeration

of the medium, and the temperature would constitute influential

factors. The experiments, however, showed that neither vibra-

tion nor a medium of definite chemical composition is essential

;

and that aeration is incapable of bringing about the change in the

absence of the high temperature. The nutrient liquid, vibra-

tion, and aeration exercise an indirect influence, inasmuch as

they more or less facilitate reproduction, but the high tempera-
ture forms the most important and absolutely indispensable

factor.

In the foregoing experiments Hansen used nutrient liquids for

the cultures, but he also tried solid media. In the latter case

several species produced constantly asporogenic cells when allowed
to remain on wort gelatin at 25° 0., or at ordinary temperature,
and it may be assumed that chemical factors were here in opera-
tion. When grown at 32° and 34® C. on wort-agar gelatin under
the same conditions as in the experiments with liquid media, i.e.,

repeated re-inoculations at short intervals, Sacch. Fastorianus
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produced constantly asporogenic cells, which was, however, not
the case when the culture was left undisturbed. Here, again,

the high temperature shows itself the modifying factor.

The oldest asporogenic varieties obtained from the different

species have now been in existence for more than sixteen years,

and have remained constantly asporogenic although repeatedly

cultivated under highly divergent conditions.

It is found to be the rule that loss of sporogenic power is

accompanied by loss of the capacity for producing film growths.
In some species the variety has been found to possess a greater

reproductive capacity than the original form, and possibly this

applies to all. The asporogenic varieties also exhibit considerable

fluctuations in respect of the production of alcohol. Since, as

mentioned on p. 126, vol. ii., the film cells of Saccharomycetes are

able to decompose alcohol into carbon dioxide and water, a power
not shared by the seclimentpJ yeast cells (at least so long as the

liquid is of sufficient depth), the quantity of alcohol formed in

wort fermented by an asporogenic (and therefore filmless) variety

does not become appreciably less when left to stand in a flask {e.g.,

Pasteur flask) precluding evaporation.

In addition to the instance of an accidentally produced constant

variation observed with Saccharomycodes Ludwigii (p. 260, vol. ii,),

mention may be made of Lepeschkin’s (I.) observation of the for-

mation of mycelium by Schizosaccharomyces Pomhe and Schiz.

mellacei. No particulars are given by this worker respecting the

conditions under which this result was obtained, but he states that

the phenomenon remained constant during numerous generations

and that it was found impossible to secure reversion to the

original form of single cells.

§ 275. Hansen’s Experiments with Top and
Bottom Yeast.

Special interest attaches to Hansen’s (XLY.) latest researches

into variations in fermentative habit, namely, the appearance of top-

fermentation yeast cells in a typical bottom yeast, and vice versa. As
mentioned on p. 260, vol. ii., he had previously observed the faculty

of certain bottom yeasts for temporarily producing top-fermentation

phenomena after storage at a low temperature. In this connec-

tion he instituted some very comprehensive researches with Sacch.

turhidans
(
= Sacck. elli'ps. //.), a trace of a vigorous young vegeta-

tion being transferred to Ereudenreich flasks charged with a thin

stratum of wort and kept at 0.5° 0 . At the end of three and five

months the cultures were examined, by sowing an average sample

in wort contained in test-glasses. In every instance the fermen-

tation phenomena were decidedly those of top fermentation, so

that all or most of the cells had acquired a top-fermentation

habit. Test-glasses were used because of the necessity for
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employing a deep layer of wort in making comparative observa-

tions on top- and bottom-fermentation phenomena. One test per-

formed with 150 cells showed that not a single bottom-yeast cell

was present. In order to solve the problem whether the low

temperature had produced moditication, the vegetation used for

the culture at 0.5® 0. was subjected to analysis, the result being

that, of 100 cells, one-half gave top fermentation, the other

bottom fermentation. On a series of hasks, charged with a thin

stratum of wort, being inoculated with cells from each category

and kept for 3-4 months at 0.5° (J., it was found that no

reproduction occurred in the flasks containing the bottom-

fermentation cells, whereas, on the contrary, the top-fermenta-

tion cells exhibited decided reproduction. The cultures treated

in this way were next grown in test-tubes, with the result that

the bottom cells again gave rise to bottom fermentation, and the

top cells to top fermentation, thus demonstrating that no modifi-

cation, but only selection, had been effected by the experiment.

When Hansen described Sacch. turhidans in 1883, it was a

bottom yeast
;

and the formation of top cells—the cause of

which is unknown—occurred spontaneously during the period of

storage in the laboratory. In the course of a year the bottom
cells and top cells continued to behave as such respectively

through a long series of cultures
;
and 1000 cells isolated from

each class all produced the same type of fermentation as that of

the class from which they originated.

Experiments with the typical bottom yeast, Johannisberg 2,

showed that the cultures not infrequently contain 70 per cent, of

top-yeast cells, the isolated cells in this case also retaining their

characteristic fermentative habit through a long series of cultures.

Whilst in the cases cited above a transition occurred from
bottom fermentation to top fermentation, the converse change
seems more difficult to bring about. In this connection Hansen
carried on several experiments with Sacch. validus

(
= S. Fast. III.),

which is certainly a typical top yeast, but he only succeeded in

obtaining a few bottom cells—not exceeding 3 per cent.—in one
of the cultures. The vegetations from these cells retained their

character as bottom yeast through a series of generations, ex-

tending over two years, and under conditions favourable to the
production of top fermentation phenomena.

In this manner the old question whether the top- and bottom-
fermentation yeasts are independent forms or not has been settled

by the demonstration that bottom cells can be developed from top
cells, and vice versd. This essentially modifies our previous con-

ceptions [see p. 124, vol. ii.). The two forms into which the
species is subdivided may exist for a long time, side by side in the
same nutrient medium, until the growth of one of them is favoured
by the environment, as was the case in the experiments with
Sacc\. turhidans at o’ 5° C., where the top-fermentation form
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increased at the expense of the bottom-cell form until the latter

was entirely suppressed.

In contrast with the asporogenic varieties which, as we have
already seen, are modifications produced by the influence of a
known external factor, high temperature, the appearance of top-

yeast cells in a typical bottom yeast must be relegated to the

category of variations to which the name mutation was given by
de Vries, and comprising all sudden variations due to unknown
causes. In most cases the properties of these mutation varieties

are hereditary, as we have already learnt in the case of the tem-
porary variations. Thus, the variations in the cell form, the

shape and size of the spores, and also the production of mycelium
observed by Lepeschkin, must be classed as mutations. The great

difference existing between a transformation and a mutation is

that the former is produced gradually, the latter suddenly. Both
may form the starting-point of new species or races. Throughout
the entire vegetable kingdom only very few instances are known
where a new variety, capable of transmitting its newly acquired

properties permanently to its offspring, has resulted from a

transformation brought about by external influences ;
in fact

Hansen’s researches on asporogenic varieties constitute the sole

experiment performed in this connection.

§ 276. Practical Results of the Researches on Variation.

Occurrence in Brewing Practice.

Before bringing this chapter to a close we will examine the

practical bearing that the results of the foregoing investigations

have on brewing, and also consider the occurrence of variations of

yeast type in practice.

By employing an asporogenic variety of pitching yeast in the

brewery, the detection of wild yeasts by spore analysis is simplified.

It will be remembered (pp. 135, 136, vol. ii.) that this method of

examination is based on the fact that, at a certain temperature,

sporulation occurs sooner in wild yeasts than in culture yeasts.

When, however, an asporogenic yeast is used for pitching, the

mere presence of asporogenic Saccharomyces cells of any kind will

suffice to reveal an extraneous yeast. The fact that an asporogenic

yeast will produce just as good beer as the original form has been

demonstrated by Hansen, who obtained a good normal beer with

an asporogenic variety obtained from Carlsberg bottom yeast

No. 2 by the treatment already described. It must not, however,

be forgotten that in many instances the behaviour of the asporo-

genic variety in practice will differ appreciably from that of the

original yeast from which it was produced.

Will (XXVI 1

1

.) has reported an abnormal fermentation

phenomena resulting from the presence of film cells or their

descendants in the pitching yeast; and A. Jorgensen (II.) has
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stated that film cells may produce a disagreeable flavour. The
production of films, and therefore also their disturbing influence,

may be avoided by the preparation of an asporogenic variety,

which, as has already been shown, is incapable of film formation

(see p. 127, vol. ii.).

The production of varieties with an increased or diminished

power of producing alcohol is also of importance in practice.

Hansen (XLIII.) carried out experiments on this point, and, by
cultivating Carlsberg bottom yeast No. i in eight successive

cultures at 32° 0. without aeration, obtained a variety which

gave 1-2 per cent, of alcohol (by volume) less in wort containing

10 per cent, of saccharose than the standard No. i yeast, whilst

at the same time it clarified the beer better. He also obtained

a variety with increased powers of alcohol production by growing
the same species, Carlsberg bottom yeast No. i, for several months
on wort gelatin with frequent renewal of the medium, whereas

13 per cent, (by volume) of alcohol was furnished by a vegetation

of the same original stock when grown in wort, under equal

conditions as regards time and renewal of the cultures
;
finally, in a

wort containing 25 per cent, of saccharose, the variety obtained

by growing in wort gelatin produced 13.6 per cent, of alcohol

from the vsame final medium. By cultivating the spores of another
culture yeast, Sacch. cerevisice^ on yeast-water gelatin, he also

obtained a variety furnishing more alcohol than the original stock

yeast, the increased production in this case being 3 per cent, by
volume, as compared with that given by the stock yeast grown in

wort throughout. According to Hansen the matter is one of

selection rather than modification
;
but nothing more definite can

yet be expressed on the point. It may, however, be mentioned
that considerable differences in fermentative capacity are exhibited

by the individual cells of one and the same species in pure culture

in wort, even when grown under identical conditions
;
and this

applies also to their clarifying power.
The variety obtained by Hansen from Carlsberg bottom yeast

No. I, by the method employed for producing asporogenic varieties,

was characterised by diminished attenuation and gave a beer of

greater palate fulness than the original stock
;
but it exhibited

the defect of being too slow in action.

There is evidently a wide field open for the practical application

of varieties of yeast obtained by treating the original stocks in

certain ways on the lines indicated above
;
and important results

are undoubtedly obtainable by continuing these researches. We
will now deal briefly with the occurrence of variations in practice,

premising that lucid experimental investigations in this connection
are still lacking. As already stated, such variations have been
observed from the time pure-culture yeast was introduced into

practice, but there is little use going into details, since all that is

known is based on more or less uncertain observation. Reports
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from practical sources, on the variation known as degeneration in

pitching yeast, will be found in the columns of the technical press

for some years past
;
and we will now merely cite two communi-

cations relating to injurious variations. One cause of yeast

degeneration is ascribed by Hayduck (VI.) to the enrichment of

the yeast with nitrogen, and he recommends, as a means of

regeneration, that the yeast should be allowed to ferment a solu-

tion of saccharose before pitching. In the case of a yeast which
suddenly began to clarify badly, Seyffert (II.) found that the

addition of gypsum to the brewing liquor (well water) restored

matters to their normal condition. Sudden disagreeable changes
with regard to smell and flavour may also arise in practice, the

cause being generally attributed to cultivation at abnormally high
temperature, excessive rousing of the wort, &c.; andWill (XXIX.)
states that boiling the wort too long in the steriliser may also

influence the activity of the yeast. In short, the yeast may
be afiected by any unusual conditions in brewing

;
and in this

category should be included the experiments of Biernacki, Efiront,

Hayduck, Heinzelmann and Schulz, with chemical stimulants {see

vol. i. p. io8). In addition to Hansen, observations on the

variation of pitching yeast in practice have also been published

by Delbrlick, A. Jorgensen, Kukla and Will.

Proof of the temporary character of the variations caused in

practice by the influence of the conditions prevailing there is

afibrded by the fact that the pure-culture system has not only

obtained a solid footing in breweries throughout the world, but is

also gaining ground daily in other fermentation industries.

Certain culture yeasts are particularly constant, others again show
a tendency towards variation. Carlsberg bottom yeast No. i

belongs to the former class, a pure culture of this yeast having
retained its character, apart from temporary fluctuations, for more
than five years in the fermentation cylinder of the pure-culture

apparatus at the New Carlsberg brewery. Various authors have
reported on special constancy in culture yeasts, the researches of

Irmisch, A. Jorgensen and P. Lindner being worthy of note in this

connection.

As we have seen, the practical application of the pure-culture

system consists not merely in the preparation of pure cultures of

a given species or race, but also in a selection of the vegetations

furnished by individual cells. In this way the introduction of

pure cultures in the brewery is accompanied by an attempt at race

improvement, the requirements being confined not merely to the

preservation, by the race or species, of all its properties that are of

value to the brewery, but extending to the selection of individuals

exhibiting variations of special value for the brewery in question

—that is to say, possessing the good properties in an increased

degree and with the undesirable qualities eliminated. Of course

these results cannot be more than partially accomplished even in
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the most favourable circumstances. The race improvement in

such cases consists in a repeated selection of the best individuals

;

but the results of the experiments made by Hansen and others

in this direction show that it is impossible to lay down any
definite rules, tentative experiments being essential. In some
cases disappointment will follow, the results failing to come out

as desired, owing to uncontrollable circumstances. The matter is

entirely different from the mere production of asporogenic races

and the like, where the conditions are known and under control.

Finally, it must be borne in mind that when the material for the

experiments in race improvement are taking from the contents of

the fermentation vessel in the brewery, one cannot be certain that

any genetic connection exists between the race so taken and the

original pitching yeast, for they are not necessarily descended
from one and the same ancestor even though exhibiting the same
botanical characteristics.

Similar communications on race improvements have also been
published in connection with wine yeasts, though again without
any definite statement of method

;
and indeed some of these

reports, from practical sources, even fail to mention the species of

yeast originally employed.



CHAPTER LV.

CLASSIFICATION OF THE FAMILIES SACCHAROMY-
CETACE.E AND SCHIZOSACCHAROMA^CETACEH].

§ 277. Introduction. Division of the Family,

Saccharomycetaceae.

The fungi to be classified in the present chapter comprise two
families, the Saccha7'om.ycetacece and the ScJdzosacchai'omycetacecE,

though they were formerly grouped together as a single family
under the former title. According to the principles of classification

established for the Saccharomycetacece by E. C. Hansen (XLIX.)
in 1904, however, the Schizosaccharomycetacece form a separate

family, and are therefore dealt with by themselves later

on (§ 281).^

As already explained on pp. 100, 10 1, vol. ii., the Sacchai'o-

mycetacece, which form the subject of §§ 277-280, belong to the

Ascoinycetes class, of which they constitute the lowest family. On
the other hand, the position of the Schizosacchai^omycetacem in the

botanical system cannot yet be definitely fixed. They appear to

form an intermediate link between the Ascoinycetes and the

Schizomycetes ; but, for practical reasons, they are ranged in this

chapter beside the Saccharomycetacece.

Before proceeding to a systematic description of the species

belonging to the two families in question, we will glance briefly

at the earlier attempts at classification, and then state the

principles which have been utilised in the present rearrangement.

It is difficult to find in any other department of botany greater

confusion than existed in the classification of the Saccharomycetes,

chiefly on account of the fact that so many workers unacquainted

with botany have been engaged in the investigation of fermenta-

tive organisms.

The first worker to establish endosporulation as the charac-

teristic feature of the genus Saccharomyces was Reess {see p. 108,

1 On p. loi, vol. ii., the species lelonging to these two families were
treated as one family, according to the state of knowledge at the time (1901),

and for the same reason only three genera, Monospora, Saccharomyces and
Schizosaccharomyces were mentioned. The classification is now amended in

the light of recent research, and hence the divergence from the statements

made on the pages mentioned.
270
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vol. ii.), who described the following seven species of this genus :

Sacch. cerevisice, Meyen (.seep. 114, vol. ii.); Sacch. ellipsoideus,

Reess (see p. 114, vol. ii.); /Sacch. conglovieratas, Reess
;

/Sacch.

exiguus, l^eess
;
Sacch. Pctsiormm^s, Reess (see p. 116, vol. ii.)

;

Sacch. mycoclerma^ Reess
;
and Sacch. apiculatus, Reess. Of these,

however, only one, viz., Sacch. apticulatus, has been since identified

with certainty. Reess did not act consistently in this matter,

since, as he himself pointed out, this species does not produce

endospores, and therefore should not have been placed with the

Saccharomycetes, which he expressly declared to be characterised

by endosporulation. He describes this budding fungus (for which
see chap. Ixi.) as consisting of “lemon-shaped cells produced

by budding, and provided with short apices at each pole
;
average

width 2-3 p, length 6-8 p ;
sometimes elongated as short fila-

ments. New buds are formed solely at the apices of the parent

cells, and usually detach themselves at once, rarely remaining
joined, in short lengths or branching. Ascosporulation not

detected with certainty, and assignment to the Saccharomycetes

consequently doubtful.”

With regard to Sacch. 'mycoderma^ Reess probably based his

description on a mixture of Mycoderma cerevisice or M. vini and a

species of Fichia, since he expressly states that the species pro-

duces spores, which [see chap, lx.) the Mycoderma do not. The
five remaining species mentioned by Reess were characterised

almost exclusively from the form of their cells, thus rendering
their identification impossible.

Most of his contemporaries followed Reess, except 0 . 0 . Harz,
who rejected all Reess’s species but /Sacch. mycoderma., on the
ground that they Avere only different forms of beer yeast due to

altered nutrition.

Hansen’s researches on classification are closely interAvoven

Avith his Avork on the biological and physiological sides, and he
proceeded consistently from the outset Avith the assumption that
only such yeasts as produce endospores can belong to the Saccharo-
mycetes. This conception, the correctness of Avhich Avas demon-
strated in the course of the investigations, AA^as generally accepted
and adopted Avith but few exceptions, chiefly physicians avIio

followed Schlendrian and called all yeasts Saccharomyces, Avhether
they form spores or not. A feAv other Avorkers also took the same
view, Saccardo (n.), for instance, continuing in 1889 to con-
found Saccharomyces and non-Saccharomyces, a plan also folloAved

by J. Schroeter in his Avork on the Cryptogam Flora of Silesia

(1893).
The characteristics established as the basis of classification by

Hansen, and employed in the present Avork, may now be briefly

described. Among the morphological characteristics he assigns
an inferior position to cell form, OAving tc the extent to Avhich

this is affected by external influences, most species exhibiting a
VOL. II. ; PT. 2. s
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large number of cell forms [see p. ii6, vol. ii.). In fact, it is only

under definite conditions of culture that the cell form can be

utilised as a characteristic of species. Unfortunately, there are

still botanists who call all large rounded cells Sacch. cerevisim, all

small oval ones Sacch. ellipsoicleus, and all elongated cells Sacch.

Pastorianus, and thus keep to the same standpoint as Keess. The
shape of the spores and the production of films are important

generic characteristics, and in some cases of species as well.

Physiological characteristics are of great importance in classifica-

tion, especially the critical temperatures of budding, film produc-

tion, and sporulation {see table opposite p. 136, vol. ii.); and also

the behaviour of the species toward different sugars {see chaps. Ixiv.

and Ixv.), large quantities of yeast and pure sugars being essential

for this purpose. In this instance a macroscopical examination is

necessary, microscopical tests not affording sufficient accuracy.

The yeast is sown in yeast-water containing 5 to 15 per cent, of

the sugar in question, and the production of alcohol is tested for.

Finally, Hansen employed as a means of differentiation the macro-

scopic appearance of the vegetations on different solid nutrient

media. His methods differ essentially from those of Ileess by
being entirely of an experimental character, and it follows there-

fore that the value of the results for purposes of comparison

depends on the experiments being carried out under identical

conditions.

Lindner employs the appearance of the giant colonies as a

specific characteristic; and Will has also done good work in the

study of these forms.

The fermentative habit (as top or bottom yeast) has no longer

the same importance as a means of classification that it formerly

enjoyed, on account of Hansen’s recent investigations in this con-

nection (see p. 264, vol. ii.).

Even many of the species put forward as new during the past

few years are described in such an imperfect manner that they

cannot be included in our classification, the reason in many cases

being that the newly discovered species have shown the description

of the older ones to be insufficient. An example of this kind is

afforded by H. Lindner’s so-called Sacch. hyalosporus, which is

characteri.sed by the production of bead spores. This peculiarity,

however, is shared by several other species, and consequently a

more complete description is necessary before the species can be

identified. Other workers, again, have named species without

describing them
;
and these we are therefore compelled to omit,

confining our list to such species that have been so fully described

as to render identification feasible. Unless specific mention is

made to the contrary, the description in each case is that fur-

nished by the discoverer of the species. The source of information

is quoted in each case.

A few preliminary notes of explanation will facilitate due



INTRODUCTION. 273

comprehension of onr subjoined resume of the division of the

Saccharomycetacece into genera in accordance with the principles

established by Hansen (XLIX.) in 1904. Previous to his

researches on the fungi in question, nothing had been done

beyond the establishment of the Sciccharomycetes as a separate

genus, the division into species being of an unreliable nature
;
and

Hansen was the first to place these investigations on an experi-

mental basis. Examination of the various species discovered in

the course of years then revealed the desirability and possibility of

elevating the existing genus Saccharomyces to the dignity of a

family [Saccharomycetaceai)

,

which Hansen divided into eight

genera. In the case of two of these, viz., ]\[onos}wra N'emato-

spora^ which are briefly described in § 280, some doubt exists as to

whether they really belong to the Saccharomycetaceee

.

The I’emain-

ing six genera, which, on the other hand, are recognised as true

Saccharomycetacece, can be separated into two main groups.

The first principal group difiers from the second, inasmuch as

sowings in nutrient liquids furnish sedimental yeast exclusively

at the outset, the production of films occurring only at a much
later period, if at all. The film is more or less strongly mucinous,

the only exception being Saccharomyces capsularius, which gives a

film resembling that of Oidium. It is probable that more accurate

observation will reveal the presence of isolated islands of yeast

{see pp. 120, 1 2 1, vol. ii.), even in those species at present considered

to lack the power of producing films. The endospores of the

species belonging to this first group are globular, oval or reniform,

smooth and provided with one or two membranes. The spores

germinate either by gemmation or the production of a promycelium.
The great majority of the species incite alcoholic fermentation.

Hansen divides this group into four genera, one being the newly
defined genus Saccharomyces, described in § 278, whilst the other

three are called Zyyosaccharomyces
,
Saccharomycodes, and Saccharo-

mycopsis, and are dealt with in § 279. It need only be mentioned
that the genus Saccharomycodes was established for the oi’ganism

previously known as Saccharomyces Ludiciyii, and a similar species

described by Behrens. In its new form, Hansen’s genus SaccJiaro-

myces comprises a large number of species, and is divided into six

sub-groups based on the behaviour of the species towards sugars.

The hitherto imperfectly characterised genera Hansenia and
Torulaspora are referred to briefly at the end of § 278. The
nomenclature of the species included in the newly defined species

Saccharomyces has been altered consider ably, a number of names,
hitherto current in Mycology and also used in nearly all the
previous chapters of the present work, having been replaced bv new
ones. Thus, for example, the organism previously known as Sacch.

cerevisice /., Hansen, is shortened in the new classification to

Sacch. cerevisite ; Sacch. Pastoriamis I. becomes NuccA. Pastorianus ;

Sacch. Pastorianus 111 . is changed to Sacch. valkhis, and so on.
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Further particulars on this synonym are given at the beginning
of the description of the individual species.

The second principal group of the true Saccharoytiyceiacece is

composed of the genera Fichia and Willia, and is characterised by
the production of a film on the surface of the nutrient solution

immediately after the same has been inoculated. Hansen had
already discovered a representative of each of these new genera,

and at that time called them Sacch. membrancHfaciens and Facch.

anomalus respectively. Similar species were afterwards discovered

and described by other workers, Pichi, for instance, identifying

some which may be ranked with Sacch. membrancefaciens, whilst

Will and his pupils found others of the type of Sacch. anomalus.

Consequently, Hansen named his new genera Fichia and Willia^

in honour of these workers.

In conclusion we give the following

Analytical Summary of the Genera of the Saccharomycetacece

Family.

The Saccharomycetacece exhibit the following general charac-

teristics : Monocellular, sporogenic budding fungi. Typical

mycelium is formed only by a few species, but all produce yeast

cells abundantly. Each cell is a potential sporogenic cell. The
spores are monocellular. The number of spores in each parent

cell (Ascus) is usually 1-4, seldom as high as 12.

(i) Spores oval, round, pileate or lemon-shaped, with or without project-

ing rim, see 2.

Spores acicular or spindle-shaped, see 7.

The cells form sedimental yeast immediately in saccharine nutrient

liquids, films being produced only later (if at a'l), see 3.

(2) The cells produce a film at once on the surface of saccharine nutrient

liquids
;
the film appears dry, owing to included air bubbles, see 6.

(3) Spore with single membrane, see 4.

Spore with two membranes
The cells fuse together

(4) No fusion of the cells occurs, see 5.

The spores germinate by ordinary gemmation

(5) A promycelium is developed in the germina-
tion of the spores, and from this budding proceeds

with incomplete separation .....
(6) Spores round or hemispherical, or irregular

and angular. No fermentation.....
Spores pileate or lemon-shaped with projecting rim

(7) Spores acicular. Pai-asitic on water-fieas

Spores spindle-shaped, almost filamentous, with a

long flagellum
;
parasitic on hazel-nuts

Saccharomycopsis.

Zygosaccharomyces

.

Saccharomyces.

Saccharomycodes.

PicMa.
Willia.

Monospora.

jVematospiora.

§ 278.—The Genus Saccharomyces, with the Genera

Hansenia and Torulaspora.

'Jflie cells of the species belonging to the genus Saccharomyces

(E. 0. Hansen) produce simple membrane spores which gemmate
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by germination. In addition to yeast cells a few of them produce

a membrane with well-defined septfe.

The first sub-group of this genus comprises the species capable

of fermenting dextrose, saccharose and maltose, but not lactose.

It includes the following species :

Saccharomyces cei'evisice, E. 0 . Hansen. Synonyms : Sacch.

cerevisioi E. 0 . Hansen (XII., XVI,,XLYI. and XLVIII.) =
Sacch. cerevisim^ E. C. Hansen (XLIX.) = Sacch. cerevisuPj

(partim), Mayer (I.) = cerevisioi (partim), Turpin (I.) —

Cryj?tocoecus ferment'

m

(partim), Kiitzing (I.) = llormiscmm
cerevis'ice (partim), Bail Sacch. cerevisioi (partim), Reess

(I.) This species has been drawn by Hansen (XII., XVI.,
XVII. and XXXII.), also in Figs. 127, 142, 144, and 145 of the

present work. The cells of the sedimental yeast are usually

large and round; and those of the film vegetation at 6°-i5° C,

are mostly of the same kind, with but few exceptions. The limits

of the budding temperature in wort are 40° 0 . and i°-3° C. The
dimensions of the spores vary between 2.5 and 6 /n, the number
in each cell being usually 1-4, rarely 5. The limits of sporula-

tion temperature on gypsum blocks are 37°-37-5° 0 ., and 9°-i 1° C.,

the optimum temperature being 30° C. For the production of

films on wort these limits are 33°~34° C. and 0 . The
species generally appears as a powerful top-fei’mentation beer

yeast, and was isolated by Hansen (I.) from the pitching yeast of

an Edinburgh brewery. Subsequently the same worker detected

it in a London brewery. It is one of the many forms previously

grouped under the name Sacch. cerevisice.

Only a small number of the races and species utilised in the
brewing industry have been described in the literature, and even
then without systematic names, being generally called after the

locality or the owner of the brewery where they were discovered,

or again bearing merely the number with which they were
labelled in the collection (herbarium) of the investigator. The
following six may be cited as examples :

Carlsherg bottom yeasty No. i, E. 0. Hansen. One of Hansen’s
(XLIV.) drawings is reproduced in Fig. 130. The cells are
usually oval or pointed. Spores are produced with the greatest
difficulty, being found in very small number even after a con-
siderable time (5-6 days at 25° 0 .). In the brewery [see p. 187,
vol. ii.) this yeast gives imperfect clarification, but high attenua-
tion, and the beer is excellent, with good keeping qualities.

Carlsherg bottom yeast., No. 2, E. 0 . Hansen. The cells, whicli

are illustrated in Fig. 131, after a drawing by Hansen, are more
uniform in shape than the preceding species, and also produce
spores rather more readily. The beer obtained with this yeast
does not keep so well, but clarifies better.

Stock 2, 11 . Will (XXX.). Will’s drawing of this species is re-

produced in Fig. 139. The cells are round or oval. The limits
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of sporulation temperature on gypsum blocks are 31° C. and 1 1° C.,

the optimum temperature being 25°-26° C. For the production

of films on wort these limits are 28°-3i°C.and C. This

species is a high-attenuation bottom yeast.

Stock 6, II. Will (XXX.). The cells are round or oval. Limits
of sporulation temperature on gypsum blocks, 31° C. and 11° C.,

optimum 28° C. For the production of films on wort the limits

are 2 5°-3i° C. and 7°-io° C. A bottom yeast with medium
attenuation.

Stock 7, II. ]Vill (XXX.). Cells round or oval
;
giant cells

of regular occurrence. Limits of sporulation temperature on
gypsum blocks, 30° C. and 13° C., optimum 25°-26° C.

;
for the

production of films on wort the limits are 25^-28° C. and 4°~7° C.

The species is a low-attenuation bottom yeast.

Stock 93, II. Will (XXX.), is illustrated, from a drawing by
Will, in Fig. 137. Cells round or oval. Limits of sporulation

temperature on gypsum blocks, 30° C. and 10° C., optimum
28° C. Limits of temperature for the production of films on
wort, 3o°-3i° C. and 4°~7° C. A high-attenuation bottom yeast.

Although imperfectly described from the standpoint of botanical

classification, mention may be made of three other beer yeasts,

which bulk largely in discussions between fermentation techno-

logists, and in trefitises by fermentation physiologists, and are

also mentioned frequently in the present Handbook, namely,

Saaz yeast, Frohherg yeast, and Logos yeast. The former two
were isolated by Lindner (XXXI.) at the Institute for Fermen-
tation Industries, Berlin : one for the pitching yeast used at the

municipal bi-ewery in Saaz (Bohemia), the other from the yeast

from Frohberg’s brewery at Grimm a (Saxony). Both have been

carefully investigated by Helbruck (IX.), Irmisch (IL), Lind-

ner (XXXI.), Reinke (IY.), and others. Logos yeast was isolated

by H. VAN Laer and Denamur (I.) from the pitching yeast

employed at Logos and Co.’s brewery in Rio de Janeiro (Brazil).

Its origin is unknown, but was probably the sugar-cane. On
chemico-physiological grounds A. Bau (VI.) proposed to divide

the old collective name Sacch. cerevisice into four types : Sacch.

cerevisice Froliherg, top fermentation
;
Sacch. cerevisice Saaz, top

fermentation
;
Sacch. cerevisice Saaz, bottom fermentation

;
and

Sacch. cerevisice Frohherg, bottom fermentation. In this manner
the names Saaz and Frohherg originally applied to two different

species of yeast are used to denote types. Various other top-

fermentation beer yeasts have also been described by H. van Laer,

A Jorgensen, Greg, Ac.

The top yeasts also include the well-known distillery yeasts

Race XI. and Race XII. (the latter also cultivated in the manufac-

ture of pressed yeast), both of which were isolated at the Institute

of Fermentation Industries, Berlin. Compare p. 1 13, vol. ii., and
Henneberg (I.).
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Sacchcu'omyces Pastorici7ius^ E.C. Hansen. Synonyms: Sacch.

Pastorianus I., E. 0 . Hansen (XII., XVI., XLVI., and XLVIII.)
= Sacch. Pastorianus, E, C. Hansen (XLIX.) = aSWc4 . Pastor',anus
(partim), Reess ( F.). This species was illustrated by Hansen (XII.

and XYL); see Fig. 129. The vegetation in wort consists chiefly

of sausage-shaped cells, though round and oval cells are also

present. The limits of budding temperature in wort are 34° C.

and 0.5° 0 . The spores measure 1.5-3. 5 m in diameter, their

dimensions seldom reaching 5 /x. Most frecpiently tliey number
1-4, but occasionally, in very long cells, 5-10. The limits of

sporulation temperature on gypsum blocks lie between 29.5°-

31.5° 0., and o.5°-4° C. (optimum 27.5° 0.); and the same limits

in respect of film formation on worts are 26°-28° C. and 3°~5° C.

The species is a bottom yeast, and was first discovered in the

atmospheric dust in a Copenhagen brewery, and afterwards in

damaged beer. It is a dangerous pest in the brewery, being

capable of imparting a disagreeable smell and strongly bitter

taste to the beer [see p. 116, vol. ii.). As a rule it also retards

clarification. On the other hand, according to Mach and Poktele
(HI.), it produces good wines.

Saccharomifces intermedius, E. C. Hansen. Synonyms : Sacch.

J\cstorianus IP, E. 0 . Hansen (XII., XVI., XliVI., XLVIII.
Sacch. intermedins, E. C. Hansen (XLIX.) = Sacch. Pastorianus

(partim), Reess (I.). This species has been drawn by Hansen
(XII. and XVI.), and is illustrated in Figs. 133 and 136. The
cells are of the same form as those of the preceding species, but
rather larger. Sporulation occurs in wort between the limits of

40° and 0.5° C., and the spores generally measure 2-5 y, less fre-

quently 4-5 IX. Tlie limits of sporulation tempeiature on gypsum
blocks are 2 7°-2p° C. and o.5°-4° C., the optimum being 25° C.

In the case of film formation on wort, these limits are 26°-28° 0 .

and 3°~5°C. The cells of the young film, at 13°-! 5® C., differ from
the corresponding cells of the next species in being round or oval,

whereas under the same conditions many of the cells of Sacch.

validus are sausage-shaped. At the end of sixteen days the

streak cultures of this species on yeast-water gelatin at 1
5° C.

exhibit smooth edges, in which respect again they differ from
Sacch. validus. The species is a weak top yeast, and was discovered

in the air of a brewery in Copenhagen.
Saccharomyces validus, E. C. Hansen. Synonyms : Sacch. Pas-

torianus IIP, E. 0 . Hansen (XII., XVI., XLVI., and XLVIII.) =
Sacch. validus, E. C. Hansen (XLIX) = Sacch. Pastorianus (par-

tim), Reess (I .). The cells have been illustrated by Hansen (XII.
and XVI.), and also in Figs. 134 and 135. The cells grown in

wort have the same shape as the two foregoing species, and their

limits of budding temperature in that medium are 39°-4o° 0. and
0.5° 0 . The spores measure 2-4 ^ in diameter, rarely 3.5-4 y.

Limits of sporulation temperature on gypsum blocks, 2 7°-29° C.
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and 4°-8.5° 0 . ;
optimum, 25° C. Temperature limits of film

formation on wort, 2 6°-28° 0 . and 3°~5° C. The cells of the young
film grown at 13°-! 5° C. differ from the corresponding cells of

Sacch. hitermedius, inasmuch as many of them are very long and
sausage-shaped

;
those of the last-named species being, on the

other hand, frequently round or oval. The streak cultures on
yeast-water gelatin at 15° C. differ, at the end of sixteen days,

from those of the preceding species in being decidedly bearded at

the edges. The species is usually a top yeast, and is injurious to

beer, in which it produces yeasty haze (see p. 122, vol. ii.). Under
certain conditions, however, a small addition of this species to the

pitching yeast may clarify opalescent beer, probably by eliminating,

in secondary fermentation, the substances causing the opalescence.

The species was discovered in bottom-fermentation Copenhagen
beer suffering from yeasty haze.

Saccharomyces ell^jsoideus^ E. C. Hansen. Synonyms: Sacch.

ellipsoideusl., E. C. Hansen (XII., XVI., XLVI., and XLVIII.) =
Sacch. ellij)soideus, E. C. Hansen (IX.) = Sacch. ellipsoideus (par-

ting), Reess (I.) The species has been illustrated by Hansen
(XII. and XVI.), and also in Figs. 128 and 132. The cells are

ellipsoidal, though they may also be sausage-shaped. The limits

of budding temperature in wort are 4o°-4i° C. and 0.5° C. The
spores are 3-4 /x, seldom 3.5-4 p in diameter. Limits of sporula-

tion temperature on gypsum blocks, 30.
5
^-3 2.

5° C. and 4°- 7.
5° C.

;

optimum, 25° C. Limits of film-formation temperature, 33°~34° C.

and 6°~7° C. The cells of the young film, grown at 13°- 15° C.

differ from those of Sacch. turhidans (which are round and oval)

by consisting largely of long, sausage-shaped forms. At the end
of eleven to fourteen days the streak cultures on wort gelatin at

25° C. exhibit a peculiar reticulated structure, difierentiating

them from the preceding species and Sacch. turhidans. This

species is generally a bottom yeast. It was discovered on the

surface of ripe grapes in the Vosges district, and is one of the

numerous species that play an active part in the fermentation of

wine.

A number of wine and fruit-wine yeasts allied to Sacch.

ellipsoideus have been isolated and described by Aderhold, Hotter,

Kayser, Lindner, Marx, Miiller-Thurgau, Nastjukow, Osterwalder

Seifert, Wortmann, and others. One of the best known
species is :

Johannisherg II.., Wortmann (XVI.), which has been drawn
by Aderhold (I.). According to this observer, it is distinguished

by copious sporulation, 99-100 per cent, of the cells producing

spores on gypsum blocks. Hansen (XLVIII.) gives the limits

of budding temperature in wort as 37°~38° C. and 0.5° 0 ., and
those of sporulation temperature on gypsum blocks as 33°~34-5° 0.

and 2°“3° 0 . The species is usually a bottom yeast.

Saccharomyces turhidans, E, C. Hansen. Synonyms : Sacch,



SACOHAROMYOES, IIANSENIA, TORULASPORA. 279

ellijjsoideus //., E. C. Hansen (XII., XYI., XLVI
,
and XLVIII.),

Sacch. turbidans, E. C. Hansen (XLIX.) -- Sacch. ellipsoideus

(partim), Rees (I.). This species has been drawn by Hansen
(XII. and XYI.). The cell form is generally similar to that of

the preceding species. Limits of budding temperature in wort,

40° 0 . and 0.5° C. The spores are 2-5 g, seldom 4-5 /x in

diameter. Limits of sporulation temperature on gypsum blocks,

33
°~
35 ° 4°-8° C.

;
optimum 29° C. Limits of him formation

temperature 36°-38°C. and 3°~5° 0 . The cells of the young him
grown at 13°-! 5° C. dilier from those of Sacch. ellipsoideus in being

chiefly round and oval. The species occurs as both top and

bottom yeast, and is an injurious organism causing yeasty haze

in bottom-fermentation breweries. It was discovered, with

Sacch. validus, in beers atlected with yeasty haze {see p. 115,

vol. ii.).

Saccharomyces Willianus, Saccardo. Synonyms : Saccharo-

myces 1 . of Will, Bay (II.) = Sacch. Willianus, Saccardo (II.). The
species was flrst described and drawn by Will (YIII.), but

merely as “yeast No. ii.” The cells are ovoid, and the spores

measure 1.5-5 diameter, usually 3.5 g. Not more than 4
spores have been discovered in a cell. Limits of sporulation tem-
perature on gypsum blocks, 39^-4 1° C. and 4^-9° C.

;
optimum,

34° C. Limits of him formation temperature on wort, 39°~4i°
C. and 4° C. The species produces disagreeable flavour and haze
in beer.

Saccharomyces Bayanus, Saccardo. Synonyms : Saccharomyces
II. of Will, Bay (II.). Sacch. Bayanus, Saccardo (II.). This
species was hrst described by Will (YIII.), but merely as a
“ yeast causing beer haze.” The cell form is pointed ovoid,

turbinate or spindle-shaped, 7-1 1 p in length and 5-6 p in

breadth. In old films the length of the cells reaches 30 p and
the breadth 2-4 p. From two to four spores are produced, their

dimensions being 2-4 p. The limits of sporulation temperature
on gypsum blocks are 3o°~32° C. and o.5°-3° C., the optimum
being 2 3. 5^-2 4° C. This species produces both haze and a
sweetish metallic and disagreeably aromatic taste in beer, as
well as an unpleasant bitter, astringent after-taste. At the
same time the beer accpiires a peculiar aromatic smell, like

rotten fruit.

Saccharomyces ilicis, Gronlund, has been draAvn by Gronlund
(I.) The cells are mostly globular. The limits of sporulation
temperature on gypsum blocks are 36°~38° 0 . and 8°~9.5° C.,

the optimum being 32° 0 . The streak cultures on wort-
gelatin have a mealy appearance. The species was discovered
on the fruit of Ilex aquifoVmm, and is a bottom yeast, producing
2.78 per cent, of alcohol (by volume) in wort, to which it imparts
a disagreeable bitter taste.

Saccharomyces aquifolii, Gronlund (II.), forms cells analogous
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to those of Sacch. ilicis. The limits of sporulation temperature
on gypsum blocks are 0. and 8°-io 5° C.

;
optimum

27° C. The streak cultures on wort-gelatin have a shiny

appearance. The species is a top yeast, and probably a culture

yeast. It produces 3.71 percent, of alcohol in wort, and imparts

a sweetish flavour, with bitter after-taste, to the beer. The fruit

of Ilex aquifolimn is the natural habitat

Saccharomyces Jordermanii, Went and Prinsen Geerligs.

Drawings of this species have been made by Went and Prinsen
Geerligs (L). The cells are rounded, pear- or onion-shaped,

angular or elongated forms being found occasionally. The number
of spores is usually four. No film is produced, but only a yeast

ring in old cultures. The species is said to produce 9-10 per

cent, of alcohol, and was discovered in the “ Pagi ’’ employed in

the manufacture of Javanese arrack {see p. 92, vol. ii ), the product

obtained being of very fine quality, devoid of fusel oil.

Saccharomjjces pyriformis, Marshall Ward, has been drawn by
Ward (H.), and is illustrated in Fig. 97. The cells are gene-

rally ellipsoidal or oval, occasionally globular, and measure 5-9 y,

in diameter. Four spores are usually produced in a cell, the time
of formation on gypsum blocks at 25° C. being twenty-four hours
A film composed of pear-shaped cells, with interspersed sausage-

shaped cells, is formed in three weeks on nutrient solutions.

The limits of budding temperature are 35° C. and 10° C. The
species is a bottom yeast and was discovered in England, in ginger-

beer {see vol. i. p. 256).

Saccha7'omyces medi, Risler, Kayser (I.) was drawn by this last-

named worker. The cells are generally globular and measure

4-6 y. The sedimental yeast is very firm. This species does not

produce film. The spores develop in ninety-six hours at 15° C.

The species is a bottom yeast, found in cider.

Saccharo 7ii7ycesSake, Yabe(I.), was first described by Kozai(I1I.)
without being named. The cells are generally globular and 6-12 y
in diameter. Giant cells are present in old cultures. Spores are

developed on gypsum blocks, in thirty-six hours at 41° C., four-

teen hours at 3o°-32° C., and fifteen days at 3°-4° 0 . The number
of spores in each cell rarely exceeds 1--3. This species was dis-

covered by Kozai on Koji, and has been successfully employed, as

a pure culture, in the peparation of “ Sake.”

The second sub-group comprises such species as ferment dex-

trose and saccharose, but not maltose and lactose. It includes :

Saccha7
'07nyces 3Ia7'xia7ius, E. C. Hansen (XLYI., XLIV. and

XLVIIL), which has been illustrated by Hansen (XLIV.). The
vegetative cells of this species ai-e small, oval, or ovoid, or else

elongated and sausage-shaped, frequently assembling in colonies.

Mycelial colonies are formed when the cultures have stood for

some time in wort. The limits of budding temperature in wort

are 46°-47° 0 . and 0.5° 0 . After about three months, wort
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cultures develop a tender film, composed partly of short sausage-

shaped cells and partly of oval forms. On solid media the species

forms a mycelium resembling that of Monilia Candida in structure.

The spores are more or less reniform, occa.sionally round or oval,

and most frequently about 3-5 fx in length. According to Klocker
(I.), the limits of sporulation temperature on gypsum blocks are

32°-34° C., and 4°-8° C., optimum 22°-25° 0 . Hansen states that

only 1-1.3 per cent, of alcohol (by volume) is produced after pro-

longed sojourn in wort. In a solution of 15 percent, of saccharose

in yeast water, 3.75 per cent, (by vol.) of alcohol were formed in

eighteen days at 25° C., and 7 per cent, after thirty-eight days. Jn
yeast water containing 10 and 15 per cent, respectively of dextrose

6.5 and 8 per cent, of alcohol were produced in one month. The
species was discovei’ed on grapes by Marx.

Saccharoniyces exujuus, E. 0 . Hansen (XL VI.) Synonym :

Sacch. exiguus (partim), Reess (I.) 'Jdiis species forms cells

similar to those of the last named, but difiers therefrom in not
forming mycelial colonies in wort, or a myceliun on gelatin.

Sporulation is very scanty, and only a mere suggestion of a film

is formed even after several months. Uj’* to 6 per cent, (by vol.)

of alcohol was formed in yeast water treated with 15 per cent, of

saccharose at 25° C., and 8 per cent, of alcohol in a 15 per cent,

solution of dextrose at the end of fourteen days. This species

has been found repeatedly in the yeast of a pressed yeast manu-
factory.

Saccharoniyces Zopfii^ Artari (I.) has been drawn by the last-

named worker. The cells are short, broad ellipsoids or globular,

and measure 3-6 /x in diameter, occasionally 8 y. When the
species is grown in a solution of dextrose [see p. 211, vol. ii.) con-
taining 5-8 per cent, of ammonium sulphate, septa are developed
in the cells. The maximum limit of budding temperature in wort
is 33°~34° C., the optimum being 28°-29°C. Spores are readily

formed both in fluid and on solid media, the number in each cell

being usually two, though occasionally one, three or four are
produced. They are globular and measure 1.5-3 maxi-
mum sporulation temperature is about 32° 0., and ripe spores
are found after twenty-one hours at 29° (J. The vegetative cells

are stated to withstand 130° C. dry heat and 66°-67° C. moist
heat for half an hour. The species was discovered in sugar juice
at a sugar works in Saxony.

Saccharomyces llailii, P. Lindner (XIV.) was drawn by the
latter woiLer. The cells are large, of somewhat elongated shape
and with tough membrane, and old cultures exhibit amoeba-like
cells of irregular form. Tlie spores are highly refractive. Film
formation does not occur on nutrient solutions, and only occasion-
ally are small islands of yeast found thereon. The streak cultures
on wort gelatin are greyish white and lustrous

;
and the same

Qolour and appearance are exhibited by the giant colonies which



282 CLASSIFICATION OF SACCHAROMYCETACEyE.

develop slowly on the same medium. No liquefaction of the

gelatin occurs. The species was isolated from Dantzig “ Jopen ”

beer {see p. 229, vol. ii.).

tiaecharomyces Joergensenii^ Lasciie (I.), was drawn by the last-

named worker. The cells are round or oval, measuring 2. 5-5. 5 g,

and united to short chains, the spores globular, 1-2.5
H-

and
highly refractive, two to three being usually present in a cell, but
rarely four. No development of film has been observed, but only

a slight yeast ring, composed of round and oval cells. The
limits of sporulation temperature on gypsum blocks, after culti-

vation in dextrose yeast water, are 26°-3o° C. and 8°-i2° C., with
25° C. as the optimum temperature. The species was discovered

in American “ Temperance beer,” and when used in wort of the

gravity 10.19 per cent. Ball., produces 0*89 per cent, (by weight)

of alcohol.

The third sub-group comprises the species which ferment
dextrose and maltose, but not saccharose and lactose as well.

They are :

jSaccha7
’

07)iyces llouxii, Boutroux (IX.), which was drawn by
Boutroux. The cells are round or oval, unite in chains, are very
regular and measure 4-5 g in diameter. No film is developed,

but only a few yeast islands here and there. The number of

spores in a cell is one, two or three, and they are also formed in

the cells on the surface of the medium. The volume of alcohol

produced does not exceed 5.3 per cent, even in presence of an
excess of dextrose. The species is apparently identical with that

mentioned by Roux (II.) and found in dextrose. Boutroux dis-

covered it in fermenting fruit juices. Though imperfectly

described, the species is mentioned here on account of its interest-

ing behaviour toward sugars.

/Saccha 7
'07nyces Soja, Saito (I.). This species has not yet been

fully described, but the deficiency will be repiaired shortly. It is

distinguished by the circumstance that invertase is formed within

the cells, though no fermentation of saccharose occurs. La3vulose,

galactose and mannose are attacked, but not rafhnose, inulin or

di-methyl glucoside. The species was discovered in ‘‘ Moromi,”
the mash employed in the preparation of Soja sauce {see

chap. Ivii.).

The species of the fourth sub-group, which ferment dextrose,

but not saccharose, maltose or lactose as well, are two in number.
Saccha7

'

077iyces 7nali, Duclaux, Kayser (HI.), which was drawn
by the last-named. The cells are 6-12 y long and 4-8 y wide,

and form a loose sedimental deposit. A film is produced. Spores

make their appearance at the end of eighty-four hours at 15° 0.

This species is a top yeast, and was discovered in cider, to

which it imparts a fine bouquet.

Saccha 7
'

077iyces J^ava lactis, Krueger
(
1 .). The cells are small,

ellipsoidal, about 3.8-4 y in diameter, and united in chains. The
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colonies on gelatin are yellow in colour, and ra})idly liquefy the

substratum, which they cover with a yellow film. The same

appearance is also observed in the sowings on milk and on solutions

of lactose. The yellow colouring-matter is formed only in presence

of air. The species was discovered in butter, to which it had

imparted an abnormal yellow colour and a highly disagreeable

smell like stale urine. It is included here on account of the

remarkable production of colouring-matter, although only imper-

fectly described at present.

The species of the fifth sub-group are characterised by their

power of fermenting lactose. Hence they belong to the organisms

which excite alcoholic fermentation in milk {see vol. i. p. 85) and

play an important part in the preparation of Kefyr, Koumiss,

Mazun, &c. They are but few in number. A species of budding

fungus discovered in milk by Grotenfelt (III.) was named by him
Sacch. acidi lactici (not S. lactis acidi as is frequently, but errone-

ously, written). In respect of this species, and of another pre-

viously, described by Duclaux (XIV.) and named Sacch. lactis., he

says that both sporulate on potatoes. Kayser afterwards showed
that Duclaux’s species cannot produce spores and is therefore a

torula
;
consequently it is also highly probable that Grotenfelt ’s

species is not a Sacc/iaromyces

.

A number of other species also

described as Saccharomyces are really torulm (see chap. lix.). On
the other hand, the following species must be classed as true

Saccharomycetes

:

a Saccharomyces capable of fermenting lactose,

discovered by E. vox Freudenreicii and 0 Jensen (II.) in

Emmenthal cheese
;
two species afterwards isolated from butter

by 0 . Jensen (II.), and one found by Mazh (I.) in cheese. None
of them has received a systematic name, and tlie descriptions are

imperfect.

The only species of which a complete description is available

and to which a systematic name has been given is the following

:

Saccharomyces fragilis, Jorgensen, which has been drawn by
that woiker (XlII.). The cells are small, oval, and elongated.

The spheroidal spores are proluced both in fermenting liquids on
gelatin, and in gypsum-block cultures, appearing in the latter

case after twenty hours at 25° G., and in forty hours at 15° C.

Grown in 10 per cent, lactose yeast water at room temperature,
the species produces i per cent, (by weight) of alcohol in eight

days, and 4 per cent, in four months
;
whilst in wort of the

gravity 1
1
per cent. Balling, it produces about i per cent, of

alcohol in ten days at room temperature. The species was isolated

from Kefyr.

The sixth sub-group of tiie Saccharomycetes is cluiracterised by
lacking the faculty of exciting alcoholic fermentation. The only
representative known as yet is ;

Saccharomyces Jlansenii, Zopf (XIII.). The cells are globular

to ellipsoidal and measure 4-1
1 g in diameter. Each cell contains
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one or more fat globules. The inoculation streaks on wort gelatin

form lustrous white colonies; the gelatin is not liquefied. The
spores are globular and measure 2-4 n, and occur singly or in pairs.

The species forms oxalic acid in solutions of dextrose, galactose,

saccharose, lactose, maltose, clulcitol, glycerol, and mannitol. It

was discovered in cotton-seed meal. Owing to the brief description

(film formation ?), the position of the species is doubtful.

Closely allied to the genus Saccharo7nyces are the two following

genera, llansenia and To^ndas’pora.

In the genus llansenia, P. Lindner (XXXII. ),
many of the

cells are lemon-shaped, in other respects they exhibit the same
characteristics (including sporulation) as the genus Saccharomyces.

Lindner proposed to apply this generic name to “the Apiculatus

yeasts ” without giving any further indications, on the basis that all

the Apiculatus yeasts” produce spores. However, since the

species named Sacch, apicvlatus by Reess is asporogenic, it cannot

be classed with this genus. For the present, only that species which
is morphologically analogous to Sacch. apiculcUus, but differs there-

from in being sporogenic, can be included in the genus llansenia.

A few species belonging to this genus have been discovered by
Beijerinck, Lindner and Rohling, but have not yet been more
fully described.

In the genus Torulaspora^ P. Lindner (XXII.), the cells are

small and globular, with a single large fat globule in each, and
resemble the cells of Torula. Lindner has not yet enumerated
the characteristics of this genus either, except to cite as typical

the species Torulaspora Delhriicki, Lindner (XXXII.), formerly

described and illustrated by him (XXXI.) under the name Sacch.

Delbriicki. This species exhibits 1-2 spores in a cell, ferments

dextrose and lievulose, and was discovered in English ale.

Although the cell form is the only characteristic as yet speci-

fied in connection with the two foregoing genera, they have been

included here because of the proba.bility of a sufficient characteri-

sation being established later on. For the present they cannot

be differentiated from the genus Saccharomyces, the cell form
alone being insufficient to serve as a generic characteristic.

§ 279. The Genera Zygosaecharomyces, Saccharo-

mycodes and Saccharomycopsis.

The genus Zygosaccharomyces, Barker (I.), coincides in general

with the genus Saccharomyces, but differs therefrom in respect of

the phenomenon of cell fusion, which precedes sporulation.

Zygosaccharomyces Barkeri, Saccardo and Sydow (I.) was first

described and drawn by Barker (I.), but without being invested

by him with a systematic specific name. The cells are oval.

The limits of budding temperature on wort agar-agar are

37°~38° C. and io°-i3° C. This species develops merely a yeast
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ring, but no film. Spores are produced, not only on gypsum

blocks, but also on various solid media containing wort, and

on damp bread, potatoes, ginger, &c. The limits of sporulation

temperature on gypsum blocks are 37°-38° C. and 13° C.

The species ferments dextrose, lievulose and saccharose, but not

maltose, lactose and dextrin. It was discovered in a vessel

containing ginger in Mayer’s nutrient solution with saccharose.

Zygosaccharomyces Po'iorianus, Klbcker, was described provision-

ally by Klocker
(
1Y.), without being named. The cells in

young wort cultures are of various forms, round, oval or elon-

gated, and firmly attached together so that the sedi mental yeast

forms a coherent mass. The largest cells are produced at 13°- 16°

C., which temperature is on the whole highly favourable to their

development, whereas at higher temperatures, e.g., above 27° C.,

many of them are very small, and at lower temperatures elongated

(sausage-shaped) cells are frequent. Old cultures often exhibit

very highly elongated, mycelial cells. The limits of temperature

for macroscopical development in wort are 36°-38° C. and 3°-8° C.

The colonies in plate cultures on wort-gelatin at room tempera-

ture occasionally resemble Peziza or lichens. At high tempera-

tures the surface of the colonies is smooth, but at 18° C. and
lower it is greatly wrinkled or convolute, and often yellow in

colour. Film formation is rare, but well-defined yeast rings are

often observed. The spores are round or oval, and generally

2-4 in a cell. At i6°-i8° C. they form in large numbers on the

surface of the wort gelatin, on sterilised carrot slices, and on
gypsum blocks that have been immersed in wort instead of water.

In ordinary gypsum-block cultures, on the other hand, spores

are produced with difficulty if at all. The limits of sporulation

temperature on gypsum blocks in wort, and on slices of carrot,

are 27^-28° C. and 3°-9° C. The species ferments dextrose and
maltose, but not saccharose and lactose. It was discovered on
the bodies of honey-bees, and a similar or identical species has
been found on humble bees.

In the genus SaccJiao’omycodes, E. C. Hansen (XLIX.), the
spores, which are provided with only a single membrane, germi-
nate into a promycelium, and the new cells, produced from this

and the vegetative cells by budding, are inconi})letely separated,

a mycelium with well-defined septa being formed. Up to the
present two species are known :

Saccharo7nycodes Ludwigii, E. 0 . Hansen. Synonyms : Tmdicujs
Saccharomyces, E. C. Hansen (XLVII.) = Paccharomyces Lud-
loigii, E. C. Hansen (XVLI., XLIY. and XLVIII.) = Sacchai'o-

mycodes Ijudioigii^^.Q. Hansen (XEIX.). The species has been
illustrated by JEansen (XYII. and XLl V,), and in Figs. 146 and
150. The cells vary considerably in form, the lemon-shape pre-

dominating. The limits of budding temperature in yeast are

37°“38° C. and i°-3° 0 . Sporulation occurs not only on gypsum



286 CLASSIFICATION OF SACCIIAKOMYCETACEyl^:.

blocks and on gelatin, but also in nutrient liquids, e.g., a lo per

cent, solution of saccharose. The spores are 3-4 jx in diameter.

According to Nielsen (I.), the limits of sporulation temperature
on gypsum blocks are 32°-34C. and 2.5°-7.5°C. Hansen reports

that the species ferments dextrose and saccharose, but not maltose.

The volume of alcohol produced in dextrose yeast water may
attain 10 per cent., but does not exceed 1.2 per cent, in wort.

The species was discovered by Hansen and Ludwig in the

mucilaginous exudation from oak-trees.

This rare genus also comprises a species discovered and fully

described by J. Behrens (VIII.), though left unnamed by him.

The author therefore proposes to call it

Saccharomycodes Behrensianus, Klocker. The cells are large,

and round or oval; the spores globular, 4-4.5 diameter, and
generally 2-3 in a cell, being formed at the end of twenty-two hours

at i 8°-20° C. Film formation has not been observed. The giant

colonies on 10 per cent, must gelatin exhibit a highly decorative

appearance, the dark central, crater-like hollow being surrounded
by very delicate concentric striations. The edges of the colonies

are pure white, the older middle part being somewhat darker

and of a yellow tinge. These giant colonies show numerous cells

containing spores. The species ferments dextrose, lievulose and
maltose, but not saccharose, lactose and galactose, and was
discovered on hops.

In the genus Saccharomycopsis, Schionning (II.), the spores

are bi-membranous. During germination the exosporium opens

in a different manner in each of the two known species. In

other respects the characteristics, so far as they have been

ascertained, approximate most nearly to those of the genus

/Saccharomyces.

Saccharomycopsis guttidatus (Bobin). Synonyms : Cryptococcus

guUulatus, Robin (IL)
;
Saccharomyces guttidatus, autt.

;
Saccha-

romyces guttidatus, Wilhelmi
(
I.)

;
Saccharomyco}isis guttidatus,

Schionning (II.). A drawing of this species has been given by

Wilhelmi and also in Fig. 148. The following description is

chiefly derived from Wilhelmi (I.) : Cells ellipsoidal, elongated

oval with flattened ends, length 6-16 fi, breadth 2-4 p, with linear

or vortical budding. The optimum budding temperature is

35°~37° C. Nothing is known as to the formation of a film.

The spores are of elongated oval form, and 1-4 are present in

a cell. In germination, the exosporium bursts, with irregular

edges, either at the poles or laterally, and gradually contracts

to a small residue of indefinite shape. The species thrives on

several artificial nutrient media, e.g., on tartaric glycerin agar-

agar with an addition of dextrose. It ferments dextrose and

saccharose, and was discovered in the alimentary canal of rabbits,

less frequently in that of guinea-pigs and in the excrement of

these animals.
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Saccharomycopsis capsularis, Sciitonning (II.) lias been drawn
by this worker. The cells are sometimes ovoid, sometimes

sausage-shaped; and typical septated mycelia are also observed.

The limits of budding temperature in wort are 38.5° C. and
about 0.5° 0 ., the optimum being 25°-28° 0 . On nutrient liquids

the species quickly forms a decidedly white, irregular, shaggy

film
;
but on solid media it develops into a more or less irregular,

white, shaggy vegetation, which turns chocolate-brown in old

cultures on wort-gelatin agar-agar. The spores are generally of

oblate spheroidal form, with a maximum diameter of 3.5-8 n, and
usually 4 in a cell. The limits of sporu’ation temperature on

gypsum blocks are 34.5°~35° G. and 5°-8° 0 ., the optimum being

2 5°-2 8° C. In germination, the exosporium opens in the form
of two valves, generally of unequal size, and often remaining for

some time attached together at one point and adhering to the

germinating spore. The exosporium is stained pink by con-

centrated sulphuric acid and several other concentrated mineral

acids. The species thrives in wort, yeast water, on wort gelatin,

wort-gelatin agar-agar, yeast-water gelatin, rice, and bread. It

ferments dextrose, l?evulose and maltose, but not saccharose,

lactose and raffinose. It was discovered in the soil of a meadow
in the Swiss Alps.

§ 280. The Genera Pichia and Willia. The doubtful

Genera Monospora and Nematospora.

Tlie two main groups of the true Sccccharomycetacece (p. 273,
vol. ii.), comprise the genera Pichia and Willia^ the sppcies of whicli

produce a film on saccharine nutrient liquids immediately. The
film has a dry, dull appearance, due to the inclusion of air bubbles,

and exhibit well-defined differences from that produced by the
genera described in §§ 278 and 279. The spoi^es are of various

shapes, with or without a projecting ledge, and have only a single

membrane. Several of the species are characterised by the

formation of esters, and a few of them do not excite fermentation.

In the genus Pichia^ E. C. Hansen (XLIX.), the spores ai-e

rounded, hemispherical, or irregular and angular. No fermenta-
tion is produced. A sti-ong mycelium is foianed. The following

eight species {inter alici) of this genus are known :

Pichia memhraiKcfaciens, E. C. Hansen. Synonyms; Saccha-

romyces memhramrfaciens, E. C. Hansen (X IjVI. and XLV 111 .)
=

PicJiia memhrana’faciens, E. C. Hansen (XTIX ). The species

has been drawn by Seifert
(
11 .). Idie film cons\sts of sausige-

shaped and elongated oval cells, rich in vacuoles. Limits of

bud'ling temperature on wort, 35°-3b° C. and 0.5° G. The
colonies on wort gelatin are dull grey, often with a reddish tinge,

and the medium is liquefied very quickly. The spores are
rounded or hemispherical, and are produced in large numbers

VOL. II ; PT. 2 T
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both on gypsum blocks and in the films. According to Neilsex (1.)

the limits of sporulation temperature on gypsum blocks are

33°~35° C. and 2.5°~7.5° 0 ., the optimum being 3o.5°-3i° C.

Seifert states that the species continues to grow even in presence

of 12.2 per cent, (by vol.) of alcohol. It was discovered by
Hansen in a mucinous mass exuding from the damaged roots

of an elm
;
and was also found subsequently in impure well-water

by Koehler, and in white wines by A. Jorgensen.

Pichia memhrancefaciens II. (Pichi). Synomyms : Saccharo-

iriyces membraiuefaciens II. Pichi (I). The species was drawn by
Piciii (II). The cells are 5-7 ji long and 3-5 ji broad, or 10-19 /z

long and 3-4.5 y broad. The spores are often round, or slightly

compressed or flattened, and measure 2.5-3 H-
diameter. There

are usually 3-4 spores in a cell. The asci in the rugose milk-

white film are oval, 6-8 p in length and 3-5 y in breadth. Few
asci are formed on wort at 2 2°-25° C. This .species was found on
the leaves of Euonymus europceus.

Pichia memhrancefaciens III. (Pichi). Synonym : Eaccharo-

myces memhrancefaciens III., Pichi (II). A drawing of the

species was given by the last-named worker. The cells are

5-7 /X long and 3-4.6 p broad, the spores 2. 5-3. 5 y in diameter.

The asci are globular or oval, contain 2-4 spores, and measure

5-8 fx by 3-5 fjL. The film produced on wort at 2 2°- 25
° C. is uniform,

thin and smooth, and contains a large number of asci. This

species was produced in “ vin des Cotes.”

Pichia californica (Seifert). Synonym : Saccharomyces mem-
hrancefaciens, var. californicus Seifert (I.) The species was
drawn by this worker. The cells are mostly oval, occasionally

contain a small highly refractive body, and measure 4-8 y by 3-5 y.

The films are delicate, white and readily sink to the bottom.

The spores are globular, 2-4 in a cell and 2-3 y in diameter, with
homogeneous, highly refra tiv^e plasma. Only a few sporogenic

cells are found in the films at ordinary room temperature ; and
sporulation ceases on gypsum blocks at 39°-4o° C. and 5°-6° C.

;

the optimum temperature is 34° C. In wines containing 8 per

cent, (by vol.) of alcohol, the maximum temperature at which
growth proceeds is 33° 0 ., the minimum being 7°-i2° C. and the

optimum 2 8°-3o° C.
;
but in beer wort the limits are wider, he

maximum, for instance, being over 39° C. (They were, however,

not mentioned by Seifert.) The species, which was discovered in

Californian red Avine, continues to grow when the volume of

alcohol attains 12.2 per cent.

Pichia taurica (Seifert). Synon3mi ; Saccharomyces memhrance-

faciens, var. tauricus, Seifert (I.). In this species, which was
drawn by Seifert, the cells are mostly sausage-shaped, elongated,

seldom oval, and measure up to 20 y in length by 4-6 y in breadth.

The films are delicate, readil}" sink to the bottom, and when kept

at room temperature for a short time exhibit an abundance of
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sporogeiiic cells. The spores are oval, 4-6 long and 3-4 /x wide,

and cease to be produced on gypsum blocks at 34° C. and 4°-6° C.

respectively. The optimum sporulation temperature is 27^-30° C.

The optimum temperature for growth, in wines containing 8 per

cent, (by vol.)of alcohol, is 22° C., the maximum being 28°--3o° C.

and the minimum 5°-6° 0 . The species which was discovered in

Crimean wine has ceased to grow by the time the volume of alcohol

reaches 12.2 per cent.

Pichia tamarindorum (Seifert). Synonym : Smcharomyces
memhranmfaciens^ var. tamarlndoriim Seifeiit (I.) This worker
has made a drawing of the species. The cells are mostly very long,

seldom oval or pear-shaped, and often contain a small highly

refractive body in the protoplasm. The elongated cells measure
up to 26 fi by 2-6 fi, the small oval cells 5-6 n by 2-3 p. The films

are dense, and of white, dusty appearance, rugose in old cultures.

When subjected to vibration, they fall to the bottom as large

flakes. The spores are almost hemispherical, about 3 p high and

4 p maximum diameter, and they usually contain a small central

highly refractive body. In many cases the flat side is slightly

arched in the middle, with a small projecting rim. Spores are

soon produced in abundance in the films at ordinary room tem-
perature

;
on gypsum blocks the limits of sporulation temperature

are below 34° C. and above 1.5° 0 .,
and the optimum temperature

is27°-3o°C. Giant colonies on wort gelatin exhibit a peculiar

reticulated structure. The species was discovered on tamarind
must and a vinous beverage prepared therefrom.

Pichia fa7d7iosa (Lindner). Synonyms: Saccharo7nycesfa7'i7iosus,

Lindner (XLIY .)== Pichia farmosa, E. C. Hansen (XLIX.) The
species was drawn by Lindner (XLIV.). The cells are slender,

and old cells in particular are often of angular contour. Spores

are abundant in the films, but the latter cease to form at 37° C.

The film is bright white in colour, folded like crinkled tissue-

paper and looks as though strewn with flour. In old cultures on
wort gelatin the medium is liquefied. The species was discovered

in Danzig “ Jopen” beer (p. 225, vol. ii.), and has also been found
by K. Saito (IJ.) in Japanese Soja sauce.

Pichia Padaisii{L\\L/}). Synonym: Y>accha7'om 7jcesPadaisii^L\j'\’L

(I.). The cells of this species are of elongated oval form, 8-8.5

long and 3-3.5 y broad, with a membrane 0.8 y thick. The
spores are round, usually four in a cell and measure 1.5 y in dia-

meter. On gypsum blocks they are produced in twelve hours at

22°-23° 0.; and the maximum sporulation temperature is 25°-28°C,
The optimum temperature of film formation is 23° C., all develop-

ment ceasing at 37°-38° 0 . This species does not liquefy gelatin :

and the colonies on that nutrient medium assume a red colour

after a short time. Pichia Radaisii was discovered in ‘‘Tibi,”

from which a Mexican beverage is prepared.

In the genus Willict^ E. 0, Hansen (XLIX.), the spores are
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pileate or lemon-shaped, with a projecting rim. Most of the

species possess considerable ester-forming powers, but a few lack

the capacity of exciting fermentation. The genus comprises the

following seven species

:

Willia anomala, E. C. Hansen. Synonyms : Saccharomyces

anomalus, E. C. Hansen (XVII. and XLVIII.). Willia anomala,

E. 0 . Hansen (XLIX.). The species has been illustrated by
Hansen (XVII.), and in Figs. 143 and 147. The microscopic

aspect of the cells recalls that of a Torula. They are small

in size and oval, occasionally sausage-shaped (especially in old

cultures). The limits of budding temperature in wort are

37°-38° 0 . and 0.5°-!° C. At the commencement of fermenta-

tion the film is dull grey, the liquid gradually becoming cloudy.

After awhile, sporogenic cells can be detected both in the film

and in the sedimental yeast. The cells contain 2-4 spores,

which are hemispherical with a projecting rim around the basal

surface, so that they present a hat-like appearance. The diameter

of the basal surface measures 2-3 jx, irrespective of the rim.

According to Nielsen (I.) the limits of sporulation temperature
on gypsum blocks are 32°~34° 0. and 0., the optimum
being 30° C. A powerful odour of fruit ester is disengaged

during fermentation. Nielsen states that the volume of alcohol

and ester produced in wort by this species in eleven days is only

0.9 per cent.
;
and according to Seifert the ester so formed is the

ethyl ester of acetic acid. This worker also states that the

species decomposes alcohol to water and carbon dioxide, the

acetic ester being also consumed eventually. According to

Nielsen, W. anomala ferments dextrose, but not maltose or

lactose, and very little invertase is produced
;
but other investi-

gations have shown the production of invertase to be decidedly

apparent. The species was first discovered by Hansen in an
impure Bavarian beer yeast, and it was afterwards found in

English beers, on green malt, bran, marshmallow sap and soil, as

well as on plums and other fruit. Klocker and Schionning (VI.),

Kozai (I.), and Saito (I.), have found it in the Koji used in the

preparation of Sake
;
and, according to Inui (I.), it is also present

in the Koji employed for making “ Awamori” in the Loochoo
Islands. P. Lindner

i

(XXXI.) found the same species in the

Armenian beverage, Mazun.
Willia anomala I

.

(Steuber). Synonym: Saccharomyces ano-

malus, var. /., Steuber (II.). This species was drawn by its

discoverer. The film on wort is initially smooth and chalk-

white, but later folded and vellowish. The limits of film-

formation temperature are 37'^~42° 0 ., and 5°-io° 0 . The giant

colonies on 10 per cent, wort gelatin are yellow in the centre and

white, with a silky sheen, at the edge. Giant cells, up to 15 [x,

are found in the central portion of the colony, and cells up to

30 /X in length at the edges. The gelatin is liquefied. The
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spores are pileate, and are produced both in the film on gelatin

and on gypsum block cultures. The limits of sporulation tem-

perature on the latter cultures are 30°~35° C., and 5°-i2° C.

The species ferments dextrose, Isovulose and saccharose, but not

maltose, lactose or galactose. It produces acetic esters and
acetic acid, and was discovered in water which had been used for

washing yeast.

Willia anomala 11 . (Steuber). Synonym : Saccharomyces ano-

malus, var. //., Steuber (II.). A drawing has been made by

that worker. The film on wort is smooth and chalk-white at

first, afterwards implicate, and turns pink to brownish pink in a

short time. The limits of film-formation temperature are 30°-

35° C., and 5°-io° 0 . The giant colonies on wort gelatin soon

turn pink to brownish red, and the gelatin is Ihjuefied. An
abundant formation of pileate spores is observed, and the limits of

temperature for this phenomenon on gypsum blocks are 30°~35®

C., and 5°-i5° 0 . With regard to the behaviour of the species

toward sugars, Steuber says: “A 10 per cent, solution of

saccharose is inverted and fermented completely, though slowly,

only 0.45 per cent, of alcohol is produced in a 10 per cent,

solution of Isevulose. It does not ferment dextrose, lactose,

galactose or maltose, merely traces of alcohol (if any) being

produced in those solutions. No acetic ether is formed.” There
appears to be some error in this statement, for if a yeast cannot
ferment dextrose, it is also incapable of completely fermenting an
inverted saccharose solution.

Willia anomala 111. (Steuber). Synonym : Saccharomyces

anomalus, var. 111., Steuber (II.) I)rawn by this worker.

The film is white at first, yellowish afterwards. The limits of

film-formation temperature are 3o°-35° C., and 5°-i5° G. The
giant colonies on wort gelatin are white and irregular, and
liquefaction of the medium is produced. Limits of sporulation

temperature on gypsum blocks, 3o°-35° C., and 5°-i5° C. “In
a 10 per cent, solution of Ijevulose, 0.4 per cent, of alcohol is

produced in four weeks. The species does not ferment dextrose,

saccharose, lactose, galactose or maltose
;
nor is any acetic ether

ormed.”

Willia helgica (Lindner). Synonym : Saccharomyces anomalus
var. helgicus, Lindner (XXXI.). The species was drawn by the

last-named worker. It grows on wort as a creamy, punctated
film

;
the cells are comparatively small, thin-walled and poor in

contents. The pileate spores are mostly developed in such
abundance that little but the sharp lines of the projecting rims
can be seen. The species does not ferment any known sugar,

nor does it produce fruit esters. It was discovered in Belgian
beer.

Willia Saturnus (Kldcker). Synonym : Saccharomyces Saturnus,
Klocker (V.). Drawn by the last-named. The film is white



292 CLASSIFICATION OF SACCIIAKOMYCETACE^.

and rugose, the cells round or oval, seldom elongated, usually

4-6 fx long. The limits of budding temperature on wort are

35°-37° C. and 2^-4° C. The spores are more or less decidedly

lemon-shaped, about 3 /^i in length, with a projecting peripheral

ledge extending from tip to tip, and containing a small central

refractive globular body. The limits of sporulation temperature
on gypsum blocks are 28°-3i.5° C. and 4°-7° C., the optimum
being about 25° C. This species ferments dextrose, Isevulose,

raffinose, and saccharose (the latter after inversion), but not

maltose, lactose, or arabinose. An ester (acetic ester ?) is pro-

duced during fermentation. The organism was discovered in

samples of soil from the Himalayas, and the same or an allied

species has 1 een repeatedly found in Danish and Italian

soils.

Although, as already mentioned on p. 273, vol. ii., doubt exists

as to whether the genera Monospora and Nematospora really

belong to the family Saccharomycetacece, they will be dealt with in

this place.

The genus Monospora^ Metchxikoff (III.), ought really to be

re-named, since this title has already been applied, by Hoch-
stetter, to one oi ihQ Flacourtiacece. In Metchnikoff,

the spore is acicular, and germinates by producing a lateral pro-

mycelium, from whence gemmation proceeds. Only a single spore

is formed in a cell. The genus contains only one known species,

viz., Monospora cuspidata, Metchnikoff (HI.), which has been

drawn by the last-named worker. The cells are an elongated

oval. The asci are very long and sausage- or club-shaped, and
each asciis produces only a single, acicular spore, pointed at both

ends. This species is parasitic in the stomach of the water-flea

[Daphnia), but since its discovery by Metchnikoft’ it has not been

observed again.

In the genus Nematospora, Peglion (HI.), the spore is elon-

gated, spindle-shaped, with a long flagellum at one end. Ger-

mination proceeds by budding at one or both extremities. Several

spores are formed in a cell. Up to the present only one species

has been described, namely :

Nematospora Coryli, Peglion (HI.), which was drawn by
that worker. The cells are elongated, but in old cultures they

are round or oval, with a double, lustrous membrane. Budding
proceeds from the ends of the cell, as in the case of Dematium,
but, in nutrient liquids, only a mycelium is formed and no budding
occurs. The ascus is sausage-shaped, 65-70 p long and 6-8 p
broad, and it contains 8 spores, in two bundles of 4 each,

disposed along the longitudinal axis. The spores measure 38-40 p
in length, exclusive of the flagellum, which is 35-40 p long. The
thickness of the spores is 2-3 p. Previous to germination the

spores shed the flagellum and become shelter and thicker. The
species thrives best, and also sporulates, on sterilisel sugar beet.



and will also develop on nutrient meat-brotli gelatin, but grows

very badly in nutrient liquids. It was discovered in hazel-nuts

in Italy.

§ 281. The Family Schizosaccharomycetaceae.

The species of this family are monocellular fungi, which re-

produce by fission, and exhibit endosporogenation. The fission

of a cell is preceded by the formation of a septum, which at once

commences to divide into two lamella) from the outside. No
budding occurs. Each cell may be sporogenic. The spores are

monocellular, and i-8 are formed in the parent cell. At present

the family comprises only a single genus, viz. :

Schizosaccharomyces, P. Lindner (XXX ), the generic charac-

teristics of which are also those of the whole family. In some
instances the formation of asci is preceded by fusion. All the three

species known at present produce spores which are stained blue by a

solution of iodine in potassium iodide [see p. 147, vol. ii.). The
species excite alcoholic fermentation in various sugar solutions.

According to Guilliermond the cells never contain glycogen, in

which respect they present a contrast to those of the Saccharo-

mycetacece.

Schizosaccharoniyces Poinhe, Lindner (XXX,), has been drawn
by the last named. The cells are cylindrical, 5-9 p long and 4-9 y
broad, but the dimensions fluctuate considerably. As a rule the

two ends of each cell differ in appearance, the one being rounded,
the other surrounded by a sharply defined ring embracing the
newly formed membrane, which already assumes a conical shape.

Hammer-shaped cells are not infrequently observed. The cells

are shorter in exhausted media. With restricted admission of

air many of the cells develop into long tubes, containing numerous
septa without, however, undergoing separation, and even when
the latter occurs, the cells frequently remain attached at one
point, as though hinged. According to Guilliermond

(
11 .), the

formation of asci is preceded by the fusion of two cells, which may
be sister cells, and he also observed instances in which fusion be-

tween three cells took place. Sporulation readily appears, even
in hanging wort drops, the spores forming sometimes in seven
days. Spores are also found in the sediniental yeast at the close

of primary fermentation. 1-4 lustrous spores, measuring about

4 p, are formed in a cell, and these begin to germinate by swelling

up to form an ascus, the spore membrane fusing into the new
integument without bursting. As soon as the ascus has attained

a length about equal to that of an ordinary vegetative cell, it

develops a septum and splits into two halves. No formation of

film takes place. At high temperatures the fermentation in beer

wort is of top-fermentation character. The species ferments

dextrose, maltose, and saccharose, and, in addition, la)vulose, inulin,
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dextrin, and railinose, but not cZ-mannose (in which respect it

differs from Sclnzos. ^nellacei). A boiled mash of malt, potato
starch, and saccharose was attenuated from 27.7 per cent.

Balling to 1.6 per cent,, and then contained 15.5 per cent,

(by vol.) of alcohol. The species was discovered in Pombe
(African millet beer) by Saare, and was isolated by Zeidler.

Lindner states that it has been successfully used in a distillery

in Argentina.

SchizGsaccharomyces octosporus, Beijerinck (XyiII.),has been
drawn by Beijerinck (XVILL), an 1 Sciiionning (I.), and is illus-

trated in Fig. 125. The vegetative cells of this species, grown in

beer-wort cultures, are partly cylindrical, partly oval, and measure,
according to Schionning, 4.5-6 p in breadth and 7-13 pin length.

A yeast ring is formed, as in the case of Schizos. Vombe. The
asci are of regular oval shape, 14-20.5 p long by 6-10.5 p broad,

and usually contain 8 spores, though 4 are often found, but
rarely 2-7. Sporulation occurs both in nutrient liquids and
especially on solid media. According to Seiter (I.) spores are

formed on gypsum blocks in six to seven hours at 25° C. In this

species the formation of the asci proceeds in three different ways :

(i) In the manner observed by Schionning and described on p, 103,
vol. ii., namely, the division of a cell into two daughter cells which
fuse together again. (2) By the fusion of two cells not derived from
the same parent cell (Giiilliermond). (3) Without the occurrence

of any cell fusion at all {CJiiiUiermonc})

.

The species does not pro-

duce any film, but only a slight yeast ring, and rapidly liquefies

wort gelatin. It ferments dextrose, maltose, and lievulose, and
according to Lindner, dextrin, raffinose, and ('Z-mannose as well,

but it is incapable of fermenting saccharose. Schionning states

that it gives ilse to bottom-fermentation phenomena in a slight

degree in wort (gravity 14 per cent. Ball.), and at the end of three

weeks at 25° C., produces 4.6 per cent, (by vol.) of alcohol,

increasing in five months to 6.56 per cent. It was discovered by
Beijerinck on currants, and by Schionning on raisins.

Schizosaccharomyces mellacei (A. Jorgensen). Synonym: Sac-

charomyces mellacei^ A. Jorgensen (XIII.). The species was
drawn by this worker. The cells are 8-12 p long and 4-6 p broad,

and resemble those of Schizos. octo&por'us and Schizos. Fomhe.
Peculiar, oddly formed cells appear in old cultures. According to

Guilliermond (II.), the ascus is formed by the fusion of two cells,

frequently sister cells, though in a variety of the species he

observed the ascus seemed to be formed without any previous cell

fusion. The spores measure about 4 p in diameter, and are

slightly elongated
;
there are usually 4 in a cell

;
they are highly

refractive. No film is produced, but merely a yeast ring. Lind-

ner states that the species ferments dextrose, maltose, and sac-

charose, together with lasvulose, inulin, dextrin and raffinose. It

differs from Schizos. Fomhe by its greater dimensions, and the
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property of fermenting cZ-mannose. In beer wort (gravity

10.5 per cent. Ball.) it gives rise to top-fermentation phenomena,
and produces 2.5 per cent, (by weight) of alcohol. An agreeable

aroma is disengaged during fermentation. The species was dis-

covered by P. Greig in cane-sugar molasses used in Jamaica for

the pi’oduction of rum.



SECTION XV.

MORPHOLOGY, PHYSIOLOGY AND GLASSIFIGATION

OF CERTAIN TECHNICALLY IMPORTANT HIGHER
ASCOMYCETES AND ALLIED FORMS.

CHAPTER LVI.

MORPHOLOGY AND SUBDIVISION OF THE FAMILY
aspergillaceh:.

By Prof. Dr. CARL WEHMER.

§ 282. Systematic Position and Classification of the

Aspergillaceae.

The systematic position (as Ascomyceles) of the Aspergillacece—
a family rendered chemically interesting and technically important
by many of its representatives—has already been defined on

p. loo of the present volume. Consequently we have now chiefly

to deal briefly with its subdivision.

The Aspergillacece, Avhich stand next to the Gymnoascece, but

are distinguished from these latter by the possession of carpoasci

surrounded by an integument, differ from the majority of Car-

poascece (Pyrenomycetes, Disco'mycetes)hy the irregular distribution

of the asci in the carpoascus, and, on the other hand, from the

otherwise similar truffie-like fungi and Terfeziacece)

—which mostly produce large subterranean fruit—by the small-

ness of their carpoasci. The asci in these fruits—Avhich for the

most part do not burst open in ripening, but either remain
closed or else break up iiTegularly—develop 2-8 monocellular

spores. According to the character of the carpoasci, and more
especially in accordance with the structure of the highly divergent

conidiophores—which often predominate or are present exclusively

—Ed. Fischer (II.) has latterly divided the family into twelve

genera. Schroter (I.) in 1893 counted only four, whilst

G. Winter (lY.) in 1887 allocated the genera of this family to

the sub-order of Perisporiacece (see p. 100, vol. ii.).

296
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Subjoined is a

Synopsis of the Genera of AspergillacexE according

TO Ed. Fischer (II.).

(A) Carpoasci with mostly pseudoparenchymatic Peridium,

uniformly lilled with Asci.

(a) Carpoascus cervicate or with protrusive papillus .

{b) Carpoascus acervicate :

(a) Peridium with spirally coiled appendices

(j8) Peridium with straight hairs or a shaggy coat.

1 Peridium of more or less carbonaceous nature.

2 Peridium membraneous .....
(7) Peridium devoid of appendix :

1. No conidia, merely breeding-cells .

2. Conidia formed in chains directly on tlie my-
celium, with endogenous spores as secondary
organs of fructification ....

3. Conidia on conidiophores with terminal swell-

ing, studded with numerous simple or

branched sterigmata, in chains

4. Conidia on sympodial branched conidiophores
in chains .......

5. Conidia on branched conidiophores

Microasous

Miujnusia.

Ceplialosthea.

Aphanoascus.

A nixiopsis.

Thielavia,

Aspergillus.

Allcscheria.

Penicilliuni.

(/>) Carpoasci rounded or pear-shaped, with dense, stratiform

peridium. Asci mingled with capillitium threads. The carpoa.sci

undergo dehiscence by opening at the crown or deca,y of the

upper part of the peridium.

{a) Asci with dentate projections, spores with equa-
torial fillet ........ Emericella.

{b) Asci ellipsoidal, with blunt projection at the

crown, spores with fine, hairy spines . . . Amylocarpus.
(c) Carpoascus nodular, stalked, with thick peridium,

proceeding from sterile veins separating the
asciferous network inside the carpoascus . . Penieillopsis.

Not to be confounded with this “ natural family oi Asper-

gillacccH is the group established under that name, as a sub-

division of the MucedinecB [see p. 7, vol. ii.), solely on the basis of

the structure of the conidiophores. To this group applies the
following synopsis, differing somewhat from that of Lindau (II.).

(A) Conidiophores invariably distended at the apex, in the

form of a bladder or globule

:

I. Conidiophore unbranched :

(a) Chains of conidia formed merely at the apex
of the sterigma :

(a) Simple unbranched sterigmata

(/3 ) Branched sterigmata, with occasional
simple forms . . . . .

{b) Chains of conidia, forming at the apex and
below the septum ......

2. Conidiophores with dichotomous branchings .

Aspergillus Ci-

tromyces {see

below).

/Ster igniatoeyst is.

Pimargiris.
Dispira.
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(i>) Conidiopliores without any (regular) distension at apex :

1. Chains of conidia springing from sterigmata at the
apex :

(a) Conidiopliores with branches arranged in

regular whorls
;
conidia barrel-shaped

(h) Conidiophores without regular whorls, simple
or branched. Conidia globular or ellipsoidal :

(a) Conidia without mucinous matrix :

1. Conidiophores unbranched, with a

terminal tuft of sterigmata, and
with or without terminal swelling .

2. Conidiophores always more or less

regularly branched, without termi-
nal swelling . . . . .

(]
3

)
Conidia united to a terminal head by
mucinous matrix . . , . .

2. Chains of conidia, without sterigmata, formed at the

apex of the conidiophore

Amhlyosporiuni.

Oitroniyces.

Penicillium.

QUocladium.

Briarea.

The number of genera coming under consideration for our
purpose is limited to four : Aspergillus^ Penicillium^ Citromyces,

and Allescheria
(
= Pur^otlopsis), the sole distinguishing charac-

teristic of which consists in the shape of the conidiophores, and not

in that of the asci. Indeed, this is still unknown in most of the

species now in question. Nevertheless, there does not appear to

be sufficient justification for excluding these latter species and
treating them separately as “fungi imperfecti,” any more than
there is for sep)arating the Mucorme(c which produce zygospores

from those in whicli zygospores have not yet been observed. (In

this family also the spore-carriers in many cases form the sole

generic characteristic). Consequently, for the time being, we
will define these three main genera solely in accordance with the

form of the conidiophores, and without reference to the presence

or special character of the asci (which would lead to a rearrange-

ment of the grouping), the latter being postponed until more
complete knowledge has been gained of the numerous species still

outstanding. At present the forms with conidiophores of the

Aspergillus and Penicillmon type may be divided into four groups,

namely, species with

(a) Soft-skiimed carpoasci with continuous development (perithecia) :

Aspergillus glaucus, A. fumigatus, PcniGillium lutenm.

{b) Tough carpoasci with intermittent development (sclerotia) : Peni-

cilliuiri glaucum, Aspei'gillus nidulans.

(c) Sterile sclerotia, 110 asci being formed : Aspergillus Jlavus, A. ochra-

ceus, A. niger, Penicillium italicum.

{(1 )
Without any organs of the kind : Aspergillus oryzce, Penicillium

olivaceum, &c. The majority belong to tliis class.

Groups (c) and (cZ) are only provisional at present, and inter-

mediate forms between the first two are also known to exist (A.

nidulans approximates to group («)) ;
moreover, there is no con-

coi dance between the structure and development of the perithecia
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and sclerotia of the various species, the difterences in some respects

being sufficient to necessitate separation. For instance, the

carpoascus of P. lutmm resembles a gymnoascus more tlian that

of A. glaucus. Hence the proposal to subdivide the “morpho-

logical genus” Asjyergillus into the genera; Eurotium
( = (a)),

Aspergillus ( = (6) and (c)) and Euasg^ergillus (= (d)), with which

would be included the genus Eterigmatocystis {Et. nidulans with car-

poasci)—established solely on the basis of conidiophore structure

—is unsatisfactory as leaving Penicillium out of consideration.

Moreover, this proposal does not rest on a proper basis so long as the

genus Penicillium is left undivided into perithecial, sclerotial and

sterile forms
;

and, finally, the two could be amalgamated by

abandoning the conidiophores as the generic characteristic. Con-

trary to the former disagreement between investigators—compare

the works of A. de Baiiy (VIII.), van Tieghem (I V.), Winter (IV.),

and others—there is now, happily, a general desire to include

all forms under a uniform name {Asjjergillus). This has been

done by Schroter (I.), with the sole exception of Eterigmatocystis^

and also in toto by E. Fischer (II.), who also included the genus

Eurotium. At present this is the most commendable attitude

to assume, and it must be left to the future to show whether the

Aspergillacece can be—as is desirable—classified from the shape

of the fruit alone. The existing defect is probably smaller than

that which would be caused by separating the groups characterised

by their conidiophores, since it would entail the grouping of

divergent conidiophores [As2)ergillus, Penicillium, &c.) in one

and the same genus, and thus reducing the conidiophore to the

level of a specific characteristic. Perhaps that may prove to be

a way out of the difficulty. In the meantime it is clear that,

in these genera, the conidiophores connect a number of forms
which differ more or less among themselves in the history of their

development.
The genus Aspergillus (Mich.), Corda (including Eu7'otium,lArAi

and Eterigmatocystis, Cramer) possesses conidiophoi-es which, for

the most part, stand rigidly upright and tougher than the

vegetative hypliie, 0.2-4 in length (seldom more), carry a

terminal swelling, and are usually unbranched and aseptate, i.e.,

monocellular. The conidial chains spring simultaneously from
simple or branched sterigmata, as radial or tufted projections

from the swelling. Up to the present, conidiophores are known
to exist in only a few species, on which they aj)pear as small

coloured, globular capsules or nodules with a delicate single

integument, or tougher, stratified skin either with or without

a separate husk
;
the asci (containing 8 spores) either develop

at once or after a short period of repose, or again remain sterile

a long time. The fruit develops either from one or two special

hyphie, or by the fusion of a number of ordinary hypha\ The
number of species is uncertain, over 100 having been set up, but
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barely 20 fully described. The conidial herbage is green, yellow,

reddish brown, blackish brown or white.

The genus Penicillium, Link, produces conidiophores, which are

delicate, barely distinguishable from the ordinary hyphie, always

less than i mm. in height, with septate stalk, polycellular,

branched alternately or in whorls near the apex, and without
terminal swelling. The conidial chains are produced on simple

successive sterigmata which, in most cases, form tufts on the

ends of the branches. The conidiophores, where such are known
to exist, resemble those of Asjm'gilliLs, being delicate or tough,

with or without a cortical envelope, developing continuously or

intermittently, or remaining sterile for a time according to the

species, and are usually formed by the fusion of two similar

hyphoB [P. glcmcum^ Brefeld). The number cf species is still

uncertain, about 100 having been set up, but only about

12 properly described. The conidia form a herbage, generally

green in colour, more rarely white, red, brownish yellow or

brown.
The genus Citromyces, Wehmer, has delicate conidiophores,

like those of Penicillium, but unbranched, carrying a tuft of

sterigmata with more or less developed terminal swelling, sparsely

septated or not at all. The chains of conidia are invariably

arranged as projections formed in succession on the swelling or

apex of the stalk of the sterigmata, which may be single, tufted

or whorled. The herbage is green. Asci are unknown. Two
species have been more fully investigated.

The genus Allescheria, Saccardo and Sydow (= Eurotiopsis,

Costantin), has sympodial branched conidiophores, from which
chains of oval conidia are formed by constriction, which difier

appreciably in other respects from those of the foregoing genera.

The carpoasci are globular (perithecia), and the asci contain 8

spores. The herbage is white to reddish or red. Up to now
only a single (rare) species is known.

§ 283. The Genus Aspergillus.

In this genus we include all the mould fungi possessing the

characteristic Af^pergillus conidiophore (with globular terminal

swelling developing sterigmata), and do not set Sterigmatocystis

(with branched sterigmata) or Eurotium (forming perithecia)

apart as separate genera.

The genus, characterised by the shape of the conidiophores,

comprises a considerable number of species that are not always

easily differentiated, and for whose identification the morpho-
logical details of that organ are of importance. In fact

these details alone are sufficient to characterise the species in

many cases
;
and this is the point with which we are now con-

cerned, not with the investigation of the obscure conditions of
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relatioiisbi[). With regard to the genus the reader is

also referred to the works of Wilhelm (L), Siebenmann (L),

Tiuaboschi (T.), and Wehmer (XVII.), as well as to the recent

publications of the French authors, dealing with pathogenic fungi

and cited in connection with A. fumigaUts (p. 316, vol. ii.).

The conidiophore, which, in the mature condition, is far

broader and has thicker walls than the vegetative hyplue, is

mostly unbranched and aseptate, springing from a vertical hypha
with globular terminal swelling. As a rule, it is clearly separable

into stem and globule (see Fig. 163), the last-named being covered

all over or on the top with a large number of closely set

sterigmata of variable length and shape and producing conidia,

either direct, or after the formation of secondary sterigmata.

The conidia are globular or ellipsoidal, always unicellular, with

delicate smooth or finely granular walls, and grow in long,

wreathed chains, and in addition to covering the heads with a

loosely coherent dust (usually coloured), also impart to the

herbage of the moidd its specific colour (green, blackish brown,

yellow-brown, yellow, etc.). The globule, which is not morpho-
logically constant for the species, and may be spherical, oval or

elongated, in which latter case it does not exhibit any sharp line

of demarcation from the stem, which it also resembles generally

in being colourless, tough-skinned, and occasionally very brittle

(A. minimus). In the microscopical examination of the head

(freed from conidia and lightened in the course of preparation)

the most important features are the relative length (in comparison

with the globule), and more especially the radial [A. niger) or

upright (yA. fumigatiis) position of the sterigmata. The number
of ultimately developing secondary sterigmata (or sterigmata of

any order in comparison with the supporting basidia) varies from
2 to 12 according to the species and other circumstances,

and these are all considerably inoi-e delicate and shorter than the

primary forms. The form of the conidia and the character of

the membrane (smooth or rough) may vary in the same species

(though chiefly through the influence of the medium or of age),

and their dimensions sometimes differ considerably {A. Tokelau,

A. ory?ue, A. Jlavus), even in those from the same head, probably

as the result of growth subsequent to constriction. In other

cases, however, great regularity is observable on these points

(A. niger, A. clavatus), so that in many instances the dimensions

afford a reliable diagnosis. In view of the variable dimensions of

the conidiopores noted in one and the same culture, apart from
differences in nutrition and temperature, the value of accurate

microscropical measurements is after all merely relative, though
they cannot be entirely dispensed with and are even capable of

affording valuable indications when intelligently applied. AMiile

scarcely necessary for the mere dilferentiation of dwarf and

normal growths, the measurements ascertained, nevertheless,



Fig. 163.—Couidiopliores of Aspergillus.—Heads, globules aud sterigmata of A. Ostinnus

(i), A. (jlaucus (2), A. Jumif/atuti (2), A. rariaiis (4), A, claratus (^), A. Wentil (6), A.

sulfureus (7), A. nidulans (8), and A. candidus (9). Excretion of granules from stalk

and globule in A. Oatianus (10). Old sterigmata and globule of A. candidus (9, a-c).

Fragment of globule from A. f/i(/anteus (bigli aud medium adjustment combined): ii.—
Magn. of all the conidiopbores approximately equal (about 20-30), except A.fumigatus

(140J aud A. nidulans (about 80) ; of jh about 270, of ior< 230, of ii 350. 7 after Zopf,

8 after Eidam, the rest after Wehnier.
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serve to define more clearly the object examined. The fact that

simple and branched sterigmata are found associated in certain

species (A. spurius^

A. candidus, A.

ostianus) — which,

therefore, consti-

tute intermediate

types— is not alto-

gether favourable

to the subdivision

of a separate genus,

Sterigniatocyst is.

Up to the pre-

sent, ascospores in

the form of small

globular nodules
(Fig. 165) measur-
ing about 60-300 p
in diameter, have
ordy been definitely

found in about 5
species {A. glaucus,

A
. fumigatus, A .

Rehmii, A. iiidu-

l(i7is, A. j^seudocla-

vat us), but more
will probably be
discovered in time,

in which event the
form of these spores

may be utilised as a basis of classification. Meanwhile it seems pre-

ferable to postpone the division of the genus Eurotiuin (A. glaucus)

and to retain the conidiophores as a generic characteristic. In
most cases the perithecia are fragile capsules, with thin walls, and
yellow, dark red, or even black in colour (A. glaucus, A.pseudo-
clavatus, A. Rehmii, A. fumigatus), which, in the last two instances,

is enclosed in a shell formed of specially modified, coloured, thick-

walled, swollen hyphse, but in the others is naked. A shell is also

found in A. nidulaus, but here the ascospore is tougher, the asci

(sclerotia), surrounded by a dark, stratified skin, being developed
later. Similar naked or sheathed sclerotia, which, liowever, are

sterile, were observed by Wilhelm
(
1 .) in the case of A. niger,

A. ochraceus and A.Jiavus. The development, chiefly through the
implication and fusion of morphologically equal hypha, as in A.
Rehmii and A. ochi'aceus, and also the character of the asci and
spores, will be found compared in the description of the various

species later. In A. glaucus the development proceeds from a
single filament, in A. nidulaus from two. The ascospores are

VOL. I[ ; PT, 2 U

Fig. 164.—Conidia of Aspergillus.

All of approximately equal magnification, showing the

differences in form and dimensions. A. glaucus (i), A.

fumigatus (2), A. niger (3), A. clavatus (4), A. Tokelau

(5), A. varians (6), A. Orgzce (7), A. Wentii (8). Magn.
about 1000. (Original.;
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Fig. 165.—Ascospores of four species of Aspergillus.

Division'!.—Peritliecia of A. glaticus resting freely on the substratum (a), a’so

development of the perithecium from the Eurotium coil (d, e) \ at /a ripe

perithecinm with young asci ; 6, isolated asci ; c', ripe spores ; c, the same germinat-
ing. (c, h', d, e,f, after de Bary

; a, h, c', after Welimer.) Magn. same as Fig. 169.

Division 2.—Sclerotia, with shell, of A. nidulans (a) prepaied in the detached state

(&); and section, showing sheath and asci (c) ; d, young asci ; e, spores, o e with
germinating tube

; f swollen hypha of shell, with greatly thickened wall. Magn.
same as Fig. 176. (After Eidam.)

Division 3.—Ferithecia with shell, A. IteJunii, with separately prepared asci (&), and
shell hyphm (c). Magn. of a, about 100; of b and c, 1000. (After Zukal).

Division 4.—A rerithecium detached from the mycelial envelope of A. fumigatus, in

section (a) containing asci (as) ; h, isolated ascns; c and rf, spores with epidermal
ridge, viewed from above (c) and from the side (d). Magn. same as Fig. 171.

(After Grijns).

therefore very iineqaal, a proper systematic appreciation of which
difference would entail the establishment of different genera, the

presence or absence of a separate shell being undoubtedly a generic

characteristic. However, as already stated, this must be left out
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of consideration at present, unless weighty practical considerations

be sacrificed to purely scientific points.

The following summary relates to species of Aspergilhis which

form perithecia or sclerotia :

A. Peeitiiecia (with immediate formation of asci).

B. Sclerotia (asci formed after a while, or still unknown).

I. A. nidulans^ with retarded formation of asci, and shell.

Eidam applied the name perithecium also to the tough-skinned

organs of A. nidulans, which develops asci gradually, but also

emphasises their intermediate position between the Eurotium
capsules and the sclerotia.

Undoubtedly a large number of species will have to be struck

out of the present list of about 120, the diagnosis made by older

workers having been in many cases insufficient for the establish-

ment of a new species. Their general practice was merely to

describe and not compare, the latter having been difficult, owing
to the scattered literature, previous to the appearance of Saccardo’s

Syllogce. Probably not more than two or three dozen are really

admissible, a circumstance that unfortunately has not been duly

considered by modern German workers, Lindau (I.), for instance,

mentioning no less than 55 species, of which only 17 are classed

as doubtful
;
and only a small fraction of these have any interest

for the technical mycologist. Nevertheless this genus is more
important than the majority, since it comprises not only several

species that find industrial application [A. oryzce, A. Wentii, A.
luchuensis)^ but also others noteworthy on account of cheniico-

physiological considerations {A. niger) and several which are patho-
genic toward men and animals {A. fumigatus, xi.Jlavus, A. nidu-
lans), whilst others again [A. gfaucus, A. phoenicis, A. clavatus, A.
fumigatus) are occasionally found in industrial pi-ocesses, com-
mercial products, food-stuff’s, &c. Whether certain species are
directly pathogenic toward plants may be left out of consideration,

though, according to Pammel, Weems, and Lawson-Scribner (L),

A. glaums and others are the cause of disease in embryo grasses.

On the other hand, J. Behrens (XVI.) found A. glaums

(
= A.medius, Meissner) harmless, but A. niger dangerous. At all

events, the genus Aspergillus forms the most interesting, because
the most diversified, genus of fungi, except for the Saccharomycetes.

1 Perithecium naked without shell.

2. A. ochraceus

3. A. niger

4. A, Jtarus

Asci not yet observed. With or without simple
mycelial sheath.
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In the differentiation of species, the first point to consider is

the colour of the herbage (young growth exclusively !) ;
then the

size and build of the conidiophores and conidia, and, finally, the
physiological characteristics, such as food requirements, optimum
temperature, energy of growth, special influences, &c. Moreover,
the influence (if any) of the substratum—sugar, albumin, and
also gelatin—must be observed in each case. Differences that

have not yet been fully appreciated also exist in the behaviour
toward gelatin, and in the production of colouring-matters in the

mycelium or nutrient solution, tfec. Attempts to identify old

vegetative growths from the colour of the conidia, which is liable

to a speedy change, especially in green species, are not to be
recommended, the preparation of a young culture being essential,

and other characteristics are liable to alteration as the cultures

become aged. Many of the old soi-clisant species undoubtedly
owe their alleged existence to insufficient appreciation of these

circumstances.

The conidiophore can in many cases be identified by the un-

aided eye, since it measures about 1-2 mm. in height (A. nigei%

A. glaucus, A. oryzce, A. clavatus, A. candidus, &c.). Sometimes,
under favourable conditions of growth, the length is nearly

doubled (A. ]Fe?tln, A. ochraceus^ <fec.), whilst in adverse circum-

stances it may be considerably^ less (0.5-0.25 mm.). Such dwarf
conidiophores are of common occurrence in otherwise luxuriant

species (A. oryzcp., A. candkhis, A. glaucus)^ accompanied by
morphological modifications. Only a single species, A. giganteus^

far exceeds the average height in its mucor-like conidial vege-

tation, the slender conidiophores averaging 1-2 cm. in length.

Numerous species are characterised by the constant formation of

small and very small conidiophores {A
.
fiimigatus^ A. nididans,

A. minimus, A. Eehmii, A. sjyurius, A. Jlavus), which cannot be

detected as such by the unaided eye, except under favourable

conditions, their length averaging less than i mm., and occa-

sionally falling below 0.5 mm. (yf. fumigatus, A. minimus, A.

llehmii), or even as low as o.i mm. {^A. fumigat^ls), so that the

nearly smooth surface growth closely resembles Fenicillium.

The dimensions of the conidia vary between the limits of about

3 and 10 y, the latter size being rarely exceeded. Some species

invariably produce microspores exclusively, the conidia measuring

only about 3/>i in diameter (ff. nidulans, A. mhiimus, A. fumigatus,

and frequently A. niger). The other extreme is reached by the

species forming macrospores, with conidia measuring at least

5-6 y, and often irregular in size [A. glaucus, A .favus, A. oryzce,

A. Tokelau), attaining a diameter of 7-10, and sometimes as

much as 1$ y, in the case of A. glaucus and A. Tokelau. An
intermediate position in this respect is occupied by the species

candidus, A. clavatus, A. Weutii, A. giganteus, &c.) with

conidia measuring about 3.5-5 y, these being preferably classed
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with the Microsporem^ the limit being fixed at 5 }x. In contrast

to the conidia formed by successive constrictions of the tips of the

sterigmata, and sometimes connected by delicate intermediate

cells/’ the primary sterigmata are formed by protrusions from the

surface of the globule, sometimes before the stem has attained its

full extension. The aperture of communication in the wall of the

globule is but rarely (A. gigantem) visible under the microscope

as a fine capillary channel (Fig. 163, c). The secondary sterig-

mata, first observed by Berkeley (in 1857) and Cramer (in i860),

are formed in succession from their parent cell.

Malformations are by no means rare in many species (^A.

glancus, A. oryzce, A.Jlavus, A. ?iiger, A. ochraceus, A. fumigatus,
etc.), and have often been described. They include outgrowth of

sterigmata into elongated tubes, vegetative hyph?e, and even

into dwarf conidiophores
;
globular swellings of the vegetative

hyplne
;
irregular branching of the conidiophore apex, the globules

being no longer formed
;
forking of the stem

;
abnormal branching

of otherwise simple sterigmata, &c. It is sufficient here to merely
record such (really unimportant) facts in order that they may be

appreciated at their tine value when observed. The occurrence

of septa in the stem (especially in A. ^flavus), and sterigmata

should probably be placed in the same category
;
at least this,

and the often observed branching of the conidiophores, seem to

be merely sports and not constant characteristics, the conidio-

phore, as a rule, consisting of an unbranched, unicellular hypha.
It is also worthy of notice that many species fioui ish best at a

high temperature (about 35°-4o° 0 .), e.g.^ A.Jlaviis, A. nigei\ A.
oryzcB^ A. clavatus, A. fmnigatus, A. nidulans, A. Wentii, a fact

which may be utilised in the rapid difierentiation of species.

Among the kinds known at present, only A. glaucus and A.
candidus exhibit a preference for low temperatures, though even
many of the heat-loving species will pull through at very low
teni[)eratures (A. niger and A. oryzw will grow below 10° 0.).

A summary of the species may now be given, this being confined
to the better known or more fully descilbed (newer) kinds,

omitting the numerous older and often unrecognisable ones.

Those of technical importance are indicated by thicker type. It

should be noted that the colour of the vegetation is not invariable,

being inlluenced by the substratum, some green or white species,

for example, occasionally becoming yellow, whilst, according to

Vuillemin, the colour of A. versicolor ranges from green to red.

The species in group 4 undoubtedly include several synonyms,
and also the white (2) and blackish bi'own (3) kinds require eluci-

dation, so that in reality only the green species can be regardevl as
anything like properly established.
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Summary of the Aspergillus Species grouped according to
THE Colour of the Conidial Vegetation, the Character
OF THE StERIGMATA, AND THE EXISTENCE OF ASCOSPORES.

1. Green (grey, bluisli green or yellow-green), viz. :

(a) With simple sterigmata. A. glaucus, Link, with ascospores (naked
perithecia)

;
A. clavatus, Lesmazi^res

; A. fumigatus, Fresenius,
ascospores (cased perithecia)

;
A. oryzse, (Ahlburg) Cohn

;
A.

rarians, Wehmer
;
A. minimus, Wehiner

;
A. flavus, Link, with

sterile sclerotia
;
A. giganteus, Wehmer; A. ccesiellus, Saito

;

^1 . Tokelau, Wehmer
;
A. penicillopsis (Hennings), Kaciborski.

{h) With branched sterigmata : A. nidulans, Eidam, ascospores
(ensheathed sclerotia)

;
A, gyseiidodaTatus, Puriewdtsch, asco-

spores (naked perithecia)
;
A. variahilis, Gasperini

;
A. versi-

color, Vuillemin.

2. White, viz.

:

(«) With branched sterigmata (associated with simple sterigmata in

the case of A. candidus I.
;
A. candidus I., Wehmer

;
A. albus,

Wilhelm.
{h) With simple sterigmata: A. candidus (Link), Saccardo.

3. Blackish brown, viz. :

{a) With branched sterigmata. A. niger (Cramer), van Tieghem,
wdth sterile sclerotia

;
A. phcenlcis, Fat. and Delacr.

;
A. strychni,

Lindan
;
H. pxdrerulenta, MacAlpine

;
A. atropxirpureus, Zimmer-

mann
;
A. vtolaceo-fuscus, Gasperini.

{h) With simple sterigmata. A. luchuensis, Inui
;
A. calyptratus,

Oudemans.
4. Brownish yellow, yellowy brown and reddish, viz. :

(a) With simple sterigmata : A. ostianus, Wehmer
;

A. Wentii,
Wehmer

;
A. perniclosus, Inui : A. giganteo-sulfureus, Saito

;

A. citrisporns, von Hohnel.

(&) Wiih branched sterigmata (occasionally associated with simple
ones). A. sulfureus, Fresenius

;
A. ochraceus, Wilhelm (with

sterile sclerotia)
;
A. Rchmii, Zukal (with ensheathed perithecia)

;

A. spurius, Schroter
;
A. clegans, Gasperini

;
A. auricomus,

Gueguen (with sterile sclerotia).

§ 284. Aspergillus Species with Simple Sterigmata.

Aspergillus oryzce, (Ahlburg) Cohn
(
= Eurotium oryzce,

Ahlburg). This species is of practical importance as a saccharify-

ing fungus, and has been cultivated for centuries in Japan for the

preparation of the rice mash for Sake, as well as for the produc-

tion of Soja sauce and Miso. Tt was first identified (as Eurotium
oryzce) by Ahlburg (I.) in 1876, and was renamed Asgjergillus

oryzce by Cohn (XIII.) in 1883, after which it was examined by
BiiSGEN (IV.) though the full morphological description—by
Wehmer (VIII.)—was not given until 1895. The species illus-

trated in Fig. 166 produces a luxuriant mould vegetation, which

is usually yellow-green (rarely yellow), with large, closely set

tough conidiophores about 2 mm. high. It grows rapidly on a

large variety of liquid and solid media, and is easily cultivated

even at room temperature, the optimum temperature being above

30° C. After several weeks, or even months, the colour sometimes
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gradually turns brown. The peculiarities of the oonidiophores,

sterigmata and conidia enables the species to be distinguished with

comparative ease from most others, A.Jlavus alone being similar.

Tlie clavate or spherical globule, which varies in size and shape,

usually exhibits no
definite line of de-

marcation from the

smooth or finely

granular, pale stem

.

The sterigmata are

radial—or in small

conidiophore s

—

confined to the

summit and point-

ing upward
;
slen-

der, simple, large,

yellowish green,
spherical conidia

(6-7 /x thick, smooth
or finely granular),

undergoing c o n-

striction into chains

which rapidly fall

asunder
;

the size

and form, however,

vary considerably.

The green heads

may measure over

100 ^ across, with

globule up to 80 ^
in diameter,though
often much smaller,

all sizes,

on
well - developed

heads measure 12-

20 by 4-5 jd, and

1-2

appear
The

in

sterigmata

Fig, 166.—Aspergillus oryzie.

Conidiopliorcs with clavate ami almost spherical

globule. 2. In optical section, 3-15. Development of a

small conidiophore, distension of the hyi)ha, i)rotrusion

of sterigmata and incipient formation of conidia. in.

Optical section of tough stem. 6. Sterigma. 7. Conidial

herbage, slightly magnitied. 8. Conidia. A])proximate
of 8, 900, (After Wehmer.)magn, of 1-5, 75 ; of 6, 400

therefore difier greatly from the short, compact sterigmata of A.

(jlaiicus. No ascospores or sclerotia have yet been observed; and
the same applies to budding cells (the alleged Sake ‘‘ yeast ”

),

which, though frequently stated to exist, have never yet been
described with any precision. Malformations of the conidio-

phores (forked stem, outgrowth of sterigmata to filaments or

delicate conidiophores, and also branching) are not infrequent.

This species secretes a very active diastase (see § 290) ;
it has been

recommended and tried as a malt substitute in Europe as well

as in the Orient, Korschelt’s first report (II.) in this connection

(1876) having been succeeded by a number of chemico-physio-



Fig. 167.— Conitliopliores (1-5), 2 and 5 in optical section. Figs. 3-5, development of

the globule (3) and sterigniata (4). The separation of the conidia is beginning

4 iu 5. 6. Base of conidiophore, with lateral protrusions. Conidia ( 7 ), young
Jierbage (8). Approximate magn, of 1-5, 20; of 5 and 6, 120; of 7, 900. (J/tcr

Wehmer.)
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lo"ical investigations and technical communications on this
O “

, ,

plant which has been cultivated in Japan from time imme-
morial—compare Wehmer’s compilation (XVIL). Accord-

ing to the latter authority, the conidia remain capable of

germinating for years.&
HiLLEll (I.) states that

the substratum on which

the fungus is grown has

an influence in this con-

nection, certain nutrient

media (wort) being favour-

able, whilst others (dex-

trose) are the reverse.

Fuller morphological par-

ticulars are given by Cohn
(XIII.), RtiSGEN (IV.)

and Wehmer (XVIL and
VIII.).

Aspergillus Wentii^
Wehmer, was observed

by Went in the prepara-

tion of Tas Yu
(
see vol. i.

p. 323) according to the

method practised in Java,

and was described by
Wehmer (XIX.) in 1896.

It appears spontaneously

on the boiled Soja beans
that have been covered

with Hibiscus leaves, and
effects a loosening and dis-

integration of the firm

tissue of the bean. The
species forms a pale coffee-

coloured, dense mould
vegetation (Fig. 167),

with conspicuous conidio-

phores, about 2-3 mm. in

height, their thick brown
heads (up to 200 g in dia-

meter) showing up clearly

on the pale, slender, tough-skinned, smooth stalks, and being fpute

unmistakable for any other species. The decidedly spherical

globule (75-90 fi in diameter), sharply contrasting with the stalk,

is covered on all sides with a dense growth of slender radial, simple

sterigmata (mostly 15 by 4 p ), from which the small coloured,

globular to elongated, finely punctated or smooth’ conidia (about

4-5 p in diameter) separate by constriction. The mycelium.

Fig. 168.—Aerial mycelium ol Aspergillus Wentii,

witli coiiidiopliores, yroM iiig rank in a cnltnrc

llask. About natural size. (After Wehmer).
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which is snow-white, though sometimes red—and in old cultures

reddish brown—when grown in closed culture vessels attains a

considerable height above the substratum, and also throws up a

large number of conidiophores under these conditions (see Fig. i68).

No perithecia or sclerotia have yet been discovered. This quick-

growing species, which can be easily cultivated on the usual

mycological substrata, flourishes particularly well in the incubator

(above 30° 0 .). Nothing is known about the enzyme, which
plays an active part in the decomposition of the Soja bean. Like
the preceding species, this fungus does not belong to the European
flora, though both will grow well here.

Aspergillus gla7icus, Li\\\k{^Ei(jrotium Aspergillus glancuSy A. de
Bary), is the ordinary green mould, which grows everywhere, espe-

cially on dried plants, old black bread (pumpernickel), skins, jam,

old leather articles, herring pickle and other materials. This species

has long been known, and is met with in the literature under
various names : Eurotium herhariorum, Link

;
Aspergillus lierhari-

orum, Eurotium Aspergillus glaucus, de Bary
;
Eurotium glaucum

(E. repens also seems to be the same fungus). A. de Bary (IX.)

in 1859 identified the ascospores (VIII.) of the so-called

herhariorum with the conidiophore form of Aspergillus glaucus,

Link, and showed the two to be one and the same fungus. The
young conidial herbage is pale green to verdigris-coloured, but

darkens quickly to a dirty greyish green or greyish brown, the

mycelium also changing colour by the deposition of pigment
granules, and becoming pale yellow, which turns a dirty rust-

brown. Consequently, old vegetations are often entirely dis-

coloured and ugly, new sowings being requisite for the identifica-

tion of the fungus. Hence culture experiments are necessary,

the characteristics of old growths being unreliable. Many of the

different earlier Aspergillus species, established on the basis of

such material, are probably nothing more than old vegetations

of Aspergillus glaueus, and should be struck off the list. Some
herbages exhibit conidia exclusively, whilst others produce only

numerous golden yellow perithecia (for example, on cranberry

jam). The conidiophore shown in Fig. 169 (1-3 mm. high) is

readily distinguishable from other species
;
the globule, sterig-

mata and conidia present characteristic features. The globule,

which is not sharply demarcated from the stalk, is spherical to

knob-like, measuring about 60 g across, and thickly covered all

over with very short, simple sterigmata (up to 14 ^ by 7 p),

dividing into unusually large, prickly, globular or slightly elongated

conidia (7-30 p and more in diameter). These latter are remark-

ably large in proportion to the sterigmata (about half as broad as

these are long), which are plump, their length being only about

double the width, and not slender and pointed as in many other

species. A. glaucus has larger conidia than any other well-known

species, and none of the others produces perithecia with such
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readiness and abundance. These are small (about 100-200 /.i in

diameter), pale brown-yellow-coloured at first, afterwards ugly

brown capsules with a simple, delicate envelope, and enclosing

numerous rounded oval asci. Each ascus contains 5-8 colourless,

smooth, ellipsoidal spores, exhibiting a longitudinal furrow and

Fig. 169.—Aspergillus glaucus.

Conidiopliores (i, 2), sterigmata (3) and conidia (4). A p rtion of mycelium, with
overlying perithecia and a couidiopliore (magnified) is shown at 5, whilst Ogives
tlie natural size. Sections of perithec'a are given at 7, with young asci (as) and
first stage-i of development (Eurotium coil) ; isolated asci (8) and detached spores

(9), germinating at c. Ai)proximate magn. of 1-2, 50 ; of 7, 170 ; of 8, 260 ; of

9c, 700. (i, 7, 8, 9 (in part) after de Banj^ the rest after Wehmer.)

measuring 7-10 jx long by 5-8 fx broad. The spore wall bursts

open and ejects the exospore, which germinates to a new mycelium.
The gradual development of the perithecia from spirally coiled

hyphte need only be briefly mentioned here, having been already

described in the majority of botanical works. This proceeds both
in the presence and absence of light, and therefore—as in the

formation of conidia in A. niger, &c.—is not hindered by the

action of light, as was assumed by Elfving (L). The same autho}-’s

assertion respecting the formation of yeast cells is also dubitable

and lacking proof. According to Lindner (II.) the conidiopliores
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can be made to branch abundantly by restricting the food-supply

or adding antiseptics.

In point of substratum this industrial and domestic fungus is

selective, since it does not thrive on {e.g.) liquid saccharine media
with mineral salts and inorganic nitrogenous food, whereas black

bread or—as a good bacteriological substratum—wort gelatin, is

favourable. The fungus also prefers moderate temperatures (it

will grow at 8°-io° 0.) and ceases to develop at blood temperature,

consequently its alleged occasional appearance in the human ear

—

recently mentioned again by Hatch and Row (I.)—is probably a

mistake arising from the species having been confused with A.

fmnigatiis or A.Jlavus. Nomura (I.) states that it is associated

with A.Jlavus in the cocoon fungus (“ Uchibaki”) which does so

much damage to the silk industry, and was first attributed to

Aspergillus species by Raux (I.). It is certainly a chief source

of mould in black bread, and is stated by J. Behrens (HI.) to be

a frequent, injurious dweller in ‘‘ shed-ripe ” tobacco and cigars

(see vol. i, p. 167), as well as in hops. According to fSriECKER-

MANN and Bremer (I.) it is the cause of mould in cottou-seed

meal
;
and perhaps it is among the still undescribed species of

Aspergillus that damage leather. Aderhold (IV.) found it in

acid gherkin pickle
;
and it thrives on smoked meats (ham), pre-

ferring very dry substrata. Whether, in certain cases, it is

actually pathological toward plants and takes part in the

blackening and spoiling of chestnuts, as was stated by Eoze (I.),

still remains to be fully investigated Occasionally it is found on
the kernels of walnuts and hazel-nuts still in the shell, an abun-

dance of perithecia being produced. The limits of temperature

for this species are 7°~37° 0., the optimum being 2 7°-29° 0.

according to Klebs (1.), though others give the optimum at 20°-

25° and the maximum as 30° C. (Elfving, Siehenmann). More
complete morphological data are furnished in the works of A. he
Bary(IX.), Wilhelm (L), Siebenmann (L), R. Meissner (I.), and
Wehmer (XVII.).

The fungi tQvmQdi Euroiitim repens, de Bary, and E, Aspergillus

medius, Meissner (I.), are presumably the same as A. glaiicMs, since

there are no tangible differences between them exceeding the

usual limits of variation. It is, nevertheless, highly desirable

that this doubtful point should be finally settled by careful

investigation. Whether the Eurotiimi ruhrum, Spieckermann
and Bremer (L), found in mouldy cotton-seed meal is a difierent

species also seems questionable, and requires elucidation.

Aspergillus Jlavus, Link, greatly resembles A. oryzce in the

yellowish green superficial colour of the herbage, and also in the

shape of the conidiophores
;
but is readily distinguishable by the

smaller dimensions of the latter (less than i mm. high). This

species, which has been identified as pathogenic in animals, has a

preference for warmth, the optimum temperature being about
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37° C. It is frequently observed in cases of mycosis of the human
ear (where it is sometimes confounded with A. glaucus), and also

occurs on bread, portions of plants, and dried excrement. Even
at blood temperature it thrives luxuriantly on all kinds of myco-

logical substrata, and rapidly produces extensive yellow-green

growths of mould. The
superficial colour is rarely

pure yellow, and the older

growths (several weeks or

months) are very liable to

turn colour, becoming finally

an ugly dark brown. The
conidiophores (Fig. 170),
which generally measureless
than I mm. (o. 5-0.7 mm.),
carry a spherical or club-

shaped globule, which rarely

springs in a sharply defined

manner from the pale, warty
stem

;
and the simple, slen-

der sterigmata, which are

generally disposed radially,

though sometimes confined

to the summit, develop

large conidia (average 5-6 g
in diameter), which are

generally of an irregularly

globular shape, and smooth
(sometimes finely granular),

separate, by constriction,

into chaplets, which readily

become dissociated. The
coloured heads measure up
to about 90 fi, the globules

30-40 fx in diameter, the

sterigmata usually about

20-60 fi. The conidia vary
between 4 and 8 g in dia-

meter, but in any event

the species (with A. glaucus and A. oryz(p) belongs to the large-

spored class. No perithecia have been observed, but Wilhelm
(
1 .)

in 1877 described small, black, nodular sclerotia (about 0.7 mm.
in diameter), with a thick skin and pale core, which remained
sterile in germination tests. These appear to be formed by
simple intertwining and fusion of morphologically uniform
filaments. Further morpliological details are furnished by
Wilhelm (L), Siebenmann (I.), and Weiimer (XVII.).

According to Nomura (L), this fungus is the chief source of

Fig. 170.—Asporgillus llaviis.

Coiiitliopliores with spherical to cliih-shaped

globules and simple sterigmata (1-4), the

outer wall of the (freciueiitly septate) stem
being roughened by colourless granules (5).

6. Conidial herbage (about 2/1). 7. Conidia.

Magn. of 1-4, 140 ; of 5, 400 ; of 7, 500.

{After Wehmer.)
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injury in the cocoon disease of silkworms, but does not play any
other industrial role^ though sometimes found as a subordinate
fungus on mouldy cotton-seed meal. In the literature it is often,

but erroneously, classed as A. Jiavescens, Wred., a species which
should be struck out as merely synonymous

;
and, in view of the

lack of perithecia, de Bary’s name, Eurotium A. Jlavus, is also

inappropriate. The A. suhfuscus, Joiian-Olsen (HI.), still

encountered in the literature, is probably oxAy A. Jlavus.

As'pergillus fumigatus, Fresenius, a cosmopolitan green to

greyish green (not yellow-green) species, characterised by a high
optimum tempera-

9

ture (about 40° 0.)

and rapid growth,
is chiedy of medi-
cal interest (patho-

genic), but occa-

sionally acts
injuriously in in-

dustrial processes
n

1

'

|\
1

1
''¥

v'

’

X/ 1 r

’to

Fig, 171.—Aspergillus fumigatiis.

1-2. Club-sliapetl conidiophores (iu optical section at i).

3. Couidia. 4. Ascus and ascospores. 5, Hj^plue {bl)

with peculiar globular swclliugs, and conidiophores, from
lierbage. Approx, iiiagu. of i, 2, 5, 140 ; of 3, icoo ;

of 4a, 70 ; of 4&, 719 ; of 4c and 4^, 2250. {^a-d ajter

Grijns, the rest after JFehmer.)

carried on at high

temperatures, such

as certain fermen-
tations {e.g., lactic

fermentation). Ac-
cording to Behrens,

it occurs on the

ribs of fermenting

tobacco leaves (see

vol. i. p. 167)

;

and
on one occasion

Wehmer (I.) also

found it, in the

form of large
patches, on woollen

fabrics. It likewise

attacks vegetables

(decaying potatoes,

bread, malt, beer

wort, &c.) in the

incubator
;
and, ac-

cording to F. Cohn
(XIV.), it also produces a thermogenic effect (see vol. i. p. 15 1 ). Of
greater importance is its frequent occurrence in the body cavities of

men and animals (e.g., the human ear and the lungs of various

birds), where it produces otomycosis and pneumomycosis, which

latter malady, according to Renon (I.), is almost invariably found

among workers in certain trades, such as pigeon-fatteners and hair-

combers (in Paris). Conidia introduced into the arterial circula-
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tion of animals germinate in the body and produce serious illness,

which has mostly a fatal termination. The species was first dis-

covered by Fiiesenius (f.), in 1841, in the bronchi and air cavities

of a bustard. The conidial herbage, however, is not—as the name
would imply—smoky grey, but penicillium-green, though quickly

turning to grey and even to dirty brown. It is readily identified

by the dvva.rf conidiophores (Fig. 171) o. 1-0.3 with

club-shaped globule (10-20 /.i), thick, simple, slender, upright

sterigmata (6-15 71 long), grouped on the crown, and with long

chains of very small (2-3 f.i) conidia, mostly globular. Hence,
racial variations apart, the species cannot easily be mistaken for

any other. Though J. Behrens (XIV.) mentioned the occurrence

of perithecia, and Siebenmann (I.) sclerotia, we are indebted to

Grijns (I.) for a description of the true perithecia. According to

this worker, they are small, globular, nut-brown bodies, measuring

250-350
f.1

in diameter, with a special integument, from which
the true, dark red perithecium (which has a very fragile, stratified

coloured wall) can be extracted without difficulty. The interior

consists of a colourless network of filaments, surrounding a number
of colourless, oval, thin-skinned asci (14-9 p), each of which con-

tains eight red lenticular, tough-skinned spores (4-4.5 aOj
rounded by a pale, radially striped equatoiial ledge. Hence a

considerable difference exists between the frontal and lateral

appearance of these spores, which, moreover, do not become
coloured until shortly before maturity. These asci, which recall

those of A. nidulans (Eidam) in the appearance of the shell, were
found in large numbers by Grijns on the surface of the herbage
and a number of cultures derived therefrom. Owing to the
resemblance of the ascospores to those of A. nidulans, Vuille-
MiN (I.) considered—which is hardly probable—that Grijns was
really dealing with the last-named species. Further morphological
details are furnished by Fresenius (I.), Siebenmann (I), Behrens
(III .), Wehmer (XVII.), and Grijns (I.). A. nigrescens, Rob.,
and A. hronchiahs, Blumentritt (I.), appear to be synonymous
with A. fumigatus, though Blumentritt (II.) recently confirmed
the existence of small variations from the cultures of A. hronchi-

alis. CosTANTiN and Lucet (II.) wish to subdivide A. fumigatus
into a number of forms differing in part by their pathological

behaviour
;
and they also describe new allied species : A. Lignieres

and A. virido-yriseus. With regard to races of A. fumigatus and
pathogenic species, compare Savoff(I.), Savoure (I.), Bodin (I.),

Gueguen (III.), and Mace (II.).

Aspergillus luchuensis, Inui. According to Inui (HI.), this

recently described mould fungus plays a similar part in the
preparation of “ Awamori ’’—a beverage resembling whisky—in

the Loochoo islands to that filled by the rice Aspergillus in

making Sake, is similar, morphologically, to A. Weniii, though
more like A. niger in colour. The conidiophores (Fig. 172),
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which are 1-2 mm. in height, develop blackish brown heads

(40-80 /j. thick), whose spherical (rarely knob-like) globules

(20-30 /X in diameter) are thickly covered with radially arranged,

conical sterigmata, bearing spherical conidia (4-5 p thick), covered

with tiny wart-like protuberances. No perithecia have been

observed up to the present. This species saccharifies starch

—

Fig. 172.—Aspergillus lucliueusis. Fig. 173.—Aspergillus Tokelau.

Couidiopliores aud conidia. Approx. Couidiopliores of diifereut sizes from
luagii. of I, 300 ; of 2, 1000. (After diseased human skin. Approx, magn.
Inui.) 300. (After Wehmer.)

in which respect it deserves further investigation—and is very

similar to A. Wentii, apart from its colour and somewhat smaller

dimensions. The optimum temperature of growth is between
30° and 35° C.

Associated with this species in Awamori koji, Inui (HI.) found
another, which is morphologically analogous, but of a greyish

brown colour (A. perniciosits), which, however, is merely regarded

as an impurity, and is subordinate, or entirely absent, in good
koji.

Aspergillus Tokelau^ Wehmer. This species was discovered by
Tribondeau (I.) in the infectious “ Tokelau ” or Samoa disease,

attacking the natives of certain of the Pacific islands. It was
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named “ Lepidopliyton ” at first, and is chiefly of medical interest,

though worthy of note as parasitic on the human skin. Whether
the species plays a more comprehensive part in that disease

(formerly known as “ Trichophytis ”) remains to be ascertained
;

but at any rate the fungus is a true Aspergilhcs, and indeed,

according to Weiimer (XIX.), a well-defined new species, charac-

terised by large hairy conidia (up to 12 ^ in diameter), resembling
those of A. (jlaiicus {see Fig. 173), growing on conidiophores

Fig. 174.—Aspergillus davatus.

Conidiopliores in various stages of developiiient, with elongated globule and simple
sterigmata, shown in oi)tical section at c, with incipient conidia at e. A slightly
magnified herbage is seen at f. Conidia (;/), sterigma (/<), section of stem (/).

Approx, magu. of a and b, 30; of c and d 60; of e, 120; of g and h, 1000.
(After Wehmer.)

which at times are like those of A. ylaucus, and at others those
of A. fumigatus.

Aspergillus clavatiis, Desmazieres, a species often found on
vegetables, and, according to P. Lindner (XXXIII.), more
especially on green malt, on which it forms a pure green (not
yellow- green !) herbage, is otherwise devoid of practical import-
ance. It is distinguished by the peculiar elongated globule

VOL. II : PT. 2 X
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(similar to a gun spongiiig-rod, ami measuring 150 ji by 35 fx),

such as are observed in A, pseudoclavatus (with branched sterig-

mata) and A. giganteus ; and was described by Desmazieres (I,),

in 1834. The short, simple sterigmata (about 8 /x by 3 p)

—

see

Fig. 174—divide by constriction into small, oval (not globular!),

smooth conidia (4.2 by 2.8/x) in long chains, enveloping the

elongated heads with a greyish green dust. The length of the

conidiophore stems, which are 15-25 g thick, reaches about 2 cm.,

but seldom exceeds that figure.

Other species mentioned in the literature as occurring on
plants are the large, greenish yellow A, penicillopsis (Hennings),
Raciborski (II.), as well as the dwarf, olive-coloured A . Delacroixii

(Delacroix), Saccardo and Sydow, observed by Delacroix on cocoa

beans. Both these species deserve further investigation. Among
other well-known species we will only mention the green
A. varians, Wehmer, A. minimis, AVehmer (observed on leaves

and on sugar solutions), and A. ostianus, Wehmer (found on
leaves and boiled rice), which latter species is characterised by
a pale ochreous pigment. There are also a number of more or

less completely described species, chiefiy observed on vegetables,

and for the most part not yet cultivated, including the new
A. calyptraius and A. Oubemans (II.) and A.citrisporus,

F. von Hohnel (I.).

As a giant among its kind, mention may also be made of

Aspergillus giganteus, Wehmer (XYII.). The conidiophores

of this fungus (which grows on sour wort) resemble those

of A. clavatus in the shape of the globules and sterigmata, and
attain an average length of 1-2 cm., and therefore about ten

times that of most of the other species. Before the heads begin

to colour, the herbage has a mucor-like appearance, and it is

only later that it is clearly distinguishable from the greyish

yellow or dark mucor vegetation by the greyish green tinge of

the conidial heads (1000 by i20-i25 7t)on their slender, pale,

saftron-yellow stems. The short sterigmata (9-12 by 4-5 p),

which are invariably simple and thickly cover the surface of the

globule (500-800^ by 80-100^), produce comparatively small,

smooth, oval conidia, measuring on the average 4 ^ by 2.6 p.

The species thrives on the usual substrata at room temperature

and is easily cultivated. A noteworthy feature is the readily

detectable perforation of the wall of the globule below the

sterigmata, in the form of a narrow channel (when viewed in

section, and a tiny circle when viewed in plan) appearing inside

the larger one corresponding to the diameter of the sterigma,

and causing the globule to seem as though covered with small

concentric circles {see Fig. 163, ii). No perithecia have yet been

observed.
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§ 285. Aspergillus Species with Branched Sterigmata ^

(Sectio Sterigmatocystis).

Aspergillus niger, van = Stei'iginatocgstis aniacustica^

Cramer = Sterigmatocystis niger. This well-known and widely

spread species, which has been frequently studied from a chemico-

physical standpoint and lias a literature of its own, can be identified

by the brownish black conidial herbage, with imposing, stiff,

slender conidiophores, several millimetres in height, in any
event, every Aspergillus of this colour described in the literature

under some other name needs careful identification. Specific

names, such as A. nigricans, Wreden (1869); A. nigrescens,

Robin (1851); and A. nigricans, Cooke, should be abolished

entirely
;
and at least half a dozen others are in the very doubtful

class. The proper specific name pro tern, is Sterigmatocystis

antacustica, which was given by Cramer (IL) to the fungus he

discovered in the passage of the human ear in 1859. As was
shown by Wilhelm (L), the fungus afterwards (1867) termed
A. niger by van Tieghem coincides with the above species by also

possessing branched sterigmata. The morphological examination

of the structure of the conidiophores (kig. 175), which necessitates

the removal or bleaching of the dark masses of conidia, reveals a

pale, rigid stem, about 15 p thick, carrying a sharply defined

spherical globule (diameter about 80 p), with slender radial

primary sterigmata (26 p by 4.5 p) each with 3-4 ornamental
secondaries (8 by 3 p), and long chains of small globular, smooth
or warty conidia (about 3-4 p) as carriers of the dark colour.

Moreover, the reports of various authorities do not altogether

agree, the dimensions of the conidia being oftentimes given as

3.4-4. 5 p, and the length of the sterigmata as 20-100 p. This

must be specially emphasised, in view of the diagnosis of the black

species, to be described later. Of course the heads vary in size,

and the result obtained depends on which of them have been
measured, unless the average betaken. In unfavourable circum-
stances, for instance, unsuitable media, the conidiophores languish
(few sterigmata and simple, conidia pale, etc.), as was observed by
Duclaux (XX.), and more recently by IMolliard and Ooupjn (I.),

as well as by Lutz (II.). C. Engelke (I.) states that, under
certain conditions, a conidial form, similar to that of Botrytis,

Sceptromyces Opizii, Corda, is produced
;

but this somewhat
improbable report requires confirmation on the basis of indubit-
ably pure cultures.

Sclerotia have been frequently observed in this fungus, the
first to discover them being K. Wilhelm (I.) in 1877;
unaccompanied by any development of asci. According to

1 The division is by no means sharp, some species exhibiting both simple
and branched sterigmata.
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Buefeld (IV.), they are formed by the simple intertwining and
fusion of morphologically equal hyphse, and take the appearance

of yellowish, hard, tough-
skinned and nearly globular

nodules, 1-3 mm. in diameter.
They lie scattered over the
surface of the herbage—in-

side as well, according to

Wilhelm (I.)—but are rare,

and only found occasionally.

This easily cultivated fungus,

which, though a lover of

warmth, will continue to

grow slowly a few degrees
above freezing-point (opti-

mum temperature about 40°

C., minimum about 7°0.),
and exhibits a preference for

certain acid substrata (gall-

nut extract, solutions of

tannic acid, and also solu-

tions of fruit acids containing
sugar and other nutrient sub-

stances)—in consequence of

which it is said by Wehmer
(XXIII.) to be easily cap-

tured—is of little practical

importance. On the other
hand, it is all the more im-
portant as an experimental
fungus in the study of fungo-
physiological questions. It

plays a practical part in the

preparation of gallic acid from
tannin, and also in opium
manufacture (compare § 292).
The physician is acquainted

with it as a not infrequent

inhabitant of the human ear,

in otomycosis, though its

appearance in this case seems
to be secondary. Its share

in the retting of flax is

doubtful. According to Bordas (II.), it is the cause of the cork

disease (known in France as 'piqUre or tache jaune) affecting many
cork oaks on the side exposed to the weather. The bottle corks

made from this diseased material are liable to impart a corked

taste to wine, and contain the Asqyergillus, either alone or associated

Fig. 175.—Asperyillus riiger.

I aud 2, Couidiopliores, iu optical section at 2,

after decoloration aud clearing, showing the

spherical globule aud double radial wreath
of branched sterigiuata, as well as the coiii-

dial zone (semi-diagrammatical)
; 3 and 4,

young couidiopliores before and during the

production of sterigmata (optical section) ;

5, globular, warty couidia ; 6, separately pre-

pared sterigmata
; 7, sclerotia, after unsuc-

cessful germination experiment (fallen apart

at b ) ; 8, tough skinned spotted cells from
the interior of the sclerotia

; 9, conidial

herbage. Approx, magu. of 1-4, 40 ; of 5,

1000; of 6, about 154; of 7, natural size;

of 9, about 2. {After Wehmer.)
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with other mould fuugi. Behrens (XYI.) states that it not

infrequently exerts an injurious action in germination tests on

seeds, inoculation tests having resulted in stunting the embryos

of numerous species, so that a pathological character is assumed

in these circumstances. Tiie numerous chemical influences of

this fungus, including the very decided capacity for producing

oxalic acid, are described more fully in chapter Ivii. Linos-

SIER (II.) states that the, presumably ferruginous, black pigment

(the so-called aspergillin) is of some physiological importance in

the life of the plant
;
but this is doubtful in view of its nature as

an excretion product of the conidia, although both Moliscii (I.)

and Ranter (I.) assert that iron is indispensable for the fungus.

Greater interest seems to attach to the yellow pigment in the

hyphie, examined by Milburn (I.). Here we can only lefer

briefly to a whole series of recent investigations by Czapek (ILL),

R. CiiODAT and Bach (I.), Raciborski (II.). Lode (I.), Ono (L),

Hattori (L), Kny (IL), Bourquelot and IIerissey (II.)?

Saida (L), Iwanoff (J.), Kosinski (I.), Biciiter (I.), Emmer-
LiNG (V.), Lutz (IL), Friedel (L), Maximow (L), Kostyt-
sciiew (I.), Koernicke

(
1 .), Ranter (I.),IIeinze (IL), Jousset (L),

Orlowski (L), Molliard and Coupin (I.), Rurzwelly (I.),

Rosjatschenskow (I.), Lesage (IV.), Pantanelli (L), Alten-
BURG (I.), Ciiarpentier (I.), Rrasnosselsky (I.), E. Meiss-
ner (L), PoRODKo (I.), R. Meissner (IV.), Todur (I.), Gar-
nier (I.), and Coupin (I.), dealing with the chemical composition,

nutrition, respiration, the production of enzymes, influence of

stimulants, radiation, resistance of the conidia to injurious

influences, &c. The literature on this fungus previous to 1901
has been collected by Weiimer (XVII.), who gives no fewer than

79 references. The numerous enzymes produced by this fungus
are dealt with in the next chapter.

Fungi allied to A. niyer occasionally inhabit the interior of

certain fruits. Thus, Corda found in dates a species which he
named Ustilayo 'phauncis—the Asperyillus pAicenicis of Patoui-
LLARD and Delacroix (I.), who identified it as a species of

Steriymatocystis, and Hennings (II.) also recognised as a Steriy-

matocystis {St. ficuum), the Ustilayo Jicuum discovered by
Reiciiardt (I.) in dried figs. According to G. von Lager-
heim(I.), the two have since been found to be identical. The
question now arises whether this date and fig fungus, wliich has
not yet been compared, in pure cultures, with A. niyer, is really
different from the latter. This point is by no means clear

;
and

a short description of the fungus may be given here, on account
of its injurious effect on the fruits in question. Accoiding to
Hennings (II.), the conidiophores fill the interior of the figs with
a compact black mass of conidia, and their heads measure 76-100 y
in diameter, the globule being 45-60 y across, and closely set
with club-shaped primary sterigrnata (15-28 by 6-9 y). The



324 MORPHOLOGY OF THE ASPERGILLAOEH^].

dark, slender sterigmata (5-8 by 2-3 ^), mostly present, produce
long chains of globular, blackish violet conidia, usually 4 fi thick,
which are said by Hennings to be smooth, but which G. von
Lageriieim (I.) asserts to be provided with granular ledges.

According to the latter authority, sclerotia are also formed. The
fungus produces oxalic acid, saccharifies starch and inverts
saccharose, all of which properties are found in A. niyei\ and
the dark pigment of the conidia behaves in the same manner.
The date disease (“ Mchattel ”) caused by this organism is of

frequent occurrence in the valley of the Nile. Hennings states
that gastric troubles ensue when figs aftected by this fungus are
eaten. The species is indigenous to Egypt and Tunis (in dates
and figs).

A similar species, A. strychni, has recently (1904) been
described by Lindau (I.), as filling Avith black conidial powder
the mummy-hard masses of the dried fruit of Strychnos leiosepala

in Angola. The stifl' conidiophores, 2-4 mm. in length, carry a
black head, 250-330 y thick, the dark, spherical globule measur-
ing 58-86 y in diameter. The primary (septate) sterigmata
measured up to 100 y in length (mean 85 y), the diameter being

7-20 y, whilst the secondaries measure lo-ii y by about 3.5 y.

Here also the diameter of the dark, spherical, hairy conidia is

about 4 y. The dimensions of the heads and sterigmata are con-

siderably larger, it is true, but the fungus ought to be cultivated

for comparison with A, oiiger.

In 1896 MacAlpine (I.) described a black Aspergillus

{Sterigmatocystis ^ndverulenta) found in all parts of Phaseolus
vulgaris, L., which furnishes dark, spherical warty conidia, 4 y
in diameter, greatly resembling Lindau’s fungus in dimensions.

Culture experiments with all these species, for the purpose of

observing their mutual relations, are highly desirable, it being

essential to know how’ the form and dimensions of such fungi turn
out under controllable conditions.

The fungus growing on the aged fruit of Wehvitschia mirahilis

and known as Aspergillus Welwitschice (Bresadola), P. Hennings
(formerly termed Ustilago W. by Bresadola), is also an ordinary

A. niger, as has already been admitted by Hennings in a private

communication on the subject. The same remark may also apply

to the A. ustilago discovered by Beck in the fruit buds of

Phyllanthus Emhlica (East Indies), as well as to many others.

Of course it is not impossible that other, very similar,

brownish black Sterigmatocystes may exist—see, for example,

P. Lindner (XXXill.), who briefiy mentions two unnamed
forms of this type. The A. atropurpureus discovered by Zimmer-
MANN (I.) on rotting coffee berries at Buitenzorg is similar in all

respects, except that the conidia are larger, being 6-8 y in

diameter. Up to the present, the conidia of A. niger have not been

observed to share the fiuctuation dimensions of the conidiophores.
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Forms that are otherwise identical with A. niyer^ hut difler in

the slower and less abundant formation of conidia, should hardly

be classed ns separate species (“small species”), as was done by
CosTANTiN and Lucet (I.) in the case of Steriymatocystis pseudo

•

nigra^ this method leading to confusion in many respects.

Gaspeiuni (I.) found on gall-nuts, apple kernels, and solutions

of tannic and citric acids, a species, A. violaceofuscus, which

produced conidia measuring 3-3.5 by 5-6.5 though recalling

A. niger in habitat and other features.

Aspergillus candidus /., Weiimer (XYIL), occurs preferably

on old, decayed vegetables of various kinds (mow\dy pumpernickel^

rotten cucumbers, rotten grapes on the vine, spoiled cabbage-

broth, mouldy cotton-seed meal, and mouldy grain), as well as on
putrescent urine, old cheese, kc. The ordinarily sluggish growth
of the cultures on the usual .substrata also indicates that its food

requirements are rather peculiar
;
and it seems to prefer an

alkaline reaction of the medium. Probably several of the white

species described in the literature will have to be amalgamated
with this one

;
but at present it is impossible to say if it is

identical with Link’s old species. The surface, which is perfectly

snow-white, turning creamy in old cultures, and even brown in

those on wort gelatin, exhibits two forms of conidiophore : one
with spherical globule and branched sterigmata, corresponding

exactly with those of A. niger {see 9 in Fig. 163), whilst the other

is much simpler and smaller, the sterigmata being unbranched.
The conidia are mostly ellipsoidal, smooth or covered with fine

dots, and 2.5-4 g in diameter. The A. albics, described by
Wilhelm (I.) in 1877, with its spherical globule and branched
sterigmata—differing from the specimens found nearly always on
spoilt barley by P. Lindner (XXXIII.)—probably corresponds to

the larger form. A critical investigation of the white species, on
the basis of culture experiments, is highly desirable, this group
being at present in a chaotic state, unless one is content with
imperfect descriptions and artificial specific names {see the forms
arranged by Weiimer (XVII.) and Lindau (L)).

Aspergillus nididans ( -— Sterigmatocyslis nididans, Eidam).
This species, which is pathogenic when injected into the blood
(optimum temperature about 40° 0. !), and is also sometimes
found in the human ear, was first discovered by Eidam, in

1883, in a humble-bees’ nest. It is a scarce, handsome green
species, and is rendered interesting by its sclerotia, which, how-
ever, has only been observed and studied in a single instance,

Eidam having failed to discover it again. In 1904 Saito (I.) had
a specimen, which he did not examine further, but states that the
fungus occurs in the air in Japan, associated witli A. glaucus. The
tough-skinned conidiophores (Fig. 1 76) on the green surface (which
afterwards becomes discoloured) measure up to o. 6-0.8 mm., but
are frequently only one-third to one-half that size. The branched
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sterigmata of the insignificant, club-shaped globule (15-20 p
thick), which recalls A. famigatus, are usually confined to the
upper half, and generally produce globular, smooth (or finely

dotted), very small conidia (3 g in diameter) in long chains adher-
ing in the form of tough masses. Septation and branching of the
stems (sometimes very irregularly) seem by no means infrequent.
According to Eidam’s observations on the development of the

Fig. 176,—Aspergillus nidulaus.

Coiiiiliophorcs ivitli branched sterigmata (i and 2), conidia (4), ascospore with glohnlar
capsule (5), prepared separately at 6, and shown in section at 7, with asci (8),

spores (9), one of them with germinating- tube. Magn. of i and 2, 330; of 3
120 ; of 4, 1000 ;

of 6, 85 ; of 7, 170 ; of 8, 400. {Jfter Eidam.)

ascospore, this latter is formed from two hyphte (instead of one, as

in the case of A. glaucus), the one developing into the tough,

stratified, pseudoparenchymatous integument, whilst the other

furnishes the internal tissue forming the asci. Several weeks
pass before the development is complete, and the ascospore, which
is then provided with tough, dark blackish red walls, is ripe. The
gradually evolved, ovoid ascus, lo-ii g in length, encloses eight

smooth, lenticular spores (about 5 g by 4 p), provided with a

longitudinal furrow and a tough purple epispore, which bursts in

two during germination. Analogous to those of A
.
fumigaius and

A. Rehmii, the sclerotia (o. 2-0.3 M diameter) are surrounded by

a shell of peculiar, yellowish hyphje, which are distended like

bubbles—this feature is absent in A .
glaucus and A

.
pseudoclavatns.
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We need do no more than mention the ascosporogenic A. pseudo-

nididans (UuilL), recognised by Yuillemin (I.) as a ^terujmaio-

cystis.

A. Rehmli, Zukal, and A, pseudodavatus^ Pariewitsch, are also

species with branched sterigmata. Both of them are rare and of

little practical importance, but noteworthy as being among the

few reported as producing ascospores, which, however, are quite

different from those of A. nididans.

Aspergillus Rehmii {see 3 in Fig. 165) was discovered on gall-

nuts and decayed oak bark by Zukal (I.) in 1893. The sulphur-

yellow to ochreous coat develops dwarf conidiophores (0.4-0.5 mm.
high), bearing elongated ovoid globules (20 p by 30 p), slender

sterigmata, and small globular to ellipsoidal conidia (2.5-4 p
across). The black, fragile perithecia (o. 1-0.2 mm.), the skin of

which is formed of a single layer of regularly disposed rows of

cells, are surrounded by a compact shell formed of yellow hypha3
,

which in many cases are swollen into globules. The asci, which

are formed immediately, are ovoid, on short stems and rapidly

become mucinous, develop elliptical, tough-skinued, smoke-grey

spores, measuring 5 /i by 3.5 p and numbering 8 in each case.

The ascospores are formed by the intertwining and fusion of

morphologically uniform hypha3. This species may be regarded

as doubtful.

Aspergillus ]}seudoclavatus, Puriewitsch, agrees, in the structure

of the conidia (up to the branched sterigmata) entirely with that

of A. clavatus. The globule measures 260-300 p by 60-70 p ;
and

the greyish green, ellipsoidal conidia, measuring 3.5-4 p by

2.5-3 p, are identical in size and shape with those of that species.

The small naked globular perithecia, which measure 60-70 p in

diameter, and are provided with a wall formed of a single layer of

cells, enclose only 6-7 asci, each with 8 colourless spores. The
perithecium is apparently developed from two hyphre. The
optimum temperature of this species, which was discovered on old

yeast cultures by Puriewitsch (IV.) in 1899, is about 25° 0 .

Of the other best known Sterigmatocystes we need mention
only the following : the brownish yellow A. sulfureus, Eresenius

(on bark)
;
A. ochraceus, Wilhelm (on bread and damp portions of

plants), which develops sclerotia abundantly, but no asci
;

the

green A. Gasperini (on decaying lemons); A. variabilis^

Gasperini (on decaying fruit), with both simple and branched
sterigmata. Allied to these are a number of more or less doubtful

or imperfectly described species, found chieffy on vegetables,

and included in Saccardo’s list (IV.), and also critically sifted

by Weiimer (XVII.). The A. ochraceus, described and closely

examined by Wilhelm (1.), produces a large number of brown,
nodular sclerotia, formed by the intertwining and fusion of ordinary
hyphse (as in the case of A. niger), but not developing asci. This
seems to be identical with the A. auricomus of Gueguen (L).
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Recently, Vuillemin and Mirsky (1.) described A. versicolor

{Sleri(fniatoci/stis v.), and Gurguen (HI.) an A. sy^icephalis. The
former is of interest, owing to the variable colour of its cultures,

and has latterly been repeatedly investigated by Mirsky (I.),

Vuillemin (If.), Friedel (II.) and by Coupin and Friedel (I.).

The conidiophores are similar to those of A. 7iiger, but the optimum
temperature of growth is much lower, and no development takes

place at all at 37°-39° 0. The mycelium is a rusty brown, and
no perithecia or sclerotia are formed. The red pigment, which is

soluble in alcohol, is developed in the green cultures exclusively.

The fungus also appears in a reddish form (with pink conidia),

which, however, reverts to green sooner or later. No morpho-
logical details seem to have been published in connection with this

species.

The following are probably synonyms, or at all events un-
recognisable, owing to imperfect description, though they have
found a place in the more recent literature : A. luteus (v. Tiegh.)

;

A. flavescensj Wred. (same as A. Link), A. Wred.
(also Cooke); A. nigrescens, Rob. (both probably A. 7iigei'')\

A. terricola^ March, (probably A. Jiavus^')\ A. griseus, Link,

(J
.
fumigatus ?)

',

Eurotium malignum, Lindt (probably A.
jumigatus^ Fres. ? ) ;

A. quinince, Heim
;
and A, sitbfuscus, Johan-

Olsen (A. Jiavus ?). In any case, the only way to justify these

names is by describing the fungi in such a manner as to admit of

their identification
;
otherwise the reader is left in doubt. Even

the scientific literature does not, unfortunately, always give the

correct names
;
Green (L), for example, referring to the well-

known Aspergillus oryzce as ’‘’'Eurotium oryzceE

§ 286. The Genus Penicillium.

The Eenicillium group, which, though less important, both

scientifically and practically, than Aspergillus, possesses consider-

able interest on account of its characteristic conidiophores, com-
prises a number of species which are more or less analogous, and

are chiefly met with in practice as producing mould on vegetables,

inhabiting cheese, or acting as putrefactive fungi.

The microscopically small and delicate conidiophore, which is

morphologically on a far lower stage of development than that of

Aspergillus, differs from an ordinary vegetative hypha solely in

the method of branching and the fairly upright growth, being

inappreciably thicker, and just as thin-skinned and septate as the

latter. The slender sterigmata, which are developed successively

in whorls or tufts, occupy the undistended ends of main and lateral

branchings, which grow to an almost uniform height and are

mostly upright. The lateral branches are usually two to four in

number, sometimes alternate and sometimes in whorls, a con-

siderable amount of variation being, however, observed in the
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structure of the conidiophores belonging to the same species.

This method of branching produces the characteristic brush shape

of the conidiophores. The sterigmata usually diverge in a very

appreciable manner, and vary in number from two to ton, their

relative length (referred to the head) and pointed shape varying

Fig. 177.—Coiiidia of various species of Peiiicillium, all drawn to the

same scale. (Magu. about 1200).

I. P. Camembert (coiiidia 3.1-4. 5 in diameter) ; 2. P. brevicaule (7-10 by 5.7-6.S m) :

3. P. purpurogenum 12.8-3.3 ju. by 2 m) ; 4- P. claviforme (3 /u, by 2 /u)
: 5 - F.

rubrum 12.8-3.5 /u. in diameter) ; 6. P. italicnm (4-5 M by 2-3 m) ; 7. P. olivaceum
(6-10 ^ by 4-6 m) ; 8. P. Intenm (2.3-3 1.4-2 e) ; 9. P. glancnm (2.5-3
diameter.

Measured on growths from pure cultures on wort gelatin. {()ri(jinal.)

with the species, but being generally constant in one and the

same species. The conidia of the commoner species (“ P. glaucum,”

P. lutemn, P. italicum) are globular to ellipsoidal, mostly gla-

brous, thin-walled, and almost colourless when taken singly, but
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producing the characteristic colour of the growth when observed

in the mass. They are mostly small (about 2.5-5 h longest dia-

meter), but in isolated instances (P. olivaceum) may grow to a

length of 10 The younger members of the long chains are

often appreciably smaller, of different shape, and firmly attached

together throughout, only becoming loosened after they have
grown considerably.

The germination of Fenicillium conidia, observed by E.

Loew (I.), presents no special features.

Several species are distinguished by a tendency to the forma-
tion of a coremium (see vol. ii., p. 22), which in some cases occurs

spasmodically, being apparently dependent on circumstances

luteum^ P. glaucum), whilst in oth' rs it is a regular feature

(P. grayiulatum, P. claviforme) under nearly all conditions. The
arboriform coremia of P. luteum are noticeable on account of their

size (up to I cm. in height) and ornamental appearance. Those of

P. claviforme—described by Bainier (I.)—differ from the others in

that handsome isaria-like clubs are formed, which initially appear
white, but afterwards turn green on the top from the presence of

conidiophores. This fungus, the surface of which remains
sterile, the conidia being produced solely on the clavate stroma,

about I cm. in height, should more properly be grouped with

Isaria.

Ascospores, in the form of small, coloured globular nodules of

highly diversified character, have been found in four to five species.

In the case of P. lute^im^ P. aureimi, P. insigne (?) they are soft-

skinned, with continuous development. In the last two the skin

is pseudoparenchymatous, whereas in the first one they consist of

hyphre, somewhat loosely connected at first, but afterwards co-

herent. Tough sclerotia, forming asci after a lengthy period of

rest (intermittent development), are formed by P. glaucum, Bre-

feld, and similar though sterile forms are found in P. italicum.

The perithecia of P. anrenm (which seems closely allied to

P. luteum) are said by van TTeghem (IV.) to possess a yellow

mycelial integument as well. Morini
(
1 .)

reported the occur-

rence of perithecia in P. candidum, Link, but gave no further

particulars regarding the form of the conidia
;
and, since pic-

torial representations are lacking, the question must be left

undecided. The same also applies to P. ]Vortmanni,^^\o(ikQv (see

p. 346, vol. ii.). More detailed particulars on the progress of

development are scarce and also contradictory in many respects.

The ascospores are ellipsoidal, with the epispore tough, glabrous

(P. aureum)^ warty (P. insigne^ P. Wortmamii), or thickened in

ridges (P. glaucum.^ Bref., P. luteum^ Zuk.), the epispore being

with (P. glaucum, Bref.) or without (P, luteum, Zuk.) a longitu-

dinal furrow.

Ascospores not having been detected in a large number of

species, the criteria of difierentiation of the various species include

the colour of the vegetation (mostly green in all shades from bluish
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to brownish, thongli yellowisli, white, and brown species are

known) ;
tlie branching of the conidiophores and the size and

shape of the conidia, together with other, slighter characteristics,

especially those of a physiological nature, such as pigmentation,

energy of growth, gelatin liquefaction, acid production, food-stutl

requirements in respect of the various sources of carbon, nitrogen,

itc. Except in the case of the collective species “P. (jlaucum” little

was known until recently of their requirements as to temperature.

No mention has yet been made of species that thrive at blood-heat,

and the maximum seems to be lower than 37° C. Stoll (I.) quite re-

cently published certain observations in this connection with regard

to six species more closely examined, morphologically and in cul-

tures, by him, from which it appears that only P. purpurogenum
and P. ruh'um thrive best at higher temperatures (30° C. in the one

case and 30°-35° C. in the other), the optimum temperature for the

remainder being below 30° C., viz., P. italicmn, 25° C.
;
P. oliva-

ceityn, 23°-25° 0 .;
“ P. glaucmn'^ and P. hrevicanle, 20°-23° (J.

The colour of old herbages, especially when grown under uncon-

trollable conditions, is, of course, useless as a means of differentia-

tion, and probably a number of grey, brown, and dark-coloured

species mentioned in the older literature owe their existence to

these fictitious differences. As in the case of Aspergillus, the

colour is frequently dependent on the character of the substratum,

an alkaline reaction of the latter appearing to cause the green to

turn greyish brown.
In the present unsatisfactory state of knowledge on the Penicil-

liuin group, the number of species taking part in the ripening of

cheese, and the production of mould and decay in fruit, is about

six or seven, though the list will probably be increased to some
extent in time. A noteworthy fact, in comparison with Aspe?'-

gillus, is the absence of any species pathogenic to animals, or of

technical value outside Europe; at least, the few that are said to

be pathogenic, inhabiting mucous membrane and animal substrata,

have a very doubtful existence as distinct species [P. guadrifidum,

Salisbury
;
P. pruriosum, Salisb., &c.), and there is a wide field

open for subsequent research. A so-called P, minimum, found by
SiEBENMANN (I.), in the ear of a patient, needs further explana-

tion. F. Dierkx (I.) in a recent preliminary communication,
gave no less than twenty-two new species (almost completely
ignoring those already known), but gave no illustrations or sufii-

cient description of them. Moreover, the habitat of the newly
found “species” being unstated, it is difficult to accept them as

genuine, and the matter is not advanced at all by this communi-
cation, despite the accuracy of the principles laid down by that

author, who lays stress, inter alia, on the necessity for culture

experiments for describing a species. A publication by Stoll (I.),

shortly before the completion of the present manusciipt, adds to

our knowledge of the Penicillium group, by detailing a series of

observations on comparative cultures of several species. Further
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elucidation of this difficult subject luay be anticipated from the

investigations of Thom (1.), which up to the present have only

been outlined.

It hardly needs emphasising that the form and size of the

conidia are constant for one and the same species, and that

reports on the transformation of growths with ellipsoidal conidia

into such as produce globular conidia—as described by Gueguen
(II ,)—must be regarded very critically.

Nothing certain can be stated with regard to the number of

species in existence. Undoubtedly a large proportion of the fifty

odd alleged species included in Saccardo’s list (lY.) will have
to be deleted, especially since the older descriptions are insufficient

for identification. Scarcely one-half of the above number have
been clearly characterised, and only a portion of this moiety can
be regarded as authentically established. Nearly half the thirty-

two species counted by Lindau (II.) are unrecognisable or

doubtful, the old descriptions given by Preuss, Corda, and
Bonorden being insufficient as a starting-point, it having been

customary at that time to simply describe, without troubling

about the previous work of others, in a way that is quite

incommensurate with modern requirements. The greatest con-

fusion exists at present with reference to the fungus termed
“ Penicillium glaucum,^’ of which there appear to be several

closely allied species included under this collective name in the

literature. In fact we are only on the threshold of real know-
ledge in connection with the Penicillium group. A summary
of the Penicillium species is given below, theTechnically important

members, that have been more accurately described and are dealt

with fully later on, being marked with a^. Fuller particulars

are set forth by Saccardo (IY.) and by Lindau (II.).

Summary of Penicillium Species.

1 . Conidial herbage, green :

P. (Link?) Bref., Sclerotia with subsequent formation of

asci
;

P. italic^im* Wehmer, sterile sclerotia
;
P. olivaceum*

Wehmer
;
P. luteum, Zukal, soft-skinnned ascospores

;
P. ruhrum^

Stoll
;
P. purpurogenum, Stoll

;
P. aurcum, Corda, soft-skinned

ascospores (perithecia)
;
P. radiatum, P. Lindner (sclerotia?);

P. Wortmanni, Klocker, soft-skinned ascospores (like P. aiireum

and P. luteum)
;

P. Duclauxii. Delacroix {P. hUcum?), P.

Camenibert* ad int. {see also under 4) ; P. Poquefort^ ad int.
;

P. daviforrae

,

Bain.
;
P. granidatum, Bain.

2. Conidial herbage yellowish to brownish or brown :

P. brevicaule* Sacc.

3. Conidial herbage reddish to red :

P. roseicrri^ Lk. (?).

4. Conidial herbage white to light grey :

P. candidum, Lk., sclerotium with formation of asci
;
P. Cameinhert *

a.i. (herbage temporarily a faint green)
;
[P, insigne, (Winter)

Schrbter, with formation of perithecia
{
= Gliodadium peni-

cilloides)].
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As already mentioned, it hardly seems advisable to subdivide

this morphological genus at present, even in cases where the

course of development of the separate species seems to assign

them to diflerent places in the system. Thus, the great difference

between the ascospores of F. glaucum, Pref. and F. luteum, Zuk.

involves their allocation to two diflerent genera, whilst any

species exhibiting true perithecia would have to be placed in

a third genus, leaving the numerous unallotted s})ecies to rank

as “fungi imperfecti ” in a fourth group. For this, however,

it is preferable to wait until the species are better known, retaining

in the meantime the genus Fenicillium as a group of species

classed together by their conidiophores.

§ 287. The Species of the Genus Fenicillium.

The species most frequently encountered, generally of technical

or pathological importance, will be dealt with first, chief among
them being FeniciUmm glaucum (Link ?), Brefeld

;
(Fen c. crusta-

ceum, Fries?). The F. glaucum, Link, of the literature is

evidently a collective name for a series of closely allied green

species, a thorough examination of which is highly desirable.

The colour of the growths, the branching of the conidiophores

and the size and shape of the conidia are very similar in all.

If it be desired to preserve this specific name from extinction

—

it is impossible now to say what Linne, Link, Fries and others

had before them—it would be most appropriately bestowed on

the species more closely studied by Brefeld (II.), which produced

very small, spherical conidia (2.5 g in diameter), and sclerotia,

all differing from this form being named afresh. That a large

number of these do exist is sufficiently demonstrated by the

recent investigations of Thom (II.) In these circumstances it

is difficult to assign to any particular form the numerous reports

in the literature relative to the occurrence and action of the

collective species “ F. glauc%tm.^' For instance, the “ F, glaucum'^

concerned in the ripening of cheese can apparet tly be subdivided

into several distinct species, readily distinguishable macroscopically,

in pure cultures, from each other and from “ F. glaucum^ T\vo

of them, in fact, are described a little later on, under the names
F. Roquefort and F. Camemhert. Differing from these again are

the species furnishing round spores, and appearing as the cause

of decay in ripe fruits, but not yet closely examined. The
classification of the so-called F. glaucum, Link, species of green
mould observed on hops, shed-ripe tobacco, in the leather manu-
facturing process, and in vinous fermentation (the cause of mouldy
flavour in wines) will have to be poffponed until they have been
more closely compared by the customary mycological methods.
This group is comparatively easy to differentiate from the species

producing elongated spores (F. luteum, F . italicum, F. olivaceum),
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and also from the macroscopically similar members of other
genera [Citromyces species, Aspergillus fumigatus)

,
distinguishable

at once by the structure of their conidiophores, though confusion
has probably occurred in the literature from the grouping of all

green moulds as P, glaucunn^ Link. Nothing, in fact, is so

deceptive as the exactly similar green shade common to the

Fig. 178.—Penicillium ghiucum.

Couitliophores exhibiting diversified branchings (a, a') ; ascospore with ripening

asci (h ) ; isolated ascus in course of sporogenation (c) ; spores viewed laterally (rf).

Magn. of n, 315 ;
of 6, 150 ; of c, 630 ;

of cl, 800 {After Brefeld.')

growths of a large number of species, most of the Penicillmm

group being t f this colour.

The Penicillium glaucum of Brefeld (IV.)exhibits the following

characteristics {see Fig. 178). The conidia are globular, smooth,

2.5 ju thick, and occur as long coherent chains on pointed cylindrical

sterigmata, measuring about 5-13// long and 3-4 /.t thick. The
branching of the conidiophores varies considerably [see Fig.),

and these organs measure 200-400 p in length, each twig being

crowned with a tuft of (up to 12) sterigmata, which are usually

shorter than their bearing cells. The colour of the herbage and

vegetation is pale^ or dark green, becoming discoloured with age

;
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structure compact, not woolly, conidia abundant. Under certain

conditions, though not very regularly, the species forms small,

hard, spherical to nodular sclerotia, resembling grains of sand in

size (o. 1-0.8 mm. in diameter), and gradually forming asci, after

a period of repose, by resorption of the tough central tissue.

The closely crowded, globular to ellipsoidal asci (12-15 S-io^)

fall apart eventually, so that when ripe (after about 7-8 months)

the interior of the organ, which is surrounded by a stratified

skin (2-3 layers), is full of free, pale yellow, ellipsoidal spores

(5-6 by 4-4.5 ^(). In germination, the individual spores, which

have a longitudinal groove and 3-4 transverse ribs, throw off the

two halves of the epispore. According to Brefeld’s earlier

reports, the sclerotium is developed from two special hyphm (the

ascogonium and pollinodium) by a kind of fructification process,

the asci being then formed as lateral shoots from the ascogonium.

ZuKAL (II.), on the other hand, describes the formation of the

sclerotium as resulting from the fusion of two equivalent, simple,

vegetative hyphae, and has observed the asci developing from the

filaments growing out from the wall of the hollow sclerotium into

the interior cavity of same.

It seems evident, from the varying dimensions of the conidia,

and especially from the reports on the limits of temperature, that

the 1\ glaucmn described by various authors was not always one and
the same fungus. Only the dimensions given for the conidia by
ScHKOTER (I.), namely, 2-3 and by Wehmer (XXIII.), namely,

3 fi ,
agree closely with the figures given by Brefeld (II.),

Saccardo (III.) reporting them as measuring 4 fx, Lindau 3-4 g
(globular or ellipsoidal conidia), and Stoll (I.) 3. 8-4. 3 g. The
latter worker in particular seems to have had before him a very

difierent form, with round spores, since it thrives as well at 37° C.

as at 8° C., the maximum temperature being even above 40° C.,

whereas, as a matter of fact, most of the forms of this class die

off completely at 37° C. Others have found the minimum and
maximum temperatures for F. ylaucum as i.5°-2° 0 . and
33°~35° C. respectively. If Grawitz formerly habituated the

fungus to temperatures of 38^-40° 0., and then made successful

inoculations on animals, he could hardly have been working with
a form of F. glaucmn. The form grown by Stoll (I.) gave a

pure white instead of green vegetation on agar-agar after several

re-inoculations, thus producing a white form, analogous to

F. candidmn, Link, which, however, reverted to the green form
and produced the normal conidial pigment, when transferred to

ordinary media. Actual proof is lacking in support of Gueguen’s
assumption (II.) that the species known as F. glaucum varies

considerably in the form of its conidia, and that a form with
round spores can pass over into a form with elongated spores.

This is, moreover, very unlikely, and the probable explanation is

that similar but really difierent species were present in the mixture,
VOL. II : PT. 2 Y
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since the shape and size of the ripe conidia have hitherto been
found very constant, and there is no really accurate experience of

any variability in the morphological characteristics of one of these

forms, if we except the irregular branching of the conidiophores.

Reports on sclerotia are given by Winter (LV.) and Gue-
GUEN and on the formation of corernia by Brefeld (II.)

and Hennings (II.).

The two following species can be differentiated from
Brefeld’s fungus on the ground of Thom’s investigations (II.),

and also difter from each other in form and culture. Thom
named them “Roquefort mould” and “Camembert mould”
respectively

;
but, in the absence of any specific names, they may

be provisionally termed F. Iloquefort and P. Camembert.
Penicillium lloquefo7't, Thom’s (II.) Roquefort mould, hitherto

generally called P. glaumim, Link, differs clearly from Brefeld’s

P. gJauciim by the size of its conidia, which are about twice as

large as those of the latter. The position of this species, which
is of regular occurrence, in the conidiophore-bearing stage, in the

green veins of ripening Roquefort cheese, is left an open question

by Thom. The conidiophore is 200-300 g high and 4 g thick,

the average height of the conidia heads is 90-120^; and the

branchings are arranged in irregular whorls, carrying sterigmata

9- 1
1 g long and 2.5 g across. The conidia are bluish green,

mostly spherical, smooth and large, being 4-5 g in diameter.

The colour of the vegetation is dark green, afterwards turning to

a dirty brown, the underside being yellowish white. No asco-

spores have been detected. Only a slight liquefactive action was
exerted on sugar gelatin; and red litmus was rapidly turned blue.

The germination of the conidia and development proceed rapidly,

an abundant mycelium, with conidia, being frequently produced

within thirty-six houi's. This rapid growth distinguishes the

species from P. Camembert, and the conidia are less sensitive to

drought, sometimes retaining their germinating power for months.

According to Conn, Thom, Boswortii, Stocking and Issajeff (L),

a bitter taste is imparted to the cheese, Thom states that the

species is characteristic for Roquefort cheese, though it occurs

on many other substrata and appears to be distributed every-

where.
Penicillium Camembert, tlie Camembert mould of Thom (H.),

is a distinct species which plays a constant part in the ripening of

Camembert cheese. Conn, Thom, Boswortii, Stocking and
Issajeff (I.) call it simply Camembert fungus, leaving the

species undefined owing to lack of suflicient description.

Thom (II.) has also recently described it more closely under

the name Camembert mould (A*, album, Epstein ?), and it is

probably identical with Roger’s (I.) P. candidum from Brie

cheese (1898), and Epstein’s (I.) P. album from Camembert
cheese (1902), which have not been morphologically described.
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111 re-naming the species, P. lioyeri would perhaps be more appli-

cable than P. PJpsteini, suggested by Lindau (II.)* Thom states

that the vegetation is white at first and decidedly woolly (not

smooth !), the colour gradually changing to pale greyish green,

and afterwards greyish white. The conidiophores are 300-800 fi

long and 3-4 p thick, the conidia heads are up to 175 p in length

and slightly branched. Sterigmata are not numerous (8-1 1 /u by

2.4-3 conidia are globular (cylindrical to ellipsoidal

while young), bluish green, large, 4. 5-5. 5 p thick and smooth.

The mycelial threads are about 5 p in diameter. Conidia are

formed on the free surface only, not in cavities in the substratum.

Sugar gelatin is liquefied under the colonies only, litmus being

turned red at first, but quickly blue again. Cheese inoculated

with this species is covered over in a week with a woolly white

mycelium. The fungus does not seem to occur in the open
;
and

Thom regards it as a typical dairy species whicli will not grow
under other conditions. Even as an infection, it rarely occurs on

other kinds of cheese. The conidia lose their power of germina-

tion if kept perfectly dry fora few weeks. It is said to peptonise

milk without any previous coagulation, and to assume a faint

yellow colour, without emitting the pungent ammoniacal smell

produced by “ P. glaucum'^ (Iloquefort-P.). The slight acidity

set up in the substratum at first, soon disappears. In pure

cultures, the species can be distinguished from the two preceding

ones at a glance.

Penicillium luteum^ Zukal, forms ^reen vegetations, distin-

guishable from the other species by their faintly brownish (olive)

tone. The sterile mycelia are often characterised by a bright

lemon yellow coloration, wliich is afterwards masked by the

inci})ient conidia, and is then only visible at the edges, if at all.

It differs from the ordinary species by its small ellipsoidal conidia

and very long sterigmata. It frecpiently occurs on substrata

that are prone to mould (skins, fruits, paste, etc.), especially

preferring those of an acid character (lemons), and according to

Behrens (IX.), it causes fruit to rot, by producing poisonous sub-

stances. On account of its tenacity and rapid growth, it is a

source of trouble in places where it has once found a lodgment,
and when infecting other fungi it fre(|uently kills them otf

rapidly. According to Weiimer (XXXIV.), this is especially

the case with Giiromyces, on the vegetations of which it produces
brown, slippery, dead patches which rapidly spread outwards.
The tenacity of life on the part of the conidia is, however, very
slight

;
and as a rule they all die off in one or two years. The

delicate conidiophores (Fig. 179), more closely examined by
Weiimer (XX.), branch like the two preceding species, but are
characterised by a tendency to form whorls, so that the main
filaments usually exhibit only a single whorl of 2-4 branches of

the first order bearing tufts of sterigmata, though a variety of
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deviations occur. The sterigmata ( 1 7 by 2.1 ji) are more pointed,

and longer (in comparison with the head) than in most other

species, the conidia decidedly elongated (ellipsoidal), very small

Fig. 179.—I’enicillium luteum.

Typical conitliopliore (a), sterig mata (6), and conidia (k) ; c, ascosporcs on the veg'e-

tation (nat. size) ; d, section ot ascospore with medulla (m), skin (r) and groups
ol asci (a)

;

e, free ascus ; /, spores viewed from the side and in section, showing
barrel-hoop fillets; germination of ascospore; 7<, hyphm with yellow gTanules.

Magu. of a, looo ; of l>, 2000 ; of <7
, 15 ; of e, 1200 ; of /] 2400; of (/, 900 ; of /<,

500 : of 2000. {After Wehmer.)

(2.3-3 by 1.4-2 p )—see also 8, Fig. 177—smooth, delicate, hang-

ing together firmly in long chains, dull grey in colour, but

greenish grey when heaped up. According to Wehmer (XXI.)
coremia are frequently developed, occasionally extensive, very

handsome, and up to i cm. in height. The ascospores, which

were first observed by Zukal (III.), and afterwards more par-
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ticularly described by Weiimer (XX.), are usually abundant,

occurring on the surface of the vegetation as lemon to golden

yellow, thin-skinned bodies, more or less spherical, 1-2 mm. in

diameter, turning dark orange with age, and ultimately becoming

discoloured. The integument, which is about 100 /t thick,

formed of loosely woven hypha3 and of a golden yellow (afterwards

brownish red) colour, encloses a colourless network of filaments

with embedded nests of ellipsoidal asci (measuring 9-11 by 6-8 /t),

each of which contains 4-8 (average 5) barrel-shaped, tough-

walled spores (4-5 by 2-8 p). In contrast with those of

P. glaucum^ Brefeld, these spores have no longitudinal furrow,

but are provided with 3-4 delicate transverse fillets, which do
not eject the epispore in two halves during germination, but

allow the contents to escape through fine cracks and form a

voluminous secondary spore, which then develops. In a few
weeks the integument of the fruit becomes very brittle, and
encloses a pale yellow dusty mass of liberated spores. These
ascospores, which at first consist of loosely inteiUvined bundles of

hyph?e with separated groups of asci, would undoubtedly justify

the classification of tbe species outside the AspergillacecH, the

fructification being similar to that of Gymnoascus and differing

completely from P. glaucum, Brefeld. The bright yellow colour

of the young mycelium and fruit case of P, luteum is due to

yellow granules (a pigment soluble in alcohol and classed by
Zukal as a fungus acid), abundantly secreted by the hyphie and
forming a dense coating upon them. These are lacking in

P. glauciim, and are not invariably met with in P. luteum. The
fungus readily acidifies saccharine nutrient media by the forma-
tion of free citric acid.

Penicillium italicum, Wehmer, is a mould which, according to

Weiimer (XXIX.) is found only on certain substrata (pine-

apples, lemons, oranges, and similar southern fruits), and differs

from those already described by the bluish grey shade of the
green surface. The structure of the conidiophores [see Fig. 180)
corresponds with that of P. glaucum, Brefeld, but the conidia aie

ellipsoidal instead of spherical. This fungus, which is very
commonly imported with the fruits in question, is the cause of ex-

tensive putrefaction, for instance, in the case of ripe pine-apples,

the entire contents of the closed cases being sometimes destroyed
in this way during transport. The rapid spread of the mould on
the surface is accompanied by an equally rapid penetration of the
flesh of the fruit, which is spoiled in consequence. The delicate,

colourless conidiophores, which are only of the thickness of hypha)
and about 250 p long, carry 2-3 upright branches, arranged at

unequal heighths and provided with a tuft of (2-6) sterigmata,
like the main stem, but not always at the same height. The
delicate ellipsoidal conidia, extending in long chains from the
slender, tapering sterigmata (measuring about 10 by 3 ^<), hang
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together at first like the cells of a closely septated hypha, but
afterwards become more rounded, increasing considerably in

volume and becoming looser, their fairly uniform dimensions
then being about 4-5 by 3 p, though sometimes as much as 6.1

by 4 f.1.
Individually almost colourless, they give rise to the

characteristic shade of the vegetation when closely packed
together. The fungus develops abundant sclerotia, differing but

slightly in size, form, and tough structure from those of P. (jlaucv/ni^

Fig. 180.—reuicilliiim italicum.

Couidiopliores (i, 2), steriginala (3, 4), and eonidia (5). Section through an old

sclerotium (6), the coloured strata ot the rind shaded more darkly. Approx,
magn. ot 1-2, 400; ol 3-4, 600; of 5, 700; of 6, 90. ^After Wehmer.)

Brefeld. They form small, smooth, brown, fairly uniform, hard,

brittle globules, about 300 jli in diameter, either enveloped in

mycelium or bare, and are easily separated at anytime by rubbing

the vegetative coating between the fingers. Since, up to now, all

experiments with a view to the development of ascospores have
tailed, the sclerotia must, for the time being, be regarded as sterile,

in which respect they are on a par with those of Aspergillusfiavus,

A. ochraceus, and A. niger. Nothing definite is yet known as to

their life history. The fungus is readily cultivated on the usual

mycological substrata, and when grown on sugar solutions con-

taining inorganic salts, forms tough, closely matted coatings,

colourless below and pale to greyish green above, a large number
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of conidia being produced. According to Stoll (L), tlie optimum

temperature is 25° C., and the minimum 10° C. The liquefaction

of the gelatin is efiected very slowly, or may be entirely absent

(according to the composition).

Penicillhmi olivaceiim, Wehmer, is said by Weiimer (XX 111.)

to occur, like the foregoing species, almost exclusively as a putre-

factive organism on southern fruits, the two being sometimes

found together. It is

also occasionally met
with on European
fruit, ZsciiOKKE (1.)

having found it as

the cause of gradual

putrefaction on pears.

His description, how-
ever, might apply to

r. luteum^ which has

also been found on

fruit by J3 eiiiiens

(IX.). The colour of

the vegetation is an
olive-green, like that

of P. luteum, but
brighter, and lacking

the yellow gi’anules

excreted by the sterile

hyphie of the latter. The conidiophores are handsome, but
scarcely visible to the unassisted

Fio. 181.—renicillimn uliviiceimi,

Conidiopliorcs jiml conidia. Approx, magu, of 1-2,

400; of 3, 500. (lifter Welimcr.)

eye, so that the herbage
does not appear filamentous. The conidiophores (Fig. 181),

which measure up to about 200 fi in length, are less regular in

structure than those of the preceding three species, there being

no well-defined average system of branching. The branches are

1-3 in number, each carrying a few (2-3) sterigmata, about 14
by 3 p. The conidia are ellipsoidal, like those of J\ iialicnm,

but much larger, averaging 6-7 by 4 p, though sometimes attain-

ing 10 by 6 p, and joined together in chains which readily fall to

pieces, only the younger and much smaller ones (J-tI p) being

firmly connected. The conidia are therefore twice as large as

those of the preceding species. No fructification has yet been
observed. On artificial substrata, the species forms a yellow-

green coating of mould. The optimum temperature of growth is

23'^-25° C., the mitiimum being about 10° C. The liquefactive

action on gelatin is very slight. Further particulars and observa-

tions on the cultivation of the species are given by 8toll (1.).

PeniciUiinn hrevicaule, tSaccardo, observed by Saccapdo (HI.)
with other moulds on decayed paper, has been recommended
by Gosio (II. and III.) as a reagent for the detection of

arsenic, since, when grown in media containing traces of that
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substance, it forms the pungent compound, diethylarsine {see

p. 407). The morphological and biological conditions have
recently been more closely described by Stoll (I.), though not

exhaustively so. The growths aie brownish yellow to brown
in colour, according to the age and substratum. The coni-

diophores (Fig. 182) are delicate and small, irregularly branched.

Fig. 182.—renicillium brevicaule.

Formation of couidia on siieci il conidioiiliores (i and 2), as also directly on tbe iny-

celinin (3), the former on wort gelatin, the latter on an agar-agar cnltnre. Tbe
conidiopbore i carries only yonng, elongated conidia in course of development,

those on 2 being ripe and partly shed, together with three younger ones not yet

septated (see also fig. 177, 2). Approx, magn. of i and 2, 5ooand 800 respectively;

of 3, 400. {Original.)

and usually with but few twigs and steiigmata, the latter

being rather long (about 16 by 3.5 fx) but not very charac-

teristic. According to Stoll, there are two forms of the smooth,

yellowish conidia, one being spherical (about 6.5 fi in diameter),

the other pear-shaped (10 by 6 p). Saccardo mentions spherical
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conidia, sometimes warty
(5-7 /u). These statements, Jiowever,

require correction, the conidia being extremely variable in cultures

on different substrata, both elongated, pear-sha2:)ed, ellipsoidal,

spherical, smooth, prickly and warty forms being met with. The
typical development on a good substratum (wort gelatin), how-

ever, furnishes ripe conidia that are decidedly warty globules

with broad stems, the globules themselves soon falling asunder.

At an earlier stage they are elongated, sometimes pointed, and
also provided with a decided stem {see also Fig. 177 ). Mature
specimens measure 6.8-9. 2 by 5.7- 6.8 f^i.

Consequently these

conidia differ in a marked degree from those of all other species

of Penicillium. No sclerotia ascospores have yet been observed.

The species grows at only a moderate rate on the usual bacterio-

logical substrata, and liquefies gelatin. The optimum tempera-

ture of growth is about 20°-23° C., and development is sluggish

below 15° C. According to Stoll, a decided liberation of ammonia
is produced on alkaline gelatin, but not on sugar or acid gelatin.

Occasionally the spores are produced directly on the mycelium,
without sterigmata or supports {see drawing). This observation

needs reinvestigation, as indeed does the whole morphology of the

species, the existing communications on the subject being scanty.

The following species are less known, apparently scarcer and
of no practical importance:

Penicillium 'purimro(jenum, Stoll, was described by Stoll (I.),

who obtained the species from Krai, according to whom the

original culture was isolated by Fleroff from impure Japanese
koji. In respect of the conidiophores, colour of the vegetation,

and the formation of pigment, it resembles P. luteum. The vege-

tation is dark green to dark greyish green
;
the conidiophores are

delicate and branched in whorls, each twig being usually provided
with four elongated, pointed sterigmata (7 by 2 /t). The conidia

are ellipsoidal, very small (2.8 by 1.7 j.i), and uniform in size and
shape. The optimum temperature is about 30° C., growth ceasing

below 15° 0., though the fungus continues to develo}) at incuba-
tion temperature. It produces a yellowish red to purple-red
pigment, but only on substrata containing carbohydrates. The
sterile mycelia are bright yellowish red.

Penicillium ruhrum, Stoll, is a species of unknown origin,

isolated by Grassberger. and described by Stoll (I.) in 1904.
The hyphm are coloured yellow to yellowish red by excreted
granules; the conidial herbage dark green, and the conidiophores
are delicate and often branched in whorls, the ends of the twigs
carrying 4-5 long, pointed sterigmata (9.6 by 2 ft). The conidia
are globular, very small (2.3 in diameter), and joined in readily

detachable short chains. The optimum temperature is 3o°~35° G.
The species continues to grow at incubation temperature, but does
not develop below 15° G. It produces a yellowish red to rusty
brown pigment, but only on substrata containing carbohydrates.
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and the pigment differs from that of the preceding species. No
friictitication bodies have been discovered. Particulars of its

behaviour in cultures, as compared with the two preceding species,

are given by Stoll (L).

renicilUum hlcolor, Fries, is a species described by Ouoemans
(IV.) as having been isolated from soil

;
and, unless found to be

identical with some other species, should probably be re-named.
It forms greyish green coatings or cushions, with a sulphur-
coloured rim (similar to F. Iuteu7ii), but the conidia are spherical

(2.3 f.1
in diameter). The conidiophores are divided up into two

or three groups of fours, with cylindrical, pointed sterigmata and
long conidial chains. It is probably difficult now to say what
species was actually examined by Fries, though the yellow periphery

of the cushions distinguishes it from “P. glaucumF
Penicillium claviforme, Rainier, was observed by that worker

(I.) in 1905, on powdered oak bark at a drug store. The species

is rendered so remarkable from the formation of club-shaped

growths (1-2 cm. in height), which are white at first, but after-

wards green, resembling those of Isaria, and also occurring

extensiv^ely in pure cultures, that is not easily confounded with

any other kind. The conidia measure 4.2 by 3.1 and are of a

pure colour. The species should probably be classed with Isaria.

Fenicillium gramdatiim, Rainier, was observed on oak chips in

the woods. It produces a yellow pigment. The conidia are

globular to ellipsoidal, measuring 2.6 by 2.1 g. This species, like

the preceding one, was cultivated by Rainier (F.).

The following species need more accurate description, and are

probably to some extent synonymous or doubtful.

Penicillium roseum, Link, forms reddish growths on vegetables.

According to Oudemans (I.) the conidia measure 5-6 by 2-2.3 g.

The species is apparently rare, and also requires further investi-

gation .

Penicillium radiatiim, P. Lindner, differs from the other

species by its tough-walled, dark-coloured conidiophores. The
conidia are green and spherical. This species was found on cran-

berries by P. Lindner (XXXIII.), on which habitat it forms

black, spherical sclerotia. Further investigation is needed for

more complete particulars.

Oudemans (II.) has recently found (in 1902) several species in

forest humus. These, however, can only be briefly mentioned,

more complete investigation being necessai*y
;
from the description

and drawings given, it is doubtful whether they really constitute

new species.

Pe7iicillium geophilum, Oudemans, produces conidiophores

about 360 g high and 6 g thick, which are septated and provided

with a whorl of bottle-shaped twigs (sterigmata), up to 30 g in

length, from which the conidia separate direct by abstriction.

The conidia are spherical, green in colour, and 3-4 g in diameter.
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Tlie species, with its imbranched tonidiopliores, moreover, belongs

to the genus Gitromyces.

Penicilliimi humicola, Oudemans, is yellow-green. The conidio-

phores measure about 1 10-120 by 1-1.5 ft (probably a typo-

graphical error ?), and are branched in whorls. 'Jdie conidia are

2 y in diameter. Oudemans’ diagrammatic drawing exhibits no

special features.

Penicillium desciscens, Oudemans, is similar to the preceding

species. The conidiophores show repeated branchings. The
description gives the diameter of the conidia as 2-3 p, but,

according to the drawing, they are ellipsoidal [P. luteum ?).

Penicillium silvaticum, Oudemans, is brown. The conidio-

phores measure 210 by 2-3.5 sej)tated, with a whorl of

bottle-shaped sterigmata, from which separate the pale brown,

spherical conidia, 2-3 y in diameter. The unbranched conidio-

phore excludes this species from the Penicillium group. It is

apparently identical with P. geoyhilum^ and should be classed with

Gitromyces.

Penicillium candidum^ Link, forms white herbages, the

conidiophores and conidia apparently coinciding with those of

‘‘/k glaucumP The spherical conidia measure 2-3 g in diameter.

The species grows on all kinds of vegetables. Accurate reports

are lacking, but Morini (I.) speaks of sclerotia and asci, the latter

being ovoid, 24-30 g long, and containing eight smooth ovoid

spores measuring 6.5-9 by 3.5-5 g.
According to Roger (I.) a white Penicillium—termed P. candi-

dum, but not fully described—plays a part in the ripening of

Brie cheese, which it covers with a pale herbage. Epsteix (I.),

who also di.scovered this fungus, named it P. album, but its

identity with the older album, Preuss (1851), has not been
established

;
and it is also doubtful whether it coincides with the

above-mentioned P. candidum, Link. More probably it is the
same as P. Gamemberl, which is slightly green at first, afterwards
turning greyish white.

Penicillium Duclauxii, Delacroix, forms herbages, which are
white or sulphur-yellow at first, afterwards turning olive-green.

The sterigmata are spindle-shaped, the conidia rounded-ellipsoidal,

and measuring 3-4 g in diameter. The species has been found
on grapes that have lain in water. According to the description
by Delacroix, the species is probably P. luteum.

Penicillium insigne (Winter), Schroter, forms white conidial

herbages and elongated ellipsoidal conidia. The structure of

the conidiophores closely resembles that of P. luteum. It was
described by Winter (IV.) as Eurotuim insigne, and, according
to SciiROTER (I.), is identical with Gliocladium 'penicilloides, Oorda.
The pale yellowish brown, globular peiltdiecia (0.25—1 mm. in
diameter) have a smooth, thin, pseudo-parenchymatic skin. The
asci are elongated ellipsoids (35-50-28-35 g), and contain eight



346 MORPHOLOGY OF THE ASPERGILLACEHl

pale brownish yellow, spherical, prickly, tough-skinned spores,

15-20 p in diameter. The species is found on the excrement of

dogs and geese.

Fenwillium aureuin, Corda, forms yellow conidial herbages,

turning to olive green, with very small, oval to spindle-shaped

conidia (3-1.5 p). The perithecia are thin-skinned, similar to

those of the preceding species, but enveloped in a yellow covering

of matted hyphae. The spores (5 by 3 p) are smooth, yellow, and
ellipsoidal. Corda observed the species on decayed wood, and
VAN TTegiiem (lit.) found it on the husks of Bertholletia.

Further investigation is necessary, though in many respects it

so closely resembles P, luteum that the two might be considered

identical.

Penicillium Wortmanni, Kldcker, forms ascospores, which are

stated by Klocker (VI.) to be similar to those of P. luteum and
P. aureum^ though they are not smooth or provided with trans-

verse ledges, but with stumpy warts, as in the case of P. insigne.

How far the resemblance to the latter extends cannot be decided

until a more complete description of the conidiophores is

available.

The Penicillium aromaticitm, observed by Joiian-Olsen (HI.)

during the ripening of Norwegian “ gammelost,” but not described,

is probably nothing more than the Penicillium of Roquefort
cheese. Particulars are also lacking of the Penicillium forms

—

which certainly included the Camembert Penicillium—observed

by CosTANTiN and Ray (I.) in Brie cheese. According to the

results of investigations by de Seynes, the P. ciqmicum of Trabut

(1895), is merely a form of the ordinary “ P. glaucum," modified

by tiie substratum (copper sulphate solution).

§ 288. The Genera Citromyces and Allescheria.

The genus Citromyces, Wehmer, comprises only a few forms,

some of which are remarkable, physiologically, for their energetic

power of acidification. It differs from Penicillium by the absence

of branchings and by the swelling of the conidiophores (often

into a globular form), and from Aspergillus by the slenderness

of these organs and by the successive development of the

sterigmata. The globule is spherical, club-shaped or insignificant.

The conidiophores resemble hyph?e, are mostly aseptate, and,

especially in aged specimens, provided with a colourless, thin-

skinned, terminal, club-shaped to spherical globule. They are

usually simple, slender, and project in large numbers from
the mycelial filaments, the stalks being delicate and barely dis-

tinguishable from the vegetative hyph?e. The slender, tapering

sterigmata are disposed in 5-10 whorls or tufts, pointing upward
and inward, so that the head, deprived of conidia, resembles a

calyx. The conidia are mostly spherical, very small (under 3
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green in the mass, and arranged in long chains. Ascospores are

unknown.
Citromyces Pfefferianus, Wehmer, is undistinguishable from

“ Penicillium glaucmn^' even in colour, by the unassisted eye.

It occurs as a tough, pure green mould, turning to greyish green,

grey or brownish with age, on sour fruit, sugar solutions, sugar

Conidiophoi’es, at h and d after removal of the conidia, showinof the variable globule

Avith simple sterigmata ; e is a malformation, a sterigma growing out into a iieAV

conidiopliore. Conidiopliores, slightly magnified at./'. Ilyphai at //, from a growth
in a calcareous nutrient soUition, showing spherical, granular, or compact
enveloping deposits of calcium citrate. Ripe and germinating conidia at h.

Magn. of a-e, 400 ; of./", 240 : of 400, of /<, 600. {After Wehmer.)

preserves, and lemon-juice
;
and in the open air as a fine green

coating, occasionally on old mushrooms, &c. (d.y., Pholiota sqiiar-

rosa). The delicate, colourless conidiopliores, measuring 3 g in

diameter {see Fig. 183) are scarcely 70 p high, forming a dense
herbage and carrying a globule, 4-8 ji across. On this the

sterigmata, 9-14 long and about 3 p, thick, are arranged in a

whorl or are irregularly distributed over the surface, a consider-

able part of which is usually left exposed. All the parts are
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thin-skinned and colourless, the only exception in this latter respect

being the conidia, which are globular and 2. 3-2.8^ in diameter.

Ascospores are unknown. According to Weiimeu (XXXIY.),
this fungus converts the sugar of the nutrient solution into free

citric acid—in which connection see chap. Ivii., § 291.

Citroinyces ^/«&er,Wehmer, agrees in its principal characteristics

with the preceding species. The vegetations are closely inter-

woven and produce an abundance of conidia, which are of a rather

darker green and almost smooth on the surface, and not bristly

like the first species, the under side being dark, and often fissured.

The conidiophores have globules up to 15^ thick
;
the sterigmata

and conidia are indistinguishable from those of the other species.

The fungus stains boiled rice by means of a yellow pigment; and,

according to Wehmer (XXXIY.), it also incites citric acid

fermentation.

Probably several other allied species exist that are undis-

tinguishable except from their appearance and behaviour in

cultures
;
and the forms with unbranched conidiophores, referred

to in the literature as Fenicillium species, should also be included

in this class. The same applies to the old, but indefinite F. radians,

observed by Bonorden on rotting leaves, and also to two of

Oudemans’ species mentioned i^hoYQ[F
.
geophilum and P. silvaticum),

as well, perhaps, as to the F. radiatum of P. Lindner (XXXIII.).
Maze and Perrier (I.) recently established four species (Citro-

myces ciiricus, C. tartaricus, C. oxalicus and C. lacticus), without,

however, specifying their morphological characteristics
;
so they

cannot be regarded as species in the sense of the naturalist.

These two workers, instead of adopting the morphological basis

of classification, apply the term Citroinyces to all fungi producing

citric acid. The practice of establishing genera according to

physiological characteristics is specially indefensible in the case

of forms that are morphologically well defined, and would also

completely break up our system of natural history.

The genus Allescheria, Saccardo and Sydow, diflers from

Fenicillium by the sympodially branched conidiophores. More-

over, it is represented by only a single species. This was formerly

described by Costantin (IV.) as Earotiopsis Gayoni, Cost., on the

basis of a generic name already applied by Karsten to a genus

of Nectroidacece, but should be named Allescheria Gayoni (Cost.)

Sacc. and Syd. It also requires to be carefully compared with

Afonascus purpureus, Went. Lindau (HI
)
proposed to call it

Eurotiella

;

and Ed. Fischer (II.) has described it as Allescheria

Gayoni, Saccardo and Sydow.
Allescheria Gayoni, Sacc. and Syd. {^Eurotiopsis Gayoni, Cost.)

is a species that has been more closely investigated by Laborde
(YI.) on account of its property of saccharifying starch. It

produces a red pigment, and incites alcoholic fermentation, but,

though of chemico-physiological interest, has no practical import-
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ance, and will therefore be only biielly mentioned. It forms

white or reddish herbages, with sympodially branched conidio-

phores, developing long chains of ovoid conidia by abstriction.

The conidia are relatively large, measuring 12 by 10 p. The
ascospores (resembling those of A. ylaucus = Jhtrotium'^) are

spherical and small (50-80 p in diameter), with rounded 8-spored

asci, the spores measuring 6 by 4 p. It forms purple-red patches

on starch paste and other vegetable substrata. In any event the

conidium-producing form bears little resemblance to the previously

mentioned Aspergillacein.



CHAPTER EVIL

CHEMICAL ACTIVITY OF THE ASPERGILLACE^.

By Prof. Dr. C. WEHMER.

§ 289. General Review.

The present chapter deals specially with certain chemical effects

of the Asperyillacece, many of the representatives of this family

being worthy of note, having formed the subject of numerous
investigations in this connection. This has already been discussed

in various other parts of the present work, so that all we have
to do now is to arrange the facts briefly, for the characterisation

of the family in this respect as well.

The presence of enzymes, as the means of producing effects of

decomposition, has been confirmed in all the species examined for

this purpose. The number of enzymes identified seems to be still in-

creasing, so that nearly all the enzymes known are found associated

in AspergillaceiB. Instances of the decomposition of carbohydrates

(disaccharides and polysaccharides), glucosides, fats and proteids,

by invertase, maltase, lactase, amylase, (diastase), inulase, cellulase

(cytase), pectinase, melecitase, raffinase, emulsin, lipase, pro-

tease, (fee., have been noticed
;
and mention has also been made

of lab enzyme, amidase and tannase, as well as of oxidising and
reducing enzymes. Aspergillus niger and the collective species

“ Penicillium glaucum^^^ have particularly served as the subjects

of experiment in these researches
;
but similar observations have

also been recorded with regard to A . oryzee, A . Wentii, A
.
glaucuSj

Fenic. luteum, and isolated instances of other species of Aspergillus

and Penicillium, as well as in the case of Allescheria Gayoni
{Euroliopsis Gayoni). Unfortunately the value of the results has

been considerably impaired by the uncertainty regarding the

identity of the so-called “ Penicillium glaucum ” examined by the

different authors. Only in a very few instances have the enzymes
in question been actually isolated, their presence having been,

as a rule, deduced from the reaction with the culture liquid or

with extracts from the triturated growths of mould.

In addition to enzyme action, true fermentative action in the

stricter sense is found in only a few species
;
and in only one,

namely Allescheria Gayoni, has any decided alcoholic fermentation

been observed up to the present. On the other hand, oxidising fer-
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mentations have been noted in several species, namely : oxalic acid

fermentation by Asp. 7ii[/er, citric acid fermentation by Citi'oinyces

PfeffpA'ianus, Citr. g'aher and Pe^iicillimn luteum. Whether these

phenomena are separable from the living fungus and can be

produced by the lifeless substance has not yet been investigated.

The dissociation of racemic compounds into their optically

active components by micro-organisms has been already dealt with

in vol. i. chap. xxii. The circumstance is only referred to now
because nearly all the determinations were made by tlie help of

Asjm'gillacecB, more particularly Asp. nigei' and PeiiicilUum

glauGum!' though in many cases the purity and identity of the

species may be doubted. Several experimenters have also worked
with Asp. Jiavescens (probably A. flavus) and A. gi'iseus, the latter

name possibly masking the identity of some better-known species

(e.<7., xi.fumigatus, Fres.). Unfortunately, descriptions of the fungi

are lacking, so that the results are practically worthless. Attention

has already been drawn to the circumstance that the Penicillium

glaitcum of the earlier workers was an imperfectly identified species,

and can only be regarded as a collective term applied to green

moulds of indefinite nature.

Our knowledge of the pigments produced by several of the

species, and the conditions under which these pigments are

developed, is still in an imperfect state. The same also applies

to the poisons formed by the pathogenic species, though the

less important decomposing action of several species on readily

oxidisable substances (alcohols and organic acids) has been
repeatedly examined. The chemical activity of our fungi is

almost invariably connected with the presence of atmospheric
oxygen, submerged vegetations being unable to bear the complete
exclusion of oxygen for more than a short time, even when sugar
is administered. Further particulars of the processes are given
by Pfeffer (III.) and Duclaux (XXI.), in the lectures on plant

physiology by Jost (I
),
and in Czapek’s (IY.) recently published

work on the biochemistry of plants.

§ 290. Saccharification of Starch.

The diastatic property of the Aspergillacecti is rightly placed in

the foreground as the one of greatest practical importance. It

has been utilised technically from the oldest times
;
and special

historical interest attaches to the diastase of the Japanese Asper-
gillus oryzcE^ this being the first enzyme from thread fungi to

become better known, and forming the pioneer of the long series of

fungus enzymes discovered during the last two decades of the nine-

teenth century. In i860, Rerthelot isolated yeast invertase, and
the property of inverting saccharose, possessed by the extract from
“mould fungi,” was mentioned in 1864 ^7 Bechamp. After
Gayon’s discovery of the inverting action of Asp. niger in 1878,

VOL. II : PT. 2 z
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the subsequent investigations of that fungus were not commenced
until the eighties.

In 1876, Korsciielt (II.),who was the first to publish a complete

description of the method of saccharifying rice with Asp. orijzcB,

practised in Japnn, not only mentions that a diastase, capable of con-

verting starch into dextrin s and maltose, is secreted in the hyphse of

that fungus, but also tried to ascertain the optimum temperature

(4o°--5o° C.) for the action of this enzyme, which he named eurotin

(from Eurotium oryzce, the earlier name of the fungus), and which
greatly resembles malt diastase. The statements in the literature

—e.y., by Oppenheimer (HI-)—ascribing the discovery of this

diastase to later workers, consequently need correction. From
the begining of the eighties it received attention at the hands of

the majority of investigators, viz. : Atkinson in i88i, F. Cohn in

1883, Biisgen in 1885, and Kellner, Mori and Kagaoka in 1889.

Then came Takamine’s endeavours to utilise the properties of this

Aspergillus beyond the confines of his native land, and the

researches (extending up to the present time) into Aspergillus

diastase (Taka-diastase) and its capacity, especially in comparison
with enzymes of other origin. Reference to this matter has

already been made in § 242, dealing with the technical application

of the enzymes. In addition it may be stated that the extract

from Asp. oryzce or from koji contains not merely an amylase, but
a mixture of various enzymes, whose divergent effects (decomposi-

tion of saccharose, maltose, &c.) cannot be ascribed to a single

enzyme, since Atkinson demonstrated dextrose to be a saccharifi-

cation product.

The saccharifying influence on starch, that Effront (X.) claims

to be stimulated by a suitable mixture of different substances

(phosphates, aluminium salts, asparagin, &c.), is adversely affected

even by small quantities of alcohol or common salt, though
additions of 20-30 per cent, are required to suppress it entirely.

According to Kellner, Mori and Nagaoka (I.), 2 per cent, of

common salt will lower the effect of the mixed enzymes to

50.2-58.3 per cent, of its original value, 20 per cent, reducing

it to less than 10 per cent
;
whilst 2 per cent, of alcohol will

bring it down to 82 per cent., 10 per cent, of alcohol—according to

Kozai (II.)—to 50 per cent., and 28 per cent, of this reagent to

I per cent. Less than i per cent, of free acids (lactic acid, hydro-

chloric acid) also produced complete retardation. These factors

play an important part in the technical utilisation of the fungus

in the preparation of rice- wine. Soya and Miso.

Asp. oryzce is by no means the only amylolytic species of this

family, the same power being apparently shared by most of them,
though in a less degree. So far as the species have been examined,

starch paste (with the usual additional nutrient substances) forms

a suitable substratum for all, and therefore the presence of the

enzymes capable of acting on that medium is indicated. It is
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hardly necessary to enumerate the whole of these species. Experi-

ments of this kind were commenced by Duclaux (XXI.) in 1883

with Asp. ni(jei% and afterwards with A. (jlaucus, Penirillium

c/laitcum,” (md Allescheria Gai/oni {Earotium Gayoni), hy Fernbacii

"(HI.), Bourquelot, Hebebrand (t.), IjAborue (VI.), and Weiimer
(V.). Observations on the saccharifying properties of extracts

from the mould vegetations have recently been communicated by

Schaffer (IV.), with regard to a number of species (^Aspergillus

niger, A. Wentii, A. fiunigatus, A. glaucus., A. oryzcc^Venicillium

glaucmn, P . hUeitm, P. italicmn, and P. ruhrum.
Fernbacii (IV.) and Bourquelot isolated from the cultures or

growths of Asp. niger the amylase (diastase) previously mentioned

by Duclaux (XXII.). The first-named worker also found that

the preparation obtained by precipitation with alcohol has its

activity seriously impaired by even small quantities of free organic

or inorganic acids. This may also explain the circumstance, ob-

served by Weiimer (V.) that the liquefaction of starch hy this

fungus (which produces free oxalic acid), is sometimes incomplete.

Duclaux (XXII.) states that the fungus will also corrode and
dissolve raw starch by means of a maltase differing from the

ordinary kind, dextrose being formed. According to Laborde (VI. j,

the enzyme in question (amylomaltase) from As}}. niger, Penicillium

glcmcum, and Allescheria Gayoni, is able to transform starch directly

into dextrin and dextrose, and not, as in the case of malt diastase,

into maltose—which substance it i-; also able to hydrolyse. In this

author’s opinion (which, however, has not been left unchallenged),

the amylomaltase secreted by these three fungi is not only different

from the maltase of barley malt, but is also a different substance

in each case, a conclusion formed on the basis of comparative be-

haviour under external influences, such as the action of acids and
the optimum and maximum efiect produced. This point, how-
ever, needs further investigation. Petit (IV.) states that both

Penicillium and Asjyergillus also convert into dextrose the dextrin

(O^IIjjjO.}3 formed during the saccharification of malt. TIebebrand

(
1 .) has written on the diastase of Penicillimn ; and Gosio (VII.)

on Penicillium hrevicaule, which also saccharifies starch.

With regard to the conditions under which diastase is formed
by Asp. niger and Pen. glaucum, reference may be made to p. 62,

vol. ii. The continuous production of amylase in cultures of Asp.
niger on sugar solution was assumed in 1889 by Duclaux, but no
proof was advanced

;
so that the woik of this experimenter, fruit-

ful as it was, affords no experimental proof of the various new
statements.

§ 291. Acid Fermentations.

In contrast with the various enzyme actions of W\q Aspergillacece,

the production of free organic acids—the sole process to which we
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apply the term “ acid fermentation ”—is a rare occurrence
;
and

up to the present this is the only family of Emnycetes in which
this process is carried on in the same way as by the bacteria.

Just as in the latter case the chief products of this fermentation

are acetic acid, butyric acid, and lactic acid, so with the Kumycetes
the products are oxalic acid and citric acid. In the case of

phanerogams, similar processes furnish preferably citric acid,

tartaric acid or malic acid. The accumulation of such acids in

any appreciable quantity, whether in the vacuoles of higher

plants or in the nutrient solution of micro-organisms, is invariably

a physiological peculiarity confined to certain species or families

i^Aurantiaceoi, Crassulacece, Vitacece, &c.), and one that is difficult

to analyse closely. In the majority of cases the free organic

acid is merely an intermediate product, which is afterwards

decomposed by complete oxidation
;
and the question whether

the formative stage has been traversed too rapidly or the decom-
position stage too sluggishly must remain open for the present.

Of course, the presence of salts of organic acids, which are

commonly met with, does not necessarily imply acid fermentation,

since the occurrence of these salts does not argue the pre-

existence of free acids, but is more frequently the result of the

availability of bases during metabolism.

At present we are probably only on the threshold of knowledge
with regard to acid fermentation, and continued systematic investi-

gation may reveal both additional fungi and acids concerned in

the process. Even now a few reports—still, however,incomplete
—are available on the point. Thus, it is known that Asp. oryzee
will acidify saccharine nutrient media, though the nature of the

acid has not been determined. Gkaf (I.) found the acidity of a

2 8 -days-old culture on wort to be equivalent to 40 c.c. of deci-

normal baryta per 20 c.c. of culture liquid, as compared with an
acidity of only 2.45 c.c. in the case of Penicillium glaucum'^ and
of 56.6 c.c. with Asp. niger, for the same volume of liquid. The
fact discovered by Lind (I.), that niger and “ Penic. glcmcum ”

will cori'ode thin plates of lime {see p. 61, vol. ii.), is apparently

—as in the case of algje, rich in calcium oxalate—at least partly

due to such acidity.

The statement by Sanguinetti (I.) that formic acid and acetic

acid are present in cultures of Asp. oryzee, lacks probability, and

should be confirmed by means of pure cultures; and the same
applies to Heinz’s (II.) assumption that acetic acid is produced

by Asp. niger. Moreover, the statement that a so-called Lacto-

myces fungus will ferment sugar solutions to lactic acid must be re-

garded as lacking both proof and probability, although the German
authorities granted a patent (No. 118, 063, of Feb. 26, 1901)

for it, especially as no thread fungi have yet been found to produce

that acid. This opinion is endorsed by Czapek (IV.). The souring

of culture liquids by certain Mucorineoe has been dealt with
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already in the present volume (pp. 73, 74). The Aspercjillaceai

recognised as producers of free acids include primarily Asj}. niger,

renicillmm and two species of Citromyces, the first of these

furnishing oxalic acid and the last three citric acid.

Decided oxalic-acid fermentation has, so far, been observed

solely in the case of Aspergillus niger, merely indications being

found with Asp, glaucus, Fenicillium glaucum, and also with

certain Y\.ow-Aspergillacem {Botrytis cinerea, Sderoiiniasderotiorum^

and Rhizopus nigricans), the slight traces of an excess of free acid

being only prevented from further decomposition by immediate

neutralisation. In other groups of the vegetable kingdom, how-

ever, free oxalic acid is formed during metabolism, and this acid

may remain free [Rheum and also Oxalis species), though it is

usually thrown down at once by the calcium carbonate supplied

by the soil-water (Cacti, the buds and bark of various shrubs,

algae). The application of the term “fermentation” to the

process in the case of fungi does not aftect its similarity of

character in all these cases, though, of course, it must not be

classed indiscriminately with the formation of oxalates.

The mere occurrence of calcium oxalate crystals in fungi has

long been known, and frequently observed in cultures of Asp.

niger, this being also reported by Schroter (II.). Their origin

in gelatin cultures of Renicillium glaucum was mentioned by
A. Hansen (I.) in 1889, and in sclerotia of the same fungus by
Brefeld in 1874. A. de Bary (II.) referred to the formation of

soluble oxalates by Sderotinia sderotiorum ; and Duclaux (XXII.),
in 1889 mentioned casually (and without any experimental proof)

the formation of oxalic acid or oxalates in cultures of Asp. niger

on different substrata. Zopf (XIY.) in 1889 found oxalate

crystals in cultures of a species of yeast, and also in cultures of

various acetic bacteria in peptonised sugar solutions with added
gelatin

;
and thoroughgoing observations on this point were

published by Banning (I.). The proof that oxalic acid in the free

state is produced by fungi, especially Asp. niger, solely in presence

of carbohydrates or chemically allied substances, was afforded by
Weiimer (V.) in 1892 ;

and at the same time an attempt w^as

made to bring the previously known facts to a focus and refute

the budding hypotheses on the relation between the occurrence
of oxalic acid and the formation of protein. These dis-

coveries led to a series of definite determinations on the oxalic

fermenta tion of this fungus, the result being to rank the
process with other fermentations. According to Weiimer
(XXVI., XXVI.«, and V.) the process goes on in the following
manner :

As soon as the vegetation has developed from the sown spores,

the nutrient solution of the pure culture of Aspergillus at room
temperature begins to turn red Congo paper blue, and to liberate

gas in presence of calcium carbonate—both certain reactions for
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the presence of free acid. The acidity gradually increases to a

maximum, declining once more during the next few weeks, to

gradually fall to zero when the experiment is prolonged, the

reaction being even alkaline finally. The capacity of this fungus
for destroying free acid can be demonstrated by placing the mature
vegetable growths on dilute solutions of oxalic acid (containing

0.5 per cent, of crystalline acid). The limit of the accumulation
of acid averages about 0 2 per cent, of the volume of the liquid.

The amount of sugar is immaterial, but the general conditions of

the environment are important.

The acidification is primarily dependent on the organic nutri-

ment presented, sugars, or chemically allied substances being

essential, whereas no free acid is produced when salts of organic

acids, amides or peptone are used, though an abundance of oxa-

lates is formed. A decisive influence is also exerted by the inor-

ganic bodies present, especially the source of nitrogen for the

growing fungus, the liberation of acid being absent when ammo-
nium chloride or sulphate is substituted for potassium, calcium,

or ammonium nitrate (even in presence of sugar)
;
and, in fact,

these additions will prevent the formation of acid in cultures that

would otheiwise acidify at once. Temperature also plays an
important 7‘dle from the outset, and has a determining effect

on success, lower temperatures favouring the accumulation of

acid, whilst high temperatures have an adverse effect, so that at

the optimum temperature for the growth of the fungus (about

37° C.), acidification ceases to occur, the highest production (up

to about I per cent.) being attained at a few degrees above the

minimum growth temperature (about 7° 0 .). The fungus being

actually capable of far more readily decomposing free oxalic acid

at higher temperatures (and even when 0 4 per cent, is present),

the accumulaLon at lower temperatures is therefore solely the

result of retarded oxidation, that is to say, enfeebled oxidising

action. The whole shows clearly that, contrary to preconceived

ideas, a relative scarcity of oxygen is not the cause of the produc-

tion of oxalic acid, since all the growths in these experimerrts had
an equal supply of oxygen, and the acid must therefore be

regarded as the product of incomplete oxidation only in the sense

that this oxidation has been prevented by some adverse influence

or other.

A remarkable influence is exercised on the process by the

addition of salts able to combine with the acid. In this case the

accumulation of the combined acid is progressive, and finally

attains extraordinary dimensions. The resulting calcium oxalate

may amount to more than 100 per cent, of the sugar originally

preserrt, so that 15 grms. of sugar furnish about 10 grms. of

(anhydrous) oxalic acid (corresponding to about 7 grms. of sugar),

withoirt the crop of the fungus being affected. In this way the

fungus produced the following quantities of calciunr oxalate
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fi'om 1.5 grms. of grape sugar in presence of added clialk, at

i5°-2o°C. :

After 1

1

days 0.282 grm. After 72 days 1.340
16

r, 0.570 „ 100 55 1.642

27 0.650] „ 120 55 1. 61 5

n 46 ,5 1. 122 „ 247 55 1.730

In the absence of added chalk, tlie amounts precipitated from the

same nutrient solution were only

:

After 9 days 0.005 grm. After 66 days 0.298 grm.
16 ,, 0.070 ,, ,, 78 ,, 0.130
23 ,5 0.170 ,, 97 .. 0.103
46 ,, 0.255 .5 „ 120 ,, 0018
54 ,, 0.248 ,, 175 .. 0.014

At higher temperatures (34°~35° C.), under otherwise equal

conditions, only traces of oxalate were formed, viz.

;

Af er 4 days 0.000 grm. After 32 days trace

,, 8 ,, 0.008 ,, ,, 42 ,,

,, 15 ,, 0.028 ,, ,, 68 ,, 0.068 grm.

,, 18 ,, 0.000

On the other hand, at 7°~9° 0 ., without chalk, 0.624-0.820 grm.
was found after about seven months

;
and with chalk, even at a

temperature of 34°~35° C., there was obtained from the same
amount of sugar (1.5 grms.), 1.133 grms. of calcium oxalate at the

end of forty-six days, and 1.340 grms. after seventy-two days.

In order to withdraw the acid from the further action of this

physiologically interesting fungus by fixation, it is not even
necessary to convert it into an insoluble salt, the same efiect

being produced by the aid of soluble salts, such as alkali phos-

phates of alkaline reaction, and even neutral alkali phosphates,

the latter being transformed into acid oxalates. Apparently the

appearance of alkali acid phosphates in phanerogams (Oxalis, Ac.)

is based on this circumstance. Conversely, it is interesting to

find that renicillium ylaucmn decomposes both free acids and
alkali oxalates much more readily than Asjjergillus does, and,

therefore, if for no other reason, cannot be a generator of acidity

to any extent.

Although, in general, experiments of this kind with Asj). niger

proceed with the certainty of a chemical test, variations are not
unknown in individual cases. The isolated instances in which
Wehmeii (XVII.) and Emmerling (VI.) found no acidification

must probably be allocated to this category. - Other factors may,
perhaps, have contributed, since, according to a previous discovery

by Weiimer (NXVIIJ.), the addition of even a trace of iron

salts to cultures grown in the light can favour the redecomposition
of the acid. References to the formation of oxalic acid by Asp.
niger are also found in certain recent investigations, such as in
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those of Emmerling (YI.) and Heinze (II.). have naturally

excluded here the cases in which the production of oxalic acid is

regulated by the liberation of bases during metabolism the

salts of other organic acids, amides, peptones, &c., are consumed).

In such cases oxalates are produced instead of any surplus of free

acid, the process here—which is independent of temperature

—

being of a difierent character, and in the absence of the liberated

bases no accumulation of acid would take place. To this class of

process relate several earlier and later investigations mentioned
in the literature, where the workers, e.^., Zopf (XIV.), Banning
(I.,) &c., employed additions of amides, peptones, meat extract or

gelatin, instead of merely sugar solutions and mineral salts. In
presence of actively oxidising organisms, the chemical nature of

these substances necessarily entails the formation of oxalates or

carbonates. Up to the present, no competitor exhibiting the same
decided peculiarity as Asp. niger has been found among the thread

fungi, yeasts or bacteria.

A work on the production of oxalic acid by Asp. niger, pub-

lished in 1905 by Charpentier (I.), who was unfortunately not

acquainted with the existing literature of the subject, merely
repeats what was already well known

;
and his remarkable con-

clusion that the production of acid is a result of the exhaustion

of the nutrient medium shows such an inaccurate conception of

the true state of affairs as to require no serious refutation.

According to Heinze (II.), acetic acid is formed along with the

oxalic acid—a statement requiring further confirmation, at least

so far as pure cultures are concerned. In view of the ease with

which acetic acid is decomposed by the fungus in question, as

reported by Pfeffer (VI.) and Huclaux (XXII.), this formation

is not very probable, nor has it been properly demonstrated.

Moreover, the circumstance that Heinze’s three experiments

with a two-fold and three-fold quantity of nutrient solution, the

amount of oxalic acid was correspondingly greater than with

200 C.C., is—as emphasised by Wehmer—the natural result of

the regulation of the production of acid, and not due to the

lower content of nitrogen. That Heinze observed the formation

of potassium nitrate by this fungus from peptone, gelatin, &c.,

is incredible from the sum of his repoits. The brief statements

of Kostytschew (I.) regarding the production of acid by the

intramolecular respiration of xispergillus are of too general a

character to allow definite conclusions to be drawn from them.

Citric acid fermentation ranks along with that in which
oxalic acid is produced, and relates solely to the formation of free

citric acid, but not to the production of citrates so geuerally

observed among the phanerogams and fungi. A parallel to the

exciters of this fermentation is found among the phanerogams,

in the Citrus species, just as Aspergillus niger is physiologically

allied to the llumex and Rheum species. We shall now deal con-

cisely with the chemistry conditions and course of the process, as
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observed by Weioier (XXYIII.), more particularly in the case of

Citromyces Pfefferianus and Gitr. ylaher. According to the same

worker (XXIX.), both renicillmm luleum and Mucor inriformis

are feeble acid-formers.

Being an oxidation fermentation, the process is dependent on

the presence of an abundance of oxygen, in the same degree as

the acetic and oxalic acid fermentations. When air is excluded,

neither Aspergillus nor Citromyces spores will develop at all, and

even the mature growths only survive a short time under these

conditions. Although citric acid must also be regarded as the

product of an incomplete oxidation, its formation is not the

result of an insufficient supply of oxygen, but the con.sequence

of a decomposition arrested through other causes. True, the

temperature does not seem to be such a decisive factor as in

oxalic acid fermentation, and further determinations are necessary

in order to elucidate the dependence of the process on external

conditions. In this case also the chemical character of the

organic nutriment is an essential factor, carbohydrates or allied

substances alone, and not peptones, amides, salts of organic acids,

etc., enabling the production of free acid to take place.

In its incipient stage, the acidification, which takes place with-

out any visible liberation of gas, can be detected by the blue

reaction with Congo paper
;
and an addition of chalk produces

brisk efiervescence. The acidity gradually increases, the limit

being reached at about 8 per cent., without any apparent in-

fluence on the development of the fungus. The latter then

begins to redecompose the accumulated acid, and the acidity

decreases, no trace of free acid being perceptible at the end of a

few weeks longer
;
hence it is undoubtedly merely an inter-

mediate product that has momentarily escaped further decomposi-

tion. In this case, also, the anticipated effect of fixing the acid

in the form of salts is realised, neutralisation preserving the acid

from redecomposition
;
at the same time the formation of acid is

accelerated and the total amount is considerably increased. Con-
sequently, whilst the acidity increases but slowly in the absence

of chalk, the addition of this substance to the acidifying culture

results in a continuous liberation of gas, much more apparent

than in the case of oxalic acid fermentation, and followed in a

short time by an extensive deposition of calcium citrate.

The citrate is separated from the unaltered calcium carbonate

by dissolving it in hydrochloric acid, neutralisation with ammonia,
and boiling—which precipitates the citrate—the mass being dried

at iio° 0. and weighed, so that the quantitative yield can be
approximately determined. The average weight is from one-

third to one-half the quantity of sugar, in the form of the

crystallised acid (with i molecule of water), this being recovered

in the usual manner by freeing it from the lime salt with sul-

phuric acid, filtering from the resulting gypsum, and concentrat-

ing to the point of crystallisation. Hence, in well-conducted
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experiments, nearly half the sugar is converted into citric acid,

without any appreciable hindrance to the development of the
fungus. As we have seen. Asp. niger is also able to transform
about one-half the sugar (dextrose) into oxalic acid, the resulting

weight of acid being more than three-quarters that of the original

sugar.

+ 03 = + 2R,0
180 192 (

-1- I molecule FgO = 210)
nextixsc. Citric acid,

+ Ccj = 3^'2^I‘2^4 + 3^2^
180 270 ( + 2 molecules H2O = 306)

Dextrose. Oxalic acid.

In both cases about one-half the material is consumed in

satisfying the needs of the fungus
;
but possibly an alteration

in the conditions of experiment might increase the proportion of

the product. The resulting calcium citrate remains at first dis-

solved in the culture liquid, and it is only as the concentration

increases that it separates out largely in the form of a bulky
crust, consisting of coherent acicular or granular concretions, at

the bottom of the vessel. When precipitated in the above
manner from hot solution, it has the composition (CgH.0y)2Cug +
qU^O, containing therefore about three-quarters of its weight of

crystallised acid (CgHgOj, + H^O), which is recovered in a pure
state, free of impurities.

With reference to the technical importance of a process of

this kind for manufacturing citric acid, it may be mentioned that

the market price of the acid is about six guineas per cwt.,

whilst that of the raw material is only about one-tenth that

figure. Nevertheless, there are certain difficulties, not easily

overcome in practice, with respect to the nature of the apparatus

required for manufacturing large quantities of acid, as well as

in connection with the risk of infection and the fluctuating

character of the fermentative power. The “ Fabriques de Pro-

duits Chimiques ” at Thann and Miilhausen, under the manage-
ment of Scheurer-Kestner, have been occupied with this question

for a long time.

The chemistry of the process also merits a brief description.

The conversion of sugar (dextrose) into citric acid is a matter

not merely of oxidation, but of the simultaneous splitting up of

the noimal caibon chain of the sugar molecule. In accordance

with the formula of the acid, the one carbon atom is transferred

to a side chain :

COOH COH
CIG CH.OH
COH.COOH CH.OH
CHp CH.OH
COOH CH.OH
Citric acid. CH2OH

Dextrose.
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Hence the piocess appears more complicated than other fermen-

tations
;
and, contrary to statements in the literature, no one has

yet succeeded in obtaining the acid by the simple oxidation of

sugar.

There is little to be gained by going into the question of the

biological importance of such acid fermentations, since it affords

no explanation. Although, in the case of oxalic acid fermenta-

tion it might be that the accumulating acid is injurious to com-

petitors for the available food, this can hardly apply to citric acid

fermentation. In both cases the acid is lacking at the time when
it would be most effective, namely, at the commencement of

vegetation
;
and where it is afterwards present in abundance, it

no longer possesses any value in this respect, the fungus having

already fully occupied the substratum. Moreover, the accumula-

tion injures the fungus, and finally, liquids containing citric acid

also permit the development of certain other fungi. A far

more important problem is whether the organism is not itself

injured by the waste of substance entailed by the accumula-

tion of acid, as is certainly the case, for instance, in alcoholic

fermentation. This does not appear to be so with oxalic acid

fermentation, and, according to A^^EIlMEll (XXVII J.), it is

not appreciable in the case of citric fermentation, despite the

higher physiological value of this acid, the only way in which it

can be estimated being by careful quantitative determinations.

In general, however,—from the standpoint of practicability—it

may be said that in the interests of the organism fermentations

of this kind are better dispensed with, since they imply a more or

less uneconomical utilisation of the substratum.

Maze and Perrier (I.) have latterly occupied themselves with
the formation of citric acid. They observ^ed this to occur from
alcohol and glycerin, and ascribe its origin to an incipient scarcity

of nitrogen in the culture, though it is independent of the

presence or absence of oxygen. The acid is said to lesult fi-om a

process of disassimilation when the substratum has been cxhaustetl

of assimilable nitrogen
;
and itsfoimation is preceded by a decom-

position of the sugar into alcohol and carbon dioxide. It would
probably be easy to refute these statements by experiment. IMaze

and Perrier seem to be acquainted with only a preliminary com-
munication by Weiimer (XXX.), and not with his more exhaus-
tive work (XXVIII.).

§ 292. The Fission of Disaccharides and Trisaccharides,

Glucosides and Polysaccharides (Starch Excepted).

The inverting enz) me of the As'per(jillacew was discovered a few
years anterior to their diastasic enzyme

;
and subsequently various

other enzymes were recognised. Up to the present, these have
chiefly been detected in As^. nitjer and Pen. ylaucum^ the latter
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being invariably a collective term for a number of very similar-

species not more closely identified.

Asp. nigev splits up all the sugars here in question (except milk
sugar, which still remains doubtful) before consuming them, and
therefore secretes invertase (sucrase), maltase, trehalase, meleci-

tase (?) and rafiinase. This has been demonstrated by a series of

observations, dating from the year 1878, by Gayon (V.), Du-
CLAUX (XXII.), Fernbacii (V.), Bourquelot, Herissey and Gil-
LOT (III.). Bourquelot especially—both alone and in collabora-

tion with Herissey and Graziani—has repeatedly investigated

these enzymes, and enriched our knowledge of them. The first

report of the inversion of saccharose by the fungus dates from
1878, namely, by Gayon (Y.)

;
and Duclaux has repeatedly

treated the question since 1883. According to Fernbach, who
detected the enzyme in 1890, and also examined the deterrent
influence of light on its action, the formation of invertase is

not dependent on the presence of saccharose in the culture liquid.

In 1893 it was studied by Bourquelot; and in 1896 this worker,
in association with Herissey (I.), demonstrated the enzymatic
splitting up of the trisaccharide melecitose into dextrose and
turanose—the latter a disaccharide analogous to maltose, and one
that cannot be further modified by the fungus, though it can be

by the action of acids. The same worker obtained, in 1893 (also

by alcoholic’precipitation), an enzyme (trahalase) capable of hydro-
lysing trehalose into two molecules of dextrose, and differing from
invertase and maltase though it may be identical with the amylase
of E. Fischer (HI.) which acts in the same way. Bourquelot
finally demonstrated the enzymatic fission of maltose and raffinose

(VII.)—the latter by means of a separate enzyme—and also

(VI.) that of the trisaccharide gentianose into dextrose (2 mole-

cules) and lievulose, subsequent to the intermediate formation of

gentiobiose (capable of subdivision into 2 molecules of dextrose)

and lievulose (invertase and emulsin), in part of which researches

he collaborated with Herissey (HI.). With regard to raffinase,

opinions are still divided, some considering its action limited to

the splitting up of melibiose (Ban’s “ melibiase ”) into galactose

and dextrose, and that the conversion of melitriose into melibiose

and dextrose is accomplished by invertase. According to E.

Fischer, it is very similar to maltase
;
with which melecitase is

also probably idetitical. Furthermore, according to Bourque-
lot (V.), gentiobiose and turanose are also capable of being split

up by specific enzymes. The action of maltase was also investi-

gated by Herissey (I.), and that of raffinase by Gillot (HI.),

both working with the same fungus. Consequently, a considerable

literature exists on the sugar-decomposing enzymes of Asp. niger

alone.
“ Penicillluin glaucum ” behaves in a very similar way, this

fungus having already been found to contain invertase (Duclaux,
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1883), maltase and trehalase (by Bourquelot (VI F.) and others

since 1880), and raffinase (by Gillot (HI.) in 1900). The
optimum temperature (45° C.) of Fenicillium maltase is about

30° lower than that of Aspergillus (Bourquelot). The observation

made in 1864 by Beciiamp (XII.), on the inversion of saccharose

by the filtrate from crushed mould fungi, probably relates to

“ r. glaucumP
Bourquelot andGRAZiANi (I.) failed to discover any invertase

in the culture liquid in the case of the saccharose-inverting

Penicillium Dudaiixii (which is probably identical with luteum)^

the enzyme being, perhaps, retained by the mycelium.

A. oryzoi has long been known for its inverting power
(Atkinson, 1881, Kellner, Mori and Nagaoka, 1889), by virtue of

which it effects the enzymatic fission of maltose, though not

lactose. According to Kozai (I.) it can also degrade raftinose

(melitriose). Our present ideas on the subject no longer allow

us to ascribe these effects to a single enzyme (the eurotin and
invertase of older workers)

;
and indeed Kellner doubted the

uniform nature of “ invertase.” Lactic acid in small quantities

(0.05 per cent.) acts as a stimulant in respect of the fission of

saccharose, but even as little as o. i per cent, retards the action,

and 0.6-0. 7 per cent, restricts it entirely
;
indeed the action sinks

to about one-fifth with 0.5 per cent.—compare Kellner, Mori
and Nagaoka (I.). The action of alcohol and common salt is

probably about the same as in the case of amylase.

A special position is occupied by Allescheria Gayoni
(
— Euro-

tiojysis G.), inasmuch as it contains lactase, but not invertase. In
addition, maltase and trehalase were detected in this fungus by
Laborde (VI.) in 1897. In the fermentation of solutions of

invert sugar, the laevulose was attacked at an appreciably more
rapid rate than dextrose. Up to the present, this is the only

member of this family of fungi that has been observed to split up
lactose enzymatically, previous to consuming it. The question

whether the same is done by A. niger and P. glaucum was
discussed by Duclaux (XXII.), as long ago as 1889, but was left

unsettled. More recent experiments by Schaffer (IV.) also led

to no definite result, although this worker thought he observed
a slight action on lactose in the case of A. niger, A. oryzee and
P. glaucum. He also found that saccharose solution is inverted

by the extracts furnished by vegetations of all the Aspergillacece

examined (A. Wentii, A.fumigalus, A. ejlaucus, A. oryzee, A. niger)

and Penicillium {P. luteuin, P. ruhrum, P. italicum, P. glaucum),
whilst lactose exhibits an incomparably greater resistance. He
likewise states that maltose is converted into glucose by extracts

of the fungi in question.

A good deal of information is also available on the fission of

the glucosides, the formation of emulsin being mentioned in the
case of Asp. niger, A. oryzee, A. fumigatus, A. Wentii, Penic.
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lateum, P. ruhrum, P. italicum, P. glaucum, and Allescheria

Gayoni. This enzyme was also isolated from Asp. niyer in 1893
by Bourquelot (II L), who—partly in collaboration with
II RiiTSSEY (II.)—studied its behaviour toward several glucosides:

amygdalin, salicin, coniferin, helicin, populin, arbutin and
msculin

;
all of which were split up by the extract from the vege-

tative fungus, though negative results were obtained in the case

of digitalin, solanin, hesperidin, convallamarin, jalapin, &c. The
precipitate thrown down by alcohol from the solution concentrated

in vacuo has the same effect. Herissey made a more
exact comparison with almond emulsin, from which it differs in

several respects, populin and phloridzin, for instance, being split

up (into benzoyl, saligenin and phloretin respectively) by the

Aspergillus emulsin alone. It, however, could not be separated

from the other enzymes of this fungus. According to Gerard
(VL). Penic. glaucum also secretes an enzyme that can be isolated

by lixiviating the fungus, acts like emulsin and splits up amyg-
dalin and salicin. Asp. glaucus agrees with the two fungi just

named in respect of its behaviour to solutions of glucosides. All

three of the fungi were tested, in the form of living vegetations,

by PuRiEwiTSCii (V. and VI.). On a solution of helicin the

fungus died off under the influence of the resulting salicylic alde-

hyde, salicin was decomposed with formation of saligenin, the

dextrose being consumed by the fungus at once
;
and similar

resvdts were obtained with arbutin, coniferin, fesculin, hesperidin

and phloridzin. The ffssion of amygdalin into dextrose, benzalde-

hyde and hydrocyanic acid was observed only in the case of

extracts, or after etherising the fungus, the living vegetations

producing neither benzaldehyde nor hydrocyanic acid, so that in

this case the fission seems to proceed in a different manner. The
author believed that decomposition into sugar and amygdalic
acid was effected by an enzyme allied to invertase

;
but this is

certainly incorrect {see below). The secretion of enzyme was
suppressed by the addition of larger quantities of sugar, which
therefore prevents the fission of the glucosides in a manner
analogous to the action of diastase on starch. J. Behrens (IX.)

found emulsin in Penic. luteum
;
and this fungus also splits up

quercitrin. According to Laborde (VI.), the living vegetations

of Allescheria Gayoni {E u->’otiopsis G.) will split up the glucosides

(amygdalin, salicin and coniferin), with formation of sugar.

Results differing to some extent from those of Puriewitsch were
obtained by Brunstein (I.) in 1901, who tested Asp. niger, A.

oryzee, A. Wentii, A. glaucus and Penic. glaucum in presence of

helicin, salicin, arbutin, amygdalin, coniferin, myrosin, saponin

and glycyrrhicin, all of which were split up by the living vegeta-

tions, except myrosin, which gave doubtful results. Asj). glaucus

and Asp. Wentii split up helicin, without formation of salicylic

aldehyde, salicylic acid being produced
;
Asp. niger, A. oryzee, and
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V. glaucuin furnished salicylic aldehyde, this being oxidised to sali-

cylic acid by Asp. oryzm, &c. The latter product was in turn

consumed by several of the fungi, especially by Asp. Wentii. On
the other hand, the hydroquinone formed from arbutin had a

poisonous eflect. Amygdalin was split up by all the species into

sugar and cyanhydrin, which underwent secondary oxidation to

mandelic acid, with liberation of ammonia. The fission of amyg-
dalin and helicin by the living fungus, especially by extracts from

the vegetations, was also demonstrated in the same year (rqoi)

by Schaffer (iV.)? respect of a larger number of species, A sj).

fuinigatus, Fenic. luieum, P. rvhrum and P. italicmn acting in the

s:\me way, in addition to uisp. niger, A. Wentii. A. glaucns, A.

oryzce, and P. glaucuin. In this case, also, potassium rnyronate

was not attacked. The actual organism with which Herissey
(III.) obtained similar effects, namely, the so-called Asp. fuscus,

Bonorden, is uncertain, Bonorden’s description being insuflirient

for its identification.

The fission of the polysaccharides has also been investigated.

The occurrence of an enzyme splitting up inulin was shown, in

the case of As]}. niger and Penic. glaucuin, by Bourquelot (HI.)

in 1893 ;
but, according to Kellner, Mori and Nagaoka (I.), it

is lacking in Aspi. oryzce, and, according to Laborde (VL), in

Allescheria, though the latter forms reducing sugars from gum
Arabic. A closer investigation of this enzyme has recently been
undertaken by Dean (I,), in the case of Penic. glaucum and Asp.

niger. He finds that it does not issue from the hyphae spon-
taneously, so that it belongs to the endo-enzymes. It is in-

juriously afiected by acids and alkalis, even in small quantities;

and its optimum temperature of action is given as 55° 0.

Schaffer (IV.) states that inulase is also secreted by Asp. oryzce,

A. Wentii, A. funiigatus^ A. glancus, A. niger, Penic. luteum, P.

ruhruin, P. glaucum and P. italicuin. On the other hand, the
enzymatic so'ution of “true” cellulose seems to be a matter of

rare occurrence with all the members of this family
;

for, though
it is true that Miyoshi (III.) observed bursting of the cell walls

on the hyphae of Penicillium being stimulated chemotactically, the
same result occurs when mechanical pressure is applied {see p. 62,
vol. ii.). J. Behrens (IX.) also confirmed the incapacity of

PenP. glaucuin and P. luteum to dissolve cellulose, though both
were able to dissolve the substance of the middle lamella?, and
therefore—like Asp. niger—secrete pectinase. Two species, Asji.

oryzce and Asp. Wentii are reported as able to grow through the
substance of soft-boiled rice and Soja beans

;
and according to

Prinsen-Geerligs (L), Asp. Wentii penetrates and dissolves the
cell walls, setting the contents free. In this case, however, the
material is not true cellulose, and consequently the nature of the
enzyme has still to be determined. It has also been stated by
Newcombe (I

), as well as by Okamura and Takaktjsu (I.), that
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Asjy. oryzca, secretes cytase (cellulase)
;
but as the walls of the

barley endospore, which were treated (by Newcombe at least)

with the enzyme mixture from As]). oryzce (the so-called “ Taka-
diastase”) consist merely of a hemicellulose (Ileinitzer) attackable

even by malt amylase, this result is not decisive. In this case

the walls were dissolved even before the starch (in twenty-four
hours as compared with about eight to twelve days). Oppen-
iiEiMEii (III.) regards this case as one of cellulose solution, and
(as reported by Miyoshi) has obtained the same effect with Penic,

glauGum ; but Miyoshi found precisely the opposite. Van Iterson

seems to have observed a very feeble action effected by Asgy. niger

on blotting-paper.

The fermentation of tannin, which was also considered to be a

glucoside, was reported by van Tieghem (XIII.), in 1867, to be
effected by two mould fungi. Asp. niger SiXid Penic. glauciim. This
worker considered that the fission of tannin into gallic acid and
glucose was a “ true fermentation phenomenon,” i.e., a manifesta-

tion of vital activity, and not the eftect of a substance secreted

by the mycelium of the fungus. Fernbach (III.) and Pottevin
(II.) afterwards demonstrated contemporaneously that this view
is incorrect, and that Asp. niger secretes an enzyme (tannase) that

is precipitable by alcohol, and is able of itself, in a sterilised

solution, to split up tannin (digallic acid) into gallic acid, a yield

of 98.7 per cent, of this acid being obtained from pure tannin.

In cultures the sparingly soluble gallic acid separates in fine

crystals from the tannin solution. This process has been patented

(Ger. Pat. 13,187, of 1901) for the production of gallic acid on a

commercial scale. The dextrose (12-15 cent.) observed by
van Tieghem as accompanying gallic acid in the product from
commercial tannin is not a fission product from the glucoside,

but an impurity. Moreover, tannase is formed only in the case

of cultures on substrata containing tannin. Its optimum tem-
perature is about 67° C., and it splits up tannates as well as

phenyl- and methyl-salicylate. The same enzyme is probably

concerned in the formation of gallic acid in opium fermentation,

Calmette (II.) stating that Asp. niger plays the chief part in the

fission of tannin during that process, and also in the inversion of

the sugar into dextrose during this prolonged fermentation, which
occupies ten to twelve months. Both the dextrose and dextrin

are oxidised into calcium oxalate, without the alkaloids being

affected. Asp. niger is well known as a fungus preferring acid

substrata (solutions of organic acids), on which it thrives
;
and

since it also occurs on gall-nuts and extracts of these, its spon-

taneous appearance in tannin- and opium-fermentation is

easily accounted for. It is certain that spontaneous green,

vegetative growths of Penicillimn species, that need further

investigation, play a chief part in the fission of tannin. More-

over, the gallic Rcid fennentation of gall-nut tannin was ascribed
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to “ organised ferments,” even anterior to van Tiegliem. Thus

Laroque (I.) in 1850 credited this ferment ” with the power of

exciting alcoholic fermentation, without discriminating between

the various organisms. On the other hand, Robiquet(I.) in 1852

brought about the same fermentation by means of an enzyme
(pectase) in gall-nuts, which enzyme was also said to convert

pectose into pectin. In comparison with these opinions, the views

afterwards expressed by van Tieghem may be regarded as

reactionary. Nevertheless the gradual modification of the ideas

held on this point is not without interest.

An enzyme capable of saponifying fat was isolated in small

quantity from “ Penlc. glaucum ” by Camus (HI-) in 1897. The
extract from As;;. nige7

' gave only a very weak eflect in the hands

of the same worker (IV.), though this fungus will grow luxu-

riantly on certain fats (e.y., olive oil in presence of nutrient salts),

Gerard (II.) in 1897 demonstrated the occurrence of lipase in

Penicilliimi, by means of the method elaborated by Harriot and
Camus (I.), but found that the emulsin of this fungus cannot split

up fats. Laxa (II.) in 1902 showed that triturating the hyphm
of Penicillium liberates an enzyme capable of splitting up butter

fat with considerable energy. According to Bremer (I.), a

gradual efiect of fission is produced on cotton-seed oil b}" Aspe?’-

gillas species (A. glaucus and A. Jlavus). Laborde (VI.) states

that Allescheria (Em'otiopsis) also will split up oil and butter fat

energetically, with formation of acid. Lipase was stated by
Garnier (II.) to occur in the cultures of Asp

.
fiimigatus A.Jlavus,

A. glaucus, A. niger, A. nidulans, and especially in A. versicolor.

The fission of fats in the sludge of clarifying tanks has been dealt

with already (see pp. 64, 65, vol. ii.).

§ 293. Formation of Alcohol.

With a single exception none of the Aspergillacece excites an
appreciable alcoholic fermentation. It is true that several species

have been credited with forming alcohol
;
but, even where this has

been shown beyond doubt, the quantity produced is insignificant.

Sanguineti (I.), states that Asp. oryzce forms alcohol from saccha-
rose, starch and dextrin (up to 4 per cent, by weight in ten days), so

that—assuming that, as reported, this organism can form 20 grms.
of alcohol from 50 grms. of saccharose in the time mentioned

—

this fungus should be regarded as an important exciter of fermen-
tation. Sanguineti’s isolated experiments, however, need further
confirmation. According to Pasteur (XXV.) xisp. glaucus forms
about I per cent, of carbon dioxide and alcohol when submerged
in wort—though not when exposed to the air—the mycelia
separating into a number of rounded cells; and similar minute
quantities of alcohol are said to be produced, in culture liquids, by
Penic. glaucum. Gosio (VII.) reports in similar fashion with regard

VOL. II : PT. 2 2 A
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to Penic. hrevicaule. Doubts, whether justified or not, have been
thrown on this alleged capacity in the case of Asp. glaiiAius^ Asp.
niger and Penic. glaucum ; though the statement of Elfving (I.),

that he found up to 4.2 per cent, by weight of alcohol in cultures

of “ Penic. glaucum,'’ is rather strange. One cannot reject off-

hand the possibility of this substance being present in fungus
cultures to a larger extent than is now believed ; and the matter
requires closer attention. Perhaps the alcohol has hitherto escaped

notice owing to the circumstance that the vegetation of certain

species readily decomposes ethyl alcohol (see also p. 80, vol. ii.).

For instance, according to Laborde, Eurotiopsis can decompose
up to 10 per cent, and Asp. niger (according to Duclaux) up to

6-8 per cent., whilst this substance, in the form of a 3 per cent,

solution (when accompanied by mineral food-stuflfs), is a suitable

nutrient material for both Asp. niger and Penic. glaucum—compare
Wehmer (Y.) and Coupin (I.). Hence, when—as is usually the

case—these organisms cannot be grown in a restricted supply of

air, a rapid oxidation of the alcohol—sufficient to prevent accumu-
lation—must be reckoned with. Maze (II.) regards alcohol as a

normal intermediate product of the decomposition of sugar by
micro-organisms, and supported this opinion by experiments with

Allescheria Gayoni (Eurotio])sis) in 1902.

This fungus, in fact, constitutes, according to Laborde (VI.),

the single exception already mentioned. It excites normal
fermentation in solutions of dextrose, l^evulose, maltose and
lactose—subsequent to enzymatic fission in the case of the two
last, succinic acid and glycerin being formed in addition to alcohol

and carbon dioxide. A restricted supply of oxygen is an essential

condition, but none of these fungi will survive the total exclusion

of that gas. There is no production of spherical yeast, as in many
of the Ahicorineoi, the submerged mycelium retaining its appear-

ance unchanged. From 100 grms. of sugar Laborde obtained, on

the average, 46.4 grms of alcohol, 44.4 grms. of carbon dioxide, 2.3

grms. of succinic acid and 1.8 grm. of glycerin, with an increase of

4-5 grms. in the weight of the fungus (total 94.9 grms.). In the

case of the first two sugars, this result corresponds to about 2 grms.

less than by fermentation with Saccharomycetes, the latter furnish-

ing Pasteur with 48.6 grms. of alcohol, 46.8 grms. of carbon dioxide,

3.2 grms. of glycerin, 0.6 grm. of succinic acid and 1.2 grm. of

yeast (total, 100.4 grms.). The appearance of the fermenting

fungus closely resembles that of Mucorinece under the same
conditions, the submerged mycelium developed from the sowing

being quickly interspersed with large bubbles of gas, and also

exhibiting a tendency to pass over into surface vegetation. In

about six weeks the alcohol produced amounted to upwards of

8 per cent. A 14 per cent, solution of invert sugar was attenuated

down to 2 per cent, of sugar in sixteen days, the l^evulose dis-

appearing comparatively quickly. Inverted lactose gave a more



DEGllADATION OF PROTEIDS, ETC. 369

sluggish fermentation, 4-5 per cent, of alcohol being formed.

Galactose by itself was more difficult to ferment, the process

ceasing on 2-3 per cent, of alcohol being formed. Maltose (1-2 per

cent, of alcohol) and lactose (2-3 per cent, of alcohol) behaved in

a similar way
;
and their fission anterior to fermentation is difficult

to determine. In presence of air, the fungus readily consumes

alcohol, even when—as already mentioned— 10 per cent, is added

to the culture liquid. Nearly the whole of the sugar in a 10 per

cent, solution disappears, within twelve days, Avhen in contact

with the surface vegetation of the fungus at 25° C., without more
than 0.2 per cent, of alcohol being detectable. There is nothing

remarkable in this, in view of the aforesaid fact (reported by
Wehmer) that sowings of conidia ol Asp. nujer and Fenic. glaucum
on a 3 per cent, solution of alcohol (as the sole organic food-stuff

)

and inorganic nutrient salts, will develop to complete vegetative

coatings
;

whilst, according to Duclaux, these cultures of Asp.

niyer will also decompose 6-8 per cent, of alcohol.

§ 294. The Degradation of Proteids and their
Derivatives.

The property of liquefying gelatin is so general among the

filamentous fungi, including the Asperyillaceoi., that only the

exceptions are really of interest. The rapidity of this lique-

faction—and probably sometimes also the time of its inception

—

depends largely on special conditions (the concentration and
reaction of the gelatin, the presence or absence of certain sub-

stances, the temperature, &c.). Even the same species does not
always behave in the same way, and therefore the appraisement
of its diagnostic value is probably on a par with the case of

bacteria {see vol. i. p. 299), though the feature possesses a certain

importance in any event. The liquefactive power of Fenic.

ylaucvm seems to have been first investigated by A. Hansen (I.)

in 1889, and that of Asp), niger by Bourquelot (XII.) in 1894.
A tentative comparison, with streak cultures in 10 per cent, wort
gelatin at 15° C., by Wehmer (XII.) showed that Asp. glaucusvind
A. funiigatus liquefy a gelatin very slowly, the results not being
appreciable until several weeks have elapsed

;
whereas about half

the gelatin was liquefied in ten days by A. niger, A. oryzce,

A. candidus, A. minimus, A. novus, A. ostianus, Fenic. glaucum,
P. luteum, F. italicum, and F. olivaceum

;

and, according to

Wehmer (XVII.), Asp. clavatus, A. Jlavus, A. Wentii and
A. giganteus act with equal promptness. Schaffer (LV.) has
also published the results of experiments in the same direction,

and with about the same fungi. If well-defined conditions be
maintained, the results may be utilised for diagnostic purposes

;

at any rate, the secretion of the liquefactive enzyme is not
retarded by the presence of sugar. Only scanty information is
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yet available as to the nature of the proteolytic enzyme or

enzymes. That of Penic. glaucumv^^^i^ extracted by A. Hansen
(
1 .)

in 1889 from the vegetations by means of glycerin. The solution

converted neutral gelatin into glutopeptone more rapidly than
acid gelatin, whether sugar were present or not. Isolation by
precipitation with alcohol was found to be impracticable, the

resulting precipitate being inoperative. Possibly the quantity

obtained was too minute, since the experiments showed that the

substance is actually excreted by the hyphte into the substratum,

and acts at considerable distances, as well as through an artificial

collodion film.

Stoll (I.) carried out a series of comparative experiments on
the proteolytic power of Penicillium species, the influence of the

reaction of the medium being also observed, normal, acid (acidified

with normal sulphuric acid), and alkaline (with normal caustic

soda) gelatin and sugar gelatin (containing 2 per cent, of dex-

trose) being employed at a uniform temperature. Penic. hremcaule

liquefied alkaline gelatin more quickly than the acid sample (4-6

days), but did not liquefy sugar gelatin, though this latter was
very gradually liquefied by Penic. glaueum under the ordinary

experimental conditions. Increased additions of alkali or acid

seemed to favour the action in this latter case, whereas further

additions of sugar had a contrary effect. Penic. olivacemn lique-

fied the same acid and alkaline gelatin only after nearly four

weeks, whilst sugar gelatin remained unaltered at the end of a

fortnight. Penic. italicum also had no effect on sugar gelatin,

though it acted on acid or alkaline gelatin after about a fortnight,

the same behaviour being observed with Penic. rubrum and Penic.

purjnirogenum. Hence, with the exception of “ Penic. glcmcum^^

the addition of sugar prevented the liquefaction of gelatin {see

also p. 63, vol. ii.). The previously mentioned experiments, and

the observations of Malfitano, show that these results must not be

taken, unconditionally, as generally applicable, other circum-

stances, such as the concentration of the gelatin, the presence of

other nutrient substances, &c., having to be considered, since

Penic. hrevicaidcy for example, is known to have a decided liquefy-

ing influence on 10 per cent, wort gelatin {i.e., gelatin and sugar).

Further particulars on the behaviour of four species of Aegyergillns

toward gelatin will be found in a recent work by Tiraboschi (II.).

The fact that an extract from Asf. niger soon dissolves fibrin

and coagulated egg albumen, and also liquefies gelatin was

already reported by Bourquelot. Malfitano (I.), who was the

first to investigate this point more fully, found that the method

of nutrition was immaterial as regards the formation of the

proteolytic enzyme (‘‘protease”), this apparently diosmotising

only after the death of the cell. It can be recovered by drying

and grinding young and still living vegetative growths, and then

extracting them with chloroform water, and using alcohol as a
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precipitant. The action of the enzyme is retarded by an acid

reaction, neutrality being the most favourable condition and

alkalinity highly prejudicial. Casein and uncoagulated albumen

are also attacked, though less powerfully, whilst coagulated

albumen and egg albumen are left intact. Milk casein, thrown

down by the lab enzyme, is gradually dissolved. Though nothing

certain is yet known about the final product of the reaction, this

protease is apparently different from pepsin, pancreatin and

papayin. Butkewitscii (I.) also occupied himself with the enzy-

matic proteolysis effected by the same fungus. According to

Duclaux (VII.), “ Penicillium glaucimi^^ contains tryptic casease

in addition to the lab enzyme {see vol. i. p. 243). The further

degradation of protein by the fungi under consideration results

finally in the formation of amino acids and ammonia. Aspergillus

niger, however, as was shown by Wehmeii (V.) in 1892, forms

large quantities of ammonium oxalate in solutions of peptone,

5 grms. of peptone furnishing more than 2 grms. of calcium

oxalate; and, according to Kosjatsciienko (I.), it also produces

from the protein of peas, tyrosin, leucin, histidin, arginin and
lysin. On the other hand, according to Butkewitscii (I.), “ Peni-

cillium glaucum ” seems to furnish chiefly amino acids (leucin and
tyrosin), so that tryptic enzymes are apparently in question, as

was proved by Saito (II.) by the formation of tryptophane in the

case of nineteen species of fungi. Some practical importance

also attaches to the question of the degradation of protein in the

ripening of certain cheeses ( Brie, Camembert and Roquefort) by
species of Penicillium, on which point reference should be made
to the labours of Roger, Epstein, Jensen and Thom.

The coagulation of milk is effected in 2-10 days by all the

species examined on this point by Schaeffer (IV.), viz., Asp.

niger, A. fumigatus, A. glaucus, A. Wentii, A. oryzce (2 days in

this case), Penic. glaucum (in 3 days), P. luteum, P. italicum, and
P. Tuhrum. These species also peptonised milk casein, coagulated

egg albumen, fibrin (except Penic. glaucum and P. rulrum), and
vegetable casein. Teiciiert (I.) also pointed out that ''' Peni-

cillium glaucum ” has a decided degrading action on casein, and,

according to Conn, Tiiom, Bosworth, Stocking and Issajeff
(
1 .),

both the technical Penicillium species of Roquefort and Camem-
bert cheese {P. Roquefort and P. Camembert) also attack cheese by
an excreted proteolytic enzyme. Lab enzyme was also found by
Saito (II.) in Asp. oryzm. Similarly, according to Swanoff, Asp.
niger and “ Penic, glaucum ” contain an enzyme (nuclease) which
splits up the nucleo-proteids into xanthin bases and phosphoric
acid.

Shibata (I.) states that Asp. niger produces an enzyme, or

group of enzymes (amidases), furnishing ammonia, like urase.

The triturated, dead mycelium acts on urea, biuret and certain

acid amides (acetamide, oxamide), with formation of ammonia,
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On the other hand, urethane, guanidin, allantoin and uric acid

remained intact, and the action on benzamide and asparagin was
barely appreciable, whilst hippuric acid was split up into glycocoll

and benzoic acid. Stoll (I.) also observed the formation of ammonia
by Penic. hrevicaule from ordinary gelatin. An unrecognisable

species, As]i. terricola^ is said by Wiley (I.) to be a powerful

ammonia-former in soil
;
but the production of ammonia compounds

from organic nitrogen compounds is not a specific characteristic.

§ 295. Colouring’-matters, Poisons, Oxidations, &c.

On saccharine substrata containing traces of arsenic or arsenious

acids and its salts, As'pergilhis glaucus, “ Penicillium glaiicum'^

Penic. hreviccmle, &c., liberate strong-smelling diethylarsine [see

p. 50, vol. ii.). According to E. Schmidt (II.), Penic. glaucum”
and AsjJ.Jiavus liberate sulphuretted hydrogen from sulphates, &c.,

and arseniuret'ed h}Tlrogen from solutions containing arsenic.

Dubois (III.) states that Penicillium mycA'ui will precipitate basic

copper carbonate (patina), from solutions containing copper, on to

bronze. The frequently reported fixation of free nitrogen on the

part of Penic. glaucunP^ and Asj). niger by Berthelot (II.),

PuRiEwiTSCii (YII.) and Saida (I.) need only be mentioned here

(see vol. i. p. 353). Little is yet known as to the nature of the

yellow, brown and red colouring- matters produced by various

species (As}). niger., A. glaucits, A. Ostianus, Penic. luteum, &c.).

According to Linossier (II.), that formed hy Asj?. niger (“ Asper-

gillin ”) is an organic compound of iron
;

but this remains to

be proved. Zukal (HI.) states that the colouring-matter pro-

duced by Penic. luteum is a “ fungus acid ”
;
at any rate it is a

substance soluble in alcohol and reprecipitable by water. A golden

yellow pigment is said by Milburn (I.) to be produced by Asj).

niger under certain conditions, in the form of a granular excre-

tion from the aerial hypbie. The alcoholic solution is decolorised

by alkali, but not by acid, and the pigment is decomposed by

light into a reddish brown substance, so that it is found only in

cultures kept in the dark. Possibly the dark pugment of the

conidia is formed therefrom by oxidation. B. Meissner (I.)

carried out tests with the red-brown pigment of Asp. medius

(probably synonymous with As2). glauciis). The green conidial

pigments produced in the vegetative growths of most Aspergil-

laceoe have not yet received attention. The pigment, soluble in

alcohol, of Asp. versicolor, Vuilh, varies between yellow-brown,

orange and red, according to the reaction of the nutrient solu-

tion
;
see Vuillemin (H.), and also Coupin and Friedel (I.) on

this point. The dependence of the production of yellow to red

colouring-matters on the composition of the substratum, especi-

ally as regards Penicillium species (P. olivaceum, P. purpuro-

genum and P. rubrum), has been mentioned by Stoll (I.).
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The injuries set up by species that are pathogenic in plants

and animals (yisp. fumigatus, A.Jiavus^ A. mdidans^ renicillium

liiteum, F. glaucum^ F. italicu'in, F, olivaceum) are probably

attributable to the production of delinite poisons
;

but, in the

case of those belonging to the second category—a list of which

was compiled by Gueguen (III.)—no further particulars are yet

available. J. Behrens (IX.) also failed to ascertain anything

definite with regard to the active substance in the fungi which

cause the rotting of fiuit, but it is apparently not an enzyme
and is non-volatile. A similar role is ascribed to free oxalic acid

in the case of Asp, niger^ which is said by Behrens (XVI.) to be

dangerous to plant embryos. Lode (II.) failed to detect any

poisonous substance in cultures of species that are pathogenic

towards animals.

In several instances investigations have been made into the

destructive action, exerted more particularly by vegetative

growths, on readily oxidisable substances, such as organic acids

and alcohols. This is related to the previously mentioned fact that

oxalic acid, citric acid and ethyl alcohol are decomposed again by

the fungi that have produced them (.Is^;. niger^ Fenicillium^

Citromyces, AUescheria)
;
but whether oxydases are concerned is

still unknown. So far as the substances in question form suit-

able food-stufls (tartaric acid, citric acid, lactic acid, Ac.), this is

nothing remarkable
;
but it is also exhibited, though to a small

extent, in the case of the majority of such substances (acetic

acid, butyric acid, propionic acid, Ac.) when the degree of con-

centration is low. Laborde (VI.) reports that growths of Alles-

cheria (EiLrotiop^sis) slowly decompose oxalic acid, malic acid (even

when 2 per cent, is present), acetic acid (2 per cent.), propionic

acid, butyric acid (0.8 per cent.), valeric acid (0.6 per cent.) and
formic acid (to i per cent.), whereas inactive lactic acid was rapidly

decomposed (even with 5 per cent.) without being split up into

its active components (see vol. i. p. 232), and also methyl, propyl,

butyl and amyl alcohol in small quantities. According to

Duclaux (I.), growths of Asjy. niger will decompose even 8-10
per cent. (?) of acetic acid, and also lactic acid and butyric acid

(o. 1-0.2 per cent., of which 0.5 per cent, is the smallest fatal

dose. In presence of butyric acid or tartaric acid, the acetic acid

was consumed more rapidly than either. Whether, as stated by
Duclaux, Asj). niger in cultures free from bacterial infection is

really capable of converting calcium butyrate into carbonate, and
calcium lactate into carbonate and oxalate, is a point that needs
closer examination, the mere statement being scarcely suihcient.

Formic acid, in quantities up to 0.08-0.09
>
is decomposed

by Asjy. niger and Fenic. glaucum^ though—according to Duclaux
—larger doses (0.12 per cent.) have an injurious effect, whilst,

according to Wehmer, up to 10 per cent, of citric acid, tar-

taric acid and malic acid are decomposed by both fungi. In this
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connection, reference may be made to Pfeffer’s (II.) reports on
the selective affinity for nutrient substances (^see vol. i. p. 46).

With regard to oxalic acid—the decomposition of which is

mentioned in certain older reports by Warburg (I.) in the case

of Penic. glaucuin
” by Duclaux (XXL), Werner and others

—

more accurate researches by Wehmer (XXVI., XXVII. and V.)

have shown that i per cent, solutions are not attacked by these

two organisms, whereas 0.2-0. 5 per cent, solutions are com-
pletely, though slowly, decomposed. Soluble oxalates are decom-
posed with greater difficulty—and in the case of Aspergillus only

under certain conditions—though with even a small growth of

Penicillkmi, 1.5 grms. of potassium oxalate have been completely

eliminated in sixty days. In all experiments of this kind, how-
ever, the nature of the food-stuff and the temperature require to

be taken into consideration. It may be remarked, in conclusion,

that Asp. oryzce is credited by Aso (I.) with secreting an oxy-

dase, whilst Pozzi-Escot (I.) states that the same fungus pro-

duces a reducing enzyme, which he calls Jacquemase.” Extracts

of the vegetative growths of all the species examined by Schaffer
(IV.)—see p. 365, vol. ii.—failed to give with acidified guaiacol

solution the orange precipitate stated by Bourquelot (IX.) to be

characteristic for oxidising enzymes. Seven species, however,

gave a positive reaction with guaiacol and hydrogen peroxide,

among them being Feiiic. glaucum^' which, according to Gruss
(I.), has no oxidising action. Saito (IV.) claims that Asj:). oryzce

secretes catalase
;
and, according to Altenburg (I.), Asjy. niger

secretes an oxydase which liberates iodine from potassium iodide

and was more closely examined by Raciborski (HI.).



CHAPTER LVIII.

MYCOSPHyERELLA TULASNEI AND SPIIyERULINA INTER-

MIXTA, OTHERWISE CLADOSPORIUM HERBARUM
AND DEMATIUM PULLULANS.

By Prof. Dr. G. LINDAU,
Private Tutor at the Berlin University.

§ 296. Cladosporium Herbarum.

In the sub-order of the Spli9eriacea3 [see p. loo, vol. ii.), species

from each of two genera of the family of the Mycos'phaireUacefB

come under consideration here, whilst a third one will merely

receive cursory mention. The last-named is the fungus—formerly

known as Lcestadia Bidwellii, and now as Guignardia Bidwellii—
causing the black-rot disease in the vine, further particulars of

which are to be found in Handbooks on Phytopathology, such as

those of Yiala (I.) and Sorauer (HI.)* The ascospores of this

fungus are unicellular, but occasionally bicellular when ripe.

The very numerous species belonging to the genus Mycosphoi-

rella (formerly Hphm'ellci)^ on the other hand, produce bicellular

ascospores
;
and those of the S2)hcBridina (see p. 379, vol. ii.),

even tricellular and polycellular ascospores. Of the first of these

two genera only one species is of interest to us here, namely,

Mycosphcerella Tidasnei—on account of its conidial fructification

—

which, until recently, was still described under the name Clado-

sporium herbarum^ given to it by H. F. Link, until its connection

with the Mycosphmrellacem was established by E. Janczewski (I.)

in 1893. This worker succeeded in tracing the development of

this new Ascomyces from the ascospores up to the production

of ripe perithecia (see Fig. 184), and in obtaining, as a secondary
fructification, the conidia (Fig. 185) with which alone we shall

deal in the present paragraph.

Considered from the systematic standpoint, Cladosgwrium
herbarum is probably a collective species, and appears to differ

slightly in form under diflerent conditions of cultivation. This
explains why G. Fresenius (II.) and P. A. Saccardo (I.) described

what seems to be different species, as Benicillium cladosporioides

and Hormodendron cladosporioides respectively, whose proper place

as forms of Mycosphcerella Tidasnei was afterwards allotted them
375
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by Janczewski. This allocation has recently been questioned by
W. ScHOSTAKOWiTSCii (T.), wlio did not succeed in transforming

the so-called llormodendron clados}Jorioides into Cladosj)orinm

herharum. The assumption by
Tulasne (II.) that Cladosporium
herharum belongs to the cycle of

development of Fleospora herharum
was shown to be erroneous by the

researches of Gibelli and Griffini

(I.), by H. Bauke (I. and II.), and
by F. G. Kohl (I.). Hence it may
be assumed, in the present state of

our knowledge, that, of the forms
of Cladosporium herharum hitherto

described, one group has been recog-

nised by Janczewski as belonging to

the cycle of development of Myco-
spheerella Tidasnei, whilst others

that have not yet been proved to so

belong must continue in the mean-
time to figure as independent species

in the literature. This remark
applies, for instance, to that coni-

dial fructification which was de-

scribed as Cladosporium herharum by Lofriore (I.). This species

produces sclerotia which find a habitat on the husks of germinated
and ungerminated wheat grains in the soil.

The progress of development of the conidial fructification of

Mycosphcerella Tidasnei described as Cladosporium herharum^ and
fir-st examined under the microscope by E. Loew (II.), is the

exact antithesis to that of Penicillium glaucum. In the latter

organism the outermost member of a conidial chain (the one
furthest from the centre of growth) is the oldest and largest, so

that the constriction of the several members proceeds from the

periphery to the central point (basis) of the fungoid herbage, and
is therefore basipetal (see p. 20, vol. ii.). The separate conidia

are produced in succession immediately below the preceding ones

on the conidiophore, which then, in order to counteract the

resulting loss of length and to prepare for further constrictions,

increases in length correspondingly. With Cladosporium herharum^

on the contrary, the faculty of direct constriction on the part of

the conidiophore ceases with the production of the first conidium,

and all the succeeding ones are formed from this latter—or from
the daughter cells produced in the meantime—by budding. In
this case, therefore, the lowermost cell is the oldest, the top one

being the youngest, so that the production of conidia proceeds

from below (from the basis) upward (towards the apex), and is

consequently basifugal, or, in other woids, acropetalous. The

Fig. 184.—3IycosplRCiella Tiilasuei

(E. Jaucz.).

I.ong'itudinal section througli a
peritlieciuui. Magu. 325.

i After Janczeicski.)
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budding capacity of a conidium is not confined to the formation

of a single daugliter conidium, a second adjacent bud being

oftentimes formed, which is capable of

acting in the same way, and thus a

richly branched formation ensues, as

shown in the course of development in

Fig. 1 86. The basipetal constriction of

conidia by Penicillium glattcvm, on the

other hand, is naturally incapable of

such a method of development, and is

confined to the formation of a simple

conidial chain.

According to the observations of

Janczewski (II.) a considerable degree

of variation prevails in respect of the

dimensions of the mycelium and the

conidia of Cladosgjorium hey'haruin, a

circumstance explaining the practice of

classifying these various forms as dif-

ferent species, before this diversity was
recognised. Thus, the length of the

ordinary ovoid conidia (Fig. 187) varies

from 12 to 25 and the breadth from

5 to I o /i. The dimensions of the mycelial

hlaments vary accordingly, so that one
worker may be confronted with a giant

form, whilst another may have a dwarf
specimen. The number of septa within

the conidia also varies with the age

;

two being present in one case, whilst

another cell contains only one, and a

third exhibits none at all. The external

surface of the brown or olive-green

membrane of the conidia may be covered

with fine needles (crystals ?), though
oftentimes it is smooth. On the basis

of this characteristic, the systematist

has elaborated various species of Clado-

sporium

;

but in the present state of

knowledge we cannot say whether these

are specifically distinct forms or only

caused by differences of environment.

The above-described conidiophores

are often found in black mildew on
dead parts of plants, on damp cellar

walls, casks and vats, the surfaces of these being covered
herbage which is light olive-green when young,
passes through olive-brown into dark brown. Simultaneously

Fig. 185.—IMycospliaerelhi

Tiilasnei (E. Jaiicz.).

ivrycolial tilament with conidia.

{After Janc'-eivski.)

IMagii. 250.

with a

but graduallvO •/
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the cells thicken, become filled with drops of fatty oil, and,
according to E. Laurent (VI.), also store up glycogen.

In practical fermentation, Cladosporium herharuin not in-

frequently makes its appearance as a source of damage, especially

on cereal grains and on malt that is stored in a damp place.

The hop plant, too, is occasionally infested and damaged by
Cladosporium herharuin^ particularly in damp weather or when
the plants have been rendered susceptible to attack in con-
sequence of other influences. In this case the fungus appears
as an olive-green to brown growth on the under side of the

Coiiidiopliores sliowing- the successive foreuitioii of couidia during- continuous obser-
vation on grape-juice ; 7

,
coininenceinent of constriction

; II, after 3 hours ; III,

after a further 2^ hours ; IV, after 10^ hours longer; V, after an additional 6
hours; VI, after a further 2^ hours ; VII, 3I hours later

; VIII, still later. Magn.
300. {After E. Loeio.)

leaves. The same fungus also seems to play some part in shed
mouldiness in tobacco

;
and it is frequently noticeable in cellars.

Eor this reason it is by no means surprising to find that the

fungus penetrates the corks of wines that are stored in bottle,

and contributes to the production of corked flavour [see p. 322,
vol. ii.) in such wines, as a result of its musty metabolic products.

Particulars of this have been collected by J. Wortmann (III.).

The fungus is also a frequent cause of damage in cheese dairies,

where it plays a part in the blackening of the cheese.

The putrefaction of eggs is not always due to bacteria [see

p. 218, vol. i.), but frequently to Eumycetes, the most active of

these being Cladosporium herharutn, or, what is practically the

same thing, llormodendron cladosporioides. As long ago as 1864
it was shown by Mosler (II.) that uninjured eggs may be infected

from the outside by Penicillium glaucum and Mucor mucedo.

ZoRF (X.) stated that Montague cidtivated Dactylium ooyenum
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from a rotten egg
\
and the same is reported of MulT0S2)0Tiuni

verruculosum by 0 . E. R. Zimmermann, The latter worker also

observed TotuIcv ovicolxi^ PenicilliuiTi glctiicuifii^ Sti/sccnus otCDionitis,

and its parasites^ Echinohoirijum atrum,

and species of Sporotrichum. Finally,

llormodendron dadosporioides was fre-

quently observed by Zopf (X.) in such

eggs. According to the infection ex-

periments carried out by Drutzu, conidia

of the said fungus that have been acci-

dentally or designedly placed on the

unbroken shell of the egg germinate,

penetrate the shell and internal mem-
brane, and develop between the latter

and the yolk to an agglomerated, gela-

tinous, dark brown mycelium, which

gradually consumes the albumen
;

so

that in certain cases none of this latter

is left, the yolk being enveloped in a

thick coat of fungus. On air gaining

admission, in consequence of the gradual

contraction and drying up of the contents of the egg, conidia are

formed. Further particulars of the decomposition of eggs by
Cladosporiuni herharmii have been furnished by Oerlese (HI.) and
Gueguen (IV.). A reliable means of preventing this incursion

of aerobic Eumycetes is afforded by varnishing or liming the eggs

while fresh.

According to a report by F, Rathgen (I.), a fungus was dis-

covered in patina [see p. 372, vol. ii.) by L. Mond and G. Guboni,
and was named by them Cladosporium ceris. From comparative
experiments they were obliged to conclude that

contributes to the destruction of bronze.

Fig. 187.—Mycospliaert'lla

Tulasnei (E. Jancz.).

Conidia from tlie mycelial fila-

ment shown in Fig-. 185, two
of them being aseptate, two
with a single septum and one
with two. Magu. 650. {After

Janczewslci.)

this fungus

§ 297. Dematium Pullulans.

On p. 375, vol. ii., it was stated that the genus Ephteridhia,

belonging to the family Mycosf)hcerellaceie (a sub-order of the

Sphoiriaceo')

,

is distinguishable from the allied genus Mycosphoirella

by its multicell ular ascospores. Of that genus only a single species,

Sphcerulina intermixta, is of interest to the fermentation physio-

logist. The small perithecia of this fungus are found on withered
rose-twigs

;
and one of the asci from the ascospores of this is

shown, with its eight multicellular spores, in Fig. 188. When
ripe, the asci are forced out of the perithecium, the ascospores

being then liberated in consequence of the swelling up of the
wall of the ascus. On finding themselves on a suitable substratum,
they swell up immediately, develop longitudinal and transverse

septa in their several cells, and also produce daughter cells by
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budding, so that a multicellular colony is soon formed. The
daughter cells also detach themselves from the mass, and develop
in the same way to a daughter colony. Still more commonly the
cell-reproduction proceeds chiefly in a single direction, and then
furnishes filamentous chains of cells, as shown at 5 in Fig. 188.

Fig. 188.—Spliierulina iutermixta, Brefeld.

1. An ascus with its eight ripe spores.

2. Three ascospores swelling up and gerininatiug.

3. Budding cells separated from the above, in course of reproductiou.

4. Colonies from same,

5. Filamentous chain of cells, Dematium form.

6. Gemma3.
IMagn. 350. {After Brefeld.)

These chains bear a close resemblance to the Ilyphomyces described,

under the name Dematium pullulans, by A. de Bary (III.), and
occurring in nature in many kinds of black mildew, on sweet

fruits, and on moribund parts of plants. Brefeld (X.) then

recognised this Ilyphomyces as identical with the above conidial

fructification, and consequently allocated Dematium pullulans to

the morphological cycle of Sphcerulina intermixta. Nevertheless,

according to Alb. Klocker and H. Schionning (VII.), an unmis-

takable diflerence exists between them. The only way in which
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this question could be finally settled v/ould be by inducing the

Uyphomyces to develop perithecia, which no one has yet succeeded

in doing. However, for the present, Bematium pullulans may be

classed as a (still undetermined) species allied to SjyJicerulina

intermixta^ even if it cannot be regarded as forming part of the

morphological cycle of the latter. The identification of species in

this group is still in a very defective condition. The morpho-
logical similarity is very great, not only between Bematium
pullulans and the conidial fructification of Spluerulina intermixta,

but also between both and the conidial fructifications of the

Bothidea rihesia and B. p)uccinioides described by Brefeld, the

Fumago salicina examined by Zopf (XI.)— forming the chief

constituent of true smut

—

Cladosporium herharum, and others.

Undoubtedly, however, Bematium pullulans stands nearest to

Sphteridina intermixta, and its consideration in this place is

therefore justified. On its account alone has mention been made
of the said Ascomycetes, the ascospores of which, on the other

hand, are developed only outside liquids, and possess little interest

to the fermentation physiologist beyond the developmental history

sketched above. The views of earlier workers, who sought to

establish a connection between Bematium and the true yeasts [see

pp. 107, 108, vol. ii.) are entirely erroneous.

Consequently, the form known as Bematium pullulans alone

constitutes the subject of the following lines. For exhaustive

investigations into its structure we are more particularly indebted

to E. Loew (V.).

If one of the yeast-like buds (conidia) of Bematium pidlulans

be placed in a suitable environment, it grows to an extensive

mycelium, the several members of which throw up numerous
ellipsoidal conidia in turn. According to the researches of W.
ScHOSTAKOWiTSCH (I.) on the influence of external conditions on
the formation of the budding cells (seepp. 21, 22, vol. ii.), liowever,

these conidia are not produced when the mycelium is made to

grow in a strong solution of grape sugar or saccharose. The limit

in this respect was determined by O. vox Skerst (I.) as about

50 per cent. A temperature of 3o°-3i° C. has a similar restric-

tive influence
; though by gradual habituation to progressively

increasing temperatures it is possible to obtain at last a culture

the mycelium of which will produce conidia at 30° C. At
5o°-55° C., however, the mycelium is killed, after an exposure
varying with its age.

On air being freely admitted to the nutrient solution, the

hitherto slender, colourless cells of the mycelium are transformed
into short, protuberant forms (gernma3, see p. 24, vol. ii.), the

membrane of which thickens and acquires an olive-green to brown
tone. The depth of this colour depends, according to 0. von
Skerst (I.), on the richness of the nutrient solution, and increases

therewith. At the same time an abundance of fat collects in the
cells in the form of drops, which increase in size and are rendered
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noticeable by their power of refracting light and consequent lustre.

In fact, this peculiarity renders the drops of oil liable to be

confounded with endogenous spores—a point on which warnings
have been issued by E. Laurent (VII.) and afterwards by
O. Setter (I.). This was also probably the cause of the mistaken
opinion formed by Joiian-Olsen (I.), whose error was corrected

by Alb. Klocker and H. Sciiionning (IV.). In some cases the

gemma3 subsequently develop a longitudinal septum, due to the

transverse division of the mycelial cells. At a still later period

the external layers of the thick cell wall sometimes become
mucinous to such an extent as to render the nutrient liquid

viscous {see vol. i. p. 285). In this manner a culture of Dematium
jndlulans (grown, for instance, in beer wort) will develop into a

greenish brown to dark green, thin, but viscous, film, resembling

paper, on the surface of the liquid, whilst a deposit of yeast-like

conidia and conidial cultures collects at the bottom.

According as the gemmae are well nourished or the reverse,

they either develop into a mycelium from which lateral buds are

separated by constriction, or they produce these buds direct.

Dematium pullulaiis also affords an example of the cell fusion

already referred to on p. 6, vol. ii., by the coalescence of two
adjoining cells of the same mycelium, one of them penetrating the

other. In Dematium pullulans more particularly—which, as

already stated, exhibits a marked tendency to the formation of

budding cells by constriction—there gradually develops, within

the invaded cell, or host, a varying number of approximately

ellipsoidal cells, which are in turn capable of reproduction by
budding. In this way, under favourable conditions, a filament

may become filled with cells which an observer unfamiliar with

its method of origin may readily mistake for an ascospore {see

Fig. 189). Such an erroneous impression has already been

produced in the minds of several workers : for instance, O. Johan-
Olsen (I.) in the case of a fungus he named Dematium casei, and
also Alfr. Jorgensen and Fr. Weleminsky (I.) with Dematium
jyullulans itself. We are indebted to A. Klocker and H. Schion-

NiNG (IV. and VII.) for the correct interpretation of the pheno-

menon. This correction destroys the corresponding erroneous

classification of Dematium pullulans with the group of the

Exoascece or similar low Ascomycetes.

As a result of its frequent occurrence on straw, and therefore

in the atmospheric dust in cowsheds, Dematium pullulans is likely

to be often found in milk
;
and it has actually been detected in

that liquid on many occasions by Adametz (III. and IV.). When
the milk is curdled, a larger or smaller proportion of the fungus

content passes into the curd. Its mode of action in this case

requires elucidation, and an attempt to explain it was made by

O. Johan-Olsen (I.). This worker discovered in Norwegian
“ gammelost ” {see p. 85, vol. ii.), a hyphomyces which he termed
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Dematiwm casei, regarding it as allied to D. puUulcms ; and, in a

second communication (H.), lie stated that the fungus caused the

Filaments a, b and c contain fused adjacent cells, some of which are constricting

couidia. In c the septa at both ends of the cell have developed conidia ; / might
be mistaken for a (juadricellular sporangium. In d a conidium is budding like

yeast. Magn. 500. {After Klocker and Schionning.)

very bitter flavour of the cheese in question. A repetition of his

examination, however, by Klocker and Schionning, led to the

discovery that the fungus does not belong to the genus Dematium^
but is more closely allied to Monilia or Oklium,

VOL. II : PT. 2 2 B



SECTION XVI.

GENERAL MORPHOLOGY, PHYSIOLOGY AND CLASSI-

FICATION OF TECHNICALLY IMPORTANT BUD-
DING FUNGI OF THE GROUP “FUNGI IMPER-
FECTI.”

CHAPTER LIX.

TORULACEiE, PINK YEASTS AND BLACK YEASTS.

By Prof. Dr. H. WILL.

Head of the Physiological Department of the Munich

Scientific Station of Brewing.

§ 298. Historical, Delimitation, Derivation.

The name Torula was applied by Pasteur (XXVII.) in 1862 to

a group of fungi, which reproduce by budding, like yeast, and
are devoid of a typical mycelium. Plate III. of that authority’s

Etiules sur la Biere gives a very good and characteristic illustration

of two species of Torida with globular cells, so that no doubt can

exist in the case of at least one of the groups of budding fungi

that were included by Pasteur under the generic name of Torula.

Pasteur also gave six pictures of other forms of Torula., of

which those he showed in Figs, i and 2 of the above work
also exhibited globular cells, whereas, as was pointed out by
Hansen (LIII.), the one shown in Fig. 6 resembles the budding
cells of Dematium. It is therefore doubtful whether this form
should be allocated to the TorulacecB at all or forms a separate

group, though similar, pointed cells occur in many Torula forms

with mixed cells. Figs. 3 and 6 of the said Plate, on the other

hand, depict species in which thin, elongated budding cells appear
in association with those of more contracted form (down to

globular cells), and these exhibit certain analogies with the

budding fungi now allocated to the genus Mycoderma. Pasteur also

logically classed Mycoderma vini with the Tondacece, the difierence

between this fungus and the other Torida forms consisting, in his

opinion, merely in the special structure of the cells and in a

384
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"reasiness which causes the cells tc adhere superficially. This

feature, however, is not a strong one.

The species shown in Fig. 5 of the Plate in question is

morphologically similar to an ordinary yeast [Saccharoinyces)^ but

probably "also belongs to the Torulaceoi.

Pasteur himself expressed doubt as to whether all the forms

depicted represented an equal number of species, and showed (as

illustrated in his Figs, i and 2) that the elongated cells could also

produce those of the small, globular type. He held the opinion

that different varieties could be obtained from a Torula species

with mixed cells, by sowing the different cell forms. Although
he adduced no proofs in support of this, it is nevertheless correct,

the more so because—as we now know—there are Torula forms
which, under the influence of a certain environment, reproduce

almost exclusively in the form of small, more or less globular,

cells, the elongated cells being comparatively small in number,
whilst under other conditions these latter calls becomemore
prominent.

Pasteur mentions, as a chief characteristic of the Torula forms
depicted in his Figs. 1-6, that, like Mycoderma

^
they are unable

to set up alcoholic fermentation.

Although Pasteur was able to characterise a series of the chief

representatives of the Torulacece with a fair amount of certainty,

notwithstanding that he was not in possession of absolutely pure
cultures, the line of demarcation between them and the Saccha-

romycetes is uncertain and imperfect
;
and among them may be

found Saccharomycetes with weak powers of fermentation.

It was not until the researches of Hansen (XXIV.) that the

two could be more eftectually separated. This worker applied the
name Torida to budding fungi which produce neither endospores
nor typical mould vegetations, thus difterentiating them from the
Saccharomycetes on the one hand and from Monilia, Dematium
and other budding llyphomycetes on the other.

By this definition Hansen greatly restricted the morphological
circle of the Torulacece, allocating to the latter only such species

as produce cells of a more or less globular shape, although some
of his species form elongated, sausage-shaped cells in film vegeta-
tions. In any event, this limitation excludes from the Torulacece

all the asporogenic budding fungi resembling Mycoderma, as also

Mycoderma itself. Moreover, whilst Pasteur’s Torulacece set up
merely a very weak fermentation, or none at all, the species

classified by Hansen exhibit all gradations in this respect, a few
of them setting up a fairly vigorous fermentation. Consequently,
tiansen’s Torula species {see pp. 9, 10, vol. ii.) cannot be un-
conditionally united in one group with those of Pasteur.

The faculty of sporulation excludes from the Torulacece all

such of the Saccharomycetes as—like the species Torulaspora
Delhi' ilckii {see p. 284, vol. ii.) of P. Linder (XXXVI.), and another
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species discovered by him in the mucinous exudation from oak-

trees—occasionally form strictly globular cells, each containing

a large drop of oil, like those of typical Torulacece.

Whilst it is true that the diagnostic characteristics set up
by Hansen define the Torulacece more sharply than was done by
Pasteur, recent investigations have brought to light difficulties

in the way of this delimitation. The Torulacece are separated

from the Sacchao'omycetes by a merely negative characteristic,

namely, the absence of sporulation, whereas in other respects they
have many points in common, both morphologically and physio-

logically, with the latter, as also with other asporogenic groups,

such as Mycoclerma. Hansen himself, however, showed that some
of the Sacchctromycetes lose their power of sporulation [see p. 260
et seq. vol. ii.) under certain conditions of treatment; and though
the occurrence of such variations in the natural state has not yet

been demonstrated, it is not impossible. In the absence of any
information as to their origin, such forms would have to be
grouped with the Torulacece. In the case of many SaccJiaro-

mycetes^ sporulation is also known to be of very difficult and rare

occurrence, and one that evidently depends on certain well-defined

but as yet unrecognised conditions.

The present writer’s own researches have shown the existence

of typical Toi'idacece incapable of setting up fermentation with

the ordinary kinds of sugar, and therefore coinciding in this

respect with those of Pasteur. He has also become acquainted

with forms which, as mentioned above, produce almost exclusively

small, more or less globular cells under certain conditions of

cultivation, these cells exhibiting all the characteristics of the

Torulacece, and being rarely accompanied by elongated forms.

Under different conditions, however, the latter forms become
more frequent, and thus constitute an intermediate link with

the species forming q^astorianus cells [see p. 116, vol. ii.) in

addition to those of oval and globular shape and mycelial

agglomerations of same. They also possess fermentative pro-

perties, thus differing from the Mycoderma species.

On the basis of his own investigations, the writer, in contrast

with Hansen, enlarges the morphological circle of the Torulacece

so as to include species like those characterised by Pasteur.

Consequently, the following lines will treat not merely of

such budding fungi as have not yet been observed to sporulate

—

and comprising those forming exclusively more or less rounded

or oval cells, with or without the power of exciting fermentation

(first sub-group)—but also of those producing mixed cells, develop-

ing interchangeably, but distinguished from the Mycoderma
species by their fermentative power (second sub-group). The
Monilia are excluded by the possession of a septate typical

mycelium (see chapter Ixii.). No fundamental reason exists for

excluding the so-called pink yeast (or some of them at any rate)
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from the Torulaceoi, many of them, so far as is known, having

many points of resemblance, morphologically, with the Torulace<v,

although they have not been studied with any thoroughness.

Pigmentation cannot, at least, be regarded as a sufficient reason

for their separation, since the researches of Kossowicz (L), con-

firmed by R. SciiANDER (I.), show that several of the Saccha-

romycetes which are colourless under ordinary conditions develop

a red colouring-matter in certain circumstances, notably in

presence of salts of magnesium. On the other hand, some of

the typical forms of Torula occasionally assume a pink coloration

only under certain conditions of growth, such as in films on

nutrient liquids and in slant colonies. Pigmentation is by no

means a constant feature. Nevertheless, the so-called pink yeasts

and other coloured budding fungi will, for practical reasons, he

dealt with separately in the present chapter under § 301.

The opinion that the Tondaceoi are only stages in the

development of other fungi has already been expressed by Hansen
(LI 1

1

.). It is known that the conidia of certain Ustilagineie

[see p. 109, vol. ii.) are able to maintain an independent existence,

by budding, in suitable nutrient solution®. Budding cells are

also met with in various groups of fungi; and possibly similar

biological conditions may give rise to the same or similar external

phenomena. The Torula group is not a natural one, and is

merely of a temporary character.

E. Klein and M. Gordon (I.) claimed to have traced the

origin' of a pathogenic pink yeast to Puccinia suaveolens. On
the other hand, R. Meissner (II.), in comparing his six species

of mucinous yeasts [see p. 177, vol. ii.) with the budding cells of

Kxoascus spores, with which they seemed to have some con-

nection, established an important point of difference between
them and the budding cells of Exoascus deformans. It may also be

remarked that Laurent (VIII.) has stated that the budding forms
of Cladosporium herharum (seep. 378, vol. ii.) are transformed into

a pink yeast by insolation. In addition, Winkler (II.) claimed
that spores, under certain culture methods, fuimished “ yeast

cells” that were asporogenic, for which reason he proposed to

group them, pro tem.^ with the Torulacece. Agreeable though
the idea may be that these organisms are merely budding forms
of the conidia or spores of higher fungi, reports in this connection
require to be very critically examined.

In treating of the asporogenic budding fungi mentioned in the
literature, under the generic name of Torula^ or more generally
referred to as yeast, white yeast, &c., it is often difficult, nay
impossible, to decide if they belong to the group under considera-

tion. On the one hand it must be remembered that the name
Torula has been, and is still, applied at different times to very
different organisms. Originally implying Ihjpliomycetes with
conidia arranged in wreaths, with simple or branched chains.
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it was used by Turpin in 1838 to denote beer yeast [Saccharo-

myces cerevisiai)

,

which he named Torula cerevisice. Cohn* even
applied the name Torula to the wreathed chains formed by
the Micrococcus bacteria. At present the Toruleai form a sub-

group of the Dematiacea^.

:

compare A. ENGLERand K. Prantl (I.).

The species belonging to this sub-group, as, for example, Torula

monilioides, Corda, found by F. Ludwig (III.) in the mucinous
exudations of trees (see p. 138, vol. ii.), are outside the morpho-
logical circle.

klaccharomycetes greatly resembling certain forms of Torida are

also known, as stated above. The statement ‘‘ sporulation could

not be detected ” affords no guarantee that sporulation would not

occur under certain conditions. In the opinion of many observers,

all monocellular fungi that reproduce by budding, especially

when they also set up fermentation, are yeasts, that is to say,

Saccharomycetes

;

and they apply the name Saccharomyces to all

such species described by them. The descriptions are mostly very

imperfect, and it is difficult to decide with any degree of certainty,

from the isolated characteristic peculiarities, whether the budding
fungi under consideration belong to the Torula group or not.

Matters are little better in the delimitation of the species that

have been more closely examined
;
and any attempt to arrange

them into a system has small prospect of success at present.

For the same reason it is difficult to decide whether the com-
paratively small group of (presumably asporogenic) budding fungi

exhibiting the characteristic property of being able to ferment with

sugars (see p. 397, vol. ii.), belongs to the Toridaceai. Of this group

the following members have been described : the so-called Sacch.

(jalactocola^ by Pirotta and Riboni (II.)
;
one species by Du-

CLAUX (XXIII.)
;
the so-called Sa.cch. lactis, by Adametz (XI.)

;

the so-called Sacch. Kefyr and Sacch. tyrocola, by Beijer-

INCK (XX. and XXV.)
;
several species by Weigmann (XI.) and

Grotenfelt (II. and III.)
;
Torula Duclauxi, by E. Kayser (IV.)

as well as the so-called Sacch. lactis, Adametz, and a species

isolated from milk
;
one species by L. 0 . Mix (I.)

;
Lactomyces

inflans caseiyrana by Adametz (XII.), in collaboration with W.
Winkler, and also by Nicola Bociiicciiio (I.)

;
the so-called

Sacch. Kefyr, by Freudenreicii (XI.)
;

Torula amara by A.

Kalantiiar (I.)
;
by Harrison (II.)

;
and by O. Jensen (HI.)

and P. Maze (I.), who also included in his examination the

Torida Duclauxi, the so-called, Sacch. lactis, Adametz, and the

species described by Kayser. The so-called Sacch. lactis, Adametz
and Sacch. tyrocola, Beijerinck, were subjected to a careful

examination by Heinze and CoiiN (I.). These two last-named

species undoubtedly belong to the Toridacece, Sacch. lactis to the

second sub-group and Sacch. tyrocola to the first sub-group, so

that they ought, correctly, to be named Torida lactis and Torula

tyrocola respectively. On the other hand, it is questionable
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whether the kephir yeasts belong to this category, though in

other respects they should be classed with the Torulacece ; since,

according to the concordant statements of Adametz, Freudenreich

and Heinze (III.), they are, of themselves, incapable of fermenting

milk sugar. It is highly probable that the kephir granules contain

a variety of budding fungi, and the so-called Sacch. Kefyi\

Peijerinck, is apparently not always present. On the other hand,

it is very likely that Boerscii (L), who attributes sporulation

to the so-called Sacch. Kefyr, was examining a species that is not

always contained in kephir granules
j

for, as far as the writer is

aware, the bulk of the budding fungi in these granules do not

sporulate. It is doubtful whether all the various forms described

represent so many distinct species. Comparative researches by
E, Kayser have shown that Torula Duclauxi^ the so-called Sacch.

lactisj Adametz, and the species isolated from milk by himself,

possess very divergent and constant chemico-physiological pro-

perties. Sacch. Kefy7\ Beijerinck, closely resembles Sacch. lactis,

Adametz, whilst Sacch. tyrocola is probably identical with Torula

Duclauxi. According to the researches of Ileinze and Cohn,
little doubt can exist as to the separate identity of Sacch. lactis,

Adametz, and Sacch. tyrocola, Beijerinck.

§ 299. Occurrence, Dissemination and Morphologry of
the Torulaceae.

The Torulaceai are very widely disseminated. The frequency
of their occurrence in the air depends, however, on certain con-

ditions, chiefly on the way in which the ground is planted, the
fruits of vineyards and orchards in particular affording the most
favourable environment. Hansen (II.) found them in the air of

the open country under fruit trees between July and November,
most abundantly in September, whereas they were absent in May,
June and December; and this report is confirmed by the investi-

gations of the writer. According to Hansen (II.), their normal
winter habitat, like that of the Saccharomycetes, is the soil.

The Torulaceai also find a home on field and garden fruits,

and indeed on plants of all kinds
;
and they seem to find a suitable

environment both during the decay of these fruits and during the
technical processes for preserving same, such as the pickling of

gherkins and beans, and the fermentation of sauerkraut.

Possibly the yeasts found in the fermentation of tobacco and
tea also belong to the Torulaceai.

They accompany the food into the stomach, and are found
there in the human subject during complaints of that organ (fer-

mentation and distension).

During the plague of Lipara monacha caterpillars in Bavaria,
the intestinal tract of these insects was discovered to be occasionally

packed with the cells of various Torulacew.
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These organisms penetrate all kinds of organic substances and
develop therein, frequently to a surprising extent. For instance,

the thick white to whitish yellow coatings found on stored

sausages consist sometimes of these fungi exclusively. Milk,

butter and cheese also aftbrd a favourable environment, and they

occasionally develop abundantly in bread.

The numerous biological investigations of water, for brewing
purposes in particular, have shown that river water is often very

rich in budding fungi belonging to the morphological circle of the

ToTulacecE. Budding fungi are also found in sea water, especially

in northern regions
;
and some of these organisms are evidently

Torulaceoi.

Establishments where dairying and fermentation industries of

all kinds are carried on form a chief habitat of these budding
fungi; and they develop enormously not merely in the raw
materials and products, but also in the air of all the rooms, in the

walls of the fermentation- and store-rooms, and on the utensils

employed.
The form and dimensions of the cells vary considerably, more

particularly in members of the second sub-group. Cells of one

and the same species, grown in a given nutrient medium, often

vary but slightly, though sometimes to a not inconsiderable extent,

so that purely globular forms are accompanied by oval and more
or less elongated types of pastorianus cells, especially in very old

cultures. In species producing globular cells on the average, a

few sausage-shaped or irregularly formed daughter cells are

developed
;
and even those resembling Sacch. apiculatus are

regulaily observed in certain species. The shape of the cells is

induenced by the reaction and composition of the nutrient

medium
;
and above all by the presence of certain sugars.

The cell dimensions of members of the first group vary within

wide limits
;
and the cells of certain species may almost be

mistaken for those of globular bacteria.

A very remarkable form that appears regularly, not only in

the Toridacece, but also (though to a smaller extent) in the

Saccharomycetes, is that of giant cells [see p. ii8, vol. ii.), the

dimensions of which greatly exceed the average size. These giant

cells, occurring regularly (so far as observation has extended) in

the second sub-group of the Torulacece, are often found in a

decrepit condition. Whether they are abnormal, or cells endowed
with certain physiological functions, cannot be decided at

present.

Still greater variety exists in the form and size of the cells of

the second sub-group with mixed cells. Cells agreeing in form

and size with those of the first sub-group are accompanied by

club-shaped, sausage-shaped and filamentous cells of all grades.

Other species develop very thin and graceful cells
;
and the

spindle-shaped cell, tapering oft’ at both ends, is a not infrequent
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form. Filamentous cells, measuring up to 40 /r in length and 2

in diameter, have been observed. Chains of elongated cells

frequently develop numerous rounded and oval cells on the ends

of the individual members (in giant colonies).

As already mentioned, the appearance of this elongated cell

form is connected in part with certain conditions of environment,

so that, for example, the organism inside the nutrient liquid

produces mainly or entirely the more compact cell forms, whilst

the elongated forms are produced on the surface, as in the film

vegetations of Saccharomycetes.

In giant colonies of many Torulaceca^ on the other hand, the

superficial cells are chiefly globular or oval, whilst the under side

exhibits numerous elongated, sausage-shaped cells, penetrating for

long distances into the gelatin. Other forms, again, develop both

within and upon the nutrient liquid, simultaneously with mixed
cells.

The cell integument of Toridaceca is of an even more highly

diversified character than in the case of the Saccharomycetes. It

is mostly strong, and in some cases of typical species attains a

considerable thickness that is apparently associated with strati-

fication. Still more frequent than in the Saccharomycetes {see

p. 145, vol. ii.) is the phenomenon of sloughing the outer layer of

skin. These extremely thick-skinned cells, which are found in

nearly all cultures, are possibly resting forms (Chlamydospores).

Conversely, the cell integument of many other Torula species is

very delicate. Sometimes, as in the species depicted by P.

Lindxer (NXXVII.), and the mucinous yeasts of Meissner (II.),

the cell wall develops an almost imperceptible mucous layer,

whilst in other species a gelatinous network is clearly visible {see

p. 178, vol ii.) in the film vegetations on nutrient liquids, and
occasionally tlie cultures transform the entire nutrient licjuid into

a tough gelatinous mass.

The cartilaginous film vegetations of certain close-growing

species on nutrient liquids may be attributed to a peculiar

condition of the cell integument. Species that, like Mycoderma
and Willia, produce superficial films very rapidly, imprison air

between the cells, a peculiarity favouring the assumption that the
cell integument is of a greasy nature, like that of ]\fycoderma.
No reports have been published dealing specially with the
chemical composition of the cell integument of Toridacece.

Apart from isolated inclusions, the cell contents, as a lule,

have only slight refractive power and remain pale, agreeing in

this respect with Mycoderma and contrasting with the Saccharo-
mycetes. While the cells are young, the contents are homogeneous,
but afterwards turn cloudy and frothy

;
numerous small vacuoles

appear, to give place subsequently to a single one (in globular or
oval cells) or several (in elongated cells). The contents of older
cells are occasionally crumbly and finely granulated, or a number
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of highly refractive granules appear. The number of these, how-
ever, is usually limited, the highly refractive inclusions forming
a very characteristic element of the cell contents. This applies

particularly to the typical Torulacece, the species of the first

sub-group.

As a rule, the globular cells contain an oily particle which
seems to have been regarded by some authors as a nucleus. It is

barely visible in submerged growing cells with homogeneous
contents, and comes into prominence only on the appearance and
growth of vacuoles, especially when the cells in film vegetations

come into contact with the air. Even when the vacuoles have
attained considerable dimensions, and the plasma has diminished
to a mere stratum lining the cell wall, the oil particle remains
coated with a layer of plasma. Usually globular, it is not

infrequently flattened in appearance. The presence of an oil

particle in the lactose yeasts characterises them as belonging to

the Torula group. Raum (III.) differentiated one of these in

kephir yeast by staining and assumed it to be a Torula form in

the sense defined by Hansen. The size of the particle increases

with the age of the cell and by contact of the latter with air,

although, so far as observation goes, it remains small in some
species, so that the size of the oil particle may serve as a means
for the characterisation of species. The globular and oval cells

of some species contain two or more oil particles
;
and these have

probably been confounded with spores in many instances. The
elongated cells of the second sub-group of Torulacece also contain

oil particles, distributed in the same manner as those in the cells

of Mycoderma. Nevertheless they may also be lacking in species

with mixed cells, in the rounded and oval cells of which they occur

regularly.

Crystalline bodies in the vacuoles [see p. 153, vol. ii.) form a

highly characteristic inclusion in Torula cells. Of regular occur-

rence in a few species, they appear to be lacking in others with

morphologically similar cells. Accordingly, they might serve as

a diagnostic feature, in the same way as the varying number of

oil particles in the globular cells.

Very old cells of typical Torulacece frequently contain, like

those of the Saccharomycetes, a single large globule that is partly

of a fatty nature. According to Lindner (XXXVI. h) small

fatty drops are of frequent occurrence in the small cell species of

Torula, even under normal conditions, the cells being mostly

highly refractive, Avith a greenish tinge. Toridcc pulchei'riina

develops large, highly refractive globules.

Glycogen was absent from very few of the species examined

by the writer, when grown in beer wort or in neutral yeast-water

with 6 per cent, of saccharose. The production of glycogen Avas

also observed by Meissner in certain of his mucinous yeasts. The
intensity of the reaction varies considerably, but is generally
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faint, the most decided result being obtained with a species of

high fermenting power. According to Heinze and Cohn, glycogen

is formed by Sacch. lactis, Adametz, and Sacch. tijrocola, Reijerinck,

to the same extent as by Saccharomycetes, and especially so in

young cultures on acid wort gelatin. The red-brown coloration

with iodine is given by the Toridacew^ either in the plasma or the

vacuoles
;
in the latter case it may extend over the whole contents

of the vacuole, or be restricted to globular inclusions of varying

dimensions.

With regard to the nucleus, the only reliable communication
available is that of Guillieiimond (V.), Beijerinck’s report on

Sacch. Kefyr leaving it doubtful whether he 1ms not mistaken oil

particles for nuclei. Other authors, who may be credited with a

full acquaintance with morphological conditions, have asserted

that a nucleus can be clearly discerned in cases where the oil

particle is apparently alone in question.

The budding of the globular cells may take place at any point

on the parent cell, sometimes occurring simultaneously in several

places (coronation). The young generations form single, un-
branclied chaplets

;
and the order of budding is similar to that

of the Saccharomycctes producing branched bud chains. Like
the Saccharomycctes too, the members of these chains either

adhere firmly together, so as to form chains of considerable

length, or they separate readily into short lengths of 3-4 cells

each. Acid nutrient media stimulate certain lactose yeasts to

form extended chains, especially when the degree of acidity is

high. A few species also branch extensively, even in distilled

water. Not infrequently one is able to observe phenomena that

approximate more closely to germination than budding, the cell

bulging out in one place with a very broad basis and bursting at

the same time, whereupon the growing daughter cell becomes
separated from the parent by a broad septum. The production
of abnormal cells is frequently observed in budding.

The elongated cells of the second sub-group form either ex-

tensive chains of buds, or long mycelial rows with insignificant

lateral branchings through shorter or longer cells
;
or again, they

may produce a large number of globular Toriila cells.

The giant colonies of the second sub-group with elongated
cells are in some cases of very handsome appearance. The sur-

face exhibits mesenteric folds of varying dimensions, though
these folds are not always formed in presence of the elongated
cells. In this respect, therefore, the giant colonies differ from
those of most Saccharomycctes., but resemble those of WilUa and
Mycoderm.a, though difiering from the Monilia species.

The giant colonies of the first sub-group, on the other hand, are
usually more or less flat, with slightly dished edges, and exhibit-
ing, at most, faint radial stripings, with numerous smooth or
warty excrescences on the surface. These excrescences form a
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general characteristic of the giant colonies of this first sub-group,

and are not confined to the Torula form isolated by M. IJart-

MANN (I.) from a dried yeast purchased in Java. Consequently,

the specific name, colliciilosa, applied to this Torula does not by
any means characterise this species. Moreover the fact stated

by Hartmann, that these excrescences are composed of large

cells, is not confined merely to this species.

In many forms the surface of the giant colonies bristles with
numerous tufts. The nature of the nutrient medium has no
great influence on the form of the giant colonies, the character

and colour of which, moreover, are highly diversified. In many
cases the colour is characteristic of the species

:

pale pink, yellow

or yellow-brown, both in the film vegetations and in the giant

colonies
;
though sometimes it is confined to, or attains its greatest

intensity in, the latter, which thereby acquire increased diagnostic

importance. Mostly, the colonies are colourless. They may be
mucinous, gelatinous, or more or less dry, dull, semi-matt, or

shining like cut glass or mother-of-pearl. Some species produce
giant colonies of a waxy character or resembling enamel.

§ 300. Physiologry and Chemistry of the Torulaceae.

Reproduction in liquid nutrient media, like that on solid sub-

strata, depends on the composition, reaction and concentration,

as also on temperature and other external conditions, but
primai'ily on the species itself. In a large number of species

compared by the writer, the most favourable development took

place in neutral yeast water containing 6 per cent, of saccharose,

next in order coming the cultures in hopped and unhopped beer

wort, and those in saccharine yeast water with an addition of

0.5 per cent, of peptone. Even a small quantity of peptone has

great influence on the development, though asparagin also forms

a good source of nitrogen. According to Betjerinck (XIX. and
XXV.) and J. Schuurmans-Stekhoven (I.), Sacch. Kefyr also

assimilates succinic acid
;
and growth is likewise stimulated by

ethyl alcohol. Hayduck’s nutrient solution is the least suitable

food-stuff for the Torulacew. The Torula species examined by the

writer also grew well in beer, provided the liquid was not too

deep. Meissner’s mucinous yeasts throve in Raulin’s solution,

but less favourable results were obtained with E. Laurent’s

nutrient solution. All the writer’s Torula species developed in

milk, and in some cases produced a cheesy smell, whilst in isolated

instances the milk was coagulated. Among the lactose yeasts

which also thrive in this medium, Lactoinyces inflans caseiyrana

alone produces coagulation without any impoilant formation of

acid. The coagulum is partly reliquefiecl. Certain of the muci-

nous species develop very slowly indeed in all the mitrient media

examined, growth proceeding exclusively at the bottom of the
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vessel at first, whereas other species of the same sub-group re-

produce at once and very rapidly, as films on the surface.

The production of a film occurs sooner or later with all the

species hitherto examined by myself. Several of them, chiefly

from the first sub-group, cover even alcoholic nutrient liquids

with a film by the end of twenty-four hours, and develop, like

Mycoderma, principally on the surface. The external similarity

to Mycoderma species is the greater when the dry, dull grey

films assume, like the latter, mesenteric folds in the course of

further development. In certain cases the film remains smooth
and delicate. The production of film vegetation takes a long

time with some species, and occasionally nothing more than a

ring is formed [see p. 120, vol. ii.), even at high temperatures.

The films then exhibit a moist gloss, resembling that of Saccharo-

mycetes, and are occasionally of a thick, mucinous character.

Strongly developed films may become coloured (lemon-yellow,

rose-red, leather-brown, olive-green).

During development in nutrient liquids, a variety of pheno-

mena characteristic of the species are observed. A cloudiness

may set in at first, to subsequently disappear with the formation

of pulverulent, flocculent, agglomerate, yeasty, solid or muci-

nous, ropy sediments
;

or, as in the case of Sacch. laciis, the

cloudiness may persist. In other instances the liquid remains
perfectly limpid. Two species impart a decided lemon-yellow

colour to saccharine yeast water. Other nutrient liquids, such as

beer wort and must (see p. 224, vol. ii.), are decolorised to a greater

or smaller extent. This has been established in the case of beer

wort by L. van den Hulle and H. van Laer (II.), Will (XXXI.)
and P. Lindner (XXXYII.)

;
and for must by R. Meissner (II.).

In Will’s experiments, the highest degree of decoloration, deter-

mined by the method of 0 . J. Lintner (II.), was 0.6. Many
Torida species, on the other hand, seem to darken the colour of

beer wort, but whether this also applies to the Torida Novce Carls-

hergicB of Gronlund (II.). must remain an open question owing
to the unreliable method of colour determination employed by
that worker.

The capacity of many Torida species for acclimatisation in

highly concentrated nutrient liquids (see p. 229, vol. ii.), seems to

be very extensive. Thus the writer found one species able to

develop and produce a fairly brisk fermentation in a 76 per cent,

malt extract. Wehmer’s salt yeast remained capable of develop-
ment for several months in herring pickle, representing a 24 per
cent, solution of salt, whereas Lactomyces injlans caseiyrana^
Bochicchio, could not stand saturated solutions of salt for more
than 30-40 minutes. An addition of 15 per cent, of common
salt to the nutrient solution merely retarded the development of

the salt yeast in question.

Acid nutrient solutions—fairly strong, e.y., sauerkraut water
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containing nearly i per cent, of lactic acid with some species

—

formed a more favourable medium than neutral for most of the

species examined by myself. Lactomyces injlans caseigranay

Bochicchio, continued to vegitate in a broth containing 1-2 per
cent, of lactic acid, and Torula amarciy Harrison, even in one with

2.4 per cent, of that acid. A few of the species described by
other workers, such as the Torula isolated from pine-apple by
E. Kayser (Y.) proved sensitive toward acids, as did also the so-

called Sacch. lactis and Sacch. tyrocola. All the species examined
by Will (XXXII.) were able to stand direct treatment with a

4 per cent, solution of tartaric acid for forty-eight hours at 25° C.

(see p. 245, vol. ii.).

Some species will even grow in alkaline media, Meissner’s

muscinous yeasts developing as quickly in alkaline Liebig’s meat
extract with sugar, as in wine must. On the other hand, the
budding fungi—some of which at least must belong to the group
now under consideration—discovered by 0 . Bail (I.) in decaying

rhubarb leaves, disappear when the reaction of the leaf mass
changes to neutral and alkaline. A series of budding fungi

capable of fermenting lactose, isolated by Maze, induced a far

better fermentation in alkaline nutrient media than in those with
an acid reaction. Probably the alkali fixes the acids that are

liberated during fermentation and retards that process.

Carbon dioxide retarded the development of Meissner’s

mucinous yeast, without killing them, and the reproduction of

these organisms decreases as the alcohol content (see p. 239, vol. ii.)

of the nutrient liquid rises, ceasing when it reaches 9 per cent, in

must, though the cells do not die. The power of resistance is a
variable quantity. In the researches of Wirgin (I.) reproduction

ceased in the case of a species of Torula^ when the alcohol in the

grape-sugar broth reached 8.5 per cent., addition of ammonia
causing rapid reproduction. Sulphur dioxide also influenced the

activity and development of the said mucinous yeasts, about

o.i per cent, being the limit for hindering development. Tannin
restricted the growth and reproduction of the mucinous yeasts

;

and their resistance to acetic acid (see p. 246, vol. ii.) was very
slight.

The temperature at which the known Torulacece continue to

reproduce occurs between wide limits, nearly all of them growing
even at 5°-6° 0 . The intensity of reproduction varies consider-

ably, but is generally small at low temperatures, in which case,

moreover, the character of the nutrient solution greatly influences

development. Several of the species examined by myself remained
for a month without reproduction, in pure yeast beer at about

zero 0., though some of them grew, if only to a small extent, in

neutral saccharine yeast water
;
and a few also in hopped beer

wort. With one of the species examined by Hansen (LV.), the

minimum temperature was also 0.5° C. Sacch. lactis^ Adametz,
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Torula Duclaiix, and the lactose-fermentating species isolated by
E. Kayser from milk, will not adapt themselves to temperatures

of about zero 0 . In the species examined by Will, the optimum
temperature varied between 20° and 25° G.

;
whereas it lay

between 25° and 30° 0 . for the Hartman’s Torala colliculosa^

Sacch. lactis, Adametz, and Duclaux’s Torula and the lactose-

fermenting species of Kayser. In the case of Sacch. lactis^

Adametz, the optimum fermentation temperature was 37.5°-
40° C., whilst Sojcch. tyrocola preferred lower temperatures, viz.,

23°-27° 0 . The optimum temperatures for development and fer-

mentation do not always coincide. W ith Torula collicidosa the limit

of growth was reached at 45° 0 ., whereas Hansen found it to be
36°-37° 0 . for several of his Torula species, and in one case

38—39° formed the limit for several of the species examined by
myself. Lactoinyces injlans caseigrcma^ Bochicchio, grows very

rapidly at 40° 0. ;
but growth recedes at 45° 0. and the fungus dies

in a short time at 5o°-6o° 0 . The optimum growth temperature

of Torula ainara, Harrison, is 37° 0 ., the limit being 48°-5o° C.

As in the case of the Saccharomycetes, a considerable divergence in

the limits of budding temperature is observed among the Torulacecc,

a circumstance capable of affording valuable diagnostic indications.

Growth and reproduction are largely influenced by the

admission of air. All the known Torulacece require free oxygen,

a characteristic which certainly stands in causative connection

with the predominating tendency of many species to grow on the
surface of the liquid. This requirement, however, does not
extend so far as to necessitate direct contact with the air, growth
proceeding also in fairly high strata of liquid.

Numerous reports are available on the behaviour of the
Torulacece towards the various kinds of sugar, e.y., by E. C.

Hansen (XLVI.), L. van den Hulle and II. van Laer (II.),

E. Kayser (Y.), 0. Gronlund (II.);, Y. Peglion (II.), B. Meissner
(II-), A. Kalanthar (I.), O. Bail (L), M. Hartmann (II.),

L. A. Bogers (I.), J. J. VAN Hest (I.), N. Hj. Clau.ssen (I.), and
chiefly by P. Lindner (XXXY.). The writer himself lias also

carried out numerous fermentation experiments with the Toruloj

species he examined. The methods adopted by the various authors
differed among themselves. P. Lindner, M. Hartmann and the
writer employed the small-scale method (introduced by the first-

named) in hollow-ground slides, with yeast water as the nutrient
liquid. In any event the nutrient solution used plays a certain

part in the fermentation.

Fermentative power is lacking in only a very few of the known
species, such as the majority of Meissner’s mucinous yeast, and a
few of the Torula forms examined by P. Lindner and the writer

;

but, apart from a few lactose-fermenting species, the Torulacece

are not extensive alcohol-formers. Most of them ferment glucose,

mannose, galactose and fructose with comparative readiness

;
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maltose is fermented with difficulty, if at all, whilst the same
species are able to split up the other sugars named into alcohol

and carbon dioxide. In other cases, e.y., Torula colliculosa^ the

maltose is fermented only by certain cells present in the warty
excrescences of the giant colonies, whereas the cells growing in

the flat portions of the colonies do not exhibit the least sign of

fermentation in presence of maltose. Saccharose is fermented

with vigour by a large number of species
;
but others cannot

invert it, though able to reproduce at the expense of this sugar,

as they do in the case of others they are unable to ferment.

Lactose, trehalose, melibiose and melicitose are not split up into

alcohol and carbon dioxide by the majority of species, and in a

few cases the same applies to raffinose. Torula Norm Caiishergim,

Gronlund, ferments dextrin.

On the other hand, a small group of Torulacem^ including the

species mentioned above, is characterised by the property of

fermenting lactose, and consequently possesses high practical

importance. So far as research has been pushed this group

exhibits the same characteristic as the others, namely, that glucose,

galactose and saccharose are fermented readily, maltose only with

difficulty. When grown in beer wort, the non-sporulating, so-

called Sacch. pino2)htho7'us meloduSf isolated by J. J. van Hest from

spoilt beer, generates a gas that burns with a blue flame.

The fermentative power of a given species varies with the

kind of sugar employed. Some of them, when grown along with

yeast, are able to hinder the fermentation set up by the latter

organism, probably in consequence of their transformation pro-

ducts. In some species the amount of alcohol produced is con-

siderable. On the other hand, as shown by Heinze, the presence

of lo per cent, of alcohol in the nutrient liquid completely hinders

the development of Sacch. lactis^ Adametz, and Sacch. tyrocola^

Beijerinck, even 5 per cent, being sufficient to suppress fermenta-

tion and reproduction almost entirely. Heinze and Cohn found

the remarkable ratio of about 3 : 2 between alcohol and carbon

dioxide with the last two lactose yeasts in meat-broth cultures

containing lactose. Esters are also produced during the fermen-

tation .

With regard to the enzymes of the Torulacem, little is known

at present. Invertase appears to be excreted by many of them :

compare Schuurmans-Stekhoven (I.) and E. Fischer (IY.).

According to the researches of H. van Laer (VII.), inversion

appears only in certain nutrient solutions. On the occurrence

of lactase, which was questioned by Schuurmans-Stekhoven (I.)

and E. von Freuhenreich (XI.), see E. Fischer (IV.). Henne-

BERG (V.) established the presence of catalases, that decompose

hydrogen peroxide, in living Torula cells.

Gelatin is liquefied by all the species hitherto examined, but

the nature of the active enzyme remains undetermined. The
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Lactomyces inflans caseigrana of Bochicchio produces a lab enzyme
and a tryptic ferment (compare p. 63, vol. ii.), and a fat-decom-

posing enzyme seems to be produced by several species. Nearly

all the Torula species examined by myself are able to liberate

sulphuretted hydrogen—sometimes to a very considerable extent

—when sulphur is present in the nutrient solution (compare

chap. Ixvi.).

So far as information is available, the production of acid by
Torulacece seems to be inferior to the acid consumption, though

the amount produced is fairly considerable in some cases, notably

by Kayser’s pine-apple Torula (which produces acetic acid and
small quantities of a higher fatty acid) and by Clausen’s Bretta-

nomyces. The Torula cultivated by Weigmann from bad butter

produces about 3.6 per cent, by weight of butyric acid when
grown in milk

;
but, in the researches of Heinze and Cohn, Sacch.

lactis, Adametz, and Sacch. tyrocola^ Beijerinck, seldom produced

more than 0.3 per cent, of acid. Acid is also formed by Gronlund’s

Torula Novcc Carlshergice and van Hest’s Sacch. pinophthorus

mdodus, the amount varying with the kind of sugar. The nature

of the acid in these cases is unknown. With the species examined
by Will, on the other hand, the acidity of the beer wort varied,

both the decrease (with one exception) and the increase being,

however, inconsiderable. The development of one species changed
the reaction of even strongly acid sauerkraut water to neutral

in a month; and alkalinity ensued with a less acid medium. No
regular connection could be detected between the diminution of

acidity and the rapid production of a film growth on the surface

of the nutrient liquid. Bail’s rhubarb fungi consumed citric and
tartaric acids.

The resistance of the Torulacccc to high temperatures is fairly

strong in a few species, but varies according to the species, the
duration of exposure and the composition of the substratum.
The age and physiological condition of the cells are also important
factors. After being grown for eight days in wort, seven of the
species examined by Will survived exposure to a temperature of

65° 0 . for half an hour, whilst the remainder, under the same
conditions, were killed by a temperature of 60° C. In most cases

the fatal temperature was the same for wort and water tests.

Another Torula, reported by F. Schonfeld (XI.), possessed still

greater powers of resistance, succumbing only when heated to
68°-75° 0 . in beer for an hour. On the other hand, van Hest’s
Sacch. pinophthorus melodus would not stand heating for five

minutes at 65° C. The resistance of Meissner’s mucinous yeasts

terminates between 54.5° and 61° C., and all died when warmed
at 45° C. for two hours. The fatal temperature in the case of

the lactose-fermenting Torula species is 50° or 55° 0 . It is

therefore evident that, under certain circumstances, the capacity
for resisting heat may afford useful diagnostic indications.

VOL. II : PT. 2 2 c
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Very low temperatures are also withstood well, Meissner’s
mucinous yeasts, for example, being found alive after exposure
to - 2 2° 0. for eight hours.

Several species will also stand desiccation, a fact already

reported by Pasteur (XXVII.), who was able to convert his

Torula forms into the dry state without loss of their powers of

development. Meissner’s mucinous yeasts were more susceptible,

however, dying after five days’ desiccation in the air. Harrison’s

Torula amara perished almost as quickly, in the dried state, at

temperatures between 15° and 5° 0 ., and Bochicchio’s Lactomyces
injians caseigrana at 35° 0.

Direct insolation had no destructive influence on Meissner’s

mucinous yeasts.

Considerable longevity is exhibited in liquids by some species,

as in the case of the Saccharomycetes. Hansen (LI.) found living

cells, capable of development, in cultures stored for sixteen years

in a 10 per cent, solution of saccharose. In beer wort, some of

the species perished in less than a year, whereas others were still

living at the end of eight years. The mucinous yeasts found by
WoRTMANN (XVII.) in twenty- and thirty-year old wines (see

p. 242, vol. ii.), exhibited great longevity.

So far as our knowledge goes at present, the TorulacecB do not
seem to be of any practical utility to man, or to play any
important role in the economy of nature, though a number of

species are capable of producing objectionable efiects in the

dairying and fermentation industries. A number of problems
in which the action of Torulacece is concerned are still awaiting
solution

;
and certain pathogenic budding fungi described by

physicians belong to the Torulacece^ though they need not be
taken into consideration here.

According to the researches of Bail (I.), it is highly probable

that certain Torulacece are causatively connected with the decay

of many plants. The constant and abundant occurrence of

budding fungi, also belonging to this group, in the excreted

juices of preserved food-stuffs—e.y., in herring pickle, the aqueous
liquid of sauerkraut, and other food-stuff’s and delicacies prepared

in a similar manner by processes of fermentation—has raised the

question whether these organisms are of importance in the pre-

paration of the desired products* or not; but no decision has yet

been arrived at on this point.

A certain amount of importance attaches to several species

in connection with the fermentation industries— especially in the

preparation of beer and wine—on account of the maladies they

give rise to in the products, in which they are able to reproduce

themselves and live. The flavour of beer, for example, is greatly

influenced in this way. The formation of aromatic products,

exhibiting the flavour and smell of apples, seems to be a property

of many Torulacece. It has often been asserted that the presence
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of Torulct imparts a full, and even pappy, flavour to beer
;
and,

in certain circumstances, this may well be the case. Torula

species occur almost invariably in beer worts cooled and aerated

in vessels that are not enclosed and protected from atmospheric

infection. Experience teaches, however, that these organisms

do not develop to any considerable extent, because, as shown by
Will, most of them are suppressed entirely, or else greatly

checked in their development, by the primary and secondary

fermentations. It is a matter of experience that beer maladies due
to TorulacecB are extremely rare, and therefore these organisms
cannot be regarded as injurious to beer in general. According
to Will’s researches, the addition of yeast to cultures containing

certain mucinous species of Torula results in the so-called
“ boiling ” fermentation (see p. 184, vol. ii.), in which the usual

fine head on the liquid is replaced by a few very large bubbles.

According to the concordant reports of N. Hj. Claussen (I.) and
H. Seyffert (II.), certain species of Torula play an important
part in the preparation of English beers. This group, known
as Brettanomyces^ is indispensable for the flavour and aroma
developed in English beers by ethereal products formed during
secondary fermentation.

Certain Torula species are valuable to the cattle-breeding

mountaineers of Caucasia, as well as to the inhabitants of Armenia
and the nomadic tribes of South-East and Southern Russia, since,

in collaboration with certain bacteria, they serve in the preparation

of important food-stuffs and delicacies, e.g., kefir, koumiss, and
mazun. Further particulars on this point are furnished by
E. vOxX Freudenreich (XI.) and A. Kalanthar (I.). Harrison’s

Torula amara imparts a disagreeable, bitter taste to milk and
cheese; and, according to L. A. Rogers (II.), tinned butter is

endangered by species of Torula.

§ 301. Red Yeasts and Black Yeasts.

Small as our knowledge is of the, usually colourless, Torulacece

described in the preceding paragraphs of the present chapter, it is

still less as regards the budding fungi that attract the eye by
their more or less intense and variously shaded red colour. These
are called by difierent authors “ pink yeast” or “ red yeast,” some
even classifying them with the genus Saccharomyces^ though the
majority do not form spores. The earliest attempt at a thorough
investigation of these budding fungi was made, at a comparatively
recent date, by F. A. Janssens and A. Mertens (I.), with a species

described as “red TorulaB
Red budding fungi have long been known. At first they

were described by Fresenius (I.) under the name Gryptococcus
glutinis

;

and, subsequently, Schroder and Cohn (I.) grouped
similar organisms (termed “ pink yeast ” by Cohn) with the
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Saccharomycetes. Cryptococcus glutinis, Eresenius, and Saccharo-
myces glutinis are, however, apparently two different species. It

was afterwards shown by Hansen (LI I.) that the term Crypto-
coccus glutinis comprises a growth of several species, and that
these cannot be properly assigned to the Saccharomycetes. One
of the budding fungi examined by Hansen (LL and LII.) is

probably identical with Cohn’s Saccharomyces glutinis ; the second
is a true Saccharomyces ; whilst the third is characterised by the
production of tubular buds, and is allied to Cryptococcus glutinis^

Eresenius.

So far as Hansen (LIV.) and P. Lindner (XXXIY.) were
able to re-examine the pink yeasts subsequently described by the
Koch school and physicians generally, these species are incapable
of sporulation. According to Lindner, Koch’s pink yeast is

identical with one of those drawn by Hansen (L.), the same
bizarre outgrowths being exhibited by both, Sporulation is also

lacking in Elfving’s (II.) red budding fungus.

Red-coloured budding fungi are mentioned, and in part more
fully described, by L. van den Hulle and H. van Laer (II.), who
discovered one species in the Belgian beer known as Lambic {see

vol. i. p, 255). The red Torula of Janssens and Mertens was
isolated from the deposit in English bottled beer. M.Ward (YIIL)
refers to Cryptococcus glutinis as an alien organism in ginger-beer
yeast {see vol. i. p. 258). E. Kramer (III.) describes a red
budding fungus taking part in the fermentation of must

;
and

a pink yeast, found in fermenting must, is mentioned by
Y. Peglion (II.) and E. Kayser (XII.). A species occurring on
milk and cheese, and named Sojccharomyces ruber by R. Demme (I,),

is regarded by him as the cause of gastric catarrh in children of

tender age. It should be mentioned that A. Kalanthar isolated

from mazun—a beverage of the kefir type, prepared in Armenia
from the milk of buffaloes or goats—an orange-coloured budding
fungus and a species the giant colonies of which were initially

greenish grey, afterwards turning peach-red. Coloured budding
fungi seem to be of common occurrence in milk and butter,

Krueger (III.), for instance, having found in cheesy butter a

budding fungus which he described as SaccharomycesJiava lactis

{see p. 282, vol. ii.)
;

whilst R. Reinmann (I.) discovered pink
yeast, along with other budding fungi, in butter.

A. Lasche (I.) isolated two species, Mycoderma humuli (from

hop leaves) and Mycoderma ruhrum (from an infected gelatin

culture). B. Fischer and K. Brebeck (I.) found a pink yeast in

the contents of the stomach of a patient suffering from gastric

enlargement and fermentation
;
and another in the water of the

open sea to the south of San Miguel, one of the Azores islands.

C. Wehmer (XXXI.) also reports having found pink yeast in

herring pickle. It is still doubtful whether certain species, such

as the red yeast mentioned by A. P. Swan (I.), belong to the
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group now in question
;

J. 0 . Bay (HI.) contests their claim to

be considered Saccharomycetes. Some doubt also attaches to the

Saccharomyces japonicus and Sacch. keiskeana {seep. 240, vol. ii.) of

K. Yabe (YI.). On the other hand, one of the species described

by K. Golden and G. C. Ferris (I.) is said to be identical with

tSaccharomyces glutinis ; and another species has been allocated to

the Mycoderma group.

From all the reports, which could be amplified without diflS-

culty, as to the occurrence of red- coloured budding fungi, it

appears that these organisms are very common.
The arrangement of these diversified forms, the majority of

which have not yet been thoroughly examined, into a system is

still more difficult than in the case of the species comprised in the

generic name Torula. It is equally difilcult to decide whether
certain of these forms are identical or not.

On the basis of their special method of vegetative repro-

duction, one of the species described by Hansen, as well as the

Mycoderma ruhrum and Mycoderma humuli of A. Lasch6, the red

Torula of Janssens and Mertens, Koch’s pink yeast (according to

P. Lindner), and the Blastoderma salmonicolor of Fischer and
Brebeck, may be arranged in one group. A second group might
include the forms with more or less globular cells, such as Saccharo-

myces gluthiis, Cohn, one of the species described by Hansen, and
several others. The latter, as producing the most pigment, might
be united with the first sub-group of the Torulacece, with which
they appear to have a good deal in common.

The colour of the cells is usually noticeable only when a large

number are in juxtaposition. The shades of colour are numerous :

pale red, rose-red, vermilion, coral, yellowish red, and salmon-red.

Pigmentation seems dependent on certain conditions in many
species, and in some occurs very late, so that it is not a constant
feature. The intensity of the colour also varies, and is dependent,
inter alia, on the reaction of the nutrient medium.

The cells vary in size and shape quite as much as with the
Toridacecc.

Like the Torulacece, too, highly refractive bodies that have
undoubtedly often been mistaken for spores, occur in the cells,

especially those of old cultures. In Janssens’ and Mertens’ red
Torula, the bodies of this kind observed in the vacuoles resembles
drops of oil, and are orange-coloured. They, however, consist

largely of carotin, but do not appear to contain fat. A uniform
reddish tinge is often visible in the vacuoles in old cultures of

Blastoderma salmonicolor. In other respects there is no infor-

mation available regarding the seat of the pigment in red budding
fungi.

The nature of the pigment varies, being sometimes soluble
in water, and disappearing under the influence of acids and
alkalis

; whereas, on the other hand, the red Torula of Janseens
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and Mertens gives a clear, deep red extract only with carbon

disulphide.

According to reports by Laurent (X.), and also by Brault
and Loeper (I.), the red budding fungi produce glycogen.

Janssens and Mertens described a globular nucleus, with a

nucleolus, in their red Torula.

In one and the same species budding may proceed in different

ways. Sometimes it resembles the same process in the Saccharo-

mycetes, with the modifications exhibited by the Torulacem.

Raum (III.) found a parent cell carrying up to five and more
daughter-cells at the same time. In the case of a fixed cell of his

species belonging to the second group, Hansen (LII.) observed a

considerable number of new cells gradually formed at the same
place.

In addition to this method of budding, the red yeasts of

the first group also exhibit cell outgrowths in the form of

“ tubular buds ” or “ promycelia.” Usually the oval cells throw
out simple or branched, filamentous lateral growths, which, in

association with the sterigmata, impart a strange appearance.

The budding of these “ tubular buds ” results in the production of

rounded cells resembling conidia, or, in the case of Blastoderma

salmonicolor^ pear-shaped, plum-shaped or reniform cells. This

type of germination forms a highly characteristic feature of the

first group of red species, and, so far as is known, is not exhibited

by any other group of budding fungi.

Films are produced by all species of red yeasts, and on the

most divergent nutrient media, such as beer wort, beer (except in

the case of Mycoderma humuli), milk, whey, &c. The films are

partly smooth and mucinous, partly tough and greatly imbricated

{e.g.^ Blastoderma sahnonicolor). The film of the red Torula of

Janssens and Mertens is more strongly pigmented in the dark

than in the light, and the cells are larger, but the resisting power

is smaller. The film grown in the light resembles woolly felt,

many of the filaments projecting above the surface of the liquid.

Probably also hairs and tufts are formed, as in the case of

Monilia Candida^ certain Torula species of the second sub-group,

and occasionally also with Saccharomycetes. The cells in this case

are smaller, but more resistant.

Reports on the giant colonies are few in number. P.

Lindner (XXXVI.) has described those of two species, each of

which exhibited a slight, mealy “ bloom,” a distinctive feature of

the one being the production of delicate “white” aerial hyphae.

A notable feature is the formation of secondary colonies in plate-

and streak-cultures, the more so because this phenomenon occurs

in two species belonging to the group that germinates by promy-
celia and forms cells resembling conidia. Janssens and Mertens
explain the phenomenon in the case of their red Torula by stating

that the liquefaction of the gelatin is accompanied by the libera-
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tion of a gas, which forces the liquefied gelatin through the

colonies and scatters it over the surface, a number of cells being

carried off at the same time. Fischer and Brebeck, on the other

hand, attribute the appearance of secondary colonies to the

conidial cells being liberated by slight vibrations and then settling

down in the vicinity of the original colonies.

The requirements of the red budding fungi in respect of

organic nutrient materials have not been specially investigated,

though it has been reported that starch paste forms a good

medium for certain species. According to Hansen’s (LIV.)

researches, Elfving’s red budding fungus will reproduce in purely

inorganic media, a fairly strong light being essential. Hence, in

this case at least, the red pigment plays an important part in the

physiology of nutrition, though the possibility of saprophytic

nutrition is not precluded. The red Torula of Janssens and
Mertens is also influenced by light, and behave like green plants,

respiration being also apparently more pronounced in the light

than in the dark. The researches of Went (III.) with Monilia
sitophila—in which the formation of carotin is dependent on light

—indicate that the abundant production of carotin protects the

enzymes of the fungus from strong light. Little is known as to

the enzymes of the red budding fungi, though the action of cata-

lase was observed by Henneberg (Y.). Fermentation is absent,

at least among the Mycoderma-\\kQ species of the second group,

and appears to be only imperfectly developed in the members of

the first group. E. Kramer’s red budding fungus ferments
dextrose, maltose and saccharose, which it previously inverts, but
does not attack lactose. Fermentation for eight hours in sugar
solution furnished 4.5 per cent, of alcohol, by volume, the solu-

tion at the same time acquiring an agreeable fruity aroma,
indicating the formation of esters. The fermentation proceeded
more actively in acid media than in those with an alkaline reac-

tion, even 1.5 per cent, of tartaric acid being more stimulating
than restrictive. Lindner (XXXY.) failed to obtain fermenta-
tion with any of the red yeasts examined. On the other hand,
Kalanthar’s greenish mazun yeast (p. 402, vol. ii.) possesses

fermentative power.
Very little has been published on the behaviour of the red

budding fungi toward acids. The red Torula of Janssens and
Mertens produces only small quantities of acids, which are
exclusively non-volatile.

The optimum temperature of growth is about 20° C., as with
many species of Torula. The vital activity of Janssens’ and
Mertens’ red Torula is impaired by a temperature of 30° C. A
red Torula, isolated by Schmidt-Nielsen (1.) from the surface of
the deep-water shrimp (^Pandalus borealis) furnishes a luxuriant
culture on potato slices in fifty to sixty days at zero C. E.
Kayser’s pink yeast withstands heating to 45° 0. in the damp state.
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So far as our knowledge of the red budding fungi extends at

present, none of them possesses any great practical importance,

except the case mentioned by Demme (see p. 402), though they
are able, occasionally, to give rise to very unpleasant phenomena.
Will (XXXIII.) cites an instance where such organisms coloured

a whole batch of green malt red, their reproduction having appa-
rently been greatly stimulated by peculiar circumstances. When
dried, the malt turned a dirty brown colour, and the cured malt
had an unsightly, discoloured appearance. The infection was
traceable to the water used for steeping the barley. Beer wort is

partially decolorised both by the pink yeast observed by L. van
den Hulle and H. van Laer in Lambic, and also by the red

Torula of Janssens and Mertens, the former yeast also imparting
a sour taste to the wort. These properties, however, are of little

practical importance, the red budding fungi and Torula species

being suppressed by the rapidly multiplying and fermenting beer

yeasts
;
and, even if they survive the fermentation process, the

extent to which the water is decolorised by the beer yeast itself

cannot be increased very much by the action of the red budding
fungi.

Black yeast has also been reported upon occasionally. The
fungus isolated by C. Marpmann (VI.) from milk, and termed
Saccharomyces niger by him, forms round to oval cells, measuring

1.5-3 reproducing by budding. No mycelial filaments are

produced in saccharine nutrient solutions. On gelatin, the

fungus forms velvety black herbages, and in nutrient solutions

black deposits. Saccharose and lactose are not fermented, though
grape sugar is to a small extent. According to B. H. Buxton (I.),

the fungus does not contain either diastase, maltase, invertase,

lactase or inulase. Hansen (LIY.) has demonstrated that Saccha-

romyces niger does not sporulate, and is therefore no true Saccha-

romyces. According to him, the dark-coloured budding fungi

belong to various species, all of them agreeing in being

asporogenic and incapable of fermentation. He considers them
to be, probably, budding forms of Cladosporium or Fumago
species; and this view is supported by P. Lindner (XXXIY.)
who states that, whilst the young cultures of black yeast grown in

Koch’s laboratory formed a pad consisting of bud cells, they

subsequently developed into dark green herbages composed of

hyphae. Apparently Marpmann ’s black yeast differs from that

of Koch. The Torula nigra of Guilliermond (IY.) grows luxu-

riantly on carrots, so that, twenty-four hours after sowing, the

substratum is covered with a sticky, blackish green mass, composed
entirely of oval and slightly elongated bud cells, held together

by a mucinous mass exhibiting isolated black, solid particles.

After a few days the less damp portions of the nutrient medium
exhibit a thin mycelium, arising out of the black mass of yeast,

and assuming the shape of a grey, matted felt. In Guilliermond’s



RED YEASTS AND BLACK YEASTS. 407

opinion, this fungus is probably allied to Dematium. P. Lindner
(XXXVI. h) mentions a black yeast, isolated by Zeidler, and
having ellipsoidal cells, measuring 0.6 fi in length. On wort
gelatin it develops with a damp surface and mesenteric folds,

covered by a scanty growth of wool. Hansen states that black

yeasts are not infrequently found in atmospheric dust, but he
does not credit them with any practical importance. G. Groten-
FELT (II. and III.) gives black yeast as the cause of blackening in

cheese.



CHAPTER LX.

MYCODERMA.

By Prof. Dr. RICHARD MEISSNER,

Principal of the Royal Wurtemberg Institute for

Viticulture at Weinsberg.

§ 302. Species of Mycoderma.

The film yeasts (see pp. 120 and 387, vol. ii.) comprise numerous
species, of which comparatively few have, as yet, been thoroughly
examined. They are all unicellular budding fungi, which repro-

duce either by budding and sporulation, or by budding only, and
are therefore in part true Saccharomycetes of the genera Pichia
and Willia (seepp. 287 and 289, vol. ii,), and in part non-Saccharo-

mycetes. The latter may be divided into three groups, two of which
belong to the Torulacece (p. 386, vol. ii.), the third comprising the
various typical species of Mycoderma. These last alone will be
treated in the present chapter to the exclusion of such species as

were regarded as Mycoderma by earlier workers, but must be
allocated to the pink yeasts or Torvlacece on account of their

fermentative power, oval cell form, or other peculiarities. These
excluded forms comprise, for example : Heinze’s Mycoderma
cucumerina, Aderhold

;
the Mycoderma species mentioned by

Lasche, Myc. ruhrum, Lasche’s Myc. humuli^ Henneberg’s two
Mycoderma species, and the sporogenic film yeasts of Eischer and
Brebeck. It may be mentioned here that the Torulacece and
Mycoderma species have a number of properties in common

;

their distinguishing characteristics will be found on p. 385, vol. ii.

To the Mycoderma species belong, inter alia, a species of film

yeast examined by Will (XIII.)
;
certain film yeasts described

by Meissner (XI.)
;
others described by Hansen, A. Petersen,

Gronlund, Jorgensen, Lindner, Prior, Belohoubek, Kukla, Forti,

Seifert, Lafar, Koch, Wortmann, E. Rist and J. Khoury, and
others. Like the true wine yeasts, these various species of Myco-
derma have their natural habitat in the soil, from whence, as

shown by the researches of Hansen, Miiller-Thurgau and Wort-
mann, they are conveyed to their appropriate nutrient solutions

by insects, rain or wind.
408
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Even as recently as 1871 we find Trecul expressing the view

that proteid materials can change themselves into bacteria or

direct into beer yeast, these again into Mycoderma, and the latter

in turn into Penicillium {see p. 107, vol. ii.)
;
and similar ideas

are found in a treatise by Hoffmann (VII.) in 1869. At the

same period, however, Adolf Mayer (X.) disputed the alleged

genetic relation between yeast and Mycoderma^ and between

yeast and Penicillium

;

and Reess (IV.), in 1870, denied the

identity of Penicillium^ wine yeast and Mycoderma.
Moreover, the old assumption that the so-called Sacch. Myco-

derma {see p. 271, vol. ii.), Mycoderma vini and Myc. cerevisim

were one and the same species, has been disproved by the

numerous researches of later workers. The paths by which this

knowledge was attained are identical with those pursued by
Hansen in establishing the existence of the difierent races of

beer yeast, namely, by the pure culture of the organisms, and
by accurate morphological and physiological investigation.

There is no difficulty in obtaining material for the pure culture

of different races of Mycoderma. Bottled wine, fruit wine, beer,

&c., low in alcohol, is taken, half the contents of each bottle

being poured out, and the remainder shaken up once or twice,

after which the bottles are plugged with cotton-wool and are left

to stand for several days at about 20° 0 . This treatment admits
a sufficiency of oxygen to the bottles and liquids, so that the Myco-
derma species and other organisms present therein are enabled to

develop. Pure cultures of these organism scan then be prepared
by the method recommended by Hansen {see p. 278 vol. ii.).

The various races of Mycoderma can be differentiated by the

size and shape of their cells, their rate of reproduction growth
in giant, stab and streak cultures, the character of the super-

ficial vegetation, and by the attendant phenomena of the same.
Physiological examination also reveals differences between the

various species that may also indicate racial peculiarities.

§ 303, Form, Dimensions and Contents of

Mycoderma Cells.

Attempts to identify single or mixed races of Mycoderma by
microscopical examination alone meet with exactly the same diffi-

culties as are encountered in the corresponding investigation of

beer and wine yeasts, the problem being still further complicated
by the fact that the development of Mycoderma in must or other
nutrient media is accompanied by numerous morphological
changes, whereas the true wine yeasts, for example, retain their
form practically throughout such treatment. Mycoderma species,

on the other hand, and especially while young, sometimes vary
in form to such an extent that the observer might be led to
think the cultures had become contaminated, if he had not, by
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constantly following the development of individual cells into
chaplets, convinced himself of the morphological variability of
the cells.

This phenomenon has been observed by different workers at
various times. Winogradsky (XI.) attributes the variation, not
merely to the specific nutrient medium, but more particularly
to the greater or smaller supply of oxygen available for the grow-
ing vegetation. Thus, one and the same species will produce
cells similar to those of yeast when oxygen is present, whereas,
in the absence of that element the growth is mycelial in character.
It was also found by Will (XIII.) that the form of the Myco-
derma species examined by him varied between wide limits, as did
also the dimensions and contents of the cells

;
and Meissner (XI.)

Fig. 190.

Mycoderma from Eltville

red wine. Pastorianous

and ronud cell foi*ms.

Magn. 600.

Fig. 191.

IMycoderma from bilberry

wine (West Prussia).

Pastorianous cell forms.

Magn. 600.

CP

o '

O
Fig. 192.

Mycoderma from RUde-
sbeimer wine.

Irregular cell forms.

Magn. 600.

arrived at a similar result. In the races subjected to mopho-
logical examination by him, the largest cells measured 4.6 /x by
19.2 /X, those of the other races remaining below this level.

According to Will (XIII.), the typical Mycoderma cells measure
8-1

1 fi in length (the mean being 9 p), and 5 p in breadth.

The cell form is pastorianous, with rounded edges (Figs. 190
and 1 91), though, as pointed out by P. Lindner (XXXI.) irregular

half-moon and pear-shaped cells (Fig. 192) are also found now
and then. Will (XIII.) gives precise data respecting the integu-

ment and contents of the cells. According to this worker, the

young cells exhibit only faint refraction after their contents have
been shrunk by the action of glycerin. The membrane is usually

thinner than in yeast cells
;
and even in the slender cells, occur-

ring regularly in older cultures, the integument is pale and seems

to remain so always. On the other hand, pace Will (XIII.),

the slightly oval, tough cells, appearing in older cultures, are dis-

tinguishable from the other cells by their strong membrane,
bounded by a broad outline. Treatment with i per cent, osmic
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acid stained the cell wall dark brown, a result that Meissner (XI.)

did not succeed in obtaining in the case of wine Mycoderma.

This behaviour on the part of the membrane led Will to conclude

that substances behaving like fats or oils were stored up in or

upon the membrane. The same worker (XI.) has also pointed

out that the microscopical examination of Mycoderma cells has

revealed the presence of individuals characterised by a certain

lustre, accompanied by a bluish sheen. This peculiarity he

ascribes chiefly to an enveloping stratum of air
;
and this conclu-

sion was confirmed by Meissner (XI.). The higher lustre of

the cells may also be the result of their content of glycogen,

which varies considerably in the individual cells of one and the

same culture. As is the case with the cells of Torulacece, the

contents of young Mycoderma cells have a low refractive power

(see p. 391, vol. ii.), and consist, according to Will (XIII.) of a

somewhat fluid substance that is stained by iodine. They must,

therefore, contain a large proportion of water. The vacuoles, of

which at first there are three, four or more in each cell, after-

wards coalesce to form one or two. No highly refractive bodies (oil

particles) can be observed in the very young cells
;
but when these

cells are treated with iodine, deeply stained, dense granules become
visible in the places where the refractive bodies are found in

more mature cells. At the end of forty-eight hours these granules

can be perceived without the aid of the reagent. By the third day
they number from one to three, and are situated either at the

ends of the cells, or one of them is in that position, whilst the

other lies between two vacuoles at one side or in the middle. At
the same time the vacuoles are more clearly visible, and exhibit

a denser plasmal integument. At the end of forty-eight hours
the cells will give a faint glycogen reaction with iodine. In
aged cells crystalloids are gradually developed in the vacuoles,

the oil particles come into being and attain considerable dimen-
sions (2 /X in diameter). These latter are stained a blackish brown
by osmic acid. According to Will the oil particles differ from
those in old yeast cells by remaining unstained when treated

with concentrated sulphuric acid, though, as with yeast cells, the
oil is expelled from the cells on the addition of the acid. Further
particulars on this point, and on the position, structure and sub-

division of the cell nucleus, will be found in chapter xlvii.

§ 304. Reproduction of Mycoderma in and upon
Various Nutrient Media.

As already stated on p. 408, vol. ii., all the Mycoderma species

reproduce by budding, which process has been described on p. 9,
vol. ii. At present we will merely deal briefly with the formation
of the bud aggregations, characteristic of the pastorianous
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Cb d
Fig. 193.—Aggregation of buds from Mycoderma. Cells

2, 5 and 7 are surrounded by an envelope of air.

Magn. 600.

Mycoderma cells, and is easily distinguished from that occurring
in the case of typical, oval yeast cells.

If a pastorianous Mycoderma cell be sown in a nutrient
solution—e.y., wort or grape-juice—and its development be
followed under the microscope, it will be found to bud at one end
in exactly the same manner as true yeast {see Fig. 193 a). As
soon as the daughter cell (2) is completely formed, it buds {h) in

the direction of its longitudinal axis, whilst the parent cell throws
out a new daughter cell (3) at one side of the place whence the
first cell (2) made its appearance. These new daughter cells in

turn bud longi-

tudinally (c),

whilst their
parent cells again

develop lateral

buds {d). Even-
tually the assem-
blage of buds
assumes a form
similar to that of

a pine-tree, the
central stem and
lateral branches

of which continue to grow in their initial direction, whilst

branching out regularly every year. In the case of Myco-
derma cells, this branching occurs about every two hours in a

good nutrient solution; and as, when grown in wort or grape-

juice, the assemblage of buds is not broken up by ascending

bubbles of carbon dioxide, it frequently consists of hundreds of

cells.

When a nutrient gelatin is employed as substratum, in which
the cells are compelled to develop in situ, the cells commence to

bud in the same manner
;
but since the daughter cells are unable

to spread out uniformly, as is the case in or upon a liquid, a

compact, spherical colony is formed, like those of beer or wine
yeasts.

With regard to the giant colonies {see p. 393, vol. ii.), Lindner
(XXXI.) rightly calls attention to the fact that their variability of

form is greater in this case than with any other group of budding
fungi. According to that worker, “ In some cases the colonies form
a dull grey to yellowish grey mass without any surface markings,

or else veined, like leaves
;
in others a number of delicate and

closely set concentric rings are exhibited, or wedge-shaped strata

proceed from the centre of the colony, spreading out and usually

assuming a dry, mealy appearance, or the entire surface becomes

covered with innumerable fine or coarse wrinkles. In still other

cases the colony takes the form of a hill, with a number of

circular walls thrown up on the slopes
;

or it resembles
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mountain peak with a number of dichotomous branches running

down into the plain
;

or again, a miniature volcano, whose
uniform slopes, covered with powdery white dust, exhibit a

number of supplementary craters in the form of small, warty

excrescences. Other colonies are broad and round, like cakes,

with superficial fissures through which the pasty mass is exuding
in the form of a round protuberance’; or again, like a cake the

substance of which has subsided along radial lines.” These

descriptions of Lindner’s, however, are only applicable to a few

typical Mycoderma species. Meissner (XI.) classes the giant

colonies of the Mycoderma races examined by him into four

different types, according to their habit of growth. Type No. i

Fig. 194.—Giant colony of Myco-
derma from Geisenheim currant-

juice. Nat. size.

Fig.” 195.—Giant colony of Myco-
derma from Gau-Algesheim grape-

juice. Nat. size.

comprises smooth colonies, the members of which difier in their

lustre, the fluting at the edges, the extent to which they grow
into and liquefy the gelatin medium, and in a smaller degree by
their size and colour. Type No. 2 includes the circular, compact
colonies, which differ in size and superficial markings. In type

No. 3 the colonies are also compact, but exhibit more extensive

markings on the surface (Fig. 194). In type No. 4 the colony is

raised in the centre, sinking thence, with a concave slope, to a
ring concentric with the original cell. Radial lines extend from
this ring or wall to the edge of the colony

;
and between these

lines, irregular depressions and excrescences (Fig. 195) can be
observed. As regards the microscopical examination of the
cells, it will be noticed—as shown by Will (XIII.) and
Meissner (XI.)—that the cells around the edge of the colonies

are larger than those nearer the centre.

In the case of stab cultures, Will (XIII.) showed that the
species examined by him—which grew to a depth of 60 mm. into

the gelatin—was able to bear a certain degree of deprivation of

air. The streak cultures of Will’s species failed to exhibit any
characteristic features at the end of 1 5 days.
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§ 305. Superficial Vegretations and their Attendant
Phenomena.

All Mycoderma species share the property of forming super-

ficial vegetations on the nutrient liquids to which they gain

access
;
beer, wine, beer wort, grape- and fruit-juice, fruit-wine,

the residues from the distillation of beer, wine, &c. This circum-

stance at once gives rise to the question. Why should this pecu-

liarity be general among Mycoderma species, but only shared

—

and in less decided degree—by a few races of the morphologically

similar wine yeasts ?

The explanation accepted at one time was that Mycoderma
species require oxygen, and therefore form superficial vegeta-

tions
;
but this theory is imperfect. Lindner (XXXI.) and Will

(XIII.) are of opinion that the cells of Mycoderma repel water
[see p. 392, vol. ii.), and enclose air in their intercellular spaces, or

attract air
;
and that it is probably this property that enables

them to remain so easily on the surface. The researches of

Meissner (XI.) in this direction show conclusively that air alone

is the support of the film vegetations, which are themselves

specifically heavier than grape-juice, for instance. This air is

firmly retained in the bud aggregations, which often contain

many hundred cells, and are extensively branched into brush-

shaped masses. In the case of wine yeasts, on the contrary, the

bud aggregations, previous to the commencement of fermentation,

consist of comparatively few cells. It should also be remembered
that, during alcoholic fermentation, in the words of Wort-
MANN (XY.), “ the small yeast cells are whirled about in a giddy

dance, and premat urel}' torn apart, by the ascending tiny bubbles

of carbon dioxide that are soon liberated extensively, with

effervescence, by the yeast itself.” The bud aggregations of

Mycoderma, on the other hand, are able to develop in quiescent

liquids—hence their larger number of cells.

When a cell of any species of Mycoderma is sown in grape-

juice, beer or wine, it appears from the exhaustive researches of

Meissner (XI.) that the phenomena of film-formation proceed in

the same way as with many of the film-forming Torulacece. In
a very short time the surface of the liquid is found to carry a

vegetative growth, formed either by the coalescence of originally

separate islands, or by progressive growth from the walls of the

vessel. In the first stages of development, the film growth is

delicate, flat and very elastic. This dull or partly lustrous surface

exhibits a varying number of white spots of different sizes, more
or less clearly visible, distributed irregularly or in curved lines,

and representing accumulations or cells retaining air between their

aggregations of buds. A peculiarity of many species of Myco-
derma, to which attention has been drawn by Lindner (XXXI.)
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and Will (XIII.), is that the films produced by these fungi are

often perforated in the earlier stages, these open spaces closing

in, however, during the subsequent growth of the cells. This

phenomenon still lacks explanation.

In consequence of the progressive growth of the cells, the

smooth, colourless film, as in the case of many film-forming

Torulacece, becomes veined, folded and wrinkled, this taking place

sooner with some races than others. The initial folding differs

with the various races. According to the researches of Meissner,

the following four groups are well defined : the first group

exhibits broad veins, protruding upward like bubbles (Fig. 196).

In the second and third groups the width of the veins decreases

Fig. 196,—Mycoderma
from Eltvillered wine.

First stage of film for-

mation. Sligfitly re-

duced.

Fig. 197. — Mycoderma from
Guben cider. First stage of film

formation. Slightly reduced.

Fig. 198.—Mycoderma
from Berlin white beer.

First stage of film for-

mation. Slightly re-

duced.

(Figs. 197 and 198). The fourth group exhibits similar veins,

but finer and of a decorative character. Under certain conditions,

more especially when isolated portions of the liquid are left un-
covered either in the mass of the film or against the edge of the

culture vessel, the veining of the film may be preceded by the
formation of parallel folds. As the film continues to grow, the
veining passes over into the mesenteric form or becomes linear.

In the former case the mass assumes the appearance of a loosely

woven fabric, the threads of which are all entangled. These
threads may be either coarse or fine. In the linear form the
lines proceed either from an eccentric point in the film, or from a
point on the glass wall (up which, in all cases of Mycoderma^ the
cells climb a short distance), or again from several central points

on the film or from one of the open spaces thereon. The lines

running in one direction may also be uniformly distributed on
the film. During the further progress of growth, alterations

take place in the folding, cultures which were mesenteric at first

exhibiting wrinkles of various depths. According to Meiss-
ner (XI.), there are five different types of corrugation; No. i,

resembling cauliflower; No. 2 having shallower corrugations;
No. 3 more uniform and finer; No. 4 still finer; No. 5 showing
very fine wrinkles.

VOL. II : PT. 2 2 D
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The colour of the film also varies with the stage of growth
and with the race. While the film is still quite thin, it has no
particular colour, only a few spots (as already mentioned) showing
up white. These are the places where the film has already become
somewhat thicker and contains a good deal of air enclosed between
the individual cells. In proportion as folding (i.e., cell growth)
progresses, the colour turns white at first, owing to the inclusion

of air
;
and when the film has thickened, it becomes whitish grey,

whitish yellow, whitish violet-green, violet, yellow, yellowish red,

and so on. In some species a very thick film is produced, in

others it remains thin, the rugous films being usually the thickest,

and the more finely wrinkled forms correspondingly thinner.

With regard to the attendant phenomena in connection with
the production of films, when the latter are formed on a nutrient

liquid the latter may either remain limpid or become cloudy after

a time, or else cloudiness may set in as the film is being formed.

The cloudiness is due to the Mycoderma species concerned forming
loose bud aggregations, the cells of which are readily detached
and dispersed throughout the liquid, and the degree of cloudiness

depends on the extent to which this dissemination can take place.

In the case of certain species of Mycoderma, the detaching of the

cells does not occur for some little time
;
and here, again, we meet

with two well-defined types : either (i) large masses, or (2) small

aggregations of buds, being detached from the film. On reaching

the bottom of the culture vessel, the Mycoderma cells do not perish

immediately
;
in fact, they are very tenacious of life, and put

forth fresh bud cells from time to time. Wortmann (XYII.)
succeeded in isolating living Mycoderma cells from wine that had
lain in bottle for 25-33 years, tightly closed with the original

corks.

The starving cells at the bottom of the culture vessel may
also be carried up again into the liquid by the gas bubbles rising

from time to time from the deposit. These cells, being in an
emaciated condition, are but little heavier, specifically, than the

surrounding liquid, so that the latter occasionally remains

cloudy for some considerable time.

When Mycoderma species are grown on grape juice or wort,

the liquid may be decolorised thereby {see p. 395, vol. ii.). This

was observed by Will (XIII.) in the case of beer wort, and con-

firmed by Meissner (XI.) in the case of grape juice. The latter,

however, observed that the pale yellow colour of grape juice may
turn to a dark brown when this juice serves as a habitat for

certain races of Mycoderma, owing to the formation of alkaline

substances which neutralise the acids in the juice and finally

render the liquid alkaline.
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§ 306. The Destruction and Production of Acid in

Nutrient Liquids by Mycoderma.

This matter has been thoroughly investigated by Meissner
(XI.), who obtained the following important results; The previous

researches of other workers, such as Kocii (V.), Wortmann (XV.),

and Will (XIII.), on the physiological behaviour of Mycoderma
revealed the fact that these fungi do not invariably lessen the

acidity of grape juice, wine, beer, &c.
;
but that some races in par-

ticular produce acid, often in considerable quantity. Meissner
(XI.) explains this phenomenon by stating that Mycoderma are

able to form acids, as well as to destroy them, both processes

going on concurrently. The preponderance of the formative or

destructive action depends both on the powers of the various

races and on external conditions, such as the amount of oxygen
admitted to the cultures, the quantity of nutrient solution present,

&c. If the acid-forming capacity prevails, the total effect is an
increased acidity of the medium, and vice versd

;

whilst if the

two powers be equal, the quantity of acid remains unaltered.

In order to obtain a satisfactory insight into the nature

of the process whereby a reduction of acidity is effected

in liquids inhabited by Mycoderma, Meissner (VI.) closely

examined the behaviour of these fungi when grown on artificial

nutrient media (containing the necessary mineral ingredients)

with different organic acids as the sole source of organic matter.

The effect on malic acid was insignificant in certain races, but
very strong in others. One species, isolated from Colmar wine,

consumed within thirty-five days 5.72 grms. per litre {i.e., 73 per
cent.) of the malic acid originally present in the artificial medium,
the growth of the organism increasing in luxuriance with the
extent of decomposition attained. Tartaric acid proves generally
ill adapted for the building up of Mycoderma and is therefore
consumed to only a small extent by the fungus. The same results

were obtained by Seifert (II.). The case is different with lactic

acid, Meissner (VI.) finding that six out of nine stocks examined
consumed this acid extensively, the other three to only a small
degree corresponding with their scanty growth. One race from
Silesian perry reduced the lactic acid content of the solution
(originally 0.7633 per cent.) to 0.0673 cent. Citric acid and
succinic acid were also attacked, sometimes extensively. In the
former case, the acid was almost entirely consumed in one-third
of the tests performed, whilst with the other acid, a similar result
was obtained in one-fourth of the tests : see Meissner (VII.).
In one-half of the same worker’s experiments (VII.), acetic acid
was vigorously attacked, but only slightly in three instances,
whilst in three other cases the sowings failed to develop at all.

H. VAN Laer (VIII.) in examining one race of Mycoderma found
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that it ceased to grow in wort in presence of 1.25 per cent, of

acetic acid, though vigorous growth occurred in the presence of

I per cent., four-fifths of the acid being consumed in ten days
at 30° C.

The simultaneous formation of acid by Mycoderma has been

demonstrated by the total acidity of the medium being maintained

in several of the nutrient media tried, notwithstanding the con-

sumption of the organic acids supplied. In other instances the

reduction of total acidity was slight, although energetic growth
of the vegetation was observed.

The various Mycoderma produce difierent volatile acids, which
can be identified by the odour of the nutrient liquids. According
to WoRTMANN (XYII.), many mouldy wines smell strongly of

rancid butter, owing to the presence of butyric acid formed by
the action of the Mycoderma on difierent constituents of must
and wine. As long ago as 1893, Lafar (III.) isolated a film-

producing budding fungus, containing Mycoderma cerevisice in

the involutions of the film, from the cask sludge of a brewery
where difiiculties were of frequent occurrence. The beer on which
the cultures were grown exhibited an agreeable, fruity smell, and,

after turning sour, a pleasant taste recalling that of wine vinegar.

Will (XIII.) also noticed extensive production of acid in the

pale Munich l3eer on which his Mycoderma cultures were grown.
“ On opening the culture vessel (he says) one noticed a sour smell,

at first similar to that of acetic acid, but afterwards more difficult

to define, being something like baked apples. The beer had

a decidedly sour taste
;
but not of acetic acid.” It should be

mentioned that Will (XIII.) cites the authority of Raymond
and Kruis for the statement that formic acid and acetic acid

were discovered in a culture of Mycoderma that had been standing

for a year at 20° C.

In addition to volatile acids, the Mycoderma produce fixed

acids and esters, as is shown by the fact that the volatile acids

formed are insufficient in quantity to account for the difference

in the total acidity when an increase occurs in the acidity of

the nutrient liquid. Graf (II.) mentions that the Mycoderma
cerevisice examined by him causes increased acidity in sterilised

wort, the acid content rising in twenty-eight days from 5.7 c.c. to

8.5 c.c. in terms of decinormal baryta water. The Egyptian

beverage “ Leben,” of the kephir type, contains a Mycoderma

lebenis, discovered by Rist and Khoury (I.), that produces fixed

acids and acetic acid. Will (XIII.) assumes that the production

of acid is the cause of the decoloration of top-fermentation beer

when contaminated by large quantities of the Mycoderma species

examined by him.
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§ 307. Destruction and Formation of other Organic

Substances by Mycoderma.

In addition to the organic acids, the alcohol in beer, wine and

fruit wines is subjected to complete destruction by Mycoderma
fungi, being, on the one hand, oxidised to carbon dioxide and

water, and on the other employed by the fungi as an organic

structural material. This last circumstance was deduced by

A. Schulz (I.), who expressed the view that “ the film fungus

is capable of itself forming its constituent organic compounds,

and requires only ammonia and alcohol for that purpose.” This

opinion was confirmed by Meissner (XI.). Schulz employed

in his experiments an artificial nutrient solution, containing

magnesium sulphate and alcohol, in addition to potassium

phosphate and lime. In one case ammonium nitrate was added

to the solution, as the source of nitrogen, asparagin being used

in another, and ammonium tartrate in the third. The fungus

thrived in all three cases, and consumed a large portion of the

alcohol, thus indicating the capacity of Mycoderma to supply

their nitrogen requirements from ammonium nitrate and to utilise

alcohol in the building up of their cell contents. It must, however,
be mentioned that Schulz did not work with pure cultures, and
that the race used by him apparently belonged to the genus Pichia.

An important complement of these experiments was afforded

by the investigations of Meissner, as also by the previous experi-

ments of Winogradsky (XL), which were afterwards confirmed
by A. Kossowicz (HI .)—see p. 209, vol. ii. These showed that
pure cultures of Mycoderma also exert the activity first recognised

by Schulz. In addition to the aforesaid nitrogenous food-stufis,

Meissner (YIII.) used ammonium phosphate and chloride, which
he added to an artificial nutrient solution along with the neces-

sary ash constituents. The energetic growth demonstrated that
Mycoderma can be supplied in nitrogen by these substances as
well, and consequently part of the alcohol in the nutiient solution
is oxidised, a part being utilised in building up the cell body.

The sugars are attacked by the various Mycoderma species in
a different manner and with varying intensity. H. van Laer
(YIIL), for example, reported that dextrose is not attacked in
Nageli’s nutrient solution by Mycoderma ; whereas in yeast water
it forms a better food-stuff than alcohol. Maltose and saccharose
are attacked |in very different degree

;
and in this case also it

appears that the degradation depends entirely on the nature of
the nurient material. “ When different sources of carbon are
added simultaneously to the nutrient solution, the one that is

most readily assimilable is degraded first

;

and it is not until the
alcohol has disappeared that the disaccharides are attacked.”
When maltose, saccharose and dextrose are added to the yeast
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water, the last-named sugar is attacked first, the disaccharides

not being degraded at the start. No invertase or maltase could

be detected in the Mycoderma cells. The saccharose and maltose

were oxidised direct to water and carbon dioxide. Finally,

Meissner’s Mycoderma species, which were grown on sterile grape
juice, partly oxidised dextrose and leevulose, but also formed
acids from these sugars. On artificial nutrient solutions, con-

taining dextrose or saccharose as the sole organic substance, in

addition to the requisite mineral fcod-stuft*s, the Mycoderma
oxidised the sugars, though utilising a portion of the same in

the formation of new cells, and also forming acids therefrom.

Mycoderma lehenis, Rist and Khoury (I.), grew admirably well

in glucose and maltose, the glucose being transformed into acid

and the alcohol oxidised.

According to further researches by Meissner (VII.), glycerin

and tannin are also consumed by Mycoderma in the same way as

alcohol, acids and sugars. A species of Mycoderma found by
Eitner (I.) on mimosa bark also decomposed tannin.

Mycoderma species, however, in addition to decomposing
glycerin, are also capable of forming the same from other organic

substances. W. Seifert (II.) reports that his Mycoderma vini /.

produced 0.152 per cent, of glycerin in Pasteur’s nutrient

solution by the end of 14 weeks, the whole of the alcohol having
disappeared. Mycoderma vini //., on the other hand, formed
only 0.016 per cent, of glycerin, the alcohol diminishing con-

currently from 4.8 to 4.1 per cent, by volume.

§ 308. Influence of other Factors on the Vitality of

Mycoderma.

Highly interesting observations of the longevity of Mycoderma
in wort cultures and in the dry state were made by Will (XIII.).

Cultures that had been stored for 4^ years in wort w^ere found to

contain living cells when re-inoculated in fresh wort, thus
demonstrating the longevity of Mycoderma cells in wort. Will
also showed that Mycoderma can survive for a long time in a dry
state—at least two years in the case investigated by him. Low
temperature favours the maintenance of vitality in the dry state,

and the content of water in the dried cells probably also plays a
principal part.

Will (XIII.) also investigated the powder of old and young
Mycoderma cells to resist the action of heat in liquids, the heating

being applied in water, then in wort and finally in sauerkraut

water. The cultures were of various ages. The duration of

heating was half an hour, not reckoning the preliminary warm-
ing. The results showed definitely that the degree of resistance

offered by the cells is influenced by the character of the substratum.

For the species under examination, the critical temperature in
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the heating in water test was found to be 50° C., whereas after

heating for half an hour at 55° C., Mycoderma films were

developed in all the check inoculations heated in wort. Older

cultures proved better able to stand the heat than younger ones,

the difference being 5° C. The formation of resting cells is not

considered to account for this, Will’s explanation being that the

older and more strongly developed cells possess greater powers of

resistance than such as are younger and more delicate. Seifert

gives o°-4o° C. as the limits of temperature between which

Mycoderma cells are capable of development, the presence of

alcohol narrowing the range—for instance, down to between 2°

and 33° C. in wine containing 8 per cent, of alcohol by volume.

A continuous exposure of five minutes to a temperature of 60° C.

is sufficient to destroy the vitality of Mycoderma in wine.

With regard to the influence of chemical agencies on the life

of Mycoderma cells, the investigations of Holm and Jorgensen

show that the development of the cells is accelerated by the

addition of small quantities of fluorides. Siebel found that

neither yeast, Mycoderma nor bacteria will develop in beer that

has been treated with a solution of formalin (40 per cent, solution

of formaldehyde) in the proportion of 1:10,000; whilst in

solution of I
: 50,000, yeast and Mycoderma were able to grow,

but not bacteria. According to Seifert (II.), the various

Mycoderma differ considerably in their power of resisting the

influence of alcohol, development ceasing in presence of 13 per

cent, of that substance by volume. In the case of furfurol, 0.5

per cent, was fatal to Will’s Mycoderma. Sulphur dioxide is also

known to be very poisonous to Mycoderma, and is therefore used

in curing beverages that have been attacked by these organisms.

Wesenberg (I.) investigated the action of antigermin, mikrosol,

afral, mycelicide and antiformin on Mycoderma cerevisice, to

ascertain the amount of a fatal dose. On immersion in a 2 per

cent, solution of the antiseptic, the cultures, 4 days old, were
killed by antiformin in J hour, by antigermin in i hour, by
mikrosol in 8 hours, and by mycelicide in 9 days, whilst afral

merely retarded their growth. In a i per cent, solution of the

poison the Mycoderma perished in hour with antiformin, 5 hours
with antigermin, and 8 hours with mikrosol. The results were
very different, however, when the antiseptics were added in

definite quantity to beer wort, the growth of Mycoderma being
then arrested by the following degrees of concentration : anti-

germin, I : 1000; mikrosol, i
: 5000 ; antiformin, i : 20. The

most powerful antiseptic, as regards the restriction of develop-

ment, was undoubtedly antigermin, which, according to

Wesenberg, is from 3 to 10 times as strong as mikrosol.



CHAPTER LXI.

SACCHAROMYCES APICULATUS.

By Prof. Dr. H. MHLLER-THURGAU,
Director of the Swiss Experimental Institute for Fruit Wine

and Horticulture, at Wadenswill near Zurich.

§ 309. History, Distribution and Morphologfy.

Ripe, soft fruit is often found to be infested with a budding
fungus, to which the name of Saccharomyces apiculatus has been
given on account of its tapered ends. This is the fungus
described by Klitzing under the name Cryptococcus vini

;

and
we are indebted to Reess (I), for its closer examination and for

the introduction of its present name into the literature. This
worker found it, associated with various SaccharomyceteSy in

fermenting fruit juices and wine musts, but never succeeded in

inducing it to form ascospores. The reason why Reess in this

instance left out of consideration the characteristic on which he
founded the genus Saccharomyces

y

namely, the production of endo-

spores (see p. 274, vol. ii.), and nevertheless applied the generic

name Saccharomyces to this species, was on account of ‘‘its

known morphological peculiarities and its physiological behaviour

as an alcoholic ferment,” as also “ in the expectation that its

power of producing ascospores will be revealed by some other

method of cultivation.” It was not until quite recently, however,

that such a method was discovered. Hansen (IX.) tried to find

it in vain, as did also Klocker (IY.) with reference to the

expression of an adverse opinion by Beijerinck (XYIII.)
;
and

consequently the so-called Saccharomyces apiculatus had perforce

to be excluded from the family of the Saccharomycetes for the

time being. The only reason for retaining the name bestowed

upon it by Reess was a disinclination to rechristen a well-known

organism.

Engel (II.) claimed to have discovered an entirely new form

of fructification of this fungus, analogous to that of Protomyces

(see p. 108, vol. ii.), for which reason he conferred on it the new
generic name, Carpozyma. No one else, however, not even E. C.

Hansen (IX.)—who repeated Engel’s experiment—has been able

422
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to observe the form of fructification in question. The systematic

position of the fungus therefore remained undetermined ;
and on

this account the organism was separated from the rest of the

Saccharomycetes in arranging the material for the present work.

Since that time, however, P. Lindner (XXXYIII.) has suc-

ceeded in obtaining monosporous cells in beer-wort cultures of

an Apiculatus yeast isolated from Robinia blossoms. The drawing

illustrating these cells is not very convincing, especially when
it is remembered that, under certain conditions of environment,

large, isolated fat globules, that can readily be mistaken for

spores, are often formed in Apiculatus yeast. Even Reess (I.)

depicted Apiculatus each containing a round, highly refractive

body resembling a spore, and expressly referred to the same as

possible sporulation. Lindner’s statement that only one spore

occurs in each cell conflicts with an earlier communication by

Beijerinck, according to whom the Apiculatus cells swell up to

asci containing 4-6 ascospores in each. Neither Beijerinck nor

Lindner succeeded in prevailing on the “ spores ” to germinate.

The last named himself mentions this deficiency, and points out

that some such preparation is necessary to ensure the germination

of Apiculatus yeast as is the case with the seeds of the carob-tree,

which have first to be passed through the alimentary canal of

some animal. Bearing this idea in mind, A. Rohling (I.)

cultivated vigorous Apiculatus yeast for twenty-four hours in

sterilised grape juice and then used it for gypsum-block cultures,

in which a “ body resembling a spore ” made its appearance in

many of the cells by the tenth day (temperature not stated).

The germination of a spore was thereafter observed in a decoction

of horse-dung, mixed with 5 per cent, of grape sugar. This

experiment needs repetition, from the circumstance that only one
cell gave the said result, and also on account of the manner in

which germination is said to have proceeded. The writer has

tested four different Apiculatus races exactly in the same way as

described by Pvohling, but failed to obtain spores.

Lindner and Rohling, on the basis of their researches, con-

cluded that Apiculatus yeast does sporulate, and therefore really

belongs to the genus Saccharomyces of Reess and Hansen, but
as it constitutes a peculiar type, Lindner (XXXII.) considers
that a new genus should be established, for which he proposes
the name Uansc'uia {see p. 284, vol. ii.).

The specific name, apiculatus^ well expresses the characteristic

that distinguishes this budding fungus from all others. The
(otherwise ovoid) cells are pointed at both ends like a lemon
{see Fig. 199), which form, however, predominates only during
the first stage of development in a nutrient solution, whereas
later on, when the conditions of nutriment are less favourable, a
considerably larger number of ovoid cells make their appearance,
and the lemon shape is less noticeable.
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As already stated, reproduction in this fungus is eflected

entirely (or mainly, if sporulation indeed takes place) by budding.
The progress of this operation was described by Reess and Engel,

and it was more closely investigated by Hansen, whose observa-

tions show that the budding of a lemon-shaped cell proceeds in

the following manner [see Fig. 199). The lower pointed ex-

tremity (a) of the cell swells up (a') and grows there until it

attains normal dimensions (a"). The two cells then separate,

each of them acquiring the hitherto lacking second tip. From
h-h" in the Fig. it will be seen that a bud can be put forth at

Fig. 199.—Saccharomyces apiculatus.

Typical Form. lieproiluctiou of the cells by budding-, Magn. about 950.
{After Hansen.)

each end simultaneously. Figs, c-c' represent in each case an
aggregation of four lemon-shaped cells. The question whether a

lemon-shaped cell can be produced from an ovoid one by budding,

may be answered in the affirmative. In this case the parent cell

(e) puts forth a bud at the one extremity, whilst the other

becomes pointed (e'), the daughter cell rapidly increases in

size (e"), then separates, and, together with the parent cell,

acquires a point at the second extremity. R. Meissner (IX.)

regards the oval shape as the normal form, and the apices of the

pointed cells as incipient buds. This, however, can hardly be

accepted, since it evolves the assumption that the majority of

cells cease growing just when they have begun to reach the

budding stage.

A peculiar shape is exhibited by the Sacch. apiculatus^ var.

parasiticus

,

Lindner, discovered by Lindner (XXXIX.), and
infesting cochineal insects. In most of the cells, one end tapers

out to a long point, by means of which the eggs are infected in
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the body of the parent insect, and propagation is ensured in the

offspring.

In addition to the oval and lemon-shaped cells already

described, this fungus produces sausage-shaped growths, as shown

Fig. 200.— Saccliaroinyces apiculatus.

Abnormal cell forms. Mag n. about 950. {After Hansev.)

in Fig. 200 ;
but the external conditions under which these are

formed have still to be elucidated, Reess’s statement that they

appear towards the close of fermentation needing confirmation,

since he did not work with pure cultures. No mycelial growth
has yet been observed, nor do the cells collect in long aggrega-

tions, the daughter cells

separating quickly from the

parent cells after bending in

a peculiar way—a pheno-

menon that was first de-

scribed by Reess (I.).

As in the case of the true

Saccharomycetes, the dimen-

sions of the cells vary con-

siderably, even in the same
culture, some of them
measuring 2 [x, whilst others

are four times that length.

In the majority of instances

the length is 7 fi, so that the

cells are far smaller than those of beer yeasts, as can be seen from
Fig. 201, where a mixture of Sacch. cerevisice and Sacch. apiculattts

is depicted at a magnification of about 950. The first-named can

be easily recognised from the greater dimensions and oval shape
of the cells. On the other hand, the Apiculatus cells exhibit a
feature that is often observed in this fungus, especially when in

Fig. 201.—Cells of Sacch. apiculatus and
Saccli. cerevisiaj.

Mag'u. about 950. {After Hansen.)
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an unfavourable environment, namely, a large vacuole. Nothing
has been published hitherto with regard to any further morpho-
logical peculiarities of the structure of the cell membrane or

contents difterentiating the Apiculatus yeasts from the other

Saccharomycetes.

If plate cultures of a mixture of Sacch. apiculatus and Sacch.

ellipsoideus be started in must gelatin, the colonies of the former
usually make their appearance only after those of Sacch. ellip-

soideus have already attained considerable size
;
and they remain

smaller than the latter throughout. This difference is due, not to

any slower rate of reproduction on the part of the first-named

3^east, but chiefly to the smaller size of the individual cells, which
diminish as the colony increases. The gelatin surrounding the

Apiculatus colonies is liquefied at an early stage, and the latter

seem also to excrete substances that restrict the further reproduc-

tion of the yeast cells. A similar result is observed in the

development of streak cultures of Apiculatus yeasts, so that, for

the most part, these exhibit merely a delicate, filmy appearance,

at a time when the yeast streak in cultures of Sacch. ellipsoideus

of the same age has already grown to a thick white strip. Even
after a considerable time the former do not usually show any
vigorous development

;
and this applies also to the giant colonies,

which fail to exhibit any decided, special morphological charac-

teristics, and quickly sink in the liquefied gelatin. Further
particulars on this point will be found in the next paragraph.

§ 310. Racial Differences.

Sacch. apiculatus, YSiV
.
parasiticus [see p. 424, vol. ii.), must be

considered as a separate variety from the Apiculatus yeast colla-

borating in the fermentation of beer and wine, since it differs

from these by its strictly parasitic habit, even more than by the

shape of the cells. This variety cannot be grown either in fruit

juices or in artificial nutrient media. Moreover, the Apiculatus

yeasts indigenous on fruit and playing a regular part in vinous

fermentation belong to different races and are not of uniform

stock, a discovery for which we are indebted to K. Amthor (I.)

in 1888. Owing to the absence of sporulation and to the great

morphological variability of the cells, characteristics of a chemico-

physiological nature have to be mainly relied upon in demon-
strating the difference, chief among them being the kind and
quantity of the metabolic products furnished by cultures of

difterent origin when grown under identical conditions. Thus,

Amthor was able to prove the racial divergence of two cultures

of Sacch. apicidatus, one of which was isolated from red Heil-

bronn must, and the other from a white wine must from Rhenish

Hesse. Whereas the former race produced 3.65 per cent, (by

weight) of alcohol and 365 mgrms. of glycerin per 100 c.c. of the



CONDITIONS OF GROWTH AND NUTRITION. 427

grape must it was employed to ferment, the other race, under the

same conditions, produced only 2.58 per cent, of alcohol and

31 1 mgrms. of glycerin. On the other hand, it formed a larger

quantity of volatile acids, namely, 127 mgrms. per 100 c.c. as

compared with 103 mgrms. in the other case. Muller-
Thurgau (XXIY.) tested seven difierent races of Sacch. apicu-

latusy isolated by him, in grape juice, as well as in pear juice and

currant juice, and found that, in the first-named medium, the

production of alcohol varied between 2.5 and 3.8 per cent, by

weight. The same serial order was obtained, on the basis of the

rapidity of fermentation, in all three culture media
;
and in every

instance a high proportion of volatile acids was obtained—viz.,

with race 8, for instance, in grape wine 93 mgrms. per 100 c.c.,

and in perry 123 mgrms. (calculated as acetic acid), whereas the

elliptical yeast Steinberg i produced only 53 and 47 mgrms.
respectively in the same media. Schander (H.), who afterwards

compared pure cultures of twenty-four Apiculatus yeasts, also

observed morphological differences in the cells. In some races the

cells are short, thick, and of the typical lemon shape, whereas in

others they are thin and elongated, the lemon shape being less

noticeable. Different races are also distinguishable by the cell

dimensions. Whilst old cultures of Apiculatus yeasts do not

generally produce a film on the surface of fruit juice or grape

juice, a growth of this kind, though slight, could be detected in

certain races. Racial differences were also exhibited in the form
of the streak cultures and giant colonies, though not to any very
decided extent. More pronounced differences became apparent
in the quantity and character of the sediment and in the per-

centage of the fermented wines, the alcohol content being 1.44
grms. per 100 c.c. in the case of the weakest race, and 4.53
mgrms. with the strongest. Another point of racial difference

consisted in the consumption of acid, and still others will be
referred to in the two following paragraphs.

§ 311. Conditions of Growth and Nutrition.

In liquid media, such as beer wort and fruit juices, the repro-

duction of Apiculatus yeasts proceeds rapidly in the primary stage

of fermentation, in many instances more quickly than with the
ferments in technical use

;
but this superiority soon disappears,

owing to the susceptibility of Apiculatus yeasts to alcohol. It is

most particularly noticeable on comparing the rapidity of repro-
duction of Apiculatus and Ellipsoicleus races in very dilute must,
where the amount of alcohol formed is insufficent to retard growth,
or when only the initial reproduction—up to the point when i per
cent, of alcohol has been formed—is taken into consideration in

ordinary must. No precise observations of this kind, or with
regard to the amount of alcohol sufficing to stop growth under
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various other conditions of enviroment, have, however, been
published. An idea of the difficulties encountered in deter-

minations of this kind may be gathered from § 268. The
rapid reproduction of Sacch. apiculatus in comparison with low-

fermentation beer yeast is shown by certain researches performed
by E. Hansen (IX.)

;
and these also show how one of these

budding fungi can retard the growth of the other when present

simultaneously in the same nutrient solution. Thus, for instance,

three Pasteur flasks were charged with beer wort
;
[a) being sown

with 22 cells of Sacch. cerevisice per unit volume, {h) being sown
with the same number, along with 19 Apiculatus cells, and (c)

with 20 cells of this latter only. At the end of 13 days (at

8°-io° C.) the number of cells per unit volume amounted to
:

{a)

242 of Sacch. cerevisice (the alcohol content being 6 per cent, by
volume)

; (6) 240 of Sacch. cerevisice and 45 of Sacch. apic. (alcohol

6 per cent.) (c) 791 of Sacch. apic. (alcohol 0.5 percent.). Hence,
in the pure culture, Sacch. apiculatus reproduced more than three

times as much as Sacch. cerevisice, but was greatly retarded by the

latter in the mixed culture. These figures of course do not aflford

any criterion of the rapidity of growth, since, for a given increase

of growth, more than three Apiculatus cells must, as a rule, be
formed for each one of the far larger cells of the beer yeast.

This harmonises also with the circumstance that, in spite of the

larger number of cells, the sediment in the fruit juices fermented

by Sacch. apiculatus is much smaller, in weight and volume, than
that in the juices fermented by Sacch. ellipsoideus. Consequently,

in order to decide whether the protoplasm of Apiculatus yeast has a

lower fermentative energy than that of Sacch. cerevisice, or Sacch.

ellipsoideus, the activity per unit weight of the yeasts must be

compared, and not that of an equal number of cells.

The influence of alcohol on the growth of several Apiculatus

races was investigated by Rohling (I). In harmony with the

general low powers of resistance of these yeasts against injurious

influences, a small percentage of alcohol in the culture liquid is

sufficient to restrict reproduction considerably. When the number
of yeast cells per unit volume of grape must, previous to fermen-

tation, was = I, it had increased to 5 14 in one of the races at the

close of fermentation without any addition of alcohol
;
but, when

the must contained 2.86 per cent, of alcohol, by volume, at the

outset, the final number was only 192, and when the initial addition

of alcohol was 4.62 per cent., only 88 cells were obtained.

The particularly frequent occurrence of Apicidatus yeast on

berries might lead to the supposition that the juice of these fruits

is specially suitable for the growth of the fungus
;
but comparative

experiments have shown that such is not the case. According to

Muller-Thurgau (II.), it matters little to the development of

Sacch. apiculatus whether malic acid or tartaric acid preponderates

in the fruit juice.
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On the other hand, the growth of this yeast is stimulated by

the admission of free oxygen (see p. 252, vol. ii.). This is apparent

from the behaviour of stab cultures in must gelatin, where vigorous

reproduction of the yeast cells is found to be confined to the upper

portion of the stab. More accurate information is afibrded by an

experiment of Rohling’s (I.), in which five different races of

Apiculatus yeast were sown in grape juice, one portion of the

latter being aerated in the fermentation vessels, the other not.

A difference in favour of the aerated yeast was already apparent

on the second day
;
and at the close of fermentation the number

of cells in the aerated samples had increased from 3.3 to 9.3 times

as great (according to the race) as those in the unaerated samples.

This appears to harmonise with.the observation that the percentage

of Apiculatus cells is occasionally much higher in the superficial

strata, and especially the head, of red wine must fermenting in

open vessels than it is in the lower layers that are poor in oxygen.

This need of oxygen is, of course, satisfied when the fungus is

grown on the surface of solid nutrient substrata
;
and it is not

impossible that Sacch. aj)iculatus should gain the upper hand in

consequence of these specially favourable conditions. Considerable

accumulations of Apiculatus yeast, practically in the state of pure

cultures, are not infrequently found in the wounds of burst or

gnawed grapes, or in the tunnels eaten out in core fruit by apple-

roller larvae.

The special conditions of nutrition of Apiculatus yeasts have not

been closely investigated to any extent. Its requirements in

respect of carbon are chiefly fulfilled at the expense of the hexoses

in the nutrient medium, but the fungus is incapable of fermenting
disaccharides, such as saccharose, or of utilising them for structural

purposes. More on this point will be found in the following

paragraph. The circumstance that the non-volatile organic acids

are consumed to a larger extent in cultures of Apiculatus yeast in

fruit juices than is the case with Sacch. ellijysoideus, for example,
induces the idea that these acids may also be utilised as a source

of carbon for building up the cells
;
but, on the other hand, it is

equally possible that the tartaric and malic acids in the instances

observed may have been decomposed by fermentation rather than
used for the purpose in question. In respect of nitrogen assimila-

tion, Apiculatus yeasts do not seem to differ from others
;
at least

no statements have been published on this point.

Sacch. apiculatus appears to be more susceptible to injurious

influences than the beery yeasts and the races of Sacch. ellipsoideus

occurring in wines. Its high susceptibility toward alcohol has
already been mentioned (p. 417, vol. ii.)

;
but though a small per-

centage of alcohol is sufficient to retard growth, and apparently a
small additional quantity will arrest fermentation, a considerably
higher alcohol content would seem to be necessary in order to kill

the cells. In this connection, however, considerable differences are
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exhibited by the various races. Apart from this, Sacch. apiculatus

is much more sensitive than Sacch. ellipsoideus, the cells of the

former being generally found dead in the deposit from fermented
wine The fact that individual cells—probably of a more vigorous

race—occasionally exhibit considerable longevity, was proved by a

discovery of R. Braun (II.), who found living cells of Sacch.

apiculatus in beer containing about 8 per cent, of alcohol after at

least five years. Muller-Thurgau (XXIV.) also found, in his

attempts to discover suitable methods of obtaining a purer

fermentation of fruit and grape wines, that Apiculatus yeasts are

killed by a quantity of sulphur dioxide (in the must) that is

innocuous to the elliptical wine yeasts. Both Hansen (LYII.) and
Kayser (III.) mention Sacch. apiculatus particularly susceptible

to the influence of desiccation
;
though, on the other hand, according

to Will (XXXIY.) the various races differ in this respect. A.
Berlese (II.) regards the fungus as offering a powerful resistance

to the action of direct sunlight. The resistance of Apiculatus yeast

to high temperatures was examined by Muller-Thurgau (XXY.),
who found, moreover, that the various races differ in this particular.

One of them proved to be far more susceptible to this influence

than the others under examination, being killed by an exposure of

ten minutes to 50° C. in grape juice, whereas the others were able

to withstand ten minutes at 55° C., and thus closely approximated

to the elliptical wine yeasts in this respect. The point whether the

growth of the races of Sacch. apiculatus is dependent on tempera-

ture in a difierent manner from that of the true wine yeasts has

not yet been investigated, though the matter is one of some import-

ance to the conduct of the fermentation (sec also p. 254, vol. ii.).

§ 312. Fermentation Phenomena of Apiculatus Yeast.

The fermentation set up by Saccharomyces apiculatus is in-

variably of the bottom fermentation type. In fruit and grape

juices it is often confined to a merely slight turbidity, owing to

the low general fermentative activity of this yeast, and also—as

pointed out by Reess (I.)—because the cells being detached and
not aggregated, do not offer suitable points of attachment to the

bubbles of carbon dioxide.

The various races exhibit a certain uniformity in point of

fermentation phenomena and metabolism, though they differ

considerably from the true beer and wine yeasts. In this

connection, however, the first-named have not been examined

very closely. The races described by Hansen set up a vigorous,

though not very extensive, fermentation in a nutrient solution

containing dextrose (c?-glucose), the resulting “ head ” being

composed of numerous fine bubbles, and not attaining the same
dimensions as that thrown up by Sacch. cerevisi(B, for instance.

The same behaviour toward dextrose is exhibited by Amthor’s
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races, and that of L. Boutiioux (Y.). According to M Ohemer

([.), Ifcvulose or (i-fructose is also fermented by Sacch. apiculatus ;

and the same applies also to mannose or seminose. On the other

hand, F. VoiT (I.), E. Fischer and H. Thierfelder (I.) are

unanimous in stating that a fourth hexose, cZ-galactose, is un-

ah’ected by this fungus. So far as our knowledge extends, not a

single member of the disaccharide group is fermented by Apicu-

latus

;

a fact demonstrated by E. C. Hansen in i-espect of

saccharose and lactose, and by this authority and Amthor (I.) in

respect of maltose. According to these worker's, apicu-

latus is capable of forming only small quantities of alcohol in

beer worts, namely, from the hexoses contained therein.

The fact that this budding fungus ferments hexoses, but not

disaccharides, justifies the assumption that it cannot secrete

inverting enzymes like invertase and maltase
;
and this has been

confirmed, so far as invertase is concerned, by the experiments of

Hansex (IX.). On the other hand, when the disaccharides are

inverted—for instance, by heating with a little acid—they come
within the sphere of action of this fungus, as is also the case when
the latter is associated in the nirtrient liquid with a budding
fungus that secretes invertase.

In order to utilise the aforesaid behaviour of Sacch. apiculatus

toward sugars, for the purposes of the analytical chemist, K.
Amthor (I.) proposed to employ it in cases Avhere small quantities

of dextrose have to be determined in presence of disaccharides, e.y.,

in beer wort, a definite quantity of the previously boiled sample
being inoculated with Apiculatus yeast. This latter consumes
only the dextrose, the percentage of which can then be estimated
by the amount of alcohol (or carbon dioxide) formed. A modifi-

cation of this method was proposed by A. Bau (I.), who defended
it in subsequent papers (11., Y. and lY

)
from certain objections

urged against it by H. Elion (II ). Nevertheless, in view of the
susceptibility of this ferment to alcohol, he was constrained to

admit that the method can only be used when the dextrose con-
tent of the sample is low, and that, even in such event, one
cannot be certain whether the whole has been fermented. Even
with this limitation, however, the method is useless to the practi-

cal anjilyst, owing to the sluggish fermentation of the hexoses.
This is evident from the statements of Amthor (II.), who
inoculated sterile wort with Sacch. apiculatus and found the pro-
duction of alcohol amounted to 0.66 per cent, by volume at the
end of twenty-seven days, 0.79 per cent, after a further fifty-four

days, 1.2 per cent, nine months later, and 1.5 per cent, after a
further nine months, t.e., twenty-one months in all. Hence,
even assuming—as has not yet been proved—that all the hexose
is eventually fermented, the method must be regarded as far too
slow for practical purposes. The trouble bestowed on its elabora-
tion, however, has not been wasted, since it aflbrds physiological

VOL. II ; PT. 2 2 E
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confirmation of the previous discovery of certain chemists, e.y.,

H. Bungener and L. Weibel (II.), that beer worts contain a

larger proportion of fermentable sugars, other than maltose, than
had been hitherto supposed, amounting probably to one-fourth or

one-third of the total sugar.

On the basis of experiments, which we cannot go into more
fully here, E. Dubourg (I.) formed the conclusion that yeasts can

be induced, by habituation, to utilise certain sugars that they are

normally incapable of attacking. A yeast, for instance, that is

unable to invert saccharose may acquire this capacity by being
grown in a mixture of glucose and saccharose, and then trans-

ferred to a solution of saccharose containing suitable yeast foods.

Unfortunately, the yeast was not properly identified in the report.

A. Klocker (IV.) repeated Dubourg’s experiment with a number
of yeasts characterised by the peculiarity in question, among them
being the one with which we are more particularly concerned at

present, namely, Sacch. apiculatus {see p. 259, vol, ii,). The results,

however, were entirely negative, our budding fungus being unable

to ferment saccharose after this preparatory treatment and there-

fore—contrary to Dubourg’s hypothesis—incapable of secreting

invertase.

Despite the initially rapid reproduction of Apiculatus yeasts

in grape and fruit juices, the fermentation they induce produces

but little alcohol, proceeds slowly, and therefore usually extends

over a considerable period of time. This is evident, for example,

from the series of experiments recounted by Muller-Thurgau
(XIV.). At 14° 0 ., the quantity of carbon dioxide liberated

amounted, during the first ten days of fermentation in grape

juice, to 6.8 grms. per litre; in 20 days, 9.4 grms.
;
in 40 days,

12 grms.; in 80 days, 14.6 grms.; in 100 days, 15 grms.; in

130 days, 16.8 grms., and in 205 days, 18 grms.
;
consequently the

Apiculatus races are all weak ferments, though diftering con-

siderably in relative degree. Under ordinary conditions of fermen-

tation, the quantity of alcohol finally produced {see p. 426, vol. ii.)

by the races hitherto described varies between 2.5 and 4.5 per-

cent. by weight
;
though two of the races recently tested by the

writer formed 6 per cent, of alcohol from grape juice. The final

content of alcohol also diflers correspondingly in pear juice and
grape juice, even when the same yeast is employed in both cases,

Muller-Thurgau having found thut ApiculaUis race 8, for instance,

furnishes 2.8 per cent, of alcohol in grape juice, as compared with

3.5 per cent, in pear juice. It may be assumed that with this

budding fungus, as with others, the activity as well as the growth

of the individual cells will be influenced by the conditions of

nutrition and general environment, the relative speed of fermen-

tation and the attenuation obtained with liquids of diflerent

constitution being aftected both by the number of active yeast

cells and the fermentative activity of the individual cells. It is.
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however, not impossible that, in certain circumstances, only one

or the other of these two factors will come into play
;
but at

present no systematic investigations have been carried out to

decide this question.

It has already been mentioned (p. 429, vol. ii.) that the repro-

duction of Apicidatus yeasts is stimulated by the admisvsion of free

oxygen or air
;
and all that now remains is to deal with the influ-

ence of the oxygen supply on the fermentation process. Rohling
(I.), who experimented with several races, found them to be power-

fully stimulated by the admission of oxygen, and enabled to produce

much larger quantities of alcohol in grape juice. In the absence

of a supply of oxygen the final percentage of alcohol varied

between 2.27 and 3.03 per cent, by weight, rising to between

5.01 and 5.76 percent, when oxygen was supplied. Since only

0.2 per cent, of unfermented sugar remained in the sample fur-

nishing the maximum quantity of alcohol, the yeast in question

would probably have been able to produce still more alcohol in a

stronger juice. These experiments show that the production of

alcohol was doubled on the average by tlie provision of a supply

of oxygen, the vital energy and power of resisting alcohol being

considerably increased, to a greater extent than had hitheito been

observed with elliptical wine yeasts. When oxygen is supplied,

the fermentation proceeds more rapidly from the start, and,

despite the higher final content of alcohol, is terminated sooner

than in the check experiment without oxygen.
Certain chemical substances met with in vinous fermentation,

such as acetic acid, sulphur dioxide, and tannin (see pp. 246-248,
vol. ii.), restrict the growth of Apicidatus yeasts, and also probably
exert a direct lowering influence on the fermentative energy,

in the same way as they do in respect of beer yeasts and wine
yeasts. According to the experimental results communicated by
Rohlin'G (I.), even o.i per cent, of acetic acid exerts a decided

influence on fermentation
; 0.5 per cent, restricts the fermentation

to about one-third the normal, and i per cent, practically arrests

it altogether. In the case of sulphur dioxide, as little as

0.025 per cent, suffices to stop the fermentative activity of Sacch.

apicidatus almost completely
;
and, indeed, the earlier discoveries

of Muller-Thurgau (XXIV.) show that even 65 mgrms. of this

substance per litre, i.e., 0.0065 pei* cent., will bring about the same
result. Tannin is less energetic, no considerable restriction of

fermentation being observed until the tannin content reaches

0.5 per cent.

During the fermentation of fruit and grape juices by Apicu-
latus yeasts, the non-volatile or fixed organic acids, 2.e., tartaric acid

and malic acid, are also involved in the process of metabolism (see p.

205, vol. ii ). This was demonstrated by Muller-Thurgau (XIV.),
in whose experiments the races under investigation reduced the
amount of non-volatile acids in grape juice from 0.883 0.669
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cent.—that is to say, by about 24 per cent, of the original

quantity—and in pear juice from 0.450 to 0.265 cent., a

reduction of about 40 per cent. (In the latter case, also, more
alcohol was produced.) Elliptical yeasts, employed with the same
juices for the sake of comparison, consumed a smaller proportion
of fixed acids; and the greater activity of Sacch. a2)iculatus

toward these acids was also apparent in mixed cultures. Never-
theless, since various acids are present in fruit and grape juices,

and acids {e.g.^ succinic acid) are also formed during fermentation,

these experiments, though of great technical interest, are incapable

of affording a complete solution of the behaviour of Apiculatus
yeasts toward acids. This is more likely to be obtained by fer-

mentation experiments with liquids containing only a single

organic acid, and of simple, known chemical constitution.

ScnUKOw (II.) showed, in a single experiment, that Apiculatus

consumed a larger quantity of acid than the beer and wine yeasts,

when grown in an artificial nutrient solution containing both
tartaric acid and malic acid. Additional researches in the same
direction would furnish valuable results. Of late the behaviour
of various fungi towai-d lactic acid has been investigated by
Meissner (X.), Sacch. apiculatus being also borne in mind. These
experiments, however, were performed with artificial solutions,

lacking fermentable sugars, so that, possibly, the behaviour of the

organisms would be different from that in fermenting liquids

more favourable to development. Whereas, in the solution con-

taining mineral substances, peptone and lactic acid, various

species of wine yeasts decomposed 70 per cent, and more of the

lactic acid, the diminution produced by one of the Apiculatus

yeasts—which exhibited only very slight reproduction—was only

0.018 per cent., or 1.5 per cent, of the initial quantity. Two
other races proved incapable of growing at all in the solution. In
fermented wine the decrease of lactic acid under the action of an
Apiculatus yeast was less, on the average, than with the elliptical

yeasts, no doubt on account of the greater restrictive influence of

alcohol on the former.

The consumption of acid may also be accompanied by a pro-

duction of acid (both volatile and fixed), in which the Apiculatus

yeasts likewise play some part. Of the fixed acids, succinic acid

has long been known as a fermentation product, and is also pro-

duced by Sacch. apiculatus. In the case of the two races examined
by him, Amthor furnished definite proof that they produce con-

siderable quantities of fixed acids during fermentation, the one
forming 0.37 per cent, (calculated as tartaric acid), or three times

as much as Pasteur found in fermentation with ordinary yeast.

To this must also be added the amount eliminated by decomposition

processes. Meissner has also shown that Sacch. apiculatus can

produce lactic acid from succinic, malic, and citric acids, in which

respect it is but little inferior to the wine yeasts. Nevertheless,
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since tbe acidity of the liquid is diminished, rather tlian increased,

by the conversion of the aforesaid organic acids into lactic acid,

this cannot explain the considerable increase of the total fixed

acids reported by Amthor. Urdess one is disposed to assume that

the newly formed acid is succinic acid exclusively, it must be

concluded that fixed acids of some other kind are also formed

during fermentation by Apiculatus yeasts.

The well-defined power of Sacch. apiculatus of producing

volatile acids in large quantities has already been mentioned on p.

427, vol.ii., together with the figures of production given by various

workers. In the opinion of Muller-Tiiurgau (XI.), these volatile

acids constitute a weapon by which this fungus is able to restrict

the development of other yeasts. The nature of these volatile

acids, however, cannot yet be precisely stated. In any case, as

Amthor (I.) showed, by the preparation of the silver salt, they

consist only partly of acetic acid
;
and moreover, according to

Muller-Tjiurgau (XVII.), the wines do not exhibit the charac-

teristic flavour of acetic acid. In experiments with a sterilised

nutrient solution containing ammonia salts, dextrose, and invert

sugar, and inoculated with Sacch. apiculatus, Amthor (II.) detected

in the distillate from the fermented liquid both acetic acid and
formic acid, together with traces of an acid boiling at I20°-I25° 0.

The fixed acids consisted of succinic acid and lactic acid. The
first-named probably combine in part with the alcohol to form
esters, which do not taste or smell sour in the liquid, but are

decomposed in distillation so that the acid is available for deter-

mination. These esters, which Sacch. apiculatus is capable of

producing to a larger extent than other yeasts, are the chief cause

of the fruity flavour exhibited by the musts, worts, and fruit

juices fermented by means of this fungus. According to the

experiments of W. Seifert (IV.), Sacch. apiculatus produced a

larger quantity of volatile esters (together with 0.064 per cent, of

volatile acids) from one and the same grape must than was fur-

nished by six pure-culture yeasts. The ester content, expressed
in c.c. of decinormal alkali per 100 c.c. of wine, was 10,8

;
whilst

in the case of the other yeasts it ranged between 1.32 and 4.4.

P. Lindner (VII.) observed an extensive production of fruity

ethers 'by an Apiculatus yeast, more particularly when the liquid

under fermentation was vigorously aerated and contained a suffi-

ciency of dextrose. In addition to the sweet-smelling esters,

Apiculatus yeasts may also produce other kinds of odorous and
flavouring substances under certain conditions. In fact, II.

Will (V.) succeeded in effecting a means of differentiating the
various species isolated by him, as pure cultures, from wort, beer,

grapes, &c., according to the character of the smell they produce.
()ne series is distinguished by the mouldy, fusty smell of the
cultures, whilst another exhibits a very decided bouquet (fruity

smell) resembling amyl ether. In saccharine yeast water they
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produce acetic ether, more particularly when the nutrient solution

is aerated continuously. According to Schander (III.), some
races of Sacch. apiculatus are to be numbered among the yeasts

that produce sulphuretted hydrogen, and its accompanying dis-

agreeable taste, in wine.

As another metabolic peculiarity may be mentioned Henne-
berg’s (VI.) discovery that the cells of this yeast are only able to

store up small quantities of glycogen. On the other hand, the
abundant secretion of proteolytic enzymes is demonstrated by
the rapid liquefaction of gelatin in cultures of various Apiculatus

yeasts. Finally, Amthor (I.) mentions, as a special property of

these budding fungi, that it exerts a powerful decolorising action

when employed to ferment wine must, which observation was
confirmed by Schander (II.) in the case of the races examined by
him.

§ 313. The Importance of Saccharomyces apiculatus

in Wine-making*.

Reess (I.) found Sacch. apicvlatus to be a constant member of

the abundant fungoid flora on ripe grapes and fruit
;
and this

discovery has since been confirmed by Pasteur (XXYIII.) and
numerous other workers. Hansen (IX.), in his researches on
the life cycle of yeasts, showed whence and how this yeast finds

its way on to grapes, the easily recognisable cell form of Sacch.

apiculatus being specially adapted for this purpose. The particulars

have already been given in § 271. Cells of Sacch. apiculatus are

only found occasionally on unripe fruit, on which they soon perish,

owing to the unfavourable conditions, especially drought
;
but as

the fruit ripens, the conditions of existence become more suitable

for the fungus. It is first found on cherries, these ripening

earlier than any other fruit (in Central Europe)
;
soon afterwards

it is met with on gooseberries and currants, then on plums, and,

finally, on grapes. Strawberries, raspberries, and sorb apples

come in in their proper turn. Where two kinds of fruit that

ripen at difierent times are met with, even side by side, such as

currants and grapes, only the earlier one will be found infested

with the fungus at first, the other exhibiting none at all or only

a few isolated cells. Thus, in a vineyard at Geisenheim-on-

Rhine, where a plantation of early Burgundy grapes lay side by
side with one of late grapes of the same class, Muller-Thur-
GAU (XXVI.) observed on August 23 large numbers of yeast cells

on the earlier grapes, that were just ripe, whereas none could be
found on the adjoining (unripe) late grapes. Apart from the fact

that the wind-borne yeast cells found a more suitable habitat on

the ripe grapes, and were able to reproduce extensively thereon,

especially when they could gain access to the juice through any
aperture, it is certain that—as discovered by Miiller-Thurgau—

a

considerable part ispla}^ed by insects, which prefer ripe fruit, and,
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in visiting the latter, transfer yeasts from wounded berries to

sound ripe ones, which latter they also wound in many cases, and

thereby infect. It was at one time considered that the trans-

ference of budding fungi in this way was chiefly effected by the

legs, maxillary organs, and the hairy parts of the insects
;
but

A. Berlese (II.) showed that yeasts—especially Sacch. aincnlatus

—are present in the alimentary canal of various insects, and also

reproduce abundantly therein, so that the organisms are trans-

ferred to the fruit in the excrement. In fact, Berlese regards

this as one of the most important means of disseminating the

fungus in question.

Considerable divergence exists in respect of the numerical

ratio in which the various organisms occur on the ripe fruit, and

subsequently in the expressed juice therefrom
;
and as this greatly

influences the progress of fermentation and the character of the

fermented product, it is desirable that the conditions determining

this ratio should be more closely examined. Thus, in view of the

great influence exerted by the Ajnculatus yeasts, it is highly

desirable to trace out the factors by virtue of which the fruits used

in wine-making are infested one year by a relatively large number
of these fungi, whilst another year there are comparatively few;

and also why the ratio between elliptical and apiculate yeasts is

favourable at one time and unfavourable at another, according to

the external conditions of environment. At present we know
very little about this matter.

Reess, who verified the frequent occurrence of Sacch. apiculatus

on grapes, found experimentally that in many cases this fungus

assumes the duty of starting the primary fermentation of wine
must, being afterwards displaced by Sacch. ellipsoidens., which is

then in a state of vigorous growth and carries the fermentation

to completion. The fungoid flora of a large number of grapes

from different districts was investigated by Maktinand and
Rietsch (II.). In one case they found Sacch. apiculatus exclu-

sively on eight varieties of grapes
;
and in three others 20 per cent,

of Sacch. ellipsoideus

,

with 80 per cent, of Sacch. apiculatus and
Mycoderma In another case they allowed crushed grapes to

ferment, and found only mould fungi and Sacch. apicidatus

;

and it was only after repeated experiments that a few colonies of

Sacch. ellipsoideus could be detected. Musts obtained from Mar-
cobrunner grapes contained 80 per cent, of Sacch. apiculatus,

those from Johannisberg grapes containing 25 percent., whilst in

a few others the proportion was lower. Of course it must not be
forgotten that the constitution of the fungoid flora on packed
grapes is liable to alteration if transmitted to a distance. Muller-
Thurgau (XXX.), however, has found that fresh grapes are fre-

quently infested with very large quantities of Apicidatus yeasts,

accompanied by only small numbers of elliptical yeasts. Thus,
Sacch. apiculatus alone w^as found on grapes from Bernegg (Rhine
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valley) and Winterthur; and to the extent of 93 per cent, on
grapes from a vineyard at llrestenherg (Aargau)

;
though in

other instances the proportions were more in favour of Hacch.

elli'psoideiis. d'he above figures refer to single specimens of

grapes; but of course the fungoid flora may vary on grapes frouj

adjoining stocks or even from the same vine, so that there is no
instance on record of wine must being imperfectly fermented
owing to the absence of any other yeasts than Sacch. ajncidatus.

Such cases, however, have been known with currant wine
;
though

why they should occur with this class of wine and not with grape
wine is unknown. Sacch. apictdatus is also frequently present

in abundance in the fermentation of cider and perry, at least at

the outset, to a greater extent than in grape must.
The influence of Sacch. apictdatus in collaboration with Sacch.

ellipsoideus (mixed sowings) in the fermentation of wine has been
studied by Muller-Thurgau (XXX. and XVI.). YarioLU'< wine
yeasts were sown in flasks containing equal quantities of pre-

viously sterilised must, the yeasts being used alone in one
series, and conjointly with Sacch. apicidatus in another. The
number of yeast cells in each sowing was approximately the same,

so that the flasks with mixed sowings contained about twice as

many cells as those sown with wine yeast or Apictdatus yeast

exclusively. The amount of carbon dioxide liberated, and conse-

quently the progress of fermentation, was ascertained daily by

weighing the flasks. The results obtained in this way with two
of the yeasts during the early stages of fermentation have been
plotted in Fig. 202, the abscissae expressing the duration of fer-

mentation in days, and the ordinates the total amount of carbon

dioxide (in grms. per litre of the liquid under examination)

liberated—as determined by the loss in weight—up to the corre-

sponding days. The line marked by crosses shows the progress

of fermentation with Steinberg yeast No. i, a vigorous white wine
yeast from the Kheingau, whilst the dotted line represents the

work done by a weak red wine yeast from Karthaus, near Ittin-

gen (Canton of Thurgau), and the unbroken line the progress of

fermentation in the sample inoculated with Sacch. apictdatus (3)

only. The small circles correspond to the carbon dioxide deter-

minations. Other particulars can be gathered from the chart

itself, especially the difference in the progress of fermentation with

the two yeasts, and the considerable extent to which their fer-

mentative activity was impaired by the Apictdatus yeast. Even
so vigorous a yeast as Steinberg No. i was greatly retarded by
the pointed yeast at the outset, so that, on the 19th day, for

instance, the total disengagement of carbon dioxide amounted to

38.1 grms. with Steinberg No. i, 6.8 grms. Ajncidatus, and

to only 1 1.6 grms. in the sample with both yeasts, nothwith-

standing the double sowing. In proportion, however, as the per-

centage of alcohol increases, the Apictdatus yeast is weakened, and



Fig. 202.—Influence of Saccliaromyces apiculatus on the fenuent.itive activity of tu'u kinds of u ine yeast

:

(xxxxxxxxx Steiuheig yeast only.
' nx.» Steinberg' yeast -{- S. apicnlalns,

Karthaus yeast only. Karthaus yeast + S. apiculatus.———— S. apiculatus only. 2 mm. = i day -
i urui. of carbon dioxide,
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its injurious influence on the wine yeast diminished. This is

clearly evident from the chart. The influence of on
the weaker red wine, Karthaus yeast is still more adverse than
with the Steinberg yeast, and is more clearly evident from the
chart. On the 20th day the amount of carbon dioxide liberated

was 39.6 grms. with the Karthaus yeast alone, 9.4 grms. with
Apiculatus, and 10.8 grms. with the two together, so that the
wine yeast had hardly come into action at all by that time.

However, as soon as the proportion of alcohol reached i per cent,

by weight, the fermentation increased rapidly, more especially

from the 40th day, when the alcohol content had attained about

2 per cent., the wine yeast being then able to free itself from the
Apiculatus enfeebled by the alcohol.

The cause of the restrictive influence of the Apiculatus yeasts

on the fermentative activity of wine yeasts has not yet been de-

finitely ascertained. Muller-Tiiurgau (XXX. and XYI.) has

shown that when Apiculatus acts in conjunction with wine yeast

in fruit must or grape must, smaller quantities of yeast are

formed than when the latter is acting alone. It is, however,
probable that the former restricts the fermentative activity of

the individual cells, as well as their growth, either by lowering
their fermentative energy or shortening their period of activity,

or both.

The active agent in restricting the other yeasts probably con-

sists chiefly of volatile acids. True, as Muller-Thurgau (XXX.)
asserts, the quantity of these acids is smaller than would corre-

spond to their powerful adverse influence, at least if they con-

sisted entirely of acetic acid
;
but the more powerful formic acid

is also present, and probably other substances capable of retard-

ing growth and fermentation. When the fermentative action of

Sacch. apiculatus is restricted by the liberated alcohol, the further

production of these injurious substances ceases
;
and at the same

time the progress of fermentation indicates that the injurious

substances already present are either destroyed or converted into

others of less power (e.g., the volatile acids into esters).

Experiments prove that the more vigorous the elliptical yeast

the less is it affected by Apiculatus yeast, on the one hand because

of its greater power of resisting injurious influences, and also

because it produces more rapidly the requisite quantity of alcohol

for checking the enemy On this account the difficult period of

the struggle will be traversed more quickly when the proportion

of Sacch. ellipsoideus to Sacch. apiculatus is greater in the sow-

ing. In fact, experiments performed on this point by Rohling
(I.) showed that when a large proportion of elliptical yeast is

sown along with a small quantity of Apiculatus yeast, the latter

is kept in the background and fermentation is scarcely hindered

at all, though retardation occurs when even a small extra

additional quantity of volatile acid is formed. Tlie best flavoured
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wines are those in which the number of elliptical yeast cells in

the sowing was high in comparison with those of the apiculate

cells.

The collaboration of Sacch. ajnculatus in the fermentation of

wine is always a drawback, not merely because fermentation is

retarded, the fixed acids destroyed in an uncontrollable manner
(and one that may proceed too far in certain beverages that are

low in acid), and volatile acids and other malodorous and bad

flavoured products, or such (esters, &c.) that may alter the

character of the beverage, are formed
;

but also because in

many instances the attenuation is unsatisfactory. For example,

Muller-Thurgau (XVI.) has found that both fruit and grape

wines fermented with an elliptical wine yeast and a race of

Apiculatus mostly contain a large residue of unfermented sugars of

the kind the latter yeast cannot attack. In the case of the experi-

ments detailed on p. 437, vol. ii., the amount of these sugars left

in a grape wine at the close of primary fermentation was 10 per

cent, with Sacch. apiculatus, 0.05 per cent, with Steinberg yeast,

0.075 per cent, with Steinberg and Sacch. apiculatus, 0.189 cent,

with Karthaus yeast, and 0.396 per cent, with Karthaus and
Sacch. apiculatus. Moreover, it is well known that wines low in

alcohol are more liable to maladies like turning (acetic taint), and
more especially ropiness, when they also contain an appreciable

residuum of sugar capable of furnishing the corresponding patho-

genic organisms with material for nourishment or fermentation.

The wine and fruit wine industries are in the unpleasant

position of having to make the best of the presence of Sacch.

apiculatus. In the case of apples and pears a large proportion

of the indigenous yeast can be removed by washing, but this is

impracticable, for several reasons, with berries and especially with

grapes. The purification of grape must by filtering or centri-

fugalising is attended with insuperable difficulties at present, and
pasteurisation is mostly impracticable under the existing con-

ditions of the wine industry. On the other hand, the growing
employment of pure culture wine yeasts affords a suitable means
for rapidly suppressing the injurious influence of the Sacch. apicu-

latus present in the indigenous yeast. Whenever it is anticipated

that fruit must will be strongly infected with the pest, or the
presence of the latter has been discovered in the microscopical

examination of grapes or the freshly expressed juice of same, it

is advisable to employ more than the usual quantity of pure
yeast, and to add it to the must as early as possible. In making
cider and perry the fermentation of the beverage will be purer
and the content of volatile acids smaller if the fruit be washed
thoroughly before putting it through the mill, and the juice be
then pitched with a sufiicient quantity of vigorous pure yeast.

Even in these circumstances Sacch. apiculatus will have some
opportunity during the must stage and at the commencement of
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fermentation of running riot for a short time. This may, liovv-

ever, be prevented, and a purer fermentation achieved by adopt-

ing the suggestion of Muller-Thurgau (XXIV.), viz., killing

the more susceptible fungi (Apiculatus yeast included) with sul-

phur dioxide, and starting fermentation with a vigorous pure
yeast that has, if necessaiy, been habituated to that reagent.

Nathan (I.) claims to have prevented the development of Apicu-

latus yeast in berry juices by an initial addition of 2 per cent, of

alcohol, though it stood the ordeal better when treated with

10-15 cent, of fermented grape or berry wine immediately
after pressing. This recommendation, however, does not seem to

have found application.

Wines made by the pure-fermentation process are not always

preferred by consumers, at least in the case of fruit wines, many
liking the more strongly flavoured and odorous fruit ethers and
esters generated by Apiculatus yeasts, especially in beverages

otherwise poor in bouquet. Probably this accounts for the con-

flicting opinions expressed in the literature with regard to the

influence of these budding fungi on the flavour of fruit wines.

The fact that wines fermented with the powerful aid oi Apiculatus

yeasts giv'e, on analysis, high volatile-acid values without being

sour, forms a matter of considerable interest to the foodstuff

chemist.



CHAPTER LXII.

THE MONILI^ AND OIDIA.

By Dr. H. WICHMANN,
Deputy Manager of the Austrian Research Station

and Academy of Brewing, Vienna.

§ 314. Monilia, Sachsia and Chalara.

Among the organisms now classed as fungi imperfecti (p. 26, vol. ii.),

the species assigned to Monilia have a particular interest for the

fermentation technologist, the species in question forming a con-

necting-link, morphologically speaking, between the mould fungi

and the budding fungi.

The members of the genus Monilia lack, in the hrst place, the

complete mycelium exhibited by the mould fungi, e.g., Fenicil-

lium

;

and, though divergent and branched hyphse are by no
means uncommon, the structure of the mycelium is very loose.

For this reason the films produced by certain of the species when
grown on liquid media are easily disintegrated, and exhibit a

greater resemblance to mould films. On the other hand, the bud
mycelia, the usual form of growth in this genus, show a more
extensive polymorphism than is ever found among the true

budding fungi
;
and it is this peculiarity that forms the charac-

teristic feature of the genus. The bud mycelium, especially when
aged, mostly exhibits all the forms observed in budding fungi

from globular cells, resembling I'orula, to elongated cells like

those of Mycodenna, and even tubular cells of remarkable length,

these being interspersed by cells analogous to those of Oidiuin

and radial hyphse of typical structure. These mycelia, in addition

to appearing in nutrient liquids, constitute the normal form of

growth on solid, moist substrata, so that, e,g., the giant colonies

on wort gelatin resemble yeast rather than moulds. Another
regular phenomenon is that the vegetations of one and the same
species on different nutrient media exhibit such a great diver-

gence of cell form that no one would attribute them to the same
species.

Another feature equally of diagnostic value is the absence of

characteristic organs of fructification. In most species it is

443



444 THE MONILI^ AND OIDIA.

impossible to speak of fructification at all
;
and even in the few

species, like Monilia sitophila^ which throw up hyphse resembling

conidiophores, the difference between vegetative cells and repro-

duction cells is very slight and confined entirely to the shape.

Thus, in Monilia sitophila, both the conidia and the mycelial cells

are of a uniform orange-yellow colour. In some species, e.g.,

Monilia variahilis^ the tubular or Oidium cells occasionally dis-

play unevenly distributed tubercles or points, on which the yeast-

like conidia are sessile, and which might be regarded as sterig-

mata
;
but this is all. Hence, in Monilia, we have merely to deal

with vegetative yeast conidia (see p. 21, vol. ii.), which do not
differ materially from the cells of the bud mycelium either in

shape, contents or origin.

A comparison of the budding cells of a Saccharomyces and a

Monilia easily reveals a remarkable difference in the appearance
of the protoplasmal contents. In Monilia these are more
delicate, homogeneous, so that the cell is lighter in appearance,

and the large vacuoles, invariably present, contain a spheroidal

granule that is in constant rapid motion. According to A.
Guilliermojsd (VI.), these bodies are identical with Babes’

metachromatic granules or Butschli’s red granules, and are

similar to the chromatin granules in bacteria. Hansen and
Guilliermond state that a cell nucleus is present

;
but, as in most

cells, it is not visible.

Monilia Candida (Bonorden), Hansen, affords the finest

examples of the typical forms of growth. E. C. Hansen (XLYI.)
investigated this fungus, and identified it with a species described

by Bonorden (I.). The morphological variations of this species

are highly diversified. When grown on sweet fruits or fresh

cowdung, it appears as delicate mycelial filaments, whereas in

saccharine liquids and on solid media a yeast like growth pre-

dominates (see Fig. 99). This latter form is seen at its best in

hopped beer wort, where the globular to ellipsoidal cells produce

buds actively, so that, as in the case of top yeasts, small aggrega-

tions of cells are formed, containing characteristic elongated buds

that are at once noted by the experienced observer. These cell

forms are chiefly found in the sediment, whilst the quick-growing

film, though initially of the same type of cells, afterwards consists

of a vegetation resembling mould with greatly elongated, radial

hyphae that partly develop into numerous yeast conidia and partly

disintegrate like Oidia. The mycelium of the film consists there-

fore of an intricate mixture of true hyphse, aggregated buds, bud
cells and Oidium cells. On solid media like wort gelatin, the

colonies resemble those of yeast, with a pufiy, corrugated centre

and flat, fibrous rim, the growths resembling yeast cells being

situated in the central portions of the colony and the mycelial

forms in the outer portion. Monilia Candida is characterised by

considerable enzymatic power, and for a long time served as a
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typical example of a fungus capable of fermenting saccharose

direct, that is to say, without the assistance of an inverting

enzyme, until it was discovered to possess an endoenzyme of this

class, namely, Monilia invertase {see chap. Ixv.), by Emil Fischer
and P. Lindner (IH.)j also by E. Buchner and J. Meisen-
HEIMER (I.). The alcoholic fermentation is most active in glucose

solutions, and weakest in saccharose
;
in beer wort the production

of alcohol amounted to i per cent, by volume in 14 days, and to

6.7 per cent, in 26 months. Pure maltose is fermented very

readily, and completely so in a yeast-water solution
;
and the fact

that, in addition, a true dextrin is decomposed that beer yeast is

unable to attack, explains A. Bau’s (XXI.) discovery that beer

wort can be more completely fermented by Monilia Candida than

by beer yeast, though the operation proceeds more slowly. The
fermentation is accompanied by the formation of volatile by-

products that restrict the process. Fermentation in grape must
furnished 6 per cent, by volume of alcohol (as compared with

14 per cent, in the case of true wine yeast) in about 3 weeks, and
—as reported by E. Mach and K. Portele (III.)—the resulting

wine had a decided peculiarly fruity flavour. The fermentation

temperature is relatively high, the maximum being about 40*^ 0.

For the vegetative processes the maximum temperatui-e is

42°“43° 0 ., and the minimum at 6°-4° C., the fungus being

therefore apparently a lover of warmth. According to Hansen,
the metabolic products include acids (lactic acid ?) and nitrites,

the latter having been found in barely detectable quantities by
A. Maassen (I.). This species is of very widespread occurrence.

W. Brautigam (II.) found it as the chief fungus in sugar re-

finery waste and brewers’ grains, and also in the dung of cattle

fed on the first-named material. Other, morphologically similar,

fungi are often classed as Monilia Candida^ even though they
do not exhibit all the characteristic features of same. Thus,
Adametz (XIII.) describes an example of this species from arable

soil, Marpmann (VII.) reports its occurrence in cheese, and
Harz (I.) in Allgau cheese and also on hay, dried plums and
drum figs. According to Aderhold (V.), it is found in pickled

gherkins; and Behrens (III.) observed it in the preliminary
fermentation of tobacco. It should also be mentioned that
B. Fischer and Brebeck (I.) observed “ endogenous cell forma-
tion ” in Monilia Candida, and wished to classify this fungus with
the genus Endo-blastoderma (Blastoderma, see p. 405, vol. ii.) of

their system : a proceeding that cannot be sustained in view of the
criticisms of Lindau and Lindner.

Monilia variahilis, Lindner, is a species characterised by
extensive polymerism, and was discovered by P. Lindner (XII.)
on Berlin white bread, as greyish white, mealy patches, resem-
bling Oidium lactis, but mostly consisting of torulaceous cells.

These form heaps of larger or smaller dimensions, between long,
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cylindrical, almost empty cells, supporting small tubercles carrying
isolated torulaceous conidia. These latter, which measure 1.8-4
in diameter, swell up in beer wort to as much as 8 ^ and over in

diameter before germinating, and usually develop a branching
chain of ellipsoidal cells.

The terminal cells fre-

cpiently become filamentous,

divide and disintegrate like

Oidiuni. It is worthy of

note that, in small-drop

cultures, these filaments

grow on the surface of the
drops, and produce aerial,

torulaceous conidia, which
frequently mask the Oidium
cells completely (Fig. 203).
In surface cultures the

torulaceous cells predomi-
nate, whereas when air is

excluded, cells resembling
yeast and Dematium are

formed. Hence, in its

various stages of develop-

ment, this Monilia exhibits

all the different cell forms
found in the budding fungi

:

Dematium forms, Oidium
forms, Saccharomyces forms
and Torula forms

;
and con-

sequently, in any given

case,*any cells of Sacchai'o-

myces cerevisice accidentally

present could not be dis-

tinguished from the cells

of Monilia. On beer wort,

Monilia vaj'iabilis quickly

produces a dry, loose, mealy
film, which is readily disin-

tegrated, but in time grows
to a thickness of about 1 cm.

and acquires considerable strength. It consists chiefly of toru-

laceous cells, together with long aggregations resembling Oidiimi,

and puts forth a number of tufted growths extending downward in

the liquid. Aerial hyplue can be observed on the surface. At
the same time a considerable sediment is formed, which, as

already mentioned, mainly consists of yeast-like cells of various

shapes and sizes. The growths obtained by inoculating beer wort

from the film and sediment respectively, difler so greatly as to

Fig, 203.—Monilia variabilis,

a, young bud mycelium, with tei'minal cells

elongated to filaments ; b, older filaments

wiili yeast conidia ; c, yeast -like biid mycel-

ium; tZ, Oidium-like d siutegration of aged
liypba

;
e, Oidia with torulaceous conidia ;

/, same conidia germinating—“ aerial cells ”
;

(j, Oidium, after shedding the conidia, show-
ing basidial tubercles. Magn. 600. {After

Lindner.)



MONILIA, SAOHSIA AND OHALARA. 447

give vise to the impression that they are cultures of dissimilar

organisms
;
and these variations remain constant for several

generations. In respect of its physiological behaviour, Monilia

variahilis belongs to the fermenting group of the genus, since it

ferments glucose, fructose, galactose, trehalose, saccharose, lactose

(doubtful), raffinose and dextrin, though leaving intact mannose,

which, on the other hand, is fermented by Monilia Candida.

Alpha-methylglucoside and
/
3-methylglucoside are also fermented,

which latter, according to Lindner (XL.) is attacked by only one

other micro-organism, namely, jSachsia siiaveolens (see p. 450).

Heinze and Cohn (I.) give Monilia variahilis as a true lactose

ferment. In any case the production of alcohol is small, being

only 1.4 per cent, by weight in beer wort after five months.

Despite their extensive fermentative capacity, the Monilia

described above have no technical importance
;
whereas the two

now to be mentioned find application in the preparation of

foodstuffs in Eastern Asia.

Monilia javanica is the name given by F. A. Went and
Prinsen-Geerligs (IL) to a fungus occurring, in association with

others, in Ragi (see p. 91, vol. ii.). It forms dense filamentous

masses, interspersed with, usually globular, cells (so-called yeast

conidia). When grown on solid, artificial nutrient media, such

as agar-agar or rice (Oryza glutinosa), the edges of the colonies

exhibit septate filaments, on which account the discoverers of this

species regarded it as the sterile condition of a higher fungus, a

conclusion which more recent investigations have failed to confirm.

The species thrives well in saccharine nutrient liquids, on which
it first forms a film before commencing to produce alcohol—

a

circumstance pointing to very feeble initial fermentative activity.

Glucose, fructose, saccharose, maltose and raffinose are fermented
but not lactose. Owing to the presence of volatile fermentation-

products, the alcohol formed (maximum 5 per cent.) has a dis-

agreeable flavour and smell, so that the arrack furnished by this

fungus is of inferior quality. Dextrin and glycerin are also

utilised as foodstufis, the former being also fermented to some
extent as well.

Monilia sitophila (Mont.), Saccardo, is said by Went (IV.) to

be used by the natives in West Java in the preparation of a

sweetmeat known as “ontjom,” composed of the seeds of the
ground-nut or earth-nut, (Araxihis hypogcea). 'fhe ground-nuts,
which are thoroughly permeated by the fungus, are made up in

the form of small, orange-coloured cakes, the surface of which is

covered with the conidia, whilst the interior is both chemically
altered and loosened in structure by the mycelium. In the
interior of solid media and nutrient liquids, the fungus develops
into a plentifully branched mycelium of radial hyphse, whilst the
hyphse projecting above the surface of the medium produces
numerous conidia on short stalks. The oval to cylindrical conidia,

VOL. II : PT. 2 2 F
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measuring 5-14 ji, are produced by the formation of numerous
septa in branches of the aerial hyphse (regarded as conidiophores

by Went), the individual cells thereafter becoming rounded and

beginning to detach themselves. Simultaneously there occurs an

additional reproduction, by the budding of the conidia, so that

branched chains and groups of

conidia are produced (Fig. 204).

The conidia separate in a

peculiar manner, recalling to

some extent the isthmus forma-

tion observed in the Penicillia.

The conidia and that part of the

mycelium which is in direct con-

tact with the air, exhibit a pale

orange-yellow coloration, due to

a pigment similar to carotin.

The colouring-matter is mostly

distributed throughout the pro-

toplasm as barely visible fine

yellow drops, though sometimes
collected into visible globules.

In addition to the formation

of conidia, Went also observed

the production of small brov/n

structures, comparable with
young perithecia, but which
could not be induced to develop

completely. They commence
with a spiral convolution of

the hypha, which puts forth

numerous branches and grows
to a compact ball. The food

requirements of Monilia sito-

phila have been thoroughly
investigated by Went (V.). The
fungus is very rich in enzymes,
none of the more important
ones being lacking, whilst even

several of the rarer members of the group are pre>ent. Conse-

quently, the organism was rightly looked on as omnivorous
;
and

it is even able to thrive on filter-paper. It is almost insensitive

to the general reaction of the nutrient medium, a high degree of

acidity (10 c.c. of decinormal sulphuric acid per roo c.c. of nutrient

solution) alone being able to arrest development, whilst on the

other hand large quantities of alkali have no important influence.

The species grows vigorously even out of contact with air
;
and it

is only when oxygen is completely excluded that it languishes.

Small quantities of alcohol are formed in both anaerobic and

Fig. 204.—Monilia sitophila.

Aerial hyphae (conidiophores) with bud-

ding yeast conidia. Magn. 220.

(After JVent.)
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aerobic cultures. One remarkable feature is the abundant

formation of esters, which are also produced when protein consti-

tutes the sole foodstuff. Went found this species growing on the

spathes of sugar-canes in Java
;
and Saccardo observed it in

wheaten flour and on dough at Lyons. Morphologically, it

differs considerably from the other fermentation Afonilia, and
resembles the parasitic species {Scle7'otinia fo'ucticjena and Scl.

cinerea) in the structure of the mycelium and the restriction of

conidia to the aerial hyplije. According to Went, the enzymatic

effects are the most important consideration in the technical

utilisation of this fungus
;
the filaments bore through the cell wall

of the ground-nut seeds, and loosen the cells so that they fall

apart under gentle pressure, the proteids in the seeds are pep-

tonised, the oil is decomposed, the small quantity of starch present

is saccharified, and, finally, some slight importance must be

attached to the esterification that is set up.

Alonilia alhicaois (Robin), Zopf (X.), the pathogenic “thrush ”

fungus, which has also been described under the synonyms
Oiclium cdhicans, Robin, and Saccharormjces cdbicans, Reess, coincides

exactly, morphologically, with Alonilia Candida. Possibly, the

gemma-like formations observed by Grawitz might serve as a

distinctive characteristic, as also the very moderate fermentative

power, traces of alcohol being formed only after a very long

time. This fungus is the cause of “ thrush ” on the mucous
membrane of the mouth and throat in very young infants, puppies

and kittens, as well as the corresponding disease in fowls
;
though

it is probably associated with other organisms in these diseases.

In Nature the fungus is of frequent occurrence on dead, rotting

plants, and especially on dung, etc.

Both the fermenting and pathogenic species of Alonilia are

widely distributed, so that the technico-mycological literature

contains numerous reports of forms resembling the species de-

scribed above. Owing to their great morphological similarity,

differentiation is often difficult
;
and owing to the omission of

important morphological and physiological properties from the
descriptions, it is seldom that the fungi described can be clearly

identified with previously known species. On the other hand,
many of the Alonilia have probably been described by difierent

authors as spherical yeasts, film yeasts, mould fungi, &c. The
majority of the forms referred to simply as Alonilia were found
in wine, cheese, Chinese yeast, decaying fruit and concentrated
fatty substances for feeding cattle.

Sachsia albicans, Bay, is the name given to a fungus accidentally

discovered by J. 0. Bay (IV.). On the surface of solid and liquid

nutrient media it develops a snow-white mycelium, from which
numerous cells, resembling those of Alycode^'ina, separate by con-
striction. When submerged, the mycelial buds bear a greater
resemblance to Dematium or Alonilia, and the detached bud cells
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are yeast-like, globular, ellipsoidal or pear-shaped (Fig 205, «, h)

Morphologically, this species coincides more nearly with Monilia,
though the absence of alcoholic fermentation constitutes a
difference that was pointed out by Bay himself.

Sachsia suaveolens, the mould fungus of wine bouquet described
hy P. Lindner (XL.), was discoveered in the fermentation vessels

of a distillery. It

forms a brilliant

white aerial myce-
lium on wort gela-

tin, whilst in wort
it produces large

flakes of threads

that bud abun-
dantly and readily

fall apart into
separate cells (Fig.

205, c, (i),the whole
of the wort being

finally occupied

almost completely

with masses of the

fungus. At high
temperatures fer-

mentation is set up
at the same time, a

very high final at-

tenuation being
eventually at-

Gj j

M \\ „ tained. An agree

-

I \\ i J able odour, resem-

bling that of Mo
selle wine, is pro-

duced during the

fermentation
;
but

the flavour of the

fermented liquid,

which is rather

acid, is too strongly

aromatic to be plea-

sant. This species

ferments glucose, mannose, galactose, lactose, maltose and dextrin,

as well as ratiinose and
/
3-methyl glucoside. Mucinous masses are

formed in some of the sugar solutions
;
and old cultures exhibit

isolated greenish m^^celial filaments, the cells of which contain

large numbers of fatty drops. The faculty of developing a bouquet

is utilised in the preparation of a non-alcoholic beverage, for

which a patent was taken out by Mirsch and Eberhard (I.).

Fig. 205.—Saclisia albicans and Saclisia suaveolens.

budding cells (inagn. 775) ; b, normal mycelium (magn.

325) of Sachsia albicans
; c, mycelial lilaments of

Sachsia suaveolens in the act of budding ; and d, fully

septated (magn. 300). (a and b, after Bay : c aud d,

after Lindner.)
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This fungus closely resembles the Monilia, both in the develop-

ment of the vegetative organs and in respect of its fermentative

capacity.

Chalara mycoderma, a name first applied by Bonorden (I.),

was afterwards bestowed by L. Cienkowski (III.) on a fungus

discovered by him in the films on organic liquids (wine, milk,

fruit juices, sauerkraut liquor, &c.). This species, which was
afterwards discovered and depicted by K. C. IIansen (LIX.), is

mentioned here in connection with the Monilia because the film

it produces on the surface of nutrient liquids is similar to that

of Monilia Candida. The extensively branched mycelium of the

former organism, however, consists of rafter-like aggregations

of elongated buds, from which globular to ellipsoidal conidia

separate by constriction at the points of contact of the cells.

These conidia, which measure about 4-6 jj, are often on short

stalks or sterigmata
;
and they may also be developed on the

individual cells into which the mycelium frequently disintegrates

after the manner of Oidia. Being closely packed with protoplasm

and therefore highly lustrous, these conidia are readily dis-

tinguished from the delicate, and apparently empty, elongated

cells, so that Chalara presents a characteristic appearance under
the microscope.

§ 315.—Oidium lactis and Allied Species.

The widely distributed Oidium lactis, the chief representative

of the whole clan, is classified with the Basidiomycetes by the

systematic mycologist, on account of the peculiar forms of vege-

tative reproductive cells known as Oidia, first observed in their

fullest development in Oidium lactis. Their form, origin, and
importance have already been mentioned on p. 23, vol. ii.

;
and it

should also be stated that the rectangular contour of the conidia

is so marked that it is very difficult to mistake an Oidium cell for

any other kind. So long as the Oidium fruit cannot be satisfac-

torily assigned to the second typical, basidiomycetous fructification,

these Oidium species may be grouped with the fungi imperfecti,

since they are connected with many species of this group by
transition forms. We have also retained the old and characteristic

name, Oidium, because it is well known in all the literature of

fermentation, including the present work, and because, in the
present indefinite systematic position of the genus, it would be
inadvisable to employ the proposed new name, “ Oospora.”

The species of the genus Oidium are characterised by a typical

mycelium, consisting of septated, irregularly branched hyplne,
which disintegrate—mostly at the ends, though sometimes in the
middle as well—‘into short cylindrical cells of nearly rectangular
contour, only the corners being rounded off a little. Budding is

only exceptionally observed with this genus.
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Oidium lactis, Fresenius, a fungus widely distributed in Nature
and in the fermentation industries, is generally known as milk
mould, being almost invariably found on sour milk, and also on
the surface of unclean dairy utensils, cheese, &c. It is of such
regular occurrence in butter that Laser (II.) proposed to utilise

this circumstance as a biological test for that substance. Other
common habitats of the fungus are the surface of packages con-

taining pressed yeast, on pickled gherkins, commercial starch,

green malt, and in breweries, where
it occurs on the sludge-filter bags,

wooden utensils, and storage casks

(as a white effiorescence), also in

waste waters, the dung of domestic

animals, &c.

When viewed by the unassisted

eye, the fungus has the appearance

of a delicate, white down composed
of fine threads, though sometimes it

is mealy and dry—rarely yellow and
mucinous—whereas in artificial cul-

tures on various nutrient media it

always forms a uniform snow-white,

closely matted, furry covering. The
appearance is exactly the same on

nutrient liquids, so that an Oidium
culture can always be identified at

the first glance. Old cultures exhibit

isolated upstanding masses of hyphfe,

resembling Basidiomycetes. Lindner
(XL.) described similar forms, owing
their origin to the fact of the film

.....
,
plectenchyma in giant cultures being

branches; F, a branched thread perfectly gas-tight, and consequently
in course of septation

; VI, dis- forced upward, like bubbles, by the
integration into oidia, the ciiam dioxide liberated during fer-

Magu. 6oo. {After Lindner.) mentation, and being prevented from
escaping at the sides owing to the

colonies adhering firmly to the nutrient medium at the margin.

The mycelium in the fungoid mass, which is often extensive,

consists of septated and very irregularly branched hyphte, the

members of which are comparatively long (Fig. 206). In young
mycelia, especially during the germination of the conidia, the

cells are tubular, septation only occurring later
;
and the conidia

are difficult to distinguish from the short cylindrical cells. The
conidia, which have the typical Oidium form, are developed most
completely when one of the hyplne raises itself above the level of

the substratum and divides into short cells by septation, when
growth at the apex is concluded. The various cells soon become

Fig. 206.—Oidium lactis.
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detached, without becoming rounded to any extent, this separation

being accompanied for the most part—as observed by Lindner

—

by spasmodic movements of the whole thread. In nearly all cases

the separation is so far incomplete that two or more oidia hang

together by a corner, and thus form zigzag chains. A filament

in this state is particularly characteristic, though even when
unbroken the conidial chains present a remarkable appearance

owing to the uniformity of shape and dimensions of the members.
After their detachment .the conidia preserve their rectangular

contour for some time, and become rounded only just before

germinating. When these isolated oidia are mixed with yeast

cells, e.g., those of pressed yeast, they are readily distinguishable

from the latter, both by their shape—the longitudinal walls are

perfectly parallel—and contents, these showing up in strong relief

and being interspersed with numerous vacuoles and granules.

Moreover, the conidia are not merely produced on special hyph^e

—

this, indeed, being the exception—but the central portion of a

hypha may frequently be observed to separate into oidia

—

especially on very moist nutrient media—and not infrequently

the entire mycelium disintegrates into its component cells. This

behaviour brings Oidium lactis and its congeners into close relation

with Monilia. Young mycelia, placed in a little water and allowed

full access to the air, exhibit in a very marked degree the pheno-

menon of cell fusion or “ internal conidiation ” (see p. 6, vol. ii.).

The physiology of Oidium lactis has been already commented
on in several parts of the present work

;
and these remarks may

be briefly summarised here. Although, in comparison with

Monilia, Oidium may be considered as poor in enzymes, it never-

theless possesses a by no means unimportant fei-mentative activity,

which is manifested by a considerable liberation of gas. The
quantity of alcohol thus formed is, however, slight, merely traces

being produced, according to Hansen (LVIIL), in beer wort and
glucose yeast- water, Weidenbaum

(
1 .) giving the amount as

0.6 per cent, in a fortnight, and Brefeld 1.2 per cent, in three

months. Lang and Freudenreicii (I.) found 0.55 per cent, in

ten days, or i per cent, in five weeks
;
the fermentation, according

to these workers, proceeding less vigorously in solutions of

saccharose or maltose than in those of glucose or lactose. No
invertase could be isolated. Lactic acid (see p. 320, vol. i.) is

oxidised by this fungus, the acidity of sour milk being thei’eby

reduced. The presence of proteolytic enzymes is indicated by the
liquefaction of gelatin, which is facilitated by an acid reaction, a

peculiarity regarded by Weidenbaum as a means of differentiation

from Oidium (Monilia) albicans. Lang and Freudenreicii also

state that a strong smell of soft (Limburg) cheese is developed in

peptonised meat broth containing lactose and maltose, and that a
considerable (probably complete) decomposition of casein is eftected

in sterile milk Henneberg’s observation that Oidium lactis is
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injurious to yeast, the cells of which it kills, is probably attri-

butable to this powerful action on proteids. On the other hand,

Oidinm lactis itself ofiers very strong resistance to external in-

fluences. For instance, Lang and Freudenreich report that growth
is not appreciably retarded below 6o° 0 . The statements of

various authors on the influence of temperature, however, differ

considerably, Hansen (LYIII.) giving 37.5° 0 . as the maximum
and 0.5° 0 . as the minimum, whereas, according to Weidenbaum (I.)

the optimum temperature of vegetation is 20° C. According to

Fig. 207.—Oidium liipuli.

rt, Aerial hypha, brauebedaud separating- into

oidia ; b, end of a branch of same ; c, oidia

from the central portion of a wide hyplia ;

rf, isolated oidia beforegermination. Mag n.

of a, 100 ; of b~d, 600. {After Lindner.)

Fig. 208.—Oidium pullulans.

a, budding- yeast-like cells ; 6, bud-

ding- oidial cells ; c, formation of

oidia; d, monilial hypha. Magn.
600. (After Lindner.)

Hansen, the maximum temperature for film formation is 36.5°-

37.5° 0., and the minimum 3° C., which clearly expresses the

character of Oidium lactis as a true film-producer. The species

also seems to oppose considerable resistance to antiseptics, even

a I per cent, solution of corrosive sublimate being insufl[icient in

some cases, whilst i : loco of formaldehyde failed, and 2.5 per

cent, of carbolic acid required thirty seconds to prove fatal.

Though growing well on all nutrient media, the fungus develops

preferably on those with an acid reaction.

Oidium lactis is the representative of a group of species or

varieties, a fact demonstrated by the divergent reports on the

production of alcohol, the influence of temperature, <&c. On the

basis of morphological and physiological diflerences in the appear-

ance of the colonies, in the size and shape of the oidia and in the

power of peptonisation, M. Grimm (I.) set up a number of species,
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whose divergences are most clearly apparent in cultures on
potatoes and casein.

Oidiimi lu'puli^ Matthews and Lott, is occasionally observed,

as a reddish dust, on hops that have been stored damp, the dust

consisting of the conidia of this fungus. In artificial cultures

—

according to Lindner (XLI.)—it forms a quick-growing superficial

mycelium, the richly branched aerial hyphse of which fall apart as

oidia (Fig. 207). They are mostly oval, swelling up to a nearly

globular shape before germinating. The colour is red at first,

afterwards turning yellow.

P. Linder (XL.) also assigns to the genus Oidium a fungus
discovered in samples drawn from the storage casks at the Berlin ex-

perimental breweryand occupying a morphological position between
Oidiumimdi Saccharomyces. This species

—

Oidium pullulans, Lind-

ner (see Fig. 208)—not only exhibits the oidium-like disintegration

of the mycelial filaments, but also budding growths resembling yeast

cells. In some small-drop cultures these yeast cells are formed
exclusively, without any tendency to septation of the hyphse, but
in other cases there is an abundant formation of mycelial threads

with budding cells. On wort it quickly forms a thin film with a

strong ring
;
and on wort gelatin, yellow-brown colonies, resem-

bling those of yeast and with a dull lustre. Lindner did not

succeed in observing any fermentation. The close relationship of

this fungus to Monilia is unmistakable, and it would probably
be advisable to include it in that category.



SECTION XVII.

THE ENZYMES AND ENZYME ACTIONS OF YEAST.

CHAPTER LXIII.

ALCOHOLASE.

By Dr. RUDOLF RAPP,

Chief Pharmacist of the Munich Municipal Hospital.

§ 316.—Historical Introduction.

After the vegetable nature of yeast had been demonstrated by
Cagniard-Latour (II.) and T. Schwann (I.), and the theory of its

fermentative action had been thereby diverted into new channels,

the succeeding decades witnessed the rise of a series of theories

which endeavoured to assign the fermentative property of yeast

to actions that were partly physical, partly chemical, and partly

physiological. The most important of these theories have been
already discussed in vol. i. (pp. 12-23).

The fact that, until recently, Pasteur’s theory on this subject

found the largest number of adherents was due to its being the

most intelligently developed and to the circumstance that the

systematic investigations of that authority first laid the founda-

tions of the chemistry of fermentation. Moreover, Pasteur based

his work on the labours of Schwann, whose disciple he professed

himself—see Delbruck (VI I.)—so that he was not really the

founder of the new epoch.

In the present paragraph we will deal chiefly with the theories

in which fermentation is ascribed to the action of enzymes, to

which class belong the hypotheses of M. Traube, J. Liebig and
Hoppe-Seyler. Traube (I.) wrote: “Yeast acts as a chemical

ferment, which transmits the oxygen present in combination in

one chemical substance to another substance,” that is, it is capable

of acting as a reducing agent on the one hand, and as an oxidising

agent on the other. This view was quickly shared by M. Ber-

THELOT (Y.) and was repeated by Traube (II.) in 1874, after

Brefeld (XIII.)—on the basis of a somewhat doubtful method of

experiment—had come to the not very expressive conclusion that

456
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yeast reproduction and alcoholic fermentation seem to be two

distinct phenomena. As far back as 1839, J. Liebig (I.) classed

fermentation and putrefaction as the results of the transmission of

chemical motion, proceeding from a proteid (“ ferment ”) substance

in a state of incipient decomposition. At a later date (1870)
this worker (H.) expressed the opinion that this chemical ferment

was a nitrogenous and sulphurous body present in the yeast cell

in a state of decomposition and transformation
;
and that the

sugar of the fermenting liquid combined with the proteid sub-

stances in yeast to form a solid protein saccharate, alcohol being

then separated in consequence of the rearrangement of one or

more constituents of the ferment. A similar view was strongly

supported by Hoppe-Seyler (UI.), who wrote : ‘‘Lower organisms

are undoubtedly producers and carriers of ferments just the same
as higher ones. In my opinion, the possibility of the production

of an alcoholic ferment by germinating yeast is established in

principle by the separation of invertase from the yeast cell.”

Although the existence of a fermentative enzyme was assumed
by celebrated scientists, and the possibility of the production of

such a substance by budding beer yeast was brought within the

bounds of probability, for example, by the discovery of Fiechter
(I.) that hydrocyanic acid destroys the vitality and development
of yeast completely, though not necessarily its action as a ferment,

an important difference still existed between the enzymes already

known and that concerned in alcoholic fermentation. The
former were able to perform their functions even when separated

fi’om the living cell, whereas the hypothetical yeast enzyme
could not at first be isolated from the living cell. The question

arose, given such an enzyme in beer yeast, why cannot it be
isolated, and since experience teaches that enzymes act only when
in a dissolved condition, why is the yeast cell alone able to set up
the fermentative action ? This question became particularly

important when Berthelot and Liebig succeeded in isolating

invertase from the yeast cell.

All the attempts made by workers at different times to separate

an alcoholic ferment from the yeast cell proved futile. Thus, the
experiments of Berthelot (V.), for recovering the enzyme from
yeast by maceration, failed. Mitscherlicii (IV.), Helmholtz
(I.), Dumas (V.) and others filtered the yeast liquid, or tried to

separate the yeast from the dissolved constituents by diffusion

through a fine membrane, but in none of these cases was any fer-

mentation set up so long as reinfection with yeast cells was
carefully precluded. Even wort that is in full fermentation soon
ceases to ferment when the yeast cells are removed by filtration

and the access of new yeast cells is prevented. This experiment
was recently repeated by Wroblewski (V.), who employed
sandstone as the filtering medium. A different result was
obtained by Colin (I.) and afterwards by Fleck (II.), but their
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experiments were valueless, not having been conducted under
conditions guaranteeing sterility.

Other workers proposed a different method of separating the

fermentative enzyme from the yeast cell, it being hoped that

fermentation would be excited by the cell contents when liberated

by the disruption of the cell membrane. Experiments on this

line were undertaken by Ludersdorff (I.) and C. Schmidt (at

Dorpat), as also by M. Mana^sein. The first-named triturated

yeast on a ground glass plate by means of a glass pestle.

0. Schmidt (I.) consumed six hours in grinding down i grm. of

yeast, but failed to obtain any fermentation with the product.

M. MANASSkiN (I.) attempted to kill the yeast cells used for the

fermentation experiments by the aid of boiling temperature,

without destroying the enzyme.
The fact revealed by all these communications is that the

existence of an alcoholic enzyme in beer yeast could not be
demonstrated by experiment, but that the presence and repro-

duction of living yeast cells are essential to the inception and
continuance of alcoholic fermentation.

Though this state of things apparently controverted the
hypothesis of the existence of a fermentative enzyme, further
researches and observations contributed to prevent the enzyme
theory from stagnating, the chemists, in particular, strongly
maintaining the existence of an enzyme. The failure to isolate

from yeast an active enzyme capable of decomposing sugar into

alcohol and carbon dioxide was generally ascribed to the cir-

cumstance that the method of treatment pursued probably altered

the composition of the enzyme and rendered it inoperative. Even
if alcoholic fermentation had not yet become an accomplished fact,

there was no justification for assuming that it would not some
day be realised, when a method should be discovered of preparing
this enzyme without impairing its activity.

These opinions on the existence of an alcoholic enzyme
necessarily acquired a more stable foundation when P. Miquel
(VII.), in 1890, succeeded in demonstrating that the fermentation

of urea is effected by the intervention of an enzyme, urase, {see

vol. r, p. 336), separable from the bacteria present, and not by
the vital activity of these bacteria themselves, and when
E. Fischer and P. Lindner (II.) isolated from Monilia Candida

(see p. 445, vol. ii.), by triturating the cells with powdered glass,

a substance capable of decomposing saccharose in a manner
analogous to invertase. The probability of this view was further

heightened when E. Fischer (V.) applied the stereochemical

method to enzyme action and showed the previously assumed
difference between the chemical activity of the living cell and the

action of chemical agencies with regard to molecular asymmetry
to be non-existent

;
additional confirmation being aftbrded in

course of time by the growing number of communications to the

efiect that, under certain conditions, the formation of alcohol.
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either alone or associated with carbon dioxide, could be demon-
strated in the case of higher plants and in fruits in tlie absence of

yeast cells. Under this category may be ranked the publications

of ScnuNCK (I.) and Duclaux, the former of whom found that

alcohol, succinic acid and carbon dioxide occur during the so-called

fermentation of madder—though, as the author himself admitted,

the collaboration of living micro-organisms was not precluded.

The observation of Duclaux (XVIII.) respecting the production

of alcohol in an alkaline sugar solution has been mentioned in

vol. I, p. 25. We may also refer here to the observations of

Will (XXXV.), who desiccated yeast at a low temperature and
detected fermentation phenomena, but not growth, on examining
the samples after nine years’ storage.

Thus, during the prolonged discussion on the nature of

fermentation previous to the year 1896, opinion had gradually

veered round again in favour of the enzyme theory. The
experimental proof, however, that the fermentative agent is

separable from the living cell, and that consequently the decom-
position of sugar into alcohol and caibon dioxide should be

regarded as a purely chemical reaction, must nevertheless rank as

a new and important fact. This proof was afforded in a simple

and precise manner by E. Buchner (II.) towards the close of

1896, in that, by purely mechanical means, after breaking down
and removing the cell membranes and the protoplasmal envelope,

he obtained the cell contents by themselves, in the form of juice

capable of decomposing sugar, and in a practically cell-free

condition. Although this discovery has become of the greatest

theoretical importance and roused considerable attention in the

fermentation industry, it does not seem adapted for direct

technical application, so long as the yeast cell has to be drawn
upon as the source of the enzyme, owing to the roundabout
character of the method. This view was also adopted by
WoRTMANN (XVII I.) in connection with the fermentation of

wine, in which the entire metabolism of the living yeast comes
into play. E. Fischer (VI.) expressed great approbation of the
discovery. The practical application of the method and the
preparation of permanent yeast are described in § 320; and the

method of preparing the yeast juice by crushing and pressing the
cells has found suitable application through the labours of

H. Hahn (H.), Maze (II.), Takauashi (I.), Weinland (I.),

Kohnstamm (I.), CzAPEK (V.), Stoklasa
(
111 .) and his colleagues

CoHNHEiM (I.), Krasnosselsky (II.) and Maximow
(
1 .).

§ 317.—Preparation of Expressed Yeast Juice.

The method of preparing expressed yeast juice was originally

elaborated at the Munich Hygienic Institute, valuable assistance

being afforded by M. Hahn, who recommended the use of kie-

selguhr and the hydraulic press. The operation is divided into
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five stages; (i) Washing the beer yeast; (2) Draining the

washed yeast
; (3) Mixing with quartz sand and kieselguhr

;

(4) Grinding to a pasty mass; (5) Pressing—these two latter

stages being repeated. On account of their importance several

of these stages will now be described in greater detail.

The washing of the brewery yeast was found to be an essential

feature. It is preferably performed in an apparatus designed by
Hagenmuller (I.). Before mixing, the yeast must be well

drained to free it from water, for which purpose it is placed in a

stout, unstiffened cotton cloth {e.g., watertight tent canvas) and
pressed for five minutes under a pressure of 50 atmospheres.

The resulting yeast cakes, containing 70 per cent, of water, are

next mixed with fine quartz sand (passed through a sieve with

200 meshes to the sq. cm.) and kieselguhr or diatomaceous earth,

in the proportion of 1000 grms. of yeast to 1000 grms. of quartz

sand and 200-300 grms. of kieselguhr, the whole being sifted

through a coarse sieve (9 meshes per sq. cm.). The grinding is

effected in small quantities—300-400 grms. at a time—either in

a mill or in a mortar with a loaded pestle provided with a pestle

guide, the operation being continued until a pasty mass is formed,

that ‘‘ balls and becomes detached from the walls of the mortar.

The pasty masses are united, placed in a damp press cloth, of the

type mentioned above, and subjected to a pressure, rising gradually

to 1280 lb. per sq. inch, in a hand-operated hydraulic press. In

order to increase the yield, the press cakes are divided into small

portions and triturated over again in the mortar. At first, water

was added at this stage, but subsequently it was omitted as super-

fluous. The exuding yeast juice is allowed to trickle down on to a

folded filter, and thence into a vessel cooled with ice.

The yield of expressed juice obtained by this method varies

between 450 and 500 c.c., so that after deduction of the cell

membrane about 60 per cent, of the total cell contents is

recovered. Wroblewski (V.) obtained a yield of 72 percent.;

Macfadyen, Morris and Rowland (I.), working with a pressure

of 200-350 atmospheres, obtained 5-87 per cent.; Lange (II.)

—

with 15 per cent, of added water—44 per cent., and Ahrens (I.)

70 per cent. After this treatment the press cakes are not

exhausted, a further quantity of fermentative material being

recoverable by repeated trituration and pressing after a small

addition of water. Indeed, according to Buchner and Rapp (YII.),

these later fractions mostly exhibit a stronger fermentative power

than those fr m the first operation. Will (XX.) also states that

the residual press cakes still contain considerable quantities of

zymase. Presumably the fermentative enzyme is dissolved by a

further addition of water.

When the expressed yeast juice is properly prepared, only a

few unbroken yeast cells can be discovered in it under the micro-

scope
;
but it may be stated at once that these cells are not capable
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of producing the fermentation phenomena exhibited by the

expressed juice. The sediment is also free from micro-organisms

after standing 3-12 days in the ice chest, nothing but a protein

coagulum being discernible under the microscope.

A bacteriological investigation of expressed yeast juice by

Buchner and Rapp (II.), yielded 50-100 bacterial cultures on

meat-water gelatin, and 4 yeast colonies on beer-wort gelatin, per

I c.c. of juice. The press cakes were microscopically examined
by H. Will (XX.), who found :

Empty skins. Bruised cells. Intact cells.

In the first experiment . 55.0 per cent. 28.0 per cent. 17.0 per cent

In the second experiment 15.6 ,, 81.0 ,, 2.7 ,,

In the case of such an important new discovery, it is desirable

to obtain confirmation by other workers
;
and this has been afforded

by the labours of H. Will (XXXV.), M. Delbruck (VII.), J. R.

Green (ii.), and Martin and Chapman (I.). After all these

workers had obtained negative results, the three first-named were
successful on a subsequent occasion, so that only Martin and
Chapman really failed to obtain positive results. On the other

hand, very satisfactory fermentations with expressed yeast juice

were obtained by Wroblewski (I.), Ahrens (I.), A. Staven-
hagen (I.), Macfadyen, Morris and Rowland (I.), and by
Harden and Young (I.). Ahrens wrote :

“ When once we had
acquired the technique of the method, we invariably obtained a

highly efficient juice; and whereas, at first, we could not get any
useful, positive results, we never failed afterwards.”

In addition to the Buchner-Hahn method there are several

others. In the first place, E. Buchner (X.) himself tried to

recover the juice by the aid of liquid air, or by trituration with
solid carbon dioxide, equal quantities of yeast and solid carbon
dioxide being triturated for half an hour, and the liquid drawn off

by aspiration. A yield of 20 per cent, was obtained. Albert (I.)

also obtained a fermentative extract from permanent yeast by
trituration with sand, kieselguhr and with an addition of water
containing 10 per cent, of glycerin, followed by pressing. A
new method of preparing yeast juice was worked out by Mac-
fadyen, Morris and Rowland (L), by subjecting the yeast to a
number of rapid shocks in presence of particles of silver sand in a
special apparatus. By this treatment none of the cells remain
unbroken. The yeast was kept cool with the aid of brine at a
temperature of - 5"’ C A yield of 35 per cent, of juice was
obtained. Martin and Chapman (I.) recovered the juice by
centrifugalising, instead of by pressure.

Other workers endeavoured to obtain extracts rich in protein
or extractives, instead of those with fermentative power, and
attained their end by means of energetic plasmolysis. Thus, C.
J. Lintner (III.) recovered cell juice with salts, M. PIahn and
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L. Geret (I.) with chloroform, Dormeyer (I.) with ether and
chloroform, and J. de Rey-Pailhade (V.) with 22 per cent,

alcohol. In order to recover a yeast preparation similar to meat
extract, E. de Meulemeester (I.) proposed to treat yeast with
gum arabic; H. van Laer (IX.) used 2 per cent, of common salt,

and H. Buchner and M. Gruber (I.) used ether. Yeast extracts

of this kind are met with in commerce under various names :

siris, wuck, ovos, &c. (seep. 168, vol. ii.).

§ 318.—General Properties of Expressed Yeast Juice.

The expressed yeast juice prepared by the method of Buchner
and Hahn is a clear, though opalescent, liquid of a yellow to

brownish yellow colour, and with a strong smell and taste of yeast.

When freshly prepared, it has a faintly acid reaction, though
Ahrens (I.) states that that prepared by him is slightly alkaline,

but quickly turns acid. The fresh juice prepared by Wroblew-
SKi (III.) was also faintly alkaline.

According to this worker (lY.), the juice is optically inactive,

which is rather surprising in view of the protein content.

E. Buchner’s (X.) investigations on this point have not yet led

to any decisive results.

When the yeast juice is treated with strong alkali, mineral

acids or acetic acid, a voluminous precipitate is formed. On
being warmed, coagulation of protein occurs at 35°~4o° 0.

,

becoming much stronger at higher temperatures, so that the

whole mass seemed curdled. This is probably the first time that

a preparation so rich in protein has been obtained from the cells

of budding fungi. By means of partial coagulation, Wroblewski
(III.) was able to differentiate several coagulable proteids. He
points out that the temperature of coagulation (41° C.) of the one

proteid coincides with that at which the fermentative action of

the juice ceases; and that furthermore the proteid coagulating

at 41° C. appears to be digested before any of the others.

According to E. Buchner (X.), the chemical analysis of

different samples of juice gave the following results : sp. gr.

1.027-1.057 ;
content of dry matter 8.5-14.5 per cent., coagulable

protein 5-6 per cent., total nitrogen 0.82-1.45 per cent., organic

phosphorus about 0.228 per cent., organic sulphur about 0.065 per

cent., ash 1.3-1.8 per cent, (seealsop. 192, vol. ii.). The ash con-

stituents are :
potassium, sodium calcium, magnesium, phosphoric

acid, sulphuric acid, chlorine and silica (the latter from the

kieselguhr). Ahrens (I.) found in the ash-free substance, 45.4
per cent, of carbon, 7.5 per cent, of hydrogen and 10.64 cent,

of nitrogen (see also p. 204, vol. ii.). Wroblewski (I. and III.) has

also identified the following substances in expressed yeast juice

;

albumens, globulins, mucinous substances, proteoses, peptones,

nucleoalbumens, compound carbohydrates and a special crystalline
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body that leaves behind, on combustion, a quantity of phos-

phoriferous ash. Other substances present are : tyrosin, leucin,

glutamic acid, nitrogenous bases, xanthin bodies, a substance

capable of changing sulphur to sulphuretted hydrogen and iodine

to hydriodic acid; lecithin, glycerin, calcium phosphate, magnesium
phosphate, peculiar volatile bodies and various others.

As was shown by Buchner and Rapp (V.), expressed yeast

juice can be desiccated without injuring any of its properties.

The best method is to concentrate it to the thickness of syrup

in a Soxhlet vacuum apparatus, after which it can be brought to

complete dryness by exposing it, in thin layers, to the air, at a

temperature of 22° 0 ., or at 34°“35° 0 . In the case of Munich
yeast juice, the fermentative power was unimpaired by this treat-

ment, but, according to E. Buchner (X.), a loss of 18-74 per

cent, in this respect is sustained by Berlin yeast juice.

The most interesting feature of expressed yeast juice is the

enzymes it contains, which include : a fermentative enzyme,

a hydrolytic enzyme (decomposing maltose, saccharose and gly-

cogen), a proteolytic enzyme, an oxidising enzyme, a reducing

enzyme, one that decomposes fats, another that splits up hydrogen

peroxide, and a lab enzyme (see chapters Ixv. and Ixvi.). The
most important is the one under whose influence sugar is decom-
posed into alcohol and carbon dioxide. According to the recent

labours of Buchner and Meisenheimer (n.), lactic acid plays

an important part in the decomposition of sugar, and must
be regarded as an intermediate product. Both these workers and
also Maze (III.) attribute the fission of sugar in alcoholic fermen-

tation—with the intermediate production of lactic acid—to the

action of two different enzymes
;
and they give the name of yeast

zymase to the one that decomposes the sugar into lactic acid,

whilst they propose the name, lactacidase, for the enzyme that

transforms the lactic acid into carbon dioxide and alcohol. The
quantitative determination of the absolute amount of fermentative

enzymes in expressed yeast juice has not yet been carried out.

The only possible means, so far, of obtaining information in this

direction is by comparing the fermentative value of two different

.
juices under identical conditions. All samples of expressed yeast

juice exhibit fermentative power, provided the yeast from which
they were recovered possessed any fermentative enzyme at all or

was able to store up such an enzyme even temporarily. The
fermentative power and fermentative energy, however, differ

considerably, and depend on the race of yeast, and on the con-
ditions (see § 320) under which the yeast was treated for recover-

ing the juice. The amount of carbon dioxide furnished by 20 c.c.

of pressed yeast juice, in presence of 8 grms. of saccharose and
0.2 c.c. of toluene (as antiseptic), at the end of ninety-six hours
at 22° 0 ., is 0.7-1.87 grms. According to E. Buchner (X.),

10.5 c.c. of juice and 3,5 per cent, of a 60 per cent, solution of

VOL. II : PT. 2 2 0
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saccharose furnish up to 30 c.c. of gas, after ninety minutes at
28° 0 ;

that is to say, two and a half times the volume of the

original liquid. Other workers observed greater fluctuations in

the fermentative power. Thus, Wiioblewski
(
111 .) obtained

I 8-10 c.c. ot carbon dioxide from 3.5 c.c. of juice, 14 c.c. of water

and 3.5 c.c. of a 60 per cent, solution of saccharose. The results

obtained by Macfadyen, Morris, and Rowland (I.) with top-

fermentation yeast are so irregular that—as these workers admit
—no clear information is obtainable therefrom. More favourable

results were obtained by Harden and Young
(
1 .) with similar

fermentation yeast. Buchner and Antoni (I.) found that fer-

mentation with expressed yeast juice goes on with equal power
in an atmosphere of oxygen or hydrogen. Expressed juice has

been prepared in Munich from bottom-fermentation yeast by
Buchner and Rapp (I.-YIII.); in Berlin by Buchner, Albert,

Spitta, Meisenheimer and Antoni from the bottom yeast of three

different breweries; by Lange (II.) from pressed yeast; by
R. Green (HI.) from Saccharomyces cerevisice (Hansen); by
Takahashi (I.) from Sak6 yeast

;
by Wroblewski (I., II., lY., Y.)

from commercial yeast and wine yeast, pure cultures of beer

yeast and Okoci distillery yeast
;
by Macfadyen, Morris and

Rowland (I.) and by Harden and Young (I.) from top-fermentation

yeast.

Before proceeding to describe the other peculiarities of ex-

pressed yeast juice, it may be mentioned that, up to the present,

all the observations on the extent to which the fermentative enzyme
are influenced by various factors have been made with the juice

alone and not with the pure enzyme itself. Consequently, the

degree to which the results obtained has been affected, one way
or the other, by the other constituents of the juice, must be left

out of consideration.

Influences of this kind come into play during the storage of

the expressed juice. Buchner and Rapp (I.) observed that the

juice loses its efficiency in proportion to the length of time and
increasing temperature of storage

;
and the same peculiarity was

also noticed by R. Albert and by Macfadyen, Morris and
Rowland (I.). Storage in ice affords the best means of pre- •

serving the fermentative power of the juice. The loss of power
is ascribed by E. Buchner (HI.) to extensive alterations, such

as are set up by the autodigestion of the juice {see chapter Ixvi.)

;

but another cause might be traced to the gradual development
of an acid reaction, Ahrens (I.) having found that, in the course

of a night, the acidity increases from 0.305 per cent, to 0.81 per

cent, (expressed as lactic acid).

Both the digestive action and the production of acid may be

largely prevented by desiccation {see p. 463). As a matter of

fact, the stability of the dried juice is considerable, for, according

to Buchner and Rapp (YI. and YHI.) no appreciable diminution



PROPERTIES OF EXPRESSED YEAST JUICE. 465

of fermentative power can be detected at tlie end of a year
;
and

these results were confirmed by R. Albert (I.). The retention

of fermentative power by sterile permanent yeast will be

mentioned on p. 476.
A similar autofermentation to that occurring in living yeast

(see chapter Ixv.), is also noticed in expressed yeast juice. It is

attributed to the glycogen content of the yeast (see p. 171,

vol. ii.). In conformity with Will’s (XX.) discovery of the low

percentage of glycogen in Munich pressed yeast, the auto-

fermentation in Munich yeast juice is slight, amounting

—

according to Buchner and Rapp (VII.)—to not more than
corresponds to 0.45 grm. of carbon dioxide per 100 c.c. of the

juice. According to E. Buchner (VII.) it is greater in Berlin

yeast juice, and corresponds to 0.40-1. 10 grms. of carbon dioxide

per 100 c.c. of juice. The maximum value—exceeding even the

fermentation in presence of saccharose—was that obtained by
Macfadyen, Morris and Rowland (I.) with juice from top-

fermentation yeast, namely, 65-900 c.c. of gas per 100 c.c. of the

juice; unfortunately, however, the cause of this unusually

extensive autofermentation was not further investigated. The
result is out of harmony with those of E. Buchner (VII.), and is

probably attributable to the presence of living bacteria. In a

subsequent investigation conducted by Harden and Young (I.),

the auto-fermentation, though greater than in Buchner’s experi-

ments, did not exhibit such considerable differences as in those of

Macfadyen, Morris and Rowland.
Divergent results have also been obtained by the various

workers on filtering the juice through a bacterium filter.

Whereas Buchner and Rapp (I.), and also Macfadyen, Morris
and Rowland (I.), observed merely a diminution in the fer-

mentative power of the juice when forced through a Cham-
berland filter— especially in comparing the first and subsequent
fractions—Wroblewski (III.) found that this function of

the juice was entirely destroyed by the treatment in question.

Similar results were obtained by Staveniiagen (I.) after filtering

the juice through a Kitasato filter. This effect is probably
explained by the circumstance that bacteria filters do not permit
the transfusion of proteids to more than a slight extent, if at all

(see vol. i., pp. 99, 100).

Hence the filtration of expressed yeast juice through a very
fine filter may result in a loss of proteids, and, therefore, of the
fermentative enzyme. For this reason it is important to bear
the initial fermentative power of the juice in mind during
experiments of this kind

;
for, since a decrease of this property

must be expected from filtration, the initial power must be very
high if the juice is to exert any fermentative action at all

afterwards. This is the sole explanation of the unfavourable
result obtained by Staveniiagen. It should also be mentioned
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that Buchner and Eapp (I.), by using a Cliamberland fdter,

obtained a yeast juice that was perfectly devoid of cells, but

exhibited active fermentative power despite the entire absence of

germs.

§ 319.—Changes set up in Expressed Yeast Juice by
External Physical or Chemical Influences,o r

by Living Organisms.

The influence of temperature”on alcoholic fermentation with

expressed yeast juice was investigated by E. Buchner (X.), who
found that the fermentative power was maintained longest at

5°“7° 0., but that fermentation commenced soonest at 28°-3o° C.,

the absolute maximum effect being obtained with a temperature
of i2°-i4° 0 . In repeating these experiments, Macfadyen,
Morris and Howland (I) observed that the fermentative

efficiency is increased at higher temperatures
;
but they left the

time factor out of consideration, confining their experiments to a

period of only forty-eight hours.

Desiccated yeast juice, on the other hand, will stand higher

temperatures without loss of fermentative power. Thus,
according to Buchner and Rapp (VI.), yeast juice that has been

dried very carefully may be heated to 85° C. for eight hours

without suffering any considerable loss of power, and even at

97° 0 . the fermentative power is not entirely destroyed. Buchner
(YIII.) states that the precipitate obtained with alcohol and
ether (see p. 471) continues to excite fermentation after being

heated to 105°-! 10° C. for four hours; and the same authority

(V.) says that the permanent yeast (to be described later on) does

not entirely lose its power when heated to 110° C. for six hours

in the air, or to 100° C. for eight hours followed by heating for

ten hours at 110° C. in a current of hydrogen, though it is

destroyed by exposure to 140°-145° 0. for an hour.

On the basis of existing knowledge it might be presumed,

a priori, that the dialysis of the fermentative enzyme through
animal membranes would be difficult, if feasible at all

;
and as a

matter of fact, Buchner and Rapp (II. and lY.) have established

that the enzyme cannot be extracted from the living yeast by
lixiviation, nor can any considerable proportion be obtained by
dialysis through parchment paper. Similar results were obtained

by R Albert (I.) with sterile permanent yeast, no fermentative

enzyme being extractable with the aid of water or sugar solution

unless the cell membranes had been previously destroyed.

According to the newer researches of Harden and Young (HI.)

and Buchner and Antoni (II.) the juice is apparently inoperative

at the end of forty-eight hours after having been dialysed through

Martin’s gelatin filter or in Giirber’s apparatus at 0° C., though

when united with the concentrated dialysate or with scalded press
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juice, it becomes active once again (its power being increased

threefold, or even more).

According to Buchner and Rapp (VI.), centrifugalising the

expressed juice effects no change in its fermentative power, the

various layers of the juice being of equal power before and after

the treatment, provided the temperature has been kept within

normal limits during the operation.

Alcoholic fermentation is an exothermic process, the decom-

position of sugar into alcohol and carbon dioxide being accom-

panied by a greater disengagement than is observed during

the action of other enzymes. This subject has been dealt with

by Fitz (XII.), Berthelot (VII.), Bouffard (II.), Brown (VIII.)

and Burner (III. and IV.). Whereas Brown and Berthelot

merely calculate that the heat liberated in the formation of the

alcohol and carbon dioxide exceeds that requisite for the splitting

up of the dextrose, and give the heat value as 67 and 33 calories

respectively, Fitz, on the other hand, established by direct

experiment that the temperature of an i8 per cent, solution of

sugar increased by 18° C. during fermentation, but that 6° C. of

this increase was due to a positive increment of heat external to

the actual process of fermentation. The same thing was clearly

shown in a primitive experiment by E. Buchner (X.), and
Bouffard determined the heat of fermentation in a litre of grape

must as 23.5 calories. Brown, in repeating this experiment with

malt wort, found the heat of fermentation to be 119.2 cal. per

gramme of maltose, or 21.4 cal. when referred to the gramme-
molecule for comparison with Bouffard’s figures. Finally, Rubner
worked out accurate methods of determination, and recommended,
in the first place, a differential method for estimating the heat of

combustion of a nutrient medium before and after the growth of

germs, and, secondly, a direct method of determining the heat

liberated during the continuance of the vital activity. He
determined the heat of combustion of bottom yeast as 4475
gramme-calories per grm. of dry substance, and that of top yeast

as 4554 gramme-calories. Further experiments with alcoholic

fermentation gave the mean value 149.5 gRAmme-calories (12
tests) as the heat of fermentation per grm. of saccharose.

In all cases the action of the enzyme is dependent, in a high
degree, on the chemical reaction of the test liquid. According to

Buchner and Rapp (I. and II.), the fermentative action of

expressed yeast juice is accelerated by an addition of small quan-
tities of alkalis, such as potassium carbonate, disodium phosphate
and alkali arsenites. Wroblewski (111.) and also Harden and
Young (III.) have expressed themselves in a similar sense, the first-

named attributing considerable importance to phosphates, both
alone and in presence of acids or alkalis. According to the first-

named worker (I.), an addition of 0.05 per cent, of hydrochloric
acid or acetic acid is injurious to the fermentatix'e action (see also
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p. 246, vol. ii.). Nitrous acid has a greater restrictive influence

on cell-juice fermentation than any of its salts. E. Buchner (X.)

found that acetic acid, tartaric acid, and especially lactic acid, had
a less injurious effect, the initial diminution in the liberation of

carbon dioxide disappearing when the experiment was prolonged

for some time. In the case of added lactic acid (0.3 per cent ),

the fermentative power was even higher than in the check
experiments.

With regard to the influence of other salts on yeast juice

fermentation {see p. 245, vol. ii.), E. Buchner and Rapp (III. and
VI 1 1.) ascertained, by means of quantitative experiments, that

I per cent, solutions of sodium chloride and ammonium chloride

retarded the fermentative power to only a small extent, whereas
corresponding solutions of the sulphates of soda, ammonia and
magnesia had a more serious effect, and calcium chloride was
highly injurious, whereas barium chloride of equal strength was
innocuous, and in fact rather favourable. According to Buchner
and Antoni (n.), manganese sulphate, aluminium sulphate,

ferrous sulphate and cobalt sulphate are either inoperative or

only adverse in their effect. Turning to organic substances, urea

and glycocoll increase the fermentative power, but, on the other

hand, antipeptone, hemi-albuminose and protalbuminose are

directly injurious. The phosphates, and especially the secon-

dary phosphates, are pai-ticularly beneficial in yeast-juice fer-

mentation, an addition of 1-4 per cent, having good results.

WiiOBLEWSKi (Y.) finds that the optimum dose of secondary

phosphates is 1.25 per cent. The beneficial effect of these salts

is increased by the presence of acids and alkalis
;
and Wrob-

LEWSKi (Y.) credits these salts with protective properties,

exercised by neutralising the added acids and alkalis, so that the

phosphates guard the living cell from the attacks of acids and
bases. Additional matter on this point is furnished by the newer
researches of Harden and Young (II.), according to whom the

alkali phosphate added to the yeast juice is no longer precipitable

by magnesia mixture after the fermentation is ended—a behaviour

indicating the formation of an organic compound of phosphoric

acid in the juice. From experiments made by Buchner and
Antoni (II.), it appears that the addition of lecithin has con-

siderable influence on zymase fermentation
;
and these authorities

state that the active principle may consist of organic compounds
of phosphoric acid.

Buchner and Rapp (YIII.) report that an extensive liberation

of nitrogen follows the addition of nitrites to expressed yeast

juice. The process is a purely chemical one and originates in the

action of the amino acids and other amino compounds of the

juice on the nitrites. The same observation was reported by

Wroblewski (IY.), who also found that an addition of 0.25 per cent,

of sodium nitrite increased the fermentative activity of yeast juice.
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Although the yeast juice of itself, and particularly in view of

the large proportion of added sugar, is bound to restrict the

development of micro-organisms, it has been considered advisable

to add some antiseptic in carrying on fermentations with the

juice. According to Buchner (X.), corrosive sublimate renders

yeast juice very turbid and destroys the fermentative power
;
and

it is stated by Buchner and Antoni (I.) that the same effect is

produced by even a 0.55 per cent, solution of ammonium fluoride

or sodium fluoride. Sodium azoimide (dose 0.36-0.7 1
per cent.)

diminishes the fermentative power, whereas the converse result

is reported of a 0.5 per cent, solution of quinine sulphate

by Palladin (I.), Gromow and Grigoriew (I.) and also by

Buchner and Antoni (I.).

It is well known that hydrocyanic acid temporarily arrests the

activity of most enzymes completely, the effect passing off when
the volatile acid has been expelled by passing a current of air

through the liquid. This behaviour has also been observed by

Buchner and Rapp (I.) with the enzymes of alcoholic fermenta-

tion. In the earlier experiments of these workers (1-4), in yeast

juice fermentations, extensive use was made of arsenites {see

p. 244, vol. ii.) as antiseptics, but these were afterwards abandoned.

In this connection, Abeles has pointed out that substances entering

into direct combination with the proteids of yeast juice—an
observation previously made by Biernacki (I.)— lose their toxic

properties toward micro-organisms, and that 2 per cent, of sodium
arsenite is incapable of restricting either the growth or the

fermentative power of the cells, a portion of the latter being still

active after the fixation of the arsenite. In consequence of this

observation the use of arsenites was abandoned, more particularly

because of their irregular action on fermentation under certain

conditions. For instance, an addition of 2 per cent, of arsenite

prevented fermentation by yeast juice when the yeast had been

stored, or the juice had been dialysed or diluted, or finally when
dried juice (prepared at 35° 0 .) was used. Buchner and
Rapp (V'll.) attribute this peculiar behaviour to the disappear-

ance or diminution of the high molecular proteids, so that

proteids afford a certain amount of protection against the in-

jurious action of arsenite, the same effect being produced by sugar

when added in considerable quantity with, or directly after, the

arsenite. The addition of 5 per cent, of arsenite completely

arrests the fermentative power of the juice.

The influence of formaldehyde was investigated by Wrob-
LEVVSKI (IV.), who found that an addition of 0.05 per cent,

reduced the fermentative action to a very low level, whereas
Macfadyen, Morris and Rowland (1.) observed a favourable

effect with an addition of 0.0005 per cent. Buchner and
Antoni (I.) found that the fermentative power was reduced to

one-fifth by 0.12 per cent., and to betw^een one-third and three-
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fifths by 0.24 per cent, in the case of active juice. Wrob-
LEWSKi (lY.) also investigated the influence of hydroxylamine
hydrochloride, and found that an additional 0.65 per cent, extin-

guished the fermentative power of the juice.

Other antiseptics that have found extensive use in fermenta-

tion experiments are chloroform, thymol and toluene {see p. 247,
vol. ii.). Now chloroform, though applicable for this purpose,

causes a slight premature separation of proteids. Thymol is better,

but is surpassed by toluene, which latter has also been largely

employed by E. Fischer and P. Lindner (II.). Both of them
possess sufficient antiseptic power. B. Albert (I.) claimed that

higher fermentation values are obtainable in presence of thymol
than with toluene, but the accuracy of the previous statement was
afterwards confirmed by Buchner (VII.). In the experiments of

Macfadyen, Morris and Rowland (I.) on the influence of anti-

septics on yeast juice fermentation, the results were so contradic-

tory in presence of sugar, that the authors admitted the desir-

ability of further experimentation on this point, which task was
afterwards undertaken by Harden and Young (I.).

Glycerin and saccharose in large quantities also restrict

development, living organisms either dying off quickly or at

least losing their reproductive power in strong solutions of

glycerin. Buchner (X.), however, found that fermentation with

yeast juice still continued vigorously, even when the total content

of glycerin or saccharose attained 45 per cent.

The influence of various quantities of sugar on the progress of

yeast-juice fermentation may also be dealt with in this place.

Buchner and Rapp (VII.) found that the quantity of carbon

dioxide liberated by yeast juice attained the maximum in presence

of a large addition of sugar (30-40 per cent.). Conversely, a

small quantity of sugar (5-15 per cent
)
must be selected when the

fermentation is desired to terminate early. Macfadyen, Morris
and Rowland (I.) obtained diametrically opposite results, the

erroneous character of which, however, was pointed out by
Harden and Young (I.).

Finally, alcohol must be mentioned as an antiseptic, and also

as a precipitant. Experiments in this connection with yeast juice

were carried out by Herzog (I.), Wroblewski (IV.) and Buchner
and Antoni (I.). The first and two last-named of these workers

found that the fermentative action of yeast juice on sugar is

diminished as the amount of added alcohol is increased. The
fermentative power of the juice, however, was not finally extin-

guished by j 5 per cent, of alcohol
;
and it would seem as though

the limit of the production of alcohol in cell-less fermentation

were higher than with living yeast cells (see also p. 240, vol. ii.).

According to the researches of Wroblewski the addition of 10

per cent, of alcohol restricts fermentation, whilst 20 per cent,

arrests it completely.
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Alcohol has long been in use as a precipitant for isolating

enzymes. Since, however, prolonged contact with alcohol must be

avoided with the more stable enzymes (e.g., invertase), caution is

all the more necessary in the case of the more sensitive enzyme

of alcoholic fermentation. According to Albert and Buch-

ner (III.), the whole of the fermentative enzyme can be recovered,

without loss, when the expressed yeast juice is treated with at

least twelve times its own volume of absolute alcohol—or preferably

with a mixture of 800 c.c. of absolute alcohol and 400 c.c. of ether

per 100 c.c. of yeast juice—the liquid being aspirated off as rapidly

as possible, and the precipitate washed with ether and dried over

sulphuric acid in a vacuum desiccator. The precipitated fermenta-

tive enzyme is completely soluble in water containing 2.5-20 per

cent, of glycerin. In order to retain the fermentative power of

the precipitate intact, the simplest method is to suspend it in the

solvent. The portion dissolved by the aid of water and glycerin

can be reprecipitated with ether-alcohol, without greatly impair-

ing the efficiency of the preparation. The proteids are, of course,

the chief constituent of the precipitates, so that only an insignifi-

cant proportion of the total weight of the precipitate consists of

fermentative enzyme.
When methyl alcohol is used as precipitant {see p. 242, vol. ii.),

the fermentative power of the precipitate is, strange to say, entirely

destroyed. Ether by itself, as first pointed out by Will (XXXV.),
causes the production of a jelly, which is rich in the fermentative

enzyme. Favourable results have also been obtained with acetone

for precipitating the proteids of yeast juice. At first the present

writer made the mistake of using an insufficient quantity of the

acetone, at least a tenfold volume being requisite for throwing
down the whole of the fermentative enzyme. According to the

later researches of Buchner and Antoni (II.) the precipitates

obtained with smaller quantities of acetone are deficient in the

phosphoric acid compounds essential to successful fermentation,

whilst increasing the quantity of acetone causes an increased pro-

portion of saline matter to be thrown down in the precipitate.

In addition to the foregoing reagents, Buchner (X.) employed
ammonium sulphate and also cholesterin, according to the method
of Briicke, a.s a precipitant of the fermentative enzyme of yeast

juice. In the former case, however, no fermentation could be

observed at all, and merely traces in the latter. Ahrens (I.)

used zinc sulphate and alcohol, and Wroblewski (IV.) ammonium
sulphate, for the same purpose, but neither of them tested the
fermentative power of the precipitates. Wroblewski employed
partial precipitation, and obtained five precipitates with an equal

number of filtrates. In this partial precipitation the proteids

—

which, as already mentioned (p. 462) are coagulated at different

temperatures—are thrown down in an incomplete manner.
Finally, R. Green (III.) also confirmed the fact that the fermen-
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tative enzyme is carried down with the precipitates produced in

yeast juice.

Mention may be made in this place of the investigations
carried out with diluted yeast juice. Wroblewski (V

)
ascertained

that dilution is accompanied by an unexpected extensive weaken-
ing of the fermentative power, whilst Macfadyen, Morris and
Howland (I.) found that the addition of an equal volume of water
noticeably retarded the autofermentation of the juice, and that
double the quantity arrested the liberation of gas almost com-
pletely. Buchner (YII.), however, in repeating these experiments
with greater accuracy, obtained entirely different results, no
perceptible decrease of fermentative power being obtained by
diluting the juice with a fourfold volume of 9 per cent, sugar
solution

;
whilst it was only on dilution with 2-3 volumes of

water that a gradual diminution was noticeable, and even this did
not exceed 20-25 cent, of the total fermentative power.
Buchner (X.), moreover, was able to observe the occurrence of

fermentation, in certain circumstances, even when the juice had
been diluted twenty- fivefold. According to the recent investi-

gations of Harden and YcTung (I.), the dilution of the juice

obtained from top-fermentation yeast has only a very slight

influence on its autofermentation.
The fermentative enzyme sufiers injury through digestive

enzymes. As already mentioned, the fermentative power of yeast

juice diminishes rapidily during storage, a result attributed to the

proteolytic enzymes of the juice (see chap. Ixvi.). Buchner and
Bapp (I.) have shown that when yeast juice is treated with trypsin,

papayotin or pancreatin, it loses its fermentative power more
rapidly than the check samples, either on account of the direct

action of the digestive enzymes, or indirectly in consequence of

the decomposition of the high molecular proteids that protect the

fermentative enzyme.
One of the most essential conditions for the investigation of

cell-less fermentation is, of course, to exclude all action on the

part of living organisms. H. Lange (II.) tried to ascertain how
far the presence of yeast cells in the crude juice aflects the

development of fermentation phenomena, and found that even
when the pi'oportion was ten times greater than the normal, it

was incapable of setting up fermentation with anything approach-

ing the same degree of vigour in concentrated solutions of sugar.

Similar results wei-e obtained, in this connection, by H. Will (XX.).

Buchner and Kapp (I.) made intentional additions of yeast cells

and stale juice contaminated with bacteria
;
but in no case did the

fermentative effect surpass that of the fresh juice. It should also

be mentioned that—according to the experiments of Geret (I.)

and Bapp (II.)—sterile permanent yeast, and therefore also the

fluid contents of yeast, possess certain bactericidal properties.
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§ 320.—Buchner’s Zymase or Alcoholase.

E. Buchner explained the fermentative effect of expr essed yeast

juice as being due to the action of an enzyme, which he proposed

to call zymase. This was the name applied by Bj^^ciiamp (VJII.)

in 1872, for the enzyme we now term invertase
;

whilst other

workers regard the word zymase as synonymous with yeast enzymes

in gerieral. In order to prevent the misunderstandings likely to

arise from this multiplicity of meanings, we will in future refer

to the enzyme of alcoholic fermentation as “ alcoholase.”

At present nothing definite can be stated with regard to the

chemical nature of alcoholase. This enzyme forms a merely

insignificant proportion of expressed yeast juice. According to

Wroblewski (V.), it is colloidal. Certain other facts speak in

favour of its proteid nature, whilst others again indicate a

morphological connection. Since the enzyme has not yet been

isolated in a pure state, we can only deduce its nature from
experiments with yeast juice. The characteristic property is

its ability to split up certain sugars—compare Buchner and
Meisenheimer (II.). In the dried state it appears to be fairly

stable. It is incapable of dialysing through the cell membrane.
Under certain conditions it is not destroyed by heating. It is

sensitive in variable degree toward chemical reagents, acids being

injurious, whereas alkalis in small quantities are beneficial. It

is sensitive toward alcohol, but less so toward alcohol-ether or

acetone.

Besides expressed yeast juice we have another preparation of

yeast suitable for the study of alcoholase and other yeast enzymes,
namely, sterile permanent yeast. Ordinarily, the fermentation
technologist applies the term permanent yeast to yeast prepared

so as to enable it to be despatched to considei'able distances
;
but

the substance we are now considering must not be confounded
with this. Owing to the difficulties in the way of investigators

preparing yeast juice themselves, or obtaining it in large quantities

for the purpose of further research into the nature of alcoholase,

considerable value attaches to a preparation that can be made
by any one without any special appliances, and that is also very
stable. Furthermore, permanent yeast presents many advantages
over yeast juice as a material for the inve.stigation of fermentation
phenomena, inasmuch as the whole of the alcoholase can be
recovered from the prepared yeast by a skilled operator. The
presence of the uninjured cells give rise to difficulty only in

certain investigations, e.g., the extraction of alcoholase
;
and in

such cases the cells must first be opened by trituration with or
without sand.

The basis of the methods of preparing permanent yeast con-
sists in the elimination of water, which is eflected either by
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careful drying or by means of chemical agents, such as alcohol-

ether

—

R. Albert (I.)—or acetone

—

Albert, Buchner, and
Bapp (I.). In the last-named method the operation must not

be regarded as one of plasmolysis, effected by the reagent, but as

an extraction of moisture, the reagent penetrating the cell mem-
brane and the strata of protoplasm, whereby all chemical reactions

are arrested.

The acetonised permanent yeast, prepared from bottom-
fermentation beer yeast, and known in commerce as zymin, is

a white and practically sterile powder, as dry as dust, and con-

taining 5.5 to 6.5 per cent, of water. The fermentative capacity

calculated for 2 grms. of the preparation, disseminated in 10 c.c.

of water, with 4 grms. of saccharose, and 0.2 c.c. of toluene as

antiseptic, fermented for seventy-two hours at about 22° C.,

corresponds to 0.96-1.09 grm. of carbon dioxide. According to

Albert, Buchner and Bapp (I.), the fermentative power amounts
to 0.40-0.49 grm. of carbon dioxide in the first twenty-four

hours, 0.36-4.45 grm. during the second similar period, 0.07-0.17
grm. in the third period and 0-0.02 grm. in the fourth. Gromow
and Grigoriew (I.) found that the addition of fresh zymin to

a sample that has already become enfeebled causes renewed
liberation of carbon dioxide to a greater extent than would be

the case if the two quantities of zymin had been employed
together at the outset. Hence the work of the newly added
zymin is facilitated by the fermentation products of the amount
employed at first. The preparation of acetonised permanent
yeast is protected by patents

;
and the product itself is obtainable

from Anton Schroder, of 45 Landwehrstrasse, Munich. It has

found application for medicinal purposes, and has been used

experimentally for baking by Komers and E. von Haunalter (I.)

and for the detection of sugar in urine by Munzer (I.).

Sterile permanent yeast is suitable for further investigations

on alcoholase. On this account mention may be made in this

place of a series of questions, such as the amount of alcoholase

present in yeast, and the formation, stability, accumulation and
isolation of this enzyme.

Of these, the content and formation of alcoholase in yeast

interest us more particularly. For investigations of this kind,

permanent yeast has proved especially adapted, since it enables

the total content of alcoholase to be ascertained, both previous

to fermentation and at any other stage. Observation has long

since demonstrated that the amount of alcoholase present in

yeast is a factor varying with the physiological condition of the

latter. On this point, Will (XXXV.) expresses himself as follows :

“It is possible that, like the peptonising enzyme, zymase is

present only under certain conditions
;
and it is conceivable that

yeast which has settled down after primary fermentation, filled

with reserve substances and in a certain state of quiescence,
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contains very little zymase, if any.” According to Lange (II.)

the alcoholase content is dependent to some extent on the nitrogen

content (seep. 259, vol. ii.), which latter is stated by IIayduck (V.)

to be a measure of the fermentative power of the yeast. Green
(III.) also found that the formation of alcoholase is an inter-

mittent function
;
and this view is confirmed by tlie results of

the different workers who obtained expressed yeast juice with

little or no fermentative power. The behaviour of yeast that

will no longer excite normal fermentation in beer wort after being

used a certain number of times is also attributable to this cause.

All these facts clearly indicate that the alcoholase content, and
therefore the fermentative power, of yeast necessarily vary with

the age of the yeast and divers other circumstances as well as

with the character of the organism. This is a point that should

be borne in mind in further investigations, the more readily so

because the preparation of acetonised permanent yeast has

afforded us a reliable means of arresting and determining at any
stage all the reactions {)roceeding in the cell.

The alcoholase content of yeast during storage at low tem-

peratures, under ice water, and in the regenerative process, has

been traced in this way. The present is a most appropriate

moment for devoting closer attention to the regenerative process

of Hayduck (YI.). Previous to the time of that worker,

brewers had frequently noticed that yeast after repeated use

gradually ceased to give a satisfactory “ break ” (see p. 187, vol. ii.)

and furnished a less compact sedimental yeast (see p. 231, vol. ii.).

Hayduck (V.), uninfluenced by E. 0 . Hansen’s recent discovery

of the existence of a multiplicity of yeast species, many of them
capable of causing haze in beer, attributed one cause of yeast

degeneration (see p. 268, vol. ii.) to a surfeit of nitrogenous food

(p. 215, vol. ii.), having traced, by analysis, the growing nitrogen

content in the dry residue during the repeated employment of the

yeast in brewing practice. In 1884 he attempted to lessen this

injurious surplus by allowing the yeast to develop in a vigorously

aerated wort at a higher temperature than that of the fermentation
room, though not so high as to check reproduction. Then, stimu-
lated by the favourable results obtained independently by a brewer,
whose name has not transpired, Hayduck (VI.) replaced wort
by a boiled solution of sugar (hopped in order to suppress
bacteria) which, when vigorously aerated, gave a yeast crop
comparatively poorer in nitrogen. In the present more complete
state of knowledge respecting the nature of fermentation dis-

turbances, there is no need to labour the point that this treatment
might occasionally increase the quantity of any pre-existing

disease yeasts in the sample, and certainly could not preclude
that possibility. The method did not find any practical applica-

tion. Nevertheless, it is worthy of mention, since, though as

stated above it might occasionally lead to highly undesirable
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results, and must therefore be regarded as unreliable and defective

in principle, it revealed a noteworthy fact, namely, that the yeast

treated in this way was rendered more efficient as a fermentative

agent than it had been previously. This was confirmed by
R. Albert (II.), by preparing and comparing the effect of

expressed juice from samples of yeast before and after regene-

rative treatment. Additional confirmation was supplied by
E. Buchner and A. Spitta (L), on repeating the experiment,
acetonised permanent yeast being found more advantageous than
yeast juice. Erom these results it seems probable that the stock

of alcoholase in the yeast cells is low during the period when
the “ head ” on the fermenting wort is most abundant, the

alcoholase being apparently destroyed as it is formed, and not

accumulated. After the yeast has been stored at a temperature
of o° 0. the fermentative power is increased by 21 per cent, in

three and a half hours, and 17 per cent, in twenty hours. It

has also been found that yeast stored under ice water for twenty-
four hours does not show any increase or diminution in the

quantity of alcoholase present.

According to E. Buchner (X.), regenerated yeast is not that

which contains a large store of alcoholase, but such as is capable

of producing this enzyme quickly. If the yeast possessed a high

initial fermentative power, one can hardly expect any increase

from regeneration and storage. The product furnished by re-

generation with a 20 per cent, solution of sugar was not par-

ticularly good in comparison with that resulting from the use of

an 8 per cent, solution. The addition of i per cent, of asparagin to

Hayduck’s solution containing no nitrogenous matter led to a

slight diminution in the alcoholase content of the regenerated

yeast, without any subsequent recovery during storage. Accord-

ing to the more recent researches of Lange (III.), however, the

fermentative power of yeast juice can be increased as much as

ninefold if the yeast, before trituration, be immersed in a

solution of saccharose containing asparagin as the chief adjunct.

From this it appears that asparagin favours the production of

alcoholase in the living cell. Further experiments on this point

are highly desirable.

Whereas, in the experiments with yeast juice, the stability of

the alcoholase was found to be very low, the fermentative power
remained practically unimpaired at the end of twelve months in

the case of specially well-dried juice (see p. 465). According to

Albert, Buchner and Rapp (I.) a similar result was obtained

with acetonised permanent yeast, the fermentative power of

which decreased only by 10-19 per cent, at the end of six

months’ storage in tightly stoppered bottles at room temperature.

Possibly the tendency toward loss of germinating power could be

still further prevented by diminishing the content of water.

Buchner (III.) attributes the diminution of fermenting
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power to the action of endotryptase, which is formed in the yeast

cells under certain conditions, but may also disappear again. A
high temperature seems to assist the development and action of

this enzyme. Up to the present it has not been found possible to

separate alcoholase and endotryptase, both enzymes being

apparently acted on equally by favourable or unfavourable in-

fluences, and on this account several points still remain unsolved.

A. Harden (I.) found that serum strengthens the fermentative

power of yeast juice, and observed at the same time a retarding

influence on endotryptase {see also the remarks on quinine

sulphate, p. 469).
The isolation of alcoholase is a highly important question.

When it is remembered that none of the other enzymes has been

completely isolated up to the present, a satisfactory solution of

this problem can hardly he expected in view of the short time that

has elapsed since the discovery of alcoholase. Nevertheless, a

certain degree of progress has been made, especially when it is

remembered that a highly labile substance is in question. In
this connection Ahrens (I.) succeeded in increasing the fermenta-

tive power of yeast juice by freezing out the water. Other
experiments in the same direction relate to precipitation with
alcohol, and more particularly with alcohol-ether or acetone.

Ahrens (I.) cooled the juice down to -2° 0., and obtained by this

means a loose mass of ice, which consisted chiefly of pure water
and was separable from the liquid constituents. By repeating

this treatment a product of increased fermentative power was
obtained, and Meisenheimer (I.), working on the same lines,

found that the increase amounted to about 48 per cent, in the
lowermost (5th) stratum. The precipitation of yeast juice by
alcohol-ether or acetone has been already mentioned on p. 471

;

but this treatment does not effect any concentration of the
alcoholase, the whole of the proteids being thrown down at the
same time. The question whether fractional precipitation would
furnish the desired result was examined by Albert and
Buchner (HI.), who found that while the first precipitation

with a little alcohol throws down the bulk of the proteids, the
enzyme is also deposited, and the second precipitate, with a
larger amount of alcohol, is devoid of fermentative power.
Experiments of this kind suffer from the circumstance that the
precipitates are only very gradually soluble in water

;
and whilst

it is true that solution is facilitated by an addition of glycerin,

the resulting advantage is slight, since all the admixtures present
are thrown down during the reprecipitation, and consequently no
concentration of the enzyme is secured. The same thing happens
when acetone is used as precipitant. A more favourable prospect
was afforded by the experiments of R. Albert (I.), performed
with extracts from sterile permanent yeast. Since this material
still contains the unbruised cells, and therefore the enzyme cannot
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be extracted under such conditions, the cell walls and envelope of

coagulated protoplasm must be broken down before proceeding to

the operation of extracting the enzyme with glj^cerin and water.

Albert (I.) therefore allows 50 grms. of the permanent yeast to

dry along with 100 grms. of quartz sand, and then triturates the

mass with 100 c.c. of water, the liquid portion being afterwards

separated from the solids by means of hydraulic pressure or an
aspirator. Precipitation with alcohol ether furnishes 2-3 grms.
of a yellowish white powder, which differs from the yeast juice

precipitates in being readily soluble, and of being precipitable

again and again without appreciable loss of fermentative power.

With regard to these experiments, all that need be mentioned is

that the use of quartz sand in triturating permanent yeast is not

free from objection, since dry grinding for ten minutes results in

a noticeable diminution of fermentative power. Nevertheless it

is probable that further progress toward the isolation of alcoholase

may be accomplished in this manner, especially if loss of fermen-

tative power be still further prevented by discontinuing the use

of quartz sand, and if alcohol-ether be replaced by mixtures of

acetone and ether or other innocuous precipitants, provided no
very high degree of purity is expected in the resulting preparation.

The proof that the fermentative enzyme cannot be extracted

from sterile permanent yeast, unless the cells have previously

been ruptured by mechanical means, also demonstrates clearly

that fermentation goes on inside the yeast cells, and not externally.

This also follows from the circumstance that alcoholase cannot be

dialysed, and that glycogen is not fermented by beer yeast until

the cell membranes have been broken. Hence, alcoholase is an
endoenzyme.

§ 321,—The Position of Alcoholase with Relation to

the other Enzymes.

Before considering the relative position of alcoholase to the

other enzymes, we will devote some attention to the discussions

that have attended the discovery of this enzyme. So long as the

separation of the fermentative enzyme from the living yeast cells

had not become an accomplished fact, differences of opinion

between scientists were readily conceivable
;
but even after the

result in question had been achieved, an experimental solution

afforded of the highly important problem, and all the errors of

reinvestigation corrected, the doubting spirits began to advance

other objections. At first it was sought to ascribe the fermenta-

tion to micro-organisms still present in the juice: but this objec-

tion fell to the ground when active antiseptics were used in all

cell-juice fermentations, and after Lange had shown (II.) that the

fermentative effect of the juice could not be produced by ten

times the number of yeast cells found in the crude juice. Others
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put forward the opinion that the liberation of carbon dioxide

was due to the fission of the plasma, or other causes. Another

view that soon obtained prominence and found many supporters

was that the fermentation resulted from the insignificant quantity of

living plasma still present in the juice—a conception by no means
novel in connection with enzymes. Kupfer and Voit (I.), soon

after the discovery of cell-less fermentation, expressed the opinion

that the same was probably due to fragments of protoplasm ;
and

Abeles (I.) spoke positively in favour of this hypothesis after

advancing several proofs in favour of the theory. The same view

was shared by Macfadyen, Morris, and Rowland (L), Beijer-

iNCK (XXVII. ), Weiimer (XXXIII.), Behrens (XV^II.), 0. J.

Lintner (VII.), SoxHLET (II.), IwANOWSKi and Obrastzow (I.),

and H. Fischer (I. and II.). On the other hand, Duclaux
(XXI.), R. Green (IV.), Rey-Pailhade (V.), Pfeffer (VII.),

A. Richter (II.), and A. J. J. Vandevelde (II.) supported the

purely enzymatic theory of fermentation.

At present we will only refer to the views of Abeles and of

Macfadyen, Morris, and Rowland. Abeles (T.) says: “The
fermentative power is dependent on the total dissolved, or more
properly speaking suspended, organic mass contained in the yeast

juice.” Albert and Buchner (I.) showed, on the contrary, that

a constituent precipitated from the yeast juice still possesses fer-

mentative power when redissolved. If it be urged, on the other

hand, in support of Abeles’s plasmal theory that yeast reproduction

occurs despite the plasmal poison, Abeles con*ectly points out that

the toxic action on organised ferments depends less on the concen-

tration of the poison than on the quantitative ratio between proto-

plasm and poison. The careful experiments of Buchner and
Rapp (VI.) demonstrated that antiseptics which, like toluene and
choloroform, do not enter into direct chemical combination with
the proteids of yeast juice, will suppress the fermentative action

of even large quantities of living yeast cells, and that the carbon
dioxide liberated in these circumstances is formed entirely by the

amount of stored-up alcoholase left out of consideration by Abeles.

The last-named also stated that young cells in particular effect the
fermentation of sugar solution (as observed by Wiesner thirty

years before) after desiccation and even after exposure to loo 0.

for several hours, the cells also retaining their reproductive
capacity. Buchner in his heating experiments invariably found
that the yeast cells were killed during the process. Macfadyen,
Morris, and Rowland (I.), and also Wroblewski (V.), observed
that twofold dilution of the yeast juice practically arrested the
fermentative power

;
and they consider that this behaviour is so

greatly opposed to that of enzymes under the same conditions as
to constitute a serious objection to the enzyme theory accepted by
Buchner. However—as mentioned on p. 472—this result was
not obtained in the experiments of Buchner (VII.) or in the

VOL. II : PT. 2 2 u
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more recent ones of Harden and Young (I.). Finally, several

physiological reasons may be advanced against the plasmal theory.

For instance, the acceptance of this hypothesis affords no explana-

tion of the circumstance that juice incapable of producing fer-

mentation should occasionally be furnished by exceedingly

vigorous yeast, although the hypothetical particles of plasma are

present in the juice, or of the fact that the fermentative enzyme
can be concentrated as was shown by R. Albert (II. Buchner
and Spitta (I.) and Lange (HI.). In such case we can hardly

assume that an alteration of the whole protoplasm has occurred.

In view of all these facts, and also of the behaviour of yeast

juice in presence of toluene and 40 per cent, sugar solution, after

centrifugalising, treatment in the Ohamberland filter, desiccation,

storage, heating, precipitation, extraction of the precipitate, ex-

traction of killed permanent yeast with glycerine and water, and
the reprecipitation of such solution, Buchner rightly concludes

that no living agent is present in yeast juice. Those holding

an opposite opinion will be obliged to furnish a new definition of

what is meant by “ life ”—a course leading merely to useless

polemics. It is an indubitable fact that yeast juice does not

represent the cell in its entirety, but the cell contents freed from
membrane and other insoluble constituents, that is to say, a

product forming only part of the erstwhile living cells. To
assume that, under certain conditions, the parts that have been

separated from the living cells and are totally incapable of growth
will be able to continue living, is a novel and highly improbable

idea. On the other hand, the hypothesis that these separated,

soluble components of the cell have retained their activity and
are capable of exerting it under certain conditions, accords with

all existing experience and observation, and appears to be correct.

Moreover, it has been demonstrated that the fermentative agent

forms only an insignificant proportion of the soluble cell- substance,

that it is soluble in water
;
and that it can be precipitated from

triturated permanent yeast, redissolved and reprecipitated—pro-

perties that had never been expected of living protoplasm

.

We may now proceed with the comparison between alcoholase

and other enzymes. In the first place it must be remembered
that the properties of all known enzymes vary more or less

considerably, so that it is by no means surprising to find that

the more labile alcoholase exhibits points of difference from
other enzymes, which differences do not justify denial of its

enzymatic nature. Alcoholase exhibits the same properties as

other enzymes, including solubility in water, with or without

glycerine
;

precipitability by alcohol, ether, or acetone
;

the

faculty of being carried down with other precipitated substances,

such as calcium phosphate, precipitated protein, etc., and
finally, susceptibility toward chemical reagents and protoplasmal

poisons. Differences are exhibited to some extent in respect of its



THE POSITION OF ALCOHOLASE. 481

incapability of dialysing, except with difficulty or under certain

conditions
;
in its greater susceptibility to high temperatures

—

though this is less noticeable in the dry state than when in solu-

tion—in which particular it is on a level with urase and the

inverting enzyme of Monilia Candida; and also with regard to the

merely occasional appearance of the enzyme in the living cell—in

which respect, nevertheless, analogies can be found in the vegetable

kingdom. The only important dilierence, however, consists in the

greater amount of heat disengaged by this enzyme, and the slow-

ness of its action. Neumeister (I.) is firmly convinced on this

account, that the question is one of collaboration between various

substances outside the living cell, which substances have re-

tained the powers they originally possessed in the protop)lasm.

The next question that arises is the allocation of alcoholase to

its proper sub-group among the enzymes, and also whether it may
be present as zymogen in the yeast cell. Buchner (X.) proposes

to class alcoholase as the representative of a new sub-group

—

fermentative enzymes—of the large class of enzymes, whilst

Duclaux (XXII.) ranges it with the enzymes of nutrition, and
Wroblewski (Y.) places it in the third group of catalysers, which
are closely allied to the morphotic constituents of protoplasm.

E. Buchner does not assume the presence of zymogen in the
yeast cell, but Wroblewski (Y.), on the other hand, is partly

in favour of the existence of such a body.

The method employed in the preparation of sterile permanent
yeast may also be applied, with advantage, to other ferments. In
this way E. Buchner and J. Meisenheimer (III. and I.) have
investigated the enzymes of fermentation by fission fungi, namely,
lactic and acetic fermentations, as well as by Monilia Candida
and a lactose yeast

;
and the same course was adopted by

F. Kothenbacii and L. Eberlein (I.) with Bacterium Pasteuri-

anum. In all these cases, fermentation, or the production of the
corresponding acid, was obtained by using sterile preparations of

this kind. The same method can also be applied with higher
plants, especially when labile enzymes are in question. An
enzyme similar to alcoholase was found by Stoklasa, Jelinek,
and Yitek (I.), and Stoklasa and Simacek (I.) in sugar beet,

peas, potatoes, flowers, meat, and lung tissue
;

by Marr-
MANN (VIII.) in honey; by Simacek (I.) in pancreas; and by
Arnheim and Rosenbaum

(
1 .) in pancreas, muscle, and liver.

Living yeast is often preferably employed in dealing with
questions of a general nature relating to enzymes

;
and it is

probable that the new preparation, zymin (see p. 474), may be
suitable for these investigations, on account of its excellent keep-
ing properties, ease in weighing, and definite fermentative power.
Indeed, experiments of this kind have already been conducted
with zymin by Palladin (L), Telesnin (I.), Gromow and
Grigoriew (I.), Herzog (III.), and Euler (I.).



CHAPTER LXIV.

THE CHEMISTRY OF ALCOHOLIC FERMENTATION.

By Dr. ARMINIUS BAU,

Chemist to the Kaiserbrauerei, Bremen.

§ 322. The Chemistry and Chief Products of

Alcoholic Fermentation.

As already remarked in the introduction to vol. i,, it must have
been noticed, at a very early date, in connection with the produc-

tion of wine, mead, and other alcoholic beverages from must, diluted

honey, and similar raw materials, that the original sweet flavour

disappeai-ed, a frothy head being formed and a gas disengaged
;

and that the eflect of the fermented liquor on the human organism
was quite difterent from that of the fresh grape juice or sweet

solutions of other substances employed. In spite of this, how-
ever, the changes occurring during fermentation long remained in

obscurity ; and the first researches in this direction were devoted

to the origin of the alcohol, rather than to the remarkable forma-

tion of the frothy head or the liberation of the pungent-smelling

gas. When the Alexandrian scliool had improved the originally

primitive apparatus of distillation, experiments were made in dis-

tilling wine, and a product was obtained exhibiting the intoxicating

properties of that beverage in an intensified degree. The discovery

and preparation of alcohol resulted from the invention and elabo-

ration of methods of distillation. A description of these latter

can be found in the commentary on the works of Democritus

—

who was presumably one of the earliest alchemists of whom we
have any knowledge— published by Synesios, who studied in

Alexandria at the beginning of the fifth century. It is known
that wine was distilled as long ago as the eighth century of our

era, spirit of wine having been referred to in the writings of the

alchemist Geber. It is also probable that early attempts were

made to concentrate and rectify the aqueous distillate from wine by
redistillation; and the Spaniard, Raymundus Lullus (1235-13 15),

found that this result could be effected by treating the distillate

with caustic potash, followed by redistillation. About the year

1413, Basilius Valentinus wrote a clearer description of the

inetiiod for obtaining a more highly concentrated product
;
but

482
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it was not until 1796 that the Russian chemist, Tobias Lowitz,

succeeded in preparing anhydrous alcohol by combining the

use of hygroscopic agents with fractional distillation.

On account of its origin, alcohol—which name is derived from

the Arabic—was known as spiritus vini (spirit of wine) or spiritus

vitis (grape spirit). The scientific name of this fermentation

product is ethyl alcohol, or, according to the newer terminology,

methyl carbinol. The chemical formula is CHg-CH^.OH, the

methyl group OH3 being saturated with the carbinol CH^ (OH),
or, as regarded from another point of view, the ethyl group
CgHg with the hydroxyl (OH). Ethyl alcohol is generally termed
alcohol, for short, so that when this latter name is encountered in

the literature, ethyl alcohol is always implied. In all other

cases, the special nature of the alcohol is indicated by a prefix,

e.g., methyl, propyl, butyl, &c.

The manner in which alcohol is formed remained unknown
until J. J. Becher, in 1669, expressed the opinion th.at saccharine

liquids alone are capable of fermentation. The nature of the gas

liberated during the process also remained unknown for a long

time. It is true that B. van Helmont (1577-1644), who was a

chemist as well as a physician, again pointed to the fact that

a liberation of “ gas ” occurs during alcoholic fermentation.

Nevertheless we are unable to gather from his work, Ortus medi-
cince vel opera et opuscida omnia (first printed in 1648) whether
he was really aware of the nature of the gas in question

;
and it

was left for MacBride, in 1764, to correlate the gas of fer-

mentation with the gas carbonum, or gas sylvestre as van
Helmont called it, and to establish its identity with carbon
dioxide (COg).

With regard to the quantitative yield of the main products of

fermentation, Cavendish found the amount of carbon dioxide

formed equal to 27 per cent, of the sugar decomposed. Lavoisier
(II.) then attempted to determine the quantitative yield of both
products, and obtained from i cwt. of sugar 35 lb. 5 oz. 4 dr. 19 grs.

of carbon dioxide and 571b. ii oz. 14 dr. 19 grs. of anhydrous
alcohol, 4 lb. I oz. 4 dr. 3 gr. of sugar remaining undecomposed.
Expressed in percentages these results gave 36.8 per cent, of

carbon dioxide and 60.1 per cent, of alcohol. The fact that these
values difier from those obtained at a later date is not surprising,

because, on the one hand, analytical methods were not so well
developed then as they are now, and, on the other hand, errors in
the recovery of the decomposition products were induced by the
enormous weight (i cwt.) of sugar used. It may also be men-
tioned that Dubrunfaut (IV.), about fifty years later, employed
2559 kilos, of sugar in a single fermentation experiment. Under
such conditions it required the genius of a Lavoisier, a Cay-
Lussac, or a Dubrunfaut to obtain values in any way approaching
the truth.
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On the basis of his experiments, Gay-Lussac (II.) established

the equation of fermentation as

:

Ci2Tr,,Oi2 = 402^^0 + 2CO.2

Saccharose. Alcohol. Carbon dioxide.

(The formula) have been rearranged in accordance with the atomic

weights now accepted.) He, however, committed the error of

giving an inaccurate composition of the sugar
;
but this was cor-

rected by Dumas and Boullay (I.), who showed that Gay-Lussac’s

equation was true solely for glucose CgHj20g= 2C2HgO 4- 200^. As
will be set forth more fully on p. 511, saccharose cannot be fei-

mented until it has taken up a molecule of water. The products

of the equation given above would necessarily amount to 48.89 per

cent, of carbon dioxide and 51.11 per cent, of alcohol. Dubrux-
FAUT (lY.) obtained in his experiment 45.17 per cent, of carbon
dioxide and 46.15 per cent, of alcohol, and demonstrated that the

theoretical yield of both products was unattainable.

Pasteur (XXXI.) prepared the way for more precise investi-

gation by showing the constant appearance of by-products in

alcoholic fermentation, whilst a portion of the sugar is consumed
in building up the cell-substance. Elion (Y.) proved that yeast

assimilates sugar during fermentation, which sugar is not trans-

formed into fermentation products. According to Wortmann
(XX.) again, about 5 per cent, of the sugar present is consumed
by the yeast, for the elaboration of its own substance and not for

fermentation. This latter term, strictly speaking, is confined to

the process of decomposition that attacks about 95 per cent, of

the sugar; and therefore the full amount of the sugar cannot, in

any case, undergo decomposition into alcohol and carbon dioxide.

It would occupy too much space and weary the reader to

recount all the various attempts made to determine quantitatively

the main products of fermentation, and we will, therefore, mention
only those giving the highest results. Thus, Pasteur (XXXI.)
obtained 46.4 per cent, of carbon dioxide, Jodlbauer (I.) 46.54 per

cent., and Kosutany (I.) 47.5 per cent.; whilst with regard to

alchohol Pasteur obtained 48.3 per cent., Jodlbauer 48.67 per

cent., and Kosutany 47.5-48.08 per cent. Hence, in the most
favourable instances, the proportion of the theoretical yield

amounted to 95.2 per cent, in respect of both alcohol and carbon

dioxide
;
so that, for the bulk of the sugar decomposed during

alcoholic fermentation, the equation

CgHi20g = 2CO2 -t 2C2HgO

— which was not directly challenged by Pasteur (XXXI.) —
still holds good.

\Ye will also consider the case of cell-less fermentation (see

p. 464, vol. ii.). Buchner and Rapp (IX.), working with 26 grms.

of saccharose, obtained 12.2 grms. of carbon dioxide and 12.4 grms.
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of alcohol, figures corresponding to 46.9 per cent, and 47.6 per

cent, respectively. In a second experiment, however, these

workers (2) obtained 50.4 per cent, of alcohol
;
but these figures

should not be compared with those given above, the latter having

been obtained with grape sugar (glucose, see p. 513), which
furnished, theoretically, 48.89 per cent, of carbon dioxide and

5 1. 1 1
per cent, of alcohol, whereas not more than 51.45 per cent,

and 53.62 per cent, respectively can be formed from saccharose.

In order to obtain the above-mentioned yields highly favourable

working conditions are essential
;
but it is immaterial whether the

whole of the sugar is fermented or a portion remains behind,

provided the weight of sugar actually fermented be ascertained and
referred to the alcohol and carbon dioxide recovered. Jodlbauer(I).

points out that, with increasing age, yeast undergoes some modifi-

cation, inasmuch as the quantity of carbon dioxide produced from
the fully fermented sugar diminishes progressively. This is true

of pure yeast as well as of ordinary yeast. Jodlbauer obtained

49.02, 48.97, and 49.17 per cent, of carbon dioxide from saccharose,

when using fresh yeast, but only 47.67, 47.44, and 46.98 per cent,

with the same yeast grown old. If, on the other hand, instead

of interrupting the fermentation directly after the sugar has

completely disappeared, the carbon dioxide determination be
carried further, a surplus of carbon dioxide, formed by the auto-

fermentation {see § 334) of the yeast, is often obtained.

The ratio of alcohol to carbon dioxide produced is therefore

approximately 1:1; and in zymase fermentation—according to

Buchner and Hahn (I.)—it varies between i ; 0.90 and i : i.oi.

However, if the ratio be examined during the various stages of

fermentation, it appears—according to Lindet and Marsais (I.)

—

that the proportion of carbon dioxide to alcohol is lower at the
beginning of the process than it is toward the end. These
workers obtained the following relative values of alcohol : carbon
dioxide at the start :

and
I :o.93, I :o.79, i :o. 89 ,

i :o.9i, and i :o. 79 ,

I : I. or, I : i.oo, i : 1.09, t : 1.03, and i : 1.02

at the end. The results were unaffected by the fermentation
temperature or by the presence or absence of acid in the wort.
The amount of yeast produced per i grm. of alcohol was found
by Lindet and Marsais to range from 0.048 grm. in the initial stage
of fermentation to 0.0002 grm. at the end.

The simplest way of expressing the chemical reaction of
fermentation is by the equation already given, viz.:

6^6Hi2f^6 — 2CO2 + 2C2HQO.

Of course the decomposition of the sugar is not effected in this
elementary manner. As far back as 1858, Traube (I.) expressed
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the opinion that the changes suffered by organic substances

through the action of ferments—fermentation—are nearly always
effected with the active collaboration of water. Similarly, Hoppe-
Seyler (VII.) wrote :

“ All fermentative processes go on in an
undisturbed manner only when the solutions are in a sufficiently

diluted state; and the chemical collaboration of water seems to

be essential in all cases.” Hence, the equation of alcoholic

fermentation should be expressed as :

CgHigOg + 2H2O = 2H.2CO3 + 2C2HgO,

carbonic acid being formed in addition to alcohol.

A slight divergence may be permitted here. The substance

generally called “ carbonic acid ” is really carbon dioxide or

carbonic anhydride, CO^, the acid properly so-called having the

formula H^COg. This latter readily decomposes into carbon

dioxide and water, in accordance with the equation H^COg =
HgO -f OgO, so that it is merely a temporary intermediate product.

According to A. Baeyer (I.) alcoholic fermentation proceeds in

two stages. In the first of these, the hydroxyl groups of the

sugar undergo displacement, accompanied by reduction of the one

series of carbohydrate groups and an accumulation of oxygen in

the other, the carbon chain then being subjected to fission where
the oxygen has accumulated. This results in the formation of either

the extreme anhydride of ethyl-carbonic acid or that of lactic

acid—corresponding to alcoholic fermentation on the one hand
and lactic fermentation on the other. Other workers, e.g.,

Wagner (II), Rayman and Kruis (I-). also look upon the

alternate hydration and dehydration of the carbon atom as

probable, without, however, going more fully into the elucidation

of the fermentation process.

a
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Nencki (V.) is also of opinion that the absorption of water

into the sugar molecule is essential to alcoholic fermentation, and

gives an exhaustive description of the transformation of the sugar

into lactic acid. We must follow his train of thought, since

Buchner also has brought out a similar hypothesis with regard

to alcoholic fermentation. The sugar molecule a {see Formula I.)

takes up one molecule of water and decomposes into dioxy propionic

aldehyde h, and an intermediate product c, which parts with water

and is also transformed into dioxypropionic aldehyde d. This

latter reacts with water (Formula IJ.) and forms lactic aldehyde

and hydrogen peroxide, which decomposes into water and nascent

oxygen, the latter then oxidising the lactic aldehyde to lactic acid

(Formula III.). Lactic acid, however, contains the elements of

the chief products of fermentation, namely, alcohol and carbon

dioxide

:

COOK CO.2

I

CIIOH = +CH2OH
I I

CID CH3

Buchner and Meiseniieimer (IY.) detected acetic acid and
lactic acid in their cell-less fermentation experiments {see p. 475,
vol, ii.). The amount of this last-named acid was determined in

the fresh yeast juice, the experiment being repeated after leaving

the juice to stand four days with and without an addition of

sugar. In two experiments without added sugar, the original

liictic acid in the yeast juice was found to have disappeared, whilst

with added sugar it remained, and in one case increased by 100

per cent. Of course no bacteria were present in the yeast juice.

On adding 1.5 grm. of lactic acid to 500 c.c. of yeast juice and
leaving for a day, the whole of the acid disappeared

;
but in other

experiments no diminution of the added acid occurred. Subse-

quently, however, in three sets of experiments the formation of

lactic acid was observed—whether an addition of this acid had
been given or not—the amount varying, however, in inverse ratio

to the quantity of acid added, owing to the adverse influence of

the latter. The varying behaviour of the yeast juice samples is

probably due to the character of the yeast, the tendency of the
juice to produce lactic acid increasing with the age of the yeast

from which it has been obtained. In cases, however, where the

formation of lactic acid could be observed in the absence of added
sugar, the result is obtained at the cost of the glycogen present
in the yeast {see p. 172, vol. ii.). The chief result of this experi-

ment is that lactic acid plays an important part in the decom-
position of sugar, and probably occurs, as an intermediate product,

in alcoholic fermentation. This phenomenon may be expressed
graphically by the aid of Formula IV. The sugar molecule a
(glucose) takes up four molecules of water—set down here as
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hydroxyl groups and hydrogen atoms—and at once parts with five
molecules of water, so tliat a temporary intermediate pi‘oduct,
a dioxy-y-ketone acid, is formed. This latter combines with one
molecule of water (see Formula Y.) and decomposes into two
molecules of lactic acid. That, from the theoretical point of view,
this acid may be legarded as the source of the carbon dioxide and
alcohol has already been mentioned on p. 487, vol. ii.

Formula IV.
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The researches of Gruss (I.) led him to conclude that the
reducing agent he discovered in yeast (see chap. Ixvi.) should
be regarded as hydrogenase. This would first split up the sugar
molecule into carbon dioxide and hydrogen, the latter then
causing a separation of alcohol and water from a second and
third molecule of sugar, as expressed in the following typical

equations

:

CPI20H + H.,0 > CO2 + 5H
4(CH0H + H2O) > 4(C02 + 4H) = 4CO0 + 8H0
COH + H2O > CO2 + 3H

2CH0OH + Hp
2

(4CH 0 H) + 8FF2
> C2H5OH + HoO
> 402!^ ,OH + 4M2O

2COH + 3H., C0H5OH + HoO



CHEMISTRY AND CHIEF PRODUCTS. 489

According to Griiss, there is a still simpler explanation of

alcoholic fermentation expressed by the following formula:

C\U^ lliO

i
cji II 0

1
c ir i liijO

i CII II 0

1
c 11 HiO
CO iHi

> 2C0H5OII + 2CO.,.

This view is not open to discussion, since it coincides with the

old equation CgIIj20g = 2C2H5OH + 2CO2, which does not afford the

slightest insight into the mechanism of fermentation. The otherO O
explanation put forward by Griiss presupposes the collaboration

of three molecules of sugar, and is therefore more complex than

the hypotheses previously mentioned. A valuable support would
naturally be afforded to these latter if one could isolate the inter-

mediate product between sugar and lactic acid, ?.e., Nencki’s

dioxypropionic aldehyde or Buchner’s dioxy-y-ketonic acid.

The remarkable property of yeast juice which brings about the

disappearance of lactic acid at one time and its production at

another, may be explained by the assumption of two different

enzymes, one capable of decomposing sugar into lactic acid and the

other transforming this acid into alcohol and carbon dioxide. With
both enzymes in excess or continually replenished, only the final

products of the reaction will be recoverable. This is the case in

fermentation with living yeast, with which there is also the pos-

sibility of the intermediate products disappearing in consequence
of the phenomena of nutrition. The first enzyme, namely, that

decomposing the sugar into lactic acid, has been named zymase, or

more precisely yeast zymase, by Buchner and Meisenheimer (II.),

whilst they apply the name lactacidase to the second enzyme, by
which the lactic acid is transformed into alcohol and carbon dioxide.

These workers have abandoned the idea that a dioxy-y-ketonic acid

is formed as an intermediate product between sugar and lactic

acid
;
though as stated by A. Wohl and Nef, methylglyoxal may

possibly be formed as a product of this kind. This is in harmony
with the circumstance that inactive acid alone is invariably formed
in the fermentation of saccharose and glucose, as might be expected
with methylglyoxal (CH3-CO-CHO) as the regular transition

product.

The question now arises whether similar transpositions can be
effected by purely chemical means, without the intervention of

enzymes; and a positive result would render Buchner’s hypothesis
more feasible. Duclaux’s (II.) observation that alcohol and
carbon dioxide are formed in a solution of glucose treated with
caustic potash (see p. 459, vol. ii.), has been confirmed by Buchner
and Meisenheimer (I.), who obtained 2 per cent, of alcohol from
sugar treated in this way. When caustic potash is replaced by
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baryta water or lime water, the carbohydrate yields 50 per cent,

of lactic acid, without any production of alcohol, so that the decom-
position of lactic acid into alcohol requires the action of the more
powerful alkali. If potassium lactate be electrolysed by the
Kolbe (I.) method, carbon dioxide and aldehyde are formed

;
and,

according to Dossios (I.), carbon dioxide and acetic acid are

produced when lactic acid is warmed with diluted chromic acid.

Now, aldehyde and acetic acid are the simplest of derivatives from
alcohol, so that a purely chemical proof is afforded of the presence

of the atomic aggregations, carbon dioxide and alcohol, in lactic

acid. According to Duclaux, calcium lactate in aqueous solution

is decomposed in sunlight and air directly to alcohol, calcium

carbonate and calcium acetate
;
and Hanriot states that the same

salt furnishes large quantities of alcohol and acetone when heated

with caustic lime. Maze found that AUescheria (Enrotiopsis)

Gayoni (see pp. 348 and 368, vol. ii.), also produces alcohol when
grown in a nutrient solution containing lactic acid.

§ 323. The Non-volatile By-products of Alcoholic Fer-

mentation, Glycerine, Isobutyleneglycol, Succinic

Acid, Oxalic Acid, Lactic Acid.

In considering the main products of alcoholic fermentation in

the preceding paragraph, it was stated that only about 95 per cent,

of the total weight of the sugar is converted into alcohol and carbon

dioxide.

Lavoisier (II.) had already observed the occurrence, in his

fermentation experiments, of an organic acid, which he assumed
to be acetic acid, corresponding to 2.63 per cent, of the fermented
sugar. Pasteur (XXXI.), however, was the first to emphasise
the fact that alcoholic fermentation always results in by-

products, the formation of which involves the consumption of

about 5-6.5 per cent, of the sugar. In 1857 he named succinic

acid—previously discovered by 0 . Schmidt (II.)—as one of these

by-products, and in 1858 discovered glycerine, together with fat,

cellulose and other (unnamed) substances. Following up the

idea that these substances originated in the sugar, he established

the following equation for the decomposition of this latter :

49C6H1.3O6 + 3oH2
<^ = 12C4H6O4 + 72C3H8O3 + 30CO2.

Glucose. Succinic acid. Glycerine.

From 100 parts, by weight, of sugar subjected to fermentation,

Pasteur obtained 3.607-3.64 parts of glycerine, 0.673-0.76 parts of

succinic acid, and 1.2- 1.3 parts of other substances.

With regard to glycerine, it had already been found by
Roussingault (II.) that no definite relation exists between this

and the sugar consumed
;
and also that yeast itself furnishes
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glycerine when digested with water at 4o°-4i°0., 30 grs. of yeast

yielding 0.19-0.335 grm., or 2.5-2.87 per cent, when referred to

the weight of the sugar. The production of glycerine is inci'eased

when the fermentation is accelerated by working under reduced

pressure, with an augmented quantity of yeast and at a higher

temperature. Both Moritz (II.) and also Tiiylmann and IIilger

(I.) found the production of glycerine diminished by retarded

fermentation and lower temperature, as well as at temperatures

exceeding 35° C. accompanied by the first-named condition,

whereas, on the other hand, it is increased on the yeast being

provided with added nutriment, on accelerated fermentation, and
by using more highly concentrated solutions of sugar. In Moritz’s

experiments the ratio between the alcohol and glycerine produced

ranged from 100 : 9.3 to 100: 13.8, and in those of Tiiylmann and
IIilger, 100 : 1.638 to 100 : 11.78, i.e., between very wide limits.

Moritz (II.) reports that, according to Mliller-Thurgau, the

amount of glycerine produced is determined by the greater or

smaller vital energy of the yeast, and is in direct relation there-

with, the fluctuations in the alcohol -glycerine ratio being thus

explained. The absence of a definite relation between the sugar

consumed and the glycerine produced was also mentioned by
Straub (I.), whose results agreed in other respects with those

of KuLiscn (IV.) and of Tiiylmann and Hilger. The amount of

glycerine does not increase proportionally with the alcohol content;

it is increased by supplying the yeast with an abundance of food,

especially such as contain nitrogenous substances.

After MUller-Thurgau, in 1884, had expressed the opinion

that glycerine is a metabolic product of yeast and not one of fer-

mentation, the following result was obtained by Wortmann (XX.)
from the examination of 41 samples of must, fermented with pure
yeast : namely, that the normal ratio of alcohol to glycerine varies

between 100 ; 7 and 100 : 14. Pure yeasts furnis ha lower average
yield of glycerine. The alcohol-glycerine ratio is not a criterion of

the quality of the wine. The quantity of glycerine produced is

not proportionate to the number of active yeast cells present, but
is largely dependent on the specific glycerine-forming cajiacity of

the race of yeast, as well as on the composition of the must. The
production of glycerine is not influenced by the ash content of the
must, or the quantity of yeast

;
and there is no mutual relation

at all between the various fermentation and metabolic products.
At a later date, Wortmann (VII.) expressed himself still more
strongly on this point. The amount of any nutrient substance
present in must or taken up by the yeast forms no measure of the
quantity of any metabolic product obtained. The formation of

alcohol and carbon dioxide proceeds quite independently of the
formation of glycerine.

Laborde (VII.) also regards the amount of glycerine produced
as a characteristic racial feature of the various yeasts, having
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obtained 2.5-7.75 per cent, of glycerine (mean 3 per cent.) per

100 grms. of sugar, from one and the same wine must. The pro-

duction of glycerine is in inverse ratio to the activity of the yeast,

and increases more particularly when nitrogenous foodstuffs to

which the yeast has not been habituated—such as Liebig’s meat
extract, yeast water, &c.—are added to the must. An increase is

also observed at higher fermentation temperatures, with stronger
sugar solutions, and when the medium is strongly acidified with
tartaric acid. On the other hand, a diminution is observed when
artificial nutrient solutions are used, as well as in sugar solutions

to which alcohol has been added previous to fermentation. To
some extent the production of glycerine by a given yeast will vary
according to the kind of sugar present, 3.15 grms., for instance,

being obtained from galactose and inverted milk sugar, as com-
pared with 2.45 grms. from glucose, fructose, saccharose, and maltose
under identical conditions. A lactose yeast produced 1.75 grms.
of glycerine per 100 grms. of sugar in a solution of lactose, but

3.16 grms. in the case of inverted lactose.

At the commencement of fermentation the formation of

glycerine is smaller than toward the end, Effront (XI.), for

instance, obtaining at the end of

24 48 72 and 94 hours

0-15 0-35 040 ^iid 0.91 per cent, of glycerine.

According to this same worker (XII.), yeast that has been

habituated to preservatives {see vol. i, p. 251) will also produce
glycerine, the capacity, however, diminishing progressively as the

habituation proceeds, so that, eventually, it is possible to obtain

fermentations that run their course in accordance with the

theoretical equation, no by-products being formed.

A very large number of experiments have been devoted to

determining the ratio between alcohol and glycerine in wine
;
and

a few of the figures may be reproduced here. For example,

according to Borntrager (XIII.), the ratio in question is 100:

6.0
;
Retkow (I) gives it as 100:5.6-12.8 in white wine and

100:7.0-11.83 in red wine; and Windisch (II.) 100:6.1-10.2.

The fluctuation of the values obtained by accurate experiment

with reliable wines makes it impossible to place any legal

restrictions on the amount of glycerine, and such a measure

would only open the door to chicanery.

As regards the formation of glycerine in beer, Borgmann (I.)

fermented samples of one and the same wort with two different

pure cultures of yeast, and found the beers to contain 0.109

0.137 per cent., respectively, of glycerine, the ratio of alcohol to

glycerine being therefore 100:2.63 and 100:3.24. In beers

prepared without pure-culture yeasts, the ratio was 100:4.14 to

100:5.497. Amthor (IY.) also fermented beer worts with

pure cultures of eight different races of yeast, and found the
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percentage of glycerine remarkably low, being only 0.1113 per

cent., as compared with an average of 0.144 in beer from Elsass,

and 0.1266 per cent, in Bavarian beer. The minimum ratio of

alcohol to glycerine was 100 : 1.65, the maximum being 100 : 4.3,

and the mean 10 : 2.38.

Following the example of Pasteur (XXXI.), most w( rkers

regarded sugar as the source of glycerine during fermentation.

Udransky (I.), however, who took yeast that was free from sugar

and contained originally 0.053 per cent, of glycerine, and digested

it with alcohol, found that, without any autodigestion having

occurred in the yeast, the glycerine content increased by 116-285
per cent, of the original quantity— and even by 355.2 per cent,

at the end of 13 months—though no sugar had been added.

Lecithin is probably the antecedent from which the glycerine is

formed, since, under certain conditions, that substance—which
was also found in yeast by Hoppe-Seyler (VII.) [see p. 174,
vol. ii.)—decomposes into fatty acids, cholin and glycerophosphoric

acid, the latter being readily split up into phosphoric acid and
glycerine. Duclaux (XXVI.) believes in the existence of special

enzymes that furnish glycerine and succinic acid, pure zymase
(alcoholase) probably decomposing sugar completely into carbon
dioxide and alcohol. Buchner and Rapp (XI.) nevertheless

consider that, from the chemical point of view, this decomposition
of sugar is a far more complex process than the inversion of sugar,

for instance, so that the constant appearance of by-products is

not surprising, these being found in all complicated reactions.

The problem has been solved by means of an experiment in cell-

less fermentation, in which Buchner and Rapp (X.) found that

1 00 grms. of saccharose furnished 0.5 grin, of glycerine and 0.3
grm. of succinic acid, that is to say, smaller proportions than
Pasteur (XXXI.) and others obtained in fermentations with
yeast. After Laxa (1L) had discovered a fat- decomposing
enzyme, lipase, in yeast [see p. 66, vol. ii.), Delbruck (XI. and
XII.) expressed the opinion that glycerine is produced by the
decomposition of fat (the glycerine ester of a fatty acid) by lipase.

A similar hypothesis had previously been advanced by Rommier
(II.). Distillery washes always contain fat, from the raw grain
used, but in the preparation of wort, most of the fat is left

behind, though it may be assumed that a little fat—and especially

lecithin—is present in the wort, in an emulsified condition if

not in solution. On the other hand, the glycerine content of

beer (and also wine) is so high that it can hardly be derived from
the fat present in the wort. Yeast, how^ever, according to Nagelt
and Loew (III.), always contains fat [see p. 173, vol. ii.), small
globules of which can be often detected in the cells under the
microscope [see p. 155, vol. ii.). Fat is therefore occasionally

stored up by the yeast cells, .and at other times decomposed again
by lipase, the fission products (glycerine) finding their way into
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the beer or other fermented liquid. It is probable that Buchner’s
expressed yeast juice contains lipase and fat (from the yeast).

This supposition has much to recommend it, since, despite

numerous researches, no regular connection has been discovered

to exist between the amount of sugar fermented and of glycerine

formed.

Isobutylene glycol was found by Henninger (I.) in a red

Bordeaux wine, the amount being estimated at 0.05 percent., or

one-fiftieth of the quantit}^ of glycerine present. It is doubtful,

however, whether this substance is a fermentation product
;
and it

most probably existed in the must already, or was formed during
the process of recovery. According to Butlerow (I.), isobutylene

is formed in the decomposition of amyl alcohol by heat. Sanson
(I.) frequently detected isobutylene glycol, and according to Win-
DiscH (V.) it occurs also in cherry brandy.

Experiments in connection with glycerine have frequently been
combined with the determination of succinic acid. Beissenhirtz
(I.) is usually credited with the discovery of this substance in

alcoholic fermentation, though he only found it in a case of acetous

fermentation of a mixture of bread, carob beans, honey, vinegar,

brandy, and water. In 1853, Schunck (II.), in the course of an
alcoholic fermentation set up, as he believed, by the enzyme of

madder—erythrozyme—{see p. 459, vol. ii.) observed the forma-

tion of carbon dioxide, a little hydrogen, and considerable quantities

of alcohol, accompanied by a small amount of succinic acid. How-
ever, the proof that this acid is a constant by-product of alcoholic

fermentation was due to C. Scumidt (II.) and Pasteur (XXXI.),
the latter, as already mentioned, obtaining 0.673-0.76 per cent.

• of this acid from sugar, and explaining its formation by the

equation given on p. 490, vol. ii.

Broadly speaking, the hypotheses on the formation of succinic

acid are the same as in respect of glycerine. According to Boussin-

GAULT (II.), the yield of succinic acid increases with the tempera-

ture, quantity of yeast, and reduction of atmospheric pressure
;

Norin and Cloudon (I.), on the other hand, stating that it

decreases when air is excluded, and increases when the fermen-

tation is conducted with access of air. The amount produced

during the various stages of fermentation varies. Kayser and

Dienert (I.) found that the quantity increases at first, diminishing

toward the close of fermentation, whilst Effront (XII.), on the

contrary, observed a continuous increase in the amount of this

acid, the maximum being reached in the final stages of the

process, e,g, :

aCter 24 48 72 and 96 hours

0.025 0.045 0.068 and 0.092 per cent.

Tiiylmann and Hilger (I.), inter alia, ascribe the increase or

decrease of succinic acid to the same causes that operate in the

case of glycerine.
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Exhaustive researches on succinic acid were undertaken by

A. Kau (li.), who, for the most part, employed 15 per cent, solu-

tions of saccharose, glucose, and maltose, with or without nutrient

substances. Three difierent yeasts were employed, at tempera-

tures of 15°, 25°, and 35° 0., air being excluded in some cases;

and the principle of intermittent fermentations also applied. The
results showed that the total acidity is considerably increased

at the higher temperatures, no alteration in this respect being

obtained by the addition of nutrient substances. No gr’eat fluc-

tuation was observed in the content of succinic acid, nor does the

yield appear to be seriously influenced by the kind of sugar, or

the presence or absence of air or of yeast foods. Pure yeast and
pressed yeast, with vigorous fermentative power, gave a higher

yield of succirric acid than ordinary beer yeast. The formation of

the acid goes on,^;uri' jmssit, with the production of alcohol and
decomposition of the sugar. With intermittent fermentation,

and at 35° 0., however, the ratio of alcohol to succinic acid was
100 : 0.439; the three subsequent pauses the ratio was
100 : 0.875, • 0-89, and 100 ; 0.823 respectively, or practically

identical. A comparison of the production of glycerine and suc-

cinic acid shows that low temperature, whilst unaflecting the

formation of the acid, i-estricts that of glycerine. The presence or

absence of nutrient substances has no influence on the production

of the acid, whereas providing the yeast with abundant nutrition

causes an increase in the yield of glycerine. (This excessive feed-

ing of the yeast probably leads to an accumulation of fat, which is

afterwards decomposed—see p 494, vol. ii.). The production of

succinic acid is independent of that of gl} cerine, and Pasteur’s

equation {see p. 490, vol. ii.) is inapplicable. This view of the for-

mation of succinic acid is also shared by Straub (I.). Ducuaux
(XXVI.) attributes it (like glycerine) to the action of a separate

enzyme, but adduces no proof in support of the hypothesis.

Succinic acid is produced in fermentation with expressed yeast

juice. In one case, reported by Buchner and Eapp (X.),

1250 c.c. of the juice contained 0.2 grm. of the acid before

fermentation, but after the fermentation of 100 grms. of sac-

charose, the amount was found to be 0.5 grm., an increase

of 0.3 grm.
Opinions are still divided with regard to the source of succinic

acid, most workers regarding sugar as the rav/ material—as in the
case of glycerine—though it is worthy of note that the amount of

this acid produced under different conditions of fermentation is

invariably small. The amount of succinic acid present in beer
is also small, i.e., 0.0026-0. 0039 per cent, according to Straub (I.).

Blumentiial (I.) states tliat micro-organisms produce this acid

from both carbohydrates and protein, on which account Gruss (II.)

believes that the source, in the latter case, is to be found inasparagin,
the assumption being that this substance is first transformed by

VOL. II : pt. 2 21
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yeast oxydase into aspartic acid, which is then decomposed into

malic acid, according to the equation :

CH - CO(NH) CH - COOH
2

1
+ 3O.2 = 2

I
+ 2N2 + 2H2O

CH(NH2) - COOH CH(OH) - COOH
Asparagin Malic acid

Owing to the simultaneous presence of a reducing substance {see

chap. Ixvi.) in the yeast cell, the abstraction of the hydroxyl group
from the malic acid might be effected by its agency, succinic acid,

COOH-CH2-CH2-COOH, being thus formed. According to the

Griiss hypothesis, free nitrogen must be formed
;
but this has not

yet been observed during alcoholic fermentation. With regard to

the quantitative proportions in which this element could appeal*

in comparison with carbon dioxide, i grm. of sugar could—taking

Pasteur’s figures as a basis—yield 464 mgrms. of carbon dioxide

and 7.6 mgrms. of succinic acid, the formation of the latter being

accompanied—according to the Griiss equation—by the liberation

of 1.8 mgrm. of nitrogen. Converted into volume, these figures

would be equal, at 15° C. and 760 mm. pressure, to 253 c.c. of

carbon dioxide and 1.5 c.c. of nitrogen, or, in round numbers,

0.6 per cent, of the gas. Pasteur (XXXII.), who determined
the carbon dioxide volumetrically, does not mention the presence

of nitrogen
;
but he himself described the experiment as a very

delicate one, so that the smaller amount of nitrogen that might
be produced with a diminished yield of succinic acid might well

escape detection. In order to substantiate the Griiss hypothesis

it would be necessary to test the fermentation gases for the

presence of free nitrogen, and to show that this latter is formed in

direct ratio to the amount of succinic acid produced. It would
also have to be proved that yeast actually forms succinic acid from
asparagin.

Oxalic acid is formed during fermentation by various organisms,

e.g.^ hy Saccharomyces Hansenii, Zopf (XV.)—compare p. 283,

vol. ii.—but it has not been definitely found to result from alcoholic

fermentation by yeast, though crystals of oxalate {see p. 118,

vol. ii.) are often observed when yeast is examined under the

microscope, their presence being ascribed by Prior (Y.) to the

formation of small quantities of oxalic acid during fermentation.

Whether this originates in the sugar, however, or was already

formed in the fermented solution, is quite undecided.

Lactic acid was discovered in certain fermentations by Dub-
RUNFAUT (IV.) in 1856, though it should be remembered that he

did not work with pure yeast, and, since lactic bacteria aie abund-

ant, experiments of this kind, to be worthy of consideration, must
be performed with yeast perfectly free from bacteria. Pasteur
(XXXI.) was unable to detect any lactic acid in the fermentations

with his pure yeast
;
and only in one single instance did he men-
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tion that a very small quantity of the sugar had been converted

into lactic acid. Effront (XU.) ascribes the formation of lactic

acid to a transformation of the proteid substances. In the fermen-

tation of sugar by expressed yeast juice, Ahrens
(
1 .) observed a

non-volatile acid, which he stated to be lactic acid, but Buchner
and Meisenheimer (IV.) were the first to prove in an indubitable

manner that this acid is a constant by-product of alcoholic fermen-

tation, and originates in the sugar (see p. 464, vol. ii.).

§ 324. Volatile Acids and Aldehydes as By-products

of Alcoholic Fermentation. Influence of Oxygen
on Fermentation.

The acids in § 323 are classified as non-volatile, or fixed acids,

and are contrasted, in zymotechnology, with the volatile acids, all

of which—so far as concerns those present in fermentation pro-

ducts—belong to the fatty series. (Prior VI.) fermented one and
the same beer wort with seventeen different pure yeasts, and deter-

mined the acidity in the resulting beers. The quantity of the

fixed organic acids formed per 100 c.c. of beer ranged from
the equivalent of 2.1 to 5.4 c.c. of decinormal caustic soda, and
that of the volatile acids between 2.1 and 5.8 c.c. of alkali. For
every 100 c.c. of alkali required to neutralise the fixed organic

acids, the quantity consumed in neutralising the volatile acids

formed by the various yeasts was 62.4-180.9 c.c. Consequently
the acidity due to the several races of yeasts fluctuates between
wide limits. According to Alfred Kau (II.), the quantity of

volatile acids formed increa.ses considerably at higher feimentatioii

temperatures (35° C.)
;
and pressed yeast produces a larger amount

than beer yeast. Straub (I.) found that admission of air increases

the production of volatile acids
;
and according to Biourge (I.),

the quantity formed is independent of the alcohol produced. The
concentration of the fermenting liquid is without any appreciable

influence, but, on the other hand, the yield is proportional to the

duration of fermentation, especially if the completely fermented
solution be stored for some time. Amthor (II.) found this to be
especially the case with Saccharoinyces ajnculatus (see p. 434,
vol. ii.).

Formic acid is the first member of the volatile series. It was
observed here as long ago as 1891, by Kruis and Rayman (H.),

in beers that had been left standing in contact with deposited

yeast for some years (see p. 126, vol. ii.). They also found it in

sterile beer worts after prolonged storage, and therefore attributed

its formation to a chemical reaction occurring in the wort itself,

and probably connected with the transformation of protein.

Khoudababachian (I.) detected formic acid in fresh grape must,
the quantity increasing during fermentation when the surrounding
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conditions were unfavourable to the yeast. According to Lieber-
MANN (IV.) and Kiticsan (I.), ti-aces also occur in normal wines,

though, as observed by Duclaux (I.), it disappears readily in

presence of yeast Thomas (II.) mentions the occurrence of

formic acid in aqueous infusions of malt culms
;
nevertheless it is

also formed in fermentation, especially when a large surface of the

liquid is exposed and nitrogen compounds are present. Of these

latter, urea, either alone or in association with ammoniun bicar-

bonate, is best adapted to increase the output of formic acid,

which can be still further augmented by the addition of calcium

carbonate. During cell-less fermentation, Buchner and Meisen-
HEIMER (I.) found traces of a volatile acid very similar to formic acid.

The fre((uent occurrence of the latter among the products of bac-

terial fermentation has already been mentioned on p. i8i of vol. i.

Acetic acid was recognised at an early date as a by-product of

alcoholic fermentation, by Lavoisier (II.). Duclaux (XXVII.)
and Bechamp (XIII.) also found acetic acid constantly, though
only as traces

;
and these observations were confirmed by

SciiuTZENBERGER (II.). Owing to the wipespread occurrence of

acetic bacteria, the acid can only be regarded as a by-product of

alcoholic fermentation when yeast, free from bacteria, is employed
;

just as was remarked with regaid to lactic acid. Kruis and
Rayman (II.) failed to detect acetic acid at all, though they made
it the object of special attention

;
whereas Thomas (II.) obtained

it regularly, though merely as traces. Buchner and Meisen-
HEiMER (IV. and II.) found it invariably in fermentations with

expressed yeast juice free from bacteria
;
and it is therefore

certain that the acid is a normal by-product of alcoholic fer-

mentation. The yeast juice, prior to fermentation, contained

0.004-0.010 per cent, of acetic acid, and afterwards 0.08-0.33

per cent., so that considerable quantities were produced during

the operation. The specimens of yeast juice that fermented
lactic acid furnished considerable quantities of acetic acid, the

converse being the case with such of them as produced lactic acid

in abundance. The name glucacetase has been applied to the

yeast enzyme that is assumed to split up glucose into three

molecules of acetic acid. The hypothesis advanced by Biourge (I.)

to account for the formation of acetic acid is that the volatile

acids must be regarded as the result of assimilation processes, and
not of the decomposition of sugar, yeast itself yielding a con-

siderable amount of acid on distillation. According to Prior (V.),

however, it is more feasible to suppose—and this is indicated by
the experiments of Giltay and Abekson (II.)—that the oxygen
consumed in fermentation oxidises a portion of the alcohol in the

interior of the yeast cell. The influence of oxygen on fermenta-

tion—a point to which we shall revert shortly—also plays a part

in this case. It cannot, however, be credited as the sole cause of

the production of acetic acid during fermentation, the experiments
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of Buchner and Meiseniieimer (IV.) having proved this acid to be

a normal by-product of that phenomenon. It is true that the

amount so produced is small, though, according to Thylmann and
Hilger (I.), it is greater when the solution contains a higher

proportion (30-40 per cent.) of sugar. When it is formed to any
extent otherwise, its production should perhaps be attributed to

the oxidation of the alcohol, probably with the assistance of

bacteria. Acetic acid, though only in small cpiantities, is also

found in fusel oils.

The third member of the fatty-acid series is propionic acid,

which was found by Winkler (II.) and Bechamp (XIV.) in

diseased wines. According to Ordonneau (I.), it is also occasionally

present, as an ester, in cognac. Strecker (I.) and Kramer (I.)

attribute its origin to lactic acid, in the case of certain fermenta-

tions—a point worthy of note, seeing that this acid is a normal
by-product of alcoholic fermentation.

Butyric acid, which is readily produced by certain bacteria,

was detected—either in the free state, or more frequently

combined as an ester—in cognac by Duclaux (XXVIII.) and
Ordonneau

(
1 .), and in potato fusel oil and cherry brandy by K.

WiNDiscH (III. and IV.).

Valeric acid was found by Kruis and Rayman (II.) in a

sterilised wort that had been kept for several years. They
ascribed its origin—as well as that of the other higher fatty acids

still to be mentioned—to the decomposition of complex nitrogenous
foodstuffs, e.g., protein. Duclaux (XXVIII.) has also found it

occasionally in diseased wines.

Among the higher fatty acids, caproic acid, caprylic acid,

pelargonic acid and capric acid occur, in combination with alcohols

as esters, in the fusel oils {see next paragraph) and in cognac,

whilst oenanthylic acid appears only in wine, or cognac. On this

point see Pelouze and Liebig
(
1 .), Delffs (I.), Feuling (I.),

A. Fischer (L), Grimm (I.), Duclaux (XXVIII.), Ordonneau
(I.), K. WiNDiscH (HI. and IV.), Kruis and Rayman (II.), and
SCHtiPPHAUS (I.).

Taking the total fattyacids as representing ioo,WmDiscii(III.)
gives the proportions of the individual fatty acids in the esters as

follow; in potato fusel oil 3.5 of acetic acid, 0.5 of butyric acid, 14
of caproic acid, 34 of caprylic acid, 12 of pelargonic acid, and 36 of

capric acid
;
in corn fusel oil, acetic acid 2.7, butyric acid 0.4,

caproicacid 13.2, caprylic acid 26.7, pelargonic acid 12.9, and capric
acid 44.1. Hilger (I.) also found stearic acid, palmitic acid and
lauric acid in a sample of corn spirit. These acids originate un-
doubtedly from decomposed fat

;

and it is highly probable that
the other higher fatty acids, from butyric acid to capric acid, are
produced from the fat {see p. 494, vol. ii.) contained in the mash
and in the yeast cells, as the result of decomposition by yeast
lipase; compare Bau (XXII.).
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The aldehydes that are always formed during fermentation

should be regarded as intermediate products between the fatty

acids and the alcohols. Ordinary aldehyde (acetaldehyde) was
observed by Bechamp (XIII.) and Roser (II.). The cause of its

formation will be dealt with shortly. As was shown by Durin (II.),

it can be easily recovered by strongly cooling the fermentation

gases in suitable vessels. In works where yeast is produced by
the aeration process, a considerable amount of aldehyde is formed
under the influence of atmospheric oxygen, especially in mashes of

maize, rice, and malt, the resulting spirit having an evil smell

and taste in consequence of its high content of aldehyde—see

MiERCKER (II.). Jaksch (HI.) also states that aldehyde is formed
during alcoholic fermentation. Kayser (XIII.) regards aldehyde
as a product of the activity of the Saccharomycetes ; and, accord-

ing to Kruis and Rayman (n.), considerable quantities of this

substance are formed when a film is produced and there is a

plentiful accession of air. Hence aldehyde is the result of the

oxidation of nascent alcohol. According to Hges, it is not formed
during fermentation, but only in the distilling apparatus, by
contact of the spirit vapour with air—compare M^rcker (IV.).

During the oxidation of alcohol, the formation of aldehyde is

accompanied by the production of acetal, the diethyl ether of

aldehyde, CH3.0H(002Hj)2
;
and, according to Geuther (I.) and

WiNDisCH (IV.), it occurs in fairly considerable quantities in

fermentation products, whilst Ordonneau (I.) found it in cognac.

Its formation can be easily explained, since, according to Durin
(II.), alcohol and aldehyde come into contact in the nascent state

during the formation of the latter substance, so that the two may
unite to acetal, with elimination of one molecule of water.

The influence of oxygen on alcholic fermentation by yeast will

now be considered, though its action on cell reproduction and
respiration has already been dealt with exhaustively on p. 231
et seq., vol. i. It may be mentioned at once that the favourable

influence of aeration on the fermentation of must, worts, and
mashes has long been recognised in practice, and was fully

established by a series of fermentation technologists between the

years 1867 and 1874. Blankenhorn did this in an imperfect

manner, then Moritz (partly in collaboration with Haas)
;
also by

Molnar in the case of wine musts, and by Adolf Mayer (VII.)

with nutrient solutions. More accurate researches were under-

taken, with wort by R. Pedersen (I.) in 1878. It was ascertained

that aeration increases both the working action on the extract and
also the (absolute) reproductive power of the yeast, though the

amount of extract consumed per unit weight of the yeast crop is

smaller in aerated worts than in others. The difierence, however,

is not large—as was proved arithmetically by D. Iwanowski (I.)

in 1893. In repeating Pedersen’s experiment, E. C. Hansen
(p. 233, vol. ii.) found that the amount of extract consumed per
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cell of the yeast is smaller in cultures that have been aerated.

The results of this test, however, cannot be accepted uncondition-

ally, the passage of air being .accompanied by subsidiary effects,

in.asmuch as it sets up vibrations in the wort liquid and thus

stimulates reproduction. According to Rapp (I.), the fermentative

.activity on the other hand is diminished by powerful vibration, so

that the aforesaid stimulative efiect is counteracted to an extent

that has not been precisely determined. Moreover, the air in its

passage carries olf volatile metabolic products, including those of

an injurious ch.aracter, thus freeing the nutrient medium from

poisonous constituents, to an extent varying according to circum-

stances. This favourable influence is absent in all the parallel

experiments in which a similar “ rousing ” with inert gas has not

been performed. If hydrogen (which is very difficult to obtain in

a perfectly pure state) be used for this purpose, it is stated by

Korff (I.) that the resulting acids differ considerably from those

formed when in aerated cultures, a circumstance that will readily

be understood in view of the chemical action exerted by atmo-

spheric oxygen.

The difficulty and complic.ation of the task of investigating the

influence of oxygen on alcoholic fermentation by means of yeast

are increased by the powerful stimulus imparted by this gas to the

reproduction of the cells. An attempt to counteract this disturb-

ing factor was made by A. J. Brown (IV.). Starting from his

own observ.ation that no appreciable reproduction occurs in wort
pitched with a larger number of cells than can be grown therein

from a minimum sowing, he made large sowings in a mixture of

yeast water and glucose, passing either air, hydrogen, or carbon

dioxide through the liquid. By operating in this way it was found
that, whilst the number of cells remained practically unaltered

throughout the experiment, the amount of sugar fermented was
larger in the case of the aerated cultures. The conclusion

deduced therefrom, that a given number of cells of approximately
the same total weight will ferment more sugar in presence of air

than without, w.as opposed by Duclaux (XVIII.) on arithmetical

grounds, which, however, were rejected by Brown (VII.).

Brown’s experiments need to be repeated, as was pointed out
by H. VAN Laer (XI.) and Iwanowski (I.), since the assumption on
which they are based conflicts with general experience. The
absence of any reproduction in the excessive sowing was probably
due to some unfavourable constitution of the nutrient medium
employed, a factor whose influence has been shown by the ex-

periments of N. VON CuuDiAKOW (1.), who supports the view that

oxygen has a restrictive influence on alcoholic fermentation.

Another circumstance left entirely out of consideration is the

fact that a number of cells perish during fermentation and undergo
dissolution, so that when the same quantity of ye.ast is found at the
beginning and end of the process, it cannot be assumed, with
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certainty, that no reproduction has occurred. An unduly large

sowing of yeast also modifies the composition of the nutrient

medium, owing to the diftusion of soluble matters from the yeast,

more particularly from the dead cells. It is still an open question,

however, whether this change persists when air, carbon dioxide,

or hydrogen that is not perfectly pure, is blown through the

solution.

Although the results of the majority of these experiments
tend to indicate that the amount of work performed per unit of

yeast is smaller in presence of oxygen, and that oxygen therefore

restricts fermentation, they cannot, however, be regarded as

decisive. For this to be the case it is an essential condition to

show that each cell has been continuously exposed to the influence

of the oxygen throughout the entire experiment. Now, in the

case of liquid cultures, the yeast cells frequently agglomerate to

small lumps, the interior of which cannot be reliably demonstrated
to be accessible to oxygen

;
and the metabolism proceeding inside

these lumps diflers from that in the outer cells that are exposed to

the ascending bubbles of air. This objection applies with still

greater force to all cultures on solid media, including streak

cultures on sugar-gelatin, the cells below the surface being
practically shut off from the oxygen in contact with those on the

surface. The only way to afford decisive proof is by experiments
in cell-less fermentation with zymase, and therefore the question

whether the fermentation set up by yeast is influenced in one way
or another by oxygen must be regarded as still unsettled.

Practical experience in the alcohol industry is not opposed to

the foregoing particulars. The purpose of the aeration regarded

as necessary or useful in the case of fermenting mashes, especially

molasses, distillery wash and pressed yeast factories, is mainly to

increase the yeast crop and not to augment the fermentative power
of the individual cells. Any prolongation of the rousing process

beyond the attainment of this object is for the purpose of utilising

the favourable supplementary effects of this treatment as indicated

on p. 50 1, vol. ii. Due precaution must be observed in this, since

otherwise considerable loss may arise from another supplementary
effect, namely, the volatilisation of the alcohol. These circumstances

are merely referred to now, to prevent the impression that the fact

that aeration accelerates and increases the fermentation of a liquid

medium affords proof that oxygen stimulates fermentation. The
amount of alcohol carried away by the liberated carbon dioxide

was investigated by Eck (I.) as long ago as 1875,
distillery washes; and the loss determined by Riss (I

)
in experi-

ments made with a saccharine medium containing mineral salts,

amounted to 1.12 per cent., referred to the quantity of alcohol

present in the fermented liquid.

Final Iv, brief consideration may be devoted to Pasteur’s con-

ception of alcoholic fermentation as life without air (vol i. p. 20).
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The experimental basis on which this theory was constructed, so

far as yeast is concerned, was shown to be untenable by Nageli (IT.).

The assumption that the plentiful admission of oxygen to cultures

of yeast causes this latter to develop like an aerobic thread fungus

and not set up alcoholic fermentation has not been proved, such

proof entailing the determination of the ratio between the carbon

dioxide liberated, the alcohol produced, and the lesulting yeast

crop. The solution of this task was first undertaken by Giltay

and Aberson (II.)
;
but their experiments are open to objection,

though not in the direction mentioned l)y Duclaux (XYHI.) in

a criticism refuted by Giltay (I.). This worker and Aberson
found that over 60 per cent, of the sugar consumed was converted

into alcohol and carbon dioxide, even in strongly aerated yeast

cultures in which energetic respiration occurred at the same time.

A similar result was obtained by Buchner and Happ (V.)

;

but

neither set of experiments was conclusive, the conclusions being

only a matter of probability, and therefore tending to refute the

accuracy of Pasteur’s hypothesis.

The chemical action of oxygen in alcoholic fermentation is a

far simpler question than this physiological influence. As already

stated on p. 501, vol. ii., alcohol readily undergoes oxidation to alde-

hyde and acetic acid. According to Durin (II.), the carbon dioxide

liberated during fermentation constitutes a compact froth, and
the alcohol distributed all over the surface of the minute bubbles

of gas is readily transformed into aldehyde. Boser (II.) also

found a larger quantity of aldehyde in fermentation conducted
with admission of air than without aeration. In any event, how-
ever, some action is exerted by yeast oxydases in connection with

the carrying of oxygen, especially when a film is produced by the

yeast. If a fermented liquid be left, together with the whole of

the yeast, in contact with air for some time, Kruis and Ray-
man (II.) state that nearly all the alcohol formed during fermenta-
tion is oxidised to carbon dioxide and water. The part played by
atmospheric oxygen during the storage of wines was referred to by
Pasteur (XXXIII.), who found that young wine will retain its

original character for a long time when stored out of contact with
air. Which of the substances, however, combine with the oxygen,
and what products result, still remain undetermined. According
to WoRTMANN (VII.) there is no doubt that considerable changes
are produced by atmospheric oxygen during the storage of wine
{see p. 509, vol. ii.)

;
but the view that has prevailed since Pas-

teur’s time, namely, that the matter is one of oxidation, is not
applicable in its entirety since physiological processes probably
form a contributory factor. The changes in question are chiefly

ascribed by Wortmann to the collaboration of organisms. Accord-
ing to Rapp

(
1 .), the formation of esters is also increased by the

access of air—a circumstance that can be easily explained, since

the acids resulting from the oxidation of alcohols combine more
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readily with alcohol, in the nascent state, to form esters, than is

the case with acids already formed.

§ 325. Alcohols and Esters (Bouquet Principles) as Vola-

tile By-products of Alcoholic Fermentation. Other
By-products.

Whereas, in the preceding paragraphs, we have dealt with the

volatile products belonging to the aliphatic series and containing

relatively large amounts of oxygen and little hydrogen—such as

the volatile acids and the aldehydes, with the general formulae,

CjjHg^Oo and Cj^Hg^O—we will now proceed to treat of bodies with

the formula C„H2,j+ 2O, the first of which series is methyl alcohol,

CH3.OH. This is often formed during bacterial fermentation,

but may also occur through the decomposition of intermediate

products (glucosides) in alcoholic fermentation by yeast. This

circumstance will be referred to later on (see p. 510, vol. ii,).

The second member of the series, namely, ethyl alcohol, one
of the chief products of fermentation, has been dealt with in

§ 322.

The higher alcohols are abundantly represented in cognac, and
in the fusel oils discovered by Scheele (II.) in 1785. They
occur in the free state, and also as esters in combination with

fatty acids.

Primary propyl alcohol, CH^.CHg.CH^.OH, was obtained by
Chancel (I.) from the fusel oil of grape-husk spirit, and also by
Fittig (I.j. According to K. Windisch (III. and IX.), Kruis
and Rayman (II.) and Ordonneau (I.) it occurs constantly in

crude potato and corn spirit, cherry brandy and cognac.

Secondary, or isopropyl alcohol, OH3.CH(OH).CH3, is said to

have been obtained by Berthelot (VIII.), and was found in

crude potato spirit by Rabuteau (II.).

Normal butyl alcohol, CH3.(CH2)2.0H2.(0H), is formed,

according to Frrz (XIII.) and Emmerling (VII.), in the fermen-

tation of glycerine (a constant by-product of alcoholic fermentation)

by fission fungi. It was isolated from crude potato spirit by

Rabuteau (H.), from crude corn spirit by Emmerling (VII.), and

from cognac by Ordonneau (II.). According to this last worker,

it is probably a normal product of fermentation by wine yeasts,

whereas beer yeast, which furnishes other secondary products,

produces isobutyl alcohol, (CH3)2.0H.CH2.CH2(0H). This last

substance had already been obtained by Wurtz (I.) from the

crude spirits furnished by beetroot, potatoes, and grain
;

it was

also found by Pierre and Puchot (I.), K. Windisch (III. and

IV.), Rabuteau (II.) and by Kruis and Rayman (II.).

Primary pentyl or amyl alcohol, OH3. (0112)3.CH2(OH), seems,

according to Wyschnegradsky (I.), to occur along with the

isomeric amyl alcohols in fusel oil.
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Fermentation amyl alcohol, or isoamyl alcohol constitutes the

bulk of fusel oil. It occurs as ordinary, optically inactive alcohol,

(OHg^g.CH.OHj.CHg^OH), but, according to Marckwald (I.), is

invariably accompanied by the active alcohol

CH3.cS:>CH.CH,(OH)

which rotates the plane of polarised light towards the left. Le
Bel states that it is converted into the dextro-rotatory modifica-

tion under the influence of mould fungi. The name, amyl alcohol,

was bestowed by Cahours (I.) because the alcohol is formed from

materials containing starch. The amyl alcohols are found in all

technical fusel oils, and to a smaller extent in cognac as well

;

compare also Pedler (I.), Krutsch (I. and II.), Balard (I.), and
Halenke and Kurtz (I.).

Various hypotheses have been advanced to account for the

formation of the fusel oils. According to Breeeld (XVIII.),

by-products are formed as soon as the materials requisite for the

continued growth of the yeast are exhausted, the yeast dying and
decomposition setting in as fermentation progresses. If the higher

alcohols originate in normal fermentation, the amount so formed
must, pace Lindet (IV.), bear a constant relation to the quantity

of ethyl alcohol during the vaiious stages. This, however, is not

the case, the amount of fusel oils formed during the first fourteen

hours being 0.36 part per 100 of alcohol, but 14.07 parts in twenty-
four hours. This increase is apparently due to micro-organisms

which do not come into action to their full extent until fermenta-

tion has terminated. The higher alcohols are products of a
secondary fermentation, and are also formed, to a smaller extent,

when the fermentation is accelerated by increasing the quantity

of pitching yeast, or by adding sterile beer wort.

Perdrix (I.) established the fact that bacteria are able to

produce fusel oils, this worker having isolated from Seine water
a bacterium that furnished amyl alcohol. Pereire and Guignard
(I.) found a similar bacillus in calcareous waters, and thought of

utilising it technically
;
and Pringsheim (I.) described an amylic

bacillus, isolated from American potatoes. Perdrix’s bacillus, ho\v-

ever, produces such a small quantity of this alcohol that it cannot
be regarded as the sole agent in the formation of fusel oils. The
experiments of Lindet (I V.), which showed that the amount of

higher alcohols formed remained nearly constant, despite modifi-

cations in the conditions, might be explained by bacterial activity,

although, as a matter of fact, it is not quite clear why the action
of the bacteria was not influenced by the modifications in question.
Stronger proof of bacterial agency in this connection is afforded
by the experiments of Gayon and Dupetit (I.). The quantity of

the fusel oil formed can be considerably lessened by the addi-
tion of bactericidal substances or by powerful aeration, which
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suppresses anaerobic bacteria. It should be borne in mind that

in nearly every case, except the so-called Amylo process ” {see

pp. 94 et seq.^ vol. ii.), the grape, potato, and grain mashes
employed for fermentation are only imperfectly sterilised (addi-

tion of malt!), if at all, so that bacteria may gain access from the

start.

In the case of brewing, where the worts are mostly sterilised,

few reports are met with, in the literature, concerning the forma-

tion of higher alcohols during fermentation. Chapman (I.) distilled

six samples of English beers and found, per loo parts of crude
alcohol, 0.051-0.250 part of fusel oil, as amyl alcohol, 0.021-0.062

part of esters, chiefly ethyl acetate, and traces of furfural. As
mentioned already on p. 504, vol. ii., Ordonneau (I.) ascribes the

formation of the higher alcohols to the vital activity of the yeast

itself. Rayman and Kruis (I.) attempted to decide the question

by fermenting sterile worts with pure cultures of four different

yeasts and one of a species of Mycoderma. All the experiments

in which Sacch, cerevisice, L., furnished a low yield of fusel oil,

were performed with cells that had been cultivated for a long

time in the laboratory under unfavourable conditions. It seems
that the formation of amyl alcohol results from the yeast having
reached a certain state of exhaustion. According to M^rcker (Y.),

on the other hand, it should be pointed out that grain mashes,

which are particularly well adapted for the energetic nutrition and
reproduction of yeast, greatly favour the production of fusel oil.

A high fermentation temperature is said by Kruis and
Rayman (II.) to increase the yield of fusel oils. A yeast, other-

wise incapable of producing fusel oil in malt worts, furnished a

large quantity of amyl alcohol in an imperfectly sterilised yeast

mash that had turned sour spontaneously with formation of lactic

acid
;
but no higher alcohols were formed by yeast and aeration

in a yeast that had been completely sterilised after turning sour.

It was also found that in all cases where fusel oil was produced,

the amount of acetaldehyde formed was merely small, and vice

versd. Hence, anaerobiotic conditions seem to contribute essentially

to the formation of the amyl alcohols.

According to Gentil (L), the above experiments do not

sufficiently pinve that fusel oils are produced by yeast, owing to

the conditions adopted, namely, the selection of a yeast previously

inhabiting a medium containing amyl alcohol, and the weakening

of the yeast by an abnormally high temperature and shortened

fermentation. Gentil him.self failed to obtain amyl alcohol in

fermenting a solution of saccharose containing malt peptone as

yeast food.

In subsequent experiments, Kruis and Rayman (HI.) found

that, contrary to the results previously obtained, the formation of

amyl alcohol is unaffected either by unfavourable composition

of the nutrient medium or by the age and physiological condition
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of the yeast. The alcohol is formed only when certain carbo-

hydrates are present
;
and the assumption is put forward that

amyl alcohol is formed, not from the hexoses (§ 326), but from

other sugars that result from the polymerisation of the poly-

saccharides always present in the cereals employed as the raw
material. In ten experiments with glucose, fructose, saccharose,

and beet juice, ethyl alcohol alone was produced, though, on the

other hand, amyl alcohol in considerable quantity resulted from

the use of barley worts and inverted brewers’ grains, which sub-

stances contain fat {see below on this page).

Emmerling (XI.), on the other hand, believes, from his tenta-

tive experiments, that fusel oils are not produced in more than

minimum quantities, if at all, in fermentations from which bacteria

have been rigorously excluded. He concludes that the amyl alcohols

originate in carbohydrates, and are produced by bacteria that are

of widespread occurrence and are almost invariably found on the

skin of potatoes.

Great influence on the formation of fusel oils is exerted by the

nature of the substance to be fermented, the presence of fat being

a contributory factor according to Borntrager (H.). Fermenta-
tions with materials that have been freed from fat yield very little

fusel oil.

Sugar and carbohydrates are usually regarded as the sources

of the higher alcohols
;
but, according to Bau (XXII.), there is

another possibility that should not be left out of consideration,

namely, the formation of these substances from the fat that is

ready formed in the mash and is generated from sugar by yeast,

to be stored up and afterwards decomposed again. During fer-

mentation the process of hydration is accompanied by those of

oxidation and reduction. Moreover, in industrial mashes, one
has to reckon with the presence of bacteria, a number of which
are endowed with powerful reducing properties. According to

Durin (III.)j aldehydes are formed, not only by the oxidation

of alcohol, but also by reducing actions occurring during fermen-
tation, the nascent aldehyde being then capable of easy reduction

to alcohol.

Lactic acid {see p. 481, vol. ii.) may be regarded as the originat-

ing material for the formation of propyl alcohol, this alcohol being
found, according to Bouciiardat (I.), among the products of lactic

fermentation. Errz (XIY.) states that it is also formed during
the fermentation of glycerine by fission fungi.

According to Bau (XXII.), the higher alcohols originate from
the fatty acids derived from fats; and indeed, butyric acid,

caproic acid, caprylic acid, and capric acid are frequently met with
in fats. When these acids are liberated by lipase {see p. 494, vol. ii.),

they may, in the nascent state, bo reduced to alcohols, especially in

symbiotic fermentations by yeast and bacteria
;
indeed, numerous

organisms are known that even eliminate free hydrogen.
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There is one difficulty in the way of explaining the formation
of the amyl alcohols by this hypothesis. They must be assumed
to originate in valerianic acid, which, according to Kruis and
Rayman (II.) is formed, with other higher fatty acids, from
nitrogenous compounds of complex structure. Even though,

pace Brieger (I.), valerianic acid be actually capable of formation
from protein, it is hardly feasible to suppose that this alone forms
the source of the large quantities of amyl alcohol found in the

fusel oils. Cahours and Demar9Ais (I.), it is true, state that fats

yield valerianic acid by chemical means on distillation with
superheated steam. Nevertheless, according to the highly im-

portant researches of Ehrlich (I.), both the amyl alcohols are

formed from leucin and isoleucin (the fission products of protein),

under theinfiuence of the normal vital activity of yeast. D-leucin

forms the source of the levo-rotatory cZ-amyl alcohol, whilst r-leucin

is split up so as to form isoamyl alcohol and cZ-leucin. About 87 per

cent, of the Z-leucin is transformed by yeast into amyl alcohol. Ac-
cording to Effront (XIV.), the autodigestion of yeast (see chap.

Ixvi.) forms another source of amyl alcohol, which, however, does

not begin to appear until the process has reached an advanced stage.

As the yeast cells die oti*, the formation of amyl alcohol ceases

—

a proof that this alcohol is produced, not by the vital activity of

the yeast cells per se, but by the action of an enzyme excreted by
the living cells. Hence, to a certain extent, Effront’s opinion

is at variance with the results of Ehrlich’s experiments and
consequently further investigation is required concerning the

formation of fusel oil.

Methylpropylcarbinol, 03HyCH(0H)CH3, was discovered by
Rabuteau (I.), and hexyl alcohol, namely, primary isohexyl, or

caproyl alcohol, (CH3)2C^Hy(OH), was detected, by Faget (I.), in

the fusel oil of grape-husk spirit. According to K. Winhisch
(HI.), this alcohol occurs, in small quantity, in crude grain spirit

;

and it has also been found by Kruis and Rayman (II.) in crude

potato spirit.

The presence of small quantities of heptyl alcohol or oenanthyl

alcohol, CyHjg.OH, was confirmed by K. Winhisch (HI.) in

crude grain spirit, and Faget (H.) obtained it from grape-husk

spirit. Probably the alcohol recovered in the latter case was a

primary isoheptyl alcohol, (CH3)2C3Hg(OH).
Finally, both normal and secondary nonyl alcohol, CgHjg.OH

were discovered in crude potato spirit by Hilger (L).

According to Rommier (H.) the fatty acids and alcohols

produced during fermentation frequently combine while in the

nascent state to form esters, which are also formed during the

prolonged storage of fermented worts (wine) or distilled spirits

(cognac). These bodies constitute a large proportion of the
“ bouquet ” principles. The esters identified include the acetic

acid compounds of ethyl and amyl alcohol, and the corresponding
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compounds of butyric acid and the other higher fatty acids. The
distillation of wine yeasts furnishes, according to Pelouze and

Liebig (I.), mnanthic ether, which later investigations have shown

to consist cliiehy of ethyl caprinate. In addition to traces of

other esters, it is also said, by Delffs (I.), to contain ethyl

pelargonate, and— by A. Fischer (I.)—caprinates and caprylates.

According to Liebig, 40,000 parts of wine furnish i part of

oenanthic ether, to which the characteristic odour of wine is

principally due.

WoiiTMANN (XVI.) and Mastbaum (I.) assert that the bouquet

principles may be divided into four classes : (i) those originating

in the raw materials
; (2) those produced during the saccharification

of the mash and during fermentation
; (3) those formed during

storage; and (4) those generated by distillation. The discussion

of the first group does not come within the scope of the present

chapter, although the substances concerned possess special im-

portance in connection with the bouquet of wine and the character

of many beers (hops). The odorous substances formed during

fermentation are the above-mentioned esters of the alcohols and
fatty acids, all of which are volatile. Some of these substances,

the cause of the bouquet of wine, seem to be still unidentified,

chemically. Some yeasts, notably Lindner’s (XLII.) fruity-ether

yeasts, produce large quantities of esters, chiefly acetic ether. In
addition to these volatile bouquet principles—with which should

be classed the fruity-smelling neutral ethyl succinate—certain

non-volatile esters occur in wine, and probably also in beer.

According to K. Windisch (V.) these esters contribute largely to

the flavour of wine. They include acid ethyl succinate, and the

fermentation esters of tartaric acid and malic acid, both of which
acids exist, leady formed, in the grape. In addition to the

primary bouquet principles—in the sense adopted by Kosutany
(II.) and Wortmann (XVI.)—introduced by the grapes themselves,

various odorous substances are produced by the different yeasts.

On this point compare Kosutany (II ), Macii and Portele (III.),

and Piciii (II.).

The bouquet principles developed during the storage and
ripening of wine appear to result principally from the influence of

oxygen (see p. 503,vol.ii.). OnouARD(I.) found that a bouquet prin-

ciple formed during primary fermentation; disappeared afterwards,

probably as a result of some reducing process in fermentation
;

the bouquet may, however, reappear during storage, in consequence
of oxidation. According to Wortmann (VII.), the processes

involved in this case are physiological, and not merely chemical
reactions.

Changes, apart from continued fermentation, also occur during
the storage of beer; these, according to Nathan (iJ,). relating

chiefly to the elimination of immature bouquet principles which
impart an unripe flavour to the beer.
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The distilled spirits, cognac and brandy, also undergo changes
in storage, which changes are influenced by esterification, as well

as by other factors, such as storing the products in casks that are

(in contrast to those used for beer) neither lined with pitch nor

varnished.

Resides these true by-products of alcoholic fermentation, we
have to consider substances that exist ready formed in the raw
materials, and are decomposed under the influence of fermentation.

Tliese substances are principally glucosides which, on being

decomposed by enzymes, yield up their components to the

fermented liquid. This explains the occurrence of hydrocyanic

acid, benzoic acid, benzaldehyde, and benzaldehyde-cyanhydrin,
for instance, in cherry brandy—according to K. Windisch (IV.)

—

and also of methyl alcohol in fermented fruit juices. In these

latter, prepared from plums, cherries, and apples, Wolff (I.)

found, almost invariably, methyl alcohol in the proportion of i

per cent, of the ethyl alcohol present. In the case of wines prepared

from grapes with the stalks unremoved, the resulting alcohol

contained about 0.15-0.4 per cent, of methyl alcohol, whereas
wines from grapes freed from stalks furnished 0.03 per cent, at

most. The alcohol obtained by fermenting sugar with wine
yeast was, on the other hand, entirely free from methyl alcohol

in every case.

The nitrogenous constituents of the yeast {see p. 2 i8,vol.ii.) and
of the raw material undergo changes during fermentation. Thus
fermentation products have been found to contain the following

volatile and non-volatile compounds: ammonia, by Kruis and
Rayman (II.) and by K. Windisch (IV.); trimethylamine, and
other amines, by Ordonneau (I.) and Ludwig (I.)

;
pyridin,

collidin, &c., by Kramer and Pinner (I.) and Ordonneau
(
1 .);

?;-glycosin, by Morin (I.) and Tanret(V.)
;
derivatives of pyrazin

and other bases, by Schrotter (I.), Oser (I.), Guerin (I.), Stohr
(L), E. Bamberger and Einiiorn (L); leucin and tyrosin.

The distillates of fermented mashes and liquors also contain

other chemical compounds, which were formerly believed to

originate, at least in part, during alcoholic fermentation. Fore-

most among these is furfural, which was found by Kruis and

Rayman, more particularly associated with the formation of large

quantities of acetaldehyde. Furfural was discovered in 1882 by
K. Forster (I.), in crude spirit, and also in the distillates from

wine and beer. He ascribed its formation to the efiect of the

heat (boiling temperature) on the pentosans (see pp. 205 and 247,

vol. ii.) contained in the i*aw materials. Kruis and Rayman regard

furfural as a product of the metabolism of yeast, a view opposed

by Chapman (I.). According to Lindet (VI.), it is formed only

during the fei’mentation of worts from i*aw materials (cereal

grains) that have been dissociated with acids, or when the fer-

mented mash has been distilled by" direct fire heat. No furfural
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is obtained when the starch has been saccharified by diastase, and
distillation has been effected by steam

;
so that it is not a product

of fermentation. According to W. Windisctt (IV.), it is produced

by boiling acid solutions of carbohydrates, especially the wide-

spread pentoses and pentosans, and is therefore formed in the

distillation of the invariably slightly acid mashes, wines, and
beers. This explains why C. Heim (I.) found Munich beer to be

destitute of furfural. Brand (II.) and Heim (I.) failed to obtain

confirmation of W. WiNDiscn’s (II.) hypothesis that the pasteurisa-

tion flavour of beer is due to furfural. It is, however, certain that

when beer containing no furfural is boiled for a sufficient time,

furfural makes its appearance
;
and the same is naturally the

case with distillery washes and wine. The test recommended by
Lenz (I.), namely, that the occurrence of the furfural affords

decisive proof that a sample of cognac is a pure wine distillate, is

unreliable.

K. WiNDiscii (III. and IV.) states that fermentation products
have also been found to contain terpene and terpene hydrate, as

well as oils of high boiling-point, derived from the raw materials.

Under certain conditions, sulphur compounds may also occur in

the products of industrial fermentations, K. Windiscii (V.), for

instance, having found sulphuretted hydrogen in wine, whilst
Barbet (I.) and Elwart (I.) observed sulphurous esters in spirits

produced from molasses and sulphured saccharine juices. The
formation of these compounds may be readily explained by the
reducing action of yeast enzymes in presence of free sulphur or
sulphur dioxide.

§ 326. Sugars Susceptible of Direct Fermentation.

As already mentioned on p. 484, vol. ii., saccharose will not fer-

ment until it has taken up a molecule of water, in which operation
it is transformed by the enzyme, invertase (see § 327), into two
hexoses, glucose and fructose, according to the equation :

+ B2O = ^0^1206 + f'6Rl2C^6’

For a long time this observation was unique of its kind, all

attempts made to convert maltose—which has the same empirical
composition as saccharose—into two hexoses by a similar enzymatic
decomposition, having failed

;
so that it was held that maltose

undergoes direct fermentation (compare Morris (HI.), Hansen
(LXIV.), Dastre (I.), Dunnenberqer (L), Meiirtng (I.), and
Donath (II.)). E. Fischer (VII.), however, established beyond
dispute that maltose is split up into two molecules of glucose by
a special enzyme, maltase (see § 328), as, a preliminary to fermen-
tation. His discovery (VIII.), in collaboration with P. Lindner
that saccharose is also hydrolysed by Monilia Candida (see p. 444’
vol ii.), which does not contain ordinary yeast invertase—which
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discovery was followed by that of other instances—raised to the
status of fact the axiom that all the di- and poly-saccharides

must, in order to be capable of alcoholic fermentation by yeast,

be first split up into simpler sugars by special yeast enzymes
(which will be described later on). This circumstance forms the

basis of differentiation between the directly fermentable sugars

and the di- and poly-saccharides. The former are compounds, the

carbon atoms of which are arranged in a simple chain, whilst the

others are ether-like substances, in which separate carbon chains

are connected together by one or more oxygen atoms. Those
desirous of going more thoroughly into the study of the sugar

group may be referred to the works of Tollens (II.) and E. 0 .

von Lippmann (II.).

For the fermentable simple and compound sugars, E. Fischer
(IX.) established the axiom that only such as contain a number of

carbon atoms divisible by 3 are susceptible of true alcoholic fer-

mentation by yeast.

The first members of this group would be the trioses (OgHgOg),

which do not occur in nature, but have been prepared artificially

and play an important part in the synthesis of sugars. According

to E. Fischer (X.), alditriose or f-glycerose, is capable of alcoholic

fermentation
;
but this is contested by Wohl (I.) and Emmer-

LiNG (YII.). This sugar is readily condensed to a compound
with the formula CgHj^Og, which sugar is the cause of fermenta-

tion phenomena in glycerose syrup. The same applies to ketotriose

(dioxyacetone), which is represented by the constitutional formula

OH.CHg.CO.CHg.OH, and was obtained by Bertrand (YH.) in

the fermentation of glycerine with Bact. xylinum. According to

Emmerling (YIII.), it is unfermentable, the slight fermentation

phenomena that make their appearance after prolonged warming
bein" attributable to the condensation of the triose into a hexose.o

Mention may also be made here of c?-manno-nonose, a sugar

that is also unknown as a natural product. It has the formula

CgHigOg and, according to E. Fischer (XI.) is readily and com-

pletely fermented. Another sugar to be borne in mind is rf-glyco-

heptose, which Lindner (XLII.) succeeded in fermenting by

means of a yeast (No. 691 of the collection at the Berlin Brewing

Institute) from the mucinous secretion of oak-trees. Since this

sugar contains 7 atoms of carbon—in accordance with the formula

CH20H.(CH0H)g.C0H—this observation urgently needs confir-

mation, since if it be correct it disposes of Fischer’s axiom respecting

the triplicity of the carbon atoms of fermentable sugars.

At one time it was also thought that the pentoses, f.e., sugars

with the formula CgHj^Og, including xylose and arabinose, as well

as rhamnose, a methylpentose CgHj^Og, were susceptible of true

alcoholic fermentation by yeast. A prolonged controversy was

maintained on this point, on account of two circumstances : first,

the mixed fermentations caused by the use of impure sowings
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of yeast, and secondly (where pure yeast was used), the neglect

to consider the fact that yeast is also able to assimilate such

sugars and utilise them in the construction of new cells which are

unable to ferment them. Lactose forms a well-known example

of this kind. It seems by no means impossible that, given a

sufficiently large sowing of yeast and small amount of sugar, the

whole or a portion of the sugar present may be eliminated with-

out any true fermentating taking place. Of course, where impure
yeast or. unsterilised nutrient solutions are used, the action of

bacteria may come into play, a number of which are known to be

capable of producing alcohol from pentoses. The proof that alco-

holic fermentation cannot be set up in the pentoses by yeasts has

been given by a number of workers, including Tollens and Glau-
BiTZ (I.), ScHEiBLER, Oross and Bevan (I), Stone and Tollens
(I.), Smith, E. 0 . von Lipmann (III.), E. Fischer (XVI.), and
P Lindner (XXXV.). According to Buchner and Rapp (HI.),

expressed yeast juice is also inactive toward pentoses.

The real directly fermentable sugars are the hexoses, which
have the general formula CgHj^Og

;
and indeed, only such

members of this group as belong to the tZ-series, the Z-compounds

being unfermentable. Here also, as in the other kinds of sugars

mentioned, a distinction is drawn between the aldoses and ke-

toses.

The most widely occurring and best known of the aldo-hexose

sugars is cZ- glucose, also known as dextrose, grape sugar, starch

sugar, and diabetic sugar. It is fermented by all organisms capable

of inciting alcoholic fermentation, and therefore by all culture

yeasts—of which, according to Lange (IV.), about 700 races are

already known—and all wine yeasts. (Nee also pp. 207 et seg.,

and p. 397, vol. ii.)

The sugar, cZ-mannose, also known as isomannose, seminose and
carubinose, is only occasionally met with in nature, for example

—

according to Tsukamto (I.)—in the Japanese Amorphophallus
Konjahu, and according to Prinsen-Geerligs (V.), Pellett (I.)

and others, in various kinds of colonial molasses, in orange rind
;

and also, according to Gruss (III.), temporarily in germinating
dates. On the other hand, it forms a i-egular constituent of the
mannanes, which are of widespread occurrence thioughout the
vegetable kingdom and represent, to some extent, condensation
products of mannose, either by itself or in association with other
sugars. In the latter case the products are classed as conjugate
mannanes. This sugar is fermented by all Lindner’s "yeasts

(XXXV.) which also ferment J-glucose, except Saccharoinyces
memhrancefaciens, S. farinosus^ S. Bailii, a S. apiculatus from
Leipzig mead and one from raspberry juice, S. exiguus, Endo-
hlasterma amycoides /., E. liquefaciens, a film yeast from marsh-
mallow sap, a fruit-ether yeast from gall fermentation, andNcAZ^o-
saccharomyces Pombe.
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Whether f?-galactose—also formerly termed lactose (not to be

confounded with the di-saccharide lactose, or milk sugar, of the

existing nomenclature) and lactoglycose—actually occurs in a

free state in nature has not yet been definitely ascertained. In
combination with c?-glucose it forms milk sugar and melibiose.

In the vegetable kingdom, 6?-galactose is found as a constituent of

several glucosides, and especially of the widespread galactans,

which may be divided into simple and conjugate galactans. True
galactans are met with in barley, malt, and numerous seeds, and,

according to Prinsen.Geerligs (Y.) and E. 0. von Lipmann (HI.),

also in the products and waste products of the cane-sugar and beet-

sugar industries. According to Payen (HI.) and Bauer (H.), ge-

lose, the chief constituent of agar-agar, consists mainly of galactan.

Conjugate galactans occur in vegetable mucilages: in yeast gum
according to Sciiutzenberger (II L), as galactoarabans in various

seeds, according to E. Schulze (V.), whilst Lintner (YHI.) states

that galactoxylan is a constituent of wheat, barley and malt.

Conjugate galactans, differing with the origin of the material, are

found in gum arabic. These bodies are also met with in the

animal kingdom : associated with milk sugar in. milk, according

to Bechamp (XY.)
;
whilst according to Thudichum (I.) they

form a constituent of protagon. Lindner (XLH.) states that

cZ-galactose is fermented by all yeasts that dissociate cZ- glucose,

except the following species : Sacch. memhrancefaciens, S. fari-

710SUS, fS. S. apiculatus, Schizos. Pomhe, Schizos. Qiiellacei, as

well as a few yeasts from gall fermentation and cucumber pickle.

On the other hand, strangely enough, it is fermented by two
film-producing budding fungi (Nos. 127 and 374 of the Berlin

collection) which leave glucose, mannose, and fructose intact.

This report urgently needs confirmation, since the older state-

ments on the fermentability of c?-galactose are more divergent

than in the case of any other sugar. It would occupy too much
space to detail the communications on this point, and the reader

is therefore referred to Bau’s work (XXHI.), in which the older

literature was critically reviewed. According to E. Fischer,

galactose is fermented by the culture yeasts, by S. pasto7'ianns

/. II. and ///., S. ellipsoideus I. and 77.
,
and S. Marxianus, as

well as by milk-sugar yeast, whereas no fermentation is set up by

S. memh'ancBfaciens and S. procluctivus. Kozai (H.) reports

that sak6 yeast will also ferment galactose.

Whilst the above three sugars of the hexose group are aldoses,

the following representative of the ketohexoses must be added :

7-fructose (levulose or fruit sugar), which is very widespread in

nature and almost invariably accompanies 7-glucose. A mixture

of these two sugars in equal parts constitutes invert sugar, which

term is also applied to their mixtures in any proportion. Fruit

sugar is a constituent of several polysaccharides, including saccha-

rose, melitriose, lupeose, stachyose, &c., of inulin and allied sub-
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stances, and of yeast Isevulan [see p. 175, vol. ii.). It is fermented
by all organisms capable of fermenting (/-glucose, with the single

exception of a film yeast, Lindner’s No. 178 (XLII.).
Only the above four hexoses ((/-glucose, (/-mannose, (/-galactose

and (/-fructose) are fermented by yeasts, all the others being un-
fermentable.



CHAPTER LXV.

ENZYMES DECOMPOSING DISACCHARIDES AND
POLYSACCHARIDES.

By Dr. A. BAU.

§ 327. Invertase.

The best known and most frequently investigated yeast enzyme
is invertase, which was originally termed invertin, and has also

been called saccharase, sucrase and euinvertase.

In its occurrence it is one of the most widespread of the

enzymes. In the animal organism it is found in numerous organs,

especially in the mucous membrane of the small intestine (particu-

larly in warm-blooded animals) : and it has also been found, by
Erlenmeyer and A. von Planta (I.), Axenfeld (I.) and others,

in insects. In the vegetable kingdom it occurs in the majority of

plant organs : leaves, flowers and fruit (also in hop cones), &c.,

though in far smaller amount than in the lower fungi, mould
fungi, yeasts and bacteria.

Invertasesof different origin are not always of identical compo-
sition

;
and differences of action on saccharose are also observed

in the invertases according to the method of preparation employed
—compare Fernbach (VI.). For this reason, Bau (XII.) pro-

posed the name “ euinvertase ” for the invertase occurring in the

true yeast, until further investigation had shown whether the

saccharose-dissociating enzymes obtained from such highly diver-

gent materials were really identical. A special example of the

variation in the individual invertases is afforded hy Monilia Candida

(p. 444, vol. ii.) which, though decomposing and fermenting

sacchai'ose, does not, in the opinion of Fischer] and P. Lind-

ner (II.), contain true invertase. PIaiin (HI.) regards the

enzyme of this fungus as an endoenzyme which is possibly com-

bined with the protoplasm
;
and perhaps it is merely an enzy-

mogen. Buchner and Meisenheimer (I.), who investigated the

expressed juice of Monilia Candida, found that the enzyme will

not diffuse through parchment paper, differing remarkably, in

this respect, from yeast invertase.

Invertase occurs extensively in yeasts, being found in all

516
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culture yeasts used in brewing, distillery work and pressed yeast

making, and therefore in all top- and bottom-fermentation yeasts

of the Sacch. cerevisice type, both of the Erohberg and Saaz races

comprised in the types OF, OS, UF, and US [see p. 540, vol. ii.).

All the true wine yeasts also contain invertase
;
but, on the

other hand, it is absent from Schizos. octospoi'us (see pp. 274-

281, vol. ii.). Invertase is, however, present in a number of other

budding fungi, though not in any of the examined races of Sacch.

apiculatus (see p. 431, vol. ii.) and most Tornlacece (see p. 398,
vol. ii.). Of the latter, however, Hartmann ’s (I.) Tornla coUicn-

losa ferments saccharose without difficulty, whereas other species

are incapable of decomposing this sugar. In this connection,

further investigation is urgently required, since, in most of the

work already done, attention was mainly directed to ascertaining

whether the organisms employed were able to ferment saccharose,

and not to determining the presence of invertase.

In the preparation of invertase in the purest, f.e., most active,

condition possible, it is the almost universal practice to employ
Sacch. cerevisia’,, of either top- or bottom-fermentation type. Jn

the older methods the first stage was to kill the yeast by means of

alcohol or ether, in order to extract the invertase afterwards with

water or glycerine—compare Berttielot (HI.)) Liebig (HI.),

Hoppe-Seyler (IX.), Gunning (I.), and Donath (HI.). The
resulting solution is precipitated, fractionally, with strong or

absolute alcohol, under which treatment the earlier fractions have
less enzymatic power than the later ones. The precipitates are

washed with absolute alcohol, and dried in the desiccator. In
other methods, according to Barth (H.) and Amtiior (V.), the

yeast is first carefully warmed, to expel the bulk of its moisture,

and is then dried more energetically, and the resulting powder
is exti'acted. An exceedingly powerful solution of invertase is

obtained by allowing yeast to ferment spontaneously

—

O’Sullivan
and Tompson (I.)—or by recovering the expressed juice by the
Buchner method. According to Issaew (I.), plasmolysing pressed

yeast with saccharose will furnish a very active invertase, from
which the dissolved saccharose can be eliminated by fermentation.
The relatively purest invertase, however, is obtained by killing

the yeast and extracting it with glycerine or water, whether the
killing be effected by treatment with alcohol or ether, or, pre-

ferably, by heating the carefully dried yeast to 100° 0. and over.

According to Osborne (I.), the yeast, after being killed with
alcohol, should be digested with chloroform water at a moderate
heat for some time, the filtrate being poured out into 96 per cent,

alcohol. The deposited flakes are washed with alcohol, dried, and
dissolved in 25 parts of water, the earthy phosphates still present
being thrown down by a careful addition of ammonia, and the
filtrate dialysed and then evaporated in vacuo. Wroblewski (IV.)
also employed dialysis for purifying the enzyme

;
but this worker



5i8 enzymes decomposing SACCHARIDES.

precipitated the invertase beforehand by saturating its solution
with ammonium sulphate.

The chief property of invertase is its power of hydrolysing
saccharose, which it splits up into one molecule each of cZ-glucose

and c?-fructose according to the equation

^12^122^11 + HgO = CfiHi2C)e + C6^12C^6*

Whether the enzyme is also capable of hydrolysing other sugars
is doubtful : see § 332 on this point.

As already mentioned on p. 51 1, vol. ii., yeast cannot ferment
saccharose directly, the sugar needing to be first hydrolysed by
invertase. It is uncertain whether this decomposition is effected

inside or outside of the yeast cell. According to O’Sullivan (II.),

the healthy yeast cell is incapable of diffusing invertase
;
and conse-

quently the hydrolysis ofthe saccharose within the cell must precede
fermentation. This opinion is shared by Hiepe (I.), who considers

that hydrolysis is intimately connected with cell protoplasm, and
that the operation is one in which physiological laws play as

important a part as chemical laws; furthermore, that the admis-
sion of the saccharose into the cell, and the outward passage of the
products of inversion are physiological processes. According to

Fernbach (VI.), the rate at which yeast cells permit the escape of

the enzyme is in inverse ratio to their age. In this connection

PoTTEViN and Napias (I.) examined five yeasts in a peptonised

solution of saccharose, and found that four of the races ceded

invertase to the medium in the early stages of fermentation,

whilst the fifth did not. These four yeasts yielded powerful

solutions of invertase when macerated with chloroform water
;
but

the fifth only parted with a little invertase after digestion for a

fortnight. Hence the individual races of yeast appear to differ in

respect of the cession of the enzyme to the circumambient medium.
In general, however, it may be assumed that fresh yeast cells

belonging to the groups Sacch. cerevisice and Sacch. elliiJsoideus /.

will allow invertase to difiuse through their cell membrane.
Bau (XXIV.) and Donath (IV.) nevertheless found invertase

in all fermented beverages.

On the constant occurrence of this enzyme in beer, Bau (XXV.)
established a method of detecting whether beer has been pas-

teurised. One 20 c.c. sample of beer is boiled, and a similar quantity

is left unboiled, each being treated with 20 c.c. of a 20 per cent, solu-

tion of saccharose, then kept for twenty-four hours at room tem-

perature, treated with 0.5 c.c. of lead acetate, made up to 50 c.c.

with distilled water, filtered and polarised. Should an appreciable

difference be observed in the deviation of the angle of polarisation

in the polarimeter, the beer has not been pasteurised
;
but if the

two results be identical, or approximately so (slight differences in

the reading being due to experimental error), the beer will

certainly have been pasteurised, and probably at a temperature
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exceeding 57
°0 . In the absence of a polarimeter, the test may be

performed as follows ; 5 c.c. of Fehling solution are boiled with

I c.c. of test liquid (40 c.c. of beer and 40 c.c. of saccharose

solution, after digestion for twenty-four hours). If the liquid

remain blue, with a slight red precipitate, no invertase is present

;

in the opposite event the Fehling solution will be reduced com-

pletely.

Enzymatic action is also greatly influenced by temperature in

the case of invertase
;
and whilst this action begins at about

zero 0 ., the optimum temperature is considerably higher. In the

case of invertase from top-fermentation pressed yeast, A. Mayer
(XI.) found this optimum temperature at 31° to over 36° 0 ., and
44°-48° 0 . in that from bottom-fermentation yeast. On the other

hand, according to Kjeldahl (I.), the optimum temperature for

the activity of invertase from bottom yeast is 52.5° C., and that for

the enzyme from top yeast, 56° C. A. Mayer (XI.) considers

that these divergencies are explained, on the one hand by the

invertase preparations being injured in the course of production,

e.y., by treatment with alcohol, and, on the other hand, by the

fact that adherent impurities have a stimulating or restrictive

influence on the enzymatic action according to their character.

After very careful investigation O’Sullivan and Tompson (I.)

determined the optimum temperature at 55-60° 0 . A consider-

able difference also exists in the reports as to the temperature at

which this enzyme is destroyed, the explanation being the same as

just given. For instance, alcohol lowers the destruction tempera-

ture, whereas high concentration and the presence of glycerine has

the opposite effect. Prolonged exposure to a constant temperature
also has an injurious effect, A. Mayer (XII.), for instance, finding

the enzyme to be destroyed at 51° C. in some cases, whereas in

others it remained active, though weak, at 65° and even at

66° C. According to O’Sullivan and Tompson (I.), the destruc-

tion temperature of invertase is 75° C.
;
and the same result was

obtained by Bau (XXVI.), who did not prepare the enzyme in a

pure state, but examined it direct in the cell by the Bokorny (IV.)

method. This method obviates the injury always suffered by the
enzyme in the course of isolation

;
but, on the other hand, allow-

ance must be made for the fact that, when the experiment is

repeated, the yeast may not be in the same physiological condition

in all the tests. It is true that the conditions of nutrition of the
yeast do not modify the properties of the enzyme

;
but its

quantity and activity may be influenced by the accumulation or

diminution of otlier substances present in the yeast cells. From
additional experiments made, it may be assumed that yeast
invertase, provided it has remained uninjured, will develop its

maximum activity at 52°—56° C., and that it is certainly destroyed
in aqueous solutions, and also in the yeast cell, by a temperature

75° absolutely dry state it will stand far higher
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temperatures. Both pure invertase and dry yeast will stand heat-

ing, without loss of enzymatic power, to temperatures assessed by
A. Mayer (XIII.) at 97° 0 ., by Bau (XII.) at 100° C. by Buchner
(III.) at 145° 0 ., and by Salkowski (X.) at as high as 160° C.

According to Bau (XXVI.), yeast that has been dried at the

ordinary temperature or heated to 105° 0. retains invertase even
at the end of fi\ e and three-quarter years.

In investigating the influence of chemical reagents on inver-

tase, Bokerny (IV.) followed the principle of allowing these

reagents to act on the yeast itself, in order to obviate any injury

that the invertase may sufter in preparation. He reports that

invertase remains unimpaired when the yeast is stored in absolute

alcohol for three days at ordinary temperature, or for twenty days

in 50-75 per cent, alcohol. The enzyme is also uninjured when
the yeast is kept for two days in solutions containing 0.25-0.60

per cent, of oxalic acid, o. 1-0.5 per cent, of hydrofluoric acid,

2 per cent, of acetic acid, 2 per cent, of lactic acid or 5 per cent, of

formaldehyde. The enzymatic power is also not destroyed by
small quantities of mineral acids, alkalis, arsenites, hydrocyanic

acid, chloroform, phenols, toluene and thymene, both of which
latter were employed by Emil Fischer and P. Lindner (II.) in

their investigations on enzymes. Similarly, Bau (XXVI.) examined
yeast by digestion at i2°-i7° C. for twenty-nine hours, and found

that the invertase was destroyed by treating the yeast with i per

cent, and 0.5 per cent, sodium hydroxide, and o. i per cent, silver

nitrate, a weakening effect being produced in the case of o.i per

cent, mercury chloride, whereas solutions of lower concentration

remained inert. No injury was sufiered by the invertase on

treatment with organic acids, including tartaric acid of 4 percent,

strength.

With regard to jbhe influence of light on invertase, the reports

of workers differ. A. Mayer (XIV.) and Emmerling (XII.) failed

to discover any such influence; but according to Downes and

Blunt (I. and II.) and also Duclaux (XXIX.) the enzyme is

sensitive towards light, especially in presence of air. Very dilute

acids stimulate the activity of invertase
;
but the quantity used

must be smaller in the case of mineral acids than of organic acids.

For instance, according to Fernbach (VII.), 0.0025 cent, of

sulphuric acid in the solution produces optimum activity, whereas

the same result requires the presence of i per cent, of acetic acid.

Moreover, the reports of various workers differ on this point, e.y.,

those of Kjeldaul (I.), Dumas (VII.), Nasse (I), Loew (X.),

O’Sullivan and Tompson (I.) and Fernbach (VI.)
;
presumably

because they worked with invertase of divergent origin and
method of preparation, and containing difierent extraneous sub-

stances. According to Nasse (II-), carbon dioxide accelerates

hydrolysis by this enzyme, whereas carbon monoxide and oxygen

have the opposite effect. All alkalis and alkaline salts are said by
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Duclaux (XXIX.), O’Sullivan and Tompson (I.), and Fernbacii

(VI.) to have strongly adverse influence, even in small quan-

tities. According to Nasse (II.) and Duclaux (XXIX.), small

quantities of alkali chlorides and calcium chloride have a beneficial

effect, whilst salts of the heavy metals are injurious. Alcohol,

even as little as 5-10 per cent., is stated by A. Mayer (XV.),

J. Moritz (III.), and O’Sullivan and Tompson (I.) to have a

restrictive influence on hydrolysis; and, according to Griffitu

(I.), small quantities of salicylic acid have a similar effect.

In contrast to other enzymes, invertase seems to be completely

inalterable. A. Mayer (XVI.) found that it is not attacked by

putrefactive bacteria, although his experiment was not entirely

free from objection, it being stated by Fermi and Montesano (I.)

that certain bacteria themselves produce invertase, so that there

is no proof whether the invertase found in the products of putre-

faction really originated in the yeast or were excreted by the

bacteria. Bau (XXVI.) investigated the mutual interaction of

yeast enzymes, of which yeast-endotryptase (see chap. Ixvi.), or

yeast-peptase alone come under consideration. Yeast that had

been liquefied at 45° 0., or expressed yeast juice that had been

kept for one to three weeks at ij°-20° 0 ., or heated at 30° G. or

40° 0 . for an hour, still contained unimpaired invertase. The
activity of this enzyme also remained intact when the yeast was
digested for twenty-four hours at 37° C. with a solution containing

the extremely large quantity of i per cent, of pepsin (Meick)
and o.i per cent, of hydrochloric acid. It is true that, in these

experiments, nothing was done to ascertain the quantities of

invertase before and after the treatment with yeast endotryptase

and pepsin respectively.

Attempts have already been made at the quantitative deter-

mination of invertase; but the method proposed by Fernbacii
(VIII.), like all quantitative methods for the determination of

enzymes, is attended by the drawback that only the effect of the

enzyme can be measured and not the amount of enzyme actually

present. According to Fernbach, a number of samples (each

measuring exactly 4 c.c.) of a 50 per cent solution of saccharose

are treated with i, 2, 3, &c., c.c. of the invertase solution under
examination, each of the mixtures being then treated with i c.c.

of decinormal acetic acid and made up to 10 c.c. The test-

glasses are then warmed to 56° C. for an hour on the water-bath,
cooled quickly and treated with a few drops of caustic soda to

destroy the enzymatic action, the amount of invert sugar formed
being determined by means of Fehling’s solution. Fernbach
estimates the unit of invertase as that capable of hydrolysing 0.2

grm. of saccharose in one hour at 56° 0. and in presence of i per
cent, of acetic acid.

According to Moritz and Morris (I.), the hydrolysis of

saccharose by invertase is utilised in certain English breweries
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by digesting beer yeast with the saccharose solution at 56° C.
and running the inverted mixture into the hop back.

Invertase is also utilised practically in chemical analysis, for

the determination of saccharose in cases where no reliable results

can be obtained either by direct polarisation or by the Clerget-
Herzfeld inversion method. According to the Convention for

the Uniform Examination of Foodstuffs and Delicacies, Yerein-
BARUNGEN (I.), loo c.c. of the solution under examination, e.g.^ a

10 per cent solution of honey, are treated with 50 c.c. of a solution

of invertase, prepared by the conventional method, the mixture
being allowed to stand for two hours at 5o°~55° C., and the invert
sugar then determined either in the polarimeter or gravimetrically.

§ 328.—Maltase.

Whereas at one time it was thought that maltose was capable

of direct fermentation, we have already seen, on p. 51 1, vol. ii.,

that this sugar also must be subjected to hydrolytic fission before

it can be attacked by alcoholase.

Maltose, which was ^first discovered by Dubrunfaut, is also

known as malt sugar, and, in the anhydrous condition, has the

same empirical composition as saccharose, namely,
Unlike the latter, however, it is not composed of two “simple”
sugars, but consists of two molecules of rZ-glucose, condensed to

maltose by the elimination of water. It occurs in nature, usually

in small quantities in the leaves of various plants and, according

to PuRiEWiTSCfi (YIII.), is formed during the germination of

seeds. It has also been found in germinated barley, and occa-

sionally in green and cured malt, by numerous workers, including

O’Sullivan, Brown, and Morris (HI.)? Jalowetz (II.), and
others, whereas other observers, such as Dull (HI.), Lintner
(IX.), and Krobler (I.) deny or regard as doubtful its presence

in malt. These divergent results are explained to some extent

by the circumstance that some workers extract the malt with

water, in order to examine the sugar content, during which
treatment the diastase is aftbrded an opportunity of acting on

the starch, whilst others have attempted to destroy the diastase

previous to extraction for the practical purpose of the fermentation

industry
;
however, it is immaterial whether maltose is already

contained in malt or not, since the mashing process in brewing

and distilling is designed for securing a more or less extensive

conversion into maltose of the starch contained in the cereal grains.

In distillery work and in the manufacture of pressed yeast,

attention is concentrated on attaining the utmost possible saccha-

rification of the starch by diastase, whereas in brewing it is

found desirable to regulate the process of saccharification, accord-

ing to the type of beer required, in such a manner, by the

employment of more or less highly cured malt, that the wort will
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contain a larger or smaller quantity of maltose, according as the

beer is to be lightly fermented and full flavoured, or highly

fermented and vinous. In this connection it is customary to

speak of the “ attenuation ” (degree of fer mentation) of the beer,

which, however, does not depend solely on the mashing process,

but also on the kind of pitching yeast (see p. 268, vol. ii.)

employed.
Though maltose can be hydrolysed by acids, the transforma-

tion—which results in the production of two molecules of cZ-glucose

—is far less easily effected than is the case with saccharose. On
the other hand, maltose is readily decomposed by the yeast enzyme
maltase. A similar enzyme was discovered in maize by Geduld
(II.), who termed it “ glucase ”

;
but later workers, including

Lintner and Krober (I.) have shown them to be different.

Maltase was discovered in yeast by Emil Fischer (YII.), after

Lintner (X.) had indicated the possibility of yeast possessing

an enzyme capable of decomposing maltose. The original name
for the enzyme was glucase or glycase, it being also called yeast

glucase for closer identification
;
but at that time the nomenclature

of the enzymes was in a state of confusion, some of them being
named after the products to which they give rise, and others after

the sugars they decompose (compare W. WiNDiscn (V.)) and it

was only later that the term maltase found general acceptance
for the enzyme that decomposes maltose. In order to obviate

any uncertainty, E. 0 . von Lippmann (IY.) proposed a new ter-

minology, according to which the enzymes were to receive double
names, the first portion indicating the sugar decomposed, and the
second the product, or main product of the hydrolysis. Under
this proposal the enzyme decomposing maltose would be termed
maltoglycase or maltoglucase

;
but this name has not come into

favour.

Maltase occurs in all races of culture yeasts of the Sacch.
cerevisice group belonging to the UF, US, OF, and OS types, as
well as all wine yeasts (compare pp. 278-280, vol. ii., and p. 283
et seq. vol. ii.). Special interest attaches to Hartmann’s (I.) Torula
colliculosa [see p. 397, vol. ii, ). As already mentioned, maltase also

occurs in maize; likewise in mould fungi [see p. 362, vol. ii.),

turnips, peas and potatoes, as well as in cereals (compare
Beijerinck (XIII.), and Stoklasa and Czerny (I.)). The low
enzymatic infiuence exerted on maltose by barley leads to the
supposition that, as in the case of wheat, rye, and rice, maltase is

not inherent in this cereal, its presence being due to adherent mould
fungi and yeasts [see p. 533, vol. ii.). Researches on this point
would add to our knowledge on the occurrence of the maltases.

The preparation of “ pure ” maltase is attended with difficul-

ties. On the one hand, according to E. Fischer (YII.), and
Lintner and Krober (I.), this enzyme is only sparingly soluble
in water, and, on the other, it is very susceptible to alcohol, which



524 ENZYMES DECOMPOSING SACCHARIDES.

is generally used as a precipitant for enzymes. Moreover, it

cannot be separated from invertase, and therefore, according to

Emmerling, the best raw material for maltase is Schizosaccharo-

myces octosporus, which does not contain invertase.

The optimum temperature for this enzyme is given by Ltntner
and Krobeii (I.) as 40° C., whereas that of Geduld’s glucase (II.)

varies between 57° and 60° C. This difference indicates that the

various enzymes decomposing maltose are not identical
;
and it is

therefore advisable to speak of the yeast enzyme as yeast-maltase,

and not simply maltase.

The destruction temperature was determined by Ltntner and
Krober (I.) as 55° C., which was also confirmed by Bau (XXYI.).
Dry maltase has greater power of resisting high temperatures

;

for, though Bokorny (IY.) found that the maltase in a pressed yeast

was destroyed in the drying process, E. Fischer (YII.), as well as

Ltntner and Krober (I.), had previously ascertained that the

enzyme would stand careful drying. According to Bau (XXVI.),
the enzyme remains unimpaired when top- or bottom-fermenta-

tion yeast is dried at the ordinary temperature, or at 35°-37° C.,

the dried yeast being then heated for sev^eral hours at 105° C.

(though in this case the maltase is slightly weakened), or stored

for over five years. Bau regards maltase, however, as far more
sensitive than invertase to desiccation; so that there is no
considerable discrepancy between his statements and those of

Bokorny.
The influence of chemical reagents was investigated more

particularly by Bokorny (IY.) in the same manner as for invertase

(see p. 520, vol ii.), the results showing maltase in pressed yeast

to be more sensitive than that in brewery yeast. The enzyme
remained imafifected by the action of 0.5 per cent, solutions of

lactic acid and oxalic acid, caustic soda, o.i per cent, sulphuric

acid and phenol, and by chloroform water (on this point see later).

It was more or less enfeebled by 0.5 per cent, sulphuric acid,

I per cent, acetic acid, o.i per cent, formaldehyde and thymol,

0.001 per cent, oil of turpentine, and 5 per cent, alcohol; whilst

the following agents had- a destructive efi’ect : 0.1 per cent,

hydrochloric acid, i per cent, oxalic acid, caustic soda, or phenol,

0.02 per cent, sublimate, o.oi per cent, silver nitrate, and 10 per

cent, alcohol. By subjecting bottom-fermentation yeast UF to

similar treatment, Bau (XXYI.) observed a destructive effect on

the maltase by i per cent, acetic acid, 0.5 and i per cent, oxalic

acid, I per cent, lactic acid, 4 per cent, tartaric acid, 0.5 and

I per cent, sulphuric acid, 0.91 per cent, hydrochloric acid, i per

cent, caustic soda, o. i-o.oi per cent, silver nitrate, and o. i per cent,

sublimate. The enzyme was also injured by 0 2 per cent, oxalic

acid, I per cent, sodium carbonate, 0.5 per cent, caustic soda,

0.02 per cent, sublimate, and 95 per cent, (vol.) alcohol. With
reference to Bokorny’s report (above) that maltase is uninjured
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by chloroform water, it may be mentioned that, according to

Morris fi'esh, intact yeast, unlike dried yeast, will not

decompose maltose. It transpired, however, that Morris (IM.)

had employed chloroform water to prevent fermentation during

the digestion of the yeast with maltose, which reagent, according

to Emil Fischer (XII.), and also Lintner and Krober (I.),

seriously injures or destroys maltase. Emmerling (XII.) states

that maltase is unaltered by light.

All these experiments show that maltase is a far more sensi-

tive enzyme than invertase. It is apparently unaffected by yeast

tryptase, Bau (XXVI.) having found that low-fermentation yeast

UF liquefied in five hours at 45° C., exerted a fairly powerful de-

composing action on maltose, whilst, on the other hand, no maltase

could be detected in expressed yeast juice that had been kept for

eight days at about 20° 0., or in another sample of the same
juice three weeks old. The conditions causing the disappearance

of this enzyme were not investigated : and a profitable field is

therefore still open for the fermentation physiologist to extend

our knowledge on yeast maltase.

Special interest also attaches to maltase, inasmuch as it

exhibits not merely hydrolytic properties, but also acts as a

synthetic agent. C. Hill (I.) found that, in presence of larger

quantities of maltose, the decomposition of this sugar remains
incomplete as soon as the solution has become enriched in glucose.

Hill prepared his maltase solution by drying low-fermentation

beer yeast on earthenware plates and heating the pulverised mass
gradually to 100° 0., the powder being digested wibh a tenfold

quantity of a weak solution of sodium carbonate for three days,

in presence of toluene. The filtrate completely decomposed a

2 per cent, solution of maltose, but not stronger solutions. The
presence of glucose also hindered the complete hydrolysis of the

maltose. When Hill allowed the maltase solution to act on a

40 per cent, solution of glucose, reversion was ob.served, 15 per

cent, of the sugar being converted into a disaccharide, which Hill

regarded as maltose. By means of experiments extending over

several months, 0 . Emmerling (XIII.), however, showed that the

reversion sugar is not maltose but isomaltose, namely, Fischer’s
(XIII.) unfermentable isomaltose, and not that of 0 . J. Lintner
(XLVII.). These two isomaltoses are fundamentally different

kinds of sugar, which merely have the same empirical composi-
tion, are derived from cZ-glucose and furnish identical phenylosa-
zones melting at I5i°-i53° 0 . Unfortunately, we cannot here go
into the much-discussed question of the existence of Lintner’

s

isomaltose
;

but that of Fischer’s isomaltose is regarded by
Fischer (XIV.) and Ost (II.) as definitely established. Emmer-
ling’s claim that Fischer’s isomaltose is formed by the action of

yeast maltase was disputed by Hill (II.); but, after Emmer-
ling (XII.) had succeeded in reconstructing amygdalin from



526 ENZYMES DECOMPOSING SACCIIAKTDES.

hydrocyanic acid, oil of bitter almonds, and cZ-glucose by the aid

of yeast maltase. Hill (III.) became convinced of the existence

of a second sugar, which he named revertose, associated witli

(Fischer’s) isomaltose. On purification, this revertose, or rever-

tobiose, forms strongly hygroscopic, crystalline incrustations, with

a specific rotatory power of about a^ = +91.5°, and a reducing

power equal to only about 47.5 per cent, that of maltose.

Revertose needs closer investigation. Perhaps its origin is due
to the invertase present in yeast extract. Attention may again

be directed here to the circumstance that enzymes, in addition to

the possession of hydrolytic or degradation properties, are also

able to effect the synthesis of bodies of higher molecular weight,

yeast maltase not being alone in the exhibition of this power.

§ 329.—Melibiase.

A polysaccharide known by the names melitose, gossypose,

melitriose, and raffinose, with which we shall become more fully

acquainted in § 332, can be hydrolysed, by the moderate influence

of dilute acids, to two sugars, one of them being the well-known
cZ-fructose, whilst the other is a disaccharide with the formula

and to which the name melibiose was given by
ScHEiBLER and Mittelmeier (II.). Raffinose can also be split

up into these two sugars by certain yeasts, Berthelot (X.), for

instance, having found that the action of yeast on melitose

produces a non-fermentable sugar, which he named eucalyn.

According to Bau (XIII.), however, his subsequent reports

about this compound are so contradictory that they cannot be

utilised in connection with melibiose. In a further communica-
tion Berthelot (lY.) states that raffinose (melitriose) is com-
pletely fermented by good yeast, but to the extent of only about

one-third by enfeebled bakers’ yeast. Rischbiet and Tollens

(!•) say that melitriose ferments readily and completely
;
but

Loiseau (II.), on the other hand, states that this sugar, whilst

completely fermented by low-fermentation beer yeast, is only

consumed to the extent of one-third by high-fermentation yeast.

ScHEiBLER and Mittelmeier (HI
)
found that commercial yeast

only fermented melitriose imperfectly, and that an amorphous
sugar, namely, melibiose, was left in the fermentation residue.

In contrast to these experiments, Bau (XIII.) demonstrated that

pure cultures of low-fermentation yeasts ferment melitriose

completely, whereas those of high-fermentation yeasts effect the

separation of a sugar (melibiose) which remains unaltered. This

worker (XXVII. and XVI.) then prepared large quantities of

crystallised melibiose, both by the physiological and chemical

methods, for particulars of which the reader is referred to the

original treatise. As was found by Tollens and his colleague

(VI.), and also by Scheibler and Mittelmeier (II.), this



MELIBIASE. 527

clisaccharide is split up by the energetic action of acids into two

simple sugars, cZ-glucose and cZ-galactose. Hence it contains the

same components as lactose (§ 330), but in a different state of

chemical combination. According to Bait (XIII. and XV.),

mineral acids and oxalic acid alone are suitable for the acid

hydrolysis.

Whereas, like lactose, melibiose is only hydrolysed with

difficulty by acids, it is readily split up by a yeast enzyme. After

Bau (XIII.) expressed the opinion, in 1894, that melibiose is not

fermentable direct, but must first be decomposed into its com-

ponents, fZ-glucose and rZ-galactose, E. Fischer and P. Lindner

(11.), as well as Bau (XII.) himself, working independently in

the following year, detected in low-fermentation yeast an enzyme
capable of effecting this transformation, and to which Bau gave

the name melibiase.

Since the occurrence of melibiase in certain Saccharomycetes

can be utilised as an important chemical means for the differentia-

tion of groups of yeasts, we will now proceed to observe the

general characteristics of this enzyme, a knowledge of which
facilitates recognition of the value of diagnosing races of yeast on

the basis of the action of this enzyme.
Melibiase—which, according to E. 0 . von Lippmann’s (IV.)

proposal, should be termed melibio-glucase—is said by Fischer
and Lindner (II.), and also by Bau (XII., XXVI., XXVII.), to

be somewhat sparingly soluble in water. The optimum tem-
perature at which it decomposes melibiose into one molecule of

(/-glucose and one molecule of (/-galactose, according to the

equation + H^0 = CgHj,0g-|-0gHj20g, is 50° C., though a

considerable proportion of the disaccharide is split up at much
low^er temperatures. The destruction temperature is 70° C.,

though, on the other hand, as ascertained by Fischer and
Lindner (II.), melibiase will stand desiccation. According to

Bau (XXVI.), low-fermentation yeast that has been dried at

30°-37° C. may be heated to 100° C. for eight hours, or to 1 10° C.

for five hours, without injury to the enzyme
;
and yeast dried in

the above manner will retain its enzymatic activity for 5I- }^ears.

In this respect, melibiase has the same power of resistance as

invertase.

As regards the action of chemical agents, melibiase in yeast is

destroyed by the influence of oxalic acid i per cent., sulphuric

acid i and 0.5 per cent., hydrochloric acid 0.91 per cent., sodium
hydroxide i per cent., silver nitrate o. i per cent., mercury
chloride o.i and 0.02 per cent.; a more or less enfeebling efiect

being produced by acetic acid i per cent., oxalic acid 5 per cent.,

sulphuric acid 0.2 per cent., sodium carbonate i per cent., sodium
liydroxide 0.5 per cent., silver nitrate 0.02 per cent., and alcohol

95 per cent. (vol.). Slight injury is caused by oxalic acid 0.2 per
cent., and tartaric acid 4 per cent.

VOL. II : PT. 2 2 L



528 ENZYMES DECOMPOSING SACCHARIDES.

With regard to the influence of other enzymes: melibiase is

almost as indifferent as invertase. In the method of experiment
selected by Bau (XXVI .)

—nee pp. 521 and 525, vol. ii.—the only

diflference between this and the extremely resistant invertase was
that, after the yeast had been treated with pepsin, melibiase could

be detected in the filtered-off yeast cells, but not in the filtered

solution. Melibiase seems therefore to be rather more sensitive

than invertase, though it is far more resistant than rnaltase. It is

alsopossible that melibiase is insoluble in faintly acid solid solutions,

since the filtrate from the pepsin treatment contains free hydro-

chloric acid; whilst Hill (I.) for instance, found that faintly

alkaline water is requisite for the extraction of rnaltase. Con-
sequently, it must be left for further investigation to determine

whether the sparing solubility of melibiase in water can be

increased by the careful addition of alkali carbonates.

Melibiase occurs in all low-fermentation types of yeast, both

Frohberg and Saaz, an exception being afforded, according to

Lindner, by the low-fermentation beer yeasts. No. 2, No. 18, and
No. 389 of the Berlin collection, these yeasts leaving melibiose

“practically unfermented.” According to Bau (XXVI.), how-
ever, the low-fermentation yeast No. 2 Victoria ferments

melibiose, though slowly and sluggishly. Like certain other

races, No. 18 is no longer grown in the Berlin collection, and
should therefore be struck out of the scientific literature, the

rediscovery, and especially the identification, of such yeasts being

a matter of very low probability. Yeast No. 389, Giafenthal,

does not ferment melibiose, and in this respect forms a remark-
able exception among the low-fermentation yeasts, all the others

(according to the researches of Bau) containing melibiase.

As a rule the top-fermentation yeasts do not ferment melibiose,

Lindner’s report that pressed yeasts No. 430, No. 487, and No.

574 decompose this sugar^ being based on error. On the other

hand, melibiose is fermented by the top-fermentation beer yeast,

Liegnitz ct No. 405, and by the pressed yeast, Winterhude, Race
III. No. 139. The yeasts, No. 600 and No. 603, from Danish
“ Jopen ” beer ferment melibiose

;
but contrary to Lindner’s

report, Broyhan yeast No. 330 (?) does not. These two classes of

beer contain numerous organisms that cannot be classed along

with culture yeasts
;
and it is therefore not surprising to find

that they contain fungi capable of attacking melibiose. The only

true top-fermentation yeasts that split up this sugar are the beer

yeast Liegnitz « No. 405, and the pressed yeast Winterhude,
Race III. No. 139.

In spite of the low fermentation temperature, low-fermentation

yeasts occasionally assume a high-fermentation character, a

peculiarity first observed by E. 0 . Hansen (LXV .)—see pp. 264 et

seq,, vol. ii. The same thing was also noticed by Bau (VI.), at

intervals, in Holland
;
and similar communications have been
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made by other workers, an exhaustive report having been fur-

nished by W. Henneberg (IV.). The low-fermentation yeast

investigated by the latter and found to assume top-fermentation

characteristics in a remarkable and constant manner, fei’inented

melitriose completely
;
and as it also fermented melibiose, it con-

sequently retained the characteristic property of low-fermentation

yeast as well. The question therefore arises whether such top

yeasts as ferment melibiose were originally low-fermentation yeasts

that have acquired top-fermentation characteristics spontaneously

and have retained them owing to the conditions of cultivation.

The extensive group of wine yeasts, together with the lactic

acid yeasts, do not ferment melibiose. Lindner found that this

sugar was attacked by Durkheim No. 54 yeast and Kiister Tokay
yeast No. 534. However, since these yeasts are no longer

cultivated and no further tests with them are possible, they should

be struck out of the scientific literature. With the foregoing

exceptions, all the races examined by ScnuKOW (I.), Bau (XXVI.
and XXVII.) and Lindner (XXXV.) were found to contain no
melibiase, though Kalanthariantz (I.) found wine yeasts that

were capable of splitting up melibiose. In one of these races,

from Bari in Apulia, a decided hydrolysis of melibiose was
observed on digesting the solution of the sugar with the yeast at

40° C., though no such action took place at 2 5°-3o° 0 . Assmanns-
hausen yeast also hydrolysed melibiose powerfully at 25° C. ;

but in view of Lindner’s (XXXV.) statement that this yeast

has no action on melibiose, the report of Kalanthariantz needs
confirmation.

Of the wild yeasts that have bean accurately defined in a
botanical sense, Sacch. raslorianus /. and III. ferment melibiose.

A special position is occupied by Logos yeast {see p. 276, vol. ii.),

which, according to Bau (XV.) and Sciiukow (I.), does not
ferment melibiose, though Lindner (XXXV.) obtained a different

result. According to the results obtained by Bau (XXVI. and
XXVII.), there are two races of this yeast, one of them fer-

menting melibiose, whilst the other does not. Similiar race
divisions occur in the case of Schizos. octosj^orus, and Monilia
variahilis, and especially Torula colliculosa {see p. 398, vol. ii.).

Summarising these investigations, it appears that, with the
exception of Grafenthal No. 389, all the culture low-fermentation
yeasts ferment melibiose, as do also two high-fermentation culture
yeasts, namely Liegnitz a No. 405 beer yeast and Winterhude
pressed yeast Race III. No. 139, Sacch. Pastorianus I. and III.,
two yeasts from Danzig Jopen beer. No. 600 and No. 603, a
number of unnamed wild yeasts and one race of Logos yeast.

According to IT. Gillot (V.), melibiose is also left unattacked
by top-fermentation yeasts when readily assimilable sugars, such
as grape sugar, are presented to the yeast at the same time.

Bau (VII.) based a method for detecting the adulteration of
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pressed yeast by low-fermentation yeast on the exclusive faculty

of the latter for fermenting melibiose.

In the case also of Buchner’s permanent yeast, it is possible to

detect whether the same is composed of top or bottom yeast, or of

a mixture of both, the presence of melibiase being sufficient to

demonstrate that of bottom yeast. The test is easily performed
by the aid of melibiose, which sugar cannot be split up
into its components, cZ-glucose and cZ-galactose, by any yeast

enzyme other than melibiase. These components can be readily

identified by means of phenylhydrazine, the experiment being

carried out in the following manner : A i per cent, solution of

melibiose, entirely free from any other kind of sugar, is treated

with 2 per cent, (ora little more) of the yeast under examination,

in presence of i per cent, of toluene, and kept for 1-3 days at

about 25° C. The extract is filtered, and the filtrate is boiled

with a small quantity of good bone black, then refiltered until clear,

and the liquid tested with phenylhydrazine, 2 grins, of which, and

2 grms. of 50 per cent, acetic acid, are added for each gramme of

melibiose employed, the mixture being heated for an hour on the

boiling water bath. The mixture is poured out into cold v/ater

—

about 3 vols. to each unit of melibiose solution originally taken—and
filtered, the residue being washed once with water and then rinsed

into a beaker, in which it is boiled up with water. If the resulting

osazone dissolve completely in boiling water, no bottom yeast is

})resent (at least in detectable quantity)
;
but if the osazone remain

iindissolved, the presence of bottom yeast is demonstrated, since

gliicosazone and galactosazone are only sparingly soluble in boiling

water. In addition to the ratio of solubility in hot water, the

microscopical examination aflbrds further indications, inasmuch

as melibiosazone crystallises in fine needles, invariably ari-anged

in stellar groups, whereas the two hexosazones chiefly form coarse,

long, and thick needles. This difference Vvdll be sufficient for the

experienced analyst, whilst those who wish to determine the

character of the osazone by the melting-point and ultimate

analysis must adopt a complicated method—on which point see

Bau (XV.), who succeeded in detecting with certainty the presence

of 10 per cent, of bottom yeast in top-fermentation permanent

yeast by this method.

§ 330.—Lactase.

Milk sugar, or lactose, is one of the oldest known sugars, having

been described by Fabricio Bartoletti as long ago as 1615. It

occurs in the milk of mammals, cows’ milk containing 3.6-5 per

cent, (mean about 4.5 per cent.), goats’ milk 3.26-6.65 per cent.,

ewes’ milk 3.43-6.62 per cent., mares’ milk 4.72-7.32 per cent.,

and the milk of the she-ass 5.29-7.63 per cent.

When lactose is boiled with dilute mineral acids, it is split up

into equal molecules of cZ-glucose and cZ-galactose, the hydrolysis.
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however, being only ciTeeted slowly and with diflicnlty. Accord-

ing to OsT
(
11 .) the reaction is not complete unless one part of

milk sugar be boiled Avith four parts of 2 per cent, sulphuric acid

for six hours, or Avith ten parts of the same acid for four hours.

Urecii (I.) states that a solution of lactose containing 11.38 per

cent, of hydrochloric acid aauU remain unaltered in the cold, even

after the lapse of tAventy-eight days
;
and that it is only Avhen the

proportion of acid reaches 32 per cent, that the sugar is almost

completely decomposed Avithin tAvehm hours at 23'’ 0 . Milk-sugar

solution containing 4 percent, of oxalic acid will remain unaltered

after boiling for eight days; and according to Jones (I.) citric

acid also is incapable of hydrolysing lactose. It therefore appears

impossible for the lactose in a liquid containing that sugar to be

decomposed merely by the organic acids formed by acid bacteria.

Like all di- and poly-saccharides, milk sugar is capable of being

fermented directly, but requires to be prev^iously split up into its

components by a special enzyme, lactase.

As already mentioned on p. 163, vol. i., Beijerinck discovered

this enzyme—to Avhich the name, lacto-glucase, has been applied

by E. O. AXAii Lippman (IV.)—in Sacch. Kefyr and Sacch. tyrocola.

According to E. Fischer (XV.), lactase cannot be extracted direct

from lactose yeast Avith water, the cells having first to be triturated

with ground glass, in order to bring the enzyme into solution.

Lactose yeast that has been killed by means of chloroform also

exerts a poAverful hydrolytic action on lactose solutions. On the

other hand, the enzyme can be readily extracted from Kefyr
granules by Avater, on which account E. Fischer proposed to name
it kefyr lactase in contradistinction to yeast lactase. This kefyr

lactase has greater poAvers of resistance than maltase to the action

of concentrated alcohol.

Buchner and Meisenheimer (I.) recovered from Armenian
mazun yeast an expressed juice containing lactase. This yeast

lactase Avill not dilluse through parchment paper, and is therefore

—like the enzyme from Monilia Candida {see p. 446, vol. i.)— an
endoenzyme.

Among the fungi, Mucor jaimnicus—according to Wehmer
(XIII.); J/. Ca'ntbodja — according to Chrzaszcz (I.); and
Allescheria (Eurotiopsis) Gayoni—according to Laborde (VIII.)

—

appear to contain this enzyme. Duclaux (XXX.) found tliat the
matured mycelium of Aspergillus niger and PenicilUum glaucum
secretes lactase; but the point needs further investigation

p. 363, vol. ii.).

According to E. Fischer (XV.), emulsin—Avhich in an}' CAmnt
is a mixture of enzymes—-Avill also decompose lactose

;
and

Beijerinck (XX.) and Bernheim (II.) report the capacity of a
barley enzyme for hydrolysing milk sugar.

Lactase is Avidely encountered in the animal kingdom, and has
been found by Kobert (IV.) in the juices of numerous loAver
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finimals. It occurs in the mucous membrane of the stomach and
intestines of infants and young animals, according to tlie state-

ments of Pautz and Vogel (IV.); Weinland (I.), Fischer and
Niebel (I.), and other workers.

The expressed juices recovered by Stokeasa and Czerny (II.)

from muscle, liver, lungs, and other organs, decompose and ferment
milk sugar

;
and according to Simacek (II.), lactase is also present

in pancreatic juice.

According to Weinland, the optimum temperature for lactase

is 39° C.
;
but comprehensive research is needed on this point, as

well as on the destruction temperature, and the favourable or

adverse influence of chemicals and other substances on the enzyme,
these properties of lactase being still undetermined.

Like maltase [see p. 525, vol. ii.), the remarkable property of

reversion is also exhibited by lactase, especially that from kefyr.

If 200 c.c. of extract kefyr granules be treated with 100 grms. of

rZ-glucose and 100 grms. of c^-galactose, in presence of 10 c.c. of

toluene, and the mixture be kept in a tightly closed flask for fif-

teen days at 35° C., it is stated by E. Fischer and Armstrong (I.),

that the mixture will furnish a new disaccharide, which they term
isolactose. This sugar is split up again into r^glucose and rZ-galac-

tose by a dilute solution of kefyr lactase, though not by emulsin.

A highly interesting observation by E. Fischer and Armstrong
is that isolactose is fermented by bottom yeast, but not by top yeast,

the sugar thus behaving like melibiose with regard to these two
races of yeast.

§ 331.—Trehalase.

The sugar, trehalose, consists of two molecules of fZ-glucose,

which, however, are combined in a different manner from the two
groups of grape sugar composing maltose, isomaltose, turanose,

and probably other disaccharides, such as Hill’s (I.) revertose.

They are hydrolysed with great difliculty by acids, the decomposi-

tion of over 99 per cent, of trehalose necessitating boiling for six

hours with 5 per cent, sulphuric acid.

This sugar was formerly regarded as unfermentable, until

Boning showed that the same “begins to ferment at the end of

twelve hours in presence of best quality yeast that has been

sufficiently washed”; compare Tollens (VII.).

Bourquelot (XIII.) afterwards discovered in Aspergillus niger

[see p. 363, vol. ii.), an enzyme decomposing trehalose. For the

preparation of this, trehalase—or trehalo-glucase, according to the

nomenclature proposed by E. 0 . voN Lippmann (IV.)—he culti-

vated the mould fungus on Raulin’s nutrient solution, triturated

the culture with sand, extracted the water by means of 95 per

cent, alcohol, and dried the residue in vacuo, the mass being

then extracted with water and the filtrate precipitated with

alcohol. The resulting mould-fungus trehalase, which also occurs
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in species of Penicillium {see p. 363, vol. ii.), is destroyed by a

temperature of 63° 0 . It is, however, doubtful whether the yeast

enzyme that decomposes trehalose is identical with this mould-

trehalase.

Bourquelot also found trehalase in barley and green fodder,

and pointed out that the enzyme content, also detected in these

raw materials by E. Fischeii (XII.), originates in the mould fungi

invariably present (see pp. 523, 524, vol. ii.). The French worker

even went further, and expressed the opinion that trehalose is

probably only fermented by yeasts when the latter have been

grown in unsterilised malt worts, and have thus introduced

trehalase derived from the raw material.

According to E. Fischer (XII.), however, pure yeast will

hydrolyse trehalose, though invertase and filtered yeast extract do

not. The behaviour of various yeast enzymes tow^ards trehalose

was then investigated by A. Kalanthariaxtz (I.), who found that

certain wine yeasts hydrolysed 10-2 1.5 per cent, of trehalose at

22°-28° C., bottom-fermentation beer yeasts attacking 10-37.5

cent, (at 24° C.), top yeasts, including Weissbier and Lichtenhain

yeasts, hydrolysing 5-10 per cent., a number of other species

7.5-25 per cent., Kissly-Schtschi yeast o and 20 per cent.. Logos

o on one occasion and 25 per cent, on another, Pombe o on two
occasions and 5 per cent. once. These results show considerable

irregularity in the progress of hydrolysis, especially with the last-

named yeasts. According to Delbruck (XIII.), trehalase can

be detected in numerous wine, beer, and pressed yeasts.

The researches of Bau (XVIII.) failed to yield any definite

result as to the presence, in bottom yeasts, of an enzyme capable

of decomposing trehalose. These experiments were conducted at

a fermentation temperature of 2o°-25° C., and extended over four

months. In the case of most of the organisms examined, the

fermentation—if occurring at all—started slowly and pursued a
sluggish course. The trehalose was gradually fermented by the

yeasts US, UF, OS, Logos, Sacch. ellipsoicleus II., and Sacch.

lastorianus /., II. and III., as well as by Monilia Candida, only

an inappreciable alteration of the sugar being produced by a

lactose yeast, and very little, if any, by Schizos. Fombe and Sacch.

apiculatus.

According to Kayser (IV.) the pineapple yeast (see p. 396,
vol. ii.) ferments trehalose, the same eftect being produced,
according to Went (V.), by Monilia sitophila

;

by Allescheria

(Eurotiopsis) Gayoni, according to Laborde (VI.)
;
and by the

so-called Amylomyces a and Amylomyces y (see p. 89, vol. ii.),

according to Pommel and Sitnikoff (I.).

Lindner (XXXIV.) states that trehalose is fermented by a yeast

from Kissly-Schtschi, by Monilia Candida and M. variahilis, by Mucor
Rouxii, Amylomyces, by Danzig Jopen yeast No. 602, by a race

(No. 402) of Sacch. anomalus, by nearly all the wine yeasts tried,
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Sacch. Pastorianns /., IT. and ///., SaccJi. elli'psoidms I. and //.,

Sacch. cratericus, by two yeasts from Breslau “ Kretschmer” beer,

and by culture bottom yeasts of the Frohberg type, though no
definite result was obtained with Saaz yeast. In the continued
experiments with races of the DF type, twenty-four yeasts fer-

mented trehalose, whilst nine others gave negative or indefinite

results. A majority of the culture top yeasts fermented this

sugar only, rather more than i6 per cent, of them having no
effect on trehalose

;
and similar behaviour was exhibited by most

of the wild yeasts, only five out of thirty-seven races giving no
result. With regard to Ban’s statement that Logos yeast fer-

ments trehalose, Lindner obtained a different result : and whilst

Kalanthariantz found that three lactose yeasts split up trehalose,

Lindner (XXXV.) could not obtain any fermentation of this

sugar with the same yeasts.

Bau (XVIII.) has pointed out a general resemblance between
the fermentation of trehalose and the course of fermentation of

saccharose solution by Monilia Candida, except that the operation

proceeds more sluggishly.

Whereas Bourquelot’s experiments indubitably prove that cer-

tain mould fungi contain an enzyme (trehalase) capable of splitting

up trehalose, there does not seem to be any justification for assuming
that this is also the case with the true yeasts—so far as present

experience extends—the contrary being indicated in a striking

degree by the irregularity of the decomposition and extreme
sluggishness of the fermentation. The case is probably analogous

with the behaviour of Monilia Candida in presence of saccharose.

§ 332.—Raffmase.

Mudie (I.) discovered, in eucalyptus manna, a sugar, which

was afterwards investigated by Berthelot (IX.), who called it

melitose. This sugar has been already mentioned on p. 526, vol. ii.

When Dubrunfaut, in 1850, observed that certain sugars deposited

from beet molasses gave a polarimeter reading of over 100° (in the

Soleil- Ventzke-Scheibler apparatus), Scheibler at first attributed

this circumstance to the presence of an admixture of dextrin.

This hypothesis, however, proved untenable, and the name, “ plus

sugar,” was applied to the constituent causing this higher polari-

sation in beet sugar. In 1876, Loiseau succeeded in isolating

this sugar in a pure state, and named it raffinose, because it was

first recovered from sugar-refinery residues. The subsequent

exhaustive researches of Tollens and his collaborators, and the

simultaneously conducted investigations of Scheibler and Mittel-

meier, revealed the identical nature of the sugars, melitose,

raflSnose, plus sugar and gossypose. The literature of these

highly interesting labours—the study of which, in the original,

is recommended to all young workers desiring to acquire a know-
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ledge of the characteristics of the various sugars—will be found

by referring to Bau (XVII.) and E. 0 . von Ltppmann (V.).

Ilalfinose is a trisaccharide, he., it consists of three simple

sugars of the Cg group, namely cZ-fructose, rZ-glucose and r^-galac-

tose. The two latter are in a more intimate state of mutual

combination—they form melibiose {see\). 526, vol. ii.)—than that

uniting them with the cZ-fructose. This latter is readily detachable,

dilute acids (even weak acetic acid) sufficing to set up hydrolysis

resulting in the separation of the trisaccharide into cZ-lructose and

melibiose, according to the equation :

The quantitative determination of raffinose in presence of

saccharose is effected by several methods, which can be found in

handbooks on the testing of sugar
;
and Bau (XIII. and XXV II.)

employed a method, based on fermentation physiology, whereby

raffinose can also be detected in mixtures with other sugars. By
the fermentation method he succeeded in determining the raffinose

contained in beet-sugar molasses
;

but the process requires so

much time that it is only suitable for scientific investigations,

and not for the practical conditions of the sugar industry.

Raffinose is fermented by the great majority of yeasts that are

able to ferment saccharose {see § 327). The fermentation of this

trisaccharide is either complete—as with bottom yeasts— or else

only about two-thirds of it are fermented, as is the case with

most top-yeasts and a few other kinds, a fission-product, melibiose,

being left behind {see p. 528, vol. ii.).

It was assumed that raffinose needed to be split up by a

special yeast enzyme before it could be fermented
;
but this

opinion was opposed by Bau (XXX.), who asserted that

fZ-fructose combines with melibiose to form raffinose, in exactly

the same manner as it does with rZ-galactose to form saccharose.

The method of combination is shown below. Formula I. repiesent-

ing raffinose, and II. saccharose

:

CH2OII
C HoOlI

II

,0 ^

/\
O (CHOH)o
\ I

cir

I

CHOU

CH.2OH

ciroH.

/c
o

(UHOIBs

I

CHoOH

The fructose group on the right in these formulie is combined
in an identical manner with the melibiose group in the one case



536 ENZYMES DECOMPOSING SACOTTAPTDES.

and with the glucose radical in the other, so that the oxygen
combination, indicated by thick type, can easily be resolved by
invertase in both instances.

Lindner (XXXV.), however, objected that certain yeasts are

able to ferment raffinose, but not saccharose, and that therefore

the existence of a raffinase cannot be disputed. As an instance,

mention may be made of Schizosacchai'omyces octosporus which,
according to E. Fischer and Lindner (IV.), contains raffinase

but not invertase. On the other hand, Lindner’s film yeasts

No. 170 and 178 will ferment saccharose, leaving raffinose intact.

In the case of animal invertase, Pautz and Vogel (I.), as also

E. Fischer and Niebel (I.), found that the enzyme from
the intestinal mucous membrane of dogs and horses will decom-
pose saccharose, leaving raffinose unaltered.

From these statements, the existence of raffinase may be
assumed to be demonstrated

;
but all that we know about it,

apart from the fact that it splits up raffinose into cZ-fructose and
melibiose, is that—as observed by Bau—it is decomposed at a
temperature of 75° C., and is contained in Merck’s invertase.

According to Gillot (V.), raffinase occurs in mould fungi, as w^ell

as in yeasts.

In the case of polysaccharides, according to Bourquelot
(XIV.), the enzymes act successively, so that in our case, the

raffinose must first be hydrolysed by raffinase, before the melibiase

can act on the liberated melibiose. No reversion takes place, and
melibiase cannot attack raffinose itself.

In addition to raffinase—which merits exhaustive investiga-

tion—there are certainly other enzymes that are able to split up
the polysaccharides

;
but as even less is known about these

enzymes than about raffinase, we cannot devote a separate

paragraph to them, and therefore they are briefly reviewed below.

Thus, it is doubtful whether the manna-trisaccharide, which
Tanret (VI.) found in the manna of the ash-tree, is partially or

completely hydrolysed by yeast, or not attacked at all.

The 1‘eports on the fermentation of melecitose by yeasts also

require confirmation. According to Bourquelot and Herissey
(III. and V.), this sugar is decomposed by an enzyme of Aspergillus

niger^ into glucose and turanose. This latter sugar, a biose,

composed of two rZ-glucose groups, may also be formed by the hydro-

lysis of melecitose by acids.

Bourquelot (XV.) states that only one-third of gentianose is

fermented by yeast, the latter separating c^-fructose and ferment-

ing that sugar, but leaving the gentiobiose behind. However,
under the influence of an enzyme of Aspergillus niger, and also of

emulsin, gentiobiose can be split up, by further hydrolytic action,

into two molecules of c^-glucose.

A tetrasaccharide, stachyose, which was specially investigated

by Tanret (VI.) and by A. von Planta and E. Schulze (I.), is
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also only partially fermented by yeast, rZ-frnctose being liberated

and fermented, leaving a trisaccbaride behind. Whether the

latter—known as mannotriose—can be in turn attacked by yeast,

has not yet been accurately determined. Emulsin, diastase, and

As2')eTgillus niger act on stachyose in the same manner as yeast

enzyme. Our knowledge of intimate properties of these enzymes

that decompose the last-named polysaccharides is practically nil

;

and their investigation would therefore be extremely valuable,

though complicated by the difficulty in the way of procuring the

higher polysaccharides.

§ 333.—Fermentation of Dextrin by Yeast (Amylase).

As long ago as 1833, Biot and Persoz (I.) expressed the

opinion that dextrin can be fermented by yeasts
;
though one of

them, Persoz (I.), in collaboration with Payen, came to the

conclusion, in the following year, that dextrin w'as un fermentable.
This view w^as shared by G. Varry (I.), whereas Barfoed

(
1 .)

arrived at the opposite result.

In the course of their researches on the degradation of starch

by diavStase, Brown and Morris (IV.) found that dextrins are not

directly fermentable by yeasts, but require first to be hydrolysed.

Under certain conditions a few bottom yeasts, which act as the

cause of secondary fermentation in English top-fermentation

breweries, and are referred to by the authors in question as

Sacch. ellipticus and Sacch. Fastorianus, are capable of hydrolysing

dextrin, and thus afford an impetus to the direct fermentation of

that substance. According to E. II. Moritz (I.), maltodextrins

are not fermented during primary fermentation, but constitute

the material for secondary fermentation.

According to the conception of the English chemists, the
starch molecule is degraded, under the influence of diastase, in

such a manner that a series of dextrins, the so-called amyloins, are
formed, these constituting intermediate stages between soluble

starch and maltose. These amyloins, which are also occasionally

known as maltodextrins among German workers, are constituted

according to the theory of Brown and Morris (Y.)—in such a
manner that m molecules of maltose, GjjIIggOjj, are combined with
n molecules of dextrin, Gj^Hj^Ojo. In the amyloins of low type,

resulting from the more extensive degradation of the starch, the
value m is far greater than the value w, the converse being the
case with the amyloins that approximate more closely to starch in

their composition. This clever hypothesis, however, failed to
stand further theoretical and practical investigation

; in which
connection we need only mention the work of C. J. Lintner, who
arrived at a different result in numerous published researches.
In one of their experiments, Lintner and Dull (II.) found that
the primary degradation-product of starch is an amylodextrin,
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which is degraded into erythrodextrin by tfie action of diastase.

Under the hydrolytic influence of malt enzyme, this product is

transformed into achroodextrin, which furnishes maltose and
Lintner’s isomaltose—not to be confounded with Fischer’s isomal-

tose, which is a well-defined, synthetic, non-fermentable sugar {see

p. 525, vol. ii.). Varying results were obtained by other workers,

both earlier and later
;
in fact all those who have taken up the

problem of the degradation of starch by diastase—a question that

has been under discussion for more than a century—have obtained

difterent results, so that in the mouth of one author, the relatively

established terms, amylodextrin and erythrodextrin, and more
especially achroodextrin I., II., III., maltodextrin, &c., meant dif-

ferent substances to those imj)lied by a second or third author,

who believed himself to be working with the same compounds.
An almost irremediable confusion exists in the nomenclature of

these products, owing, no doubt, to the inadequate chemical

and physical appliances at our disposal to enable the several

transformation products to be isolated as well-defined individuals.

Perhaps the exhaustive work of Moreau (I.) may finally clear

the matter up. It would take up too much space to give even a

brief historical review of the various hypotheses dealing with

the intermediate products between starch and maltose
;
and we

must therefore be content in this paragraph to class as “ dextrin
”

all the intermediate bodies between starch and maltose that dif-

ferent authors have named amylo-, erythro- and achroodextrins,

maltodextrins and amyloins, moreover, without drawing any
distinction between the dextrins produced by diastase and those

resulting from the action of acids on starch.

According to the views of English chemists, the amyloins effect

the secondary fermentation of beer in the storage cask
;
which

view is also expressed by E. E. Moritz (I.). If low-type amyloins

be added to beer, the secondary fermentation assumes a more
turbulent aspect and the beer matures earlier. In the opinion of

Moritz, secondary fermentation is not effected by the true Saccharo-

mycetes, but by the secondary-fermentation yeasts, with which

Brown and Morris associate wild yeasts. This view was
responsible for the sceptical attitude taken up in England with

regard to the application of the Hansen method of pure-yeast

culture to the production of top-fermentation beers. According

to Moritz, the higher-grade amyloins, which dextrins approximate

more closely in composition to starch, cause gradual secondary

fermentation, so that the beer takes longer to mature.

Medicus and Immerheiser (I.) were led into quite a different

sphere of labour on the fermentability of dextrins, by the

examination of a suspected wine for the presence of added

impure starch sugar. In their experiments on the fermentation

of dextrin by yeasts they employed, in part, impure st:irch sugar,

and in part prepared from this latter a so-called dextrin, which
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they subjected to the action of commercial, but starch-free,

pressed yeast. For example, 40 grms. of starch sugar were

dissolved in 250 c.c. of water containing nutrient salts, the

glucose being eliminated by fermentation. The resulting solution,

corrected to the original volume, gave a polarimeter reading of

+ 7.65° in the first experiment, and +6.90° in the second.

After pitching the filtered solution with 5 grms. of pressed

yeast, the polarimeter readings at the end of 6 days receded to

3.35° and 2.75° respectively
;

and after a further sojourn

of 5 days at 30° C. the reading had fallen to 1.9 in both cases,

an additional diminution ensuing after the addition of more

yeast. In other experiments the same workers succeeded in

eliminating the dextro-rotatory substances completely
;
but the

process cannot be regarded as a true fermentation of dextrin in

our sense of the term, neither carbon dioxide nor alcohol being

produced.

E. VON Raumeii (I.) also, in the course of examining certain

honeys suspected of containing added starch suger, endeavoured to

ascertain how far dextrins can be fermented by yeasts. His

results showed that pressed yeast, beer yeast and wine yeast

behave differently, the first named attacking the dextrins power-

fully, the latter not at all.

Fresenius (in.) was able to confirm the reports of Medicus
and Immerheiser. According to his researches the so-called

unfermentable dextro-rotatory substances are also fermentable by
pressed yeast, though not afiected by beer yeast. Fresenius,

moreover, drew attention to the circumstance that film yeasts

also eliminate dextrins.

Hence, it is important for the analyst who has to examine
iioney, or wine for added starch sugar, to know that he should

never employ commercial pressed yeast. The “ Convention,”

Vereinbarungen (IL), prescribes that 25 grms. of honey be

dissolved in 200 c.c. of a nutrient solution and sterilised, and
after cooling should be pitched with 5 c.c. of fluid, vigorous and,

preferably, pure-culture wine yeast, notjwessed yeast, fermentation

being conducted at 2o°-2 5° C. Ilie liquid is then made up to

250 c.c. with water, after being clarified with alumina, or 3 c.c.

of lead acetate and 2 c.c. of sodium sulphate solution, and is

examimed in the polarimeter at 20° C. If the fermentation

residue exhibits any considerable dextro-rotation, it should be

examined for dextrin by precipitation with alcohol.

In the examination of wine for the presence of impure starch

sugar, K. Windiscii (VI.) recommends that 2 ro c.c. of the wine be

concentrated to one-third by evaporation, and then diluted with
water until the liquid contains not more than i 5 per cent, of sugar.

This solution is pitched with about 5 grms. of vigorous beer

yeast that is free from optically active constituents, and fermen-
tation is carried out to completion at a temperature of 2 0°-25° C.
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Tlie fermentation residue is tested for dextrin by a special method
given by the same author (l.c.).

Lintner (XII.) opposed the views of Medicus, Fresenius and
others by asserting that the earlier experiments were inconclusive,

having been performed with impure dextrin or impure yeast. The
dextrins in starch sugar are partly reversion products, such as the

gallisin of Sciieibler and Mittelmeier (IV.); and the pressed

yeasts are not composed of uniform organisms, but contain many
bacteria capable of attacking dextrin. Malt dextrin is unfer-

mentable by pure yeast of Sacch. cerevisice type
;
and the numerous

conflicting reports may also be explained by the circumstance that

many of the workers employed dextrins containing sugars, and
not the pure substance. E. von Raumer’s observation of a

difference in yeasts, inasmuch as pressed yeast attacks dextrin

most powerfully, beer yeast acting in moderate degree, and wine
yeast not at all, renders it fairly certain that his pressed yeast

contained large numbers of bacteria, and the beer yeasts probably

contained film yeasts, whilst the wine yeast was relatively pure.

SniFFERER (I.) also reports that malt dextrins resist the action of

pure top yeast, though they are eliminated by treatment with
impure commercial pressed yeast.

A new stage in our knowledge of dextrin fermentation was
reached when the study of yeasts led to the establishment of

certain definite types in the Sacch. cerevisice group. This was
stimulated by the discovery of Saaz yeast [see p. 112, vol. ii.) and
the difierentiation between the Saaz and Frohberg types, the

former of which gives a lower final attenuation than the latter.

Since both top and bottom yeasts form well-defined races, we
have the types : bottom Frohberg, bottom Saaz, top Frohberg,

and top Saaz, distinguished by the signs: UF, IJS, OF, OS
respectively. Yeasts of the OF and UF type produce the same
final attenuation in beer wort, OS and US being also equal in

this respect. It is true that insignificant fluctuations occur in

one final attenuation, since the yeasts do not merely ferment the

carbohydrates, but also assimilate and modify a number of other

wort constituents, especially nitrogen compounds and salts, besides

producing non-volatile products, especially glycerine and succinic

acid {see p. 490) in varying quantities. This explains why the

residual extract in one and the same wort that has been fermented

by difierent yeasts, e.g., of the UF type, is not identical in all

cases, but frequently exhibits small diflerences.

In addition to the foregoing, H. van Laer (HI.) established

the Burton type of yeast, which ferments worts to a greater

extent than the UF yeasts. lie also difierentiated intermediate

types, giving an attenuation midway between the types already

mentioned, and named them Saaz-Frohberg and Frohberg-Burton.

These types, however, never found acceptance in fermentation

physiology; and, in fact, van Laer (XII.) himself partly aban-
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doned them on discovering Logos yeast. He then distinguished

between the types S, F, and Logos, as well as the subsequently

discredited intermediate types, Saaz-Frohberg and Frohberg-

Logos.

A new type was discovered by Lindner (XXX.) in Schizos.

Fomhe{see^. 293, vol. ii.), which is able to carry the fermenta-

tion of wort further than is the case with Logos yeast. This

yeast has been exhaustively studied by W. Windisch (VI.) and

F. Rotiienbach
(
1 .).

Consequently we have the following four types of yeast : S,

F, Logos, and Pombe. The differences of attenuation produced

by these yeasts are undoubtedly due to the fact that some of

them are able to ferment dextrins, in addition to maltose (and

hexoses). This faculty has been proved in the case of Logos

yeast and Schizos. Fomhe, though the cause of the difference

between the types S and F has not yet been established on a

scientific basis. It is true that numerous workers, especially

Prior (VII.), have occupied themselves with this problem
;
but,

up to the present, the researches and hypotheses of Prior, and
also those of Bau (XXXII.), have not led to any final and recog-

nised result.

The direct examination of the fermentability of dextrin by

pure cultures of yeast was performed by Lindner (XXXV.), who
obtained the surprising result that many species ferment dextrin

in a greater or smaller degree, even yeasts of the Saaz type being

found by the same author (XLVII.) to be capable of attacking

dextrin, namely, the top-fermentation OS yeasts, Nos. 150, 159, 160
and 403. On the other hand, Saaz yeast itself, and various other

races belonging to the OS and US types, do not ferment dextrin.

Certain other top-fermentation beer yeasts of the OF type, includ-

ing Burton yeast, attack dextrin
;
and indeed, out of forty yeasts

of this type examined, only eight left the dextrin intact.

Nearly all top yeasts from pressed-yeast factories ferment dex-
trin energetically, only one yeast from Bavaria, out of thirteen races

examined, giving a doubtful result—compare Lindner (XLVII.).
The true distillery yeasts, on the other hand, have, in general,

little or no fermentative power on dextrin, 50 per cent, of the
races examined leaving this carbohydrate intact.

Out of thirty-three low-fermentation beer yeasts, only one
fermented dextrin energetically, another slightly; and in the
case of fourteen races the result was doubtful—compare Lindner
(XLVII.), who also reports that a few races of wine yeast can
ferment dextrin.

The film yeasts examined by Lindner have no action on
dextrin ; but, on the other hand, the species of the genus Willia

(see p. 289, vol. ii.) seem to attack this carbohydrate slightly, only
one species, W. helgica, giving decidedly negative results.

The wild yeasts with botanical names, S. Fastorianus //.,
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///., S. ellipsoideiis and a'ciiericus, ferment dextrin more or less

strongly
;
of thirty-one other wild races examined, thirteen pure

cultures were found to liberate carbon dioxide, faintly or decidedly,

from dextrin solutions.

Of other organisms that ferment dextrin, mention may be
made of : S. exiguus, Monilia Candida, Mon. variahilis, Sachsia

suaveolens, Mucor Rouxii, Amylomyces /3 and Am. y, Logos yeast,

Schizos. Pomhe, Schizos. mellacei, and Schizos. octosporus. This
carbohydrate is also attacked by a series of yeasts from Danzig
Jopen beer.

According to P. Lindner’s researches, no definite rule exists

with reference to the fermentability of the dextrins by special

yeasts
;
and it is urgently necessary that these investigations

should be continued under the conditions laid down by 0 . J.

Lintner, namely, the use of pure cultures and pure dextrins

exclusively. The former condition was fulfilled by Lindner, but

the solution of the second problem is complicated by the circum-

stance that, in spite of all that has been done, the dextrins

resulting from the action of diastase on starch have not yet been
isolated in the form of scientifically pure chemical entities.

However this may be, we may assume that the dextrins are

not directly fermentable by yeasts, but that, like all polysaccha-

rides, they must first be split up into directly fermentable sugars

by the action of an enzyme. This enzyme, which has been named
amylase, was found by Katz (II.) in various mould fungi, includ-

ing species of Penicillium and Aspergillus (see p. 353, vol. ii.), as

also in Pact, megaterium. Our knowledge of the amylase of yeast

is at present very scanty, and much work is needed to amplify it.

Having now become acquainted with the present state of

afiairs with regard to the fermentation of dextrin, we are able to

understand the patent taken out by Effront (XV.) for the

cultivation of yeast possessing the power of fermenting that

substance. According to the inventor, certain beer yeasts that

are capable of slightly fermenting dextrin c;m have their powers

in this respect considerably augmented by cultivation under
favourable conditions. The yeasts are fii'st grown in a medium
that contains aldehyde, in addition to dextrose and mineral

substances (potassium nitrate). After preparation in this manner,

they exhibit a decided tendency to ferment dextrin; and this

property can be further intensified by suitable treatment. The
scientific explanation of the Effront process may be sought in two
directions

;
either each beer yeast contains a dormant enzymogen,

which can be stimulated to an increased production of amylase by

suitable treatment, or else the method of cultivation (perhaps

by spontaneous infection) favours certain yeasts that already

produce amylase, so that they gain predominance in the cultures,

under the conditions of environment selected by Effront, obeyiug

the law of natural pure culture as established by Delhrllck. No
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accurate investigation has yet been instituted on either of these

lines
;
and up to the present nothing is known as to the practical

success of the Ellront method.

§ 334.—The Autofermentation of Yeast.*

Except for an antecedent, though indefinite, announcement by

Rerthelot (HI.), Pasteur may be regarded as having been the

first to observe that, under certain conditions, the total carbon

dioxide and alcohol produced from a solution of sugar by the action

of yeast may exceed the theoretical yield calculated from the

sugar initially present in the nutrient solution. Thus, for in-

stance, o 424 grin, of sugar and 10 grins, of yeast (calculated to

dry substance), instead of furnishing about no c.c. of carbon

dioxide, in accordance with the equation of decomposition, actually

produced 300 c.c., together with 0.6 grm. of alcohol. Since only

a portion and not the whole of this yield is covered by the quantity

of sugar present in the nutrient solution, the remainder must have

originated in the constituents of the yeast cells, so that the latter

possess the faculty of fermenting, not merely the sugar in their

vicinity, but also the material of their own corpus. As a matter

of fact, under certain conditions (previous abundant nutrition,

restriction of the access of air, &c.), considerable quantities of

alcohol may be formed in a mass of yeast, without even a single

trace of sugar having been added. The term applied to this

phenomenon is “autofermentation.”

Pasteur’s explanation of the phenomenon was that the yeast cells

contain a substance capable of being transformed into sugar and
afterwards fermented; and, by boiling yeast with dilute sulphuric

acid, he succeeded in extracting no less than 20 per cent, of

fermentable sugar (calculated on the dry matter of the yeast).

His assumption, however, that the cell wall is the source of this

sugar was an error out of which his rival, Liebig (HI.), made a

good deal of capital. This latter worker showed, in the case of

a number of samples of yeast, that the cellulose, forming the
residue of the method of extraction employed at that time, was in

considerably smaller amount than would be requisite to produce the
total alcohol resulting from autofermentation. Thus, to mention
only a single instance advanced by Liebig, 100.6 grms. of yeast,

found by a preliminary experiment to contain 13.9 per cent, of

so-called cellulose, furnished by autofermentation 13.9 per cent, of

alcohol, whereas the theoretical yield from the amount of cellulose

in question was only 11.3 per cent, at the most. Liebig regarded
this observation as a proof of his own theory of fermentation

;

but it must be pointed out that, though the determination

* This paragraph has been chiefly drafted on the reports of Professor
Lafar, to whom I am greatly indebted for his valuable assistance here, and
in other portions of chapters Ixiv. and Ixv.—A. B.
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corrected an erroneous (but by no means fundamental) error of

l)is Frencli opponent, it did not controvert tlie latter’s explanation
of the nature of autofermentation. The counter-hypothesis
successfully brought forward against Liebig by Naueli and Loew
(II.), namely, that yeast contains a greater amount (up to 37 per-

cent.
)

of cellulose than reported by him is, however, untenable
for the reason that it was based on the result of analytical de-

terminations in which the so-called cellulose was not weighed
separately, but was taken in conjunction with a mixture of other
mucilaginous substances {see p. 175, vol. ii.), probably including

glycogen, which at that time had not been identified.

After Salkowski (IV.) had observed that yeast digested with
chloroform water does not undergo autofermentation, but yields

a laevo-rotatory sugar, he arrived at the conviction that the source

of this sugar was to be found in glycogen. The same result was
attained by Ckemer (I., V. and VII.), except that this worker
showed the resulting sugar to consist of the dextro-rotatory

cLglucose. The accuracy of this latter point was subsequently
admitted by Salkowski (IY.).

Autofermentation, therefore, proceeds at the expense of yeast

glycogen, the degradation of this carbohydrate being accompanied
by other transformations that were formerly regarded—and also

by Kutscher (II.)—as autofermentatiou. These phenomena
relate to the transformation of the nitrogen compounds. Accord-

ing to M. ScHENCK (I.), however, a sharp distinction must be
drawm between the autofermentation and the autodigestion of yeast.

This latter form of decomposition will be dealt with in chapter Ixvi.

Nevertheless, it will be advisable to mention here that aromatic

perfumes are formed during autofermentation, probably as a direct

accompaniment thereof. These fruity odours are emitted with

special intensity when the yeast is stored in a pressed state, a fact

well known in practice. Further investigations on the nature and
causation of these aromatic substances are desirable.

Some particulars have already been given (p. 168 et seq., vol. ii.)

respecting glycogen and its hydrolysis by a yeast enzyme. This

latter, to which the nauie glycogenase, has been given, seems to

be incapable of diffusion through the cell membrane of the yeast,

its action being confined to the interior of the cell. This may be

concluded from the circumstance that the liberated enzyme in

expressed yeast juice prepares added glycogen for fermentation.

This glycogenase, which to some extent is still of a hypothetical

character, is creciited not merely with the faculty of hydrolysis

but also, in a high degree, with the power of reconstructing glycogen

under certain conditions. With regard to maltase and lactase it has

already been mentioned, on pp. 525 and 532, vol. ii.,that these two
enzymes are capable of producing reversion effects in addition to

their hydrolytic properties. The condition under which glycogen

increases or disappears in the yeast cell have been exhaustively
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investigated by Henneberg (II.)
;
according to his view (VI.) it

may be assumed that Sacch. cqnculatus does not contain glycogen.

Further investigation on the subject of glycogenase would con-

stitute a valuable sphere of labour, since all that can be predicted

with regard to its still hypothetical existence is the possession of

the two properties mentioned.

A few remarks may be made here respecting the manner in

which autofermentation may be influenced by various agencies.

We have already seen on p. 172, vol. ii., that, according to

Salkowski and Cremer, yeast is affected, by digestion with

chloroform water, in such a manner that, whilst the glycogen is

split up, the yeast does not undergo autofermentation. 0 . J.

Ltntner (III.) states that the same effect can be produced by the

addition of common salt, and he also investigated the action of

other saline substances by adding, in all cases, 5 grms. of the salt

under examination to each 10 grms. of aspirated bottom yeast

rich in glycogen, containing about 25 per cent, of dry substance.

Autofermentation was not set up in the samples treated with a

chloride of sodium, magnesium, or aluminium, or with ammonium
chloride, nitrate, or sulphate. A restrictive influence was pro-

duced by the sulphates of manganese and copper, as well as by
potassium nitrate. On the other hand, a stimulating effect was
brought about by the sulphates of sodium, zinc, magnesium or

ferrous oxide, and by monopotassium phosphate. Hence, in

certain circumstances, autofermentation may fail to occur in a
yeast that is very rich in glycogen, when treated with restraining

agents.

The autofermentation of yeast had a certain practical value
for the analytic chemist, namely, when the sugar content of a
sample submitted for examination is to be determined by the
physiological method {see p. 427, vol. ii.). It is true that methods
are available in which the influence of the yeast can be minimised,
not only with regard to autofermentation, but also with reference to

the other transformations {see pp. 482 and 5 10, vol. ii.) brought about
by yeast, the sterilised solution being inoculated with an im-
ponderable trace of yeast, as recommended by Elion (Y.) and Bau
(XXXI.). These methods, however, occupy a good deal of time,

and though the time question may be neglected in researches of a
purely scientific character, it prevents their application in practice,

despite their accuracy. For a rapid examination, or commercial
analysis, a larger sowing must be used, and in these circumstances
the glycogen content and autofermentation of the yeast must be
borne in mind, no matter whether the sugar be determined from
the resulting carbon dioxide or the alcohol formed. These
derivatives are neglected in the method of Elion and Bau, the
only determination made being the loss of extract during fer-

mentation, the result, supplemented by the cupric reduction

and polarimeter tests, giving the actual content of sugar. In
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commercial analyses a blank experiment has been recommended,
in which the same quantity of yeast is employed with the liquid

under examination in the one case, and with an equal volume of

distilled water or nutrient solution free from sugar in the other.

If the sugar content be determined from the carbon dioxide

liberated, it has been thought that these precautions would
eliminate the influence of the autofermentation of the yeast.

The experiments of C. J. Lintner, however, have shown that the

saline matters present act differently on autofermentation
;
and

therefore, as the full composition of the liquid under examination

is generally unknown, it is impracticable to carry out the blank
experiment in such a manner that the yeast acts in a liquid that

is identical with the one in question, except that sugar is absent.

In the blank experiment one is working with unknown quantities,

whose influence on autofermentation is still undetermined, so

that new sources of error are introduced to an indefinite extent.

It has been proposed to stop the fermentation experiment at the

point at which a preliminary test has shown that the sugar of the

counter experiment is completely fermented
;
but, as was seen on

p. 173, vol. ii., the degradation of the glycogen begins at a time

when fermentable sugars are still present in the nutrient medium.
According to Jodlbauer, this danger does not exist when not

more than two parts of moist yeast (containing about 25 per cent,

of dry substance) are used to one part of sugar. The method
recommended by him for the physiological determination of sugar

is as follows : The nature of the sugar present in the samples is

first ascertained by qualitative tests
;
and then the reducing

power of the substance toward Fehling solution is determined

(after hydrolysis in the case of saccharose or rafl3.nose
;
this method

being inapplicable in the case of trehalose), and from the results

so obtained a calculation is made of the amount of substance that

contains 2 grms. of the sugar. This amount—which in the case

of solid substances is dissolved in 25 c.c. of water, is treated with

I grm. of fresh beer yeast, that has been freed from w^ater on an

unglazed porcelain or earthenware plate, i c.c. of Hayduck’s

nutrient solution being added when the substance is low in

nutritive substances. Fermentation is allowed to proceed at

about 34° C., a weak current of hydrogen gas being drawn
through the liquid, and the escaping carbon dioxide collected in

an absorption apparatus. If the continued examination of a

parallel experiment justifies the assumption that all the sugar in

the main fiask has just been consumed, then the main experiment

is stopped, and the whole of the carbon dioxide remaining in the

liquid and the free space of the flask is driven over into the

absorption apparatus by careful boiling and the continued passage

of a small current of hydrogen^ the amount of the fermented

sugar being determined from the increased weight of the absorp-

tion apparatus. In spite of all the excellent work performed by
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Jodlbauer in this connection, it must be admitted that this method

should only be resorted to when all other means have failed. The
apparatus must be put together with great care in order to prevent,

on the one hand, any escape of fermentation carbon dioxide

throughout the whole of the experiment—lasting about twenty

hours in presence of glucose, and twice as long in the case of

saccharose—and, on the other, to exclude atmospheric carbon

dioxide.

These particulars should also be borne in mind by those who
wish to determine the amount of sugar in urine by the fermenta-

tion method. More precise information on the method employed
for this purpose and the Einhorn saccharometer—which is similar

to the fermentation flask noticed on p. 207 of vol. i.—may be found

in the handbooks onUrine Analysis,especially that of Neubauer and
Vogel, the last three editions of which have been supervised by
H. Huppert (I.). All these handbooks advise a check experiment,

to ascertain the amount of carbon dioxide liberated by the yeast

on digestion with water only. Though the question of auto-

fermentation is thus touched upon, the prescriptions given leave

much to be desired on the score of accurracy, and in particular

fail to bear in mind the possible occurrence of glycogen in the

yeast. Excellent service in this connection has been rendered by
E. Buchner and S. Mitscherlich (I.) by the elaboration of a

method of preparing yeast free from glycogen. Utilising the

observations of Henneberg (IV.), they treated yeast by spreading

the pressed and screened material in a thin layer exposed to the

air. On the yeast being kept in the ice-chest (at about 2° C.), no
glycogen can be found after about a day

;
at about 20° 0. it dis-

appears in eight hours
;
and as quickly as 3-4 hours in the thermo-

stat at 35°“45° C. As a rule the fermentative power of the yeast

is unimpaired by this treatment. These workers state positively

that yeast as free as possible from glycogen must be used for the
detection of sugar in urine, since yeasts that are rich in glycogen
may give rise to the erroneous impression that the urine under
examination contains sugar. The permanent yeast sold under the
name “zymin” is not suitable for this purpose, inasmuch as it

contains glycogen (see p. 474, vol. ii,).

In conclusion it may be mentioned that the value of many of

the scientific treatises dealing with the attenuation powers of

yeast will assume a different proportion when examined with a
view to ascertaining whether the possibility of the intervention of

autofermentation has been duly considered by the authors. All
experiments in which increased quantities of yeast have been
employed in one and the samie test requii’e to be repeated and
confirmed in this connection.



CHAPTER LXVL

ENDOTRYPTASE AND PHILOTHION.

By Dr. M. HAHN (§ 335) and Dr. LAFAR (§ 336).

§ 335.—Endotryptase.

The existence of a proteolytic enzyme in yeast was indicated by
the discoveries of several of the earliest workers, attention to the

subject being drawn more particularly to the phenomena occurring
in autofermentation (p. 543, vol. ii.). After it had been shown by
Thenaed (I.), Pasteur (XXXIY.), and Duclaux (XXXI.) that

yeast loses weight during fermentation, and especially becomes
poorer in nitrogen, Liebig (II.) discovered the presence of leucin

in water surrounding yeast that had been undergoing auto-

fermentation. Bechamp (VII., VIII., X., XI.) and Schutzen-
BERGER (II.) were the first who learned to differentiate two
separate processes in autofermentation : one leading to the decom-
position of the carbohydrates into alcohol and carbon dioxide,

and the other resulting in the decomposition of proteids and
therefore worthy to rank as an actual digestion process. Bechamp’s
discovery of the hydrolysed proteids in the water used for washing
yeast led him to formulate a physiological theory of fermentation ;

“ In yeast, as in the case of all living organisms, we observe a

double series of phenomena. First the phenomena of nutrition

and assimilation induced by the presence of their foodstuffs (sugar,

nitrogenous substances, and mineral salts), these various sub-

stances entering the cells endosmotically and being there trans-

formed and utilised in the construction of tissues for the new-born
cells Side by side with these phenomena of nutrition, however,

but reversed, occur the phenomena of disassimilation, whereby the

tissues are transformed into excrementitious substances, which
are no longer beneficial to the life of the cell, and are ejected.”

(He classes alcohol and carbon dioxide in this category.) More
recently, Boullanger (I.), Beijerinck (XXXI.), Artari (I.),

Wehmer (XII.), and especially Will (XXXV.) have more closely

investigated the proteolytic processes in yeast cultures, after the

theory of the autodigestion (autolysis) of yeast has been firmly

established by Salkowski (II. )> the digestion of yeast in

chloroform water (seep. 175, vol. ii.). M. Hahn (I.) succeeded

548
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in preparing a cell-free solution of the enzyme, after demonstrating

the presence of a strongly proteolytic enzyme in the expressed

juice obtained from yeast by the method of Buchner and Hahn
(see p. 459, vol. ii.), and studying the properties of this enzyme

(which he named “yeast endotryptase in collaboration with

L. Geret (I. and II.). The fission products of autodigestion

were afterwards more closely examined by Er. Kutsciier (III.),

chiefly by the Kossel method.
The existence of endotryptase can be proved in a most con-

venient and striking manner with yeast juice prepared by the

method of Buchner and Hahn. A. few cubic centimetres of the

expressed juice distributed on thymol- or carbol-gelatin (see p. 270,

vol. i.), or an ordinary nutrient gelatin with an addition of

thymol, in a test-glass, produce a decided liquefaction of the

gelatin in twenty-four hours at 22° C., the whole being liquefied

in two to three days when 10 c.c. have been taken. The autolysis

of the pressed yeast juice is equally convincing and undeniable ;

whereas the freshly prepared juice is strongly coagulated by

boiling, a decided diminution of the coagulum is observed on boiling

the juice after it has been kept, in presence of a little toluol or

chloroform, for twenty-four hours at 37° C., a precipitate, how-
ever, forming without boiling. The formation of a coagulum is,

moreover, almost entirely prevented by storing the juice for six

to seven days at 37° C., or ten to fourteen days at room tempera-

ture; whilst a deposit of amino-acids (leucin particularly) is formed.

Of course the dried pressed juice, mentioned on p. 463, vol. ii.,

can be used for the same purpose, after being dissolved in water
and treated with an antiseptic. The detection of endotryptase

can also be effected with the recently introduced permanent yeast

(see p. 481, vol. ii.) on stirring the latter up to a thin pap with

water and spreading it on gelatin in presence of toluol. This

method, however, never produces such rapid liquefaction as can

be obtained by the use of expressed yeast juice. Carmine fibrin

(see p. 301, vol. i.) suspended in pressed yeast juice also dissolves

in twenty-fonr hours at 37° C., and stains the liquid dark red
;
but

the liquefaction of coagulated egg albumen takes longer to accom-
plish. Will (XXXI.) also observed the liquefaction of gelatin

in living cultures, with stab cultures of various species of Saccharo-

inycetes (see p. 555, vol. ii.) in wort-gelatin, and kept for eighteen

to eighty days at 20° C., or for forty-five to two hundred and forty

days at 13° C., the liquefaction usually beginning in the path of the

stab. The quantitative determination of the effect produced by
endotryptase can also be performed in a most convenient manner
with pressed yeast juice, the coagulum produced by boiling the
fresh and digested juice being dried and weighed, or else (which is

preferable) the increase of nitrogen in the filtrate is ascertained.

With this object 10 c.c. of yeast juice .are diluted with water,

treated with about 5 c.c. of a saturated solution of common salt,
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neutralised, heated to boiling, acidified with a few drops of acetic

acid, and filtered through a dry filter after having been made up
to a definite volume on cooling. The nitrogen in an aliquot part

of the filtrate is then determined by the Kjeldahl method. By
performing the determination with fresh. and digested juice, the

increased amount of nitrogen in the filtrate gives a very accu-

rate representation of the progress of digestion. According to

Salkowski (II.) the determination is efiected in precisely the

same manner in the case of yeast suspended in water, the nitrogen

being determined in the filtrate (separated from the coagulum)

before and after the digestion of the yeast in water containing a

little chloroform or toluol. The proteid nitrogen may be deter-

mined either in the coagulum, or else, according to Iwaxoff (II.),

in the precipitate furnished by copper oxide (Stutzer).

Chief among the properties of endotryptase ranks its practically

valuable behaviour toward high and low temperatures. Tempera-
ture is the decisive factor, not only for the decomposition of proteids

during fermentation (as already mentioned several times in

chap. Ixiii.), but also for the activity of alcoholase, which enzyme
may, in certain circumstances, be injuriousl}^ affected by the endo-

tryptase that is acting concurrently. All experiments on the

properties of endotryptase may be carried out in a most satisfac-

tory manner with expressed meat juice which, to some extent,

represents a solution of this enzyme, and forms the best material

from which the action of the enzyme can be quantitatively deter-

mined. Geret and Hahn obtained the accompanying particulars

{see Tables on next page) with regard to the optimum and
destruction temperatures of the enzyme.

The optimum temperature seems therefore to lie between 40°

and 45° (3 ., whilst the enzyme is completely destroyed by heating

at 60° C. for an hour. In the dry state, both in pressed yeast juice

and permanent yeast, endotryptase naturally exhibits higher

powers of resistance to heat. On the other hand, at low tempera-

tures (3° to 7° 0.)—as was shown by an experiment continued for

fourteen days by Hahn and Geret—the digestion, though by no

means entirely prevented, is so considerably delayed as to demon-
strate the advantage of carrying out ordinary yeast fermentations

at low temperatures, in view of the protection of the alcoholase

{see p. 473, vol. ii.).

As in the case of other proteolytic enzymes, the influence of

gases on the action of endotryptase seems to be very slight. Lack

of oxygen was shown by the experiments of Geret and Hahn
(I. and II.) to have no such favourable influence on the proteolysis

of pressed yeast juice as was reported by Will (XXXV.) in the

case of the living cells. On the contrary, the passage of air or

oxygen was found rather to stimulate the digestion of protein
;

whilst the operation proceeded unhindered by the passage of a

current of carbon dioxide or hydrogen. So far as carbon dioxide
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Percentage of Coagueum.

Temperature ° C.

Before After digestion for

diyestiuu. 2 0 liours.

I. At 3
°-

7
° ..... 2.72 2.57

2. ,,
22 4.71 3.93

3 - „ 37 4.71 2.71

>y 4^ . • • • • 4.71 2.42

Percentage OF COAGCLUM.

After heating for 1 hour.

Before After digestion for

digestion. 20 liours at 3 7 ° C.

0
0 -4 T.36

2. „ 55° 3-4 1.99

3. ., Go"* .... 3-4 3 - 3(3

4. Unheated control exi)ert. to 1-3 3-4 0.69

5. To 65° C 2.72 2-57

6. Unlieated control expert, to 5 . 2.72 0.87

is concerned, this latter observation is also of practical importance

to the fermentation process.

Weak antiseptics (chloroform, thymol, toluol, 0.2 per cent,

salicylic acid, o.i per cent, formaldehyde) do not appear to have
any influence on the action of endotryptase. On the other hand,
powerful precipitants (3 }>er cent, phenol, o.i per cent, sublimate)

naturally stop the digestion, which, liowever, contrary to the

statements of Schiir with regard to enzymatic action, is not
restricted by i per cent, hydrocyanic acid. Even in concentrated
solutions up to 5 per cent., according so T. Gromow (I,), of

neutral salts, such as sodium, potassium and calcium chloride,

stimulate proteolysis, whilst saturated solutions have a powerfully
restrictive influence. Additions of 50 per cent, glycerine and
saccharose also retard proteolysis considerably, and therefore

preserve the alcoholase {see p. 477, vol. ii.), as well as the proteids.

These discoveries of Geret and JJahn were supplemented by the
observation of T. Gromow (I.), to the ellect that, not only glycerine

and saccharose, but also mannitol, glucose, lactose, and glycocoll

restrict the proteolysis of ])ermanent yeast suspended in waiter.

In the case of saccharose, this effect is already apparent on the
addition of 5 per cent., whilst the proteolysis almost entirely ceases

in })resence of 35 per cent. Saccharose has a more powerfully
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restrictive action than glycerine or glycocoll in isotonic solutions

;

consequently, in this case the retarding effect must not be regarded

as a purely physical process.

Pressed yeast juice, concentrated to one-third its original

volume in vacuo, exhibited a considerably lessened auto-digestion,

the same effect being produced when permanent yeast was stirred

up to a thick pap in water, instead of being suspended therein.

VVhether, as opined by T. Gromow (I.), the accumulation of

metabolic products constituted the retarding factor has not yet

been proved.

The influence of alcohol, which is always present, more or less,

in yeast cultures, is also a matter of practical importance. Experi-

ments by Geret and Hahn have demonstrated that the proteolysis

of expressed yeast juice is slightly retarded by the presence of

5 per cent, alcohol, seriously so by 10-20 per cent, (this was
confirmed by T. Gromow), and stopped by 30 per cent, alcohol.

Hence, even in the advanced stages of fermentation of wine and
beer, the complete suppression of the action of endotryptase by
alcohol can hardly be expected to occur. According to Iwanoff
(II). the restriction of proteolysis during fermentation is effected,

not by alcohol, the action of which {see p. 477, vol. ii.), does not

become apparent until the concentration exceeds 4 per cent.
;
but

by other volatile products, aldehydes and esters (fruit ethers).

He states that the proteids are not decomposed by fermenting

yeast in pure nutrient solutions
;
but in the ordinary complete

nutrient solutions, in which all physiological processes are in full

swing, even a small quantity of acid phosphates, as was found by
Iwanofi' himself

,
is able to entirely neutralise the restrictive action

of the fermentation products on proteolysis, and in fact accelerate

the latter.

Weak acids favour the action of endotryptase, the optimum
effect being produced by the presence of 0.2 per cent, hydro-

chloric acid in pressed yeast juice, or by an equimolecular amount
of sulphuric acid, whilst the same strength of acetic acid seems to

act still more favourably. Boric acid (i per cent.) or sodium

borate (i per cent.), does not retard proteolysis, whilst borax

[see p. 244, vol. ii.) and all alkalis, even as weak as o. 1-0.2 per

cent., diminish proteolysis considerably by the neutralisation of

the pressed yeast juice.

The action of endotryptase is not confined merely to the

nucleins of the yeast cell, but extends also to other proteids.

Boullanger (I.) and Beijerinck (XXXI.) observed the digestion

of casein by yeast ;
and Beijerinck obtained a similar result with

glutin, albumen, and fibrin, whilst confirmation was furnished by

Geret and Hahn (I. and II.) in respect of casein, glutin-casein,

and albumen. In his experiments with pressed yeast, Schutz
(I.) ascertained that endotryptase attacks yeast nuclein and

gelatin the most, euglobin and serum albumen being far less
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powerfully decomposed, whilst in two cases out of three, pseudo-

globulin was left intact.

With regard to the fission products resulting from the auto-

digestion of yeast, the older statements must be accepted with a

certain degree of care, because it cannot always be safely deduced

from them that the putrefactive influence of bacteria was pre-

cluded
;
whilst in some cases the method of experiment adopted

was such as might induce the decomposition of the proteids. Thus,

in their investigations on the chemical composition of yeast,

NlGELiand Loew (II.) found 2 per cent, of peptones, which Loew
subdivided into a-, h- and c-peptone (Meissner). This result,

however, was obtained with an acpieous extract of yeast obtained

by eleven successive prolonged boilings, so that Niigeli himself

was obliged to admit that the boiling water might have produced
hydrolysis. According to GERETand Hahn (I. and II.), albumoses
and peptone are not detected in expressed yeast juice digested at

37° C.
;
and in fact, even when albumoses and peptone are added

to the juice, the biuret reaction soon disappears at a higher

temperature. On the other hand, when the digestion is retarded

by the temperature of the ice-chest, albumoses appear, these being

chiefly deuteroalbumoses, whereas true peptones, in the sense

indicated by Kiihne, cannot be identified. Moreover, since F.

Kutscher (III.) observed the occurrence of the biuret reaction

for a period of 8-14 days, during the digestion of yeast with
chloroform water—a process in which the enzyme only gradually

issues from the cells and comes into action—the possibility of the

formation of small quantities of albumoses during the protracted

action of endotryptase must be admitted. Attention was also

directed, at an early date, to other fission products occurring in

the autodigestion of yeast. Thus, Liebig in 1868 referred to the

occurrence of leucin during the autofermentation of yeast
;
the

appearance of tyrosin among the fission products was observed by
Bechamp in 1872 ;

and both workers contemporaneously noticed
a copious exudation of phosphoric acid from the yeast cell. Then
followed Schiitzenberger’s discovery of butalanin, alloxuric bases,

carnin, sarkin, xanthin, and guanin (as well as tyrosin and leucin)

in the aqueous extract from self-fermenting yeast. This worker
regarded all these fission products as derivatives of albumen.
The experiments of Kossel (HI.) and Salkowski (II.) showed
that the phosphoric acid and alloxuric bases should be regarded
as hssion products of the nuclein substances of the yeast cell,

whereas the leucin and tyrosin probably originate in the decom-
position of other proteids. This result is also confirmed by
the autodigestion of expressed yeast juice. Geret and Hahn
found that four-fifths to five-sixths of the phosphorus (mostly in
the form of organic compounds) in expressed yeast juice is

converted by this digestion into phosphoric acid, and that the
greater part of the phosphorus can be identified as present in this
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form after digestion has been proceeding for an hour at 37° 0.

The amount of sulphuric acid, on the other hand, increases but
slightly. The nitrogenous constituents of the expressed yeast

juice undergo decomposition in such a manner that, at the close

of the autodigestion process, about 30 per cent, of the nitrogen in

the digestion products is in the form of bases, 70 per cent, being
allocated to the amino acids, the proportion being the same as

that in which these bodies are found in the fresh yeast juice

freed from albumen. The xanthin bodies, which are present in far

smaller amount (50-60 mgrms. per 100 c.c. of yeast juice),

exhibit an interesting behaviour, inasmuch as, under normal
conditions, they are still present in a latent form after the auto-

digestion of the yeast juice, and are only revealed by boiling with
acids. This latent condition is probably due to the carbon dioxide

appearing in the yeast juice in consequence of the fermentation.

The more intimate characterisation of the several fission

products was elfected by Kutscher, with the aid of Kossel’s

methods. In a recently published work, Kutscher and Loh-
MANN (I.) give the following series of fission products, obtained
by the autofermentation of beer yeast suspended in toluol water :

guanin (abundant), adenin (abundant), xanthin
'

(traces), hypo-
xanthin (traces), histidin, leucin, arginin, tyrosin, lysin, aspartic

acid, glutamic acid (hitherto undetected), and ammonia (little).

SiiiGA (I.) recently ascertained that the amount of xanthin
increases continuously during the digestion of expressed yeast

juice
;
but that guanin is decomposed, even when added in afresh

state
;
whilst adenin and hypoxenthin fluctuate. According to

Shiga, the arginin is partially decomposed by an enzyme
(•‘ arginase ”) discovered in yeast juice, into urea and ornithin

(a-S-diaminovalerianic acid), a process that had been previously

observed in the case of animal organs by Kossel and Dakin (I.).

Finally, Kutscher succeeded in also detecting cholin as a fission

product of yeast lecithin. This disposes of the hypothesis that

cholin always originates entirely in the unfermented liquid (mash,

wort, molasses, and must). The discovery of cholin is important,

inasmuch as it is also capable of furnishing an explanation of the

appearance of glycerine, namely, that, as mentioned on p. 493,
vol. ii., the same may result from the decomposition of lecithin into

fatty acids, cholin, and glycerophosphoric acid. Whether the other

organic bases found in fermented liquids or their distillates {see

p. 510, vol. ii.) owe their formation to the action of endotryptase

must be regarded as at least doubtful. To this category belong the

organic bases discovered in white wine by Briicke in 1855, the

trimethylamine found in wine by E. Ludwig (I.) in 1867, the

alkaloidal bases found in fermenting solutions of saccharose by

OsER (I.), in beer by Lermer (I.), and in white wines by GuiiiRix

(I.), as well as the collidin found by Kramer and A. Pinner (I.),

and the bases—which are regarded by Brand and Stoehr (II.) as
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probable derivatives of pyridin—observed by Sctirotter (T.) in

the fusel oil {see p. 505) of a molasses distillery. These discoveries

cannot be attributed witli certainty to tlie activity of the yeast.

Other micro-organisms may have been concerned to some extent,

and the products in question may have partly originated through

the action of boiling heat on the residual proteids in the fermented

liquids. The small amount of ammonia found to result from the

pure autodigestion of yeast renders it at least improbable that any
considerable production of volatile amine bases occurs, since most
of these readily furnish ammonia. These fission products, how-
ever, really facilitate the more intimate chracterisation of the

proteolytic enzyme of yeast. As pointed out by Kutscher and
Lohmann, they correspond exactly with those found by these

authors in trypsin digestion. Salkowski, as well as Geret and
Plahn, had already classed the enzyme as a tryptic enzyme, and
regarded the identification of the monamino acids ns sufficient for

this characterisation. However, in spite of the identity of the

fission products, it would not be advisable to assume that yeast

endotryptase is the same as pancreatic tryptase, since two essential

points of difierence exist between them. In the first place, the

action of yeast endotryptase is greatly facilitated by an acid

reaction, and retarded by an alkaline reaction, in which respect

its behaviour is the antithesis of that of pancreas tryptase; and,

secondly, the autodigestion of expressed yeast juice yields sub-

stances that do not furnish the biuret reaction more than transi-

torily, if at all, the reaction quickly disappearing even when
peptone and albumoses are added. Nevertheless, despite these

differences, it must be maintained that we have here to deal with

an enzyme belonging to the group of tryptases, more particularly

because of the fission products obtained. For whether, as assumed
by Lawrow (I.), such an extensive decomposition of the protein

molecule can also be effected by peptases (the influence of which
is favoured by an acid reaction) must still be considered doubtful,

since in Lawrow’s experiments with sliced pigs’ stomachs it was
impossible to preclude the occurrence of autolytic processes

inseparable from the actual pepsin action.

The practically and theoretically important question of the
conditions under which yeast endotryptase is formed and exerts

its action is less easily answered. Will (XXXV.), who examined
a large number of pure cultures of various species of yeast in

wort-gelatin, and observed liquefaction (commencing in the path
of the stab) within 18-20 days at 20° C., ascertained that the
more rapidly liquefying species {Mycoclerma and Willia) are in

general more exacting as regards the supply of oxygen. When
the inoculating material was mixed with the warmed (and thereby
liquefied) gelatin, proteolysis was found to commence in 7-55
days, the time being proportional to the requirements of the

species in respect of oxygen. On the basis of these and other
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observations, which need not be investigated more closely here,

Will formed the conclusion that air played a direct or indirect

part in proteolysis by yeast, inasmuch as the presence of air either

hinders the formation of a proteolytic enzyme, or destroys the
same when already existing. According to Will, the liquefaction

of gelatin is a function, not of moribund and decomposing cells,

but of the normal cell, and is caused by a deficiency of nutriment,
not merely a lack of dissolved substances in general, but of

nitrogenous substances in particular, and of oxygen. Whereas
Will regards dead yeast cells as merely an invariable concomitant
of proteolysis, and denies the existence of any connection between
proteolysis and the death of the cells, Beijerinck (XXXI.)
assumes that the enzyme originates exclusively in cells that have
perished in consequence of a scarcity of oxygen. Geret and
Hahn, however, were able to show that lack of oxygen is not

a decisive factor in the formation of the enzyme, inasmuch as

they obtained an actively digestive expressed juice from fresh

surface cultures of low-fermentation' beer yeast, grown on wort
agar-agar, under which conditions there was no lack of oxygen.

Even fresh yeast cells, in all stages of growth, furnish leucin and
other fission products, not only in the aqueous extract, but also in

the fresh expressed juice, the proteid derivatives in the fresh cells

being distributed among bases and amino acids in the same
proportion as in the completely digested expressed juice. Hence,
a proteolytic enzyme, or the zymogen of same, is present in yeast

cells under all conditions
;
and, as opined by Kutscher, this

enzyme probably exercises constructive functions, z.e., it lessens

the amount of the nitrogenous foodstuffs, prepared by the

proteolytic enzymes of malt and diffused in the yeast cells, to such

an extent that they can be utilised by the yeast cells for the

elaboration of structural materials. Consequently the proteo-

lytic enzyme is present as an intracellar inhabitant of every yeast

cell.

The problem of the conditions under which the excretion of the

enzyme occurs still remains to be discussed. That deprivation

of oxygen does not form the decisive factor in this case also is

most easily concluded from the circumstance that when the living

cells are washed and lixiviated with distilled water, and are then

left for twelve hours at the bottom of the vessel, this yeast, in a

state of starvation as regards oxygen, cedes to the water an

inverting enzyme, but not a proteolytic enzyme. On the other

hand, the excretion of the enzyme and the process of autodiges-

tion begin when the yeast is left without nitrogenous nutriment

for some considerable time at a high temperature. In these

circumstances, the corporeal substance of the starving yeast is

attacked by the enzyme, probably the cell membrane first of all,

the enzyme then acting destructively, as stated by Kutscher.

It is, however, unnecessary to assume with Beijerinck that all
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the enzyme-generating cells have already perished, since it may
be easily conceived that the death of a relatively small number of

cells and the enzyme to which they have given rise leads to a

modification of the nutrient medium or of the cell membrane of

the surviving cells, whereby these latter are induced to excrete

the enzyme. This may also perhaps explain the circumstance

that Will could only find relatively few dead cells in the liquefied

gelatin cultures.

These statements harmonise completely with the fact that

Kutscher failed to detect the characteristic degradation products

of yeast in pure lager beer. During the actual process of fer-

mentation at a low temperature the number of moribund or

pathologically modified yeast cells will presumably be very small,

owing to the prevalence of the favourable environment, and con-

sequently the amount of endotryptase or fission products passing

out of the yeast cells and into the fermenting liquid will be

strictly limited. The conditions may, however, be entirely

different when the liquid is either left for a long time in contact

with the sedimental yeast, i.e., is not drawn off in good time, or

else fermentation has been conducted at a higher temperature.

In both cases it is not impossible for the yeast to be acted on by
the endotryptase (autodigestion), since both factors, prolonged

contact of the liquid with the sedimental yeast and high tempera-

ture, favour the death of the yeast cells and the action of the

endotryptase. Whether the increase in the proteid content of

beer that has been fermented at a high temperature (20° C.),

as was carried out by Hantke, has any connection with this

subject is a matter that appears doubtful, in view of the ener-

getic action of endotryptase on protein, which it quickly reduces

to final products. On the other hand, one is bound to agree with
K. WiNDiscH (I.) in ascribing to this cause the peculiar flavour

observed in low-fermentation beers that have been exposed to

an unduly high temperature during primary fermentation {see

p. 217, vol. ii.), and the flavour of digested expressed yeast juice

is also indicative of the same thing.

Another important feature bearing on practice is the fact that

alcoholase is destroyed by endotryptase (see p. 478, vol. ii.), so

that in all cases where even a portion of the cells are dead, the
fermentative power of the yeast may sufler, especially when the
environment is unfavourable or the yeast is in a condition of

famine, such as is particularly the case when the yeast is being
watered or washed in the manufacture of pressed yeast. In this

operation, in order to free the yeast from particles of grains or to

classify it by sedimentation, it is left for a long time in contact
with cold water

;
and, as a matter of fact, the makers often find

that the yeast is weakened, a result generally attributed to bac-
terial activity, to prevent which the yeast is treated with anti-

septics. More probably, however, the loss of fermentativ’e power
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may be explained by the action of endotryptase, for wliicb the
application of antiseptics affords no remedy. It will be a difficult

matter to counteract this influence of endotryptase, though,
certainly, the formation of endotryptase might be hindered, and
the yeast consequently preserved, by improving the machinery
so as to shorten the time occupied in washing. Again, it is

not always right to assume that the rapid decomposition of the

finished cakes of pressed yeast in the -warm weather is due to

the agency of bacteria, these latter very often only coming into

action secondarily, after the way has been prepared for them by
the death of the yeast cells and the action of the endotryptase.

§ 336.—Philothion.

J. DE Rey-Pailiiai)E (I.), in 1888, was the first to observe

the faculty of an alcoholic extract of yeast to convert elementary
sulphur into sulphuretted hydrogen. For this reason he named
the active principle (enzyme) of the extract “ philothion,” which
name he afterwards (VIII.) changed to “ hydrogenase.” An
extract of this kind is easily pi-epared by treating yeast at ordinary

temperature either with pure methylalcohol or with 86 per cent,

ethylalcohol, the resulting yellow liquid being forced through a

biscuit-ware filter in order to free it from cells. The extract

becomes inactive on being kept at 70° 0 . for two hours. Accord-
ing to the same author (III.), the reducing power of this yeast

enzyme is not restricted to sulphur, oxygen also coming within its

sphere of activity, the yeast extract losing its powers when exposed

to the air for a few days. The sensitivity of philothion, however,
towards oxygen is not great, since it has been found by A.
Wroblewski (I.) in an active condition in expressed yeast juice

prepared without exclusion of air {see pp. 462, 463, vol. ii.). The
negative results of G. Cossettini’s (I.) attempt to confirm the

reports of Iley-Pailhade seem attributable to the usual incapacity

of enzymes to pass through the Chamberland filter (see p. 98, vol. i.)

in certain circumstances.

Up to the present, philothion has not been isolated and
prepared in a pure state

;
and it is known and characterised solely

from its reactions. It belongs to the group of the reductases,

another member of which has been mentioned on p. 374, vol. ii.,

namely jacquemase, and from the whole of which it difiers by its

characteristic action on free sulphur. Pozzi-Escott (II.) states

that it is also able to convert phosphorus and selenium into their

hydrogen compounds though it has no such action on tellurium or

arsenic. According to Rey-Patlhade (IX.) free nitrous acid is

destroyed by philothion very rapidly at 40° C., but more slowly

at ordinary temperature. This power is crippled by dilute hydro-

chloric or sulphuric acid. In addition to being present in the cells

of species' of Saccharomyces and Torida {see pp. 397, 398, vol. ii.).
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this enzyme has been observed by Key-Pailhade (II. and VI.) in

various animal tissues and in germinating seeds. According to

Pozzi-Escott (V.), it is retained by the first-named cells during

tlie period of rapid reproduction, and is not diffused into the

nutrient medium until fermentation has culminated in the latter.

Abelous and Ribaut (I.) denied the existence of pbilothion

as such, and attempted to explain the above characteilstic pro-

duction of sulphuretted hydrogen by referring to tlie capacity of

many proteids for readily parting with a portion of their sulphur

in that state of combination. Pozzi-Escott (U1 .), however,

demonstrated that the yeast extracts containing philothion lose

their power of producing this gas in abundance, on being boiled
;

which was soon afterwards confirmed by Rey-Pailhade (X.);

and that very energetic extracts are also able to reduce sulphites.

According to Pozzi-Escott (VI.) this enzyme affords the yeast a

means of defence against the poisonous action of sulphurous acid,

a statement, however, in direct conflict with the just previously

mentioned formation of that poison by philothion. Probably this

last worker was correct in his opposition to the assumption of

Gimel (I.), who regarded oxydase as the protective agent, and
stated that yeast which has been habituated to large doses of

sulphurous acid (see p. 442, vol. ii.) is able to produce larger

quantities of oxydase than before habituation.

On the basis of his observation that methylene-blue is a more
sensitive and rapid indicator than indigo-carmine, &c., for the
detection of reducing enzymes, H. Hahn (IV.) investigated more
closely the reducing power of expressed yeast juice. This power
disappears within a few days when the yeast has been stored in

the ice-chest in presence of toluol
;
and almost entirely vanishes

on the juice being kept at 55°-do° C. The optimum temperature
for reduction is 40° C., this agreeing with that (3o°-4o° 0.) given
by Pozzi-Escott (VIII.). The reducing power is lowered by
diluting the yeast juice with water, whereas meat broth has a
favourable influence. The reduction proceeds most rapidly in old

yeast juice. The further observation of a certain parallelism

between the fermentative and reducing action of the juice recalls

the opinion held by J. Grliss on the part played by hydrogenase
(philothion) in alcoholic fermentation (see p. 488, vol. ii.), namely,
that it is the hydrogen temporarily formed during fermentation
(and not philothion) that acts on free sulphur.

According to Pozzi-Escott (VIII.) the reduction is hindered
most powerfully by salts with an acid reaction—mercury chloride
and silver nitrate in particular, the nitrates being rather less

injurious. Chloroform and acids retard, whereas alkalis stimulate
the action.

More exhaustive investigations on the reducing power of yeasts
and the real cause thereof will not only increase the sum of our
knowledge on the theory of enzymes, but may be of practical
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utility to the fermentation industry. The appearance of sulphur-

ous acid and sulphuretted hydrogen in fermenting musts, worts,

and washes, and their occurrence in wine, beer, and spirits, were
already known to fermentation technologists and analytical

chemists at a time before any one had begun to speak of reduc-

tases. On this point the reader is referred to p. 234, vol. ii., and
to the recent publications of Frew (I.), A. Ostwalder (1. and IT.),

R. ScHANDER (IV.), W. Seifert (Y. and VI.), H. Will and
H. Wanderscheck (I.), W. Windisch (VII.) and J. Wort-
MANN (XXI.)
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pure cultures of,

i. 133 ;
aluminium as a nutriment

for, ii. 42 ;
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Alkalies, ii. 41, 520; influence of,

on alcoholic fermentation, ii. 467,
468 ;

action of, on proteolysis,

552 ; on philothion, 559
Alkalinity of nutrient media, in-

fluence of, on the development of
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Alnus, nodules of, i. 344
Alpinia galanga, ii. 91

Alternaria tenuis, fixation of free

nitrogen by, i. 352
Aluminium, ii. 48

chloride, ii. 545 ;
action of, on

yeasts, ii. 245
sulphate, ii. 468 ;

action of, on
yeasts, ii. 245

Amanita, oxydase in, i. 404
muscaria, muscarine in, i. 303 ;

manganese as food for, ii. 47 ;

casein-dissolving enzyme in,

63
;

glycogen-formation by,

1701
Amblyosporium, description, ii. 298
Amide, influence of, on frothing

fermentation, ii. 184
Amides as food for yeasts, ii. 312 313
Amines, ii. 510
Amino acids, ii. 371, 468, 549, 554,

556
Amitosis, ii. 151
Amitotic division of the nucleus, i. 58
Ammonia, ii. 365, 371, 372, 510, 554,

555 ; for preserving milk, i. 209 ;

development of, from soil albu-

minoids, 306, 309 ;
as food for

yeasts, ii. 211 ;
occurrence in

Emmenthal cheese, 316 ;
from

fermentation of urea, 332 ;
produc-

tion of, by Penicillium brevicaule,

343; effect of, on the reproduction
of Torulaceae, 396

Ammonia salts, ii. 435 ;
a source

of nitrogen for Chlamydomucor
oryzae, ii. 93

Ammonium, motion inhibited by,
i. 41

acetate, ii. 205
benzoate, ii. 206
bicarbonate, ii. 498
chloride, ii. 468, 545 ;

influence
on the conidia-formation by
Aspergillus niger, ii. 22

citrate, ii. 205
dextro-tartrate, ii. 205
fluoride, ii. 469
formate, ii. 205
gallate, ii. 206
lactate, ii. 205
malate, ii. 205
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xA.mmonium nitrate, ii. 419, 545 ;

influence on conidia-formation,
ii. 22

oxalate, ii. 37, 176, 206
phosphate, ii. 212, 419 ;

in

preparation of mead, ii. 198;
influence of, on Schizosac-

charomyces Pombe, ii. 259
salicylate, ii. 206
succinate, ii. 205
sulphate, ii. 468, 471, 545 ;

as

a nutrient medium, i. 121,

ii. 211 ;
influence on the forma-

tion of conidia by Aspergillus

niger, ii. 22
tartrate, ii. 208, 419; on the

preparation of mead, ii. 198
Amoebse, pure culture, i. 33 ;

yeast
similar to, ii. 120

Amoebobacter, i. 369
Amorphophallus Konjaku, ii. 513
Amygdalic acid, ii. 364
Amygdalin, ii. 62, 205, 525 ;

fission

of, 364, 365
Amyl alcohol, ii. 373, 504, 505, 506,

507, 508
Amylase, ii. 366, 537, 542 ;

secreted

by Aspergillus oryzge, 352 ;
and

Asp. niger, 353
Amylo process, ii. 94-97, 506
Amylobacter, meaning of term, i.

186
Amylocarpus, description, ii. 297
Amylodextrin, ii. 92, 537, 538
Amyloins, ii. 537, 538
Amylomaltase, ii. 353
Amylomyces, a-, ii. 89, 533

/3-, ii. 89, 90,* 542

* 7-, ii. 89, 90,* 533, 542
Rouxii. See Mucor amylomyces

Rouxii
Anacardiaceae, i. 402
Anaerobes, definition, i. 181

culture of, i. 182
Pasteur’s method, i. 182
puncture method, i. 182

Max Gruber’s method, i. 182*

Buchner’s pyragallol tube,

i. 183*
Frankel’s anaerobic tube,

i. 184*

in mixed culture, i, 185

plate cultures, i. 184, 185

Anaerobiosis, i. 181

Anaerobism, ii. 502, 503
Analysis, biological, of brewing water,

i. 135, 136
quantitative bacteriological, of

water, i. 132

Ang Khak, ii. 13

Anguillula aceti, i. 399
Aniline violet, ii. 147
Animalcula (Monadina), i. 15, 88
Anisotropism of cell wall, i. 39
Anixiopsis stercoraria, ascospores, ii.

28
Antagonism, i. 86
Anthrax, preventive inoculation for,

i.77

Antiformin, action on Mycoderma
cerevisiae, ii. 421

Antigermin action on Mycoderma
cerevisige, ii. 421

Antinonnin as an antiseptic, i. 113,

114, 382
Antipeptone, ii. 468
Antiseptics, mineral, i. 107 ;

effi-

ciency of, 107; organic, 112;
influence of, on bnzymes, 300

Aphanoascus, description, ii. 297
Apothecium, ii. 100
xlppert’s preservative process, i. 13,

210, 219
Apple enzyme, i. 403 ; brown spotting

by, 403
.

must, ii. 2i6
x4.ppressorium, ii. 62, 75
Arabin, ii. 177
Arabinose, ii. 206, 207, 512, 513 ;

behaviour with Mucor Rouxii, ii.

89 ;
fermented by Bac. ethaceticus,

i. 179 ;
glycogen-formation by, ii.

171; non-ferment of
,
ii. 292

Arachis hypoga3a, ii. 447 ; nodule-
formation by, i, 344

Arbutin, fission of, ii. 364
Arginase, ii. 554
Arginin, ii. 371, 554
Armillaria melleus, ii. 102, 103
xlromatic bodies produced by yeast,

ii. 544
Arrack, ii. 91

Arrowroot, ii. 92
Arsenic, ii. 13, 50, 372 ; test for, 341,

342
mirror, ii. 51

xA.rsenical colours, ii. 50
Arsenious acid, ii. 50, 51
x^rsenite of potash. See Potassium

arsenite

of soda. See Sodium arsenite

Arsenites, ii. 467, 469, 520
Arseniuretted hydrogen, ii. 50, 372
Arthrospores, i. 67 ; ii. 24
Arthrosporic bacteria, i. 36
Artichoke, i. 242
Asci, ii. 297 et seq., 339, 345
Ascococcus mesenteroides, i. 270
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Ascogone, ii. 100
Ascogonnin, ii. 335
Ascoidea, spores, ii. 110

rubescens, spores, ii. 103

Ascomycetes, endogenous spores, ii.

100
;

glycogen in, 169 ;
sporangia

in, 15
Ascospores, ii. 15, 108, 326, 327, 330,

333, 334, 338, 343, 344, 379, 382,

422, 423 ;
of Endomyces decipiens,

102 *
;

of Sacch. anomalus, 103 ;

of yeast cells, 130 ;
conditions for

inception of, 132 ;
formation of,

134 *
;
structure of, 137 ;

resisting

powers, 141 ;
karyokinesis of,

151 ;
refractive power, 153

Aopnci 1 1 QQ

Asparagin, ii. 205, 212, 214, 215, 226-

228, 229, 372, 495, 496; chemo-
taxis, i. 53 ;

influence of Bacillus

subtilis on, 173 ;
cheinotropism,

ii. 59 ;
nitrogen source for Chlamy-

domucor oryzae, 93 ;
a glycogen-

former in yeasts, 171 ;
as nutri-

ment for Torulaceae, 394
Aspartic acid, ii. 205, 496, 554
Aspergillaceae (Mucedinese), ii. 297,

339 ;
morphology, 296 et seq. ;

affinities, 296
;

genera of, 297 ;

chemical activity of, 350-374 ;

pathogeny, 351 ;
acids produced

by, 353, 361
Aspergillin, ii. 323, 372
Aspergillus, ii. 542 ;

action on
oxalates, ii. 374 ;

affinities, ii. 328,

346 ;
decomposition effects, ii.

357 ;
description, ii. 297, 298, 299,

300, 301 ;
influence of cadmium on,

ii. 44 ;
in preparation of nutrient

yeast, ii. 169 ;
pathogenic species,

ii. 305, 314, 316, 317, 318, 319, 322,

323,324,325,326
Aspergillus albus, sterigmata, ii. 308,

325
atropurpureus, ii. 324 ;

sterig-

mata, ii. 308
auricomus, ii. 327 ;

sterigmata,

ii. 308
bronchialis, ii. 317
caesiellus, ii. 308
calyptratus, ii. 320 ;

sterigmata,
ii. 308

candidus, descriptive, ii. 302,*

303, 325 ; conidia and coni-

diophore, ii. 306 ;
influence of

temperature on, ii. 307 ;
lique-

faction of gelatin by, ii. 63,

369 ; membrane lignification,

ib 39
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Aspergillus citrisporus, ii. 320 ;
sterig-

mata, ii. 308
clavatus, ii. 301, 302,* 303,*

305 ;
affinity, ii. 327 ;

conidio-

phore and conidia, ii. 306 ;

descriptive, ii. 319, 320 ;
in-

fluence of temperature on,

ii. 307 ;
liquefaction of gelatin

by, ii. 369 ;
sterigmata, ii.

308
conoideus, ii. 39
Delacroixii, ii. 320
elegans, ii. 327 ;

sterigmata, ii.

308
flavescens, ii. 316, 328, 351 ;

conidia-formation, ii. 28 ;

lignin, ii. 39 ;
respiration, ii.

57
flavus, ii. 340 ;

affinity, 309 ;

arsenic, ii. 51 ;
conidia, ii. 28,

306 ;
conidiophore, 306 ;

de-

scriptive, ii. 298, 301,303,305,
314, 315,* 316, 328, 351 ;

fission of cotton-seed oil by,

ii. 367 ;
influence of tempera-

ture on, ii. 307, 314, 315;
lipase secreted by, ii. 367 ;

liquefaction of gelatin by,

ii. 63, 369 ;
malformations, ii.

j 307 ;
pathogeny, ii. 316, 372;

sterigmata, ii. 308
fumigatus, ii. 328, 334, 351 ;

action on milk, casein, albu-

men, fibrin, ii. 371 ;
affinities,

ii. 319, 326 ;
conidia, ii. 28,

306, 314 ; conidiophores, ii.

306 ;
decomposing action, ii.

363 ;
descriptive, ii. 298, 301,

302,* 303,* 304,* 305, 316,*

317 ;
fermentation of tobacco

by i. 168 ;
fission of gluco-

sides by, ii. 303, 305 ;
heating

of barley by, i. 104 ;
influence

of temperature on, ii. 307 ;

inulase secreted by, ii. 305 ;

lipase secreted by, ii. 367 ;

liquefaction of gelatin by,
ii. 63, 369 ;

malformations,
ii. 307

;
pathogeny, ii. 316,

317, 373 ;
saccharification by,

ii. 353 ;
sterigmata, ii. 308

fuscus, ii. 365
giganteo-sulfureus, sterigmata, ii.

308
giganteus, ii. 302*

;
conidia and

conidiophore, ii. 306, 320;
liquefaction of gelatin by, ii.

369 ;
sterigmata, ii. 307, 308,

320
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Aspergillus glaucus, action on milk,
casein, albumen, fibrin, ii. 371 ;

on arsenical substances, ii, 372 ;

on starch, ii. 353 ;
affinities,

ii. 319, 326 ;
alcohol produced

by, ii. 368 ;
asci, ii. 28 ; be-

haviour with arsenic, ii, 50 ;
cel-

lulose in, ii. 33 ;
chitin, local

distribution in cell wall, ii.

37 ;
colouring-matter produced

1 by, ii. 372 ;
conidia, ii. 28, 306 ;

decomposition effects of, ii.

363 ;
descriptive, ii. 298, 299,

302,* 303,* 304,* 305,* 312,*

313*; fission of cotton-seed
oil by, ii. 367 ;

fission of gluco-

sides by, ii. 364 ;
influence of

light on, ii. 55, 56, 57 ;
in-

fluence of temperature on, ii.

307 ;
inulase secreted by, ii.

365 ;
lignification, ii. 39

;

lipase secreted by, ii. 367

;

liquefaction of gelatin by, ii.

63, 369 ;
malformations, ii.

307; occurrence, ii, 325;
oxalic acid produced by, ii.

195
;

pathogeny, ii. 305

;

products formed from oxalic

acid, ii. 355 ; saccharification

by, ii. 353 ;
sterigmata, ii.

308
griseus, ii. 328, 351
penicillopsis, ii. 308, 320
herbariorum, ii. 312
Koningi, ii, 320
Lignieresi, ii. 317
luchuensis, ii. 305 ;

descriptive,

ii. 317, 318 ;
sterigmata, ii.

308
luteus, ii, 328 ;

conidia-forma-
tion, i. 56

medius, ii. 305, 372
minimus, ii. 301, 320 ;

conidia

and conidiophores, ii. 306

;

liquefaction of gelatin by, ii.

369 ;
sterigmata, ii. 308

nidulans, aflSnity, ii. 327 ;
asco-

spores, ii. 317 ,
conidia and

conidiophore, ii. 306 ;
descrip-

tive, ii. 298, 302,* 303, 304,*

305, 325, 326*
;

influence of

temperature on, ii. 307 ;
lipase

secreted by, ii. 367 ;
pathogeny,

ii. 373 ;
sterigmata, ii. 308

niger, ii. 340, 351, 531, 532,

536, 537 ;
action of, ii. 363 ;

action on acids, ii. 373 ;
action

on fats, ii, 367 ;
action on

fibrin, gelatin, and albumen,

ii. 370
;

action on milk,
casein, albumen, fibrin, ii,

371 ;
action on peptone, ii.

371 ; on starch, ii, 353, 354 ;

affinities, ii. 328 ;
alcohol

produced by, ii, 368, 369 ;

alcohol a nutrient material for,

ii. 368 ;
amidases produced

by, ii. 371 ;
behaviour towards

aluminium, ii. 48; behaviour
towards iron and the allied

metals, nickel, cobalt and man-
ganese, ii. 45-48

;
caesium as

nutrition for, ii. 40 ;
chemical

analysis, ii. 29 ;
chemotropism,

ii. 59, 60 ;
chitin in, ii. 37 ;

colouring-matter produced by,

ii. 372 ;
conidia and conidio-

phore, ii, 306 ;
decomposing

effects of,ii. 363; decomposition
of sugars by, ii. 362 ;

descrip-

tion. ii. 298, 301, 303,* 305, 321.

322,* 324 ;
diastase -formation,

ii. 64 ;
effect of lack of free

oxygen, ii. 80 ;
enzyme secreted

by, ii, 362 ;
influence of

temperature on, ii. 307 ;
invert-

ing action of, ii. 351, 352

;

fat-decomposing enzyme, ii.

64 ;
fission of glucosides by,

ii, 363, 364, 365 ;
fission of

polysaccharides by, ii. 365 ;

fongose, ii. 38
;
gelatin-liquefac-

tion by, ii. 63, 369 ;
inulase

secreted by, ii. 365 ;
lipase

secreted by, ii. 367 ;
malfor-

mation, ii. 307 ;
nutritive value

of alkalies, ii. 42 ;
oxalic acid

produced by, ii. 195, 355, 357,

373 ;
oxydase secreted by, ii.

374
;

pathogeny, ii. 322 ;

pectinase secreted by, ii. 365

;

platinum innocuous to, ii. 42 ;

relation of, to arsenic, ii. 51 ;

respiration quotient, ii. 78

;

saccharification by, ii. 353 ;

sterigmata, ii. 308, 325 ;
tan-

nase secreted by, ii. 366
Aspergillus nigrescens, ii. 317, 321,

328
nigricans, ii. 321, 328
novus liquefaction of gelatin by,

ii. 195, 369
ochraceus, ii. 327 ;

conidiophore,
ii. 306

olivaceus, ii. 340
oryzse, ii. 328, 354 ;

action on cell

walls, ii. 366 ;
on milk, casein,

albumen, fibrin, ii. 371 ;
on
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starch, ii. 366 ;
on tannin, ii.

366 ;
affinity, ii. 314 ;

alcohol

produced by, ii. 367 ;
conidia,

ii. 28, 306 ;
conidiophore, ii.

306 ;
catalase secreted by, ii.

374 ;
cytase secreted by, ii.

366 ;
decomposing effect of,

ii. 363, 365 ;
description, ii.

298, 301, 303,* 305, 308, 309*
;

diastatic enzyme, ii. 64, 86,

351, 352 ;
fission of glucosides

by, ii. 363, 365 ;
influence of

temperature on, ii. 307 ;
inulase

secreted by, ii. 365 ;
Jacque-

mase secreted by, ii. 374 ;

liquefaction of gelatin, ii. 63,

369 ;
malformations, ii. 307,

309 ;
oxydase secreted by, ii.

374
;

polysaccharides not split

up by, ii. 365 ;
saccharifica-

tion by, ii. 353 ;
Saccha-

romyces cells in, ii. Ill;
sterigmata, ii. 308 ;

used in

the amylo process, ii. 97
Aspergillus ostianus, ii. 302,* 303 ;

colouring-matter produced by,

ii. 372 ;
liquefaction by, ii.

63, 369 ;
sterigmata, ii.

308
perniciosus, sterigmata, ii. 308
phoenicis, ii. 305 ;

descriptive,

ii. 323, 324 ;
sterigmata, ii. 308

pseudoclavatus, ii. 303, 305 ;

affinity, ii. 320 ;
descriptive,

ii. 327 ;
sterigmata, ii. 308

pseudonidulans, ii. 327
pulverulenta, sterigmata, ii. 308
quininae, ii. 328
Rehmii, ii. 303, 304,* 305 ;

conidiophore, ii. 306 ;
descrip-

tive, ii. 327 ;
sterigmata, ii.

308
repens, conidia, ii. 21 ;

conidio-

phore, ii. 16

spurius, conidiophore, ii. 30(> ;

sterigmata, ii. 308
strychni, ii. 308 ;

descriptive,

ii. 324
subfuscus, ii. 328

;
arsenic-reduc-

tion by, ii. 51

sulfureus, ii. 302,* 327 ;
sterig-

mata, ii. 308
syncephalis, ii. 328
terricola, ii. 328 ; ammonia pro-
duced by, i. 306

Tokelau, ii. 301, 303*
;

conidia,
ii. 306 ;

descriptive, ii. 318,*
319 ;

pathogeny, ii. 318, 319 ;

sterigmata, ii. 308
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Aspergillus ustilago, ii. 324
variabilis, ii. 327 ;

sterigmata,
ii. 308

varians, ii. 302,* 303,* 320 ;

behaviour towards gelatin, ii.

62
versicolor, ii. 307, 328 ;

colouring-
matter of, ii. 372 ;

lipase

secreted by, ii. 367
violaceofuscus, ii. 325 ;

sterig-

mata, ii. 308
virens, behaviour towards arsenic,

ii. 50
Welwitschia}, ii. 324
Wentii, ii. 302,* 303,* 305;

action on albumen, casein,
fibrin, milk, ii. 371 ;

on cells,

ii. 365; affinity, ii. 317, 318;
conidia, ii. 28, 306 ; conidio-
phore, ii. 306 ; deeom posing
action of, ii. 363 ; descriptive,
311,* 312; fission of gluco-
sides by, ii. 363, 365 ;

influence
of temperature on, ii. .307 ;

inulase secreted by, ii. 365 ;

liquefaction of gelatin by, ii.

369 ; saccharification by, ii.

353
Asporogenation, ii. 260-269
Assimilation of carbon dioxide, i.

32 ;
in the dark, i. 148, 380

Attenuation effect of phosphoric acid,
ii. 198 ;

of potash, ii. 191
Aurantiaceae, ii. 354
Autoclave, i. 104
Autodigestion of yeast, ii. 544, 545,

548, 549, 551, 552, 553, 555, 556,
557

Autofermentation, ii. 465, 472; of
yeast, ii. .543, 547

Autolysis, ii. 548
Auxanogram, i. 135
Auxanography, i. 134
Awamori, ii. 240, 317, 318

Bacille amylozyme, chemical acti-
vity, i. 191

Bacillus (long rods), i. 32, 34,* 35, 89,
92

Bacillus acidi lactici, Hueppe, i. 223,
224

acidi lactis, Marpmann, lactic
acid formation, i. 224

acidi Isevolactici, formation of
levolactic acid, i. 233

acidificans longissimus, i. 248
albus, sensitiveness to vibration

i. 83

2 Y
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Bacillus alvei, form of sporing cell, i,

62
amylobacter, i. 189, 193, 195
antliracis, action of carbolic acid
on spores, i. 112; of chlorine
water on spores, i. 110; of
ethyl alcohol on spores, i. 114 ;

of formalin on spores, i. 114 ;

of mercuric chloride on spores,
i. 108 ;

culture of, i. 71, 72 ;

diastase - secretion, i, 192;
effect of lithium chloride on,
i. 47

; immunisation against
anthrax, i, 87 ;

influence of
high pressure, i. 84 ;

influence
of light, i, 77 ;

involution
forms, i. 37*

;
occurrenee in

milk, i, 204 ;
resisting power

of spores, i. 102 ;
spore-ger-

mination, i. 68*
arborescens, ammonia - produc-

tion, i. 306
aromaticus, cheese aroma, i, 321
aurantiacus, orange-red pigment,

i. 143
berolinensis indicus, blue pig-

ment, i. 158
butylicus. See Granulobacter

saccharobutyricum
butyri fiuorescens, i. 159
butyricus (Botkin), i. 190
butyricus (Hueppe), i. 187
coeruleus, pigment, i. 158
corallinus, pigment, i. 139
corticalis, behaviour to light, i,

268 ; chemical activity, i. 268,

269 ;
morphology, i. 268

cyaneo-fluorescens, blue colora-

tion of milk by, i. 153
cyaneo-fuscus, black glue, condi-

tion of formation, i. 155 ;
blue

coloration of cheese by, i.

153 ; morphology, i, 153, 154 ;

pigment granules (micro

-

chemical analysis), i. 156
denitrificans, morphology, i. 307-

308
denitrificans a and /S, i. 307
denitrificans II., chemical acti-

vity, i. 308
diatrypeticus casei, capsule-for-

mation, i. 40 ;
chemical

activity, i. 325 ;
morphology,

i. 325
enteritidis, meat poison, i. 304
ethaceticus, chemical activity,

i. 304 ;
morphology, i. 177 ;

splitting of optically inactive

glyceric acid by, i. 232

Bacillus ethacetosuccinicus, chemical
activity, i. 177

Fitzianus, conversion of glycerin
to ethyl alcohol, i, 177 ;

diastase formed by, i. 197 ;

morphology, i. 177*
fiuorescens albus, fluorescence,

i. 159
fiuorescens liquefaciens, ammo-

nia-production, i. 277
;
gelatin-

liquefier, i, 158
;
green fluores-

cent pigment, i. 158, 159

;

invertin-production, i. 277
fiuorescens non - liquefaciens,

chemical activity, i. 199

;

green fluorescent pigment, i,

158, 159
fiuorescens putidus, ammonia-

producer, i. 306 ;
fluorescence,

i. 159
fiuorescens tenuis, fluorescence,

i. 159
foetidus lactis, i, 238
granulatus roseus, pigment, i.

139
Guillebeau, blowing of cheese,

i. 280, 324 ;
inflammation of

udder, i. 280 ; ropy milk, i.

280
gummosus, i. 284
ilidzensis capsulatus, influence

of temperature, i. 76
indicus, pigment, i. 139
indigogenus, form, action, i. 156
infiatus, form of sporing cell, i.

57*
; form and size of spores,

i. 64
janthinus, pigment, i. 158
janthinus (Zopf), ammonia-pro-

ducer, i. 306
lactis acidi (Leichman), forma-

tion of levolactic acid, i. 233
lactis acidi (Marpmann), i. 224
lactis acidi cyanogenus, pigment,

i. 150, 151 ;
sensitiveness to

acids, i. 152 ;
varieties, i. 151

lactis acidi erythrogenes, gelatin-

liquefier, pigment, coagulation

of milk, i, 140
lactis acidi peptonans (a, /3, 7 ,

d, e), occurrence in milk, i.

206
lactis acidi saponacei, soapy

milk, i, 281
lactis acidi viscosus, morphology,

,

i. 279, 280
liodermos (gum bacillus), bread

disease, i. 176 ;
occurrence in

milk, i. 188
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Bacillus liquefaciens lactis amari,
gelatin-liquefier, i. 329 ;

mor-
phology, i. 329

liquefaciens magnus, formation
of fjS-methyl-indol-acetic acid,

i. 292 ;
of mercaptan, i, 294

lividns, blue pigment, i. 158
lupuliperda, form, gelatin-

liquefier, i. 1G6
;

produces
butyric acid, i. 1G6 ;

as also

trimethylamine, i. IGG
megaterium, ii. 542 ;

diastase, i.

192, ii. G4
;

effect of vibra-

tion, i. 82, 83 ;
influence of

lithium chloride, i. 47; mor-
phology, i. 35*

;
plasmolysis,

i. 41 ;
proteolytic enzyme,

i. 399 ;
resistance of endo-

spores, i. G5 ;
spore-formation,

i. GO*
;

spore-germination, i.

70*
membranaceus amethystinus,

violet pigment, i. 158
mesentericus fuscus, culture on

potato and agar, i. 175 ;

peptonising enzyme, i. 175
mesentericus ruber, ammonia-

producer, i. 30G ;
morphology,

i, 175 ;
resistance of endo-

' spores, i. 175
mesentericus vulgatus, ammonia-

producer, i. 30G ;
disease in

' bread, i. 175; enzyme-former, i.

175; occurrence in milk, spores,

i. 175 ;
viscous milk, i. 279,

280
mycoides, chemical activity, i.

30G
No, 41, butter aroma, i. 237 ;

morphology, i. 237
oedematis maligni, decomposition

of carbohydrates, i. 188
oogenes fiuorescens a, gelatin-

liquefier, pale green pigment-
former, putrefaction of eggs,

i. 217
oogenes fiuorescens, /3, 7 ,

6
,

e,

pigment - formation, i. 217 ;

putrefaction of eggs, i. 217
oogenes fiuorescens hydrosul-

fureus, a, /3, 7 ,
e, gelatin-

liquefier, i. 119
oogenes fiuorescens hydrosul-

fureus, 7], 6, t, putrefaction
of eggs, i. 217

orthobutylicus, chemical activity,

i. 192
oxalaticus, structure of, i, 44
panificans, disease of bread, i. 17G

Bacillus Pasteurianum, ii. 481
phosphorescens. See Photo-

bacterium indicum
pituitosi, ropy milk, i. 279
pneumonise crouposa3, capsule-

formation, i. 39, 40 ;
fermenta-

tion of indigo, i. 15G
;
producer

of ethyl alcohol and acetic

acid, i, 178
prodigiosus. See Micrococcus

prodigiosus

pseudanthracis, influence of light

on spore-formation, i. G5
pyocyaneus, a fat-splitter, i.

192 ;
fluorescence, i. 151 ;

influence of light, i. 80 ;
pig-

ment, i. 157, 158, 159; produc-
tion of varieties, i. 157 ;

pro-

teolytic enzyme, i. 299
radicicola, culture, i. 345, 34G ;

enriching niitrient solutions in

nitrogen, i. 350 ;
morphology,

i. 345
;

penetration of epi-

dermal cells of root-hairs, i.

347
ramosus, colonies on agar, i. 133 ;

denitrification, i. 307 ;
diastase-

formation, i. 192; formation
of sulphuretted hydrogen, i.

293
rubellus, pigment, endospores,

Clostridium, i. 139
ruber, influence of light, i. 80 ;

of vibration, i. 83
;

pigment,
i. 139

saprogenes vini I., morphology,
i. 312

saprogenes vini II.-VII., de-

coloration of wine, i. 312

;

peptonising enzyme, i. 312
saprogenes vini III., spore-forma-

tion, i. G3
Schafferi, blowing of cheese, i. 324;

Nissl cheese, i. 324
sessilis, spore - germination, i.

G9
suaveolens, conversion of starch

into dextrin and glucose, i.

191
subtilis, ammonia-production, i.

30G
;

behaviour of endospores
towards dyes, i. GG

;
decom-

position of sugar, i. 174

;

dependence of motility upon
mode of nutrition, i. 172, 174 ;

diastase - secretion, i. 192 ;

effect of constant minute
vibration, i. 83 ;

form of

spores, i. G4
;

germinating
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period, i, 70 ;
influence of

nutritive conditions, i. .37,*

47, 192; morphology, i. 172,*

173*
;

peptonising enzyme,
i. 133, 173, 299

;
period of

generation, i. 58
:

pure cul-

ture, i. 65, 171, 172 ;
resist-

ing power of endospores, i.

65 ;
sulphuretted hydrogen, i.

293
Bacillus of swine erysipelas, sensitive-

ness to salt solutions, i. 214

;

sulphuretted hydrogen pro-

duced by, i. 293
tetani, form of sporing cells, i.

61 ;
representative of patho-

genic anaerobes, i. 192
tetragenus, diastase-producer, i.

192 ;
forms sulphuretted hy-

drogen, i. 293
thermophilus, influence of tem-

perature, i. 75 ;
nutrient solu-

tion with caragheen, i. 130
tuberculosis, mutability, i. 92

;

pleochroism, i. 39
tumescens, longitudinal division,

i. 55 ;
spore-formation, i, 63,*

64
typhi abdominalis, absorption of

phloxin red, i. 44 ;
differentia-

tion from Bact. coli commune,
i. 49, 116, 234, 243, 297, 314;
influence of formalin, i. 116;
of high pressure, i. 84 ;

of

hydrogen peroxide, i. Ill
;

of light, i. 79,* 80 ;
of milk of

lime, i. Ill
;

mortal tempera-
ture, i. 203 ;

occurrence in

milk, i. 202
;

penetration of

eggs, i. 218
;

production of

levolactic acid, i. 233 ;
splitting

of fat, i. 199 ;
symbiosis with

Bac. denitrificans, i. 308
violaceus, gelatin-liquefler, i. 158

;

influence of light, i. 80
virens, green pigment, i. 158

viridans, fluorescence, i. 159

;

green pigment, i. 158

viscosus sacchari, morphology,
i. 276 ;

mucus-formation, i.

276
viscosus vini, morphology, i. 282
viscosus I. and II., i. 285, 286
viscosus III., influence of food

supplied, i. 286, 287 ;
mor-

phology, i. 252
Bacteria, i. 32, 33, 89 ;

ash con-

stituents required, i. 46 ;
chromo-

genic, i. 136 ;
chromoparous, i.

136, 138, 139; chromo])horous,
i. 136, 148; coloured and colouring,

i. 136; content of, in soil, i. 178;
definition, i. 32

;
glycogen in, ii.

170 ;
iron, ii. 354-362

;
heat-resist-

ance, i. 170, 171 ;
mobility, i. 48 ;

nitrifying, i. 374 ;
nitrogen con-

stituents, i. 45 ; overgrowth, i.

351; parachromophorous, i. 136;
photogenic, i. 160; photogram,
i. 80,* 81 ;

pigments, i. 136, 140-

143
;

purple, i. 144-148
;
putrefac-

tive, i. 294 ;
staining, i. 51 ;

sul-

phur, i. 363, 374 ;
systems, i. 85-

92 ;
vegetable nature of, i. 88.

See also Acetic acid bacteria,

Lactic acid bacteria

Bacteridhim, i. 51

Bacteriopurjjurin, i. 145, 146, 148,

367, 369
Bacterio-spectrogram, i. 146
Bacterium, i. 88, 89
Bacterium aceti, behaviour of cell

plasma towards iodine solu-

tion, i. 307 ;
branching, ii.

1 ;
chemical activity, i. 384-

386 ;
development tempera-

ture,!. 388 ;
form of colonies, i.

133 ;
long thread,!. 393,* 394*;

morphology, i, 386, 387* ;
muta-

bility, i. 91. Synonymous with
Ulvina aceti

chlorinum, behaviour to light, i.

158
chrysogloia, pigment, i. 140,

142

coli commune, ammonia-pro-
ducer, i. 306 ;

as a lactic acid

bacterium, i. 226, 233 ;
deni-

trification, i. 308 ;
differentia-

tion from Bac. typhi abdomi-
nalis, i. 49, 116, 234, 243, 297,

314 ;
formation of neurine, i.

303 ;
formation of nitrites

in the intestine, i. 308
;

gas-

formation, i. 297 ;
influence

of light, i. 79 ;
influence of

lithium chloride, i. 47 ;
lab-

production, i. 243 ;
mixed

cultures with Bac. typhi abdo-
minalis, i. 87, 308 ;

mor-
phology, i. 297 ;

occurrence
in cow-dung, i. 201 ;

toxic

action of phenol, i. 112;
varieties, i. 297

egregium, yellow pigment, i.

140, 142
erythrosporus, fluorescence, i. 158

;

pigment, i. 138
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Bacterium furfuris, chemical ac-

tivity, i. 266 ;
morphology, i.

266
gelatinosmn betge, influence of

medium, i. 276 ;
inversion, i.

277 ;
motility, i. 276

gliscrogenum, i. 284
gummosum, i. 283
Hessii, formation of ropy milk,

i. 280 ;
morphology, i. 280

Kiitzingianum, behaviour of

iodine solution to mucinous
envelope, i, 387 ;

develop-

ment temperature, i. 388 ;

long threads, i. 393 ;
mor-

phology, i. 280, 386, 387*

lactis (Lister), mutability, i. 90 ;

pure culture, i. 120, 224

lactis acidi (Marpmann), lactic

fermentation, i. 224
lactis aerogenes, chemical acti-

vity, i. 224, 225, 226
limbatum lactis acidi, lactic

fermentation, i. 224
lucens, i. 161

Ludwigi, influence of tempera-
ture, i. 76

merismopedioides, mutability,

i. 91

Pasteurianum, behaviour of mu-
cinous envelope to iodine

solution, i. 387 ;
change and

disintegration of long threads,

i. 389,* 390,* 391*
;

change
from short to long threads, i.

389 ;
development tempera-

ture, i, 388 ;
long threads,

i. 389*
;

morphology, i. 386,

387 ;
mucin-formation, i. 40 ;

mutability, i. 91

pediculatum, lateral develop-
ment of mucin, i.275*

peptofaciens, solution of casein,

i. 300
phosphorescens, influence of tem-

perature, i. 76
phosphorescens, F. See Photo-

bacterium Fischeri

photometricum, susceptibility to

spectrum colours, i. 80
(Bacteridium) prodigiosum. See

Micrococcus prodigiosus

radicicola. See Bacillus radici-

cola

rubescens, i. 90, 367
sulfuratum, i. 367
syncyaneum (Vibrio cyano-

genus), blueing of milk, i. 149 ;

fluorescence, i. 159

Bacterium synxanthum (Bac. synx-
anthus), yellow coloration of

milk, i. 142

ternio, behaviour to albumen-
free media, i. 123 ;

meaning
of term, i. 295*; tuft of

flagella, i. 49
ureae (Leube), morphology, i.

333
ureae (van Tieghem). See Micro-

coccus ureae

vermiforme, morphology, i. 258,

276 ;
symbiosis with Sacch.

pyriformis, i. 85, 256,* 257*
vernicosum, arthrospores, i. 67
viride, green pigment, i. 158
xylinum, ii. 512 ;

analysis of

cell wall, i. 38 ;
behaviour of

mucinous envelope, i, 388

;

chemical activity, i, 397
Zopfli, arthrospores, i. 67 ;

in-

fluence of gravity on rate of

growth, i. 83 ;
involution

forms, i. 37*
;

mutability, i.

91. See Proteus Zenkeri
Bacteroids, i. 345, 347-351
Baregine, i. 366
Barium, ii. 43

chloride, ii. 468
Bark liquor, bacteria of, i. 268

;

souring of, i. 267 ;
sugar of, i. 268

Barley, ii. 514, 522 ;
heating of, by

Aspergillus fumigatus, i, 165

;

pentosans in, ii. 207
Basidia, ii. 22
Basidiomycetes, ii. 22, 23 ;

conidio-
phores, ii. 110; glycogen-forma-
tion, ii. 169

Basifugal development, ii. 4, 5, 21,376
Basipetal development, ii. 20
Bechamp, microzyme theory, i. 10
Beer, ii. 492, 493, 495, 509, 51 1 ;

action of Torulacese on, ii. 400

;

as food for Torula, ii. 394 ; for
Torulacece, ii. 396 ;

bitterness, ii.

135, 141
;

break in, ii. 185, 186,

187; haze, ii. 115, 122, 135 ; hop
dimness, i. 287 ;

maturing, ii.

128
;

pasteurising, i. 255, ii. 183 ;

priming, i. 288 ;
ropy, i. 286, ii.

182 ;
sparkling, i. 100 ; turbidity,

i. 254, 287, ii. 187
Beer-filters, i. 100
Beer worts, i. 119, ii. 492, 493, 497,

500, 501 ;
as nutriment for Toru-

laceae, ii. 394 ;
influence on repro-

duction of Torulaceae, ii. 396 ;

unsuitable for storing yeasts, ii,

223, 224
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Beer yeast, Belgian, plasma frame-

work, ii. 157*
;
bottom formations,

permanent cells, ii. 127,* 132, 146*
;

cytoplasm, ii. 149 ;
descent from

Mucor racemosus, ii. 108 ;
fat

content, ii. 173, 174; gelatinous

network, ii. 179*
;

grannies, ii.

153-157
;

influence of mechanical
agitation, i. 83 ;

Leignitz a. No.

405, ii. 528; No. 2, i. 18, 389, ii.

528
;

permanent cells, ii. 149,

154,* 155,* 156 ;
sketch of observa-

tions by Cagniard-Latour, i. 15

Bees, foul brood in, i. 62
Beet juice, ii. 364
Beggiatoa, breadth as a diagnostic

character, i. 364 ;
cell contents, i.

42 ;
culture, i. 363 ;

morphology,
i. 363-365

Beggiatoa alba, behaviour under
various life conditions, i. 364*

;

with scarcity of sulphuretted

hydrogen, i. 367*
;
morphology,

i. 365
alba, var. universalis, i. 366
media, morphology, i. 365
minima, morphology, i. 365
mirabilis, morphology, i. 365
roseo-persecina, i. 367

Bellalay cheese, peptone in, i. 317
Benzaldehyde, ii. 364, 510

cyanhydrin, ii. 510
Benzamide, ii. 372
Benzene, i. 139, ii. 156 ;

action of,

on yeasts, ii. 247
Benzoate of ammonia. Sec Ammo-
nium benzoate

Benzoic acid, i. 117, 210, ii. 372,

510 ;
action of, on yeasts, ii. 247, 248

Benzopurpurin, ii. 158
Benzoyl, ii. 364
Beryllium, ii. 44
Bignonia tomentosa, i. 402
Bilberry must, ii. 216
Bile, i. 298, ii. 174
Bimolecular optically inactive sub-

stance, i. 230
Bios, ii. 168 ;

in yeast, ii. 209
Birch wine, ii. 138
Bismuth nitrate, action of, on yeasts,

ii. 245
Black rot, ii. 375

yeasts, ii. 406, 407, 408
Bladdery fermentation, ii. 183
Blastoderma salmonicolor, ii. 403
Blastomycetes, ii. 105
Blood, lipase in, ii. 64
Blue grain of cheese, i. 152

spots of cheese, i. 152

Blueing of cheese, i. 152 ;
of milk, i.

147-152
Bockbier wort, ii. 145
Bottcher cell, ii. 220*
Bog iron ore, i. 361
Boiling method, Roberts’, i. 165, 170,

171

of fruits and fruit-juices, i. 219
Boletus cyanescens, oxidising enzyme,

i. 404
edulis, carbohydrates, ii. 37

;

casein-dissolving enzyme, ii.

63 ;
cell wall, ii. 34 ;

fongose,
ii. 38 ;

fungoid bodies, ii. 8*
;

glycogen content, ii. 17

luridus, blueing of, i. 404
Bolometric method, i. 147
Borax, i. 110, 142, 210, ii. 179;

action of, on proteolysis, ii. 552
Boric acid, i. 110, 210, ii. 552 ;

action
of, on yeast, ii. 244

cheese, ii. 336
Botrytis, ii. 321 ;

conidia-formation,
ii. 56 ;

rheotropism, ii. 60
cinerea, ii, 355 ;

ammonia-
producer, i, 306; appressoria-

formation, ii. 17 ;
behaviour

to caesium and rubidium, ii.

41 ;
cellulose-dissolving en-

zyme, ii, 61 ;
chemotropism,

ii. 61 ;
chitin in, ii. 37 ;

conidial

formation, ii. 56 ;
influence of

alkalies, ii. 42 ;
insolation,

ii. 59 ;
intergrowth, ii. 7*

;

magnesium not essential for,

ii. 43 ;
mechanical pressure of

hyphae, ii. 62 ;
phosphorus in,

ii, 49 ;
zinc stimulant for, ii. 44

vulgaris, ammonia-producer, i,

306
Bottled beer, pasteurising, ii. 143
Bottom yeasts, ii. 113-120

;
gum in,

ii. 176, ii. 125*, modified to yield

top fermentation, ii. 264, 265

;

No. 93, ii. 125*
;

pentosan in, ii.

177
Bouillie Bordelaise, ii. 236
Bouillon, preparation, i. 123
Bouillon-gelatin, preparation, i. 128
Bouquet, ii. 508, 509
Bovista, ii. 34
Branching, false, i. 358*
Brandy, ii. 510
Bread, behaviour of Claviceps pur-

purea in, ii. 101 ;
black, as a

culture medium, ii. 314, 315

;

disease in, i. 176 ; influence of

potato bacillus on, i. 175, 176;
Mucors in, ii. 85



INDEX.

Bread flavour of beer, ii. 143
mould. See Penicillium glaucum

“ Break ” in wine, ii. 187
Brettanomyces, ii. 399, 401
Breweries, germ content of air in,

i. 58
Brewery handbooks, i. 120

water, biological examination of,

i. 127
yeasts, tests for top fermenta-

tion, ii. 137
Briarea, description, ii. 298
Brie cheese, ii. 340, 371
Bronze, ii. 379
Brood cell. See Gemma
Bryophyte, i, 28
Bryum, i. 352
Buckwheat and nitrogen, i, 375
Budding, influence of temperature on,

ii. 261, 285 ;
in Monilia, ii. 443 ;

in Mycoderma, ii. 411, 412; in

Oidium, ii. 451 ;
in Saccharomyces

apiculatus, ii. 424 ;
in Torulaceae,

ii. 393, 404 ;
of yeast cells, ii. 225,

278, 279, 280, 281, 287, 290, 292
Budding fungi, ii. 11 ;

and yeast,

ii. Ill
; in ropy wine and beer, ii.

177
Buds, aggregation of, ii. 10

Buffon’s system of generation, i. 4
Burnt hay, i. 168, 169
Burton yeast, influence of strength

of extract on reproductive capacity
of, ii. 229

Butalanin, ii. 553
Butomus umbellatus, blueing of

milk, i. 152 ;
culture of Beggiatoa,

i. 363
Butter, ii. 402, 452 ;

aroma, i. 236 ;

defects, i. 237 ;
fishy (train oil),

i. 238 ;
from sterilised cream, i.

236 ;
moulds of, ii. 64 ;

oily, i.

238
;

pathogenic bacteria in, i.

208 ; sour cream, i. 235 ;
sweet

cream, i. 235 ; turnip-flavoured, i.

238
Butterwort, rennet in, i. 242 ;

rela-

tion to Taette moelk, i. 281
Butyl alcohol, ii. 205, 373, 504

;

action of, on grape sugar, ii. 243
fermentation, i. 189, 190 ;

influence of age of seed and
reaction of media, i. 192

Butyric acid, ii. 206, 354, 373, 499,

507 ;
action of, on yeasts, ii. 245 ;

as a yeast poison, i. 245 ;
in yeast,

ii. 174 ;
obtained by fermentation,

i. 180
;

produced by Bac. lu];)u-

liperda, i. 166; by Micrococcus

709

casei amari, i. 338 ;
by Micro-

coccus gummosus, i. 284 ;
by

Mvcoderma, ii. 348 ;
production

of, i. 399
Butyric acid bacteria, aromatic sub-

stances produced by, i. 191 ;
in

boiled milk, i. 327 ;
theory of

fermentation by, ii. 79
Butyric acid fermentation, equation,

i. 353 ;
excitation of, in stored-up

granulose, i. 44
Butyric acid granulose, i. 179-196,

284, 328
Byssus, ii. 53

Cacodyl, ii. 50
Cadaverin, i. 303
Cadmium, ii. 44
Coesalpinacese, i. 343
Caesium, ii. 41
Cagniard-Latoiir’s theory of fermenta-

tion, i. 14, 15

Calcium, ii. 43-45
acetate, ii. 490
bisulphite, i. 109
borate, action of, on yeast, ii.

244
butyrate, ii. 373
carbonate, ii. 355, 373, 490, 498 ;

utility of, in nitrification, i.

377
chloride, i. 121, ii. 468, 520, 551
citrate, ii. 359, 360
formate, ii. 205
glycerate, ii. 205
glycerophosphate, ii. 205
lactate, ii. 205, 373, 490
oxalate, ii. 40, 118, 355, 356, 357,

373
phosphate, i. 121, ii. 463
tartrate, i. 181

Callose, ii. 58
Camembert cheese, ii. 336, 371
Cane sugar, i. 121 ;

behaviour of

luminous bacteria with, i. 162
;
de-

composition by Bacillus oedematis
maligni, i. 181

Cantal cheese, ii. 38, 318, 328
Cantharellus cibarius, cell wall, ii.

34
Cap, rubber, i. 97
Capric acid, ii. 499, 507
Caproic acid, ii. 499, 507
Caproyl alcohol, ii. 508
Caprylic acid, ii. 499, 507 C

i

Capsule baeillus, i. 40, 279
substance, i. 40

Capsule-staining, i. 40, ii. 178
Caragheeii i. BhJ
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Carbohydrates as source of carbon
for yeast, ii. 206 ;

consumption of,

by yeasts, ii, 208
;
gummy, from

yeasts, ii. 175-178
;

influence on
production of sporangia and zygo-
spores, ii. 19 ;

mucinous, ii. 175 ;

yielded by yeast nucleic acid,ii. 1()2

Carbol, ii, 549
Carbolic acid, ii. 54 ;

action of, on
bacteria, i. 112 ;

on yeasts, ii. 247 ;

as an antiseptic, i. 112 ;
effect on

Bac. coli commune and antliracis,

i. 112; on Bacillus mesentericus
rubus, i. 175 ;

on formation of

casease, i. 244
Carbon, carbohydrates a source of,

for yeasts, ii. 200 ;
sources of, ii.

203 et szq.

Carbon dioxide, ii. 301, 487, 488, 489,

490, 493, 494, 490, 503, 520 ;
effect

on bacteria, i. 184 ;
exhalation, ii.

57 ;
germicidal ])Ower of, i. 109 ;

produced by Allescheria Cayoni,
ii. 308 ;

by Mycoderma from,
alcohol, ii. 409 ;

by Oidium lactis,

ii. 452 ;
by Saccharomycetes apicu-

latus from grape juice, ii. 432

;

by Torulaceoe, ii. 398 ;
by Willia

anomala, ii. 290 ;
by yeasts, ii.

458 ;
from madder, ii. 459 ;

from
fermentation of yeast, ii. 550, 551 ;

from sugar, ii. 420, 543, 540, 547,
548 ;

from wine must, ii. 438, 439,*
440

;
from yeast, ii. 233, 234, 235 ;

in fermentation of saccharose
liquids, ii. 483 ;

influence of, on
the xantliin bodies, ii. 554 ;

on
the yeast cell, ii. 243, 244 ;

retard-

ing effect of, ii. 390
;

yield from
sugar, ii. 483, 484

Carbon monoxide, ii. 520
Carbonic acid often means carbon

dioxide, ivhich see

Carlsberg bottom yeast. No. 1, action
of carbon dioxide on, ii. 243 ;

break, ii. 187; cell-form, ii. 118;
description, ii. 275 ;

film cells, ii.

128 ;
habitat, ii. 251 ;

network,
ii. 178 ;

variability of, ii. 257, 258,

207
Carlsberg bottom yeast. No. 2, ii.

324 ;
action of tartaric acid on, ii.

245, 240 ;
cells, ii. 118 ;

film cells,

ii. 128 ;
used for making good

beer, ii. 200 ; variability of, ii.

258, 259
Came pura, i. 214
Carnin, ii. 100, 553
Qarnivorous plants, i. 301

Carnos, ii. 108
Carotin in Torula, ii. 403 ;

in Monilia
sitophila, ii. 405

Carpoascefce, ii. 99, 290
Carpoasci, ii. 2i)7 et seq.

Carposporangial zygomycetes, ii. 00
Carpozyma, ii. 422
Garubinose, ii. 513
Casease, ii. 371 ;

origin and activity,

i. 243, 301
;

production by Bacte-
rium synxanthum, i. 142 ;

by
Sarcina rosea, i. 141 ;

by Tyro-
thrix catenula, claviformis, distor-

tus, filiformis, geniculatus, scaber,

tenuis, turgidus, urocephalum,
i. 319 ;

secreted by bacteria, i.

141

Casein, action of Aspergillus niger

on, ii. 371 ;
decomposition by

Mucors, ii. 85 ;
digestion of, by

yeast, ii. 552 ;
dissolving enzyme,

ii. 03 ;
influence on lactic fermenta-

tion, i. 223
;

paranuclein, ii. 199 ;

proportion in milk, i. 240 ;
split

up by lab, i. 241
Caseoglutin, i. 317
Cassage, i. 400
Cassure, i. 400
Catalase, ii. 374; occurrence of, in

Torulacese, ii. 398, 405
Cell, absorption affinities for dye-

stuffs, ii. 105 ;
energy, ii. 57 ;

in

yeast film, ii. 120, 121,* 122,*

123,* 125*
;

influence of lithium

chloride, i. 47 ;
influence of nutri-

tion on form of, i. 30 ;
influence

of temperature, i. 30
;

plasmolysis

in, i. 41

Cell contents, ii. 391, 392 ;
structure

of, i. 42
Cell division, i. 50
Cell form as a characteristic, ii. 271,

272 ;
dependent on nutritive con-

ditions, ii. 118; and on tempera-
ture, 121 et seq. ;

of Sacch. Lud-
wigi, ii. 139

Cell forms in Dematium pullulans, ii.

382 ;
in Monilia, ii. 444, 445

Cell membrane, ii. 391 ;
chemical

analysis of, i. 274, ii. 32, 39

;

chemical ])ro])erties of, i. 40, 00 ;

optical properties of, i. 39 ;
per-

meability of, ii. 229, 230 ;
resisting

power, i. 05 ;
stratification, ii. 145 ;

thickening, ii. 145

Cell nucleus, ii. 13 ;
chemical com-

position, ii. 105 ;
fusion, ii. 18 ;

effect of light, ii. 58 ;
of ]ms cells,

ii. 105
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Cell wall, analysis, i, 38
Cells, ii. 424, 425
Cellulose, ii. 365, 366, 490 ;

dissolving

enzyme, ii. 61 ;
fungus cellulose,

ii. 32, 35 ;
importance in nutrition

physiology, i. 195 ;
Omelianski’s

fermentation of, i. 194 ;
reaction,

i. 38, ii. 5 ;
in the yeast cell wall,

ii. 146, 147 ;
in yeast, ii. 543, 544

Cellulosin, i. 192
Central body of cells, i. 42, 58

filament, ii. 158

Centrifuge, blueing of cheese by, i.

152, 153
Centrisomes, ii. 13

Cephalothecium roscum, ammonium-
])roducer, i. 306 ;

change of ar-

senious acid by, ii. 50 ;
gelatin-

liquefaction, ii. 63 ;
lignin, ii. 34, 40

Cerealin, i. 266
Cerevisiae, type, ii. 114, 119
Chaetocladiaceen, ii. 67
Chalara mycoderma, ii. 451

;
in-

fluence of insolation on, ii. 59
Chalk nutrient medium, i. 130
Chamberland flask, ii. 221
Champagne, preparation of, ii. 187,

188
Characters in Aspergillus, ii. 306,

308 ;
of yeasts, ii. 272

Charque, i. 214
Cheddar cheese, ripening of, i. 320
Cheese, ii. 378, 402, 407, 445, 452 ;

aroma of clover, i. 321
;

bacterial

flora of Swiss, i. 320 ;
bitter, i.

327; blind, i. 325; blue coloration
in, i. 152 ;

cause of puffy, i. 324 ;

change in bacterial flora of ripening,
i. 319 ;

crude, i. 341
;

deconi])osi-

tion of lactose in making, i. 326 ;

defects in, i. 323; fat in, i. 317 ;

green coloration, i. 159; hin-

drances to ripening, i. 319 ;
micro-

scopy, i. 154
;

Nissler, i. 324 ;

nitrogen compounds, i. 316 et seq.
;

normal pitting, i. 323 ;
odour of,

i. 320, 321 ; oxalic acid as a
decoloriser of red lead, i. 141

;

pigment bacteria in, i. 142
;

puffy,
i. 324, 327 ;

red coloration of, i.

141, 142 ;
rhodonate comjmunds

in, i. 141 ;
rich, i. 241

;
ripening of,

i. 316 et seq.; skim, i. 241; study
of Cantal, i. 318

Cheese-makers’ receipts, i. 325
Chemical composition of cell wall, i. 38

influence, effect of, on yeast, ii.

236-248
Cheniotaxis, i. 52, ii. 59

Chemotropism, i. 54, ii. 59
Cherries, ii. 436
Cherry brandy, ii. 499, 504, 510
Cherry-juice, ii. 144
Chicha, ])reparation of, i. 192

Chinese yeast, ii. 86, 87, 91

Chitin, decomy)Osition and occurrence,

ii. 34, 37, 61 ;
dissolving enzyme,

ii. 61 ;
in yeast, ii. 147

Chitosamine, ii. 35
Cliitosan, ii. 35
Chitose, ii. 36
Chlamydomucor casei, ii. 85

oryzae, dextrose, ii. 92
racemosus, chlamydospore ger-

mination, ii. 28*
;

oidia, ii.

24*
;

oidia germination, ii.

98*

Chlamydospores, ii. 14, 391 ;
forma-

tion, ii. 24
;
germination, ii. 27, 28

Chlorate of potash, re])ellent effect

of, ii. 60
Chloride, bacterial motion arrested

by, i. 41

of lime, antise})tic, i. 108. Sec
Calcium chloride

of potassium, stimulating action

on bacteria, i. 302. See Potas-
sium chloride

Chlorococcum (Cystococciis) humi-
cola, ])ure plate cultivation, i. 116,

133, ii. 173, 175
Chloroform, ii. 520, 524, 525, 549,

551, 559 ;
action on fermentation

ii. 470, 477 ;
on spores of Bacillus

anthracis, i. 110; on yeasts, ii. 545
Chlorophyll, action on assimilation

of (iarbon dioxide, i. 34, 148 ;

indispensability of iron, ii. 45
Chlorosphajra limicola, pure culture,

i. 133
Chlorothecium saccharo})hilum, pure

cidture, i. 1 33
Chlor-zinc-iodide, ii. 31, 35, 147
Choanephorte, ii. 67
Cholera bacillus. See Vibrio cliolera3

Asiat.

Cholera-red reaction, i. 291
Cholesterin, ii. 174, 471, 472
Cholin, i. 303, ii. 493, 554
Choiidrus crisi)us, i. 130
Chorella protothecoides, pure plate

culture, i. 123
vulgaris, pure plate culture, i,

133

Chromatin, i. 43 ;
in nucleus, ii. 166

Chromatium, single flagella, i. 49, 144
Okenii, structure of cell, i. 42,

43,* 144,* 146, 367*
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Chromic acid, ii, 158
Chromogenic bacteria, i. 94, 136
Chromoparous, i. 136

bacteria, i. 136-143, 148, 149
Cliromophorous, i. 136
Chromophyll, i. 148
Chroococcus, i. 30
Chyme, i. 298
Chymosin, i. 242
Chytridiaceae, motile spores, ii. 11 ;

zoospores, ii. 15, 59
Cider, ii, 441 ;

ropy, i, 283
;

yeast,
Wiidensweil, ii. 182

Cilia, i. 49-52
; histology of, i. 51

Cinnamic acid, action of, on yeasts,
ii. 248

Circinella, ii. 73
Citrate of ammonium. See Ammo-

nium citrate

of potassium. See Potassium
citrate

Citric acid, ii. 205, 354, 355, 358,
359, 360, 361, 373, 399, 531 ;

action
of Mycoderma on, ii. 417 ;

action
of, on yeasts, ii. 246 ;

decomposi-
tion by fission fungi, i. 313 ;

in-

fluence of, on the formation of

daughter cells, ii. 11 ;
organic food

for Aspergillus niger, ii. 78 ;
pro-

duced by Citromyces glaber and
C. Pfefferianus, ii. 348, 351 ;

by
Penicillium luteum, ii. 351 ;

from
lactic acid by Saccharomyces
apiculatus, ii. 434

Citromyces, ii. 334, 337, 345, 346,
373 ;

descriptive, ii. 298-300
citricus, ii. 348
glaber, acid-formation by, ii.

359 ;
description, ii. 348

lacticus, ii. 348
oxalicus, ii. 348
Pfefferianus, acid-formation by,

ii.359; description, ii.347,* 348
tartaricus, ii. 348

Citrus, ii 358
Cladosporium. ii. 406

aeris, ii. 379
herbarum, ii. 375, 376, 377

;

action of light on, ii. 387

;

conidia-formation, ii. 21 ;
effect

on cheese and eggs, ii. 378

;

on fermentation, ii. 378 *

;

glycogen content, ii. 169
Cladothrix, i. 33, 67, 355

dichotoma, false branching, i.

359
;

gelatin pure cvdture,
i. 361 ; morphology, i. 358,
359 ; occurrence, i. 360

;
plas-

molysis, i. 41

Cladothrix odorifera, i. 361
Classification of bacteria, i. 88-94,

ii. 185
Clathrocystis roseo-persicina, i. 368
Claviceps microcephala, influence of

light on the length of the peri-

thecial hyphse, ii. 551
purpurea, chitin in, ii. 37

;

fongose, ii. 38
;
gelatin-liquefier,

ii. 63; glycogen reserve, ii. 173 ;

lignin, ii. 39 ;
nuclei, ii. 13 ;

sclerotium, ii. 101
Cleistocarp, ii. 100
Clostridium, i. 32, 62

butyricum, cilia, i. 187*
;

form
and size of spores, i. 61, 64*

;

influence of oxygen on spore-
formation, ii. 64 ;

length of

generation, i. 187 ;
mor-

phology, i. 185, 186*
;

plas-

molysis, i. 42
;

pure culture,

i. 65 ; size, i. 34 ;
spore-

formation, i. 61*
; structure

of cilia, i. 51

foetidum, i. 62 ;
chemical activity,

i. 187
foetidum lactis, odour of, i. 191
Pasteurianum, i. 351-353
polymyxa. See Granulobacter
polymyxa

Clover cheese, aroma of, i. 321
Cobalt, ii. 47

sidphate, ii. 468
Coccobacteria septica, i. 89, tO
Coccus, i. 32
Cochineal insects, ii. 424, 425
Cocoa bean as culture medium, ii.

320
Coefficient of reproduction. See Re-

productive capacity
Coffee berries, ii. 324 ;

substitute, ii.

167, 168
Cognac, ii. 499, 500, 504, 508, 510,

511
Cohn’s classification of bacteria, i.

89
Cold for preserving meat, i. 213
Cold-loving bacteria, i. 75
Cold-torpidity, i. 52, 75
Collidin, i. 303, ii. 510, 554
Colon bacillus. See Bact. coli com-
mune

Colonies, liquefactive, i. 132; solid,

133 ;
zoogloea, ii. 1

Colour alteration, ii. 166
change of wort, ii. 126

Colouring bacteria, i. 136-143
Colouring-matter, protective against

^ light, ii. 58, 59 ;
yielded by species
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of Allescheria, ii. 348, 349 ;
Asper-

gillacejB, ii. 372 ;
Aspergillus, ii.

307, 312, 314, 316, 319, 320, 325,

326, 327, 328, 330, 331 ;
Citromyces,

ii. 346, 347, 348 ;
Dematium

pullulans, ii. 381 ;
Monilia, ii. 444,

448; Mycoderma, ii. 416; My-
cosphserella, ii. 377 ;

Oidiiim, ii.

452, 455 ;
Penicillium, ii. 330,

331, 332, 333, 334, 335, 336, 337,

338, 339, 340, 341, 343, 344, 345,

346 ;
red yeasts, ii. 401-406

;
Sac-

charomycetes, ii. 387 ;
Torula,

ii. 392 ;
Torulaceee, ii. 393, 394,

395
Columella, ii. 14 ;

in Mucor javanicus,

ii. 93 ;
M. mucedo, ii. 72*

;
M.

pyriformis, ii. 73 ;
M. racemosus,

ii. 72, 73*
;
M. Rouxii, ii. 87, 88*

;

M. spinosus, ii. 73
Commissariat bread, i. 176, 207
Composition of bacterial cell, i. 44-45
Condensed vegetables, i. 207
Conferva, i. 352
Congo red, ii. 147
Conidia, ii. 14, 277 et seq., 303,* 308,

309, 311, 312, 313,* 315,* 320, 321,

323, 325, 326, 329, 330, 332, 334,

336, 337, 338, 339, 340, 341, 342,

343, 344, 345, 346, 347, 348, 349,
375, 376, 377, 378, 379, 381, 383,
387, 444, 446, 447, 448, 449, 451,

452, 453 ;
chain of, ii. 20, 21 ;

fructification, ii. 19-22
;

influence
of light on formation, ii. 55, 56 ;

order of succession, ii. 20, 21

Conidiophores, ii. 19-23, 297 et seq.,

308, 309, 310,* 311,* 312, 313,*
316,* 317, 318,* 319,* 320, 321,

322, 323, 324, 325, 327, 328, 329,

330, 331, 334, 336, 337, 338, 340,
341, 342, 343, 344, 345, 346, 347,
348, 349, 376, 377, 378, 448

Coniferse, mycorrhiza, i. 354
Coniferin, ii. 62 ;

fission of, ii. 364
Conserves, manufacture of, intro-

duced by Appert, i. 13, 219
Contact attraction, i. 76, 77
Convallaniarin, ii. 364
Copper, i. 159, ii. 175, 176, 180;

action of yeasts on, ii. 138
phosphates, production of, by

yeasts, ii. 238
salts, effects of yeasts on, ii. 236-

238
sulphate, action of, on yeast, ii.

545 ;
as a fungicide, ii. 236 ;

as a destroyer or stimulant
of yeast, ii. 237
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Coprinus, formation of pileus, ii. 56 ;

heliotropism, ii. 54
lagopus, heliotropism, ii. 54
niveus, influence of ultra-red on,

ii. 54; migration of glycogen,

ii.l73

stercorarius, glycogen in, ii. 8 ;

y)ileus-formation, ii. 56
Copulation cell, ii. 17
Core yeast, ii. 180
Coremia, ii. 330, 336
Coremium, ii. 22
Coriuin, i. 265
Cork disease, ii. 322, 323, 378
Cormophytes, i. 28, ii. 1,4
Cormus, i. 28, ii. 1

Corn mildew. See Puccinia gram-
marum

Corned beef, i. 215, 216
Coronation, ii. 393
Corrosive sublimate, ii. 454, 469

;

action of, on yeast, ii. 237, 245
Cotton plant and atmospheric nitro-

gen, i. 344
Cotton-seed oil, ii. 367
Cotton-wool filter, i. 96
Counting chamber, Wolfiiiigel’s, i.

124, 125,* 132
Cow-dung, germ-content in, i. 201
Cow-hide, i. 180
Cranberry jam as culture medium,

ii. 312
Crassulacese, ii. 354
Cream, aroma of, i. 237 ;

artificial

souring, i. 235
Crenothrix, i. 33, 67, 355

Kiihniana. See C. polyspora
polyspora, arthrospores of, ii.

136 ;
blueing of cheese, i. 153 ;

culture on yeast, ii. 136 ;
cul-

ture on bricks, i. 361 ;
morpho-

logy, i. 355, 356,* 357*
;
multi-

plication, i. 356, 357 ;
occur-

rence, i. 360, 361 ;
plasmolysis,

i. 41, 42
Cryptococcus, ii. 105

fermentim, ii. 275
glutinis, ii. 401, 402
guttulatus, ii. 286. Sec also

Saccharomyces guttulatus
vini, ii. 422

Crystalloids in vacuoles of yeast, ii.

153
Crystals in cells, ii. 392
Cultivation of yeast, ii. 218-225
Cultures, comparison of, i. 132,

134
pure, i. 35, 85, 124, ii. 118

Cupuliferac, mycorhiza, i. 354
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Curd, i. 241 ;
after-warming of, i.

325, ii. 144
Curdling of milk, i. 240
Currant wine, sulphurous acid used

for, ii. 201
Currants, ii. 436
Cuvee, ii. 187
Cyanhydrin, ii. 365
Cyanophil, ii. 165
Cynara scolimus, lab-formation, i.

242
Cytase, ii. 366
Cytoplasm, i. 43, ii. 13, 149, 157

;

nitrogenous constituents, ii. 164-

168
Cytosin, ii. 163

Dactylium oogenum, ii. 378, 379
Daedalea quercina, phosphoric acid

extraction from wood, ii. 49
Dahi, occurrence of typhoid bacillus,

i. 203
Dahlia variabilis, i. 403
Daphnia, ii. 292
Daphniae, ii. 104
Darwin’s evolution theory, i. 10

Dates, ii. 323
Daughter cells, forms of, i. 57
Decay, i. 29
Decoloration of wine, i. 311
Degeneration of yeast, ii. 268
Dematium, ii.251, 292, 384, 385, 407,

446, 449
casei, ii. 382, 383
pullulans, ii. 379, 380, 381, 383*

;

behaviour to ammonia salts,

ii. 22 ;
hyphae, ii. 38 ;

intei'-

growth of, ii. 6 ;
yeast conidia,

ii. 21

Denecke’s spirillum. 8ce Spirillum

tyrogenum
Denitrification, i. 306-310
Desiccation, effect of, on Saccha-

romyces apiculatus, ii. 430 ;
on

Torulaceae, ii. 400 ; of spores, ii. 29
Desmobacteria, i. 89
Dextran, i. 270, 274, ii. 175

Dextrin, ii. 205, 353, 366, 367, 538,

540, 541, 542 ;
as a stimulant of

fungi, ii. 59 ;
behaviour with /3- and

7-Amylomyces, ii. 89 ;
with Mucor

Rouxii, ii. 89 ;
fermentation of,

ii. 84, 398, 447, 537 ;
ferments of,

ii. 294 ;
from starch by Bac.

suaveolens, i. 191 ;
influence on

Sacc. Marxianus, ii. 260 ;
saccharifi-

cation by Mucor, ii. 86
Dextrinomyces, ii. 207
Dextrolactic acid. See Lactic acid

Dextrose, ii. 353, 360, 364, 366, 368,

431, 542
;
action of Sacch. Hansenii

on, ii. 284 ;
as a culture medium,

ii. 311; as a nutrient, ii. 228;
attacked by Allescheria Gayoni, ii.

363 ;
fermentation of, by Sac-

charomyces apiculatus, ii. 430,

431, 435 ;
by Torulaceae, ii. 405 ;

from melecitose, ii. 362 ;
ferments

of, ii. 275, 280, 282, 285, 286, 287,

290, 291, 292, 293, 294 ;
influence

on reproductive capacity of yeasts,

ii. 228, 229 ;
influence on Sacc.

Ludwigii, ii. 260 ;
non-ferments of,

ii. 291 ;
not fermented by Zygo-

saccharomyces Bakeri, ii. 285
Diabetic sugar, ii. 513
Diagnostic table for bacteria, i. 92
Diastase, ii. 309, 406, 511, 522, 523,

537 ;
as source of nitrogen for

yeasts, ii. 213 ;
discovery, i. 21

;

formation by Aspergillaceae, ii.

351, 353 ;
Aspergillus niger, ii. 64 ;

A. oryzae, ii. 89 ;
Bacille amy-

lozyme, i. 191 ;
Bacillus anthracis,

B. Fitzianus,' megatherium, i. 192;
B. mesentericus vulgatus, i. 175

;

ramosus, i. 192 ;
suaveolens, i.

191; subtilis, tetragenus, i. 192;
Granule bacter butylicum, i. 188

;

Mucor, ii. 85 ;
M. Rouxii, ii. 88 ;

M. alternans, ii. 89 ;
Penicillium

glaucum, ii. 64 ;
Vibrio cholerae

Asiaticae, i. 192 ;
secreted by

Aspergillaceae, ii. 351, 353
Diatomaceae, i. 29
Diethylarsine, ii. 372
Differential staining of spore-bearing

bacterial cells, i. 66
, 67 ;

of tubercle

bacilli, i. 67
Diffusion fields, i. 163
Digallic acid, ii. 366
Digestio, i. 12

Digitalin, ii. 364
Diniargiris, description, ii. 297
Dionaea muscipula, i. 301
Dioxyacetone, ii. 512
Dioxy-7-ketone, ii. 488, 489
Dioxypropionic aldehyde, ii. 487,489
Diplococcus, i. 33, 34,* 55, 272
Disaccharides, ii. 512
Discomycetes, ii. 38, 100, 296
Disodium phosphate, ii. 467
Dispora, description, ii. 297

caucasica, spore-formation, i. 62
Division in one direction, i. 55

in three directions, i. 57
in two directions, i. 56
longitudinally, i. 55
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Division of the miclens, i. 58
transversely, i. 55

Dothidea piiccinoides, ii. 381
ribesia, ii. 381

Double refraction of cell wall, i. 39
Drinks imparting sterility, ii. 142
Drosera longifolia, i. 301

rotimdifolia, i. 301
Drosophila cellaris, i. 387

funebris, i, 397
Dry rot, i. 113, ii. 49
Drying of vegetables and fruits, i. 218
Dulcitol, ii. 206 ;

action of Sacch.
Hansenii on, ii. 234

Dyes, behaviour of endospores to-

wards, i. 66

Echinobotryum atrum, ii. 379
Edam cheese, pitting in, i. 323 ;

use
of Streptococcus hollandicus for,

i. 322
Eel, i. 305
Egg-albumen, derivation of glycogen

from, ii. 171
Eggs, preservation of, i. 216; putre-

faction of, i. 304, ii. 378, 379
Elaeagnus angu.stifolius, nodule-forma-

tion by, i. 344, 347
Elaphomycetes, affinity, ii. 296
Electricity, action on bacteria, i. 73,

77 ; utilisation in the food-stuff
industries, i. 74

Elements essential for Eumvcetes, ii.

41, 52
Ellipsoideus type, ii. 114, 115
Emericella, description, ii. 297
Emmenthaler cheese, appearance of,

after warming, i. 326 ; bacteria in,

i. 320 ; nitrogenous compounds of,

i. 316, 317 ; normal pitting, i. 323
Empusa muscae, ii. 66, 67
Emulsin, ii. 62, 362, 363, 364, 531,

536, 537
Endoblastoderma, ii. 445

liquefaciens, ii. 513
mycoides, ii. 513

Endomyces decipiens, ii. 102*
Endospores (endogenous spores), be-

haviour towards dyes, i. 66 ;
change

and condensation of cell contents
by plasmolysis, i. 41 ;

formation
of, i. 64, 65 ; formation in Mucor
mucedo, ii. 14, 15

;
germination,

i. 68-71
; resisting power, i. 65, 175

Endosporium, i. 68, ii. 17, 25
Endotryptase, ii. 477

;
properties of,

and action in yeast-division and
in fermentation, ii. 548-558

;

yeast, ii. 477

Ensilage, i. 261
thermometer, i. 262

Entomophthoreae, ii. 67
Enzymes, action of carbolic acid on,

i. 112; action of digestive, on
fermentation, ii. 472 ;

alcoholic

fermentation by, ii. 80 ;
casein-

di.ssolving, ii. 63 ;
celkdose-dissolv-

ing, ii. 61 ;
diastatic, ii. 64 ;

distri-

bution, i. 481 ;
fat-splitting, ii.

64 ;
luminous bacteria as te.st for,

ii. 162, 163
;

gelatin-liquefying,

ii. 63 ;
glucoside-splitting, ii. 62 ;

in Aspergillaceae, ii. 350 ;
in

Monilia, ii. 448, 449 ;
in Oidium,

ii. 453 ;
in yeasts, ii. 456-481

;

in yeast juice, ii. 263 ;
inverting,

of Mucors, ii. 84 ; oxidising (oxy-
dases), i. 400-405

;
proteolytic, ii.

63 ;
variations of, in yeasts, ii. 259

Enzymology, application of the bac-
teria filter, i. 99

Epiplasma, ii. 169
Episporium, ii. 17
Equisetinse, i. 28
Ergosterin, ii. 174
Ericaceae, mycorhiza, i. 354
Erysipelas, i. 79, 207
Ervsiphe aceris, iodine coloration of,

li. 168, 169
Erythrite, effect of, on zygospore

-

production, ii. 19
Erythritol, ii. 206
Erythrocellulose, ii. 148
Eiythrodextrin, ii. 93
Erythrophil, ii. 165
Esmarch tubes, i. 131
Esters, ii. 291, 292, 499, 503, 504,

506, 508, 509, 510 ; action of, on
proteolysis, ii. 552

;
produced by

Mucors, ii. 83 ;
by Saccharomyces

apiculatus, ii. 435, 440 ; Torulaceae,
ii. 398; and byWillia anomala, ii. 290

Ether, ii. 175, 181, 185, 471 ; as an
antiseptic, ii. 114

;
for cold sterilisa-

tion of food, ii. 1 15
Ethyl acetate, ii. 506

alcohol, i. 176, 181, ii. 205 ; as
an antiseptic, i. 114; food for
acetic acid bacteria, i. 114;
influence on anthrax spores,
i. 114; production by fission

fungi, i. 176, 177, 178, 254,
279,280,313,325

caprinate, ii. 509
caprylate, ii. 509
carbonic anhydride, ii. 486
pelargonate, ii. 509
succinate, ii. 509



INDEX.716

Euaspergillus, ii. 299
Eucalyn, ii. 526
Euinvertase, ii. 516
Eumycetes, cells, ii. 11 ; colour, ii.

13 ;
definition, i. 28, ii. 2 ;

sep-

tation, ii. 3 ;
spores, chemical

analysis, ii. 29
Euonymus europseus, ii. 288
Eurostose, ii. 168
Eurotiella, ii. 348
Eurotin, ii. 352, 363
Eurotiopsis, ii. 298, 300 ;

action on
alcohol, ii. 368

Gayoni, ii. 348, 363
Eurotium, ii. 299, 300, 303

Aspergillus flavus, ii. 316
Aspergillus glaucus, ii. 312
Aspergillus medius, ii. 314
Gayoni, ii. 353
glaucum, ii. 312
herbariorum, ii. 312
insigne, ii. 345
malignum, ii. 328
oryzae, ii. 308, 328
repens, ii. 312, 314 ;

conidia,

ii. 22 ; conidiferous hyphae,
ii. 16

rubrum, ii. 314
Exoasci, ii. 101
Exoascus, ii. 387

deformans, ii. 387
pruni. Set Taphrina pruni

Exospore, ii. 14, 19

Exosporium, i. 68, ii. 17

Fjeces cerevisiae, i. 12

vini, i. 12
Fat-colouring matter, i. 139-141, 369
Fat-decomposing enzyme, ii. 65. See

also Lipase
Fats, ii. 392, 490, 493, 494, 495, 499,

507, 508 ;
breaking up of, i. 199

;

decomposition of, by mould fungi,

ii. 70 ;
importance of, for yeasts,

ii. 173; rancidity of
,
ii. 198

Fatty acids, ii. 473, 497, 507, 508, 554
manures, i. 196

Fehling’s solution, ii. 162, 170, 175,

176, 180
Fermentation, action of, on milk, ii.

240 ;
activity, ii. 82 ;

by Saccha-
romycetes apiculatus, ii. 430-436

;

definition of, i. 23 ;
flasks, i. 207,

327 ;
lactic

—

see Lactic
;

of fibre,

ii. 189 ;
of snuff, i. 168 ; of tobacco,

i. 167 ;
optically active organic

compounds produced by, i. 227

;

organisms, botanical position of,

i. 27 ;
physiology defined, i. 27,

28 ;
test of milk, i. 327 ; theories,

i. 12, ii. 456 et seq.
;

theory of

Cagniard-Latour (volatile), i. 14;
of Gay-Lussac, i. 13 ;

of Kutzing,
i. 17 ;

of Isageli (molecular-
physical), i. 20 ;

of Pasteur, i.

20 ;
of Stahl, i. 12 ;

of Traube, i.

21
Ferro -gelatin, medium for sulphu-

retted hydrogen bacteria, i. 293
Ferrous sulphate, ii. 468 ;

action of,

on yeast, ii. 545
Fibrin, action of Aspergillus niger on,

ii. 370 ;
of yeast on, ii. 549 ;

diges-

,
tion of, ii. 63 ;

digestion of, by
endotryptase, ii. 552

Ficus carica, lab-formation, i. 242
Figs, ii. 322, 445
Film

j
oik, i. 281

Films, ii. 120, 391, 395, 404, 414, 415,

444, 447, 451, 452, 454 ;
annular,

ii. 120 ;
as characteristics, ii. 272,

273 ;
developmental stages of

yeasts, ii. 120 etseq.

Filter, Chamberland’s, i. 98 ;
effi-

eiency of, i. 96 ;
v. Breyer’s, i. 99

Filter-paper as substitute for gypsum
block, ii. 132

Fish poisons, i. 304, 305
Fish, red, ii. 13

Fission fungi. See Schizomycetes
Fixing plasmolysed cells, i. 42
Flagella, i. 49-52
Flavour altered by pasteurising, ii.

143
Flax retting, i. 197
Flocculence in making pressed yeast,

ii. 129
Flour, sclerotinia of Claviceps pur-

purea in, ii. 101
Flowering rush and blueing of milk,

i. 152 ; culture of Beggiatoa with
help of, i. 152

Fluorides, action on mycoderm, ii.

421
Fodder, green pressed, i. 261 ;

sour,

i. 263
Fongine, ii. 31
Fongose, ii. 38
Foodstuffs from yeast, ii. 167
Foot and mouth disease, milk as

carrier of, i. 203, 208
Form, theory of constant, i. 88
Formaldehyde, ii. 454, 520, 524, 551 ;

action of, on fermentation, ii. 469,

470 (formalin)

Formalin, action of, on Mycoderma,
ii. 421 ; on typhus bacillus, anthrax
bacteria, and Staphylococcus pyo-
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genes aureus, i. 115; on yeast

cells, i. 116; as an antiseptic,

i. 115; for preserving cultures,

i. 134
Formate of ammonium. See Am-

monium formate
of calcium. See Calcium for-

mate
of potassium. See Potassium
formate

of sodium. See Sodium formate
Formic acid, i. 177, 181, 191, 206,

ii. 205, 354 ;
action of, on yeast,

ii. 246 ;
influence of, on wine

yeasts, ii. 440
;

produced in

alcoholic fermentation, ii. 497,

498 ;
by mycoderms, ii. 418 ;

by Saccharomyces apiculatus, ii.

435 ;
by yeast, ii. 126, 235

Formol, i. 115
Fouh-ling, ii. 37
Foul brood in bees, i. 62
Fountain planes, i. 374
Fractional culture, i. 124
Fragmentation, i. 58, ii. 151
Freudenreich-Hansen flask, ii. 223,*

224, 225
Frog-spawn in sugar manufacture, i.

270
Frohberg yeast, ii. 276, 528, 534, 540 ;

action of acetic acid on, ii. 246 ;

of benzoic acid, ii. 247, 248 ;
in-

fluence of age of sowing on repro-

ductive capacity of, ii. 230 ;

asparagin on same, ii. 228 ;
of

carbon dioxide on, ii. 243 ;
of

temperature on period of genera-
tion, ii. 227

Fructification in Monilia, ii. 443,

444 ;
influence of light on, ii. 55,

56 ;
sporangial, dependent on

external conditions, ii. 116
Fructification organ, ii. 3
Fructose, ii. 507, 511 ;

alcohol-forma-
tion from, by (3- and 7-Amylo-
myces, ii. 91 ;

by Mucor Rouxii,
ii. 89 ;

fermentation of, ii. 447

;

by Torulacese, ii. 397, 398
Fruit, intramolecular respiration of,

ii. 79 ;
occurrence of Saccha-

romyces apiculatus on, ii. 436,
442

juices, i. 220 ;
fermentation of,

ii. 510
sugar, ii. 514
wines, non-alcoholic, i. 244

Fruits as the habitat and breeding-
place of yeasts, ii. 249-255

Fry’s ensilage, i. 262

Fuchsine, i. 230
Fuh-ling, ii. 37, 157, 158

Fumago, ii. 416
salicina, ii. 381

Fumaric acid, ii. 205
Fungi, i. 28, ii. 4 ;

as excitants

of fermentation, i. 23, 28 ;
cell

nucleus, ii. 11 ;
centrosomes, ii.

13; imperfecti, ii. 26, 108, 110;
in mines, ii. 53

Fungine in mines, ii. 53
Fungoid bodies, ii. 7 ;

mucin, ii. 175

Fungus cellulose, ii. 32, 34 ;
cham-

bers, ii. 342 ;
hypha, ii. 3

Furfural, ii. 177, 207, 506, 510,

511 ;
action of, on yeasts, ii.

247
Furfurol, ii. 38
Fusarium, ii. 38

heterosporium, action of light

on, ii. 55
Fusel oil, ii. 37, 499, 504, 505, 506,

507, 508, 555

Galactane, ii. 177
Galactans, ii. 514
Galactoaraban, ii. 514
Galactodendron americanum, i. 180
Galactone, i. 301

wine, i. 301
Galactosazone, ii. 520
Galactose, ii. 206, 362, 369, 514, 515,

527, 530, 532, 535 ;
action of

Sacch. Hansenii on, ii. 234, 284

;

fermentation of, ii. 447, 450; by
Sacch. Soja, ii. 282 ;

Saccharo-
mycodes Behrensianus, ii. 286

;

by Torulacefe, ii. 397, 398 ;
non-

ferment of, ii. 291 ;
not fermented

by Willia anomala I. nor by Willia
anomala III., ii. 291

Galactox}don, ii. 514
Galium verum, i. 140
Gall-nuts as a nutrient medium, i.

322
Gallate of ammonium. See Am-
monium gallate

Gallic acid,'i. 17, ii. 322, 366
Gamete, ii. 17

Gammelost, ii. 346, 382, 383
;

par-
ticipation of species of Mucor in

ripening of, ii. 89
Garlic, ii. 86, 91 ;

odour, ii. 50
Gas carbonum, ii. 483

sylvestre, ii. 483
Gas-pressure, influence of, on bacteria,

ii. 85
Gastric juice, action of, on yeast

cells, ii. 155 : artificial, ii. 165
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G-ay-Lussac’s fermentation theory,

i. 13

Geaster formicatus, examination of,

for cellulose, ii. 34
Geasterin, ii. 33
Gelatin, ii. 372 ;

acted on by endo-
tryptase, ii. 552 ;

by yeasts, ii.

555 ;
as cnltnre medium, ii. 289

;

as a nutrient medium for yeast,

ii. 549 ;
liquefaction by Asper-

gillaceae, ii. 369, 371 ;
by Oidium

lactis, ii. 453 ;
by Saccharomyces

apiculatus, ii. 436 ; by Torula,
ii. 404, 405 ;

by Torulaceae,

ii. 398, 399 ;
liquefying enzyme,

ii. 63 ;
tubes, i. 131. See also

Wort gelatin and IMust gelatin

Gelatinous network, ii. 177-179
Gelose, i. 129
Gemmae, ii. 14, 66, 88, 93, 120, 381,

382 ;
formation, ii. 24, 25

Gemmating mycelium, ii. 8 ;
from

Chlamydospores, ii. 28 ;
in Mucor,

ii. 5
Generatio equivoca, Needham’s de-

monstration, i. 4 ;
spontaneous,

i. 5
Generation, period of, i. 58
Gentianose, ii. 381, 382 ;

fission of,

ii. 362
Gentiobiose, ii. 362, 536
Geotropism, i. 83
Germ, generative power of, i. 59
Germ-content of air, Frankland and

Petri’s estimate of, i. 97 ;
percent-

age in air of breweries, i. 98 ;
deter-

mining, i. 124
Germination of endospore, i. 68
Gherkins, ii. 452
Giant cells, ii. 118, 290

colonies, ii. 393, 394, 404, 412,

413, 426, 443
Ginger-beer, i. 85, 256-258

;
yeast,

i.^256-258
Glairine, i. 366
Gleditschia, root-nodules wanting in,

i. 344
Gliocladium, description, ii. 298

penicilloides, ii. 332, 345
Gliscrin (mucus), i. 284
Globule bacteria, i. 89
Globulins, i. 240, ii. 462
Glucacetase, ii. 498
Glucase, ii. 523
Glucomyces, ii. 207
Glucosamine, ii. 35
Glucosazone, ii. 530
Glucose, ii. 205, 206, 207, 363, 366

487, 488, 489, 490, 495, 498, 507,

511, 513, 514, 515, 518, 525, 526,

527, 530, 532, 535, 536 ;
action of

Sacch. Hansenii on, ii. 234 ;
action

on proteolysis, ii. 551 ; as a chemo-
tactic stimulant, ii. 59 ;

on Mucor
mucedo, ii. 59 ;

on Mucor Rouxii,
ii. 59 ;

Rhizopus nigricans, ii. 59 ;

behaviour of photobacteria with,
i. 162 ;

decomposed by Granulo-
bacter saccharobutyricum, i. 189 ;

by sunlight, i. 25 ;
derivation of

dextro- and Isevo-lactic acid from
starch, i. 232 ;

fermentation of,

ii. 445, 447, 450, 453, 483; by
Saccharomyces apiculatus, ii. 432 ;

by Torulacese, ii. 397, 398 ;
con-

version of achroocellulose into, ii.

148 ;
of erythrocellulose into,

ii. 148 ;
and of yeast nucleic acid

into, ii. 162 ;
fermentation of, ii.

445, 447, 450, 453, 485 ;
by Sac-

charomyces apiculatus, ii. 432 ;
by

Torulacese, ii. 377, 398 ;
glycogen

formed from, ii. 171
;

produced
by yeast, ii. 544, 547 ;

from
mvcosin, ii. 35 ;

from yeast gum,
iri76

Glucoside-splitting Eumyces enzymes,
ii. 62

Glucosides, ii. 510, 574 ;
fission of,

ii. 363, 364
Glutamine as glycogen-former, ii. 171

Glutaminic acid, ii. 205, 463, 554
Glutin, digestion of, by endotryptase,

ii. 552
globules, ii. 119 ;

action of acetic

acid on, ii. 178
Glutopeptone, ii. 370
Glycerate of calcium. See Calcium

glycerate
of potassium. See Potassium

glycerate

Glyceric acid fermented by Bac.
ethaceticus, i. 176, 232

Glycerin, i. 176, 177, ii. 33, 59, 80,

83, 171, 174, 205, 420, 426, 427,

436, 447, 463, 490, 491, 492, 493,

494, 495, 504, 507, 510, 512, 554

;

action on living organisms, ii. 470 ;

on proteolysis, ii. 551, 552 ;
as a

source of citric acid, ii. 361 ;
yielded

by Allescheria Gayoni, ii. 368
Glycerol, action of Sacch. Hansenii,

ii. 234, 284
Glycerophosphate of calcium. See

Sodium glycerophosphate
Glycerophosphoric acid, ii. 198, 493,

554
Glycerose, ii. 512
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Glycocoll, ii. 372, 468 ;
action of, on

proteolysis, ii. 531, 532
Glycogen, ii. 8, 126, 148, 378, 392,

393, 463, 465, 487; absent in

asporogenic cells, ii. 260
;

present
in Mycoderma, ii. 411 ;

in red
Torulace®, ii. 404 ;

in yeast, ii.

544, 546
Glycogenase, properties of, ii. 544,

545
Glycopeptone, ii. 512
Glycyrrhicin, ii. 364
Gold-leaf, penetration of, by fimgns

hypha3, ii. 62
Gomme de sucrerie, i. 270
Gomphonema, branched gelatinous

stalk, i. 286
Gonidia, ii. 14
Gooseberries, ii. 436
Gorgonzola cheese. See Stracchino
Gossypium, relation of, to atmo-

spheric nitrogen, i. 344
Gossypose, ii. 526, 534
Gouda cheese-rind, i. 322
Graham bread, i. 176
Granules, ii. 153, 157,* 159, 444

;

coloration of, ii. 155; contents
of, ii. 155 ;

fat content of, ii. 156,

174, 444
Granulobacter, genus, i. 188 ;

storing
of granulose by, i. 44

butylicum, i. 189
lactobutyricum

,
chem ical activity

of, i. 190 ;
morphology, i. 190 ;

rancidity of fats, i. 190, 198
polymyxa, influence of oxygen
on spore-formation, i. 164

;

involution forms, i. 37*
;
mor-

phology, i. 190 ; spore-fcrma-
tion, i. 69

saccharobutj^ricum, i. 191
Granulose, i. 4 ;

inaction of Chlamy-
domucor oryzae, i. 191

Grapes, Saccharomyces apiculatus
on, ii. 436, 437, 438 ; Sacch. ellip-

soideus on, ii. 437, 438
Grass flavour, i. 237
Gravity, influence on growth, i. 83
Green bacteria, i. 158

coloration of cheese, i. 159
manuring, i. 342
pressed fodder, i. 261
racking, ii. 186

Ground water bacterium, i. 178
Gruyere cheese, i. 317
Guaiacol, ii. 374
Guaiacum, tincture, i. 404
Guanic acid, ii. 161, 164
Guanidin, ii. 372
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Guanin, i. 322, ii. 163, 164, 166, 553,

554
Gueuse lambic, i. 256
Guignardia Bidwelli, ii. 375
Gum-arabic, ii. 514
Gummose (mucus), i. 283
Gummosis of sugar-beet, i. 278
Gums, ii. 514
Gymnoasceae, affinities, ii. 296
Gymnoascus, ii. 239
Gypsum, elimination from water by

Spirillum desulfuricans, i. 293
block cultures, ii. 120, 132,* 179

Habitat of Saccharomycetes, ii. 249-
256

Hadromal, ii. 62
Hadromase, ii. 62
Hair as a culture medium, ii. 314
Hands, disinfection of, i. 114
Hansen method of single-cell culture,

ii. 218-225
Hansenia, ii. 273, 423 ;

description,

ii. 284
Hanstein’s aniline violet, ii. 147
Hard cheese ripening, i. 320
Hay, ii. 445 ;

air-dried, i. 169

;

brown, i. 169, 259; burnt, i.

168, 169
;
germ content, i. 201

bacillus. See Bacillus subtilis

Head in beer, ii. 180-185
Heat liberated during alcoholic fer-

mentation, ii. 467 ;
resistance of

spores to, ii. 29
Heath, mycorhiza, i. 357
Helicin, fission of, ii. 364, 365
Heliotropism, ii. 54
Helobacteria, i. 61
Hemi-albuminose, ii. 468
Hemiasci, ii. 1 10
Hemi-basidii, ii. 110
Hemicelluloses, i. 194, ii. 37
Plepatinse, i. 28
Heptyl alcohol, ii. 508
Hesperidin, ii. 364
Heterodera Schachtii, i. 278
Heterogenesis, i. 218
Hexoses, i. 190, ii. 513 ; as food for
Saccharomyces apiculatus, ii. 429

Plibiscus, ii. 311
Hides, fermentation of, i. 266
Hippophae, i. 344
Hippuric acid, decomposition by

bacteria, i. 336, ii. 372
Histidin, ii. 371, 554
Histology of eilia, i. 51
Honey, ii. 539

wine, ii. 192

2 Z
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Hop resins, ii. 119; action of, on
yeasts, ii. 246, 247

tannins, effect of, on yeasts,iii.
246

Hop-leaf aphides, ii. 63
Hops as a culture niedinm, ii. 314
Hordemn distichmn midnm, i. 189
Hormiscinm cerevisioe, ii. 275
Hormodendron cladosporioides, i. 218,

375, 376, 378, 379
Horny matter, solution of, by fungi,

ii. 64
Horse-dunor, nitrogen liberated by,

i. 308
House-fly disease, ii. 167
Household cheese, bacteria in, i. 320
Hunger-torpidity, i. 52
Hydration, i. 291
Hydrochloric acid, ii. 35, 160, 170,

176, 467, 527, 531 ;
action of, on

micro-organisms, ii. 244; on proteo-
lysis, ii. 552 ;

effect on enzymes,
ii. 352

Hydrocollidine, i. 343
Hydrocyanic acid, ii. 364, 510, 520,

526, 557 ;
action of, on enzymes,

ii. 460 ;
on yeasts, ii. 457

Hydrofluoric acid, ii. 520 ;
action of,

on micro-organisms, ii. 244 ;
as

an antiseptic, i. 1 10

Hydrogen, ii. 488, 494, 501, 507, 559 ;

effect of, on bacteria, i. 185
Hydrogen peroxide, ii. 398, 487

;

as an antiseptic, i. 110 ; for control
of water filter, i. Ill; produced
in sterile urine exposed to sunshine,
i. 78

Hydrogenase, ii. 488, 558
Hydrokinone, action of, on yeasts,

n. 247
Hydrolysirg enz3une of yeast, ii. 172 ;

processe.^', i. 250-252
;

action on
vital activity of yeast, i. 250

;
pre-

vention of inversion, i. 277
Hydrolysis of glycogen, ii. 172
Hydrotropism, ii. 16
Hydroxyl, ii. 486
Hydroxylamine hydrochloride, ii. 470
Hypha, ii. 3

Hyposulphites, ii. 48
Hypoxanthin, ii. 162, 163

Ice, bacteria in, i. 213
Hex aquifolium, ii. 279, 280
Illumination and respiration quotient,

ii. 78 ; clarification of Beer by
light, ii. 186 ;

influence of light on
vegetation, ii. 55

Immunity, i. 305, 306

Indian meal, detection of arsenic in^

ii. 51
Indican, i. 155
Indicators for nutrient media, i. 130
Indiglucin, i. 155
Indigo bath, i. 157

blue, i. 155
brown, i. 156
carmine, ii. 559
fermentation, i. 155

;
enzyme of,

i. 156
maladies, i. 157
red, i. 156
rubin, i. 157
white, i. 155

Indigo-sulpliuric acid, i. 185
Indigofera, i. 155
Indole, i. 291, 292

nitroso-, i. 291
reaction, i. 291

Infection threads, i. 348; coloured
in sections, i. 348, 349

Infusions, ropy, i. 283
Infusoria, i. 2

Infusum foliorum digitalis, ropy, i.

283
senega, gelatinised, i. 283

Inosic acid, ii. 164
Inositol, ii. 206
Insects as carriers of yeasts, ii. 436,

437
Intercalary gemmation, ii. 24

;
growth,

ii. 6
Intestinal formation of toxic nitrites

by Bact. coli commune, i. 308

;

gases, i. 196 ;
putrefaction, i. 291,

298
Intramolecular respiration, ii. 78, 83
Inulase, ii. 206, 406 ;

species of

Aspergillaceie secreting, ii. 365
Inulin, ii. 282, 293, 365, 514 ;

action
of Mucor Rouxii on, ii. 89 ;

deriva-

tion of alcohol from, by /3-Amylo-
myces, ii. 91

Invert sugar, ii. 368, 435 ;
content of

molasses in, i. 277 ;
decomposition

of, i. 26 ;
influence on the crystalli-

sation of cane sugar, i. 275
Invertase, ii. 351, 362, 363, 406, 431,

453, 457, 471, 473, 511, 516-522,

528, 536
;
produced by Aspergillus

niger, ii. 362 ;
by Bacillus fluores-

cens liquefaciens, B. megaterium,
i. 277 ;

B. subtilis, i. 274 ;
red

Kiel bacillus, i. 277 ;
Bacterium

gelatinosum betie, i. 277 ;
Chlamy-

domucor oryzie, ii. 93 ;
by Leu-

conostoc mesenteroides, i. - 274

;

by Monilia Candida, ii. 445 ;
by
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Proteus vulgaris, i. 277 ;
by

Torulaceje, ii. 398 ;
by Willia

aiiomala, ii. 290 ;
not produced by

Penicilliuin Duclauxii, ii. 363
Invertin, ii. 516
Invisible heat rays, i. 148
Involution forms in Schizomj^cetes,

i. 37 ;
in yeasts, ii. 114 et fteq.

Iodide solution, i. 42, 81, ii. 38, 168,

169, 175
Iodine in iodide of potassium, ii. 147

Iodoform, i. 116
lodosulphuric acid, ii. 31, 38
Ions, ii. 44
Irish moss, i. 129
Iron, ii. 45-47 ; organic compounds

of, ii. 45-47
alum, ii. 150
bacteria, decomposing power, i.

361 ;
food-supply, i. 360-361 ;

importance in water examina-
tion, i. 361 ;

morphology, i.

355-359
;

physiologv, i. 359-
362

Iron-phosphorus compounds, ii. 47
Isaria, ii. 344
Isoamyl alcohol, ii. 505, 508
Isobutyl alcohol, i. 192 ;

ii. 504
Isobutylene alcohol, ii. 494
Isodulcit, sporangia-formation, ii. 19
Isohexyl alcohol, ii. 508
Isolactose, ii. 532
Isolation by means of chemotaxis, i.

52
Isoleucin, ii. 508
Isolichenin, ii. 38
Isomaltose, ii. 525, 532, 538
Isomannose, ii. 513
Isopropyl alcohol, ii. 504

Jacquemase, ii. 538
Jalapin, ii. 364
Johannisberg yeast, action of copper

sulphate on, ii. 337 ;
No. II.,

description, ii. 278 ;
limits of

temperature, ii. 226 ;
No. 2,

sporulation experiments with, ii.

262, 263, 265
June flavour, i. 237
Juniper berry juice, ii. 247
Jusee, i. 267

Karlhaus yeast, ii. 438, 441
KaryokinesLs, i. 58, ii. 13, 151

Karyoplasm, ii. 150
Kefir, Kefyr, Kephir, ii. 283, 401 ;

granules, i. 85, 154
Ketotriose, ii. 512

Koch’s plate cultures, i. 131

Koji, i. 322, ii. 290, 343
fungus. Sec x\spergillus oryza3

Koumiss, ii. 283, 401
Krausen-glutin, ii. 181

Kreolin, i. 112

Lar, ii. 371, 399 ;
activity of, i. 241 ;

occurrence of, in nature, i. 242 ;

-producing bacteria, acting in

boiled milk, i. 243
Laccase, chemical activity, i. 403
manganese content of, ii. 47

Laccol, i. 402
Lacquer, Japanese, i. 402
Lactacidase, ii. 463, 489
Lactalbumin, i. 240
Lactarius, oxydase, i. 404

piperatus, manganese in, ii. 47
Lactase, ii. 363, 406, 530-532

;
forma-

tion by Saccharomyces Kefyr, i. 163
Lactate of ammonium. See Am-

monium lactate

of calcium. See Calcium lactate

of potassium. See Potassium
lactate

of sodium. See Sodium lactate

Lactic acid, ii. 205, 354, 373, 445,
463, 468, 487, 488, 489, 490, 496,
497, 498, 499, 520, 524 ; action of

Mycoderma on, ii. 417 ;
of Oidium

lactis on, ii. 453 ;
of Saccharo-

mycetes apiculatus on, ii. 434 ;
as

a fixing medium, i. 42 ;
as a glyco-

gen-former, ii. 171 ;
bottom fer-

mentation, i. 226 ;
content in

yeast mash, i. 246 ; effect on
Bacillus subtilLs, i. 174 ;

on en-
zymes, ii. 352, 363 ;

ethylidene, i.

228 ; fermentation, i. 228, 232 ;

in Edam cheese, i. 154 ;
in ordinary

beers, i. 255
;

in ropy infusions, i.

283 ; influence of the nutrient
conditions on variation, i. 232-234

;

lievo-, i. 228, 233 ;
obtained from

glucose and lactose, i. 25, 26
;
para-,

i. 228-232
;

preparation for tech-
nical purposes, i. 248

;
produced

from glucose and lactose, i. 25-26
;

from succinic, malic, and citric

acids by Saccharomyces apiculatus,
ii. 434, 435 ;

from sugars, ii. 354 ;

production of, by Bacillus pepto-
faciens, i. 301 ; by Mucor Pouxii,
ii. 89

Lactic acid bacteria, artificial souring
of cream with, i. 235 ;

as starter,
i. 235 ; co-operation in causing
rancidity of fat, i. 198 ; culture
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media for, i. 133 ;
dilution method

used for, i. 320 ;
discovery of, i.

222 ;
effect of hop resins on, i.

122 ;
function in ripening of

Emmenthal cheese, i, 320 ;
in

artificial souring of mash, i. 247 ;

in beer, i. 254 ;
in distilling, brew-

ing, and preparation of wine, i. 252 ;

in intestine, i, 298 ;
in preparing

fodder, i. 261 ;
in sauerkraut

fermentation, i. 264 ;
in wine, i.

252 ;
involution forms, i. 372 ;

nutrient medium for, i. 129, 130 ;

occurrence of, i, 224
Lactic acid fermentation, enzyme of,

i. 226 ;
equation of, i. 225 ;

in-

fluence of casein and phosphate,
i. 226 ;

for bottled gherkins, i.

219 ;
of bark liquor, i, 267 ;

of

beer, i. 254 ;
of brown hay, i. 260 ;

of cream, i. 235 ;
of plumping

soak, i. 266 ;
of wine, i. 252 ;

with
Bacillus diatrypeticus casei, i.

325 ;
with Leuconostoc mesen-

teroides, i. 274 ;
with Micrococcus

casei amari, i. 328
Lactic aldehyde, ii. 487

anhydride, ii. 486
Lactoglycose, ii. 514
Lactomyces, ii. 207, 354

inflans caseigrana, ii. 388, 394,

395, 396, 397, 399, 400
Lactoprotein, i. 241
Lactose, ii. 205, 206, 275, 280, 282,

285, 286, 287, 290, 291, 292, 363,

369, 398, 405, 406, 431, 513, 514,

527 ;
action of, on proteolysis, ii.

551 ;
action of Sacch. Hansenii on,

ii. 234, 284 ;
as a culture medium,

ii. 282 ;
behaviour of Sacch. Kefyr

to, i. 163 ;
of Mucor Rouxii to, ii.

87 ;
decomposition of, by bacteria,

i. 225 ;
by heat, i. 187 ;

in cheese,

i. 323 ;
in sunshine, i. 25 ;

fermen-
tation of, ii. 396, 447, 450, 453 ;

by Allescheria Gayoni, ii. 368

;

by Bacillus amylozyme, i. 191 ;

occurrence of, in Torulaceje, ii.

398
;
influence on zygospore-forma-

tion, ii. 191

Laevulan, ii. 175, 515
Lsevulose, i. 26, ii. 368, 514, 515

;

action of Mycoderma on, ii. 420 ;

as glycogen-former, ii. 171 ;
be-

haviour of Mucor Bouxii towards,

ii. 88 ;
derived from gentian ose

ii. 362 ;
influence on zygospore-

formation, ii. 19 ; fermented by
Allescheria Gayoni, ii. 362, 368

;

by species of Mucor, 11. 84 ;
by

Saccharomycetes apiculatus, ii. 431 ;

by S. Soja, ii. 282 ;
by Saccha-

romycodes Behrensianus, ii. 286

;

by SaccharomycopsLS capsularis,

ii. 287 ;
Schizosaccharomyces

pombe, ii. 293, 294
;

by Willia

anomala I., ii. 291 ;
by Willia

anomala III., ii. 292
;

by Zygo-
saccharomyces Barkeri, i. 285

Lamarck’s development theory, i. 10

Lambic, i. 255
Laurent’s solution, ii. 394
Laurie acid, ii. 499
Lead, effect of, on yeasts, ii. 238

acetate, action of, on yeasts,

ii. 237
Leather as a culture medium, ii. 314
Lecithin, i. 303, ii. 174, 463, 468,

493, 534
Leguminous nodules, i. 24 ;

artificial

formation of, i. 345-347
;
bacterial

growth in plant, i. 344-347
;
bearing

on fertility of soil, i. 347 ;
connec-

tion between nodule-formation and
growth of plant, i. 343 ;

discovery
of, i. 340 ;

formation of, i. 342

;

functions of, i. 343,344; increase of

nitrogen-yield due to, i. 351 ;
nature

of, 341*
;
section of, 341,* 342

Leguminous plants, behaviour towards
nitrogen, i. 338-350

Lemon-juice, ii. 91

Leprosy bacillus, resistance to de-

colorising agents, i. 67
Leptobryum, i. 352
Leptothrix, i. 33, 67, 355

buccalis, i. 190
ochracea, i. 360

Leucin, ii. 371, 463, 508, 510 ;
as a

metabolic product of Tyrothrix
species, i. 319 ;

decomposition by
Bacillus mycoides, i. 306 ;

extracted

from yeast cells, ii. 166 ;
in higher

fungi, ii. 63 ;
occurrence of, in

ripe cheese, i. 316 ;
origin and

decomposition of, i. 244, 292

;

produced by yeast, ii. 548, 549,

553, 554, 556
Leuconostoc mesenteroides, beha-

viour towards sugars, i. 274 ;

conversion of mucinous envelope
of, i. 275 ;

double staining of, i.

273 ;
effect of calcium chloride,

i. 274 ;
of nutrient media, i. 272,

273 ;
invertin produced by, i.

274 ;
occurrence in sugar re

fineries, i. 275 ;
physiology, i.

273 ;
resisting power of, i. 273
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Leuconuclein, ii. 199

Liebig’s decomposition theory, i.

18 ;
theory of fermentation, ii.

457
Light, action of, on invertase, ii. 520 ;

on maltase, ii. 524 ;
decomposition

by, i. 25 ;
influence on bacteria,

i. 77-81 ;
on butter and cheese,

ii. 198 ;
on development of Eu-

mycetes, ii. 53-59
;

on germina-

tion of spores, ii. 55 ;
on spore-

formation, i. 64, 65 ;
torpidity,

i. 52
Light raj^s replaced by heat rays, ii.

'57

Lighting gas, arsenic in, ii. 51 ;
effect

of, on bacteria, i. 184

Lignin, ii. 39, 40
Limane, i. 372
Limburger cheese, odour, i. 191 ;

ripening, i. 320
Lime, ii. 449, 490 ;

importance of,

for yeast, ii. 193-197 ;
in reference

to “ head ’’-formation, ii. 197

liinin, i. 43, ii. 166

Linseed, ii. 38
Lipara monacha, ii. 389
Lipase, ii. 367, 493, 494, 507
Lipochrome, i. 138-140, 369
Lipocyanin, i. 139
Liporliodin, i. 139
Lipoxanthin, i. 139
Liquefaction of gelatin, ii. 549, 555
Liquefactive colonies, i. 133

Liquefiable solid media, i. 128

Liquide Pictet as an antiseptic, i.,

109
Raulin, ii. 49

Lithium, ii. 41
chloride, effect on cells, i. 47
salts as tests for the rotatory

power of lactic acids, i. 234
Liver, glycogen of, ii. 169

Locomotion of bacteria, i. 48-53
Logos yeast, ii. 276, 529, 533, 541,

542 ;
action of acetic acid on, ii.

246 ;
influence of age of sowing

on reproductive capacity and on
reproductive power, ii. 230 ;

of

carbon dioxide on, ii. 243 ;
of yeast

water on reproductive capacity, ii.

228
Long rods, ii. 32, 34*

Longitudinal division, i. 51

Luciferin, i. 163

Luminosity of fish, i. 160 eA seq.
;

meat, i. 161; sea, i. 161, 164;
small marine aiiimals, i. 164

Lupeose, ii. 514

Lupines, nitrogen increase, i. 350
nodules of, i. 348

Lupulin granules, ii. 119
Lycopodina3, i. 28
Lysin, ii. 371, 554
Lysol, i. 1 12

Macassar, fish, ii. 13

Macrococci, i. 356
Macrogonidia, i. 356
Macrosj)oriuni verrucolosum, ii. 379
Madder, fermentation of, ii. 459
Magnesia, ii. 194, 196 ;

as an essential

food, ii. 43, 195; description, ii.

297
Magnesium carbonate, influence on

nitrification, i. 377
chloride, ii, 545
phosphate, ii. 463
sulphate, i. 121, 202, ii. 419
sulphite, ii. 468

Magnetism, action on bacteria, i.

74
iMaize, ii. 523 ;

behaviour of nitrogen
to, i. 375 ;

diastase in, ii. 213 ;

pentosans in, ii. 207
meal, detection of arsenic in, ii.

51
Malase, i. 403
Malate of ammonium. See ,Ammo-

nium malate
of potassium. See Potassium

malate
IMalic acid, ii. 205, 373, 496 ;

action
of Mycoderma on, ii. 417 ;

action
of, on Saccharomyces a])iculatus,

ii. 428 ;
action of, on yeasts, ii.

246
;

decomposition of, by fission

fungi, i. 303 ;
influence on glycogen-

formation, ii. 78 ;
nutriment for

Aspergillus niger, i, 313 ;
produced

by Saccharomyces apiculatus, ii.

433, 434 ; stimulating action on
bacteria, i. 302

Malt, ii. 498, 514, 522 ;
gum content

of, ii. 180
;

pentosans in, ii.

207
culms as food for yeast, ii. 214
extract, inflnence on reproduc-

tive capacity, ii. 229
sugar, ii. 522
wort gelatin, i. 189

Maltase, ii. 406, 431, 511, 522-526,
528 ;

secreted by Alleschcria Gay-
oni, ii. 363 ;

by Aspergillus niger,
ii. 362

;
by Penicillium glaucum,

ii. 363
Maltodextrins, ii. 523. 537
Maltol, action of, on yeast, ii. 247
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Maltomyces, ii. 207
Maltopeptone, ii. 199
Maltose, ii. 205, 200, 369, 463, 495,

511, 522, 525,538; action of Sacch.

Hansenii on, ii. 234, 284 ;
attacked

by Mycoderma, ii, 419, 420 ;
be-

haviour of luminous bacteria to,

i. 162 ;
decomposition of, by Granii-

lobacter saccharobutyricum, i. 189 ;

fermentation of, ii. 445, 447, 450,
453 ;

by Allescheria Gayoni, ii.

368 ;
by Granulobacter butylicum,

i. 189 ;
by Torulacese, ii. 398,.405 ;

ferments of, ii. 275, 282, 285, 286,

287, 293 ;
fission of, ii. 362, 363 ;

formation of dextrolactic acid

from, i. 26 ;
influence on reproduc-

tive capacity of yeasts, ii. 228, 229
;

non-ferments of, ii. 280, 285, 286,

290, 291, 292, 294 ;
zygospore-

formation, ii. 19
Mandelic acid, ii. 365 ; dissociation

of the optically inactive, i. 232
Manganese, a substitute for iron in

the iron bacteria, i. 361 ;
in

relation to laccase, ii. 47
sulphate, ii. 468 ;

action of, on
yeasts, ii. 545

]\Ianganous chloride, action of, on
yeast, ii. 245

Manna, ii. 536
Mannanes, ii. 176, 513
IMannite, fermentation of, i. 315

;

by Bacillus ethaceticus, i. 177

;

glycogen-formation favoured by,

ii. 171
;

produced by Penicillium

glaucum, i. 315; y)roduced during
the mucinous fermentation of

sugar, i. 315 ;
zygospore-forma-

tion favoured by, ii. 19
Mannitol, ii. 205, 206 ;

action of, on
proteolysis, ii. 551 ;

action of

Sacch. Hansenii on, ii. 234, 284
IManno-nonose, ii. 512
Mannose, ii. 513, 515; fermentation

of, ii. 450 ;
by Saccharo-

mycetes apiculatus, ii. 431 ;

by Sacch. Soja, ii. 282
d-, ii. 294 ;

alcohol formed from
by /3- and 7-Amylomyces, ii.

89 ;
by Mucor Rouxii, ii. 89

;

yielded by achroocelhdose, ii.

148 ;
by yeast gum, ii. 176

INIannotriose, ii. 537
Manuring, green, i. 340

with ammonia salts, i. 382
Marienthal 3?-east, ii. 128
Marine phosphorescence, i. 161-164
Mars, i. 256

Marsh’s arsenic test, ii. 56
Matiere glycogene, ii. 169
Mazun, ii. 283, 401, 402
Mead, properties of, ii. 190
Meat extracts, purity of, ii. 167 ;

sterilising, i. 106
phosphorescent, i. 160; pre-

servation of, i. 212-216; stor-

age of, in cold chambers, i. 212
Meat-extract bouillon, preparation, i.

120
Meat-poisoning, i. 304
Mechanical shock, influence of, on

bacteria, i. 81-84
Melampyrite, ii. 206
jNIelecitase, secreted by Aspergillus

niger, ii. 362
Melibiase, ii. 362, 526-530
Melibio-glucase, ii. 527
Melibiosazone, ii. 530
Melibiose, ii. 362, 398, 514, 526, 527,

528, 529, 530 ;
action of /3-Amy-

lomyces on, ii. 91 ; of IMucor
Rouxii on, ii. 89

Melicitose, ii. 398, 536 ;
decomposi-

tion of, ii. 362
Melitose, ii. 526, '534

Melitriose, ii. 363, 514, 526
Membrane, lignification of, ii. 39

;

stratification of, ii. 145
Mercaptan, i. 294
Mercurv chloride (corrosive subli-

mate), i. 107, ii. 520, 524, 528, 559
Merismopedia, i. 30
Merismopedium, i. 56
Metabiosis, i. 85, 312
Metacellidose, ii. 32
Metallacter, i. 89
Metaphosphoric acid, ii. 199
Meteors as carriers of organisms, i. 10

Methyl alcohol, i. 139, ii. 205, 373,

471
, 504, 510, 558 ; action of, on

grape sugar, ii. 242, 243
Methyl glucoside, ii. 282

a-, behaviour of Mucor Rouxii
to, ii. 89 ;

fermentation of, ii.

447
(3-, behaviour of j3- and 7-

Amylomyces to, ii. 91 ;
fermen-

tation of, ii. 447, 450
d-, ii. 282

Methyl green, ii. 166

violet, ii. 178
Methylene blue, ii. 147
Methylglyoxal, ii. 489
Methylindole, i. 291
Methylpropylcarbinol, ii. 408
Methylpyromeconic acid, ii. 247
Methyl-salicylates, ii. 366
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Methyliiracyl, ii. 164
Mica plate, ii. 59
Microascns, description, ii. 297
IVIicrobacteria, i. 89
Microbe, i. 2

IMicrococcns, i. 32, 33,* 89, 388 ;
of

bitter milk, i. 328 ;
bitter llavonr

of milk, cream, and butter, i. 328 ;

formation of butyric acid by, i. 328
Micrococcus acidi lactis, peptonising

enzyme, i. 224
acidi paralactici, i. 87 ;

forma-
tion of paralactic acid by, i.

233 ;
mixed culture with

Anthrax bacillus, i. 87
agilis, locomotion, i. 49
agilis citreus, locomotion, i. 49
ascoformis, proteolytic enzyme,

i. 299
aurantiacus, orange - yellow

colouring-matter, i, 143
candicans, ammonia-producer, i.

306
casei amari, i. 328
erythromyxa, colouring-matter,

‘i. 139
flavus, ammonia-producer, i. 306
Freudenreichii, i. 281
gelatinogenus, gelatinises infu-

sions, i. 283
gummosus, i. 284
lactis acidi, i. 224
ocliroleucus, yellow colouriug-

matter (protective), i. 142
Pfliigeri, phosphorescence of

slaughtered animals, i. 162;
pure culture, i. 161 ;

spectrum
of light from, i. 104

phosphorous, i. 160
prodigiosus, colour, mutability,

i. 137 ; coloration of milk, i.

137, 299 ;
effect of electricity

on, i. 74 ;
effect of light on,

i. 80 ; elementary decomposi-
tion of bacterial cell, i. 44 ;

lab formed by, i. 243 ;
lactic

acid formed by, i. 224
;
occur-

rence in saturation scum, i,

277
;

peptonising enzyme, i.

137, 299
;

quantitative selec-

tive power, i. 46
radiatus, sensitiveness to vibra-

tion, i. 83
ramo.sus, proteolytic enzyme, i.

299
rhodochrous, red colour of, i. 1 39
roseus, ammonia-producer, i. 306
saprogenes vini I., decoloration

power, i. 311

Micrococcus saprogenes vini II.,

decoloration of wine, i. 311 ;

morphology, i. 312
Sornthali, pitting of cheese, i.

325
tetragenus (mobilis ventriculi),

cilia (locomotion), i. 49 ;
fat-

splitter, i. 1 99
tetragonus, morphology, i. 34*

urepp, urea ferment, i. 332

urcce liquefaciens, gelatin-lique-

fier, i. 333 ;
urea ferment, i.

333
violaceus, violet colonring-

matter, i. 158

viscosus, i. 285
Micro - fermentation, Lindner’s, ii.

Microgonidia, i. 356
Micrography, i. 3

.Microscope, compound, i. 2

31icrosomata, Microzyma, i. 10, ii.

158
]\licroz3nne theory of Bechamp, i. 9

jMikrosol, action on Dlycoderma cere-

vLieV, ii. 421
Mildew, i. 314

black, ii. 380
fungus, ii. 168, 169

]Milk, ii. 402, 406, 451 ;
arsenic in,

ii. 50 ;
as a carrier of foot-and-

mouth disease, i. 243 ;
as a carrier

of infectious diseases, i. 202 ;
as

a carrier of scarlet fever, i. 203 ;

bitter, i. 327 ;
blue coloration of,

i. 151, 152 ;
coagulation of, ii.

371 ;
condensed, i. 210, 211 ;

curdling of, i. 240 ;
curdling during

thunderstorms, i. 244
;
Bematium

pullulans, ii. 382; detection of gas-

producing bacteria in, i. 207 ;

effect of Torula on, i. 394 ;
electrical

treatment of, i. 74 ;
germ content

of, i. 200-202
;
germ content after

the Soxhlet treatment, i. 205 ;

nitrogenous constituents of, i.

240; pasteurisation of, i. 210;
preservation of, i. 200, 209

;
red

coloration of, i. 140-142
;
remedies

for blue coloration of, i. 151, 152;
soapy, i. 281 ;

spontaneous coagu-
lation, i. 244

;
sterilisation by boil-

ing, i. 203 ;
after the Ncuhauss,

Griinwald, and Ohlmann method,
i. 206, 207 ;

yellow colouring of,

i. 142

Milk casein, iron in, ii. 46
mould, ii. 451
sludge, i, 201
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Milk of lime as an antiseptic, i. Ill
;

as an egg-preservativ^e, i. 217 ;

effect on typhus and cholera
bacteria, i. 1 1

1

Mimosacege, i. 344
Mineral antiseptics, i. 107

nutrients, ii, 31

Mines, fungi in, i. 53
Miso, i, 322
Mitosis, i. 151

Mitotic division of nucleus, i. 58
]\Iixed cultures, i. 86, 185

pickles, i. 219
sowings, ii. 136

Molasses, nitric fermentation of, i.

305
;

preparation of arrack from,
ii. 91 ;

sugar-extraction from, ii. 85
Molecular movement. Brownian,!. 48,

ii. 158
MolecLilar-physical theory of Nageli,

i. 20
Molybdate of ammonia, ii. 49
Monas, i. 32, 88

Okenii. See Chromatium Okenii
Warmingii, i, 145,* 367*

Monascus purpureus, ii. 13, 348
Monilia, ii. 383, 385, 386, 393 ;

affinities, ii. 443, 451, 455;
polymorphism in, ii. 443

albicans, description and proper-
ties, ii. 449-453

Candida, ii. 281, 404, 511, 516,

531, 534, 542 ;
description,

morphology, and properties, ii.

444, 445, 449, 450, 451, 458,

481 ;
effect of shocks on, i.

82 ;
occurrence in tobacco

fermentation, i. 168
fructigena, cellulose-dissolving

enzyme, ii. 61

javanica, description and proper-
ties, ii. 447

sitophila, ii. 405, 444, 533

;

description and properties, ii.

447, 448,* 449
variabilis, ii. 444, 529, 533, 542 ;

affinities, ii. 453 ;
description,

morphology, and properties,

ii. 445, 446,* 449
Monomolecular, optically inactive

substances, i. 230
Monomorph, ii. 25
Monomorphism, i. 35, 89
Monopodial branching, ii. 5
Monopodium, ii. 5
Monospora, ii. 104 ;

definition, ii.

274 ;
description, ii. 292

cuspidata, ii. 104 ;
description,

ii. 292

Morchella esculenta, ii. 34
Morel, cholesterin in, ii. 174
Mortierella Rostafinskii, ii. 75

van Tieghemii, gemmae, ii. 24,

25 ;
spores, ii. 16

Mother cells, alteration in form of,

i. 61

yeast, i. 240
Mother of vinegar, analysis, i. 184,

185; nature, i. 17; significance

of its appearance in vinegar fer-

mentation, i. 398, 399
Mould films, ii. 124
Mucedineae, ii. 7

Mucic acid, ii. 177
Mucilage from trees, ii. 6
Mucin, i. 33, 40, 177
Mucinic acid, ii. 205
Mucinous substances, ii. 462
Mucor, ii. 387 ; casein-degradation

by, ii. 85; ester-like products, ii.

83 ;
enzyme in, ii. 64 ;

fermenta-
tions, ii. 79 ;

rheotropism, ii. 60 ;

snuff-manufacture, ii. 85 ;
species,

pathogenic, ii. 70 ; suspensors, ii.

70 "
-

.

Mucor alternans, budding mycelium,
ii. 11; diastatic enzyme, ii.

86, 89
;
raffinose-, saccharose-,

trehalose-fermentation, ii. 84 ;

sporangiophore, ii. 71, 73
ambiguus, budding mycelium, ii,

11

amylomyces Rouxii, in Chinese
yeast, ii. 87, 88

aspergilloides, ii. 73
Cambodja, ii. 531 ;

in Chinese
yea.st, ii. 91

casei, ii. 85
circinelloides, budding mycelium,

ii. 11 ;
diastatic enzyme

formed by, ii. 86 ;
extraction

of saccharose from molasses,

ii. 85 ;
formation of glycerin

by, ii. 83 ;
formation of suc-

cinic acid by, ii. 83 ;
intra-

molecular respiration, ii. S3 ;

ratio between alcohol and
carbon dioxide, ii. 83 ;

sporan-

giophore, ii. 71, 73
corymbifer, action of cgesium

on, ii. 41 ;
of potassium and

sodium on, ii. 41, 42 ;
action

of, on arsenic, ii. 50 ;
import-

ance of magnesium, ii. 43
;

mycosis, ii. 70, 71 ;
sporangio-

phore, ii. 11

erectus, azygospore - formation,

ii. 18,* 72 ;
alcohol-yield, ii.
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82 ; behaviour towards sac-

charose, ii, 84 ;
budding myce-

lium, ii. 11 ;
intramolecular

respiration, ii. 81 ;
sporangio-

phore, ii. 71

Mucor llavidus. See Sporodinia gran-
dis

fragilis, budding mycelium, ii.

11 ;
sporangiophore, ii. 71,

73
javanicus, ii. 531 ;

behaviour
with gelatin, ii. 08 ;

occur-

rence, ii, 53 ;
sporangiophore,

ii. 71

mucedo, alcohol-yield, ii. 82

;

ammonia-producer, i, 30(5

;

as a source of carboji, ii. 84 ;

behaviour with arsenic, ii, 50,

51 ;
behaviour with glucose,

ii. 59 ;
budding mycelium, ii.

10; chemotropism, ii. 59;
chitin content, ii. 37 ;

choles-

terin, ii. 174; effect of citric

acid on, ii. 10 ;
in eggs, ii,

378 ;
formation of succinic

acid, ii. 83 ;
fructification, ii.

50 ;
gelatin-lifjueffer, ii. 03 ;

germinating spore, ii. 3*
;

heliotropism, ii. 54; intra-

molecular respiration, ii. 83 ;

ligniffcation, ii, 39 ; myce-
lium swellings, ii. 25 ;

occur-

rence, ii. 53 ;
oxalic acid as

a final metabolic product, ii.

195 ;
sensitiveness to yellow

light, ii. 54 ;
sporangiophore,

ii. 71, 72*
;

sporangium, ii.

15*; thallus, ii, 2*; tobacco-
fermentation, ii. 85 ;

zygo-
spore-formation, ii. 17*

mucilagineus, sporangium, ii.

70*

nigricans, lignification, ii. 39
pusillus, mycosis, ii. 70 ;

sporan-
giophore, ii. 71

pyriformis, acid produced by, ii.

359 ; citric acid producecl by,
ii. 73 ; columella, ii. 73

racemosus, alcohol-yield, ii. 82 ;

ammonia-producer, i, 300 ;

behaviour with arsenic, ii.

51 ;
and with saccharose, ii.

84 ;
budding mycelium, ii.

10, 11 ;
chitin content, ii.

37 ; chlamydospores, ii. 73*
;

diastatic enzyme, ii. 86 ;
im-

portance of iron for, ii. 40

;

insolation, ii. 58 ; intramole-
cular respiration, ii. 83 ;

inver-

sion of lactose, ii. 84 ;
mycosis,

ii. 71 ;
relation between alcohol

and carbon dioxide, ii. 83 ;

sporangia, ii. 56 ;
sporangio-

phore, ii, 7 1 ;
in tobacco, ii. 85

Mucor Rouxii, ii. 533, 542 ;
action

on gelatin, ii, 03 ;
columella,

ii. 88*

;

diastatic enzyme, ii.

85 ;
in dough, ii, 98 ;

invertin,

ii. 89 ;
mycelium-colouring,

ii. 88 ;
saccharose as a source

of carbon, ii. 7! ;
.sporangio-

phore, ii. 71, 73; starch-fer-

mentation, ii. 94, 95
septatus, mycosis, ii. 71

S])inosus, behaviour with saccha-

rose, ii. 84 ;
budding myce-

lium, ii. 1 1 ;
intramolecular

respiration, ii, 81 ;
sensitive-

ness to alcohol, ii. 82 ;
sporan-

giojffiore, ii. 71 ,
73

stolonifer. See Rhizopus nigri-

cans
tenuis, azygospore, ii. 18, 74*;

budding mycelium, ii. 11;
sporangiophore, ii. 73

vulgaris, cellidose absent, ii. 33

]\Iucor yeast, ii. 107
Mucoraceas, sporangia, ii. 07
Mucoreen, morphology and systematic

position, ii 07
Mucorinese, ii. 298 ;

cellulose absent

in, ii. 34 ;
glycogen content, ii. 169

iMucormycosis, ii. 71

Mucus formation, ii. 270, 270, 284 ;

from trees, ii. 138
Mucus threads, i. 348
Munich lager beer yeast, ii. 1 13

IMuscarine, i. 303
]\Iusci, i. 28
Must, ii. 402, 491, 492, 497, 500;

viscosity of, ii. 137
Must-gelatin, i. 128, ii. 220
JMustard, fixation of nitrogen by,

i. 344
oil, i. 413

Mutability, i. 35, 89
Mutation, See Variability

Mvcacanthococcus cellaris, spores,

'i. 67
Mycelicide, action on Mycoderma

cerevisiaj, ii. 421
IMycelium, ii. 2 ;

colour in IMucor
javanicus, ii. 93 ; in ]M.

Rouxii, ii. 88 ;
develo]>ment

of, ii. 4 ;
septatcd, ii. 3 ;

typical, ii. 0

hair, ii. 7

threads, ii. 7
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Mycetes, ii. 4
Mycetide, ii. 38
Mycetozoa, i. 29, ii. 169
Mycin, ii. 32
Mycoderma, ii. 26, 124, 384, 385,

386, 391, 392, 393, 395, 408-422,

506, 555 ;
acid-prodnction and

destruction, ii. 417, 418 ; action
of insolation on, ii. 58 ;

Brownian
motion, ii. 158 ;

budding in, ii.

411, 412*; filamentous, ii. 11;
film-formation, ii. 414, 415,* 416;
giant colonies, ii. 413*

;
granules,

ii. 153; influence of chemical
agents on, ii. 421

;
of heat on, ii.

420, 421 ;
membrane, ii. 410, 411 ;

morphology of cells, ii. 409, 410,*

411 ;
occurrence on grapes, ii. 437 ;

pure cultures, ii. 409 ;
vacuole

enclosures, ii. 58
Mycoderma aceti. Sea Bacterium

aceti

cerevisiae, i. 15, ii. 46, 409 ;
acids

produced by, ii. 418 ;
action

of antiseptics, ii. 421
cucumerina, ii. 408
humuli, ii. 402, 403, 404, 408 ;

mortal temperature, ii. 144
lebenis, ii. 418, 420
Pasteurianum. See Bacterium

Pasteurianum
rubrum, ii. 402, 408 ;

mortal
temperature, ii. 144

sp., ii. 110
vini, ii. 210, 384, 385, 409, 420 ;

barium injurious to, ii. 45

;

calcium not essential for, ii.

45 ;
magnesium not essential

for, ii. 43
;

potassium not
essential for, ii. 41 ;

strontium
injurious to, ii. 45

Mycology, i. 27 ;
museum, arrange-

ment, i. 134
Mycomycetes, ii. 4 ;

development of

mycelium, ii. 4
Mycoplasma, i. 348
Mycoprotein, i. 45
Mycorhiza, i. 354
Mycose, ii. 70
Mycosin, ii. 35
Mycosis, ii. 315
Mycosphaerella, ii. 375, 379

Tulasnei, ii. 375, 376*

IMycotetraedon eellare, spine-thicken-

ing of arthrospores, i. 67
Mycothrix, i. 55
Myrosin, ii. 364
Myxomycetes, i. 29

Nageli’s physico-molecular theory,
i. 20

Nail bacteria, i. 61
Natto, i. 322
Nematode disease, i. 278
Nematospora, definition, ii. 274

;

description, ii. 292
coryli, description, ii. 292, 293

Nepenthes Mastersi, i. 301
Network, gelatinous, ii. 179
Neuridin, i. 303
Neurin, i. 303
Newskia ramosa, unilateral gelatinisa-

tion, i. 276
Nickel, ii. 47
Nicotin, i. 168
Nissler cheese, i. 324
Nitrate of bismuth in distilling, i.

249, 284
Nitrates in brewery water, ii. 211 ;

no use for must yeast, ii. 211, 212 ;

reduction of, i. 307 ;
retarding

effect, i. 41 ;
significance of, for

Chlamydomucor oryzie, ii. 93
Nitric acid, action of boiling, on yeast

juice, ii. 277 ;
action on albumen,

i. 45 ;
fermentation of molasses,

i. 310 ;
and of tobacco, i. 310

;

proportion in rain-water, i. 340

;

reduction to nitrogen in mixed
cultures, i. 87

Nitrification as a physiological pro-

cess, i. 375-383
Nitrifying bacteria, assimilation in

the dark, i. 380 ;
division, i. 377 ;

formation of wall saltpetre, i. 381 ;

interrelation between carbon as-

similation and nitrogen, i. 380
Nitrite, behaviour of Chlamydo-
mucor oryzse with, ii. 93 ;

forma-

tion from nitrates by Bac. ramosus
and other bacteria, i. 307 ;

forma-

tion in intestine by Bacterium coli

commune, i. 308
Nitrite-agar, i. 379
Nitrites, ii. 211, 445, 468
Nitrobacter, i. 379
Nitrobacteria, chemical activity of, i.

377; morphology, i. 379; nutrient

solutions for, i. 378, 379
Nitrogen, ii. 361, 468, 496 ;

accu-

mulators, i. 338 ;
circulation, i.

330, 353, 355 ;
content of yeast

membrane, ii. 148 ;
effect on

bacteria, i. 184, 185 ;
hunger, i.

338 ;
in alcoholase, ii. 475 ;

in

yeast juice, ii. 550 ;
liberation, i.

306-311 ;
taken in by bacteria, i.

24, 338-354
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Nitrogenous substances in bacilli, ii.

45; in yeast, ii. 166
Nitrosobacteria, cbemical activity of,

i. 379
Nitrosococcus brasiliensis, morpho-

^
logy, i. 378

Nitroso-indol, i. 291
Nitrosomonas africana, enroprea,

japonica, javanica, i. 378
Nitrons acid, ii, 558 ;

influence on
fermentation, ii. 468

Nitzschia, i. 352
Nodule bacteria, i. 344 ;

development
of, i. 246 ;

distinctive species of,

i. 345 ;
occurrence of, i. 345, 346

Nonyl alcohol, ii. 508
Nostoc, i. 30
Nuclear fungi, ii. 100
Nuclease, ii. 371
Nucleic acid, ii. 161 ;

stains for, ii.

165, 166
Nuclein, ii. 444

;
action on, by endo-

tryptase, ii. 552 ;
base, ii. 162,

166 ;
carbohydrate, ii. 162 ;

fixa-

tion of colour, i. 44 ; formation of,

ii. 164
;

in the granules, ii. 159 ;

phosphorus content, ii. 49
Nucleoalbumens, ii. 462
Nucleoproteids, ii. 161, 371
Nucleus, ii. 393 ;

division of, i. 58 ;

in red Torulacese, ii. 404
Nukamiso, i. 333
Nutrient bouillon, i. 123

fluids, Jaksch’s, i. 233 ;
Pasteur’s

i. 121
;

potash content, ii.

41 ; respiration quotient of,

ii. 78 ;
van Tieghem’s, ii. 56

gelatin, i. 128 ;
from fish bouillon,

"
i. 162

media, alkalinity of, i. 132 ;
for

luminous bacteria, i. 163 ;

importance of, in connection
with the action of light on
bacteria, i. 78 ;

influence on
fructification, ii. 19; liquefi-

able solid, i. 128
;

silica and
chalk, i. 130

Nutrition, influence of, on bacteria,
i. 172-174

Nuts as a culture medium, ii. 314

Oak, ii. 286, 512 ;
fixation of nitrogen

by, i. 344
;
smut in, ii. 109

Oakwood, phosphoric acid from, ii.

119
Object-marking, ii. 220, 221
Qilnanthic ether, ii. 509
(Enanthyl alcohol, ii. 508
G^nanthjdic acid, ii. 499

(Enomel, ii. 199
Oidia-formation, ii. 23
Oidium, ii. 273, 383, 444, 446, 451 ;

descriptive, ii. 451
albicans, ii. 449, 451 ;

behaviour
with gelatin, ii. 63 ;

descrip-

tion and properties, ii. 455
lactis, ii. 445 ;

affinity, mor-
phology, and properties, ii.

451, 452,* 455 ;
behaviour

with gelatin, ii. 63 ;
influence

of sunlight, ii. 58 ;
influence

on cheese-ripening, i. 320

;

glycogen in, ii. 169; phy-
siology, ii. 453, 454, 455 ;

respiration, ii. 58 ;
resting

cells, ii. 24
Ludwigii, ii. 63
lupuli, ii. 454*

;
description and

proyjerties, ii. 455
pullulans, ii. 454,* 455

Oil, ii. 392, 449 ;
in Dematium pullu-

lans, ii. 381 ;
in Mycoderma, ii.

411

Oil of mustard, action of, on yeast,

ii. 247
Olease, i. 404
Oleate of potash. Potassium

oleate

Oleic acid, ii. 206 ;
action of air on,

i. 198
Olive oil, i. 138, ii. 367
Ontjom, ii. 447
Oogonia, ii. 15
Oomycetes, oogonia, ii. 13 ;

relation

to the Entomophthese. ii. 66 ;
spo-

rangia, ii. 16 ;
zoospores, ii. 15

Oospore, ii. 15
Ophidomonas, i. 34

jenensis, structure of cell contents,
i. 42

sanguinea, morphology, i. 367*
;

physiology, i. 145
Opium fermentation, ii. 366
Optical properties of cell wall, i. 39
Orange-flower water, mucinous de-

composition, i. 284
Organic acids as antiseptics, i. 106

ferments, i. 22
stimulants of yeasts, ii. 245- 248

Orleans process of vinegar-making,
i. 397

Ornithin, ii. 554
Ornithopus, nodule bacteria, action
on Vicia faba, i. 346

Orthodinitrokresol of potassium, i.

113
Oryza glutino.sa, ii. 92, 447
Oscillaria, i. 30, 352



730 INDEX,

Osraic acid, ii. 145
Osmosis, ii. 60
Osteomyelitis, i. 94
Otomycosis, ii. 316, 322
Ovos, ii. 168, 462
Ox pancreas, ii. 161

Oxalate of ammonium. See Ammo-
nium oxalate

of lime, ii. 118
of potassium. See Potassium

oxalate
Oxalates, ii. 374
Oxalic acid, ii. 206, 354, 355, 356,

357, 358, 360, 361, 373, 374, 520,

524, 527, 531 ;
action of, on yeasts,

ii. 246 ;
combination with lime,

ii. 195 ;
decomposition, ii. 57 ;

excreted by fungi, ii. 61 ;
from

yeast gum by boiling with nitric

acid, ii. 177 ;
in Mucor Rouxii,

ii. 89
;

produced by Aspergillus

niger, ii. 351, 355 ;
by A. phoenicis,

ii. 324
;
by Sacch. Hansenii, ii. 234,

284
Oxalis, ii. 355, 357
Oxydases, i. 400-404, ii. 496 ;

deter-

mination of; i. 401 ;
isolation of,

i. 403
Oxygen, ii. 487, 498, 499, 500-503,

509, 520 ;
action of, in liquefaction

of gelatin, ii. 555, 556 ;
in yeast

fermentation, ii. 456 ;
effect of

amount of supply, on yeast respira-

tion and re])roduction, ii. 231-235
;

effect of, in fermentation by
Allescheria (layoni, ii. 368

;
in-

fluence on chemical activity of

fungi, ii. 351, 359 ;
on film-forma-

tion of Mycoderma, ii. 414 ;
on

form of Mycoderma cells, ii. 410 ;

on Monilia sitophila, ii. 448 ;
on

Torulaceae, ii. 397
Ozone as an antiseptic, i. 110; for

purifying river-water, i. 1 10

Pachyma cocos, ii. 37
Pachyman, ii. 37
Paddy, ii. 87
Palmella prodigiosa. See IMicrococcus

prodigiosus

Palmitic acid, ii. 499 ; in yeast, ii.

174
Pancreas, i. 298, ii. 64, 164, 170
Pandalus borealis, ii. 405
Papilionaceoe, nitrogen - absorption

from air by, i. 343
Paracasein, i. 241, 317
Paracholesterin, ii. 174

Parachromophorous, i. 136

Paradextran, ii. 37
Paraisodextran, ii. 37, 38
Paralactic acid. See Lactic acid
Paranuclein, ii. 46, 161, 199
Parasites, facultative, i. 31 ;

group
of, ii. 102 ;

obligate, i. 31
Parenchyma, ii. 8
Parietal layer, i. 42
Paris butter, i. 198
Parvoline, i. 303
Pasteur, fermentation theory of, i.

20, 25, 180, 186, ii. 456 ;
rejects

theory of spontaneous generation,
i. 8, 20

Pasteur flask, i. 9, 98 ;
Hansen’s

form of, ii. 221
Pasteur’s nutrient fluid, i. 121

Pasteuria ramosa, forked branches,
i. 346 ;

longitudinal fission, i. 56
Pasteurisation, ii. 142-144
Pastorianus type, ii. 116, 119
Paternoster pea, i. 305
Pathogenic bacteria, i. 93 ;

nitrogen-

ous nutriment of, i. 123 ;
occur-

rence in butter, i. 208 ;
and in

milk, i. 202 ;
species of IMonilia,

ii. 449
Pear must, ii. 266
Pectase, i. 220, ii. 367
Pectin, ii. 147, 367 ;

fermentation
of, i. 197, 220 ;

ferments of, i. 197
Pectinase, ii. 365
Pectose, i. 197, ii. 367
Pediococcus, definition of, i. 56

acidi lactici, division, i. 56

:

lactic acid fermentation, i.

225 ;
morphology and tem-

perature, i. 255
cerevisise, morphology, i. 287

;

sarcina-turbiditv of beer, i.

287
Pe-fuh-ling, ii. 37
Peh-Khak, ii. 91

Pelargonic acid, ii. 499
Pemmican, i. 214
Penicillium, ii. 373, 409, 443, 542 ;

action on cells, ii. 365 ;
on fat, ii.

367 ;
on oxalates, ii. 371 ; affini-

ties, ii. 346 ;
decomposing effects

of, ii. 363; descriptive, ii. 207, 298,

299, 300, 328, 329, 332 ;
behaviour

with cadmium, ii. 44 ;
lithium,

ii. 43 ;
and rubidium, ii. 41 ;

colouring-matter, ii. 40 ;
enzymes

secreted by, ii. 367 ;
iron not

essential for, ii. 46 ;
nucleus divi-

sion, ii. 13; pathogeny, ii. 331,

333
;

proteolytic powers, ii. 370

;

sodium as food for, ii. 42
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Peniciilium albimi, ii. 336, 345
aromaticiim, ii. 346
aiireiim, ii. 330, 332, 346
bicolor, description, ii. 344
brevicaule, ii. 329,* 331, 332,

341, 342,* 353, 372; alcohol

produced by, ii. 367, 368 ;

behaviour with arsenic, ii.

51 ;
liquefaction of gelatin by,

ii. 370
Camembert, ii. 329,* 332, 333,

336 337 345
candidum, ii. 330, 332, 335, 336,

345
eladosporoides, ii. 375 ;

ammo-
nia-producer, ii. 306 ;

effect

on Roquefort cheese, i. 321
claviforme, ii. 329,* 330, 344
erustaceum, ii. 333 ;

effect of

light on, ii. 59
cupricum, ii. 346
descissens, ii. 345
Duclauxii, ii. 332, 345, 363
Epsteinii, ii. 336
geophilum, ii. 344, 345, 348
glaucum, ii. 210, 329,* 330, 331,

332, 333, 334,* 335, 336, 339,

340, 344, 346, 351, 353, 354,

531 ;
action of light on, ii.

55 ;
action on acids, ii. 373,

374 ;
albumen, ii. 371 ;

action

on arsenical substance, ii.

372 ;
action on casein, ii.

371 ;
action on cells, ii. 366 ;

action on eggs, ii. 378, 379 ;

action on fats, ii. 367 ;
action

on fibrin, ii. 371 ;
action on

milk, ii. 371 ;
action on pep-

tone, ii. 371 ;
aetion on sul-

phites, ii. 372 ;
action on

tannin, ii. 366 ;
affinity, ii.

316 ;
alcohol a food for, ii.

368 ;
alcohol a source of

carbon for, ii. 81 ;
basipetal

constriction, ii. 377 ;
ammonia-

producer, i. 306 ;
behaviour

towards cobalt, ii. 47 ;
beha-

viour towards nickel, ii. 47 ;

behaviour with arsenic, ii. 50,

51 ;
behaviour with zinc, ii.

44 ;
description, ii. 298, 300 ;

caesium unsuitable for, ii. 41 ;

casease secreted by, ii. 371 ;

cell nucleus, ii. 11, 13; eell

wall, ii. 34 ;
cellulose-dissolv-

ing enzyme, ii. 61 ;
ehemical

composition, ii. 29 ;
chemo-

tropism, ii. 55 ;
chitin content,

ii. 37 ;
eholesterin, ii. 174

;
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conidia, ii. 20, 29, 40 ;
decom-

posing effects, ii. 357, 362,

363 ;
development of myce-

lium, ii. 5 *
;

diastase-forma-

tion, ii. 64; fission of gluco-

sides by, ii. 363, 364, 365

;

and of polysaccharides, ii.

365 ;
fructihcation, ii. 56 ;

gelatin-liquefaetion, ii. 63,

369, 370 ;
influence of laek

of qcid, ii. 80 ;
inulase secreted

by, ii. 365 ;
lignification, ii.

39 ;
lipase, ii. 65 ;

magnesium
an essential for, ii. 43 ;

me-
ehanical pressure, ii. 61 ;

nitro-

gen-fixer, i. 353
;

pathogeny,
ii. 373 ;

oxalie acid produced
by, ii. 195, 355; pectinase

secreted by, ii. 365 ;
produc-

tion of alcohol by, ii. 80 ;

respiration, ii. 51, 80; saceha-

rification by, ii. 353
Peniciilium granulatum, ii. 330, 344

humicola, ii. 345
insigne, ii. 330, 332, 345

. italicum, ii. 298, 329,* 330,

331, 333, 339, 340,* 341 ;

action on albumen, casein,

fibrin, and milk, ii. 371 ;
de-

composing effect of, ii. 363

;

fission of glucosides by, ii.

363, 364, 365 ;
inulase secreted

by, ii. 365 ;
saccharification

by, ii. 353
luteiim, ii. 329,* 330, 332, 333,

337, 338,* 339, 341, 343, 345,

346, 351 ;
action on albumen,

casein, fibrin, and milk, ii.

371 ;
cellulose-dissolving en-

zyme, ii. 61 ;
decomposing

effect of, ii. 363 ;
description,

ii. 298, 299 ;
fission of gluco-

sides by, ii. 363, 364, 365

;

formation of acids by, ii. 359 ;

gelatin-liquefier, ii. 63, 369

;

inulase secreted by, ii. 365

;

pathogeny, ii. 373
;

pectinase
secreted by, ii. 365 ;

sacchari-

fication by, ii. 353
minimum, ii. 331
olivaceum, ii. 298, 329,* 330,

332, 333, 341*; colouring-
matter of, ii. 372 ;

liquefac-

tion of gelatin by, ii. 63, 369,
370 ;

pathogeny, ii. 313
pruriosum, ii. 331
piirpurogenum, ii. 329,* 331, 332,

343; colouring-matter of, ii. 372;
liquefaction of gelatin by, i.i 370
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Penicillium quadritidum, ii. 331
radians, ii. 318
radiatum, ii, 332, 314
riseuin, ii. 322, 344
Rogeri, ii. 336
Roquefort, ii. 332, 333j
rubrum, ii. 329,* 331, 332, 343,

344 ;
action on albumen,

casein, fibrin, and milk, ii.

371 ;
colouring-matter of, ii.

372 ;
decomposing effects of,

ii. 363 ;
fission of glucosides

by, ii. 363, 364, 365 ; inulase

secreted by, ii. 365 ;
liquefac-

tion of gelatin by, ii. 370

;

saccharification by, ii. 353
silvaticum, ii. 345, 348
Wortmanni, ii. 330, 332, 346

Penicillopsis, description, ii. 297
Pentosan, ii. 38 ; in yeast, ii. 177
Pentosans of grain, ii. 207
Pentose from yeast nucleic acid, ii.

162
Pentoses, ii. 512, 513 ;

as source of

carbon for yeast, ii. 206
Pepsin (peptase), ii. 55, 521, 528

;

action on albuminoids, ii. 162 ;

action on casein, ii. 199 ;
action

on nuclein, ii. 162, 165 ;
from

yeast, ii. 521
;

preparation from
yeast culture, ii. 167

Peptone, ii. 506 ;
action of endo-

tryptase on, ii. 553, 555 ;
as nutri-

ment for peptone-carbon bacteria,

i. 166; for phosphorescent bacteria,

i. 161; for Torulacese, ii. 394;
as source of nitrogen for yeast, ii.

212, 213, 214, 215, 226 ;
decomposi-

tion of, ii. 371 ;
derived from

casein, i. 301 ;
in butter-milk, i.

328 ;
in cheese, i. 317 ;

in Chlamy-
domucor oryzse, ii. 93 ;

influence

on reproductive capacity of yeasts,

ii. 228 ;
relation of, to frothy

fermentation, i. 184 ;
solution of,

ii. 132
Peptones, ii. 462
Peptonised bouillon agar, i. 129
Peptonising enzymes produced by

Bacillus anthracis, i. 299 ;
B.

fiuorescens liquefaciens, i. 159

;

B. lactis erythrogenes, i. 140

;

B. liquefaciens lactis amari, i.

369 ; B. lupuliperda, i. 166 ;
B.

inegaterium, i. 299 ;
B. mesen-

tericus fuscus, i. 175 ; B. mes.
ruber, i. 175 ;

B. mes. vulgatus,

i. 175 ; B. oogenes fiuorescens a,

i. 217 ; B. oogenes hydrosulfureus

(a, y, 5, 6, t), 1 . 217; B.
prodigiosus, i. 137, 299 ; B. pyo-
cyaneus, i. 299 ;

B. saprogenes
vini I. -VII., i. 312 ; B. subtilis,

i. 133, 174, 299 ; by cholera bacil-

lus, i. 133, 299 ;
by Cladothrix

dichotoma, i. 362, 363 ; by the
Kiel bacillus, i. 139 ; by Micro-
coccus acidi lactis, i. 224 ; M. asco-
forniis, i. 299 ; M. casei amari, i.

328; M. saprogenes vini I., II.,

i. 312 ; M. urese liquefaciens, i.

333 ;
by Proteus mirabilis and

vulgaris, i. 296 ;
by Sarcina flava,

i. 143 ;
by Spirilla from cheese,

i. 299 ; by Tyrothrix geniculatus,
i. 328 ;

by Vibrio Finkler-Prior,
i. 299

Peridia, ii. 297 et seq.

Period of generation, ii. 226 ;
in-

fluence of temperature on, ii. 226,
227

Perisporiaceae, ii. 100 ;
affinity, ii.

296
Perithecia, ii. 317, 327, 330, 346,

379 ; formation suppressed by
light, ii. 56

Perithecial wall, composition of, ii.

37
Perithecium, ii. 100
Permanent cells, yeast, ii. 145

;

glycogen in, ii. 173
yeast, ii. 473, 474, 475

Permanganate solution, as test for

arsenic, ii. 51

Permeability of cell membrane, ii.

227-230
Peronocarpous, ii. 100
Peronospora viticola, ii. 236
Peronosporeae, cellulose in, ii. 33

;

chitin in, ii. 33
Perry, ii. 441
Petri dishes, i. 131

Petroleum spirit, i. 139
Peziza convexula, ii. 13

Fuckeliana, action of light on,

ii. 55 ;
heliotropism, ii. 54

;

oxalic acid as a metabolic
product, ii. 193

Libertiana. See Sclerotium
Libertiana

Phaseolus, nodule-formation, i. 346
vulgaris, ii. 324

Phenol, ii. 524, 551 ;
action on

anthrax spores, i. 112; as an anti-

septic, i. 112
Phenols, ii. 520
Phenylamidopropionic acid in Em-
menthal cheese, i. 317



Index. 733

Phenylhydrazone, ii. 530
Phenyl-salicylate, ii. 360
Philothion, ii. 202, 558-560
Phloretin, ii. 364
Phloridzin, ii. 364
Pliloroglucin, action of, on yeasts,

ii. 247
Phloxin red in typhus bacillus, i. 44
Pholiota squarrosa, ii. 347
Phosphate of ammonia. See Am-
monium phosphate

Phosphates, ii. 467, 468, 471 ;
action

of, on proteolysis, ii. 552
Phosphocarnic acid, ii. 199
Phosphomolybdate of ammonia, ii.

49
Phosphorescence, i. 160 etseq.

Phosphoric acid, ii. 371, 493
;
decom-

position of paranuclein, ii. 161 ;

in fungi, ii. 49 ; in plant ash, ii.

41 ;
in yeast gum, ii. 175 ;

in yeast
water, ii. 166

;
meta-, in the yeast

cell, ii. 199 ;
reaction with yeast

ash, ii. 194; requirements of the
yeast cell for, ii. 199

Photobacteria, use of, in testing

efficiency of filters, i. 99
Photobacterium, activity of, i. 162 ;

as test for enzymes, i. 162 ;
culture

of, i. 164; foodstuffs for, i. 164;
infection of small marine animals,
i. 164 ;

requisite food for, i. 161 ;

spectrum, i. 164
Photobacterium balticum, i. 161

Fischeri, i. 161

indicum, i. 167
javanense, i. 161

luminosum, i. 161

Pfliigeri, i. 161, 162
phosphorescens, i. 161, 162, 167
sarcophilum, effect of light on

luminosity of, i. 81

Phototropism, ii. 53
Phragmidiothrix, i. 355, 359

multiseptata, i. 359
Phycomyces, development of myce-

lium, ii. 5, 6 ;
rheotropism,

ii. 60 ;
suspensors, ii. 68

nitens, chemotropism, ii. 59;
heliotropism, ii. 53, 54 ;

hydro-
tropism, ii. 16 ;

influence of

Rontgen rays on, ii. 59

;

occurrence, ii. 70 ;
oxalic

acid produced by, ii. 195 ;

respiration, ii. 57 ;
sporangio-

phores, ii. 76
Phyllanthus emblica, ii. 324
Physiological salt solution, i. 42
Phytosterin, ii. 174

Pichia, ii. 408 ;
definition, ii. 274,

287 ;
sporulation experiments

with, ii. 262
californica, description, ii. 288
farinosa, description, ii. 289
membranaefaciens I., description,

ii. 287, 288; II. and III.,

description, ii. 288
Radaisii, description, ii. 289
tamarindorum, description,' ii.

289
taurica, description, ii. 288, 289

Pickles as a culture medium, ii. 314
Picric acid, ii. 149, 158
Piloboleae, sporangia, ii. 68
Pilo bolus, heliotropism, ii. 54

cristallinus, action in blue light,

ii. 54 ; behaviour in the ultra-

red rays, ii. 54 ;
occurrence,

ii. 68
microsporus, after-effect of illu-

mination, ii. 57 ;
behaviour

in the yellow light, ii. 54
Pinguicula alpina and vulgaris, i.

242 ; for production of thick milk,
i. 281

;
proteolytic enzyme, i. 301

Pinhead bacteria, i. 61
Pink yeasts, ii. 386, 387, 401, 402
Piqiire, ii. 322
Pitching yeasts, i. 245
Plant juices, discoloration of fresh,

i. 402
Plantago psyllium, ii. 38
Plants as a source of mineral matter,

i. 46 ; carnivorous, i. 301 ;
diseases

of, i. 278
Plasmic acid, ii. 162 ;

iron content
of, ii. 47

Plasmic theory of fermentation, ii.

479, 480
Plasmodial cords, i. 348
Plasmolysis, i. 41, 60
Plastin, ii. 166
Plate cultures, ii. 131 ; of anaerobes,

i. 182 ;
of luminous bacteria, i.

162 ;
with agars, i. 133

Plate pouring apparatus, i. 131
Platinum as a nutrient, ii. 112
Platinum black, action on vinegar
fermentation, i. 18, 396

Plectenchyma, ii. 452
Pleochroism in stained bacteria, i

39
Pleomorph, ii. 25 ;

in yeast, ii. 106
Pleomorphism, i. 35, ii. 25, 116
Pleospora herbarium, ii. 376
Plums, ii. 436, 445
Pneumobacillus, membrane, i. 40

mutability, i. 91
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Pneumomycosis, ii, 310
Podocarpiis, nodule-formation in, i.

344
Polar flagella, nse of, in study of

bacteria, i. 39
Pollinodium, ii. 335
Polyporea, ii. 49
Polyporus officinalis, cellulose in, ii.

33 ;
fongose in, ii. 38

Polysaccharides, ii. 512 ; fission of,

by Aspergillacese, ii. 365
Polysaccharomyces, ii. 217
Pombe, ii. 244
Populin, ii. 62 ;

fission of, ii. 364
Potash, ii. 489 ;

bath, i. 151 ; solu-

tion, ii. 140
Potassium as food for bacteria, i. 46 ;

as inhibitor of movement, i. 41 ;

bichromate, as a milk preservative,

ii. 209 ;
bitartrate, ii. 198 ;

car-

bonate, behaviour of yeast to, ii.

191, 192 ;
chlorate, ii. 147

;

chloride, behaviour of Eumycetes
to, ii. 42 ;

nitrate, i. 142, ii. 42 ;

permangapate, ii. 209
;
phosphate,

behaviour of yeasts to, ii. 192, 198 ;

phosphates, i. 121, 122, 159 ;
sul-

phate, ii. 42, 192
Potassium acetate, ii. 205

alum, action of, on yeasts, ii. 245
arsenite, action of, on yeast, ii.

237, 244
carbonate, ii. 467
chloride, ii. 551
citrate, ii. 205
dextro-tartrate, ii. 205
formate, ii. 205
glycerate, ii. 205
lactate, ii. 205, 490
malate, ii. 205
nitrate, ii. 358, 542
oleate, ii. 206
oxalate, ii. 206, 314
permanganate, action of, on

yeast, ii. 245
phosphate, ii. 419 ;

action of,

on yeast, ii. 545
propionate, ii. 206

Potato bacillus, i. 102, 174, 306
culture, i. 130, 134
glass, ii. 50
juice as an attraction for bacteria,

‘
i. 53

Preservation of cultures with formalin,

i. 134
Preserved meat, i. 215
Pressed yeast Nos. 430, 487, 574,

ii. 528 ;
Winterhude Race III. No.

139, ii. 528, 529

Pressed yeast cell, influence of light

on, ii. 55
Pressed yeast manufacture, fioccu-

lence in, ii. 128
Primary generation, i. 3
Promycelia, ii. 404
Propionate of potassium. See Potas-
sium propionate

Propionic acid, ii. 205, 373, 499
Propyl alcohol, i. 181, ii. 205, 313,

504, 507 ;
action of, on grape

sugar, ii. 243
Prosthetic side chain, ii. 161
Protagon, ii. 514
Protalbuminose, ii. 468
Protease, ii. 370, 371
Proteid materials, ii. 409
Proteids, ii. 449, 465, 469, 471, 472,

477, 497 ;
action of Aspergillacese

on, ii. 369-372
;
decomposition of,

by yeast, ii. 548
Protein, ii. 355, 457, 462, 495, 497,

499, 508 ; action of endotryptase
on, ii. 557 ;

as foodstuff, ii. 449

;

derived from asparagin by yeast,

ii. 212 ;
in rye, ii. 213

Proteolysis, ii. 548 et seq., 552, 555,

556 ; in asporogenic cells, ii. 260
Proteolytic enzymes, i. 299-302

;
in

Eumycetes, ii. 63 ;
testing for, with

thymol gelatin, i. 300
Proteoses, ii. 462
Proteus, i. 88

mirabilis, locomotion, i. 296

;

morphology and involution

forms, i. 296
;

peptonising
enzyme, i. 296

sulfureus, i. 297
vulgaris, ammonia-producer, i.

306 ;
invertin, i. 277 ;

involu-

tion forms, i. 296 ;
locomotion,

i. 296 ;
morphology, i. 295*

;

nutrient for, i. 296 ;
peptonis-

ing enzyme, i. 296 ;
urea

decomposed by, i. 296
Zenkeri, i. 296

Protomyces, ii. 422 ;
spores, ii. 110

Pseudo-acetic acid, i. 180
Pseudo-Dematophora, action on cellu-

lose, ii. 61

Pseudo-globulin, ii. 553
Pseudo -nucleins, ii. 161

Pseudo-parenchyma, ii. 8

Pseudopodia, i. 51

Pteridophyta, i. 28
Ptomaines, i. 302-305
Puccinia graminis, secidia, ii. 22

suaveolens, ii. 387
Punceria coagulans, lab in, i. 242
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Glycocol], ii. 372, 468 ;
action of, on

proteolysis, ii. 531, 532
Glycogen, ii. 8, 126, 148, 378, 392,

393, 463, 465, 487 ;
absent in

asporogenic cells, ii. 260 ;
present

in Mycoderma, ii. 411 ;
in red

Toriilacefe, ii. 404 ;
in yeast, ii.

544, 546
Glycogenase, properties of, ii. 544,

545
Glycopeptone, ii. 512
Glycyrrliicin, ii. 364
Gold-leaf, penetration of, by fimgns

liyphfe, ii. 62
Gomme de sncrerie, i. 270
Gomplionema, branched gelatinous

stalk, i. 286
Gonidia, ii. 14

Gooseberries, ii. 436
Grorgonzola cheese. See Stracchino
Gossypium, relation of, to atmo-

spheric nitrogen, i. 344
Gossypose, ii. 526, 534
Gouda cheese-rind, i. 322
Graham bread, i. 176
Granules, ii. 153, 157,* 159, 444

;

coloration of, ii. 155 ;
contents

of, ii. 155 ;
fat content of, ii. 156,

174, 444
Granulobacter, genus, i. 188 ;

storing

of granulose by, i. 44
butylicum, i. 189
lactobutyricum, chemical activity

of, i. 190 ;
morphology, i. 190 ;

rancidity of fats, i. 190, 198
polymyxa, influence of oxygen
on spore-formation, i. 164

;

involution forms, i. 37*
; mor-

phology, i. 190 ; spore-fcrma-
tion, i. 69

saccharobut3^ricum, i. 191

Granulose, i. 4 ;
inaction of Chlamy-

domucor oryzse, i. 191

Grapes, Saccharomyces apiculatus
on, ii. 436, 437, 438 ;

Sacch. ellip-

soideus on, ii. 437, 438
Grass flavour, i. 237
Gravity, influence on growth, i. 83
Cfreen bacteria, i. 158

coloration of cheese, i. 159
manuring, i. 342
pressed fodder, i. 261
racking, ii. 186

Ground water bacterium, i. 178
Gruyere cheese, i. 317
Guaiacol, ii. 374
Guaiacum, tincture, i. 404
Guanic acid, ii. 161, 164
Guanidin, ii. 372
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Guanin, i. 322, ii. 163, 164, 166, 553,

554
Gueuse lambic, i. 256
Guignardia Bidwelli, ii. 375
Gum-arabic, ii. 514
Gummose (mucus), i. 283
Gummosis of sugar-beet, i. 278
Gums, ii. 514
Gymnoascete, affinities, ii. 296
Gymnoascus, ii. 239
Gypsum, elimination from water by

Spirillum desulfuricans, i. 293
block cultures, ii. 120, 132,* 179

Habitat of Saccharomycetes, ii. 249-
256

Hadromal, ii. 62
Hadromase, ii. 62
Hair as a culture medium, ii. 314
Hands, disinfection of, i. 114
Hansen method of single-cell cidture,

ii. 218-225
Hansenia, ii. 273, 423 ;

description,

ii. 284
Hanstein’s aniline violet, ii. 147
Hard cheese ripening, i. 320
Hay, ii. 445 ;

air-dried, i. 169

;

brown, i. 1 69, 259 ;
burnt, i.

168, 169 ;
germ content, i. 201

bacillus. See Bacillus subtilis

Head in beer, ii. 180-185
Heat liberated during alcoholic fer-

mentation, ii. 467 ;
resistance of

spores to, ii. 29
Heath, mycorhiza, i. 357
Helicin, fission of, ii. 364, 365
Heliotropism, ii. 54
Helobacteria, i. 61
Hemi-albuminose, ii. 468
Hemiasci, ii. 110
Hemi-basidii, ii. 110
Hemicelluloses, i. 194, ii. 37
Hepatina), i. 28
Heptyl alcohol, ii. 508
Hesperidin, ii. 364
Heterodera Schachtii, i. 278
Heterogenesis, i. 218
Hexoses, i. 190, ii. 513 ;

as food for

Saccharomyces apiculatus, ii. 429
Plibiscus, ii. 311
Hides, fermentation of, i. 266
Hippophaii, i. 344
Hippuric acid, decomposition by

bacteria, i. 336, ii. 372
Histidin, ii. 371, 554
Histology of cilia, i. 51

Honey, ii. 539
wine, ii. 192

2 Z
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Hop resins, ii. 110; action of, on
yeasts, ii. 246, 247

tannins, effect of, on yeasts,|_ii.

246
Hop-leaf aphides, ii, 63
Hops as a culture medium, ii. 314
Hordeum distichum nudum, i. 189
Hormiscium cerevisige, ii. 275
Hormodendron cladosporioides, i. 218,

375, 376, 378, 379
Horny matter, solution of, by fungi,

ii. 64
Horse-duncf, nitrogen liberated by,

i. 308
House-fly disease, ii. 167
Household cheese, bacteria in, i. 320
Hunger-torpidity, i. 52
Hydration, i, 291
Hydrochloric acid, ii. 35, 160, 170,

176, 467, 527, 531 ;
action of, on

micro-organisms, ii. 244 ;
on proteo-

lysis, ii. 552
;

effect on enzymes,
ii. 352

Hydrocollidine, i. 343
Hydrocyanic acid, ii. 364, 510, 520,

526, 557 ;
action of, on enzymes,

ii. 469 ;
on yeasts, ii. 457

Hydrofluoric acid, ii. 520 ;
action of,

on micro-organisms, ii. 244 ;
as

an antiseptic, i. 110
Hydrogen, ii. 488, 494, 501, 507, 559 ;

effect of, on bacteria, i. 185
Hydrogen peroxide, ii. 398, 487 ;

as an antiseptic, i. 110 ;
for control

of water filter, i. Ill; produced
in sterile urine exposed to sunshine,
i. 78

Hydrogenase, ii. 488, 558
Hydrokinone, action of, on yeasts,

Ii. 247
Hydrolysirg enz5mie of yeast, ii. 172 ;

processes, i. 250-252
;

action on
vital activity of yeast, i. 250

;
pre-

vention of inversion, i. 277
Hydrolysis of glycogen, ii. 172
Hydrotropism, ii. 16
Hydroxyl, ii. 486
Hydroxylamine hydrochloride, ii. 470
Hypha, ii. 3

Hyposulphites, ii. 48
Hypoxanthin, ii. 162, 163

Ice, bacteria in, i. 213
Ilex aquifolium, ii. 279, 280
Illumination and respiration quotient,

ii. 78 ;
clarification of beer by

light, ii. 186 ;
influence of light on

vegetation, ii. 55
Immunity, i. 305, 306

Indian meal, detection of arsenic iilj

ii. 51
Indican, i. 155
Indicators for nutrient media, i. 130
Indiglucin, i. 155
Indigo bath, i. 157

blue, i. 155
brown, i. 156
carmine, ii. 559
fermentation, i. 155 ;

enzyme of,

i. 156
maladies, i. 157
red, i. 156
rubin, i. 157
white, i. 155

Indigo-sulphuric acid, i. 185
Indigofera, i. 155
Indole, i. 291, 292

nitroso-, i. 291
reaction, i. 291

Infection threads, i. 348 ;
coloured

in sections, i. 348, 349
Infusions, ropy, i. 283
Infusoria, i. 2

Infusum foliorum digitalis, ropy, i.

283
senega, gelatinised, i. 283

Inosic acid, ii. 164
Inositol, ii. 206
Insects as carriers of yeasts, ii. 436,

437
Intercalary gemmation, ii. 24

;
growth,

ii. 6

Intestinal formation of toxic nitrites

by Bact. coli commune, i. 308 ;

cases, i. 196
;

putrefaction, i. 291,

298
Intramolecular respiration, ii. 78, 83
Inulase, ii. 206, 406 ;

species of

Aspergillaceae secreting, ii. 365
Inulin, ii. 282, 293, 365, 514 ;

action

of Mucor Rouxii on, ii. 89 ;
deriva-

tion of alcohol from, by /3-Amylo-
myces, ii. 91

Invert sugar, ii. 368, 435 ;
content of

molasses in, i. 277 ;
decomposition

of, i. 26 ;
influence on the crystalli-

sation of cane sugar, i. 275
Invertase, ii. 351, 362, 363, 406, 431,

453, 457, 471, 473, 511, 516-522,

528, 536 ;
produced by Aspergillus

niger, ii. 362 ;
by Bacillus fluores-

cens liquefaciens, B. megaterium,
i. 277 ;

B. subtilis, i. 274 ;
red

Kiel bacillus, i. 277 ;
Bacterium

gelatinosum betoe, i. 277 ;
Chlamy-

domucor oryzge, ii. 93 ;
by Leu-

conostoc mesenteroides, i. 274

;

by Monilia Candida, ii. 445 ;
by
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Proteus vulgaris, i. 277 ;
by

Torulacese, ii. 398 ;
by Willia

anomala, ii. 290 ;
not produced by

Penicillium Duclabxii, ii. 363
Invertin, ii. 516
Invisible heat rays, i. 148
Involution forms in Scliizomycetes,

i. 37 ; in yeasts, ii. 114 ef seq.

Iodide solution, i. 42, 81, ii. 38, 168,

169, 175
Iodine in iodide of potassium, ii. 147

Iodoform, i. 116
lodosulphuric acid, ii. 31, 38
Ions, ii. 44
Irish moss, i. 129
Iron, ii. 45-47

;
organic compounds

of, ii. 45-47
alum, ii. 150
bacteria, decomposing power, i.

361 ;
food-supply, i. 360-361 ;

importance in water examina-
tion, i. 361 ;

morphology, i.

355-359
;

physiology, i. 359-
362

Iron-phosphorus compounds, ii. 47
Isaria, ii. 344
Isoamyl alcohol, ii. 505, 508
Isobutyl alcohol, i. 192 ;

ii. 504
Isobutylene alcohol, ii. 494
Isodulcit, sporangia-formation, ii. 19
Isohexyl alcohol, ii. 508
Isolactose, ii. 532
Isolation by means of chemotaxis, i.

52
Isoleucin, ii. 508
Isolichenin, ii. 38
Isomaltose, ii. 525, 532, 538
Isomannose, ii. 513
Isopropyl alcohol, ii. 504

Jacqxtemase, ii. 538
Jalapin, ii. 364
Johannisb.erg yeast, action of coj)per

sulphate on, ii. 337 ;
No. II.,

description, ii. 278 ;
limits of

temperature, ii. 226
;

No. 2,

sporulation experiments with, ii.

262, 263, 265
June flavour, i. 237
Juniper berry juice, ii. 247
Jusee, i. 267

Kaelhaus yeast, ii. 438, 441
Karyokinesis, i. 58, ii. 13, 151
Karyoplasm, ii. 150
Kefir, Kefyr, Kephir, ii. 283, 401 ;

granules, i. 85, 154
Ketotriose, ii. 512

Koch’s plate cultures, i. 131

Koji, i. 322, ii. 290, 343
fungus. Sec Aspergillus oryzae

Koumiss, ii. 283, 401
Krausen-glutin, ii. 181

Kreolin, i. 112

Lab, ii. 371, 399 ;
activity of, i. 241 ;

occurrence of, in nature, i. 242 ;

-producing bacteria, acting in

boiled miik, i. 243
Laccase, chemical activity, i. 403
manganese content of, ii. 47

Laccol, i. 402
Lacquer, Japanese, i. 402
Lactacidase, ii. 463, 489
Lactalbumin, i. 240
Lactarius, oxydase, i. 404

piperatus, manganese in, ii. 47
Lactase, ii. 363, 406, 530-532 ;

forma-
tion by Saccharomyces Kefyr, i. 163

Lactate of ammonium, iSee Am-
monium lactate

of calcium. See Calcium lactate

of potassium. See Potassium
lactate

of sodium. See Sodium lactate
Lactic acid, ii. 205, 354, 373, 445,

463, 468, 487, 488, 489, 490, 496,
497, 498, 499, 520, 524 ;

action of

]\Iycoderma on, ii. 417 ;
of Oidium

lactis on, ii. 453 ;
of Saccharo-

mycetes apiculatus on, ii. 434 ;
as

a fixing medium, i. 42 ;
as a glyco-

gen-former, ii, 171 ; bottom fer-

mentation, i. 226 ; content in

yeast mash, i. 246 ; effect on
Bacillus subtilis, i. 174 ;

on en-
zymes, ii. 352, 363 ;

ethylidene, i.

228 ;
fermentation, i. 228, 232 ;

in Edam cheese, i. 154 ;
in ordinary

beers, i. 255 ;
in ropy infusions, i.

283 ; influence of the nutrient
conditions on variation, i. 232-234;
I1EV0-, i. 228, 233 ;

obtained from
glucose and lactose, i. 25,26; para-,
i. 228-232

;
preparation for tech-

nical purposes, i. 248
;

produced
from glucose and lactose, i. 25-26

;

from succinic, malic, and citric

acids by Saccharomyces apiculatus,
ii. 434, 435 ;

from sugars, ii. 354 ;

production of, by Bacillus pepto-
faciens, i. 301 ;

by Mucor Rouxii,
ii. 89

Lactic acid bacteria, artificial souring
of cream with, i. 235 ;

as starter,
i. 235 ; co-operation in causing
rancidity of fat, i. 198 ; culture
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media for, i. 133 ;
dilution method

used for, i. 320 ;
discovery of, i.

222 ;
effect of hop resins on, i.

122 ;
function in ripening of

Emmenthal cheese, i. 320 ;
in

artificial souring of mash, i, 247 ;

in beer, i. 254 ;
in distilling, brew-

ing, and preparation of wine, i. 252 ;

in intestine, i. 298 ;
in preparing

fodder, i. 261 ;
in sauerkraut

fermentation, i. 264 ; in wine, i.

252 ;
involution forms, i. 372 ;

nutrient medium for, i. 129, 130 ;

occurrence of, i. 224
Lactic acid fermentation, enzyme of,

i. 226 ;
equation of, i. 225 ;

in-

fluence of casein and phosphate,
i. 226 ;

for bottled gherkins, i.

219 ;
of bark liquor, i. 267 ;

of

beer, i. 254 ;
of brown hay, i. 260 ;

of cream, i. 235 ;
of plumping

soak, i, 266; of wine, i. 252; with
Bacillus diatrypeticus casei, i.

325 ;
with Leuconostoc mesen-

teroides, i. 274 ; with Micrococcus
casei amari, i. 328

Lactic aldehyde, ii. 487
anhydride, ii, 486

Lactoglycose, ii. 514
Lactomyces, ii, 207, 354

inflans caseigrana, ii. 388, 394,

395,396,397,399,400
Lactoproteiii, i. 241
Lactose, ii. 205, 206, 275, 280, 282,

285, 286, 287, 290, 291, 292, 363,

369, 398, 405, 406, 431, 513, 514,

527 ;
action of, on proteolysis, ii.

551 ;
action of Sacch. Hansenii on,

ii. 234, 284 ;
as a culture medium,

ii. 282 ;
behaviour of Sacch. Kefyr

to, i. 163 ;
of Mucor Rouxii to, ii.

87 ;
decomposition of, by bacteria,

i. 225
;
by heat, i. 187 ;

in cheese,

i. 323 ;
in sunshine, i. 25 ;

fermen-
tation of, ii. 396, 447, 450, 453;
by Allescheria Gayoni, ii. 368 ;

by Bacillus amylozyme, i. 191 ;

occurrence of, in Torulacese, ii.

398 ;
influence on zygospore-forma-

tion, ii. 191

Lsevulan, ii. 175, 515
Lsevulose, i. 26, ii. 368, 514, 515

;

action of Mycoderma on, ii. 420 ;

as glycogen-former, ii. 171 ;
be-

haviour of Mucor Rouxii towards,

ii. 88 ;
derived from gentian ose

ii. 362 ;
influence on zygospore-

formation, ii. 19 ; fermented by
Allescheria Gayoni, ii. 362, 368 ;

by species of Mucor, Ii. 84 ;
by

Saccharomycetesay)iculatus, ii. 431 ;

by S. Soja, ii. 282 ;
by Saccha-

romycodes Behrensianus, ii. 286

;

by Saccharomycopsis capsularis,

ii. 287 ;
Schizosaccharomyces

pombe, ii. 293, 294
;

by Willia

anomala I., ii. 291 ;
by Willia

anomala III., ii. 292 ;
by Zygo-

saccharomyces Barkeri, i. 285
Lamarck’s development theory, i. 10

Lambic, i. 255
Laurent’s solution, ii. 394
Laurie acid, ii. 499
Lead, effect of, on yeasts, ii. 238

acetate, action of, on yeasts,

ii. 237
Leather as a culture medium, ii. 314
Lecithin, i. 303, ii. 174, 463, 468,

493, 534
Leguminous nodules, i. 24 ;

artificial

formation of, i. 345-347
;
bacterial

growth in plant, i. 344-347 ;
bearing

on fertility of soil, i. 347 ;
connec-

tion between nodule-formation and
growth of plant, i. 343 ;

discovery
of, i. 340 ;

formation of, i. 342

;

functions of, i. 343,344; increase of

nitrogen-yield due to, i. 351 ;
nature

of, 341*
;
section of, 341,* 342

Leguminous plants, behaviour towards
nitrogen, i. 338-350

Lemon-juice, ii. 91

lieprosy bacillus, resistance to de-

colorising agents, i. 67
Leptobryum, i. 352
Leptothrix, i. 33, 67, 355

buccalis, i. 190
ochracea, i. 360

Leucin, ii. 371, 463, 508, 510 ;
as a

metabolic product of Tyrothrix
.species, i. 319; decomposition by
Bacillus mycoides, i. 306 ;

extracted

from yeast cells, ii. 166 ;
in higher

fungi, ii. 63 ;
occurrence of, in

ripe cheese, i. 316 ;
origin and

decomposition of, i. 244, 292

;

produced by yeast, ii. 548, 549,

553, 554, 556
Leuconostoc mesenteroides, beha-

viour tow'ards sugars, i. 274

;

conversion of mucinous envelope

of, i. 275 ;
double staining of, i.

273 ; effect of calcium chloride,

i. 274 ;
of nutrient media, i. 272,

273 ;
invertin produced by, i.

274 ;
occurrence in sugar re

fineries, i. 275
;

physiologjq i.

273 ;
resisting power of, i. 273
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Leuconuclein, ii. 199
Liebig’s decomposition theory, i.

18 ;
theory of fermentation, ii.

457
Light, action of, on invertase, ii. 520 ;

on maltase, ii. 524 ;
decomposition

by, i. 25 ;
influence on bacteria,

i. 77-81 ;
on butter and cheese,

ii. 198 ;
on development of Eu-

mycetes, ii. 53-59
;

on germina-
tion of spores, ii. 55 ;

on spore-

formation, i. 04, 05 ;
torpidity,

i. 52
Light rays replaced by heat rays, ii.

57
Lighting gas, arsenic in, ii. 51 ; effect

of, on bacteria, i. 184
Lignin, ii. 39, 40
Limane, i. 372
Liinburger cheese, odour, i. 191 ;

ripening, i. 320
Lime, ii. 449, 490

;
importance of,

for yeast, ii. 193-197
;

in reference

to “ head ’’-formation, ii. 197
Lin in, i. 43, ii. 100
Linseed, ii. 38
Lipara monacha, ii. 389
Lipase, ii. 307, 493, 494, 507
Lipochrome, i. 138-140, 309
Lipocyanin, i. 139
Liporhodin, i. 139
Lipoxanthin, i. 139
Liquefaction of gelatin, ii. 549, 555
Liquefactive colonies, i. 133
Liquefiable solid media, i. 128
Liquide Pictet as an antiseptic, i.,

109
Raulin, ii. 49

Lithium, ii. 41
chloride, effect on cells, i. 47
salts as tests for the rotatory
power of lactic acids, i. 234

Liver, glycogen of, ii. 109
Locomotion of bacteria, i. 48-53
Logos yeast, ii. 270, 529, 533, 541,

542 ;
action of acetic acid on, ii.

240 ;
influence of age of sowing

on reproductive capacity and on
reproductive power, ii. 230 ;

of

carbon dioxide on, ii. 243 ;
of yeast

water on reproductive capacity, ii.

228
Long rods, ii. 32, 34*
Longitudinal division, i. 51
Luciferin, i. 103
Luminosity of fish, i. 100 eA seq.

;

meat, i. 101; sea, i. 101, 104;
small marine animals, i. 104

Lupeose, ii. 514

Lupines, nitrogen increase, i. 350
nodules of, i. 348

Lupulin granules, ii. 119
Lycopodinse, i. 28
Lysin, ii. 371, 554
Lysol, i. 112

Macassar, fish, ii. 13
Macrococci, i. 350
Macrogonidia, i. 350
Macrosporium verrucolosum, ii. 379
Madder, fermentation of, ii. 459
Magnesia, ii. 194, 190 ;

as an essential

food, ii. 43, 195 ;
description, ii.

297
Magnesium carbonate, influence on

nitrification, i. 377
chloride, ii. 545
phosphate, ii. 403
sulphate, i. 121, 202, ii. 419
sulphite, ii. 408

Magnetism, action on bacteria, i.

74
Maize, ii. 523 ; beliaviour of nitrogen

to, i. 375 ;
diastase in, ii. 213 ;

pentosans in, ii. 207
meal, detection of arsenic in, ii.

51
Malase, i. 403
Malate of ammonium. See Ammo-

nium malate
of potassium. See Potassium
malate

Malic acid, ii. 205, 373, 490 ;
action

of Mycoderma on, ii. 417 ;
action

of, on Saccharomyces a])iculatus,
ii. 428 ; action of, on yeasts, ii.

240
; decomposition of, by fission

fungi, i. 303 ; influence on glycogen-
formation, ii. 78 ; nutriment for
Aspergillus niger, i. 313

;
produced

by Saccharomyces apiculatus, ii.

433, 434 ; stimulating action on
bacteria, i. 302

Malt, ii. 498, 514, 522
;
gum content

of, ii. 180
;

pentosans in, ii.

207
culms as food for yeast, ii. 214
extract, influence on reproduc-

tive capacity, ii. 229
suffar, ii. 522
wort gelatin, i. 189

Maltase, ii. 406, 431, 511, 522-526,
528 ; secreted by Allescheria Gay-
oni, ii. 363 ;

by Aspergillus niger,
ii. 362

;
by Penicillium glaucum,

ii. 363
Maltodextrins, ii. 523, 537
Maltol, action of, on yeast, ii. 247
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Maltomyces, ii. 207
Maltopeptone, ii. 199
Maltose, ii. 205, 206, 369, 463, 495,

511, 522, 525,538; action of Sacch.

Hansenii on, ii. 234, 284 ;
attacked

by Mycoderma, ii, 419, 420 ;
be-

haviour of luminous bacteria to,

i. 162; decomposition of
,
by Granu-

lobacter saccharobutyricum, i. 189 ;

fermentation of, ii. 445, 447, 450,

453 ;
by Allescheria Gayoni, ii.

368 ;
by Granulobacter butylicum,

i. 189 ;
by Torulacese, ii. 398, 405 ;

ferments of, ii. 275, 282, 285, 286,

287, 293 ;
fission of, ii. 362, 363 ;

formation of dextrolactic acid

from, i. 26 ;
influence on reproduc-

tive capacity of yeasts, ii. 228, 229 ;

non-ferments of, ii. 280, 285, 286,

290, 291, 292, 294 ;
zygospore-

formation, ii. 19
Mandelic acid, ii. 365 ; dissociation

of the optically inactive, i. 232
Manganese, a substitute for iron in

the iron bacteria, i. 361 ;
in

relation to laccase, ii. 47
sulphate, ii. 468 ;

action of, on
yeasts, ii. 545

Manganous chloride, action of, on
yeast, ii. 245

Manna, ii. 536
Mannanes, ii. 176, 513
Mannite, fermentation of, i. 315

;

by Bacillus ethaceticus, i. 177

;

glycogen-formation favoured by,

ii. 171
;

produced by Penicillium

glauciim, i. 315; produced during
the mucinous fermentation of

sugar, i. 315 ;
zygospore-forma-

tion favoured by, ii. 19
Mannitol, ii. 205, 206 ;

action of, on
proteolysis, ii. 551 ;

action of

Sacch. Hansenii on, ii. 234, 284
Manno-nonose, ii. 512
Mannose, ii. 513, 515; fermentation

of, ii. 450 ;
by Saccharo-

mycetes apiculatus, ii. 431 ;

by Sacch. Soja, ii. 282
d-, ii. 294 ;

alcohol formed from
by (3- and 7-Amylomyces, ii.

89 ;
by Mucor Rouxii, ii. 89

;

yielded by achroocellulose, ii.

148 ;
by yeast gum, ii. 176

Mannotriose, ii. 537
Manuring, green, i. 340

with ammonia salts, i. 382
Marienthal 3^east, ii. 128
Marine phosphorescence, i. 161-164
Mars, i, 256

Marsh’s arsenic test, ii. 56
Matiere glycogene, ii. 169
Mazun, ii. 283, 401, 402
Mead, properties of, ii. 190
Meat extracts, purity of, ii. 167 ;

sterilising, i. 106
phosphorescent, i. 160; pre-

servation of, i. 212-216
;
stor-

age of, in cold chambers, i. 212
Meat-extract bouillon, preparation, i.

120
Meat-poisoning, i. 304
Mechanical shock, influence of, on

bacteria, i. 81-84
Melampyrite, ii. 206
Melecitase, secreted by Aspergillus

niger, ii. 362
Melibiase, ii. 362, 526-530
Melibio-glucase, ii. 527
Melibiosazone, ii. 530
Melibiose, ii. 362, 398, 514, 526, 527,

528, 529, 530 ;
action of j8-Amy-

lomyces on, ii. 91 ; of IMucor
Rouxii on, ii. 89

Melicitose, ii. 398, 536 ;
decomposi-

tion of, ii. 362
Melitose, ii. 526, 534
Melitriose, ii. 363, 514, 526
Membrane, lignification of, ii. 39

;

stratification of, ii. 145
IMercaptan, i. 294
Mercury chloride (corrosive subli-

mateb i. 107, ii. 520, 524, 528, 559
Merismopedia, i. 30
Merismopedium, i. 56
Metabiosis, i. 85, 312
Metacellulose, ii. 32
Metallacter, i. 89
Metaphosphoric acid, ii. 199

Meteors as carriers of organisms, i. 10

Method alcohol, i. 139, ii. 205, 373,

471, 504, 510, 558 ; action of, on
grape sugar, ii. 242, 243

Methyl glucoside, ii. 282
a-, behaviour of Mucor Rouxii

to, ii. 89 ;
fermentation of, ii.

447
(3-, behaviour of /3- and 7-

Amylomyces to, ii. 91
;
fermen-

tation of, ii. 447, 450
d-, ii. 282

Methyl green, ii. 166

violet, ii. 178
Methylene blue, ii. 147

Methylglyoxal, ii. 489
Methylindole, i. 291
Methylpropylcarbinol, ii. 408
Methjdpyromeconic acid, ii. 247
Mcthyi-salic\dates, ii. 366
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Methyhiracyl, ii. 164
]\Iica plate, ii. 59
]\Iicroasciis, description, ii. 297
Microbacteria, i, 89
Microbe, i. 2

Micrococcus, i. 32, 33,* 89, 388 ;
of

bitter milk, i. 328 ;
bitter flavour

of milk, cream, and butter, i. 328 ;

formation of butyric acid by, i. 328
Micrococcus acidi lactis, peptonising

enzyme, i. 224
acidi paralactici, i. 87 ;

forma-
tion of paralactic acid by, i.

233 ;
mixed culture with

Anthrax bacillus, i. 87
agilis, locomotion, i. 49
agilis citreus, locomotion, i. 49
ascoformis, proteolytic enzyme,

i. 299
aurantiacus, orange - yellow

colouring-matter, i. 143

candicans, ammonia-producer, i.

306
casei amari, i. 328
erythromyxa, colouring-matter,

i. 139
flavus, ammonia-producer, i. 306
Freudenreichii, i. 281

gelatinogenus, gelatinises infu-

sions, i. 283
gummosus, i. 284
lactis acidi, i. 224
ochroleucus, yellow colouring-

matter (protective), i. 142
Pflugeri, phosphorescence of

slaughtered animals, i. 162 ;

pure culture, i. 161 ;
spectrum

of light from, i. 164
phosphoreus, i. 160
prodigiosus, colour, mutability,

i. 137 : coloration of milk, i.

137, 299 ;
effect of electricity

on, i. 74 ;
effect of light on,

i. 80 ;
elementary decomposi-

tion of bacterial cell, i. 44

;

lab formed by, i. 243
;

lactic

acid formed by, i. 224 ;
occur-

rence in saturation scum, i.

277
;

peptonising enzyme, i.

137, 299
;

quantitative selec-

tive power, i. 46
radiatus, sensitiveness to vibra-

tion, i. 83
ramosus, proteolytic enzyme, i.

299
rhodochrous, red colour of, i. 139
roseus, ammonia-producer, i. 306
saprogenes vini I,, decoloration

power, i, 311

Micrococcus saprogenes vini II.,

decoloration of wine, i. 311 ;

morphology, i. 312
Sornthali, pitting of cheese, i.

325
tetragenus (mobilis ventriculi),

cilia (locomotion), i. 49 ;
fat-

splitter, i. 199
tetragonus, morphology, i. 34*

uresp, urea ferment, i. 332

ureai liquefaciens, gelatin-lique-

fier, i. 333 ;
urea ferment, i.

333
violaceus, violet colouring-

matter, i. 158
viscosus, i. 285

Micro - fermentation, Lindner’s, ii,

.^1
. . .

Microgonidia, i. 356
Micrography, i. 3

Microscope, compound, i. 2

IMicrosomata, Microzyma, i. 10, ii.

158
Microzyme theory of Bechamp, i. 9

Mikrosol, action on INlycoderma cere-

vishe, ii. 421
Mildew, i. 314

black, ii. 380
fungus, ii. 168, 169

Milk, ii. 402, 406, 451 ;
arsenic in,

ii. 50 ;
as a carrier of foot-and-

mouth disease, i. 243 ;
as a carrier

of infectious diseases, i. 202 ;
as

a carrier of scarlet fever, i. 203 ;

bitter, i. 327 ;
blue coloration of,

i. 151, 152 ;
coagulation of, ii.

371 ;
condensed, i. 210, 211 ;

curdling of, i. 240 ;
curdling during

thunderstorms, i. 244 ;
Bematium

pullulans, ii. 382 ;
detection of gas-

producing bacteria in, i. 207 ;

effect of Torula on, i. 394 ;
electrical

treatment of, i. 74 ;
germ content

of, i. 200-202
;

geiin content after

the Soxhlet treatment, i. 205

;

nitrogenous constituents of, i.

240
;

pasteurisation of, i. 210 ;

preservation of, i. 200, 209 ;
red

coloration of, i. 140-142
;
remedies

for blue coloration of, i. 151, 152 ;

soapy, i. 281
;
spontaneous coagu-

lation, i. 244 ;
sterilisation by boil-

ing, i. 203 ;
after the Ncuhauss,

Griinwald, and Ohlmann method,
i. 206, 207 ;

yellow colouring of,

i. 142
Milk casein, iron in, ii. 46

mould, ii. 451

sludge, i, 201
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Milk of lime as an antiseptic, i. Ill
;

as an egg-preservative, i. 217 ;

effect on typhus and cholera
bacteria, i. Ill

Mimosaceee, i. 344
Mineral antiseptics, i. 107

nutrients, ii, 31

Mines, fungi in, i. 53
Miso, i. 322
Mitosis, i. 151

Mitotic division of nucleus, i. 58
Mixed cultures, i. 86, 185

pickles, i. 219
sowings, ii. 136

Molasses, nitric fermentation of, i.

305 ;
preparation of arrack from,

ii. 91 ;
sugar-extraction from, ii. 85

Molecular movement. Brownian, i. 48,

ii. 158
Molecular-physical theory of Nageli,

i. 20
Molybdate of ammonia, ii. 49
Monas, i. 32, 88

Okenii. 8ee Chromatium Okenii
Warmingii, i. 145,* 367*

Monascus purpureus, ii. 13, 348
Monilia, ii. 383, 385, 386, 393

;

affinities, ii. 443, 451, 455

;

polymorphism in, ii. 443
albicans, description and proper-

ties, ii. 449-453
Candida, ii. 281, 404, 511, 516,

531, 534, 542
;

description,

morphology, and properties, ii.

444, 445, 449, 450, 451, 458,

481 ;
effect of shocks on, i.

82 ;
occurrence in tobacco

fermentation, i. 168
fructigena, cellulose-dissolving

enzyme, ii. 61

javanica, description and proper-

ties, ii. 447
sitophila, ii. 405, 444, 533

;

description and properties, ii.

447, 448,* 449
variabilis, ii. 444, 529, 533, 542 ;

affinities, ii. 453 ;
description,

morphology, and properties,

ii. 445, 446,* 449
Monomolecular, optically inactive

substances, i. 230
Monomorph, ii. 25
Monomorphism, i. 35, 89
Monopodial branching, ii. 5
Monopodium, ii. 5
Monospora, ii. 104 ;

definition, ii.

274 ;
description, ii. 292

cuspidata, ii. 104 ;
description,

ii. 292

Morchella esculenta, ii. 34
Morel, cholesterin in, ii. 174
Mortierella Rostafinskii, ii. 75

van Tieghemii, gemmee, ii. 24,

25 ;
spores, ii. 16

Mother colls, alteration in form of,

i. 61

yeast, i. 240
Mother of vinegar, analysis, i. 184,

185 ;
nature, i. 17 ;

significance

of its appearance in vinegar fer-

mentation, i. 398, 399
Mould films, ii. 124
Mucedineae, ii. 7

Mucic acid, ii. 177
Mucilage from trees, ii. 6
Mucin, i. 33, 40, 177
Mucinic acid, ii. 205
Mucinous substances, ii. 462
Mucor, ii. 387 ; casein-degradation

by, ii. 85; ester-like products, ii.

83 ;
enzyme in, ii. 64 ; fermenta-

tions, ii. 79 ;
rheotropism, ii. 60 ;

snuff-manufacture, ii. 85 ;
species,

pathogenic, ii. 70 ;
suspensors, ii.

70
"

Mucor alternans, budding mycelium,
ii. 11 ;

diastatic enzyme, ii.

86, 89 ;
raffinose-, saccharose-,

trehalose-fermentation, ii. 84 ;

sporangiophore, ii. 71, 73
ambiguus, budding mycelium, ii.

11

amylomyces Rouxii, in Chinese
yeast, ii. 87, 88

aspergilloides, ii. 73
Cambodja, ii. 531 ; in Chinese

yeast, ii. 91

casei, ii. 85
circinelloides, budding mycelium,

ii. 11 ;
diastatic enzyme

formed by, ii. 86 ;
extraction

of saccharose from molasses,

ii. 85 ;
formation of glycerin

by, ii. 83 ;
formation of suc-

cinic acid by, ii. 83 ;
intra-

molecular respiration, ii. 83

;

ratio between alcohol and
carbon dioxide, ii. 83 ;

sporan-

giophore, ii. 71, 73
corymbifer, action of cjesium

on, ii. 41 ;
of potassium and

sodium on, ii. 41, 42 ;
action

of, on arsenic, ii. 50 ;
import-

ance of magnesium, ii. 43

;

mycosis, ii. 70, 71 ;
sporangio-

phore, ii. 11

erectus, azygospore -formation,

ii. 18,* 72 ;
alcohol-yield, ii.
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82 ;
behaviour towards sac-

charose, ii. 84 ;
budding myce-

lium, ii. 11 ;
intramolecular

respiration, ii. 81 ;
sporangio-

phore, ii. 71

Mucor havidus. See Sporodinia gran-
dis

fragilis, budding mycelium, ii.

11 ;
sporangiophore, ii. 71,

73
javanicus, ii. 531 ;

behaviour
with gelatin, ii. 08 ;

occur-

rence, ii. 53 ;
sporanfriophorc,

ii. 71

mucedo, alcohol-yield, ii. 82

;

ammonia-producer, i. 300

;

as a source of carbon, ii. 84 ;

behaviour with arsenic, ii. 50,

51 ;
behaviour with glucose,

ii. 59 ;
budding mycelium, ii.

10; chemotropism, ii. 59;
chitin content, ii. 37 ;

choles-

terin, ii. 174 ;
effect of citric

acid on, ii. 10 ;
in eggs, ii.

378 ;
formation of succinic

acid, ii. 83 ;
fructification, ii.

50 ;
gelatin-liquefier, ii. 03 ;

germinating spore, ii. 3*
;

heliotropism, ii. 54 ;
intra-

molecular respiration, ii. 83 ;

lignification, ii. 39 ; myce-
lium swellings, ii. 25 ;

occur-

rence, ii. 53 ;
oxalic acid as

a final metabolic product, ii.

195 ;
sensitiveness to yellow

light, ii. 54 ;
sporangiophore,

ii. 71, 72*
;

sporangium, ii.

15*; thallus, ii. 2*; tobacco-
fermentation, ii. 85 ; zygo-
spore-formation, ii. 17*

mucilagineus, sporangium, ii.

70*
nigricans, lignification, ii. 39
pusillus, mycosis, ii. 70 ;

sporan-
giophore, ii. 71

pyriformis, acid produced by, ii.

359 ; citric acid produced by,
ii. 73 ; columella, ii. 73

racemosus, alcohol-yield, ii. 82 ;

ammonia-producer, i. 30G
;

behaviour with arsenic, ii.

51 ;
and with saccharose, ii.

84 ;
budding mycelium, ii.

10, 11 ;
chitin content, ii.

37 ; chlamydospores, ii. 73*
;

diastatic enzyme, ii. 86 ;
im-

portance of iron for, ii. 46

;

insolation, ii. 58 ; intramole-
cular respiration, ii. 83 ;

inver-

sion of lactose, ii. 84 ;
mycosis,

ii. 71 ;
relation between alcohol

and carbon dioxide, ii. 83 ;

sporangia, ii. 56 ;
sporangio-

|)hore,ii. 71 ;
in tobacco, ii. 85

Mucor Rouxii, ii. 533, 542 ;
action

on gelatin, ii. 63 ;
columella,

ii. 88*
;

diastatic enzyme, ii.

85 ;
in dough, ii. 98 ;

invertin,

ii. 89 ;
mycelium-colouring,

ii. 88 ;
saccharose as a source

of carbon, ii. 71 ;
sporangio-

phore, ii. 71, 73; starch-fer-

mentation, ii. 94, 95
septatus, mycosis, ii. 71

spinosus, behaviour with saccha-

rose, ii. 84 ;
budding myce-

lium, ii. 11 ;
intramolecular

respiration, ii. 81 ;
sensitive-

ness to alcohol, ii. 82 ;
sporan-

giophore, ii. 71 ,
73

stolonifer. See llhizopus nigri-

cans
tenuis, azygospore, ii. 18, 74*

;

budding mycelium, ii. II;

sporangiophore, ii. 73
vulgaris, cellulose absent, ii. 33

Mucor yeast, ii. 107
Mucoraceae, sporangia, ii. 67
Mucoreen, morphology and systematic

position, ii. 67
Mucorinea3, ii. 298 ;

cellulose absent
in, ii. 34 ;

glycogen content, ii. 169

IMucormycosis, ii. 71

Mucus formation, ii. 270, 276, 284 ;

from trees, ii. 138
IMucus threads, i. 348
Munich lager beer yeast, ii. 113

IMuscarine, i. 303
IMusci, i. 28
Must, ii. 402, 491, 492, 497, 500;

viscosity of, ii. 137
Must-gelatin, i. 128, ii. 220
Mustard, fixation of nitrogen by,

i. 344
oil, i. 413

]\lutability, i. 35, 89
Mutation. See Vai iability

Mvcacanthococcus cellaris, spores,

‘'i. 67
_

Mycelicide, action on Mycoderma
cerevishe, ii. 421

Mycelium, ii. 2 ;
colour in INlucor

javanicus, ii. 93 ; in IM.

Rouxii, ii. 88 ;
develo]nnent

of, ii. 4 ;
septated, ii. 3 ;

tyi)ical, ii. 6
hair, ii. 7

threads, ii. 7
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Mycetes, ii. 4
Mycetide, ii. 38
Mycetozoa, i. 29, ii. 169
Mycin, ii. 32
Mycoderma, ii. 26, 124, 384, 385,

386, 391, 392, 393, 395, 408-422,

506, 555 ;
acid-production and

destruction, ii. 417, 418 ; action
of insolation on, ii. 58 ;

Brownian
motion, ii. 158 ;

budding in, ii.

411, 412*; filamentous, ii. 11;
film-formation, ii. 414, 415,* 416;
giant colonies, ii. 413*

;
grannies,

ii. 153 ;
influence of chemical

agents on, ii. 421 ;
of heat on, ii.

420, 421 ;
membrane, ii. 410, 411 ;

morphology of cells, ii. 409, 410,*

411 ;
occurrence on grapes, ii. 437 ;

pure cultures, ii. 409 ;
vacuole

enclosures, ii. 58
Mycoderma aceti. See. Bacterium

aceti

cerevisipe, i. 15, ii. 46, 409 ;
acids

produced by, ii. 418 ;
action

of antiseptics, ii. 421
cucumerina, ii. 408
humuli, ii. 402, 403, 404, 408 ;

mortal temperature, ii. 144
lebenis, ii. 418, 420
Pasteurianum. See Bacterium

Pasteurianum
rubrum, ii. 402, 408 ;

mortal
temperature, ii. 144

sp., ii. 110
vini, ii. 210, 384, 385, 409, 420 ;

barium injurious to, ii. 45

;

calcium not essential for, ii.

45 ;
magnesium not essential

for, ii. 43 ;
potassium not

essential for, ii. 41 ;
strontium

injurious to, ii. 45
Mycology, i. 27 ;

museum, arrange-
ment, i. 134

Mycomycetes, ii. 4 ;
development of

mycelium, ii. 4
Mycoplasma, i. 348
Myco protein, i. 45
Mycorhiza, i. 354
Mycose, ii. 70
Mycosin, ii. 35
Mycosis, ii. 315
Mycosphoerella, ii. 375, 379

Tulasnei, ii. 375, 376*
Mycotetraedon cellare, spine-thicken-

ing of arthrospores, i. 67
Mycothrix, i. 55
Myrosin, ii. 364
Myxomycetes, i. 29

Naoeli’s physico-molecular theory,
i. 20

Nail bacteria, i. 61

Natto, i. 322
Nematode disease, i. 278
Nematospora, definition, ii. 274

;

description, ii. 292
coryli, description, ii. 292, 293

Nepenthes Mastersi, i. 301
Network, gelatinous, ii. 179
Neuridin, i. 303
Neurin, i. 303
Newskia ramosa, unilateral gelatinisa-

tion, i. 276
Nickel, ii. 47
Nicotin, i. 168
Nissler cheese, i. 324
Nitrate of bismuth in distilling, i.

249, 284
Nitrates in brewery water, ii. 211 ;

no use for must yeast, ii. 211, 212 ;

reduction of, i. 307 ;
retarding

effect, i. 41 ;
significance of, for

Chlamydomucor oryzte, ii. 93
Nitric acid, action of boiling, on yeast

juice, ii. 277 ;
action on albumen,

i. 45 ;
fermentation of molasses,

i. 310 ;
and of tobacco, i. 310

;

proportion in rain-water, i. 340

;

reduction to nitrogen in mixed
cultures, i. 87

Nitrification as a physiological pro-

cess, i. 375-383
Nitrifying bacteria, assimilation in

the dark, i. 380 ;
division, i. 377 ;

formation of wall saltpetre, i. 381 ;

interrelation between carbon as-

similation and nitrogen, i. 380
Nitrite, behaviour of Chlamydo-
mucor oryzae with, ii. 93 ;

forma-
tion from nitrates by Bac. ramosus
and other bacteria, i. 307 ;

forma-

tion in intestine by Bacterium coli

commune, i. 308
Nitrite-agar, i. 379
Nitrites, ii. 211, 445, 468
Nitrobacter, i. 379
Nitrobacteria, chemical activity of, i.

377 ;
morphology, i. 379; nutrient

solutions for, i. 378, 379
Nitrogen, ii. 361, 468, 496 ;

accu-

mulators, i. 338 ;
circulation, i.

330, 353, 355 ;
content of yeast

membrane, ii. 148 ;
effect on

bacteria, i. 184, 185 ;
hunger, i.

338 ;
in alcoholase, ii. 475 ;

in

yeast juice, ii. 550 ;
liberation, i.

306-311 ;
taken in bv bacteria, i.

24, 338-354
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Nitrogenous substances in bacilli, ii.

45 ;
in yeast, ii. 166

Nitrosobacteria, chemical activity of,

i. 379
Nitrosococcus brasiliensis, morpho-
^logy, i. 378

Nitroso-indol, i. 291
Nitrosomonas africana, europtea,

japonica, javanica, i. 378
Nitrous acid, ii, 558 ;

influence on
fermentation, ii, 468

Nitzschia, i. 352
Nodule bacteria, i. 344 ;

development
of, i. 246 ;

distinctive species of,

i, 345 ;
occurrence of, i. 345, 346

Nonyl alcohol, ii. 508
Nostoc, i. 30
Nuclear fungi, ii. 100
Nuclease, ii. 371
Nucleic acid, ii. 161 ;

stains for, ii.

165, 166
Nuclein, ii. 444 ;

action on, by endo-
tryptase, ii. 552 ;

base, ii, 162,

166 ;
carbohydrate, ii. 162 ;

fixa-

tion of colour, i, 44 ; formation of,

ii. 164 ;
in the granules, ii, 159 ;

phosphorus content, ii, 49
Nucleoalbumens, ii. 462
Nucleoproteids, ii. 161, 371
Nucleus, ii, 393 ;

division of, i. -58
;

in red Torulacese, ii. 404
Nukamiso, i. 333
Nutrient bouillon, i. 123

fluids, Jaksch’s, i. 233 ;
Pasteur’s

i. 121 ;
potash content, ii.

41 ;
respiration quotient of,

ii. 78 ;
van Tieghem’s, ii. 56

gelatin, i, 128 ;
from fish bouillon,

"
i. 162

media, alkalinity of, i. 132 ;
for

luminous bacteria, i. 163 ;

importance of, in connection
with the action of light on
bacteria, i. 78 ;

influence on
fructification, ii. 19 ;

liquefi-

able solid, i. 128 ;
silica and

chalk, i. 130
Nutrition, influence of, on bacteria,

i. 172-174
Nuts as a culture medium, ii, 314

Oak, ii. 286, 512 ;
fixation of nitrogen

by, i. 344
;
smut in, ii. 109

Oakwood, pliosphoric acid from, ii.

119
Object-marking, ii. 220, 221
ffinanthic ether, ii. 509
(Enanthyl alcohol, ii. 508
(Enanthvlic acid, ii. 499

«/ *

ffinomel, ii. 199
Oidia-formation, ii. 23

Oidium, ii. 273, 383, 444, 446, 451 ;

descriptive, ii. 451
albicans, ii. 449, 451 ;

behaviour
with gelatin, ii. 63 ;

descrip-

tion and properties, ii. 455
lactis, ii, 445 ;

affinity, mor-
phology, and properties, ii.

451, 452,* 455; behaviour
with gelatin, ii. 63 ;

influence

of sunlight, ii. 58 ;
influence

on cheese-ripening, i. 320

;

glycogen in, ii. 169
;

phy-
siology, ii. 453, 454, 455

;

respiration, ii. 58 ;
resting

cells, ii. 24
Ludwigii, ii. 63
lupuli, ii. 454*

;
description and

properties, ii. 455
pullulans, ii. 454,* 455

Oil, ii. 392, 449 ;
in Dematium pullu-

lans, ii. 381 ;
in Mycoderma, ii.

411

Oil of mustard, action of, on yeast,

ii. 247
Olease, i. 404
Oleate of potash. See Potassium

oleate

Oleic acid, ii. 206 ;
action of air on,

i. 198
Olive oil, i. 138, ii. 367
Ontjom, ii. 447
Oogonia, ii. 15

Oomycetes, oogonia, ii. 13 ;
relation

to the Entomophtheee, ii. 66 ;
spo-

rangia, ii. 16 ;
zoospores, ii. 15

Oospore, ii. 15
Ophidomonas, i. 34

jenensis, structure of cell contents,

i. 42
sanguinea, morphology, i. 367*

;

yffiysiology, i. 145

Opium fermentation, ii. 366
Optical properties of cell wall, i. 39
Orange-flower water, mucinous de-

composition, i. 284
Organic acids as antiseptics, i. 106

ferments, i. 22
stimulants of yeasts, ii. 245- 248

Orleans process of vinesar-makins:,
i. 397

Ornithin, ii. 554
Ornithopus, nodule bacteria, action
on Vicia faba, i. 346

Orthodiuitrokresol of potassium, i.

113

Oryza glutinosa, ii. 92, 447
Oscillaria, i. 30, 352



730 INDEX.

Osmic acid, ii. 145

Osmosis, ii. 60
Osteomyelitis, i. 94
Otomycosis, ii. 316, 322
Ovos, ii. 168, 462
Ox pancreas, ii. 161

Oxalate of ammonium. See Ammo-
nium oxalate

of lime, ii. 118
of potassium. See Potassium

oxalate
Oxalates, ii. 374
Oxalic acid, ii. 206, 354, 355, 356,

357, 358, 360, 361, 373, 374, 520,

524, 527, 531 ;
action of, on yeasts,

ii. 246 ;
combination with lime,

ii. 195 ;
decomposition, ii. 57

;

excreted by fungi, ii. 61 ;
from

yeast gum by boiling with nitric

acid, ii. 177 ;
in Mucor Rouxii,

ii. 89
;

produced by Aspergillus

niger, ii. 351, 355
;
by A. phoenicis,

ii. 324 ;
by Saccb. Hansenii, ii. 234,

284
Oxalis, ii. 355, 357
Oxydases, i. 400-404, ii. 496 ;

deter-

mination of, i. 401 ;
isolation of,

i. 403
Oxygen, ii. 487, 498, 499, 500-503,

509, 520 ;
action of, in liquefaction

of gelatin, ii. 555, 556 ;
in yeast

fermentation, ii, 456 ;
effect of

amount of supply, on yeast respira-

tion and reproduction, ii. 231-235
;

effect of, in fermentation by
Allescberia Oayoni, ii. 368 ;

in-

fluence on chemical activity of

fungi, ii. 351, 359; on film-forma-

tion of Mycoderma, ii. 414 ;
on

form of Mycoderma cells, ii. 410 ;

on Monilia sitopbila, ii. 448 ;
on

Torulaceae, ii, 397
Ozone as an antiseptic, i. 110; for

purifying river-water, i. 110

Pachyma cocos, ii. 37
Pachyman, ii. 37
Paddy, ii. 87
Palmella prodigiosa. See ^Micrococcus

prodigiosus

Palmitic acid, ii, 499 ; in yeast, ii.

174
Pancreas, i. 298, ii. 64, 164, 170
Pandalus borealis, ii. 405
Papilionacege, nitrogen - absorption

from air by, i. 343
Paracasein, i. 241, 317
Paracholesterin, ii. 174
Parachromopliorous, i. 136

Paradextran, ii. 37
Paraisodextran, ii. 37, 38
Paralactic acid. See Lactic acid
Paranuclein, ii. 46, 161, 199
Parasites, facultative, i, 31 ;

group
of, ii. 102 ;

obligate, i. 31
Parenchyma, ii. 8
Parietal layer, i, 42
Paris butter, i. 198
Parvoline, i. 303
Pasteur, fermentation theory of, i.

20, 25, 180, 186, ii. 456 ;
rejects

theory of spontaneous generation,
i. 8, 20

Pasteur flask, i. 9, 98 ;
Hansen’s

form of, ii. 221
Pasteur’s nutiient fluid, i. 121

Pasteuria ramosa, forked branches,
i. 346 ;

longitudinal fission, i. 56
Pasteurisation, ii. 142-144
Pastorianus type, ii. 116, 119
Paternoster pea, i. 305
Pathogenic bacteria, i. 93 ;

nitrogen-

ous nutriment of, i. 123 ;
occur-

rence in butter, i. 208 ;
and in

milk, i. 202 ;
species of Monilia,

ii. 449
Pear must, ii. 266
Pectase, i. 220, ii. 367
Pectin, ii. 147, 367 ;

fermentation
of, i. 197, 220 ; ferments of, i. 197

Pectinase, ii. 365
Pectose, i. 197, ii. 367
Pediococcus, definition of, i. 56

acidi lactici, division, i. 56

;

lactic acid fermentation, i.

225 ;
morphology and tem-

perature, i. 255
cerevisige, morphology, i. 287

;

sarcina-turbiclitv of beer, i.

287
Pe-fuh-ling, ii. 37
Peh-Khak, ii 91

Pelargonic acid, ii. 499
Pemmican, i. 214
Penicillium, ii. 373, 409, 443, 542 ;

action on cells, ii. 365 ;
on fat, ii.

367 ;
on oxalates, ii. 371 ; affini-

ties, ii. 346 ;
decomposing effects

of, ii. 363 ;
descriptive, ii. 297, 298,

299, 300, 328, 329, 332 ;
behaviour

with cadmium, ii. 44 ;
lithium,

ii. 43 ;
and rubidium, ii. 41 ;

colouring-matter, ii. 40 ;
enzymes

secreted by, ii. 367 ;
iron not

essential for, ii. 46 ;
nucleus divi-

sion, ii. 13 ;
pathogeny, ii. 331,

333
;

proteolytic powers, ii. 370 ;

sodium as food for, ii. 42
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Penicillium album, ii. 336, 345
aromaticum, ii. 346
aureum, ii. 330, 332, 346
bicolor, description, ii. 344
brevicaule, ii. 329,* 331, 332,

341, 342,* 353, 372; alcohol

produced by, ii. 367, 368 ;

behaviour with arsenic, ii.

51 ; liquefaction of gelatin by,

ii. 370
Camembert, ii. 329,* 332, 333,

336, 337, 345
candidum, ii. 330, 332, 335, 336,

345
cladosporoides, ii. 375 ;

ammo-
nia-producer, ii. 306 ;

effect

on Roquefort cheese, i. 321
claviforme, ii. 329,* 330, 344
crustaceum, ii. 333 ;

effect of

light on, ii. 59
cupricum, ii. 346
descissens, ii. 345
Duclauxii, ii. 332, 345, 363
Epsteinii, ii. 336
geophilum, ii. 344, 345, 348
glaucum, ii. 210, 329,* 330, 331,

332, 333, 334,* 335, 336, 339,

340, 344, 346, 351, 353, 354,

531 ;
action of light on, ii.

55 ;
action on acids, ii. 373,

374 ;
albumen, ii. 371 ;

action

on arsenical substance, ii.

372 ;
action on casein, ii.

371 ;
action on cells, ii. 366 ;

action on eggs, ii. 378, 379

;

action on fats, ii. 367 ;
action

on fibrin, ii. 371 ;
action on

milk, ii. 371 ;
action on pep-

tone, ii. 371 ;
action on sul-

phites, ii. 372 ;
action on

tannin, ii. 366 ;
affinity, ii.

316 ;
alcohol a food for, ii.

368 ;
alcohol a source of

carbon for, ii. 81 ;
basipetal

constriction, ii. 377 ;
ammonia-

producer, i. 306 ;
behaviour

towards cobalt, ii. 47 ;
beha-

viour towards nickel, ii. 47 ;

behaviour with arsenic, ii. 50,

51 ;
behaviour with zinc, ii.

44 ;
description, ii. 298, 300 ;

caesium unsuitable for, ii. 41 ;

casease secreted by, ii. 371 ;

cell nucleus, ii. 11, 13 ;
cell

wall, ii. 34 ;
cellulose-dissolv-

ing enzyme, ii. 61 ;
chemical

composition, ii. 29 ;
chemo-

tropism, ii. 55 ;
chitin content,

ii. 37 ;
cholesterin, ii. 1 74

;

conidia, ii. 20, 29, 40 ;
decom-

])osing effects, ii. 357, 362,

363 ;
development of myce-

lium, ii. 5 *
;

diastase-forma-

tion, ii. 64; fission of gluco-

sides by, ii. 363, 364, 365 ;

and of polysaccharides, ii.

365 ;
fructification, ii. 56 ;

gelatin-liquefaction, ii. 63,

369, 370 ;
influence of lack

of acid, ii. 80 ;
inulase secreted

by, ii. 365 ;
lignification, ii.

39 ;
lipase, ii. 65 ;

magnesium
an essential for, ii. 43 ;

me-
chanical pressure, ii. 61 ;

nitro-

gen-fixer, i. 353
;

pathogeny,
ii. 373 ;

oxalic acid produced
by, ii. 195, 355

;
pectinasc

secreted by, ii. 365
;

produc-
tion of alcohol by, ii. 80 ;

respiration, ii. 51, 80 ;
saccha-

rification by, ii. 353
Penicillium granulatum, ii. 330, 344

humicola, ii. 345
insigne, ii. 330, 332, 345

. italicum, ii. 298, 329,* 330,

331, 333, 339, 340,* 341 ;

action on albumen, casein,

fibrin, and milk, ii. 371 ;
de-

composing effect of, ii. 363

;

fission of glucosides by, ii.

363, 364, 365 ;
inulase secreted

by, ii. 365 ;
saccharification

by, ii. 353
luteum, ii. 329,* 330, 332, 333,

337, 338,* 339, 341, 343, 345,

346, 351 ;
action on albumen,

casein, fibrin, and milk, ii.

371 ;
cellulose-dissolving en-

zyme, ii. 61 ;
decomposing

effect of, ii. 363 ;
description,

ii. 298, 299; fission of gluco-
sides by, ii. 363, 364, 365

;

formation of acids by, ii. 359 ;

gelatin-liquefier, ii. 63, 369

;

inulase secreted by, ii. 365

;

pathogeny, ii. 373
;

pectinase
secreted by, ii. 365 ; sacchari-
fication by, ii. 353

minimum, ii. 331
olivaceum, ii. 298, 329,* 330,

332, 333, 341*; colouring-
matter of, ii. 372 ; liquefac-

tion of gelatin by, ii. 63, 369,
370 ;

pathogeny, ii. 313
pruriosum, ii. 331
purpurogenum, ii. 329,* 331, 332,

343; colouring-matter of, ii. 372;
liquefaction of gelatin by, i.i 370
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Penicillium quadriticlum, ii. 331
radians, ii. 318
radiatum, ii. 332, 344
liseum, ii. 322, 344
14ogeri, ii, 336
Roquefort, ii. 332, 333J
rubfum, ii. 329,* 331, 332, 343,

344 ; action on albumen,
casein, fibrin, and milk, ii.

371 ;
colouring-matter of, ii.

372 ;
decomposing effects of,

ii. 363 ;
fission of glncosides

by, ii. 363, 364, 365 ;
inulase

secreted by, ii. 365 ;
liquefac-

tion of gelatin by, ii. 370 ;

saccharification by, ii. 353
silvaticum, ii. 345, 348
Wortmanni, ii. 330, 332, 346

Penicillopsis, description, ii. 297
Pentosan, ii. 38 ;

in yeast, ii. 177
Pentosans of grain, ii. 207
Pentose from yeast nucleic acid, ii.

162
Pentoses, ii. 512, 513 ;

as source of

carbon for yeast, ii. 206
Pepsin (peptase), ii. 55, 521, 528

;

action on all3uminoids, ii. 162 ;

action on casein, ii. 199; action

on nuclein, ii. 162, 165 ; from
yeast, ii. 521

;
preparation from

yeast culture, ii. 167
Peptone, ii. 506 ;

action of endo-
tryptase on, ii. 553, 555 ;

as nutri-

ment for peptone-carbon bacteria,

i. 166; for phosphorescent bacteria,

i. 161; for Torulacese, ii. 394;
as source of nitrogen for yeast, ii.

212, 213, 214, 215, 226 ;
decomposi-

tion of, ii. 371 ;
derived from

casein, i. 301 ;
in butter-milk, i.

328 ;
in cheese, i. 317 ;

in Chlamy-
domucor oryzte, ii. 93 ;

influence

on reproductive capacity of yeasts,

ii. 228 ;
relation of, to frothy

fermentation, i. 184 ;
solution of,

ii. 132
Peptones, ii. 462
Peptonised bouillon agar, i. 129
Peptonising enzymes produced by

Bacillus anthracis, i. 299 ;
B.

fluorescens liquefaciens, i. 159

;

B. lactis erythrogenes, i. 140

;

B. liquefaciens lactis amari, i.

369 ;
B. lupuliperda, i. 166 ;

B.

megaterium, i. 299 ;
B. mesen-

tericus fuscus, i. 175 ;
B. mes.

ruber, i. 175 ;
B. mes. vulgatus,

i. 175 ;
B. oogenes fluorescens a,

i. 217 ;
B. oogenes hydrosulfureus

(a, /3, 7 , 6, e, ^), i. 217; B.
prodigiosus, i. 137, 299 ; B. pyo-
cyaneus, i. 299 ; B. saprogenes
vini I. -VII., i. 312 ; B. subtilLs,

i. 133, 174, 299 ;
by cholera bacil-

lus, i. 133, 299 ; by Cladothrix
dichotoma, i. 362, 363 ; by the
Kiel bacillus, i. 139 ; by Micro-
coccus acidi lactis, i. 224 ;

M. asco-
formis, i. 299 ;

M. casei amari, i.

328 ; M. saprogenes vini I., II.,

i. 312 ; M. urese liquefaciens, i.

333 ; by Proteus mirabilis and
vulgaris, i. 296 ;

by Sarcina flava,

i. 143 ;
by Spirilla from cheese,

i. 299 ; by Tyrothrix geniculatus,
i. 328 ;

by Vibrio Finkler-Prior,
i. 299

Peridia, ii. 297 et seq.

Period of generation, ii. 226 ;
in-

fluence of temperature on, ii. 226,
227

Perisporiacem, ii. 100 ;
affinity, ii.

296
Perithecia, ii. 317, 327, 330, 346,

379; formation suppressed by
light, ii. 56

Perithecia! wall, composition of, ii.

37
Perithecium, ii. 100
Permanent cells, yeast, ii. 145

;

glycogen in, ii. 173
yeast, ii. 473, 474, 475

Permanganate solution, as test for

arsenic, ii. 51
Permeability of cell membrane, ii.

227-230
Peronocarpous, ii. 100
Peronospora viticola, ii. 236
Peronosporeae, cellulose in, ii. 33

;

chitin in, ii. 33
Perry, ii. 441
Petri dishes, i. 131

Petroleum spirit, i. 139
Peziza convexula, ii. 13

Fuckeliana, action of light on,

ii. 55 ;
heliotropism, ii. 54

;

oxalic acid as a metabolic
product, ii. 193

Libertiana. See Sclerotium
Libertiana

Phaseolus, nodule-formation, i. 346
vulgaris, ii. 324

Phenol, ii. 524, 551 ;
action on

anthrax spores, i. 112; as an anti-

septic, i. 112
Phenols, ii. 520
Phenylamidopropionic acid in Em-
menthal cheese, i. 317
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Phenylhydrazone, ii. 530
Phenyl-salicylate, ii. 366
Philothion, ii. 202, 558-560
Phloretin, ii. 364
Phloridzin, ii. 364
Phloroglucin, action of, on yeasts,

ii. 247
Phloxin red in typhus bacillus, i. 44

Pholiota squarrosa, ii. 347
Phosphate of ammonia. See Am-
monium phosphate

Pliosphates, ii. 467, 468, 471 ;
action

of, on proteolysis, ii. 552
Phosphocarnic acid, ii. 199

Phosphomolybdate of ammonia, ii.

49
Phosphorescence, i. 160 etseq.

Phosphoric acid, ii. 371, 493 ;
decom-

position of paranuclein, ii. 161 ;

in fungi, ii. 49 ;
in plant ash, ii.

41 ;
in yeast gum, ii. 175 ;

in yeast

water, ii. 166 ;
meta-, in the yeast

cell, ii. 199 ;
reaction with yeast

ash, ii. 194 ;
requirements of the

yeast cell for, ii. 199
Photobacteria, use of, in testing

efficiency of filters, i. 99
Photobacterium, activity of, i. 162 ;

as test for enzymes, i. 162 ;
culture

of, i. 164 ;
foodstuffs for, i. 164

;

infection of small marine animals,

i. 164 ;
requisite food for, i. 161 ;

spectrum, i. 164
Photobacterium balticum, i. 161

Fischeri, i. 161

indicum, i. 167
javanense, i. 161

luminosum, i. 161

Pfliigeri, i. 161, 162

phosphorescens, i. 161, 162, 167
sarcophilum, effect of light on

luminosity of, i. 81

Phototropism, ii. 53
Phragmidiothrix, i. 355, 359

multiseptata, i. 359
Phycomyces, development of myce-

lium, ii. 5, 6 ;
rheotropism,

ii. 60 ;
suspensors, ii. 68

nitens, chemotropism, ii. 59;
heliotropism, ii. 53, 54 ;

hydro-
tropism, ii. 16 ;

influence of

Rontgen rays on, ii. 59

;

occurrence, ii. 70 ;
oxalic

acid produced by, ii. 195 ;

respiration, ii. 57 ;
sporangio-

phores, ii. 76
Phyllanthus emblica, ii. 324
Physiological salt solution, i. 42
Phytosterin, ii. 174

Pichia, ii. 408 ;
definition, ii. 274,

287 ;
sporulation experiments

with, ii. 262
californica, description, ii. 288
farinosa, description, ii. 289
membranaifaciens I., description,

ii. 287, 288; II. and III.,

description, ii. 288
Radaisii, description, ii. 289
tamarindorum, description, ii.

289
taurica, description, ii. 288, 289

Pickles as a culture medium, ii. 314
Picric acid, ii. 149, 158
PilobolejB, sporangia, ii. 68
Pilobolus, heliotropism, ii. 54

cristallinus, action in blue light,

ii. 54 ;
behaviour in the ultra-

red rays, ii. 54 ;
occurrence,

ii. 68
microsporus, after-effect of illu-

mination, ii. 57 ;
behaviour

in the yellow light, ii. 54
Pinguicula alpina and vulgaris, i.

242 ;
for })roduction of thick milk,

i. 281
;
proteolytic enzyme, i. 301

Pinhead bacteria, i. 61
Pink yeasts, ii. 386, 387, 401, 402
Piqure, ii. 322
Pitching yeasts, i. 245
Plant juices, discoloration of fresh,

i. 402
Plantago psyllium, ii. 38
Plants as a source of mineral matter,

i. 46 ; carnivorous, i. 301 ;
diseases

of, i. 278
Plasmic acid, ii. 162

;
iron content

of, ii. 47
Plasmic theory of fermentation, ii.

479, 480
Plasmodial cords, i. 348
PlasmolysLs, i. 41, 60
Plastiu, ii. 166
Plate cultures, ii. 131 ;

of anaerobes,
i. 182 ;

of luminous bacteria, i.

162
;
with agars, i. 133

Plate pouring apparatus, i. 131
Platinum as a nutrient, ii. 112
Platinum black, action on vinegar

fermentation, i. 18, 396
Plectenchyma, ii. 452
Pleochroism in stained bacteria, i.

39
Pleomorph, ii. 25 ;

in yeast, ii. 106
Pleomorphism, i. 35, ii. 25, 116
Pleospora herbarium, ii. 376
Plums, ii. 436, 445
Pneumobacillus, membrane, i. 40

mutability, i. 91
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Pneumomycosis, ii. 316
Podocarpiis, nodule-formation in, i.

344
Polar flagella, use of, in study of

bacteria, i. 39
Pollinodium, ii. 335
Polyporea, ii. 49
Polyporus officinalis, cellulose in, ii.

33 ;
fongose in, ii. 38

Polysaccharides, ii. 512 ;
fission of,

by Aspergillaceae, ii. 365
Polysaccliaromyces, ii. 217
Pombe, ii. 244
Populin, ii. 62 ;

fission of, ii. 364
Potash, ii. 489 ;

bath, i. 151 ;
solu-

tion, ii. 140
Potassium as food for bacteria, i. 46 ;

as inhibitor of movement, i. 41 ;

bichromate, as a milk preservative,

ii. 209 ;
bitartrate, ii. 198 ;

car-

bonate, behaviour of yeast to, ii.

191, 192 ;
chlorate, ii. 147

;

chloride, behaviour of Eumycetes
to, ii. 42 ; nitrate, i. 142, ii. 42 ;

permanganate, ii. 209
;
phosphate,

behaviour of yeasts to, ii. 192, 198 ;

phosphates, i. 121, 122, 159 ;
sul-

phate, ii. 42, 192
Potassium acetate, ii. 205

alum, action of, on yeasts, ii. 245
arsenite, action of, on yeast, ii.

237, 244
carbonate, ii. 467
chloride, ii. 551
citrate, ii. 205
dextro -tartrate, ii. 205
formate, ii. 205
glycerate, ii. 205
lactate, ii. 205, 490
malate, ii. 205
nitrate, ii. 358, 542
oleate, ii. 206
oxalate, ii. 206, 314
permanganate, action of, on

yeast, ii. 245
phosphate, ii. 419 ;

action of,

on yeast, ii. 545
propionate, ii. 206

Potato bacillus, i. 102, 174, 306
crdture, i. 130, 134
glass, ii. 50
juice as an attraction for bacteria,

i. 53
Preservation of cultures with formalin,

i. 134
Preserved meat, i. 215
Pressed yeast Nos. 430, 487, 574,

ii. 528 ;
Winterhude Race III. No.

139, ii. 528, 529

Pressed yeast cell, influence of light

on, ii. 55
Pressed yeast manufacture, floccu-

lence in, ii. 128
Primary generation, i. 3
Promycelia, ii. 404
Propionate of potassium. See Potas-
sium propionate

Propionic acid, ii. 205, 373, 499
Propyl alcohol, i. 181, ii. 205, 313,

504, 507 ; action of, on grape
sugar, ii. 243

Prosthetic side chain, ii. 161
Protagon, ii. 514
Protalbuminose, ii. 468
Protease, ii. 370, 371
Proteid materials, ii. 409
Proteids, ii. 449, 465, 469, 471, 472,

477, 497 ;
action of Aspergillacese

on, ii. 369-372
;
decomposition of,

by yeast, ii. 548
Protein, ii. 355, 457, 462, 495, 497,

499, 508 ; action of endotryptase
on, ii. 557 ;

as foodstuff, ii. 449

;

derived from asparagin by yeast,

ii. 212 ;
in rye, ii. 213

Proteolysis, ii. 548 et seq., 552, 555,

556 ;
in asporogenic cells, ii. 260

Proteolytic enzymes, i. 299-302 ;
in

Eumycetes, ii. 63 ;
testing for, with

thymol gelatm, i. 300
Proteoses, ii. 462
Proteus, i. 88

mirabilis, locomotion, i. 296

;

morphology and involution

forms, i. 296
;

peptonising

enzyme, i. 296
sulfureus, i. 297
vulgaris, ammonia-producer, i.

306 ;
invertin, i. 277 ;

involu-

tion forms, i. 296 ;
locomotion,

i. 296 ;
morphology, i. 295*

;

nutrient for, i. 296 ;
peptonis-

ing enzyme, i. 296 ;
urea

decomposed by, i. 296
Zenkeri, i. 296

Protomyces, ii. 422 ;
spores, ii. 110

Pseudo-acetic acid, i. 180
Pseudo-Dematophora, action on cellu-

lose, ii. 61
Pseudo-globulin, ii. 553
Pseudo-nucleins, ii. 161

Pseudo-parenchyma, ii. 8

Pseudopodia, i. 51

Pteridophyta, i. 28
Ptomaines, i. 302-305
Puccinia graminis, tecidia, ii. 22

suaveolens, ii. 387
Punceria coagulans, lab in, i. 242




