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PREFACE

Dn. Larag has paid me the compliment of forwarding me a copy of the
first volume of his * TecENIOAL MYCoLOGY,” with a request that I should
write a preface to the work. A perusal of the book gives me the impres-
sion that its contents will in themselves be a sufficient recommendation,
and ensure the success of the work through 1ts own inherent value ; con-
sequently, an Introduction by me is so far superfluous. Should, however,
a few words of mine be the means of helping to secure for the work of my
young colleague & readier introduction, here and thers, than it would
perhaps otherwise find, I shall be exceedingly pleased.

The First Volume treats of BACTERIA. In a series of chapters we are
shown the predominant rdles—both useful and antagonistic—played by
these organisms in Distilling and Brewing; in the preparation of Wines
and the Manufacture of Vinegar; in the Dawy; in Farming; in the
preparation of Agricultural Fodder; and in the manufacture of Tohacco
and of Sugar. Then follows an account of the relation of Bacteria to
sundry transformations occurring in Nature, particularly the important
facts recently established in connection with the combination of free
nitrogen by bacterial agency, with the iron and sulphur bacteria and the
bacteria of nitrification,

It might be feared that, in a work aiming at objects so decidedly
practical, the theoretical side of the subject would possibly be overlooked.
This is, however, not the case in the present instance, as a glance at the
Table of Contents will suffice to show.

That the Author possesses a grasp of the historical development of the
subject has already heen evidenced 1n his previons treatises, and the same
feature often appears 1n the present volume.

In the majority of the Text-books and Manuals published in recent
years, great confusion exists with regard to the appending of authors’
names to the Illustrations. In one and the same book, for example, we -
meet with instances where the name of the author of the original work
whence the copy has been taken is given—as 1v should be—and also
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'f . A PREFACE
with other cases where the actual anthor is ignored, his name being
replaced by that of the compiler of some text-book from which the copy was
gi  obtained—i.¢., some one who himself has done nothing more than copy.

-
i

; - " Ruch a mode of procedure is in a high degree calculated to produce a
% ' sty conception of the actual circumstances in the mind of the reader,
:I' the more 5o because, as stated, no importance is attached to the oceurrence.

* Dn. Larar has, however, set vigorously to work to combat this bad habit
by taking all his reproductions direct from the original sources, so that they
" ate clear and accurate representations of these originals.
-3 “ The subjects included in the present work have been dealt with in a
’%ny-mded manner, the Botanical as well as the Technical and Chemical
" aspects having been borne in mind, although preference has throughout
" béen accorded to the two latter. The style is flowing and clear, in many
) places lively and picturesque, and I have read with interest even those
portions wherein I am not at one with the opinions of the author. The
- gttention devoted to the most recent developments of the subject gives a
gpecial value to the book.

Within the last two decades the study of Microbiology has made gigantic
strides, both in the pathological and the technical branches of the subject ;
and just as investigations into the Physiology of the higher plants gave the
first impetus to the establishment of Agricultural Experimental Stations in
all countries, 80, in like manner, have the Physiology of Fermentation and
Technical Bacteriology called into existence, within the last few years, &
number of Stations and Laboratories for the development of those branches
of industry wherein micro-organisms play an important part. Formerly,
Chemistry exercised an undisputed sway over the whole of this realm, but
now Biology has won for itself a co-ordinate position therein—a fact which
. § niow being recognised (although not yet to an adequate extent)in the

filling of professorships at the various Techmeal High Schools. An army

%% of eager workers has arisen, new technical journals have sprung into
éxistence, and & great number of treatises and books are published on the
subject every year. However cheering this may be in itself, the fact can-
» not be gamnsaid that a portion (unhappily much too large) of these publica-
tions ought properly never to have seen the light. It is true that an
intimate connection with practical conditions sets fresh tasks before the

_ investigator, and exerts on the whole a sufficiently stimulatng influence ;
but, on the other hand, the same circumstance gives rise to the danger of
diverging intg by-paths, and neglecting the strict scientific conditions of

=
'

F

oo g
M L

P

o -ﬁ‘»‘**"‘ .

Iy
T

. ]
‘#



PREFACE vii
investigation. Since these Stations and Laboratories are, as a rule, main-
tained by the circle of practical men for whom they work, the investigators
appointed thereto are often subjected to regrettable pressure. Even
though, otherwise, a certain amount of freedom is allowed them, in these
institntions, they labour under the great difficulty of being obliged —whilst
engaged in the task of scientific investigation—to be ready at any moment
to give assistance—coupled with analyses and any wished-for disclosures—
to the parties interested. Still further difficulties arise when practical
men foolishly intermeddle in scientific investigations, and especially when
results that ghall be immediately available for practical utilisation are
impatiently demanded—results which, however, are only attainable by
scientific investigation, and cannot be forced on at pleasure.

Under circumstances of this nature it requires great strength of
character not to give way to outside pressure, and many examples are
met with in the literature of the subject where this firmness has been
lacking.

The result of these vexed relations between Scientists and practical
men has been to call into existence a quasi-scientific literature by which
neither Science nor Practice has benefited—a result which every one who
has the healthy development of this subject st heart must greatly deplore
and endeavour to improve according to his ability. These conditions are,
however, in existence, and we must take them into account. Amongst the
chaff which ocenpies a large part of the aforesaid technical journals, there
is, nevertheless, some really good grain to be fonnd, and he who undertakes
to write a work on Technical Mycology must not content himself with
gathering from purely gelentific sources alone, but must, at the same time,
work through the technical journals as well. This (by no means easy) task
has been accomplished by DR. LiaFAR with commendable discernment and
ability.

In the last few years, certainly, we have had various Text-books and
Manuals giving a summary of larger or smaller sections of Technical
Microbiology ; none of them, however, has treated the whole of this exten-
give field from so comprehensive a point of view. To prepare a work like
the present requires not only many-sided discernment, but also enthusiasm
for the task, combined with courage and endurance—properties with which
the book shows the author to be endowed. The work will be welcomed,
not only by those for whom it 1s primarily intended—viz., Technical
Chemusts, Chemists dealing with food-stuffs, fermentation, and agriculture,
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Pharmacists, and Agriculturists—but many a professor also will derive
benefit from its pages for his lectures and researches. In this respect
the copious bibliographical references will also be of good service.
In the present volume we have unfortunately only the numbers of the
references, it being intended that the Bibliography shall be published ag
an Appendix to the second volume. This increases the desirability of the
early appearance of the latter.

The Publishers have produced the work in a handsome and substantial
manner, and m this respect also the impression produced is of the best,

EMIL CHR. HANSEN.

OARLSBERG LABORATORY,
COPENHAGEN,
September 1896.

at



5l LIBRAKRY <
.@ 79
\EA hflal&nLcH

-\.

=E °

TABLE OF CONTENTS.

»
INTRODUCTION.
I--TeE THEORY OF SPONTANEOUS (GGENERATION.

PAGE PAGE

§ 1. Definition I Foundation of the Science of Anti-
§ 2 Discovery of Fermentativs - geptics by Schwann - 5
ganisms 2 | § 6. Labours of Schroder and Dusoh . 5

§3 Needharm’s Demonstration 1n favom § 7 Paateurs Examination of the
of “ Greneratio Zquivoca ” 3 Theory . 6
§ 4. Spallanzani’s Experiments 4 | § 8 Béohamps Microzyme Theory 7

§ 5 Franz Schultze’s Expeilment 4 | § 9 Spontaneous Generation only Un-
proven, not Impossible _ . 8

II—THEORIES OF FERMENTATION.

§ 10. The Alchemists—Stahl's Theory § 17. 0 Niigell's Physlco-Moleoular
of Fermentation . 10 Theory . . 16

§ 11 Gay-Lussac’s Opinion 10 { § 18. The Engzymes and M. Traube's
§ 12 Cagniard-Latour’s thallatlo Ferment Theory . 17

Themy N 11 | § 19. General Definition of Fermentu.-
§ 13 Th, Schwann's Resenrches . 12 tion 18

g 14 Fr Kuteing’s General Themy . 13 | § 20 So-ca.lled Bpontaneous Fermenta-
15. Liebig’s Decomposition Theory . 14 tion of Sweet Fruits . 19

§ 16. Pasteur’s Theory . . . 16 | § 21. Decompositions eﬁ'eeted by Light
and Air . . 19

III,—TaE ORGANISMS OF FERMENTATION.

§ 22 Thewr Position 1n the Botamical § 25 Assimilation of Caibon Dioxide

System . 21 without the Aid of Chlorophyll . 23
§ 23. Gla.smﬂcatlon of the Fung1. . . 22 | § 26 Saprophytes and Parasites . . 23
§ 24. Bchizophytas . . . 22 -

DIVISION 1.
SCHIZOMYCETIC FERMENTATION
Seection I.—General Morphology and Physiology of the Sechizomyeetes.

CrAPTER I —FoRM AND DIMENSIONS.

§ 27 Forms of Growth . . . 25 1 & 29. Mutability of Form . . 28
§ 28. Dimensions of Bacteria . . 27 | § 30. Involution Forms . . . 28
X [ ]
. )



x CONTENTS

OHAPTER I1.—STRUOTURE AND CONSTITUTION OF THE BAOTERIAL

OrLy,
PAGE PAGE
§ 31. Chemical Composition of the Cell § 35. Biructure of the Cell Contents .
Wall . 30 | § 36. Elementary Composition of the
§ 32. Optical Propertles of the Cell Wa,ll 3o Bacterial Cell 5
§ 33. Zoogleea Formation . . . 3r | § 37 Quantitative and Qualitatxve Se-
§ 34. Plasmolysis . . . .. 32 lective Power . . 36

OmarTER III.—Powrr oF INDEPENDENT MOVEMENT IN BACTERIA.

§ 38. Molecular Movement and Loco- § 40. Histology of the Ciha . . 39

37 | § 41. Chemotaxis . . . . . 40

motion . . . .
§ 39. The Flagella or Oilia . . . 37

Ormapror IV.—VEaETATIVE REPRODUOTION BY FISSION.

§ 42. Division 1n One Direbtion . § 45. Form of the Daughter-Cells . 44
§ 43. Division 1n Two Direotions . . § 46. Division of the Nucleus . . 44
§ 44 Division in Three Directions . 43 | § 47. Rate of Reproduction . . . 44

s

Omarree V.—TEE PeErRMANENT (REPRODUCTIVE) FoRrMs OR SPORES

§ 48. Foumation of Endospores . 46 | § 52 Oonditions Influencing Spore For-
§ 49. Alterations in the Form of the mation 49
Mother-Cell . . 46 | § 53 Remmting Powe1 oi' the Eudospowu 49

§ 50. Number of Spoies . . 48 | § 54 Behaviour of the Endospores to-
§ 51, Form and Size of the Spores . 49 wards Dyes . . 50
§ 55. Arthrospoies .. . 51

Omaprer VI.—TrHE GERMINATION oF THE ENDOSPORE.

§ 56 Furst Typer . . . . . § 590 Importance of this Processin the
§ 7 Becond Type . . . . . Classification of Bacteria . . 55
§ 8 Third Type . . . . . 53

Seetion II.—General Blology and Classifieation of Bacteria.

OrAPTER VII.—THE BAOTERIA UNDER THE INFLUENCE OF PHYSICAL
A GENOIES,

§ 60, Influence of Electricity 57 | § 62 Influence of Light—SBelf-Purificn-
§ 61, Influence of lemperature—Cold tion of Rivers . 6o
and Heat-loving Bacteria . 58 | § 63 Influence of Mechaumal Shock,

. Gravity, and Gaseous Pressure 63



CONTENTS xi

OnaprrEr VIII,—BACTERIA OV THEIR RELATION TO ONE ANOTHER.

PAGE PAGE
§ 64. Symbiosis, Metabiosis, Anta- § 65. Mixed Cultures . . . . 67
gonism . . . . 66
- OmarTER IX,~—CLASSIFIOATION OF THE BACTERIA

§ 66. First Attempt by O F. Muller .
§ 67. Oohn's Olasmfication . .
§ 68. Billroth’s Coccobacteria Septica

§ 69 De Bary and Hueppe's Olassifica-
tion . . . . . .71
§ 70 Pathogeme, Chromogenic, and
Zymogenic Bactera . . .73

Seetion I11.—Principles of Sterilisation and Pure Cultivation.

QuarrER X.~METHODS OF STERILISATION.

71, Sterilipng . .75 bon dioxide, chlorine and chlo-
72. Freeing the Air trom Germs 75 ride of lime, ozone and hydro-
73 Filtration of Drinking Water. . 77 gen peroxide, milk of hme . 84
74 The Bacterium Filter 1n the Ser- § 80 Organic  Antiseptics . Phenol,
vice of Enzymology . . 78 cresol, creolin, lysol, sapocarbol,
75. Beer Filters. 78 aolveol solutol, saprol, salicylic
76 Destroymg Germs by Dry Hent 79 aoid, antmonmn, athyl alcohol,
77. Destioying Germs by Mowst Heat 8o ethylether, formaldehyde, iodo-
78. Intermittent Sterihsation . 82 form, chloioform, benzoic acad 87
79. Mineral Antiwseptics * Colosive § 81 The Combrned Method of Stenli-
sublimate, sulphuious acid, car- sation . . . . 91

OmarrER XI.—MrrrODS OF PURE CULTURE.

§ 82 Nutrient Solutions . 94 | § 85 Eoch’s Plate Cultures—Streak

§ 83 The Dilution Method and Frac- aund Punctute Cultures—Pre-
tional Cultivation . . 96 serving Cultures — Auxano-

§ 84 Liqueflable Solid Media . 09 graphy e . . 101

Section IV —Chromogenie, Photogenie, and Thermogenie Baeteria.

Caaprer XII —CHROMOPAROUS BACTERIA PRODUCING RED AND YELLOW
Cor.ouRING MATTERS

§ 86 Coluured and Colouning Bacteuin 105 | § 89 Red Coloration m Milk, Cheese,
§ 87 Miciococcus Prodigiosus . . 10§ and Stock-fish . . 108
§ 88. Lipochiomes . . . . 107 | § go. Bacteuia  producing  Yellow
Colouriug Matters . . 109
o
®
e



au CONTENTS

OrArreR XIII,—PURPLE BAOYTERIA AND THEIR BEHAVIOUR TOWARDS

LicrT. -
PAGR PAGE
§ or. Their Morphology . . . 111 | § 93. Assimilation and Oxygen Elimi-
§ 92. Influence of the Individual nation . . 113
Colours of the Spectrum . 112

OrarrER XIV,—CHROMOPAROUS BAOTERIA PRODUCING Brus, GREEN, AND
Viorer OoLouriNG MATTERS.

§ 94. Blue Coloration of Mulk . . 11§ —Bacteria producing Violet
§ 95. Blue Coloration in Cheese . . 117 Pigments . 121
§ 96. The Fermentation of Indigo . 119 | § 98 Gieen Baoterm.—-—Green Colom-
§ 97. Varieties of Bacillus Pyocyaneus tion of Cheese . 122

OearTER XV —~PHOTOGENIO BAGTERIA.

§ 099. The Genus Photobacterrum . 123
§ 100. The Food Requirements of Phos-
phorescent Bacteria . . 124

§ 101. The Luminous Bacteria as Tests
for Enzymes . . . . I25
§ 102. The Phosphorescents . . 125

OrarTER X VI.—THERMOGENIC BAOTERIA.

Q': 103. Spontaneous Combustion . . 127 | § 105 The Fermentation of Tobacco 128
§ 104. Sponteaneous Heating of Hops 128 | § 106 The Preparation of Burnt Hay . 129

Section V.—The Heat-Resisting Bacteria : Their Place in Nature and their
Importance in the Fermentation and Food-Stuff Industries.

OrapTER XVII.—Baomrus SUBTILIS AND 178 CONGENEES.

§ 107. Roberts’ Heat Method 131 | § 110. The Potato BacillL . 134
§ 108. Morphology of Bacillus Subtilis 132 | § 111. Bacillus Fitzianus—Production
§ 109. Influence of the Mode of Nutri- of Alcohol by Fission Fungi 136
L tion on the Form of Growth . 133 | § 112. Bacterial Content of the Sol . 137
- OmarteR XVIII,—BuTyRio Acrp FERMENTATION AND ALLIED
DrooMPOSITION PROOESSES
§ 113. Anadiobiosis . 139 | § 117. The Equation of Butyric Fei-
§ 114. Methods of Oula\mtmg Anae- mentation 147
robio Bacter:a . . 140 | § 118 The Fermentatlon of Collulose 148
¢ 115. Clostridium Butyricum (Pm- § 119. The “ Betting” of Flax and
mowsk:) and Bacillugs Buty- Hem 151
ricus (Hueppe) . . . 143 | § 120 The B&Dmdlty of Fats . 152
§ 116, The Genus Granulobacter . . 145
[
n
*

€



CONTENTS

Onaprer XIX,.—THE PRESERVATION OF MILX,

»

PAGE

§ 121. Dirt- and Germ-Content in Milk 154 | § 126. The Method of Neuhauss, Gron-
§ 122 The Part played by Milk as n wald, and Oehlmann . .
Carrier of Infectious Disenses. 155 | § 127, The Content of Pathogenio

§ 123. Boiling Milk . v . 156 Germs 1n Varlous Dawry Pro-
§ 124. The Soxhlet Botile . . I57 ducts—Preserving Milk for
§ 125. Germ-Oontent of Milk treated alyss . . . . .

An
by the Soxhlet Method , . 158 | § 128. Condensed Milk .

OrAPTER XX ~—THE PRESERVATION OF Mzat, Ecas, VEGETABLES,

AND Fruir
§ 129. Storage in Oold Chambers . 163 | § 133°Desiccating and Preserving
§ 130 Dried Meat and Salted Meat 164 Vegetables and Fruit—Oon-
§ 131 Bmoked Meats and Corned Beef 165 centrated Wine-Must . .
132 Preserving Hggs . . . 166

Section VI.—Lactie Fermentation and Allied Decompositions.
OmaPTER XXI.—GENERAL OHARACTERISTIOS,

§ 134. Discovery of the Lactic Acid § 136. The Equation of Lactic Fermen-
Bacteria . . 170 tation . . . . '
§ 135. Bacterium Ilactis Lister, and
Bacillus t.x_mdi lactier Hueppe . 171

OrarrER XXTI,—THE PRODUCTION OF OPTIOALLY Aorive OReANIO
CoMrounps BY FERMENTATION.

§ 137. Isomers of Lactio Acid + I74 | § 140, The Production of the Stereo-
§ 138. The Isomeric Tartaric Acids 175 1somerio Lactic Acids
§ 139. The Division of the Racemio

Compounds . . . .y

OmsprER XXTII—THE ARTIFICIAL SOURING OF OrnAM,

141. The Aoid Generator . . . 180 § 143. Defects in Butter . . .
142, The Aroma of Butter . . . 181

Orarrer XXIV.—TrE C0AGULATION (OurbLiNG) oF MILE.

§ 144 Aad Curdling and Rennet § 146. Lab-Producing Bacteria
Curdhng . . 184 | § 147 Cosease . . .
§ 145 Characteristics and Activity of
Lab . . . . . 185 L)

xiii

PAGE

159

160
If

167

172

178

182

186
186



xiv CONTENTS

OmaptEr XXV.—Laorio Ao Baoreria 1Ny DisTiiniNg, BREWING,
AND VINIFIOATION.

PAGE PAGE
8 148 The Spontaneons Acidification § 150 Effront’s Hydrofluoric TAcid
of Distallery Yeast-Mash . 188 Method . e . I9T
§ 149. Artificial Souring by the Aid of § 151. The Lactio Aadification
Pure Cultures of Laeotic Acid (** Zickendwerden ') of Wine . 103
Bacteria, Bacillus amdlﬁcnns § 152, The * Turning * of Beer . 194
longissimus . . 189 | § 153 White Beer, Lambe, Gmger-
. . . 195

CHAPTER XXVI.—THE LAorio Acmp BAOTERIA IN THE PREPARATION

or FoDDER.
§ 154. Brown Hay . . 199 | § 156, Sour Fodder . . . . 202
§ 155. Sweet Ensilage . . i 200

OmarTER XXVII,—TER PART PLAYED BY BACTERIA IN TANNING.

§ 157. The Fermentation of the Plump- I § 158. The Souring of Bark Liquor . 205
ing Soek. . . 204

Seetion VII.—The %ormation of Mucus and Allled Phénomena of
Decomposition.

Oraprer XXVIII.—TaE IMPORTANOR OF BACTERIA IN THE
MANUFACTURE OF SUGAR.

§ 159, The Zooglea of Leuconostos
Mesenterioides . .
§ 160 Physiology of Leuconostoc . 210

§ 161. Mucinous Fermentation and In-
version . . . . . 212

OmarrEe XXTX,—RoPiNess 1IN Mink, WiINE, BEER, AND oTHER L1QUIDA.

§ 162. Ropy or Visoous Milk . 215 | § 166. Ropiness in Wort and Beer . 219
§ 163. Ropy Whey and Thick Milk . 216 | § 167. So-called Sarcina Turbidity in

§ 164. Ropiness 1n Wine . . . 217 Beer s e e s . 221
§ 165. Ropiness in Infusions .« . 218

Section VIII.—Decompositions and Transformations of Organie
Nitrogenous Compounds.

OnrapTER XXX —TaHE PHBNOMENA OF PUTREFACTION.

§ 168. The Degradation of the AIbu- nitmficat on—Nitric Fermen-
minoids . . 223 tation of Molasses . 235

§ 169. The Putrefactive Bacteria . 226 | § 174, Loss of Colour Umschlagen) m
§ 170. Proteolytic Enzymes. . . 230 Wine 239

§ 171. Ptomaines and Leucomaines . 232 Fermentation of Organie Acids
172. The Albuminous Powsons . 234 by Schizomycetes . 240
% 173. Liberation of N ltrogen, an® De- Mannitic Fermentation of Wme 241

*®



S
~

L IBRARY |

§ 1. dlogy is the Science of the Character

Fermentative Organisms,

Fermentative organism 1s the name given to any minute being of
vegetable nature capable of exciting fermentation ~Whether any given minute
organism 18 to be considered as u “ fermentative organism ” or not depends, there-
fore, on the answer to the gpestion . “Does it possess the power of causing
fermentation % L sen

In studying this i first task that lies before us is to obtain a
definition of the o1, or, 1n other words, to establish the common
factor of all the § p és classified under that general title,

Thas is, however, as will seon be apparent, no light task , and the probability
of our attempts being crowned by a successful result will be greater if we lumib
the scope of the question at the outset, and for the moment consider the term
¢ fermentation ” as applying merely to those phenomena with which 1t1s associated
in colloquial Janguage, v1z., the conversion of must mnto wine, wort mto beer,
wine 1nto vinegar, and fresh milk mnto sour, &. To these may also be added the
pxrocess of putrefaction,

Adhering to this re
path of investigation
phenomena are oecdi#

ghrietlon of the term, let us follow in 1magination the
h-has led to the knowledge that all the above-named
L sghely by the activity of minute living organisms, and
8 of ‘their vitality , that fermentation and putrefaction
are, in short, not purely chemwoal molscular transformations, but physiologreal
processes.

Moreover, history shall be our instructor, and lead us on further, to the com-
prehension of those other processes, which, for the present, we assume as standing
without the pale of the term fermentation,” but which, nevertheless, should
actually be included theremn. Such processes are, wnier alia, the transformation
of ammonis 1nto nitric acid, occurring in the soil of pur flelds, the decompositign

I 1 A
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2 THE THEORY OF SPONTANEOUS GENERATION

and dissolution of dead vegetable matter; the ripening of cheese, the formatio
of bog (iron) ore, &e. d&e.

§ 2.—Discovery of Fermentative Organisms.

The orgenisms taking part in the processes of fermentation are so minut
that only a few can be detected, and that very imperfectly, by the unassisted ey
The term microbe, introduced into the vocabulary of science by O SEpiunor (I.)
in 1878, belongs to them of right. Their examination could not be carried o
anterior to the invention of appliances for observing minute bodies under hig
powers of magnification, and therefore the inventors of the microscope desery
to be held in grateful remembrance 1n the domain of fermentation. These wei
Hans and Zacharias Janssen, father and son, spectacle-grinders, of Middelbur;
in Holland, who, about the year 1590, comstructed a combination of lense
which, although, of course, very imperfect when compared with the instrumer
of the present day, must be regarded as the first compound microscope made

Nevertheless, however great this step undoubtedly was, both from a theoretict
and practical point of view, and however fruitful 1t proved 1n results, seeing the
1t rendered possible lafer discoveries in the world of the * infinitely hittle,” an
especially of the fermentative organisms; still the fact remams that the fir:
fundamental observations were made, not with the compound, but with th
simple microscope, which then, as now, was little more than a megmfying glas
or bi-convex glass lens.

The honour of having discovered the presence of extremely small and hithert
undetected organisms in putrescent and fermenting hquids belongs to anothe
native of Holland, by name ANTONY VAN LEEUWENHOEE. Born at Delftin 163z
he acquired during his apprenticeship to a hnen or cloth merchant 1n Amsterdar
some skill 1n grinding small glase lenses  Of this skill he made further use afte
his final return to his native town, and succeeded 1n producing lenses capable o
magnifying from 4o to 100, and even to 150 times. With these he examine
various minute objects, and frequently, amongst others, all kinds of vegetabl
mfusions 1n a state of decomposition. He discovered therein sundry extremel
small creatures, many of them capable of motion, which he therefore regarded a
animals, and named from their habitat infusoria. He died in 1723 The moder:
world has entitled him ‘‘ the father of micrography,” s.e. that science which treat
of the most minute forms of life.

This newly-discovered field of research was at first regarded by Leeuwen
hoek’s successors from an almost exclusively medical standpoint, as it 18
natural ingtinet in man to try and maintain health and to prevent disease A
that particular period, too, a special 1mpetus was given to the study of medicin
by the ravages of the plague, which only too frequently pursued 1ts destructive
course throughout Europe.

On the other hand, the study of the phenomena of fermentation derivec
httle or no benefit from Leeuwenhoek’s discovery. The first investigator whon
we meet with in this domain is the Viennese physician, Marcus Antonius
Plenciz, who in his work * Opera medico-physica,” 1ssued 1n 1762, applied the
results of Lesuwenhoek’s discoveries, not only to the field of medicine, but alsc
to that of fermentation and putrefaction In the latter connection he arriveo
at the noteworthy conclusion that ‘“a body undergoes putrefaction when the
germs of vermicular creatures begin to develop and multiply; because these
ammals excrete numerous precipitations consisting of volatile salts, by which
the liquids ure rendered turbid and malodorous.”

1 The Roman numerals given 1n brackets after the names of nvestigators refer to the
Biblhiographical References formifg an appendix to the second volume

~
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DEMG ‘ OF “GENERATIO ZQUIVOCA™ 3

s aequaintance with these minute creatures may
s who succeeded Plenciz, and however useful,
ow, Thight be to observers the processes of de-
#uced, these questions were nevertheless forced
wound by another, namely, the origmn of these

However 55
have been to ¥
from a practiesk,
composition whithid
temporarily inte “thies)
minute organisms. - - g

How do the miunsute

Some opmed bl
(and therefore in
liquid 1n question, ‘e
(generatio spontameqly

hes so coprously developed wn nfusions oryginate ?
-organisms were produced from certain unorgamsed
gubstances—chemical compounds—present in the
dtion bewng therefore considered as spontaneous
sing from elementary substances (prunary genera-
tion). Or, whilst proe from elementary substances, as differing therefrom
(heterogeneous), or I8 i thereto (equivocal), hence the name Heterogenesis
or gensratio @QuIVEH: of which terms, as well as that 1mmediately to be
noted, have the saie d :
The party oppes
from a hifeless tovf ¥
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eighteenth centuryy

5d, on the other hand, the possibility of a transtion
tion (ablogenesis), and asserted that when *“infu-
ion, a hquid or matter undergoing decomposition,
germs present therein,

this point there arose, about the middle of the
med one of the liveliest disputes agitating the
domain of natural that period, and which, after occupying the most
earnest attention &f) ccessive generations of scientists, only terminated,
after numerous fued bout the middle of the piesent century. Fiom
among the mur gators who took part in this controversy, mention
can here be m 2 Needham on the one side and Spallanzan: on the
other being ent fiist place.

v

§ 3.—Needham’s Demonstration in Favour of
‘¢ Generatio ZAquivoca.”

The most energetic clinmpion of the theory of spontaneous generation was
the Eoghsh divine; N pe (I.). This theory was 1n existence long before
his time, and had. @& #éhowned supporters—among them the chemist Van
Helmont, who propesed a method for producing artificial mice—but until then
had not progressed beyond the stage of indefinite assertion and unfounded
hypotheses. The cause of the extraordinary support and approval accorded
t0 the assumptions put forward by the English divine 1s, on the other hand,
attributable to the novel mapner in which he arrived at his theory (pub-
lished 1n 1745), v1z, not by untenable hypotheses, but by well-directed experi-
ments,

He set to work, for example, in the following manner An aqueous meat
extract was boiled for a short time 1n a flask, which was then made awr-tight and
left to stand for several days or weeks When opened at the end of this time,
the contents proved te be plentifully infested with ¢infusoria,” from which
Needham concluded that as the ‘eggs” originally present in the liquid were
killed by the boiling and the entry of fresh ones from the outside was precluded,
therefore the living infusora discovered in the liquid on re-opeming the flask
must have originated spontaneously, not from eggs (germs), but from the lifeless
constituents of the liquid.

The great 1mpression produced on his contemporaries by these statements
can be appreciated by reference, for mstance, to Buffon’s work on the “ System
of Generation.” .
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§ 4.—Spallanzani’s Experiments.

OF the two hypotheses forming the basis of Needham’s deduction, the
accuracy of the second, i e. that relating to the exclusion of outside germs, was
examined first Some twenty years after the appearance of the English theory,
the Abbé Srarranzant (I) published a dissertation in which he combated the
doctrine of spontaneous generation In this work the Itahan divine detailed
the expeiiments which had led him to the conclusion that a development of the
animalculs m question, 1n an 1nfusion mantained at boiling-pownt for three-
quaiters of an hour, was only possible provided aun, which had not been pre-
viously exposed to the mnfluence ot fire, had been admntted This position was
also maintained by Spallanzani 1n a second treatise (I ) -

Nevertheless, the suppox ters of the spontaneous generation theory were still
far from regarding thewr cause as lost. They characterised these experiments as
mconclusive, since (so they said) © by the immoderate heat Spallanzan: chose to
employ, the air 1n the vessel 18 so unfavourably changed, and rendeied so
unsuitable for the maintenance of hfe, that it 18 no oceasion for surprise that
all developmment was lacking ¥ This objection was curtly rejected by Spallanzani,
but an experimental confutation was only ariived at much later. The next step
1n this direction was accomplished 1n 1836 by—

§ 5.—Franz Schultze’s Experiment.

In order to avoid under-estimating the value of the very short treatise (I)
published by this mnvestigator, 1egaid must be had to the influence attaned by
Chemistry in all branches of
natural science during the sixty
years that had elapsed since
Spallanzani’s demonstration, an
influence which will be eluci-
dated, 1n so far as 1t refers to
the theory of Feimentation, 1n
subsequent sections The 1dea
that ordinary air acts as an
inducer of fermentation or
putrefaction by 1eason of its
content of living germs was
first called into existence by

¥1G6 1 —Franz Schultze's Experlment Schultze.

He desaibed his experi-
ment as follows “I filled a glass flask half full of distilled water (Fig 1),
with which I had mixed various animal and vegetable substances, and eclosed
1t with a sound cork, through which were passed two tight-fitting glass
tubes bent to elbow joints. 1 next placed 1t in a sandbath and applied heat
until the water bouled briskly, so that all parts were exposed to a temperature
of 100° C.  Whilst the hot water vapour was still 1ssuing from the two tubes,
I attached to the end of each an apparatus employed by chemists, 1n the
cowrse of organic analyses, for the absorption of carbon dioxide. That on the
left-hand mde was filled with concentrated sulphuric acid, the other with
solution of potasstum hydroxide” After cooling the apparatus, air was drawn
through twice every day duiing the ensuing two months, 1n such a manner that
15 had to pass through the sulphuric acid before enteiing the flask, The results
confiimed the expectations of the investigator, the contents of the flask when

~ -
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ed belng found free from living organisms, which, however, soon made thewr
uance when the open flask was freely exposed to the air. This proved that
ous exposure to the influence of fire 18 not an essential condition for
ving air of the power of inducing fermentation or putrefaction
hree years later, THEODOR SOHWANN (II ) entered the field as an opponent
e theory of wpontaneous generation OF his labours in this direction, &
» modification of the Schultze experiment, consisting chiefly 1n the substi-
1 0f a heated metal tube for the bulb tubes (see Fig. z), occupies merely a
dary position More
tant in the attack on
heory of the spon-
¥y of the phenomena
muentation was the
ishment by him of
b that a resort to
W Unnecessary in the
ution of such decom-
m, but that the same
cin be attained by
ldition of some toxic
nee to the hqud
nentation is arrested
iy influence proved \
eof killing the fungy, R T D
l”}' by' hea.t, potas- F16. 2—~Theodor Schwann's Experiment,
asomate, &e.” He
horefore, the founder of the sciemce of antiseptics. Concerning lus
nentnl researches in the nerrower field of aleoholic fermentation, mention
ymade in a subsequent chapter.
o ndherents of spontaneous generation applied to Schwann’s method of
ing the air the same objection (referred to above) which they had previously
ngainat Spallanzani  They did not even consider themselves confuted by
wlts of Selhultze’s experiment, but asserted that here also the treatment of
, nlthough by no means so violent, unfavourably modified 1t§ composition,

futation of this doubt was only accomplished after a lapse of seventeen
and that by

Lann

Lo~n
::/)'))
e

§ 6.—The Labours of Schrider and Dusch (I).

tigated by the researches of Loswel, who found that ordinaiy air eould he
ul of ity property of inducing crystallisation m a supersaturated solution
um sulphate by filtration through cotton-wool, the two nvestigators
above modified, 1n 1853, the arrangement of Schultze’s experiment, by
1ig the incoming air to pass through a glass tube packed with cotton-wool
entoring the flask It was found that by means of thiz (decidedly not
0t”) treatment the ar also lost 1ts power of causing decomposition and
mation of minute organisms 1n extracts which would remarn unchanged
1ir was excluded.

yimportance of this demonstration must not, however, be over-estimated,
nly proves the presence 1n the air of a ‘something” capable of giving
hving creatures in mammate nutrient medin, and ot exciting substantive
3 (fevmentation and putrefaction) theremn. Concerning the nature of this
‘something,” the experimenters could give no satisfactory acconnt, they
ft 1t an open question whether the something was gaseous or not It

®
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may be considered that they were unduly diffident, smce the action of the
cotton-wool filter proves that this something must necessarily be a sold body
and not agas. But, on the other hand, both 1nvestigators could pomt to experi-
ments wheremn the previously boiled test liquid afterwards underwent decomn-
position, notwithstanding the fact that all the aiwr which was allowed access to 1t
had been filtered through cotton-wool ~Milk they had, . their first treatise,
recognised as such a liquid, and to this were added, m a second communication
by SorropER (L), yolk of egg, meat, and meat broth, in all of which cases the
filtration of the air proved useless. This led Schroder to separate the pheno-
mena of decomposition—characterised as fermentation and putrefaction—into
two groups’ the one, which he designated * voluntary decompoaition,” requiring
only oxygen for 1ts mception, whilst the other, ¢ g. the fermentation ot wort,
required, 1n addition, the collaboration of thut unknown constituent of the air,
which could be destroyed by fire or arrested by a cotton-wool filter ¢ Whether
this active substance should be regarded as germs floating 1n the air, or as some
hitherto unknown chemical substance modified by high temperature and sepa-
rated andifixed by the influence of contact with the cotton fibres, must remain
undecided ”
Glancing back for a moment at the work of Schultze, one would be only too
. readily disposed to cansmder the results of Schroder and Dusch’s experiment as a
retrogade step, since they not only did not afford us any further information
beyond that established by Schultze as to the nature of the germsin the air, but
also called 1n question the accuracy of Schultze’s results, And, in fact, repeti-
tions of the Schultze experiment by many other workers, with various modifi-
cations, especially with regard to the kind of test liquid employed, contirmed the
results of Schroder and Dusech. In numerous imstances decomposition ensued,
even 1n the boiled liquid, when purified air (filtered or heated to redness) alone
was admitted, whilst in other cases, under precisely similar conditions, the
boiled sample remained uualtered for any length of time. Thusthe state of the
question at the commencement of the sixth decade was just about as far
advanced as at the beginning of the century, and the adherents of the spon-
taneous generation theory were more certain of triumph than ever.

§ 7. The Examination of this Theory by Pasteur.

However, the day of refutation was close at hand, though the proof was
not obtained by the methods which had generally been favoured hitherto, but
which had led to no definite issue.

Experimenters had so concentrated their attention on keeping the air
admitted to the boiled hiqmd perfectly free from active germs, that 1t had not
occurred to any one to ask 1f the sterilsation of the hiquid could not be equally
:nsured by simply boiling 1t, either momentarily or continuously for a short

1me.

Reasoning from the fact that all known forms of created hfe (animal as
well as vegetable) were incapable of resisting the temperature of bmling water,
even when exposed thereto for merely a short time, the conclusion was arrived
at that the same effect was produced on the small germs i question. It was
therefore considered, humanly speaking, certain that every hquid could be
rendered free from active germs by boiling for a short time, This was agreed
to both by those who accepted and by those who rejected the dectrime of spon-
taneous generation Still such helief was based on a mere assumption, as On,
Borwer (I), a contemporary of Spallanzant’s, imphed when he inserted the
followmng query in s work opposing the theory of spontaneous generation -
“Is1t, then, certain that there exist no ammals or eggs capable of supporting a
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temperature equal to that of hot ashes without losing ther life or reproductive
power ¢ "

Pasteur called to mind this doubt of Bonnet'’s when he began to subject the
theory of spontaneous generation to experimental examination in response to
the offer made 1n 1860 by the Paris Academy of Science of a prize for “an
attempt, by means of smtable experiment, to throw new light on the question of
spontaneous generation.” From the report of his researches, which appeared
early in the year 1862, in the form of a comprehensmive treatise (I.), well
deserving perusal, only the most important result can be referred to here viz.,
the demonstration of the possibility, by the assistance of sufficiently prolonged
heating at an adequately high temperature, of sterilising (v.e. freeing from living
germs) any substance whatsoever, and of the fact that a sample so sterihsed will
not subsequently undergo decomposition, but will remain unaltered so long as
care is taken to prevent the access of germs from the external air.

The objection raised by the heterogemsts, viz., that decomposition is pre-
vented by the strong heating having rendered the sample unsuitable for the
production of germs, can be easily disposed of by inoculating the liguid with a
few germs, these will be found to develop rapidly and luxumantly. The sub-
stantiality of these germs was demonstrated by Pasteur in a very beautiful
experiment;, for which he employed a culture vessel similar to that described by
H. Hoffmann (L) 1n 1860, and now generally known by the name of Pasteur
flagk, a glass flask (fitted with a tubulus at the side for facihitating 1noculation)
the neck of which 1s drawn out small and bent twice like a swan’s neck The
external ar 18 obliged, in order to gain access to the contents of the bottle, to
pass through this neck, and as the direction of movement 18 changed at the first
bend, all the germs are deposited there.

Thus was laid the foundation on which the edifice of Fermentation Physiology
was gradually raised. The possession of perfectly sterile culture media, and the
power of protecting them from the intrusion of unauthorised germs, s a smne qud
non for a successful and reliable study of the orgamisms of fermentation.

§ 8.—Béchamp’s Microzyme Theory.

Pagteur’s investigation and elucidation of the causes of the tenacity of life
exhibited by many germs thenceforward occupied the earnest attention of
mycologists, and finally led to the acknowledgment that this power of resistance
is possessed by the reproductive organs known as spores. The morphology and
physiology of these organs forms the subject of §§ 48 to 55 At present, the only
point to be emphasised 18 that when these life-retentive organs are once killed,
no spontaneous development of germs can occur 1n the hquid harbouring them ;
hence such hquid will remain sterile until 1t 18 artificially re-inoculated.

It might be supposed that the adherents of the doctrine of spontaneous
generation would have responded to these demonstrations by abandoning thewr
previous attitude of oppomtion This, however, they did not do, they merely
changed the field of combat without altemng their opimion As they could no
longer maimntain that orgamsed creatures could be spontaneously derived from
unorganised substances, they contended that the dead cells had the power of
hiberating organised living matter capable of development into the various
species -

In a subsequent paragraph we shall learn that 1 the cell contents of most
fung, ¢ g yeast, small, highly refractive bodies, known as microsomata, may be
frequently observed. On applying pressure to the cover-glass placed on a pre-
paration containing cells that exhibit such enclosures, the membranes are ruptured
and the microsomes are liberated  If, now, the latter be transferred to another

-
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utrient solution, there will most assuretily be a develapment ¢f organisms, 1f we
gbib those preca.t,ltions which. are. considered cssentjal by the bacteriologist, but
superfluous by those who beljeve in spanfaneous goneration. Such development
is, however, due, not to the mierogames, but to the germs introduced during the
transfer. Although this 1§ so evideat, it 18 strange that this view should have
had its opponents, ag, for instance,, bl}B botanists H. Karsten and A. Wl.ga.nd
(I and IT.), and, with stult greafer pertinacity, A. Béchamp.  The Inst-mentioned
designates these microsomes (¢ granulations moleculaires ') microzymes, -and
attributes to them such tenacihy of. ife that they are able to remain dormant,
not onlyfor years, but even for entine geological periods, fince, as Béohamp asserts,
he has found mierozymes of cells which yere buried 1n the strata formed during
the Cretaceous period still retaining their vitality and reproductive power. A
fall acsount of this microzyme theory, whick many amateur bacterzologists have
considered to be indisputable~—communiestions res ecting which have been
eessantly intruded wpon the netiee of the Academy f Seience at Paris—is given
in a bulky volume which Biiogane (1.) Ja1d before his scephical contemporaries

m 1883.
§ 9.—Spontaneous Generatien enly Unproven, not Impossible.

One thing 15 established beyond doubt, namely, that sl the Instances of sup-
posed spontaneous generation brought forward by the adherents of the theory
have been witwated by numerous errors It 15, moreover, established that the
occurrence of spontaneous genemtion,h&sag been proved, no ilable exper:-
ment beng known in which Lying weare pmdqc%; from jnanimate
substances. Spontaneous generation is therefore unproven. < vy

‘Whether1t 18 also an vmpossibulity 18 a point stall to be decided, 1f fke theory
of evolution, as presented by Lamarck and Darwin, be traced towards its origin

in the lowest organisms, we come to standstill with the question “ And from
whence then comes the ultimate and lowest creature —How did organic hife

orginate on our globe 2”
.- The reply furnished by the English phyzicist Thomson L—that our earth was
. - fertilised 1 1ts youth{ by %5, bEingis e f organisms from other
- reayenly bodieg s sfens 4 :
oned

Bt

- “geene and to & more-¢ b ah B
question : “ How did life originate o’ these anknown, extra-mundane sources
of ereative messengers?” There are only two possible answers to these questions,
viz., Spontaneous generation, or a miracle

As a matter of reason, we are therefore obliged to assume that, at some

" definite moment 1n the past, organised living beings were produced from un-
organised potentially organic substances » and further, that such creative power
may stul be operating, may perhaps be performing at present The Dpossibulity
cannot be gainsaid.

That bacteria are the regult of this primary creation of living beings ig very
questionable, and even improbable, since their structure 1s much mole compli-
cated than 15 consmstent with their presumed origin directly from chemical
elements, unmodified by changes 1n passing through simpler intermediate
organisms,

1 Lord Kelvin,

LY S TN
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Many investigators, and amongst them U. Nieruz (I.), assumed that these
lowest forms really exist, although undiscovered at present, and in his important
and highly suggestive work on the Theory of Descent—which also contains a
fine chapter on ‘the limits of knowledge 1n natural science”—this author
touches upon the question under consideration He calls these presumptive
connecting links Probign (pre-existing), on the ground of their being the pre-
decessors of all known forms of living bemngs. Such a Probion resulting from
spontaneous generation would be * merely a drop of homogeneous structureless
plasma, devoid of any definite form and composed of albuminates, nssociated
only with the compounds necessary for nutrition.”

“We must assume —says de Bary—¢‘that organisms must at one time
have originated from organisable but unorganised substances, without pro-
genitors. . . . To prove such a primary creation of a living bemng is of the
highest interest, and exercises the same fascination on the investigator as the
expectation of the homunculus in the phial did on the alchemist, The expe-
rience of centuries has, however, shown that the homunculus when it actually
appeared was simply & small 1mp which had been secretly passed into the flask
by sleight of hand. . . . Therefore—admitting all 1maginable possibilities—
the law, based on experience, of origin from ancestors, corresponds with the
enlightened state of our knowledge, and this is the starting-point that must be
taken in a work which has to deal with the exact sciences ”
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THEORIES OF FERMENTATION.

§ 10.—Stahl’s Theory of Fermentation.

WrorvER was the first to leave the juice of sweet fruit to itself in storage for
a few days had the pleasure of observing a phenomenon hitherto unknown-—
the incipient decomposition of the mass—which we nowadays term alcoholic
fermentation. This observation was made at so early a date that we have no
record of 1t beyond myth and tradition -The Oreeks féted the deity Bacchus
as the inventor of wine, and the Egyptians ascribed to Osiris the first itroduc-
tion of brewing.

Acquaintance with the nature of this phenomenon was, however, of an
extremely superficial character for a very long time Even in the later Middle
Ages the word fermeniatio (fermentation) was employed as synonymous with
digestio (digestion), the latter word being also currently used to denote any form
of chemical reaction ; and the word ‘‘ ferment ” was appled to any body capable
of producing such reaction.

At an early date 1t would necessarily be noticed that the “must” when mn a
state of fermentation became covered with a froth, and that at the end of this
operation a copious deposit, viz, yeast, was left at the bottom of the vessels
Permentation was therefore looked upon as a process of purfication, by which
the 1nitially turbid and discoloured liquid was so 1mproved and freed from dirt,
that the purified alcohol exlubited 1ts true properties For thus reason the
deposit was deseribed as the fawces wini or fuwces cerevisur, ie. the excrement of °
the wine or beer. This iew was held by, e g Basilius Valentinus, a German
monk and alchemist, who lived at Erfurt early in the fifteenth century

It was also noticed that this sediment was a powerful ferment, z e. 1t was
capable of rapidly exciting a brisk fermentation in still unfermented liguids,
such as wine-must or beer-wort. This 1dea was adopted in other branches of
chemistry, so that any reaction was considered as eluadated when the body
acting as “ ferment” theremn could be identified ~Moreover, the ** philosopher’s
stone,” the goal of the labours and aspirations of the alchemsts, was pothing
but the much sought for, but never discovered, universal *‘ ferment” for every
possible chemieal process!

Among the disciples of the alchemiec school, one other, viz, SramL (I),
deserves mention, because his views on the nature of fermentation were adopted
by Liebig a hundred and forty years later. Stahl extended the definmition of
fermentation to all forms of decompostion, his theory bemg expressed verbatim
as follows: ‘ Putrefaction (and also fermentalion) 1s internal movement A
body undergoing such internal movement may easmly induce the same in any
other body, which, though still quiescent, is susceptible of such movement.”

§ 11.—Gay-Lussae’s Opinion.

Stahl’s view remained in vogue until the commencement of the nine-

teenth century, when Gay-fussac, in 1810, enunciated a new theory to a new
10
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age. The discovery by Lavowsier that combustion 1s -a process of oxidation, a
combination of oxygen with the combustible substance, was an event the
influence whereof extended over the entire domain of chemistry. The assign-
ment to oxygen of a part 1n the process of fermentation was therefore opportune ;
but Gay-Lussac was especially prompted by another circumstance.

A Pariman confectioner and cook, named Appert, had made practical use of
the experiment devised by his contemporary Spallanzani for the refutation of
the heterogenists and, after some prelimimnary trials, perfected his process for
preserving meats, vegetables, spirituous liquors, &e. To this end he exposed
them, mn hermetically closed vessels, to the temperature of boilng water for
some time—a process which had somewhat earher (1782) been recommended by
the Swedish chemist ScEEELE (I ) for the conservation of vinegar. In this way
ArpPERT founded a new branch of industry—the meanufacture of conserves—
which brought him both wealth and fame. He publhshed a volume (I.) which
comprised the results of his experience It was widely circulated and ran into
suveral editions, the first of which appeared 1n 1810, and the fourth in 1831.

It 18 therefore little matter for surprise that the attention of the Parisian
chemist was directed (whether from the culinary or the literary mde) to the
productions of his enterprising fellow-citizen. Gay-Lussac (1) now examined
conserves prepared according to Appert’s process, and found them to be free
from gaseous oxygen. This moited him to make fermentation experiments
with wine-must, &c, the results of which led him to assert that the presencs
of oxygen 18 necessary to the wncepiion of fermentation. A number of over-
zealous colleagues, 1n expounding their master’s opinion, added new features to
1t, and subsequently credited him with the assertion that oxygen 1s the actual
ferment—a statement as unfounded as 1t is maccurate. (Gay-Lussac only claimed
for the gag'a eingle function, the inception of fermentation, once the process was
in operation the stimulus was no longer required. With regard to the nature
of this stinulating action he was, however, unable to report more definitely.

Among the observations which led Gay-Lussac to adopt this view, mention
may be made of one which appeared to him particularly conclusive, namely, the
sterilusation of wine-must by sulphuring. When wine-casks, before filing, are
thoroughly sulphured—: e. the 1nternal air contained 1n them 1s heavily charged
with sulphur dioxide by burning sulphur 1n the casks—the grape juice thereafter
introduced remaimns quiet and passive, without fermenting. This circumstance
18 now unanimously ascribed to the vitality of the yeast cells m the must being
destroyed by the sulphurous acid. Gay-Lussac, on the other hand, viewing the
matter differently from his standpoint, held the opinion that as the sulphurous
acid had a strong afimty for the oxygen, the two combined, and as no oxygen
was available for starting the fermentation, the must necessarily remained inert.

The experiments made by Schwann 1n 1838, and described in § 13, refuted
the opinion of Gay-Lussac, by demonstrating that the r6le of exciting fermentation
18 set up by certain microscopic iving creatures which perform theiwr functions
1n the absence of oxygen. Subsequent research proved that the presence of this
gns 18 altogether superfluous, so far as the progress of alcohohic fermentation 1s
concerned, although 1t 18 not without influence thereon. PasTeur (II) 1 1861
estnblished 1t as a fact that this progress 1s more satisfactorily effected when
the fermenting liquid 1s subjected to brisk aeration.

§ 12.—Cagniard-Latour’s Vitalistic Theory of Fermentation.

The French apothecary Astier (I. and IT ) has generally been credited with
being the next mmdividual, after Leeuwenhoek, who gave his attention to the
nature of yeast. An examination of his published works shows, however, that

~
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his investigations into fermentation were conducted without the aid of the
microscope, 80 that he did not bring to light any actual facts concerning the
nature of yeast, but—as was 'pointed out, though 1n van, by Quevenye (L.) as
far back as 1838—based his assumptions on hypotheses devoid of foundation.

In the same way another Frenchman, viz,, Desmaziéres, the reputed pioneer
of the founders of the vitalistic theory of fermentation, eannot permanently retain
this title. Liake Astier, he 18 said to have recognised the part played by yeast in
fermentation, but, as a reference to his treatise, published mn 1826 (in _pages 42
to 67 of vol x. of the Ann. des Se. Nat ), will show, this assertion 1s incorrect.
In these observations Desmaziéres viewed the matter sumply as & naturahst,
His mvestigations of the fungoid growths covering the surface of moist substrata
were conducted from this point of view, and 1t was in the course of this study
that he examined the mycelia that develop on beer, &c. These conswst of masses
of elongated cells, to which he gave the name Mycoderma cerevisie. As he
fancied they exhibited powers of locomotion, he considered them ns belonging to
the animal kingdom (anwmaleula monading), bus, true to his purely descriptive
inclinations, he disregarded their physiologieal properties, and especially theiwr
influence on the substratum Thus the reputation attributed to Desmaziéres of
baving, 1n 1826, microscopieally studied the morphology of the yeast-like cells, to
which Persoon had definitely alluded four years earher, is dissipated by facts,

On the other hand, a German worker, viz., EuxiEREN (I ), had already, in
1818, correctly estimated the importance of yeast, in that he asserted 1t to be a
hving organism, the vital functions of which are the cause of fermentation.
Unfortunately he did not follow up this 1den, which was thrown out asa mere
oceasional remark mn his treatise on practical analytical experiments. Otherwise
he would, in 1818, have anticipated what was only accomplished twenty years
Inter, viz., the establishment of the fact that (aleohoho) fermentation 15 causa-
tively connected with the life (viéa) of certain organmisms. This was determined,
almost smmultaneously, by three investigators working quite mdependently of
each other Cagmard-Latour in France, and Theodor Schwann and Friedrich
Kutzing in Germany.

The paths by which these three arrived at their common goal differed. The
vergatile French technicist 18 known by name to the majority of educated people
on account of the siren he invented, and which 1s largely used 1n the science of
acoustics. He also devoted some attention to brewing, and compiled a work on
the fermentation of beer. The preliminary studies undertaken 1n this connection
led him to more closely investigate the nature of the ** yeast,” of which—notwath.-
standing the observations of hus two compatriots already mentioned—practically
nothing was then known. This material he examined with the assistance of the
microscope, and laid the results of his researches before the Parsian Academy on
June 12, 1837, in a short paper (IL) contaming the following chief pomnts

1 Beer-yeast, instead of being an inanimate chemical substance, as previously
supposed, actually consista of small globules which possess reproductive power,
and are therefore living organisms.

2. These bod1es appear to belong to the vegetable kingdom, and to reproduce
themselves 1n two ways,

3. They seem to act npon sugar solution only whilst still iving , wherefore 1t
may, with great probabulity, be concluded that, by their wital activity, carbon
diox1de 18 liberated, and the sugar solution transformed 1nto an alecohohe iquid

§ 13.—The Researches of Theodor Schwann.

As the words printed 1n 1talics n the two preceding sentences show, and ns
a closer examination of the grigmal treatise will more clearly reveal, Cagniard

¢
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did not indubitably establish the vegetable nature of yeast. The accomplish-
ment of this task, and the attribution of this organism to 1ts proper position in
the system of Botany, formed the subject of a treatise published by ScEwan~ (1.)
1n the first half of 1837, 7.6 contemporaneously with Cagniard’s paper

In following up the results of his regearches on spontaneous generation,
Schwann studied beer-yeast, and found that the 1ndividual globules, of which the
mass was seen under the microscope to consist, frequently became united into
chain-like or laterally branching bands, and presented to the eye an appearance
greatly resewbling that of many already well-known multicellular fungl It
was not ths discovery alone, however, but rather their mode of reproduction,
which induced Schwann to considér these bodies as of a vegetable nature 1n
this process the globule pushes out from its interior a small nodule, which
Schwann was able to observe develop to 1ts normal dimensions “ Observation
of its growth leaves mo doubt as to 1ts vegetable nature, since animals do not
reproduce themselves 1n this manner,” The rute of reproduction of the globules
kept pace with the increasing briskness of the fermentation, so that Schwann
came to the opmnion that 1t was highly probable that the development of the
fermentation was induced by that of the organwsm

“Vinous fermentation must therefore be regarded as the decomposition
occasioned by the sugar fungus extracting, fiom the sugar and a mtrogenous
body, the materials necessary toits nutrition and growth, whereby such elements
of these bodies (probably among other substances) as are not taken up by the
plant unite, by preference, to form alcohol ”

This discovery was communicated by Schwann to his friend and colleague,
Professor Meyen, who tested and confirmed it, ¢ stating with 1eference thersto,
that the only doubt arsing was whether the organism in question was an alga or
a thread fungus, the latter seeming the moie hikely by reason of the absence of
green pigment.” Thus yeast was recogmised as a fungus, and, fiom its capacity
of fermenting sugar, was designated sugar fungms whence the current generlc
name, Saccharomyoes Meyen.

According as such a sugar fungus was found active 1n beer-wort or wine-must,
1t was called by the specifio name of § cerevisie or S. vine, which names remained
1n general use 1n thew original significance until ReEs (I ) m 1870 proposed a
system of differentiation which will be more fully noticed in a subsequent
paragruph.

As follows from the remarks already made, the name ‘¢ yeast” applhied merely
to one particular group of ferments, viz., those producing alcoholic fermentation.
For a conmderable period after Cagmard’s discovery, however, 1t was used indis-
criminately for all ferments Thus, for example, Pasteur speaks of the “ yeast ”
of lactic fermentation, meaning thereby Bacteria , and even 1m 1879 Nagel:, the
mvestigator of the fission fung, refers in his “ Theory of Fermentation ” to the
“ yenst ' of putrescent urme This misuse of the texm has been abandoned, and
the name ‘ yeast” 18 now only employed when speaking of the budding fung:
that excite alcoholic fermentation.

§ 14.—Friedrich Kiitzing’s General Theory of Fermentation.

The views promulgated by this German woiker in the field of Vegetable
Physiology and the Algm were in harmony with the spirit manifested in the
‘ Elements of Philosophic Botany ”

Published almost simultaneously with the above-mentioned communications
of Cagnimid-Latour and Th. Schwann—though actually compiled at a much
earlier date (before 1834)—Kutzng’s treatise (I) on this subject surpassed
those of his two colleagues in more than one particular The value of his
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acbual determinations 1s not, mn our opinion, lessened by the face that he was an
advocate for spontaneous generation, since at that time (in 1837) there existed
no decisive and unassailable proofs to controvert this theory

Kutzing did not restrict his researches solely to alecoholic fermentation, but
also mstituted comparisons with a number of other similar phenomena, regard-
ing them all from the same point of view. Even though he must share with
others the credit of having discovered the organised structure of yeast, that of
determining the vegetable nature of the ‘ mother of vinegar” and recognising
1ts mode of action belongs to him alone With these discoveries are associated
a number of others of minor 1mportance, such, for example, as the physiological
basis of the method (propounded by Scheele) of preparing gallic acid by allowing
a solution of pyrogallic acid (e g. gall-nut extract) to hecome infested with
mould. The numerous phenomena he brings under our notice constitute so
many proofs of the theory that fermentation cannot be regarded as a purely
chemmeal process It 18 well known that chemistry explaing vinous fermenta-
tion by the reaction of the so-called gluten on the amylum (starch) and sugar.
I must firmly maintain that the explanation does not give me a clear 1dea of
the process, and I am inclined to doubt whether others are more fortunate m
this vespect It 18, however, certain that the entire process of alcoholic fermen-
tation 18 dependent on the formation of yeast, and the acid fermentation on the

formation of the vinegar plant. . . . Along with the mncreased growth of these
orgamsms the reproductive 1mpulse also increases, and,! concurrently, their
reaction on the hquid present., . . . In so far as fermentation 18 synonymous

with a reciprocal reaction of organic and inorganic bodies on the constituents of
a given liquid which may be regarded as forming the nutrient medium of the
organic product, so 18 it necessarily synonymous with every organic vital func-
tion wherefore organic Iife = fermentation. On the other band, such pro-
cesses as lead to the production of vinegar from alcohol by the use of platinum
black or other smilar methods, cannot be compared with fermentation, being
purely chemical, whilst fermentation 1s an organo-chemical process, a8 1s also the
Iife process of any organic body ” *

One of the three members of the committee appointed by the Académie des
Sciences of Paris to report on the memoir presented by Uagniard—namely,
Turein (L.)—took the opportunity thus afforded of experimentally dilating
upon his compatriot’s work, and of amalgamating these new * discoveries ™
with the revelations of Schwann and Kutzing. In this way a volume,
contamning more pages than Latour’s communication had columns, came mto
existence, without, however, adding to our knowledge in the shghtest degree.
Turpin seems, however, to have thoroughly known his public, since he 18 even
now regarded as one of the founders of the witalwstic theory of fermentation,
not only by compilers of text-books, but also by actual investigators, from whom
one might more reasonably expect a more thorough study of the original works
of their predecessors, -

§ 15.—Liebig’s Decomposition Theory.

Two years subsequent to the publication of the works of Oagniard, Kutzing,
and Schwann, Liebig placed before his colleagues a new theory, according to
which fermentation was a purely chemical reaction.

In order to avoid judging this chemist unressonably, one must bear in mind
the age wheremn this theory was promulgated Synthetic organic chemustry
had just been founded Eleven years previously (1828) Wohler had succeeded
1n artificially preparing urea, to the astonishment of his contemporaries, who
had hitherto conmdered ag impossible the artificial production of oiganic
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neous causative agent, a ferment, which 1n this case 18 necessary not only for
commencing (as with putrefaction), but also for continuing the decomposition.

It must be admitted that, at first sight, this definition, as also the differentia-
tion between fermentatiot; and putrefaction, 18 very attractive. Nevertheless
1t will not bear the Hght of feen emtictsm  Take, 1n the first place, the character
on which the distinctich bat¥een fermentation and putrefaction 1s based, viz,
that the former will not go on without the presence of the ferment, whereas,
on the other hand, putrefaction, when once started, continues spontaneously,
the ferment being no longer needed. The reason why Liebig was mnduced to
make this distinction 15 easy to futhom. In the case of fermenting beer-
wort—which Inebig usually had i view when speaking of fermentation
—the fermeut (beer-yeast) was discernible to the naked eye, and experience
taught that without this ferment the fermentation could not be satisfactorily
carried on. On the ether hand, the presence of those minute organisms which,
a8 we now know, insinuate themselves into all substances liable to putrefaction,
and decompose the same without, as a rule, giving rise to such a multipheation
of the deposited ferment as can be remarked by the inexpert eye, 18 not so
mmmediately apparent as in aleoholi¢ fermentation.

Thue, even 1n Liebig's opinion, yeast is essential to the continuance of
fermentation, only, the ferment is degraded to a simple albuminoid substance.
To enter nowadays mto a further onslaught agamst this theory would be
merely storming an undefended position. Moreover, as the subsequent editions
of the aforesaid work demonstrate, 1t was gradually modified by 1ts author, so
that the form 1 which 1t was presented in s latest exposition (IL:) mn 1870
differs 1n many particulars from the original, n
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The ocular demonstration, m individual instances, of the untenable nature
of the hypotheses supporting this theory, to those whom the representations
of Latour, Kutzing, and Schwann had not succeeded in convincing, was the
congenial task undertaken by Pasteur, and brought by him to a successful
issue with great experimental skill,

§ 16,—Pasteur’s Theory of Fermentation (IIL.).

The victorious antagonist of the theory of spontaneous generation was not
content with controverting the views of Lnebig, he also sought to erect a better
theory in its stead. According to this doctrine, 1t 18 the lack of fres omygen that
leads to the fermentation being set up by the organism as & means of supplying
1tself with the energy 1t requires by serzing upon the oxygen thereby obtain-
able, * Fermentation 1s Iife without air” A very slight experience in this
matter suffices for the recognition of the fact that this theory takes no account
of the several kinds of fermentation 1n which the presence of oxygen is a neces-
sary condition, viz , the so-called ozidation fermentations—the best example of
which 18 afforded by the acetic fermentation. In this respect the theory cannot
be further alluded to in the present chapter, which 13 devoted to general con-
siderations, It will be fully dealt with in a subsequent chapter. The only
remark to be made now is that this theory also bas proved untenable

The permanent value of the services rendered to Fermentation Physiology
by Pasteur are not diminished by the disproval of his theory of fermentation,
since they have their root in the successful endeavour, by means of careful and
extensive experimental demonstration, to bring into umversal recognition the
theory originated—but only imperfectly formulated—by Cagniard, Kutzing, and
Schwann, of the causative connection between fermentation and the vital
activity of the microbe;

§ 17.—C. Nigeli's Physico-Molecular Theory.

Although it was by thig time 1ndubitably established that without the vital
activity of micro-organisms no fermentation could oceur, no clear account had
been given as to how the activity itself was exerted. Several explanations
were possible According to one which was especially advocated by Kutzing and
Pasteur, a decomposition was effected within the cells of the organic ferments,
which obtained thewr nourishment from the fermenting material (e.g. sugar) and
discharged the fermentation products as waste matter.

According to another, the decomposing force sumply emanated from the cells
and became the direct cause of the decompomtion of the fermentable matter
around them.

The physico-molecular theory, proposed by Nxeer: (IL.), expresses this view
1n the following words * Fermentation is, therefore, the transference of con-
ditions of movement in the molecules, atomic groups, and atoms of the varous
compounds constituting the living plasma (which compounds remain chemically
nachanged) to the fermentative material, whereby the equlibrium of 1ts molecules
15 destroyed and their dissocation induced * The radius of the sphere of influence
of the individual yeast cells is estimated by Nageli as from 20 to 50 p.

This definition differs from that formerly given by Liebig merely in a single,
though important, consideration, viz,, 1t regards the living cell as the source of
action, whereas the other definition speaks of inanimate albuminoid substances.
Nagel was, however, unable to prove the correctness of hus theory,and the calcula-
tions deduced from other observations which he brought forward in support
thereof have mn course of tume proved inapplicable,
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§ 18.—The Enzymes and M. Traube’s Ferment Theory.

There is still another possible explanation of the power of living cells to act
at a distance, This regards the cells, not as centres of radiating molecular
movements, but as forming centres of production of metabohc products which
penetrate through the cell membrane into the surrounding liquid. There they
become widely distributed by diffusion, and by theiwr influence bring about the
decomposition of certain constituents of the solution, but do not undergo any
chemical change themselves. These active bodies are called enzymes, and thewr
behaviour is, as will be observed, different from that of ordinary chemical agents,
since the latter effect alterations in other groups of atoms by theiwr chemical
affimty, whereby the old combination 18 broken up, and the separated portion
enters mto a new atomic grouping with a part of the active agent. Accordingly,
& defimte weight of the agent can only displace a defimite quantity (known as the
“aquivalent weight”) of other compounds; whereas the enzymes behave differently,
therr activity being practwcally ulimitabls. They do not combine with the pro-
ducts of the reaction, but continue to act on the remdual undecomposed substance.

The first enzyme was discovered by PaYeN and Persoz (L) in 1833, who
detected 1n malt extract a substance—which they termed diastase—capable of
converting starch into sugar. They were, however, unable to 1solate it 1n a pure
condition., Three years later THEODOR SoEWANN (III.) discovered in gastric
juice pepsin, subsequently also named peptase, which in faintly acid solutions
resolved undiffusible albumen into assimilable dissociation products. Swmnce that
time the same enzyme has also been delected n varions vegetable organisms,
many varieties of bacteria in particular having the power of elaborating it.
There will be ample opportunity for reference to this point along with the other
known enzymes at a subsequentstage. At present we have only to consider them
as the basis of a theory of fermentation, the formulation of which dates back as
far as 1858, but has come to the front more of late years, and—so far as can be
judged from the data at present available—wull acquire st1ll greater importance.

As we have observed 1n § 10, the meaning attached, under the influence of
alchemical views, to the word ferment was, until the close of the eighteenth
century, very comprehensive, and 1t was only then that the restriction of the
term to bodies 1neiting fermentation began. Contemporaneous with the develop-
ment of positive knowledge with regard to these bodies was the discovery ot the
enzymes, the behaviour of which resembled that of the former, in so far that
they exhibited & capacity of mducing decompomtion. Moreover, the obscurity
in which these organisms were still enshrouded was equally mysterious in both
cages , and, since the organic nature of the true instigators of fermentation was
elther unknown or was not considered worth attention by the chemists of the day,
1t happened that the name *ferment ” was also applied to the newly discovered
enzymes With an increasing insight into the true state of the matter grew the
conviction that two very different things had been grouped under one name, and
this conviction found expression in the distinction thenceforward of the true
ingtigators of fermentation as organised or structural ferments, whilst the enzymes
were designated unorganised or structureless ferments. These terms are still
current 1n chemical text-books, whereas 1n Fermentation Physiologyit 18 customary
to speak merely of fermentative organisms on the one hand and of enzymes on
the other.

M. Travee(I.and II)in 1858 made the origin and influence of these enzymes
the basis of a new conception (Ferment Theory) of fermentation, according to
which this process is not instigated by the organisms themselves, but by the
enzymes formed as products of their vatality and ex.creted by them.

1 B
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This theory was accepted by many persons, e.g. by Hoppe-Seyler, who con-
sidered it as being so self-evident to chemists as not to require any demonstra-~
tive evidence. Nageli, on the other hand, advocated 1ts rejection, mainly for the
reason that he was not convinced as to the exiwstence of any fermentative
enzymes. Numerous workers have, however, since investigated this point, with
the result that Traube’s opnion has again found general acceptance. The
investigations of Miquel with regard to urase, ¢¢ the enzyme excreted by the
baoteria of uric fermentation, merit special mention in this place, because they
brought onr 1deas into closer harmony with the ferment theory, at least so far as
regards the ammoniacal fermentation of urine. Moreover, they have greatly
strengthened the pomtion of the ferment theorists by proving that this urase
cannol be placed amongst 1norganic chemical substances, 1n the ordinary sense of
the term, but is really an intermediate stage between these and iving protoplasm,
Miquel goes so far as to say that his urase 1s actually protoplasm, chiefly differing
from that of the cell contents in that 1t dispenses with the protection of the cell
wall, and remains and works on the outside.

The reader desiring fuller information on the properties of the enzymes than
can be obtained from the present work 1s referred to the comprehensive treatise
pubhshed by E. Bourqueror (L) in 1896

§ 19.—General Deflnition of Fermentation.

‘We will now pass in review all the preceding explanations, and attempt to
extract from each of them whatever can possibly afford us assistance in finally
arriving at a satisfactory definition of the term fermentation. In the first place,
Lieb1g's explanation certainly does not call for further conmderation 1n this con-
nection. Iun the results of the remaining researches we find one factor common
to all, and thet is the certainty that, for the inception and continuance of the
process, which——1n harmony with the limitation expressed in § 1—we have
hitherto entitled ‘‘ fermentation,” the presence and active collaboration of low
types of living organisms 1s a prime essential. Concernmg the nature of the
tluﬂuet‘lice, whether direct or indirect, of these organisms, opinions are, however,

ivide

If, now, the 1nstigators of fermentation be examined sertafum according to
the method outlined later on, 1t will be found that not only are they vegetable,
but also that all belong to the same class, and that, too, the lowest in the vegetable
kingdom, namely, the fungz. The power of inciting fermentation 1s, however,
restricted to comparatively few of the genera of this class. Nevertheless, these
latter are so intimately connected with the others, from a botanico-morphological
point of view, that it 18 impossible to classify the fung: into two sub-groups,
characterised by the presence or absence of this faculty, without introducing
serious systematic anomalies.

The Limitation that can be given to the defimtion of fermentation may be
thus expressed . ““ Fermentation 1s a decomposition effected by the vital activity
of fung1” Nevertheless, as is evident from what has already been mtimated,
no greater precision can at present be imparted to such part of this defimition as
refers to the nature or mode of action of the ferment, On the other hand, as
will soon be apparent, the word * decomposition” must give place to a term
that 18 both more accurate and more comprehensive.

The phenomena of fermentation forming the starting-point from which the
workers from Oagniard to Nageli began their researches, and which up to the
present have been the sole subject under-our consderation, possess one charac-
teristic in common, 1 ¢ they are always attended by the degradation of complex
organic compounds into sigpler ones. By regarding this characteristic by itself,
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fermentation might be defined as a decomposition of orgamio substances by the
agency of fung1

The researches of the past fifteen years (1880-1895) have, however, neces-
sitated considerable modifiations of the words itahcised. The study of the
bacteria of the nodules of leguminous plants has taught us that their mam func-
tion consists in bringing about the combination of free atmospheric mitrogen :
hence their action 1s not & decomposing (analytical) one, but 1s synthetic or
constructive, so that i respect of these organiams our defimition will have to
mclude the word ‘“ transformation.” The adjective ‘‘ organic” may still remain,
sn;ce the microbes 1n question require organic nutriment 1n addition to the free
nitrogen. a

‘We shall, however, find ourselves constramed to reject this latter term when
wecome to the study of nitrification, and make the acquaintance of another group
of microbes able to dispense with organic nutriment, and indeed thriving and
acting most effectavely only when surrounded by jnorganic substances exclusively.
Consequently we arrive at the following final and conclusive definition Fermen-
tation is a decomposition or transformation of substances of various kinds
brought about by the vital actimity of fungi.

§ 20.—The So-called Spontaneous Fermentation of Sweet Fruits.

The pomt of the preceding definition hes i the concluding words, which
restrict the term fermentation to such decompositions or transtormations as
are produced by the wital actinity of fungi. It 1s, however, not 1mpossible for
sumlar decompositions to be effected 1n other ways, especially by the aid of other
vegetable cells differing from fungl, An example of such a reaction, resembling
fermentation but not 1nduced by fung, 18 afforded by the so-called spontaneous
fermentation of fruit.

The first reliable data with regard to this phenomenon were collected by
LeoparTIAR and BELLAMY (I.) 1n 1869, all previous observations having to be
disregarded because they do not show that the activity of yeast-cells was pre-
cluded. Starting with the notes made 1n 1821 by thewr compatriot Bfrarp (L.),
these French investigators succeeded in establishing the fact that sweet fruits,
¢.g. cherries, when kept in an uninjured condition and free from yeast in an
atmosphere of carbon dioxide, consume a portion of their sugar content, gaseous
carbonn dioxide being evolved 1n the process and alcohol formed The presence
of this latter substance 1n the cells of the fruit substance can be proved by
dstillation, as much as one per cent. by weight having been detected i this
way.
PasTrur (IV. and V.) also studied this phenomenon, which he employed as
one of the main buttresses of his previously formed theory asserting fermentation
to be & universal phenomenon, not dependent on certain organisms, but oceur-
rng in every lving vegetable cell debarred from a supply of oxygen. This
spontaneous fermentation appeared to form a striking proof of the correctness of
this theory, but the hopes thereby raised proved vain, since Pasteur was himself
the one to dwcover that alcobol (though 1 merely minute quantaties) 18 also
formed 1n fruits when they are exposed to the air.

§ 21.—Decompositions Effected by Light and Air.

To the chemist—who 18 obliged to store 1n the dark and in properly stoppered
receptacles various inorganic reagents and normal solutions which he desires to
muntain in an unaltered condition—it will not be serprising to learn that stexile
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solutions of organic substances—such, for example, as are stored for use as
nutrient medis for bacteria—also gradually undergo slight modifications when
air and hght find admittance thereto The proof that these changes are of a
purely chemical nature lies 1 the fact that they do not occur when the causes
indicated are absent. .

In many 1nstances the oxidation of the medium effected in this manner exerts
a favourable influence on the development of the organism subsequently oculated
theremn  Such, for example, 15 the case with beer-yeast. In wort through which
air has been blown (“roused ”) for some time, the yeast sown therein develops
more rapidly, and deposits more quickly and satisfactorly (“ breaks ” better) at
the conclusion of fermentation, a circumstance highly desired by the brewer
Sunlight possesses an even greater decomposing power than that of atmo-
spheric ogygen On this pownt we are mdebted to E. Duoravx (I) and w.
Smerame (I) for exhaustive researches, the former of whom found that, in
presence of air, a sterile solution of tartaric acid 18 sphit up by sunlight 1nto
formic aad, carbon dioxide, and water, according to the equation—

CHyOg + 30 = 2CH;0, + 200, + HO

In a second communication (I1.)on this subject the same worker ghowed that
glucose and lactose in a sterile alkaline solution gradually decompose into aleohol
and carbon dioxide on exposure to sunlight, even when oxygen 18 excluded The
same products are yielded by them when fermented with yeast. When baryta
(BaH,0,) or lime (CaH,0,) was substituted for the alkali, lactic acid was produced
mstead of aleohol, Under the same treatment maltose yields dextro-lactic acid ;
levulose, levo-lactic amd ; and mvert sugar the optically 1nactive acid A similar
observation was made by WemuER (I ) with respect to a sterile solution of oxalic
acid

These observations are of great nterest to the bacteriologist, from a theo-
retical as well as a practical point of view, as they convey a special warning to
protect his stores of nutrient media from the influence of sunhight G Roux, as
the result of his adverse experiences, had already given the same warning as to
the prejudicial influence of the changes produced by sunlight on bacterial growth,
prior to the more exhaustive research by Duclaux.

These facts have a further interest, more nearly connected with our definition
of fermentation, sice they demonstrate the occurrence of decomposition processes
by purely chemical means, apart from the mtervention of micro-organisms We
will therefore modify our general defimition of fermentation, and, in place of
stating that fermentation is a process accomplshing transformations of matter
with the a1d of micro-organisms only, will reverse the phrasing, and say that only
such changes 23 are effected emclusively by the vital action of ferments come within
the meaning of the term fermentation. The pomt of the definition, as already
mentioned at the commencement of the previous paragraph, lies 1 the words
1talicised.

However equivalent the action of purely inorganie force on the one hand,
and of living orgamsms on the other may appear, 1t 18 s0 1 regard to quality
only, the quantitutive effects, the amount of substance decomposed 1n unit time,
beng widely different. Regarded from this point of view, the minute ferments
appear as centres for the'accumulatlon of high-tension energy, by the release of
which force the decomposition 1n view ean be effected, not only in a shorter time,

but also 1n a more restricted space, than i
o also 1n 8 pace, 18 possible by the action of purely
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§ 22.—The Position of the Organisms in the Botanical System.

Tre study of Mycology, or the science of Fungl, can be pursued from several
standpoints The purely seientific position is assumed by the botanist, who
accords to each kind just as much importance as 1ts morphological and physio-
logical conmderations warrant If, however, the standard of interest adopted
be that of the importance of the part played by the fung: in practical life—u.e.
Applied Mycology—then the number of species to be studied is reduced in a
very gratafying manner. The degree of attention bestowable on those remain-
ing 18 determuned, not by their systematic position, but by the influence they
exert on their environment, the nutrient medium.

If the object subjected to the influence of the fungi is a living creature, 1.e.
an amimal or a plant, 1t 18 thereby brought into the condition universally known
as diseased. Fung: endowed with this power are demignated pathogenic, and
their study 18 entitled Pathogemic Mycology, which 18 subdivided into two
branches, according to the natural clasmfication of the infected orgamism, In
the case of human beings or animals, we have the study of Medico-Patho-
logical Mycology, and in the case of plants, Phyto-Pathological Mycology.

On the other hand, inanimate objects, such as milk, wort, vinegar, manures,
leather, indigo, &c., on which the influence of the fungi 18 manifested by
gymptoms of decomposition, constitute the subject of Techmical Mycology,
which differs from the pathological branch i1n another characteristic, namely, in
the nature of the influence suffered by the object Pathological Mycology 18
exclusively concerned with pathogemic, and therefore noxious, fung, and its
object is to bring about thewr exclusion and annihlation. The aim of Tech-
mcal Mycology is different, being to effect, by the aid of fungi, useful decom-
positions and transformations which, without the use of such Living tools,
could only be accomplhished incompletely, or 1n a more roundabout and costly
manner

It 18, therefore, with the influence of the fungi on their environment, 7 e.
the manifestations of their vitality, that technical mycology has to do Hence
1t is principally the study of the vital functions of ferments, and may therefore
be also termed Fermenmtation Physiology. With botanico-physiological con-
siderations it 18 concerned only in so far as they either afford assistance in the
comprehension of the physiology of the organisms, or facihtate the differentiation
of the various species from one another, and to this extent a knowledge of the
morphology of the fungi 1s of essential asmstance to the technical mycologist in
the attainment of his objects. Before going more minutely into this matter, 1t
will, however, be advisable to have a general view of the position occupied by the
fung: 10 the botanical system

As every reader will be aware, the sub-kingdom Cryptogamia, which com-
prises all non-flowering plants, 18 divided into three chief sections, or seven
classes, Viz. .

21



22 THE ORGANISMS OF FERMENTATION

( 1 Thallophyts —Thallous plants, with- Class 1 Fv.g{;il-.-l‘ungi, devod of chloro-
4 g:;gi::“' stems, roots, or vascular w 2 Alglals. H-A]gaa, conteining chloro-
- . phy.

i I1. Bryophyta —Mosses, with leaves and . Hepatine —Liverworts

R, stems, devold of true roots and :: 2 Muget -—Feathler mosses.

E vascular bundles,

& 11T Pterdophyta —Vaseular cryptogams, » 5§ JEquisetine.—Horse-teils,
with leaves, stems, irue roots, and n 6 I/)/oo?odmca —Lycopodium

\ vascular bundles » 7. Filioine.—Ferns,

To the first of these three main divisions belong all those plants designated
Thallophytee on account of the absence of any specialisation of parts, such as
gtem, leaves, &c, and from the comparatively mmple form (Thallus) of the
individual. This section is subdivided 1nto the two classes fung1 and algs.

The body of all the remaming plants, from the mosses upwards, shows, on
the other hand, a differentiation of parts mnto stem and leaf, and 18 generally
designated Oormus, all the higher plants being therefore generally grouped under
the title Cormophytes.

Of the seven cryptogamic classes, only one, the first and lowest (Fung),
comes under conaideration 1n Fermentation Physiology. In accordance with the
preceding scheme, these fung: are definable as* eryptogamie plants, devoid of
chlorophyll, roots, stems, leaves or vascular bundles; or, expressed 1n a more
concise form the fungs are thallous growths deveid of chlorophyll

§ 28.—Classification of the Fungi.

The fungi are arranged, accordimg to the individual mode of growth, into

. two main groups, namely, Schwzomycetes, or fission fungl, and Bumgceles, or higher

fungi The latter consist in the mam of thread-like cells, grow by acrogenesis,

form true branches, and reproduce by special organs called spores. Conversely,

the multplication of the (always unicellular) fission fung 18 effected by sub-
diwvision or fission, whence their name, so that we have the following scheme.

. [ Sohizomycetes (Fission fungl) —Fission
Fungi {Eumycstes (Higher fung1) —Acrogenous, Branching

No doubt many readers will miss from this classification a third sub-group,
v1z , the Myzomycetes, or mucus fungi. In order to at once disarm any objection
on this score, we will here mention that the organisms in question have been
shown by recent researches to belong, not to the vegetable, but to the anwmal
kingdom, of which they constitute the lowest type of development. For this
reason modern systematology has applied to them the name bestowed by De
Bary, iz , Mycetozoa, animal fungi, or fungoid ammals.

$ 24.—Schizophyts.

As their systematic juxtaposition would lead one to conclude, the fungi and
algs exhibif many traits in common, and, 1n fact, the only important character
by wg.mh they can be differentiated 18 the abssnce of chlorophyll in the first-
named.

As will be readily understood, 1t 18 especally the lower and more simply
constructed species of algss that, apart from the charactermstic difference just
mentioned, approximate closely to the fungi, This 18 particularly the case
with the fission algm or Diatomacee, which, with respect to their method of
reproduction by fission, bear no shght resemblance to the fission fung

r



SAPROPHYTES AND PARASITES 23

Owing to their greater size, and consequent discernibihity, the algse formed
the subject of investigation at a much earlier date than the very much smaller
fission fungi, which necessitated the employment of more perfect methods of
examination, 8o that, by the time the latter began to be studied, the green algm
had already been systematised. The temptation to include the newly-discovered
bacteria among the analogous algs was therefore great, and thus 1t was that the
meritorious German algologist Fr. Ktrzmve (I) was induced to ascribe the
acetic acid ferment discovered by him,and now known as Bucterium acsts, to the
algm, under the name of Ulnina acets

This mclination to regard fission fungi and alge as belonging to the same
class was also manifested by subsequent workers, and the more so since the
greater msight gained in the interim spoke more conclusively in its favour than
was possible in the initiul, imperfect stage of knowledge Hence FERDINAND
CUorr (IL) mn 1875 was obliged to discard his own (IV') term for the bacteria,
viz., Schuzospore, as also that (Schuzomycetes) proposed by Nagelr (V) in 1857,
and to classify these organisms with the lowest of the alge (Nostoc, Chroococcus,
Memsmopedia, Oscillaria, &) into one group, which, from their common and
characteristic property of reproduction by fission, he called Sckizophyte (fission
plants), and set up 2s an independent division.

§ 25.—Assimilation of Carbon Dioxide without the
Aid of Chlorophyll.

The classificatory basis for arranging the Thallophytes under the two groups
Algee and Fungs, vz, the presence or absence of chlorophyll, 18 not of a
morphological, but of a physiological nature, as 1ts counection 18 not with the
form, but with the vital activity of the cell. Now, 1t has been proved by much
regearch that chlorophyll plays an important part in the hfe of green plants
The chlorophyll in the cells, aided by sunlight, splits up the carbon dioxide which
the plant has absorbed from the air. The oxygen of the CO, 18 exhaled, whilst
the carbon 18 retained and ufilsed 1n the elaboration of the various organic
substances of which the body of the plant 1s composed This operation 18 known
as the assimilation of carbon dioxide Until recently, the opinion was generally
held that this process could not go on without the assistance of light and
chlorophyll, and as the fungi are, without exeeption, devoid of the last-named
substance, 1t has been laxd down as a law that the fungi are incapable of
assimilating carbon diozide and of constructing their cells of inorganic substances
like the algs do. The researches of Winogradsky have, however, shown that
there are figsion fung1 capable of splitting up carbon dioxide in the dark and
without chlorophyll, so that the above law has lost 1ts universal applicability.
This point will be more completely treated in the chapter on the nitrifymg
bacteria

§ 26.—Saprophytes and.Parasites.

Plants that are unable to obtamn their necessary supples of material by
drawing on the resources of 1norganic nature exclusively are termed parasites.
As 18 evident from the statements in the preceding paragraph, all the fungi (with
some exceptions to be bereafter mentioned) are therefore to be characterised as
parasites Incapable of elaborating the highly complex molecule of ther cell
substance from the elements or the simplest atomic compounds (CO,, H,0, NH,,
&c ), they depend for their supply of nutrient material on ready-formed organic
substances, which they have then merely to rearrange according to their needs.

If this semi-prepared nutriment 1s obtained from a living creature (animal or

[ J
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plant), such fungi are designated parasitic; but if, on the other hand, they
utilige nanimate (or defunct) organic material, they are known as saprophytes.

The parasites proper may be divided into two groups strict or obligate
parasites, which are restricted to living amimals or vegetable bodies, and facul-
tative parasites, which will also thrive on suitable inanimate substrata, and can
therefore be cultivated on artificial nutrient media.

This latter group forms the connecting link between Pathological and
Techmcal Mycology. Ths former science regards these, together with the
obligate parasites, as the causes of disease, whilst conversely Techmical Mycology
18 mterested in the facultative parasites on account of the decompositions they
induce m artificial media, 2.6, outside the animal or vegetable economy. This
mterest 18, however, purely scientific, since, for hygienic reasons, the use of
parasttic ferments for practical technical purposes is precluded.

The true interest of the technicist in the domain of Mycology 18 exclusively
centred 1n the non-parastic ferments, and these alone form more especially the
subject of the present work, the first volume bemng devoted to the Sohszomycetes,
and the second to the Eumycetes.



DIVISION 1.
SCHIZOMYCETIC FERMENTATION.

SECTION 1.

GENERAL MORPHOLOGY AND PHYSIOLOGY OF
THE SCHIZOMYCETES.

CHAPTER I

FORM AND DIMENSIONS.

$§ 27.—Forms of Growth.

TEE cell forms of all the Schizomycetes may be typified by a small rod; hence
these organisms are generally known by the name of baclera, from the Greek
rendering of this descriptive term, dakierion, a rod

When the dimensions of a bacterial cell aie equal in all directions, 1t 18
termed a coccus or micrococeus, monas or coccobacterium. On the other hand,

¥1@ 3—Spirochwmeta and Bpirilln  Mag gso. (4/fter P Baumgarten )

1 Spirochimte Obermeierd, the cause of relapsing fever (Febrs recurrens)
2 Spirocheta from human dental muens

3 Denecke’s Spirechsto from putresceut cheese
4 Spirochetal form of Koch's Cholera ssiatica bacillns
5 Spirillum volutans, Cohn

when tle cell 1s not 1s0-diametrical, but exhibits a difference between length and
breadth, the name bacillus, or elongated rod, 1s apphed, provided the length 1s
at least double the breadth , but when the former does not attein this rela-
tive size, we then speak of bacteria. This latter term has therefore a twofold

application : a general one, in so far gs all the fission fung: are briefly called
b L]
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‘““bacterin:” and a special one, referring only to a particular form of growth, as

ust mentioned. . .
! A bacteral cell of the bacillus type which, during a certain physiological

-1 1 SR JH
INRANPIE £ IR
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¥16. 4~—Tllnstrations of the manifold varlety in sizo and form of different bneterin.

Except A, and Ag, all tho other {llustratfons are represontations of equally magnified
bacteria from a single drop of putrescent blood  (A4fter P Baumgarten) Mag 950 Thoso in
A e all symmetrical cells, those in B are elongated

A.—1 Cocol (micrococeus) of various sizes
2 Diplococel of varlous sizes
3 Streptococel of various sizes
4- Microeoccus tetragonus (from a pure eulture) Mag 950.
5 Sarcina ventricull, Mag, 700
6 Btaphylococol.
B—1, 2, 4. Separate long rods of various lengths and breadths
3 Bhort rods, partly of bisenit form.
5- Chalns, composed of either short or long rods,
6, Long threads,

process (to be studied later on under the name of “spore formation "), swells out
Iike a spindle or club, 18 generally termed a clostridium

If the rod 1s arched like & bow or bent 1n the form of a comma, 1t is spoken
of as a 1bro, and if the bends be repeated several times, then a wavy kind of
growth denoted spirochste ensues. When the bend departs from the level
plane and shapes 1tself 1n such a manner that it can be appled to the surface of
a cone or cylinder, the type of growth becomes spirel, and 18 demgnated spirillum

L]

~



DIMENSIONS OF BACTERIA 27

An-illustration of these forms 18 given in Fig. 3. According to a remark of
Emmerich’s, these arcuate forms of growth are more especially abundant in
muciferous substances, e.g. in the excrement of snails, which is rich in mucin,
a8 also among the alge (already in a state of decomposition, and therefore
abounding in vegetable mucus) frequently covering the sides of drains and
watercourses

E Wersrn (1) has published a series of observations on these forms of
growth, while fuller information concerning the spirilla frequently to be found
in the draimings from menure heaps can be obtained from Kurscmer's (I)
treatise on this subject.

When the longitudinal development 18 excessive, then the name of thread
bacteris is given to the cells, which are further distingmshable into the forms
to be noticed later, Cladothrur, Streptothrix, Crenothriz, and Leptothriz being
described 1n chapter xxxiv., and Beggeatoa and 2hwothriz in chapter xxxv. More
detailed notices of the Diplococous, Streptococcus, Pedrococcus, Staphylocoocus, and
Sarovna forms of growth will be found 1 chapter iv.

§ 28.—Dimensions of Bacteria.

Notwithstanding our previous statement that the bacteria are the smallest
of all known living orgamisms, 1t can be established that the differences (Fig. 4)
in therr gize hitherto observed must be characterised as very considerable. In
the smallest kinds the dimensions are under 1 p, 2.6 are less than 0.00r m.m
For mstance, the diameter of a lactic-acid-producing coccus examined by P.
Lindner was 0 6-10 p. By way of contrast, mention may be made of Clos-
tridwm butyricum, this bacillus measuring from 3 to 10 p in length, with a
breadth of 1 u. The giants among the bacteria are to be found in the sub-group
of chromogenic bactera, ¢ g. the genera Chromatium and Ophidomonas, which
have, therefore, formed the subject of exhaustive
investigation with regard to the internal construction
of the bacterial cell

‘We may here briefly allude to a fission fungus
which, although umimportant from a practical, techn:-
cal pomnt of wiew, forms, thanks to its large smze, an
especially favourable object for the exhibition of pro-
portional dimensions, spore formation, &e., viz., the
Bacllug megatherwum, found by DE Bary (I.) on g  —Buclllus megatherium
cabbage leaves. As the specific name would 1mply, Two Individual rods
we have here an orgamwsm which excels 1n sze all ;' p 0 UHSL Tele
other fission fungi, as much as the prehistoric reproduction by fission (A4fter
Megatherwum surpassed his contemporary congeners DeBary) Mag 600
This form 18 further illustrated in Fig, 5, the mdi-
viduals &, 7, %, I, will be described 1n chapter vi (treating of spore germination),
so that only m and & need be consdered at present These are rods 2 5 p
wide and 10 p 1 length, each of which would easly hold about ninety of the
previously described cocel.

It will be useful to remember that the wave-length of light (corresponding to
the spectral line D) radiating from the sodium flame 1s about o 6 p, 6. about
equal to the diameter of the above-named lactic acid coccus Bearmg this 1n
mind, the remark already mede, that the smallest of the bacteria are almost
invisible, becomes comprehensible.
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§ 29.—Mutability of Form.

The question as t6 whether any given species of bacterium assumes only one
of the forms of growth already described, or has the power of appearing in
various shapes, 18 one of wide mterest. A reliable answer could, however, only
be given when the necessary appliances for studying the separate species in
the form of pure cultures, u e. cultures practised upon an isolated single cell
protected from subsequent contamination by other organisms, had been invented.
This possibility was first achieved early in the eighties,” mnce which time the
investigation of this question has proceeded with energy, and the results have
shown that the theory of uniformity of growth (monomorphism) 1s untenable for
bacteria, and must give place to the theory of multiformity (pleomorphism).

The remark made in a previous paragraph that the names bacillus, coccus,
&c., simply indicate certain forms of growth, will now first become perfectly
clear. When, in future pages, one or other of the various bacteria s qualified by
the generig name Bacillus (for instance, Bacllus wrex), 1t 15 not meant that the
said species appears only 1n the form of rods. On the contrary, 1t may possibly
present itself in the form of cocel, threads, &c, and has only recerved the generic
name of Bamllus on account of its generally having this form, and especially
when the culture has attained the acme of its development.

This cupecity—commonly known as mutability—of assuming a variety of
shapes is not possessed 1n an equal degree by all bacteria, and in a few of them
it even appears to be altogether lacking. Abundant pleomorphism chiefly
prevails 1n the arthrosporic bacteria, whilst, conversely, the kinds capable of
forming endogenmous spores are mostly endowed with a smaller number of
mutation forms. This difference will be reverted to in a subsequent chapter.

The inciting cause of mutability is generally external, depending on the
condations to which the culture 18 subjected. Since these can, to a certamn
extent, be arbitrarly determined and controlled, s means is thus at hand of
exercising a formative interference 1 the existence of these organisms. Among
the morphological forces thus available, two are particularly powerful, viz., the
influence of temperature and the composition of the nutrient medium. The
former has been eluaidated by the studies of E Chr. Hansen on the acetic
bacteria, which will be exhaustively discussed in chapter xxxvu, On the other
hand, H. Buchner convincingly demonstrated the influence of the mode of
nutrition on the cell form of the hay bacillus (reported in chapter xvii)

A large number of the species of bacteria noticed 1n the following paragraphs
are pleomorphie, and there will therefore be ample opportunity of becoming
acquainted with this phenomenon in all its details and varieties.

§ 30.—Involution Forms,

The remarks made m the preceding paragraphs with regard to the influence
of the composition of the nutrient medium require a not unimportant supple-
mentary explanation When we arbitrarily bring about an alteration in the
form of a cell by modifying the conditions of the culture, a smitability of the
medium to the evolution of the species of bacterium m question 18 presupposed,
so that the vitality and reproductive power in the new form of cell thereby
produced is preserved

This is, however, no longer the case in the modifications of form which result
when the medium is exhansted of nutrient materials, and consequently enriched
with injurious metabolic products. These degenerations of the cell have recerved
from Nageli the name of involution forms, They do not enter into the series of
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CHAPTER II

STRUCTURE AND CONSTITUTION OF THE BACTERIAL OELL.

§ 81.—Chemical Composition of the Cell Wall.

NxgED cells, i e those wherein the protoplasma 18 unprotected by an envelope
are unknown amongst schizomycetes, the body of the cell being 1 all fission
fung1 shut off from the outer world by & membrane or cell wall. Iaittle 1s as
yet known regarding its chemical compomtion, but the few investigations that
bave been made 1n this direction demonstrate that we have to do with a structure
which not only differs 1n different species, but also undergoes alteration according
to the dietary of the cell. ’

The proximate assumption that the cell wall of the fismon fungi conssts of
cellulose cannot withstand searching eriticism except in rare instances. At
present only one single dpecies, w1z, the Bucterwum wylinum, examined by O.
Logw and A, J. Brown (L), for which this assumption is justified, is known.
The cell walls of this acetac acid bacterium exhibit, after a suitable purification,
the following chemical composition, ascertained by ultimate analysis —

- Cnloulated
Found. for [CqH;Opln
Carbon . 44 26 44 44
Hydrogen 6 25 617
Oxygen . 4949 49 39

The cell wall of this microbe 1s stained blue by aqueous or alcoholic solutions
of iodine, by 10dine and sulphuric acid, and with 1odo-chlorde of zmme. In a
work from the pen of Drevruss (L.), dealing, however, chiefly with higher fung,
and therefore preferably to be considered only1n the second volume, a few spectes
of fision fung1 were mcluded in the scope of 1nvestigation (6.g. a culture of hay
bacillus obtained according to Roberts' directions). These when tested for
cellulose by iodine yielded affirmative results The amount was, however, only
very small. According to Nwox1 and Somarrer (L), the cell wall of certamn

putrefactive bacteria contams nitrogen, but they do not give the names of the
species,

§ 32.—Optical Properties of the Cell Wall.

Yet_another means has been employed for obtazuing an inmght into the
chemical nature of the gell membrane of the fission fungi, namely, 1ts optical
behaviour., i

The cell walls of the gher plants are known to be anisotropic (doubly
refractive), a property also employed by F v. Hohnel as & means of differen-
tiating textile fibres. If a couple of cotton fibres be placed on the stage of a
polansing microscope, the Nicol prisms of which are crossed, the plane of oscilla-
tion of the polarised dayhght 1ssung from the lower Nicol undergoes, 1n 1ts
passage through the doubly refractive threads, a rotation, 1n consequence of
which the fibres appear bright and coloured agamst the dark background. 1f

the fibres are themselves coloured or dyed, they assume the corresponding
complementary eolours,

-

30
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The attempt to utilise this means in the service of bacteriology was success-
fully made by Amawn (I.). Since, under otherwise identical conditions, the
size of the angle through which the plane of polarsation 18 rotated—and conse-
quently the degree of 1llumination of the field of vision—is proportionate to the
thickness of the anisotropic object in question, 1t follows that, by reason of the
small dimensions of the cells under examination 1n this case, their double refrac-
tion cannot be observed when they are in & colourless condition Now the eye
18 better capable of appreciating differences of colour then degrees of brightness,
and therefore Amann, caleulating on this peculiarity, stained his bactera, agsum-
1ng that if the membranes were anisotropic and doubly refractive, an appearance
similar to that mentioned above in the @ase of cotton fibres would be produced.
The results confirmed his expectations, the stained bacteria (Bacillus tuberou-

losis and B anthracis) exhibiting pleochroism, and being therefore doubly
refractive.

§ 83.—Zooglea Formation.

Similar to the behaviour of the cell membrane of higher plants 1s the ten-
dency to swell up manifested by the jembrane of many of the fission fung, the
cell wall becoming distended to such an extent, through the absorption of water,
that 1ts thickness often far exceeds the internal diameter of the cell. If to
such (previously killed) bacteria be added a solution of an aniline dye, the latter
will be absorbed by the cell contents, which, when examined under the micro-

F1a 8 -—DBacterium Pasteuriahum

F10. 7 —Baclllus Pneunmonie

eruposm Zooglea formation in an old film on the
surface of lager beer Fixedand stained
A and B, elongated rods, C, D, E,|short by Leeffler’s method. Mag. 1000

rods, G-I, cocel All the cells exhibit (4fter Hansen)
highly distended membraues Mag
about x500 (4fter W Zopf)

scope, will then be visible, enclosed in a colourless, or merely faintly coloured,
shghtly refractive, and, consequently, paler cell wall
* Among the pathogenic bacteria the Pneumobacillus (Fig. 7), recognised as
the cause of croupous pneumonis, was the first mn which this property was
observed—by P. Frimprinper (I.) in 1833, He gave the name of capsule to
the mucmous mtegument, a term still remaining in use, especially among
medical bacteriologists. Consequently we understand by capsule bacillus one
wherem the cell wall 18 found to be 1n a distended condition under normal con-
ditions of vitality The Bacillus duatrypetious oaser (Fig. 2 of Plate 1.), described
in a subsequent section, may be mentioned as a second example
As already stated, these mucinous envelopes are not affected by the ordinary
method of stamning. If, however, they are previously treated with a suitable
mordant, the colour will be readily absorbed and Jxed  Recipes for capsule
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staunung are given by Friedlander, Ribbert, Leeffler, and others, The annexed
Allustration (Fig. 8) is drawn from a preparation stained i this way. It repre-
sents Bacterrum Postewrianum, an acetic acid bacterium discovered by Hansen.
The chain seen at the left-hand side differs from the remammng portions of the
figure. The upper half presents no special pecuharities, and shows (like the
remaining chains) three darkened cells held together by the swollen membrane;
whereas m the lower moiety the dark parts are wanting, the three cells formerly
present theremn having been accidentally crushed in making the preparation, so
that only the mucinous envelope remains behind. In a more closely mvestigated
case (not, however, with this bacterium) the substance composing the capsule was
1dentrfied chemically as related to mucin, or probably 1dentical therewith.

If the gelatimsation of the cell walls proceeds to a lhittle greater extent, 1t
cauges the mdividual cells to become jowned or cemented into a coherent mass,
called zooglea by Comn (V.), the size of the agglomerations being greater or
gmaller according to the degree of development

In a few species of bacteria, colouring matter or ferrie oxide 1s stored in the
muenous envelope, further particulars of which will be found 1n chapter xxxiv

§ 34.—Plasmolysis.

The difficulty of detecting the cell envelope of bacteria can be removed by
immerang the organisms in a solution of salt, which exerts a hygroscopic action
on the cell contents, 1n consequence whereof they shrink and retreat from the
cell wall, whereupon the latter 1s readily recogmsable, even in unstained
preparations.

This kind of influence, called Plasmolysis by H. de Vries, was first observed
1n bacteria by De Bary, in connection with his Bacillus megathersum

The experiment 18 mmple 1n performance An ordinary preparation of the
bacteria under examination is made, a few cotton fibres being immersed to pre-
vent the escape of the organmisms. The salt solution 1s then allowed to flow 1n
at the edge of the cover-glass, its tranfusion being facilitated by absorbing the
water with blotting-paper held at the opposte smde. Provided the solution 18
not excessively concentrated, and that it contains no toxiesubstance, the resulting
plasmolysis 1n no wise destroys the vitality of the cells. It can be made to
disappear again by washing out the hygroscopic reagent.

The concentration of the cell contents caused by plasmolysis, which 1s also
generally accompanied with an increased refractive power, leads very often, as
Buoaxner (1) pointed out, to agglomerations of material, which, unless more
closely exarmned, might 1llusively indicate the presence of endogenous spores.

In such bacteria as are endowed with the power of locomotion, the rate of
movement is retarded by increased concentration of the plasmolytic solution.
‘WrLsDIMIROFF (I. and IT ) entitled the smallest percentage capable of arresting
locomotion the eritical solution. The values of this for the various salte—
on any determined species of bacteria—show an unmistakable regularty, the
chloride of any given metal (K, Na, &c) having the weakest, and the bromide
and sulphate the strongest retarding effect, whilst the mitrate occupies an
intermediste posmtion. Ag far as the bases are concerned, potassium, sodium,
and ammonium rank in the order given, E Overrox (I.) has published several
communications with regard to a number of substances which are unable to
eﬁ'e;ct plasmolysis owing to their passng through the plasma as rapidly as
water

The weakest solution of sodium chloride (NaCl) capable of effecting plasmo-
lysis is, according to A. Fraommr (I ), o 5-0 75 per cent. for Cladothrz dachotoma,
and for Crenothriz Kuhniana 0.75-1.0 per cent., These lumts are, however, nat
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unconditionally applicable, as the following example will show A one per cent.
solution of common salt produced no plasmolysis in Clostridium dutyricum when
the cultures were only two days old, and the cells consequently young, whereas
after a further four days they were, without exception, completely plasmolysed.
It will perhaps be useful to recall that a solution of o.5 gram of NaOl in 100
grams of water 18 usually known as physiological salt solution, and 18 frequently
used under the supposition that 15 neither takes up nor gives up water from or
to the cells,—an assumption that, 1n view of the preceding figures, cannot be
universally justifiable,

If 1t is desired to render permanent (‘fix ) the plasmolytic condition of the
cells, they must be killed, a result easily obtamned by the use of sublimate or
10dine solution Ten per cent lactic acid 1s also an excellent fixing medium,
1nstantaneous 1n action. After fixing, staining can be elfected. More detailed
information on the practice of fixing will be found 1n a work by A. ZiMmer-
MaNN (L)

§ 85.—Structure of the Cell Contents.

This study, which presents no small difficulty on account of the minuteness
of the organisms to be examined, has been closely followed up during the past
several years only. All that was previously known was
that the cell contents of the bacteria consisted of a
homogeneous 1mnvacuolate plasma, in which small, highly
lustrous granules were frequently seen embedded

Btrsomrt (I.) in 1889 discovered in a few large
chromogeme bacteria (e.g. Chromairum Okenr and
Opladomonas jensnsus), as also 1n Spwrochete serpens
and Beggiaton, that therr cell contents could, as a rule,
be distingmshable mnto two parts, viz , a central body
and a parietal layer, the latter being adjacent to and
surrounded by the cell wall

The parietal layer may either surround the central
body on all sides, so that the latter nowhere touches
the cell wall, or may be restricted to one sde only, 1n
which event 1t 18 generally, 1n the case of rod-shaped
bacteria, found at the two poles This differentiation
of the cell contents can be rendered vimble (Fio n)
by suitable stains, eg. hsmat

readily taken up by the central
ing 1t easily distinguishable f.oo. oo cecas ciguuy
coloured parietal layer

This treatment brings out a second and much
more 1mportant fact the central body appears as a
complicated structure, reminding one of that seen in
honeycomb A number of granules of red-violet
colour—called by Butschh “red grains”—are stored
1n a reticular framework whach is coloured blue by the
staining dye These granules do not occur in every
cell, and no cell has more than one. These enclosures
are detectable, even 1n the unstaimed preparation, on
account of their high refractive power.

wr s U uWUL

Iirst killed, then frced from
bacterio-purpurin  and sul-
phur granules by solvents,
and finally stained with lhee-
matoxylin  The reticulated
strncture of the (Latched)
central body (¢), ns also of
the parietal layor (b), and the
dark chromatin granules (s),
Biitachli's “red grains,” can
then he detected Magn
2000~2500  (Affer Biltschir,)

They—the bodies, not theiwr enveloping

framework—were first observed by V. Bames (I.), then studied by P Ernsr

(I. and II.), and were regarded as the starting-point of spore formation, being

on that account designated sporogenic granules, but this assumption has with

good reason, been contested by later workers. For ssmore accurate examination
I o



34 THE BACTERIAL CELL

we are indebted to SoEEwiamoFF (L.), according to whom each of these sma
enclosures contamned in the honeycomb cells possesses a thin skin, the presenc
of which can be convinangly demonstrated by pressing the preparation unde
& cover-glass, whereupon the skin bursts, without, however, 1ts contents bein
dispersed. The latter can therefore only be of a solid and not of a fluid natur
The chemical nature of the skin 18 unknown ; 1t does not give the cellulos
reaction. So far as the composition of the granular contents is concerned, th
last-named investigator has identified therein by micro-chemical means pote:
sium, caleium, and oxalie acid, in addition to the indeterminate orgame matte
In their behaviour, more closely investigated by Wamariom (I.), towarc
colouring and solvent reagents, these enclosures in the central body of tk
bacterium resemble those granular constituents of the cell nucleus of highe
plants known as chromatin granules, on account of their high power of absorbin
colonring matters, On the other hand, the reticular mass of the central bod
resembles 1n point of structure and micro-chemical reaction the lignin of ti
nuclear framework of the cells of higher plants,

These observations led Btrrscmri (I1.) to the opinion that the central body
bacteria should be regarded as the (comparatively large) nucleus thereof whils
on the other hand, the above-named parietal layer corresponded to the cytoplas
of the cells of higher plants—a conception which has not withstood the test
criticism.

The structure of the parietal layer has not yet been determined wit
certaanty Sundry obaservations, however, indicate that 1t exhibits a radi
honeycomb appearance. It is in this layer that the colourmmg matter of tl
chromogenic bacteria is lodged, whereas the granules of sulphur 1n the sulph!
bacteria are located in the central body. The individual species of the gen
Granulobacter established by Beyerinek—to which belong the instigators of t
butyrie acid and butyl alcohol, &e., fermentations—under certain conditions
culture store up in their interior copious supplies of granulose, owing to whi
circumstance they are stained a deep blue by 1odine. It should be mention
that W, Migura (I) could not detect any honeycomb structure of the cell plasr
during his researches into the structure of the Bacillus oxalaticus, discovered
Zopf.

It may perhaps be useful, though not exactly necessary, to remind the read
of the well-known botanical fact that the living plasme strives to prevent t
access of colouring matters. Iu this connection, also, the behaviour of the varic
kinds of fission fungi differs Some of them exhibit merely a shght resistan
and absorb colourmg matter without their vitality being umpaired, as Birc
Hirschfeld established with respect to-phloxine red in the case of the typk
bacillus  In the majority of instances, however, this resistance 1s so great tl
the cells must be klled before they can be stained. On this account most of t
stamning solutions employed for bacteriological purposes contain additions (e
aleohol) destructive to the vitality of the cell, which being accomplished,
plasma rendily absorbs the colouring matter. According to the researches
DrEeyruss (I.z, it 18 not the true albuminoid matter, but the nuclemn (alsc
constituent of plasma) which fixes the colour

Thanks to the care bestowed on the subject by medical bacteriologists specis
interested therem, the art of staining bacteria has reached a high degree

perfection during the last few decades. Exhaustive directions thereon are
be found m Hurere's (I.) handbook and Exsenerra’s (L.) freatise, and BerNE
(I) has 1ssued a very cheap book highly useful for laboratory work.
Fermentation Physiology the examination of the bacteria being usnally perforr
on the living, unstained orgamsms, the aid of staining 18 seldom required,
principal occasions being when so-called cover-glass preparations have to be k
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for purposes of future microscopical comparison. The preparation of such is
described 1n all the books just mentioned.

§ 36.—Elementary Composition of the Baecterial Cell,

Determinations on this pomnt by micro-chemical analysis were first attempted
by Karpes (L), whose atitention was principally devoted to Macrocoocus prodagrosus,
cultures of which were made on solid nutrient media, and then, when they had
arrived at sufficient development and had expanded into mass cultures, examined
for the amount and composition of the dry matter therem. Cultures of this
fissipn fungus on agar-agar contained on an average Water 85 5 per cent , and
dry matter 14 5 per cent, the latter yrelding ethereal extract o 7 per cent,
nitrogen 1.7 per cent, and ash 2 o per cent. Caleulated on the dry substance,
the following percentage composition was arrived at for the microbe 1n question

Per Cent
Ethereal extract (fat, &c ) . . 48
Albumen (N x 6 251 . . . 712
Ash . . . . 135
Undetermined substances . 105

An examination made by NisaiMura (I ) of a pure culture of a water bacillus
gave the following as the constitution of the dry matter in this microbe

) Per Cent,
Albumen . . . . . 633
Caibohydratzs . 12 2
Alcoholic extract 32
Ethereal extract 51
Ash . . . 112
Lecithin . . . . . 068
Xanthin o017
Guapin . . 014
Adenin . , . o008

The most noticeable figures here are those relating to the content of mitrogen,
which show that, 1n this respect, the bacteria are excelled by but few organisms,
while they have no compeers in the vegetable kingdom To demonstrate this
fact more clearly the subjoined figures have been selected, showing the mean
nitrogen content in the dry substance of .

Lean Cow's Boja Russian Micrococeus
beef milk beans wheat. Truffles prodigiosus
Nitrogen per cent . I4.3 4 4 60 35 56 IT4

The earhest researches on the nitrogenous constituents present in bacteria
were carried out by Nenokr and SoHAFFER (I), both of whom isolated from
putrefactive bacteria a mitrogenous substance to which they gave the name of
niycoprotemn. The highly concordant results of a series of ultimate analyses of
this substance gave the following mean values

C 5232 H 7355 N . 14.75 O0+8 2538

The percentage (14 75) of mitrogen found 1s remarkable, and shows that
mycoprotein must have a very different constitution from that of ordmary
albumin or protein, which, as 13 well known, contains about 16 per cent of
nitrogen  The amount of this compound 1n the dry substance of bacteria 1s at
least 40, and sometimes as much ag 50 per cent. Differences are also apparent
as regards their behaviour towards reagents, nitrie acid, for example, converting
albumiu 1nto a bright yellow compound, named, on the proposition of MULDER
(1.), zanthoproteic acid, whereas mycoprotein does ndt give this reaction.
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§ 87.—Quantitative and Qualitative Selective Power.

The proportions of the constituents present in the available nutriment
or nutrient medium supplied seldom correspond to the requirements of the
organism which has to make good therefrom losses of substance or energy. It
will then take from the supply the substances of which 1t has need, and leave the
residuum entirely untouched, only when the former are present in abundance.
This faculty, entitled quantitative selective capacity, 18 possessed by all Living
organisms, and among them bacteria. Kappes, in his treatise already referred
to, gives very instructive examples of this as well He compared the composition
of the bacterial erop with that of the soil (nutrient medium)in which 1t was
grown ; 1n this case peptonised meat extract, agar-agar This contained, apart
from the 1 5 per cent. of agar-agar, which does not come under further con-
mderation here, altogether 2.5 per cent of actual nutrient materinls, and yielded
0.3 per cent. of dry bacterial substance; that 1s to say, only 12 per cent of the
total nutriment was extracted The relative proportions of the individual
constituents in the medium on the one hand and in the crop on the other proved
very different Thus, for 1nstance, the ratio of Ca0 Mg() was 1n the medium
0.70 : 0 44; 1n the crop, 0 56 . 1.05 Of mtrogenous substances (N x 6.25) the
former contained 42.5 per cent, calculated on the dry substance, and the latter
71 2 per cent.,, and so on

The requirements of bacteria in respect of ash constituents were first
investigated by Nierrx (IV.), in 1879 Serenemr (I) wes admittedly the first
to demonstrate that higher plants (Phanerogamra) absolutely require for the
construction of therr cells a. number of mineral substances, viz , K,0, 0aO, MgO,
Fe,0,, P,0;, SO, all of which must be present, and in sufficient quantity, before
the phanerogamic plant can thmve With the Cryptogamia the cage1s, however
different According to Nagel, the fission fung: (tested by him 1n this connection,
are less exacting, since potassium ean be replaced by rubidium or cmsium without
detriment, so fer as the fungi are concerned, though not by the alkaline earths.

Of the latter it is sufficient when one of the following, 020, BaO, SrO, MgO,
in present, 1ron can be dispensed with. It follows therefrom that not only
quantitative but also qualitative powers of selection are possessed by bacteria
An authoritative confirmation of Nagell's dwscovery 1s highly desirable, and
would prove a very thankworthy task if conjoined with observations on the
formative mfluence of the individual ash constituents A typical example of
this kind of study, alike instructive, stimulating, and worthy of imitation, has
been made by Winogradsky on a film yeast, and will be referred to 1n the sacond
volume. A preliminary step in this direction was taken by A K Feporowr (I.)
in 1895, who, in continuing an 1nvestigation commenced by Gamaleja, found thal
while lithium chloride caused abnormal cell forms 1n Bacillus megatherivm, B
typha abdomanahs, Vibrio cholerce asiaticee, and Bactervum colr commune, 16 had nc
apparent influence on the cells of Bacillus subiils, B. anthracis, and other microbes

The quantitative selective power referred to above must not be understooc
in the mense that the organisms inhabiting the nutrient medium always have
the same composition, irrespective of the relative proportions of its nutrient
constituents. E OramEr (L) studied this matter exhaustively 1n relation tc
several pathogenic bacteria and Maicrococcus prodigeosus, and arrived at the con
clusion that a typical composition of any species i8 out of the question, Accord
ing to the kind of medium, the temperature and age of the culture, and othe:
conditions, 1t may happen that one erop will contain twice as much of a particulal
constituent as another crop. Thus, for example, the amount of dry matter variec
from 15.9 to 26.0 per cent, and of ash from 1.60 to 3.21 per cent.



CHAPTER III

POWER OF INDEPENDENT MOVEMENT IN BACTERIA.

§ 88.—Molecular Movement and Locomotion.

Like his predecessors, Chr Ehrenberg considered the bacteria as animalculs,
and that, chiefly, because 1n not a few of them he discerned active locomotive
powers For the same reason Pasteur was inclined in 186r to regard his
““ vibrion butyrique” as an infusorial ammalcule In opposition to this was
established the fact that the faculty of voluntary movement 18 not peculiar to
the bacteria, but 18 also possessed by many motile spores belonging to the alge;
that 18 to say, by orgamsms unanimously admitted to be of vegetable nature.

This motile power will now be more closely considered, both as regards its
nature and causes.

The movement known as the Brownian or molecular movement—which can
frequently be observed in small partioles held 1n suspension 1n liquids, whereby
each particle describes a small orbit (sometimes rectilinear, sometimes circular or
oval) outside 1ts horizontal axis of rotation—is not included 1n this consideration,
The cause of this Brownian movement has not yet been examined with sufficient
accuracy , but it 18 a purely physical one and 1n no wise physiological, smee 1t 18
manifested not only by living cocel, but also, as already stated, by emulsions of
many inammate subgtances both of inorganic and orgamic nature. Al-Cohen,
1n his treatise referred to below, describes a very useful means by which one can
decide 1n doubtful cases whether the movement 1s independent or merely mole-
cular., According to the researches of Exner, the latter diminishes 1n briskness
as the viscomty of the circumambient liquid increases. If then a little of the
doubtful sample be mixed with a lukewarm liquefied 5 per cent. solution of
gelatin, both locomotive and molecular movernent will at the outset remain un-
affected, but 1n proportion as the surrounding medium cools and becomes more
viscous, the latter movement will diminish, and finally cease altogether, whilst
the voluntary and independent movement will continue

By long-continued practice and observation the faculty will be gradually
acquired of distinguishing, without such aid, the so-called molecular from the
true voluntary bacterial movement, which we will now describe. This movement
18 of two kinds, the first of which 18 occasioned by alternate contraction and
re-expansion of the plasma canal, This kuind of movement occurs in the case of
such thread bacteria as attach themselves to a support by one of vheir poles, and
then swing with a pendulous motion from this pomnt of suspension, either
remaining 1n the same plane the while or describing a cone

§ 39.—The Flagella or Cilia.

Much more frequent 15 the second or roving movement, noticeable in free
unattached bacteria, and produced by special locomotive organs termed flagella
or cilia, These were first noticed by ExrENBERG (I.),1n 1836, 1n a spirillum which
he discovered in a brook near Jena, and named Opkidomonas jenensis, Closer
attention was first bestowed on these organs by Comm (L.).

37
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PLATE I
DESORIPTION OF THE DBAWINGS

Fig. L

Micrococcus Sornthalu
‘Without e1ha. Magn. 650
After Adameiz

Fra. IIX

Bacillus cyanogenus
Cilia staining. Magn 1100
After Logffler

Fia V.

Spirllum Undula,
¥rom a vegetable infuson. With tufted
polar ciha. Magn. 800.
After Logfler.

Fia II

Bacillus diatrypeticus caser
‘Without cilia.  Capsule bacillus.
Magn 1300.

After Fr Baumann

F1a. IV.

Large Ciliated Bacilly
Fiom a vegetable infumon. Accompanied
by other non-cilinted fission fungt, Magn
1000
After Logffler

Fie VI

Spimllum rubrum, Esmarch.
‘With polar eilia. Magn. 1000
After Loeffler
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Vax Tmeuen (1) was of opinion that these locomotive organs were peculiar
to bacilli, but similar locomotive powers were at a later date observed in the
cocel, such as the Miorococous tetragenus mobilis ventriculs, discovered by MENDOZA
(I)1in 1887; the Mrcrocoocus agirs, found by Arr-Comen (I.) in 1889, a cocous
(unspecitied) studied by LorrrrLen (IL.) in 18go, later, the Mucrococous agiis
cutreus of Munes (I); and finally, the Sarcina mobilis of Mauerza (I.)

The position of these organs in the bacilli 1s either polar or lateral. The
polar flagella are either single—as, 6 g. 1n Chromatium—or in tufts, the latter
consisting, in the case of Bucterrum termo, of three or four, and 1n various spirilla
of eight to twelve, ciia. In Spirillum undula they are often plaited into the form
of a queus The lateral cilia are, as was found by A Fisomer (II), evenly
distributed over the entire surface of the bacterial cell, their number being given
by Loeffler as twelve 1n the case of the typhus baeillus.

Starting with the assumption that the number of the cilia and thewr distri-
butive arrangement on the cell are copstant for each kand, A. Mzssma (I)
endeavoured to make this character the bass of a classification of the bacteria
L Logscr (I) proposed the same method for readily differentiating Bacterium
coli commune from Bacillus typhr abdominals, which 18 very important in the
bacteriological examination of water He found the former microbes to be pro-
vided with at most three cilia apiece, whereas the bacillus had from eight to
twelve Subsequently, however, it was ascertaned by FERRIER EI) that the
number, form, and length of the ciha depend on the conditions of the culture.
From the bacterium 1n question cultures can be obtained the individual cells of
which exhibit ag many as ten cilia ; by this determination, therefore, the system
of Messea, as also the hopes of Luksch, were deprived of support. Moreover,
Mesgea had been forestalled, as 1n 1864 DavAINE (I.) proposed to separate the
fission fung: into two groups, the one, forming his genus Bucteridium, comprised
all the species 1n which he cor' =~*+ J~t--+ - 7 ) .
circumstances ; whilst the othe
species. In J Schroeter’s wors
which a notice 18 given 1n a subs
adopted, but later workers have abandoned it, and the terr
perfectly obsolete.

‘When & bi-polar ciliated bacillus divides in two 1n th
the new-formed poles are, naturally, without such locon
outset, but they quickly develop, and thenceforward eac
cihated at both poles. That these organs are extremely
emphagsed. Frequently they are undetectible by the .
observation, even with objectives of the highest power and v.wwucov ucs
since 1t is difficult to see the cilia, not only because of their extreme minv
but also because their refractive power 1s almost the same as that of tl
1n which they are immersed. In order to make them more readily recoy
use is made of the special methods cf staining devised by Loerrrer (I ).
directions relative to these will be found in Unwa’s (I) historio-critical 1.
of the development of bacterium-staining, drawn up in 1888, and continueu
L. Hem (L) up to the year 1891. Plate I. shows four photographs of mo
bacteria taken by Loeffler from preparations stained in this way

§ 40.—Histology of the Cilia.

This subject has hitherto received little attention. Van Tieghem considered
the ciha to be gelatinous elongations of the cell envelope, and their movement
as merely passive, the locomotive power being ascribable to contractions of the
plasma 1n the cell. He found that the cilia of Clostgrdium butymcwm gave the
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cellulose reaction with ammoniacal copper oxide. Zopf, on the other hand,
explained these organs as contractile plasma-threads, which could be alternately
protruded from, and wihdrawn into, the central cell mass through aper-
tures m the cell mntegument, which apertures, however, have hitherto been
unobserved.

This assumption was combated by A. Fischer, who found that when motile
bacteria were subjected to plasmolyms, and the cell contents therefore caused to
contract, the alia were not drawn in, as should be the case if they were
continuations of the plasma (pseudopodia). For arresting the movement of the
bacteria examined by him, the strength of the solution of salt had to be higher
then the mimimum capable of producing plasmolyms. Fischer’s observations
favour the view that the cilia are appendages of the cell, consisting of & mem-
brane enveloping the protoplasmie contents, which have an 1mmediate connection
with the substance of the bacterial cell

Adverse influences stop the movement, and the cilia become motionless and
torpid. According to the cause, this condition 18 said to be oune of torpidity
through cold, heat, darkness, light, hunger, desiccation, or poison Bearing
this 1 mind, 1t must not be coneluded that any species of bacteria which may
not exhibit movement under ordinary microscopic examination 18 therefore
necessarily non-motile, but 1t should be further examined under various con-
ditions, and, 10 extreme cases, tested for the presence of cillin by staining, since
it may be 1n the torpid condition.

§ 41.—Chemotaxis,

The extended researches of Exaeruann (II. and IIT) teach us that certain
Toving bacteria (v e. those endowed with spontaneous movement), and, in pax-
ticular, various putrefactive bac-

abBc D E 3 F teria, have a great need for oxygen,
while other gpecies do not require
it. TIf adrop of liquid contaimng
a muxture of these two kinds be
brought under the mzieroscope, 1t
will quickly be seen that the one
- spectes hastens to the edges of the
T Eaiaily cover-glass, where oxygen pene-
to oy trates by diffusion and 18 most
e abundant, whilst the individuals ot
the other species gradually retreat,
and collect at the centie, where the
(to them) unwelcome or obnoxatous
gas does not penetrate. Repeating
F1a 10—Oxygon-loving bneteria infosting o thiead of 1Dgelmann’s experiment by insez t-

alga lying in the wmiero speclrum  The chjorophyll ng a thread of green (’be oxygen-
granules contained in the alga cells are not shown, but excretin ) ale: the dr d
tho spoectrum lines are giveu to denote the posltion of £ gt 10 6 drop, an

the spectriue  Mogn. 200 (After Engeinann ) directing a small solar spectrum
thereon, then the oxygen-loving

bacteriz. will be seen collected around these alga threads, and surrounding those
spots 1n the micro-spectrum (Fig. ro) where the maximum evolution of oxygen is
taking place, that 18 to say, between the tpectrum hines B and U 1n the red, and
also at F Oxygen, therefore, exerts an attiactive and stimulating action on
many bacteria, and may thus be employed as an 1solating and separating
agent therefor. Conversely, motile bacteria may also be employed as a delicate

reagent for oxygen Brygrinck (I), to whom we are mdebted for a very

<y
o
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useful treatise on this question, examined more closely the methods of topo-
graphical arrangement adopted 1n liquid media by various motile bacteria under
the influence of oxygen, which arrangement he called respiration figures. Some
of these are shown 1n Fig r1.

From the researches of Stahl and De Bary, and especially” those of W.
Prerrer (I ), we learn that not only oxygen, but also various other substances,

(]

¥16 11 —Respiration figurcs of motile bacterin. (.{/lcr Beyertnck) Natural size

The threc figurcs arc horlzontal projections of bacterial preparations, each in a lnrge drop of water
The three large clrcular cover-glasses only are shown, the slides not being reproduced A small
platinum wire (not shown in tho figures) is placed at the part represented by the top of the drawing,
between the cover-glass and slide, 8o as to form a wedge-shuped space, which is occupied by the drop of
water, the base of which lies in m ( = menisons)

The three figures represent

T Rospiration figure of the aerobic type The roving individuals collect in the oxygenated
horder zone (a), whilat the quiescent ones (r) remain in the interior, leaving a vacant space (f) between
the two

IT Reeplration figure of the spirillum type These organisms require and tolerste only
traces of oxygen Thoy therefore collect, not at the cirecnmference of the drop, but at a little distance
therefrom (sp), where the tonsion of the penetrating gas Is lower

III Respiration figure of the anaerobie (a1r-shunning) type These migrate to the centre
(an) of the drop, ns being the place of lowest oxygen content

are capable of attracting or repelling bacteria and other micro-organisms, a
faculty to which the name of positive or mnegative chemotazs has been given.
Use 18 made of this property in order to capture the motile species 1n a
bacterial mixture by introducing theremn a capillary tube filled with a solution
of a substance which exerts an attractive influence on one or other of the motile
speces.

Among the 1norganic compounds the salts of potassium have the greatest
power of attraction, and are theiefore most fiequently employed for this
purpose. Of the orgamie compounds, asparagin 1s particularly effective. The
sap or Juice of raw potatoes contains both these lures, and 1s therefore highly
efficacious  More particular information on this method of 1s0lation 1s given by
Arr-Comen (IT).

The attractive power of such agents 1s not limited to motile bacteria alone,
but also extends to higher sessile fungi If such an attiacting agent be
brought sufficiently near to a culture of the latter description, the growth and
extension of the cell threads on that side of the culture will show marked
eauberance  This attempt on the part of sessile fung1 to turn towards a pont
of chemical attraction 18 entitled Chemotropism Its cause 1s identical with
that of Chemotaxis, the difference mn the effect being due to the difference of
the object mnfluenced It may be mentioned that Mrvosar (I.) has performed
exhaustive expeliments of this kind,



CHAPTER IV.

VEGETATIVE REPRODUCTION BY FISSION.

§ 42.—Division in One Direction.

Ix order to reproduce by fission in one direction, the cell betomes elongated,
and o partition (sgptum) 18 developed in the mterior of the cell at right angles to
the length., This septum then divides into two lamellss, thus effecting the
separation of the daughter-cell from the mother-cell. If the organism 1s living
under conditaons favourable to its vitality, each of these cells will soon undergo
s similar process of division In many instances the new-formed cells of the
second, third, fourth, &e, generntions do not become entirely

detached, but remain connected one with another ; and 1f—as

18 most often the case—the division tukes place continuously in

the same direction, chaing of cells are formed. When the

3 members composing the chain consist of cocel, the fisson

fungus 18 frequently designated a streptococcus, instead of

a % merely coccus. Hallier and Itzigsohn proposed to apply the
term Mycothriz to these rosaries of cocel, When the mem-

bers are united chiefly or exclusively in pairs, the orgamsm

18 termed diplococcus, and such of the cocer as incline to

Fio 1o Basiilng  8roup themselves in grape-like agglomerations are frequently
tnmescens designated, 1n medico-bacteriological Iiterature, by the name

a ond b, chains of short  gtaphylococcus, first bestowed on them by Oasrox (I.) in
members, (dfter 4 1880
Koch,) Magn 1100 .

If the members of a chain are not iso-diametric cocci,
but rods, they are mostly termed thread (flamentous) cells, of which the hay
bacillus affords an excellent example.

In an 1s0-diametric cell, the separation of the new cells—and therefore the
preliminary expansion of the mother-cell—may occur mn one of two directions
either lengthwise or crosswise, the former case—wheiein the position of the
dividing septum 1s transverse, u.e. perpendicular to the longitudinal direction—
being the most wusual. On the other hand, only a few examples of the second or
longitudinal separation are as yet known. One of them 1s afforded by the
Bacrllus tumescens, discovered by Zorr (I.), which will nearly always be found
infesting slices of boiled carrot, when the latter are left to themselves for some
time in a not too damp condition. According to the conditions of vitality pre-
vailing, this microbe develops erther chains of long celle formed by transverse
fission, or cell bands the members of which are shor: and joned broadside on,
the attached sdes measuring 2.1 p each, whereas the length of each is only 1 3 p.
This microbe, therefore, exbibits both styles of fismon. On the other hand,
longrtudinal fission alone 18 mamfested 1n a fission fungus discovered by Mersom-
NiKOF¥ (I.), and named Pasteuria ramosa, which grows 1 the ventral cavity of
certain water-fleas (Daphnia pulex and D. magna), where 1t produces a fatal
disease  In these microbes the new septum 1s always longrtudinal.

In the separation process now under consideration, wheremn the division
of the mother-cell and the casting off of the daughter-cell take place m one

42
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direction only, the number of mother- and duughter-cells is always equal; the
total number (g) of cells obtained from the imitial cell (a) at the end of the nih

reproduction being
e =2"

A much greater rate of increase is attained in a given time when the sub-
divasion 18 effected 1n several directions simultameously. Examples are known of
both possible events, viz , separation 1n two, and separation in thres directions ab
right angles to one another.

§ 48.—Division in Two Directions.

In this case the cell contents subdivide into four parts by the formation of
two septa mtersecting each other at right angles, and each splitting into two
lamell®, whereupon the mother-cell becomes four daughter-cells The latter
agein undergo subdivision, whereby 4 x 4 = 16 cells are formed At the end
of n subdivisions, the total number of cells from @ individuals will be—

a= 4"@': 22M0q,

In this case, where the separation goes on continuously in two directions
perpendicular to one another, and so always 1n the same plane, there results—
provided the gradually extending cells retain thewr connection—a mosaic-like
stratified plate which has been named Merismopedium (divided plate) A coccus
exhibiting this method of reproduction 18 known as a pediococcus To this
group belongs the lactic-acid-producing Pedrococcus acide lactica discovered by
Paul TLindner.

§ 44.,—Division in Three Directions.

Oocal, wherein the reproduction of the cell is effected by division in all the
three directions of space, are designated Sarcina. In this case the contents of
the mother-cell divide 1nto eight equal parts by the for-
mation of three flat septa, perpendicular to each other, @
which subsequently split up 1into two layers, whereby ™%
each of the eight daughter-cells 18 surrounded on ail
gides with cell-membrane. )

‘When these, as they generally do, remamn attached ™,
together, therr appearance resembles a corded bale of

goods, or a cubical packet Bee Fig 13 ©
In the course of reproduction an initial number of @ d
cells represented by & will increase by m processes of ¥ie 13 —Surcin veuirionli
divsion to a total of— From tho contents of a disensed
stomach a. Individual cell,
e = 8% = 237g, b, the same divided In ome

. direction only, . the same
The Sarcina maxwma, frequently met with m malt divided in three directions,

mashes, may be cited as an example of this form of ¢ packet colony of calls
growtk A comprehensive classification and accurate characterisation of all
known species of the genus Sarcina has been given by Ta Gruser (L.).

Subdivision 1n more than one direction, and therefore the formation of sheet-
like or packet-shaped aggregations of daughter-cells, has hitherto been observed
golely among 1so-diametric and a few thread bacteria. The first group (of coccus
form) 18 constituted by Sarcine The behaviour, in this connection, of the
second group (6.9 Crenothrux) will be subsequently discussed,

[ ]



44 VEGETATIVE REPRODUCTION BY FISSION

§ 45,—Form of the Daughter-Cells.

Oocei, when observed immediately after their production by subdivision,
exhibit a more or less angular ocuthne, smce the surface of separation between
the mother- and daughter-cell is flat, appearing to the eye as a straight line.
This shape, however, very soon undergoes alteration, the cell-membrane being
cavsed to bulge outward by the pressure of the plasma, whereby the plane
surfaces are rounded and the cell assumes the customary appearance of the non-
facetted coccus. By the same cause the initially plane circular outline of the
sxhn311? side of a cylindrical bacillus, newly formed by fission, becomes dome-
shaped.

§ 46.—Division of the Nucleus.

As 18 known, the division of the nucleus can be effected, 1n the higher plants
as well as 10 animals, in two ways The smpler of these, generally known as
segmentation, or as direct or amitotic division of the nucleus, occuis, in the
higher plants, only in such cells as have ceased to subdivide, and whose
multiplication has therefore ceased. The nucleus elongates, becomes con-
stricted at an intermediate point, and finally falls apart mn two halves. More
complicated, however, is the other process known as indirect or mitotic
divigion of the nucleus. In this case the final separation of the nucleus mnto
two portions 1s preceded by a far-reaching transformation of the substance
of the nucleus of the mother-cell, an operation entitled karyokimesis; and it
18 in this manner alone that the subdivision of the nucleus occurs in the
segmentation cells of higher plants and animals. Fundamental researches
into this process have been made by Fremmmwg (I ), and 1n the narrower
domain of the Thallophytes the 1nvestigations of Sormirz (I ) mertt at.tentwgé

In so far as the Schizomycetes are concerned, BorsvaLI (I. and IIL.) make
varlous observations, from which Zacharias concluded that the division of
the central body of fisson bacteria 18 amitotic or direct. WammrLicm (I.),
Frenzer (1.), and SsoBriNe (I.) studied the matter more closely, and, according
to them, the chromatin granules of the central body (§ 35) are first dissipated,
and then the latter stretches and subdivides. Concurrently, the new septum
interposes 1tself between the two moeties of the cell and then sphts up into two
lamelle, thus effecting the separation of the two cells.

As will be remarked, the Schezomycetes agsume an exceptional position as
regards the behaviour of thewr nucleus during cellular subdivision, the operation
being 1n this case alone direct, wheteas 1n all other plants karyokimesis occurs

§ 47.—The Rate of Reproduction

18, naturally, influenced by external circumstances, especially by the method of
nutrition and the temperature. It also varies under the same external con-
ditions 1n the different species The tume required for the formation of one
bacterial cell from another (a new generation) 18 known as the period of gene-
ration This period was determined by BrerELD (I.) and by Prazmowskr (I.)
as twenty minutes at 35°; thirty minutes at 30°, forty-five minutes at 25°,
ninety mmutes at 184°, and four to five hours at 12 5° O, for the hay bacillug
(Baovlus subtelis)  Simlarly rapid 18 Koch’s Vabro cholere aswatiee, the
period of generation for which under favourable conditions 18 only twenty
minutes, aa ascertamned by BuorNER, LoNeaRD, and Ruwprin (I.)  If the number
of cells present in a bacterium culture at the commencement of an expermment
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CHAPTER V.

THE PERMANENT (REPRODUCTIVE) FORMS OR SPORES.

§ 48.—The Formation of the Endospores.

Tax cell forms, hitherto considered, produced by fission, and generally designated
vegetative forms of growth, have only relatively low powers of resisting the
multifarious dangers to which bacteria are exposed in Nature. The fact that
pevertheless, these tender organisms hold thewr ground is due to their faculty
for producing special forms, which, on account of thewr physiological function
are kuown as permanent forms (spores). These may be of two kinds, viz., endo
genonus spores, and arthrospores. Any account relative to the continuation of
the species will therefore have first to deal with the formation of the endospores

‘When & bacterial cell commences to develop such a new form, 1t condenses
its cell contents mto a smaller space, and then surrounds them with a tough
smooth, colourless membrane (probably composed of twe
layers) The form thus produced 1s enclosed on every side
by the membrane of the mother-cell (Fig. 14), 1n which 1t 1
developed, and 1s therefore called an endogenous spore or
endospore. The greater density of 1ts contents 13 evidenced
by thewr greater refractive properties, which, were they
confined to the spores, would enable these to be detected
with certainty by the optical method alone, This 18, how-
ever, not the case, large, highly-lustrous drops of 2 fatty

F1G6 14.—Bacillus

megatherinm

Spore formation

r chain of four cells
with ripe, tough-
walled endospores

nature, and which cannot, without other means, be accu-
rately identified, occurring frequently in the cell plasma
of the fission fungr In such cases germination tests—dealt
with in the following chapter—must be resorted to for the

(dfter De Bary)

purpoge of differentiation,
Magn 600.

‘With regard to the transformations undergone by the
individual parts of the contents of the mother-cell prece
dent to spore formatbion, uncertainty still prevails According to the observa
tions of P Ernst (§ 35), the chromatin granules of the central substance
appear to play an important part in these changes, on which account thus
worker entitled them * sporogenie granules”

Soon after spore formation has terminated, the membiane of the mother-cel
is dissipated, swelling up and diwssolving 1n the surrounding liquid, and thus
leaving the spore free. This 18 the ordinary course, but 1n many instances
daviations oceur, one of them being in the caseof the Spullum endoparagogicum
discussed rather more fully below, In this case the membrane of the mother
cell encloses the spore long after the latter 1s mature, and 1s still present wher
the spore germinates, This is described 1n the next chapter,

§ 49.—Alterations in the Form of the Mother-Cell.

In many instances the mother-cell undergoes alterations of form during the
process of spore formation;and swelling occurs,
46



ALTERATIONS ‘IN THE PORGY ¥ M OTHER CELL

‘When this happens at one of the polar ﬁermi@ions of a rod-shaped cell,

F16 15 —Vibro rugnla. F1G6 16 —Clostridium butyricum. .
Seven rods, each with a ter- B Spore formation
minpnl spore (Afler Praz- a.b purel
purely vegetative cells, d commencement of spore
mowski) Magn. 1020 formation , c—e progress, f-h completion , a~ contain

granulose stained blue by lodine, k. devold of this cor-
bohydrate, unstained by lodine, g cell with twospores
(After Prazmowski) Mugn rozo

“ drumstick bacillus,” found in human fwces by Bmnsrook (1) The author
has often found morphologically mmilar fission fungi 1n the skin developing on
the surface of hoiled infusions of hay, and as a matter{of general interest an
example from the pathogenic bacteria may be cited, viz, Baollus tetanti, by
which tetanus 18 produced

Not inferior 1n number are the species wherein the sporogenic rod ordinarily
swells up 1 the middle and gives rise to a spindle-shaped outline resembling
that of a lemon or cop of yarn. Trkour (L),

who 1n 1863, 1n the course of his studies 1n
butyric fermentation, first became acquainted
with this bacterial form, gave 1t the name of
a 3 ¢ d

Clostridium, a term adopted as a generic name

by Prazmowski, The two species described by

this worker, viz., Clostridwum butyrcum (Fig.

16) and Cl. Polymyxa, were supplemented by

Lisor1us (L.) with Clostriduum feetidum, a fission

fungus, which 18 isolated from old cheese, and

produces a repellent odour 1n artificial nutrent ¢ . g
media. A fourth species 18 the Bamllus alves, F1a 17 —Baclllus infiatus
discovered by CamsHIRE and UBEYNE (I.), which 8pore formation

causes the so-called ‘“‘foul brood” in bees. 4 5 e cells of Clostridium fori, each
The Bacillus wnflatus (Fig. 14), discovered by  containing one elongated cylindrical
Avrrep Koom (L) 1n 1888, also belongs hereto. :;g::smjf 'n;’e‘;'uﬁ" ol &i/"t‘:r”:f
Beyerinck investigated the conditions under  koch) Magn, 2100

which the Olostridium form is assumed by a

number of species, having close affinities with Closiridwm butyricum, which
have been grouped under the genus Granwlobacter.  ®

U
the
latter then assumes the form of a nail or drumskek. Bacteria exhibiting this
peculiarity are styled nail-bacteria or helo-bacteria by Billroth, or Urocsphalumy
by Trécul, and 1n medico-bacteriological literature they are also frequently
called pin-head bacteria. The earhest known example of this kind was the
Vibrio rugula (Fig. 15), frequently encountered i pools, and another is the
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§ 50.—The Number of Spores

produced 1n a smgle mother-cell exceeds unity n but few species. The fi
communication on this subject was made by Prazmowski, who found that
exceptional cases Clostriduum butyrcum developed two spores in a cell. A rep
sentation of this 18 given 1n Fig 16. Ep Kern (I.) observed in Unucam
kephwr granules s bacillus to which, on account of 1ts faculty of producing ¢
spores, the name of Dispora caucasica has been given. This bacillus produces
spore at each of its two pcles, without any alteration of mize or shape be:
undergone by the latter The contrary report, met with in many books, v1
that this microbe during spore formation swells up in such a manner that
assumes the form of a dumb-bell, is a pure invention. The doubt raised
Maoi (I.) 1n 1889, and shared by many others, against the sporous nature
this form, is also groundless, since & perusal of Kern's treatise shows that ti
mnquirer confirmed by observation the germination of the doubtful spores in

F1@ 19 —Bacillur tumescens

Fra 18 —8phillum endaparagogicum

C, vegetative cells, A,two cells, one with two Chatn of sev
[ Ra] en cellg, alx of which have ¢
u;"ia?.t; other with three endospores  (4fter veloped one spore apiece, whilat the sey on
) ond central cell has 1omained barren, 1

plasmn s granular, (A7t A Aock) Mag
1100

new rods A third species m which this unusual fruitfulness has been observe
is the above-named Bacullus inflatus, 1n which, however—as 18 shown by Fig 1

—sthe mtuation of the spores 18 1ot polar, but central. E Kramen (1) repori
that the Bucillus saprogenes veni I11, isolated by him from turned wine, swel

up at first at one of 1its poles and develops an endogenous spore therein, anothe
spore being then formed in the handle of the drum-stick form thus produced
so that two spores are developed 1n the same coll,

The formation of more than tuwo 8pores wm a sungle cell has hitherto bee

noticed in but one species of fission fun 8, the Spirillum endoparagoy

This was repeatedly observed by Sonoxriu(l) n a.psmnll p::ﬁ o]t)' rﬁﬁ{m’é
collected 1n the cawity of an old black poplar tree. A representation of tiu
microbe 18 g1ven m Fig. 18 In A 19 geen a cell contarming fwo, and anothe
with three endospores, and Horokin found ag many a8 g2 1n a cell " The atterp
to obtain artificial cultures of thig organism wag as little successful as 1n the cas

of 8o many other spinlla, there bemn
g (1t may be mentioned en passant) up to th
g‘?sznzt ongy;}:, few known species wherein attempts of this km{l7 have )sugcegde(
a )e fr ot these species 18 that which was 18olated as a pure culture by Esmarc
;) Irom putrescont fluéy and which formed rose-red colonies (Spurallur

rubrum); the second 1s the S
nvestignsed by Bvsmorn i Ip;z lum desulfurcans, dwseovered and thoroughl

X which readily reduces sulphates to sulphid

fi) :a]ﬁ-ddmbtheﬁgpz}zllum lutmm—-developmg a cﬂ:ron-yel]owpcolourmgsr‘r:ull.::t]e(rf)-E

mm.in;m gre x d‘!:‘I?J'[ELLE (1) from a bog; and the fourth 1g the Spirllur
) ed by H, L. Russery (11 ) 28 & frequent mhabitant of the muc



and water of the Bay of Naphow . ;
are éxtremely susceptitite to varwtious itrihe températuvewnd Hifions

With these exceptiens, only one.gpers 48 produced ip s bactor.
which event the spore formation, does not vesult in an 1ncrendtiin the r
the cells. It is scarcely necessary to rémark thab it is not every cell tha
a gpore, it being a matter of frequent observation that dual «
bacterial chain are sterile, leaving their neighbours on either hand to oa
maintenance of the species. An attempt 18 made to represent this st
things in Fig. 19, which 18 a drawing of Bacillus tumescens mede from nat
A, Kooz (L).

~

§ 51.—Form and Size of the Spores, ~

These chwracteristics vary of course in different species, the spores of Bacth
subtlis, for example, bewng ellipsoidal and messuring 1-2 u in length by about
0.6 p1n breadth, whist the similarly shaped endospores of Olostridium butyricum
are 2-2 5 u long and 1 o p broad The %oneral shape is oval, but there are
noteworthy exceﬁations to this rule  One of these is exhibited by the Bactius
inflatus, which has glresady been frequently referred to. Ak can be seen frem
Fig. 17, the spores of this microbe have the form of an elongated cylinder, and
are often curved in the shape of a bean. With a breadth of about 0.7 u
largest of them attain & length of 3.8 p, in which respect this species is as y&
unrivalled. . We may here mention thatin A Koch’s work, as also in Eisenberg's
treatise, already alluded to, a number of spore measurements are given. e
duration of spore formation has been determined by Prazmowski for Clostridium
butyriowm as 10 to 18 hours at 30°~35° O,

§ 52.—The Conditions Influencing' Spore Formation

have been frequently investigated, but no generally satisfactory elucidation has
yet been obtained H. BuourNEr (IL.), on the basis of his studies, sought for
the explanation 1 the exhauston of the supply of nubriment, but this is
contested by OsorNE (I). Turro (I.), on the other hand, sees the cause in the
accumulation of nomious trangformation products, agamst which the vegetatave
form seeks protection and the maintenance of the species by developing the
hardier reproductive spores.

A. Koch established the fact that Bucillus inflaius 1n hanging-drop cultures
forms spores when & 1 to 2 per cent solution of meat-extract 1s employed as
nutrient medium, but that they are not formed 1f grape-sugar be added thereto.
Clostridwum butyrioum forms spores only in the absence of oxygen, whilst the
morphologically similar C7 Polymyxs, on the other hand, produces them only in
presence of this gas. Korwar (I') found, in a microbe named Bacillus pseud-
anthracis, that spore formation was mnfluenced favourably by violet hght but
unfavourably by red light.

Past experience has shown that the formation of endogenous spores is
confined to the rod-shaped species (bacilli). This observation has been utilised
1n the classification of bacteria, as will be seen 1n § 69. The reports to the
contrary found m the literature of the subject lack the force of proof, since they
1gnore the fact that the sporous nature of the growths seen to originate m the
coccl has been demonstrated by germination tests.

§ 53.—Resisting Power of the Endospores.

The forms in question are endowed with the character of reproductive cells,
since they are able to withstand those adverse conditighs which would 1nevitably
1 D
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fatal to the vegetative forms. As in the following sectivns—especially that
with sterlisation—occasion will often arise for a closer investigation of
faeulty, so mportant for the maintenance of the individual spectes, an
dxhaustive and tedious list of individual cases need not be given here; it will
.~ therefore suffice if we cite one example, viz , Bacillus subtie  According to the
- * yogearches of BREFELD (I.), which were confirmed by M. Gruser (L.), a con-
4 _binuous exposure of twenty minutes to the action of boiling water suffices to
" destroy the sporeless rods of this microbe, whereas to kill the spores requires
(<%« . Shree hours’ boiling at 100° 0., 0r & quarter of an hour's exposure at 105° O, or,
»*  figally, the action of a temperature of 110° O. during five minutes The
sgertion made by Koch, that the continuons action of steam at roo® O for
' #ifteen minntes will destroy the spores of any of the bacteria, was subsequently
» ,negatived by lus pupil E. voN Esmarom (I1) According to Swaw (I ), spores
5 of Booillus megathervum, dried on a cover-glass, retaned thewr vitaiity and
gorminating power for more than three years,
T Use may be made of these powers of resistance for separating the sporiferons
" from assonated non-sporiferous bacteris. By skulful handling, e g. by the aid of
safficiently high femperatures, the weaker species 1n a mixture of bacteria can
be killed off, leaving only the spore-producing individuals, A process based on
this mode of procedure, and known as the boiling method, was introduced into
- bacteriology by Roserrs (L.) for obtaiming pure cultures of the hay bacillus,
.- aod the same method was employed by Prazmowski for preparing cultures of
™ » Clostrdyum butyrcum.
1 The seat of this high power of resstance hasg already formed the object of
» mumerous researches. One school looks for it 1n a pecullar modification of the
> spore plasma—for instance, 1n the presumably low water-content thereof, as
. stxggested by Lewrra (L.). Others, again, attribute to the spore membrane an
exceptionally low hﬁ&ﬁ-conduqti.ng power, and a very shght degree of permeability
by noxious substances. This latter opinion seems the more probable one,

T eonsidgred from & physical pont of view, and 1s further supported by

o

;”P&W § 54.—The Behaviour of the Endospores towards Dyes.

L 0an:‘-s already observed 1n a previous chapter, the dead plasma of the bacterial
s p absorbs colouring matters gteedily and copiously The staining of the
&% ~ ¢ - endospores 18, however, more diffic lt, and consequently they have to be exposed

h:g:? - to the ge a much longer time before they will absorb any of it However, the

by oolonr H_us en up 18 retained by them more firmly than by the vegetative
2y This property has bean utilised ; i i i

Lo i utihised in microscopy to obtam a differential staining

- fi :ﬂm m:;:ﬁm bacteral cells, for which purpose the latter are treated

i o t:glth e (6g red) colour golution until the spores are thoroughly im-

pregua erewith, the preparation bemng then steeped 1n a decolorismg hquid

lmmersion 1m a second colour (69 blue) solution, a two-colour pre
gggtl))lle-sm?&ng) beng thus obtained, the )spores m his case being fedp;;:'gt:ﬁl;
ha.ndboui' 5 ore det'a.lled directions for double-stmmng will be found 1n Hueppe's
ha zc:'; ). xsenbte,rg 8 treatise, and 1n Bernheim’s Taschenbuch ” (Pocket-book).
: pgre- bea.gr'li:egs B!”‘aczll![i:.]: s:z;ll white reproduction of a cover-glags preparation of
and appans 5 pucil (wh1;el)8 stained only once, so that the spores are unchanged,
The aforesaid behaviour of bacterial end

toristag of a1l this g nospores towards colouring matters is
FM_ . ot 1nfrequently, though erroneous!
assumed by medical bacteriologists that any formation, in t.hegintenor of tlfe’
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3

cell, that behaves similarly towards dyes 18 to be considered as an endospore,

whereas 1t 18 not yet proved that spores alone
exhibit this power. A general report concerning the
spore formation i1n any bacillus must therefore be recerved
with due reserve when 1t rests merely on the result of
stamning expermments The sole decisive proof of the
sporous nature of such bodies 1s afforded by their ger-
minmating power alone, a subject discussed in the next
chapter. When this property has been observed, the
staining flask 18 no Jonger needed, its use in such case
being confined to the preparation of a colowed slhde,
which, 1n 1tself, 13 now valueless as a criterion

The property of offering considerable vesistance to
decolorising agents, possessed by the endospores, 1s also
shared by the vegetative forms of a few species of bac-
teria, among which are the tubercle bacilli and the leprosy
bacili, This unusual bebhaviowmr greatly facilitates their
detection by microscopical examination alone, and 1s of
particular utility 1 this respect mn the examination of
milk and of the sputa of consumptive patients

2@

Fra 20 —Bacillus subtilis
Cover - glass

preparation
from an eight-days-old
grlatin cnlture grown
at room towmperature
Stained with Vosuvine
The spores, not having
absorbed the dye, show
up as white specks
against  the  (dark-
stalned) vegetative cells
(4After Baumgaiten )
Magn ggo

The differential staiming of tubercle bacilli, also ex-
perimentally applied to non-pathogenic bacteria by many bacteriologists, will be
found dealt, % 1n each of the above-named books.

§ 55.—Arthrospores.

As already remarked, the capacity for forming endogenous spores 1s not
universal among the fismon fungl. The question then arises as to the means
whereby those species not endowed with this faoculty protect themselves against
adverse external influences.

In many cases the resistance of such cells, and consequently the maintenance
of the spectes, 18 secured by the development of a protective wall of cells, This
18 most frequently met with 1n zoogleen-masses of bacteria.

In other cases actual spore formation occurs, This, of course, takes place
not within the bacterial cell, since that would 1mply endospore formation, but by
& thickening of the membrane of the individual cell 1n question, which thereby
plays the part of a reproductive cell This procedure 18 known as arthrospore
formation, since the spore detaches itself from the chain of moribund cells, vncysts,
and becomes dormant until conditions are once more favourable for 1ts germma-
tion, when the cell increases i length and subdivides 1n the same manner as the
vegetative form.

The thickening of the cell membrane of the inecipient arthrospore proceeds,
1n many 1nstances, to such an extent as to form spiny excrescences on the exterior
surface This was observed by Hansare ([ ) in two species of bacteria, viz,
Mycacanthococeus cellars and Mycotetraedron cellare, found by him on the wallg
of & cellar at the Oastle of Plewssen, at Leipzig. The arthrospores of the latter
species, which are tetrahedral in form, exhibit at each of the four angles a spiny
thickening of the membrane 2 x 1n length.

The name arthrospore will be understood when 1t is remembered that this kind
of spore 18 met with particularly 1n the thread bacteria, from which 1t bcomes, as 1t
were, actually dismembered. Ezamples of this are exhibited by the Crenothra
sbserved by Cohn, Cladothrix by Zopf, Leptothra by Miller, and Streptothrix Foer-
ierr by GasperiN (L) The discovery of these organs in species of cocc1, &c.—
wch as the urea bactertum found by Jagsca (L), in B. vgrnicosum by Zopr (IL.),
n Bacterwm Zopfin by Kunra (L), and so on—was only a secondary matter.
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CHAPTER VI

THE GERMINATION OF THE ENDOSPORE.

§ 56.—First Type.

Wreexn the spore is exposed to favourable conditrons as regards nutrition, it
abandons 1ts dormant state and begins to germinate by commencing to absork
hqud from the surrounding medium It then becomes distended, its high
refractive power gradually dimimishing 1n the same proportion  Further
development can then proceed 1n three ways.

The first type of spore germination was accurately observed by H. BucENER
(I11.) in Bacillus anthracis, the producer of anthrax, and afterwards discovered

f 4
06) w0 50 Q¢ Go F

123

Fra a1 ¥1a 22 —Clostridium buty ricam,
Bacillus antlroels Spore formation

Germlnation of spores a ripe spore

8 the ripe spore before b ditto expanding {n nutrlent solution
germination beglns, 1, ¢ final dimenslons attained,and soparation of
2, 3 threo suocessive exospotium from endosporium visible
stages of germination, d, ¢ young rod escaping from polir extremity
3 the faolly developed of spore capsule,
rod  (dfter De Bary) (4rter Prazmowskt) Magn rozo

Magn about 600700,

1n other kinds, as, for instance, by Prazmowssr (I.) 1n & fission fungus named
by him * mistbakterie” (dung bacterium), and 1na second spectes 1solated from
feimenting urine The progress of germination in this type 1s very simple
(Fig 21) 'The spore, gradually acquiring the normal dimensions and functions
of the vegetative form, soon divides and 1eproduces by fission According tc
severnl obgervations made by Biefeld, the exteinal layer of the spore-membrane
(“exosporum ™) separates duiing this germination process and swells up Thx
harmonises well with the rematk made 1n a previous paragraph, Lhat the spore

capsule probably consists of two layers, distinguished as exosporrum and endo
sporium.

§ 57.—Second Type of Spore Germination.

Microscopically the 1mtial stage of the process is 1dentical with that describet
m the foregoing paragraph, the refraction of the spore diminishes and an 1n
crease 1n gize oceurs Then, however, the contents of the spore are elaboratec
into a new rod, which is surrounded by & thin membrane, and which by it
further growth, bursts the spore capsule ’ ,

Thisrupture 1 effected at the pownt of least resistance, the position of which—
and consequently the mode of escape of the germ—rvaries 1n different species.

In Clostridvum butyricum, (1. Polymyza, and a few others, the spore capsuls
opens at one of the poles, so that the direction taken by the young rod 1n it
escape 18 in a line with 1ts length, as shown in Fig 22,d. The expulsion u

52



THIRD TYPE OF SPORE GERMINATION 33

effected by the spore membrane, the tension of which 18 gradually increased to
such an extent, through the expansion of the spore contents, thabt 1t finally
squeezes out the mature spore. The capsule then shrinks at once to 1ts original
size, and gradually disappears from view by swelling up and dissolving in the
surrounding hqud If the spore has originated from any species of motils
bacteria, the liberated rod begins to rove directly one of 1ts extremities 1s free.
It not unfrequently happens that the empty spore capsule 18 not completely
detached from the germ, but rests as a well-dehned cap on the rearward
pole for some time, until finally 1t disappears In a few species the persistence
of this membrane 18 very conmderable, whilst the force of contraction 18 small
and 1nsuffient to expel the matured rod An example of this 18 afforded by
the Bacillus sessilrs, discovered by L Krmwy (I and 1I.), which—as 1ts distinctave
name 1mplies—remams embedded 1n the spore membrane This captivity,

Note—10to12 Uir M (U) =I0AM to12mo0on, X070 =1xto7PrM
Fi1c 23 —Germinntion of spores of Bactilus sessilis

Progressive obscrvation of the germination of flve endospores (1-5) under the
mieroscope at 30°—-35° C  Hanging-drop culture In ment-extract solution The time
of the observation (110m 10 AM to 7 P M) 18 glven under the illustrations of the
separnte stages of development (A-K) of the germination Spore 3 had not
germinated even at 7 e M (Affer L Klein) Magn about 1000

nevertheless, 1n nowise 1etards 1ts nutrition and reproduction, since by fission 1t
forms new 1ods, which 1t protrudes through the polar openings at bLoth
extiemities 1 the muff-shaped capsule, the said rods quickly forming spores 1n
turn  An illustration 1s given mn Fig 23

§ 58.—Third Type.

In Bacillus subtihs (F1g. 24), Bacullus megatherium (Fig. 25), and a few other
specier, the spore membrane does not burst at the poles, but along a line comead-
1ng with the equator of the spore This line, however, extends only part of the
way, not right round the spore, so that the two halves of the membrane still
remun attached together at one point The rod then makes its exifi by bending
somewhat at the centre, and, by turning one of 1ts extremities, pushes 1t out of
the capsule, one half of which often remains on the other pole for some time like
o cap, the other half hanging down empty Sometimes the germ cannot Iiberate
even one end from the capsule, both poles remaining wedged between the two
halves of the membrane (these acting hke a pair of tongs), and the central
portion alone projecting, This position, however, does™ot prevent reproduction,
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wo F16 24 —Baolllus snbtllis

R ¥ Spore germination

3o a. rips spore, » placed In & nutrient solntion,

Gf, the refraction disappears, ¢ enlargement
o baging , d the equatorial flssure is formed

4e

Ly
T,
O
A

b germ is jost protruding, in the lower row
o one pole is already freed , /° the young rod
Hp- 1s at liberty, g it grows to its normalsize,
ot h reproduces by subdivision Extrp long
i cells are seen at g and k in the lower row
é’ ; (After Prazmowski) Magn 1020
’
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nnd the young germ begins co escape, € in
the upper row the central portion of the
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E%ﬁ Gt gives rise to horse-shoe chains (Fig. 26), which only separate into their
fﬁg Hdividual members when the spore membrane has become swollen and flaceid.

13

F1a 25—Bacillus megatherinm
Spere germination

Iy two dried ripe spores onclosed
by the walls of the mothoer-cell
hy. the same spores after forty-
five minutes’ immersion in a
nutrient solution

L, 1 the spore contents have in-
veated themselves with a new
membrane and are ececaping
from the old eapsule

m two full-grown rods
(After Da Bary) Magn Goo

B /O’C
54 37

ey

Haok g F
B .
F‘g 26 —Bacillus subtilis. Fra 27 —Bpirillum endoparagogicum
Impeded germination. Spore germination.
1 Cells with ripe spores csusing A, purely vegatative cells in Lirisk motlon
the mother-cell walls to bulge, B, three spirilla with four to six gpores, those
2 Commencement of spore ger- in the central cell being ripe
mindtion, capaule flssured equa- D, mother-cell with germinating spores, from
torially which proceed
3 Ordinary unimpeded escape of E, branched forms, subsequently dismemberced
tEe ig;er:l. hat 1 ded into single callg
4 Exi omewhat impeded, one C, moribund spirill
pole being eventnally liberated ’ (Aﬂer%;ratf?l)le m]glnth:ee it
5 Both poles of each germ re- 875
main fixed, germ divides into
two cells
(4fter De Bary) Magn 6oo
The timeYoccupied b i
"Jocoup y Bacwallus subtilis 1n germimnating 1s, according tc

Prazmowski, generally 343 hours at 30°~35° C., but frequently much longer.

L D _j
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A unique procedure 1s manifested 1n the germination of the spores of Spural-
lum endoparagogicum, the membrane of the mother-cell remsining unimpaired
(as already mentioned) after the sporesare formed, so that the germs proceeding
from the spores have to penetrate the membrane of the mother-cell 1n order to
attamn their freedom. Not infrequently they remain attached by the one end,
thus giving rise to a branched form, as shown in Fig 2.

§ 59.—Importance of this Process in the Classiflecation of Bacteria.

Bince, according to observations made thereon, the course of spore germina-
tion differs in the various species, 1t may be utilised, 1n the characterisation of
species, as an invariable and therefore reliable indication. One example, serving
for Bacteriology 1n general, may here be cited. H. BuomNer (II.) ascertained
that by a sutably modified method of culture it was posmble to deprive the
anthrax bacillus of its virulence and render 1t harmless. Sandry other exper-
ments (subsequently found to be defective and deceptive) with the hay bacillus
(B subtilie) induced him to assert that these two
species were 1dentiwal, the hay bacillus bemng an
anthrax bacillus that had lost 1ts virulence, and »uce
versd  Now 1t has already been shown that the
germination of the endospores of B anthracis
tollows a different course to that occurring in B
subfilig, consequently, if the former were by
Buchner’s treatment not only rendered harmless,
but also actually converted into B subtilis, then the
eourse of germination must also have become corre-
spondingly changed. Starting with this agsump-
tion, Prazmowsk: (IIL.) subjected a weakened
anthrax bacillus (presumably transformed into B
subtilis) to examination with regard to the nature
of the formation and germination of 1ts spores.
He found that both operations pursued exactly
the same course as m the virulent (unweakened)

i\
g 3
A g @_
07 .
Fia 28
Bpore formation according to Perty

anthrax bacillus, thereby disproving the assump-
tion of the 1dentity of the two species,

The first observation of the production of de-
veloping reproductive cells within the bacterial cell
was made by Perty (I.) 1n 1852, who designated
the rods he found to possess this property Sporo-
nema gracile (Fig 28) His communication,
however, met with no recognition and fell into
oblvion. About fifteen years later Pasteur (V1.),

b-g Bporonema graclle, b.with one
terminal spore, 0 with twospores,
in d the spore has escaped from the
mother-cell , e-¢g shotws the gradual
development of the spoie until
ripe In ais shown the (formerly)
so-cal'ed Metallacter, a chalu of
short threads which when viewed
under a Iow power i8 apt to be
mistaken for o long rod, hence its
name.

unaware of Perty’s observation, re-discovered the
same fact 1n the course of his researches on the causes of lethargy in silkworms
(gattene) The fission fung which he found 1n large number 1o the £hmentary
canal of the diseased (lethargic) worms, and which he experimentally ascertained
to be the cause of this generally fatal epidemic, frequently exhibited internal
lustrous enclosures, the formation and function of which he explained to be
reproduction by endogenous germs (“réproduction par noyauwx wntéreurs’’),
without, however, observing them more closely i order to ascertain the accuracy
of this hypothesis.

Only one proof was needed to set this beyond doubt, namely, the
demonstration that these forms have the faculty of germinating and of develop-
g 1nto new individuals, Fgrp, Oomen (VII.) firsk succeeded 1n duing this, in



56 THE GERMINATION OF THE ENDOSPORE

1876, with a bacillus isolated by him from an wnfusion of hay, This fuct defi-
nitely proved that the bacteria belong to the vegetable kingdom, since_spore
formation exclusively characterises the sub-kingdom 7"%allophyia, and 18 unknown
in animals. A more accurate account of this important process was given two
years later by Osgar BrererD (I ) for Bacullus subtlis, two years subsequently
by A. Prazmowskr (I ) for Clostradium butyricwm, m 1882 by Hans BuoHNER *
(I}I‘) for B. anthracts, then by De Bary (I) for his B. megatherium, and by i
others.
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SECTION II.
GENERAL BIOLOGY AND OLASSIFICATION OF BACTERIA.

CHAPTER VII.

THE BACTERIA UNDER THE INFLUENCE OF
PHYSICAL AGENCIES.

§ 60.—Influence of Electrieity.

Tex effects of this agency were first recorded by SomiEL (I.) 1n 1875, the earliest
exhaustive researches being carried out by CorN and MEeNDELs0EN (I ) mn 1879,
succeeded 1m following years by the labours of Arostor: and LaAQUERRIERE (L.),
ProcaowNIR and SparE (I ), and Duoravx (III) The same method of exper:-
menting was followed by all these observers, and consisted 1n passing an electric
current through the culture. Cohn found that, to produce an appreciable
weakening effect by this means, a battery of at least two cells was required, the
current from which, when passed for 12-24 hours through a nutrient solution
1nooulated with bacteria, was unable to kill the germs, but nevertheless ren-
- dered the medium unswtable for further culture. This result, as explamed by
Cohn, was due to the action of the current in forming decomposition products
1mmical to fungi  Bearing this in mind, such a method of experiment 1s there-
fore unsuitable for affording a clear 1sight 1nto the influence of the current
itself These labours are, nevertheless, worthy of mention, since, having been
further pursued with a practical aim, they have led to the elaboration of a
process for the purification of sewage water (as developed and tested by WEBSTER
(L) in particular), The water to be purified 18 led through a trough into which
dip large iron plates, acting as electrodes for a powerful current generated by a
dypamo machine and passed through the hquud. Ferm (I) tested the process
from a bacteriological point of view, and ascertamned that—under the conditions
of the experiment—a current of o 5 to 1 o ampére reduced the number of germs
to between 5th and ;3yth of the imtial quantity
To ascertain the effect of the electric current, unaffected by secondary
chemical 1nfluences, Burct and Frascant (I) proceeded by drying the bacteria
(e a small portion of inoculated nutrient solution) on a pad of glass wool at
37° 0, and then dipping the pad 1nto mercury through which a constant galvanic
current was being passed In this case the bacteria were killed, but the method
of experimenting 1s not free from objection, since the dried constituents of the
medium were present along with the bacteria, and might retain moisture and
form decomposition products noxious to the latter
These 1njurious secondary influences can only be perfectly excluded when
the electric current 18 prevented from coming into contact with the nutrient
medium, a condition first attained i the experimental method selected by
Seinker (I) and GorrsreiN (L), The glass flask containing the bacterial culture
was enveloped by a coil of the line wire, and an 1ndugtion current then passed
57
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‘;&Woooma prodagrosus—washed by sedimentation in pure water or in water
7. I'qualified by nutrient gelatin—was Ialled when the liquud (250 c.c. 1 volume)
.5 wap exposed for twenty-four hours to the ifluence of & current of 2.5 ampéres
#* and' 1.25 volts Other species of bacteria offered greater resistance. as, for
' example, those occurring in milk, which are gifted with the power of forming
>\ endospores capable of reteining their vitality under very adverse conditions.
For this reason the above-named observers never succeeded in thoroughly freemg
wilk from living germs by electrical treatment, although the number of the
germs could be reduced thereby.

D'Arsonvar and CHARRIN (I ) studied the influence of the electric current
on the blue pigment of the Baculus pyocyaneus found 1n the pus discharged by
wounds. They placed a culture of this organism in the cavity of a solenoid
traversed by a current of 10,000 volts; an exposure of twenty minutes sufficed
- o destroy the chromogenic power of the bacilh almost completely. A similar
<! decrease of virulence was observed by S8 Krteer (I) in the case of a few

'pathogenic bacteria ; and, finally, reference may be made to a research of this
nature performed by H FrrEpenraax (I).

At present, owing to the high cost entailed, the utilisation of the ant1-
bacterial powers of electuicity in the food-stuff industries is out of the question,
,Use has, however, beer made of these powers 1n the fermentation industries,
although the primary object of the process is not the destruction of germs, but
the chemieal changes effected by the electric current. Alcoholic beverages (Wine,
cognac) are artificially matured, and a shght esterification, and conseguent
mellowing of flavour, produced by allowing the liquors to flow slowly through
an electrical field. A more detailed consderation of this process 1s, however,
* beyond the scope of the present work., A review of the methods proposed for

this purpose and the experiments made therewith 1s given by A. SoEROHR (L)

.I.I))'A.rsonva.l and Duabois have made a few observations on the 1nfluence which

magnetism (so closely allied to electricity) has on bacteria, but unfortunately
these have not been followed up any further,

. § 61.;Inﬂuenee of Temperature.

The ordinary conceptions with regard to the favourable or prejudicial influence
- of certain temperatures on organic life cannot be applied, without modification,

{ to bacteria, and this 18 particularly the case with respect to the effects of cold
- J. Forsren (I.) was the first to find (in 1887) that there are species of bacteria
%4 . which at & temperature of 0 O are not only alive, but actually reproductive.

¥ ', This report is based on a luminous bacterium 1solated by him from the surface

of a phosphorescent salt-water fish. B. Fisomer (I) next discovered fourteen
other species, some m sea-water, others in the soil, all of which were very
raproductave at 0° 0 Returmng to the subject, J Forsrer (II ) then examimed
more narrowly the natural habitat of sumihar bacteris, and found that

Commercial milk contatned up to 1000 per 1 ¢ ¢
Druin water contained up to 2000 per 1 ¢ ¢

Gaiden 8o1l contained up to 140,000 per T gram
Street mud an 1nn imerable quantity per 1 gram

Miquer (I)., by keeping a sample of sea-water at o® 0, found that an 1nitaal

- number of 150 germs per I ¢ e. increased to 520 1n twenty-four hours and to
1750 1n four days These facts indicate that glacier water, hail, and snow may

also contain bacterian. ‘Quantitative researches on this point have been carried

out by L.ScmmEerck (I.), O. Buswip (I), W. Foury (1), Te Jawowskr (I.),
and especially P Mrquer™(I ).
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The resstance of bacteria to low temperatures extends considerably below
zero Centigrade, Frisom (I.) having shown that some species will bear cooling
down to — 110° 0. for a short time without injury. R Prorer and E. Yuwa (I.)
found that bacteria (species unknown) could be kept at — 70° O for 108 hours
and at -130° 0, for twenty hours without succumbing; certain (unnamed)
species even withstanding the effects of a short exposure to —213° U. in
solidified oxygen These facts are ngt merely of general biological 1nterest, but
also, at the same tume, 1mportant as regards the question of the suitable treat-
ment of stored food-stuffs, This will be discussed 1n a subsequent paragraph.

Antithetical to these cold-loving bacteria 18 the Bacillus thermophilus, dis-
covered by Miquer (IL), which thrives and reproduces with great activity at
70° 0, a temperature which instantly lalls animal cells, coagulates egg albumin
and blood serum, and produces painful burns on the skin. When kept at 50° O
this aerobic bacillus oceurs as short rods, about 1 u 1n thickness, which become
longer as the temperature rises, threads beginning to form at 60° C., and
constituting at 70° O. the sole occupants of the field The lowest hmit of
temperature at which development of this organism can be observed 1s about
42° O, above 72° C. the vegetative forms die off This non-ciliated ﬁsmqn
fungus 1s but seldom met with n atmospheric dust, but is very frequent in
sewage, and therefore also i1n sewage-contaminated waters It is hkewise
pregent 1n the alimentary canal of human beings and mammals. This locality
seems to possess a highly suitable temperature for the growth of this saprophyte,
although accurate knowledge on the subject is still lacking When the
temperature rises above 50° the medium undergoes putrefaction as a result of
the activity of the bacillus,

Between Bacillus thermophilus and the aforesaid cold-loving species there
are numerous specles forming intermediate links 1 the chamn. In the case of
Forster's microbe, already mentioned, the highest limrt of supportable tempera-
ture 18 35° O, and 1t cannot retain 1ta vitality when exposed, even for a few
hours, to a temperature of 35° to 37° C. GLoma (L) 130lated from garden soil
twenty-eight species of bacteria, each of which still developed luxzuriantly at
60° O, whilst the minority were able to grow at even higher temperatures. In
connection with their occurrence n nature the question of the limits of tempera-
ture—range of chmate—within which they can grow 1s of interest. In this
respect great; differences were observed, one of them growing as well at 15° as
at 68° O, whilst most of the others required a temperature of over 50° O, and
one exhibited signs of development only when the temperature exceeded 60° C.
It must therefore be concluded that, under natural conditions, the reproduction
of these organisms proceeds only in the height of summer, when the soil is
sufficiently heated by prolonged sunshine These warmth-loving bacteria are
not found 1n the ground exclusively. Lypra RABINOWITSOH (L.) 1solated from
the excrement of various ammals, as well as from manures, milk, &c, eight
widely distributed species, for which the highest lmit of temperature at which
growth was possible was found to be 75° and the minimum about 39° C. These
orgamsms are therefore able to reproduce freely in the ahmentary canal of
warm-blooded animals and human beings. ‘Warmth-loving fission fung: are also
not infrequently encountered in sea-water. One example of this 1s afforded by
a phosphorescent bacterium found in the West Indies and described in chapter
xv. under the name of Bacterium phosphorescens This inhabitant of the tropics
thrives best at 20°-30° 0., and ceases growing at 15°0  ILiving bacteria have
also been found 1n boiling springs, e g that discovered by COortes and Garrigon
n the basm of a mineral spring, the temperature of which was 64° O
J Karunsey (L) 1n 1895 discovered 1n the hot sulphur springs at llidze, near
Sarajevo, 1n Bosma, two species of Schazomycetes which he named Bacterium
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Zuduwrgs and Bacillus Thdzensis capsulatus, the former developing only when the
temperature rose above 50° C., and the second produaing endospores able to
withstand four hours’ exposure 1n water at 100° U without succumbing

Dixvposnt (I.) drew attention to the fact that, owing to the possession by
hacteria of a certain power of adaptation to climatic condltloqs, no Ahard and fust
lines can be drawn respecting the limits of temperature within which growth 18
possible; but that by carefully controlling the stages of transition it 18 possible
to somewhat extend these limits

In ciliated bacteria spontaneous motion ceases when the tempernture of the
environment approaches the lower or higher himit, and they fall into a state
of torpidity through cold or heat, from which they recover as soon as the
temperature once more becomes favourable

Reference to the morphological influence of temperature has already been made
above (as also in § 29), and will be exhaustively described and Wlustrated, with
& particularly fine example, in a subsequent paragraph. The transformmng and
modifying power of warmth also extends to other properties of bacteria, for
example, to the virulence of pathogenic bacteria, ie. therr capacity for en-
gendering disease. In the present work, however, not more than a smgle one
(on account of its general interest) can be 1eferred to, viz , Pasteur’s process of
preventive inoculation for anthrax. If Bacillus anthracis be cultivated in
mest-broth for twenty-four daysat 42°—43° O , & virus (premaer vaceen) 18 obtained
the virulence of which 18 so attenuated that sheep (the animal most subject to
anthrax) wnoculated therewith experience only a mild form of the complaint
IF then inoculated with a second culture prepared by exposure to the attenuating
influence of a temperature of 42°-43° O. for only twelve days (second vaccin),
the animals no longer sicken, even 1f 1noculated by unattenuated B anthracs,
and are therefore immune against inoculative anthrax.

§ 62.—Influence of Light.

The old empirical hygiean maxim concerning the disease-banishing power of
the sun’s rays—which 1s well expressed by the Italian proverb, “ Where the sun
does not enter the doctor does "—finds a full explanation 1n the bacteriological
discovery that the overwhelming majority of the fission fungi thrive much better
in darlmess than 1n the lhight, and are, 1n fact, under certain circumstances,
Ialled by direct sunshine. This question of the influence of light on bacteria has
already formed the subject of innumerable researches, most of which, however,
are of purely medical and hygienic interest, on which aceount their conmderation
here must be restricted to a mere recapitulation of the main pointsinvolved. A
summary review of the literature of the subject up to 1889 will be found n &
work by J Raus (I.), which in this particular 18 to some extent supplemented
by the more recent publications of T Janowskr (IL.) and Ta Gescer (I.)

Most of our knowledge of the question was obtamed from the earhest
1nvestigations therein, published 1n 1877 and 1878 by Dowxgs and BLunt (I and
I1 ), who found that the growth of the bacteria 1s restricted by the influence of
diffuse white daylight and 1s completely stopped by sunshine. The blue and
violet rays proved the most injurious, the red and orange rays being weaker
their action The authors explained the mnjurious effect of hght as an indirect
one, in that 1t strengthens the decomposing power of oxygen, the result heing
the decomposition and destruction of the bacterial plasma. Jaxrzsow (I), mn
1882, gave another explanation of the phenomenon by attributing the mnjury
observed to the 1ncrease of temperature affected 1n the cells by the sun’s rays.
The fallacy of this hypothesis—which had been rejected by Dowses (I )—was
demonstrated in 1885 by Dwcravx (IV.), who was also the first to employ pure
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cultures—viz , of Tyrothrir scuber—in the study of this question. He proved,
at the same time, that the duration of exposure to sunlight necessary to kill the
mierobe 18 dependent on the composition of the nutrient medium employed for
the culture, cells cultivated 1n bowillon proving less capable of resistance than
thosa of the same species grown 1 milk.

Beveral other explanations have been given regarding the particular and
more 1ntimate reactions that occur 1n a bacterial culture exposed to the rays of
the sun. Some observers adhered to the opinions expressed by Downes, and
attempted to show that, by exposure to sunshine, decomposition products are
formed in the medium and act fatally on the bacterial cell Support for this
view 18 found 1n the observation made by G. Roux (I), that the destruction of
the germ goes on much more rapidly when there 18 a concurrent admittance of
air, and an mdication pointing 1n the same direction” 18 afforded by the fact,
determined by Ricmampson (I), that hydrogen peioxide—a substance highly
posonous to bacteria—is formed when sterilised wime 18 exposed to sunlight
On the contrary, other observers—WARD (I ) m paiticular—have shown that
the presence of such oxidising agents 18 not essential, but rather that sunshine
alone suffices to destroy the vitality of even the strongest bacterial spores
Piobably 1n nature both agencies co-operate m producing the same results,

The last-named mvestigator also examined more closely the degree of influence
exerted by the mdividual colows of the spectrum, and found that, 1n the case of
red to green, this action 1s almost n1l, increasing thence to 1ts maximum at the
violet end of the blue, and then falling away again 1n the violet and ultra-violet
rays According to the researches of Sanrorini and GemstEr (I), a simlar,
though less powerful, injurious action 1s exerted by the elsctric hight, and
F Minok (I) has performed several experiments on the effect of the Rontgen
rays on bacter1a.

The anti-bacterial influence of sunlight 1s of the highest 1mportance, especially
in regeid to the self-purification of rivers. As 1s well known, the amount of
organic matter and the number of bacteriain river-water diminish in proportion
ag the water increases its dwtance from the point of contamination This
property, on account of its hygienic and technical importance, has already
forped the subject of investigation Hans Buoaszr (IV and V) in 1892
pointed out that all previous explanations of this occurience had omitted one
factor, v1z., the influence of light He showed that a natural water to which
about 100,000 cells of Bucteriwm colr commune—an organism constantly and
abundantly present 1n feeces—had been added per 1 ¢ ¢ , contained, after one hour'’s
sunlight, no living germs  To bring this action 1nto specially prominent notice,
he poured peptonised ment-juice-agar-agar, imoculated with a copious supply of
typhus bacilly, into Petr1 basins, on the under side of which were affixed the
letters TYPHUS cut out of black paper. The basins were then exposed to the
sun’s rays for one to one and a half hours, or to diffused daylight for five hours,
and afterwards left 1n a dark room for twenty-four houts. On the paper letters
being then removed, their form was found to be marked out by the thickly
clustered whitash colonies composed of the bacteria that had been protected from
the fatal effects of sunlight by the paper cover, and had consequently remained
alive, whilst the residual uncovered portion of the medium was destitute of any
such colonies. Fig 29 15 a reproduction of the photograph taken by Buchner
from one of the plates. The same result was obtained by illuminating the care
fully-closed culture basin under water. Experiments made in the clear waters
of Lake Starnberg showed that the anti-bacterial influence of the sun’s :ays
extends to a depth of some two metres (about eighty inches) below the surface
of the water Therefore, to the already known factors 1n the self-purification of
rivers—viz. sedimentation, oxidising influence of, air, consumption of filth by
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alge, &c.—all of which are more concerned with alterations of chemical com-
position—must be added the influence of sunlight 1n diminighing the number of
bacteria. A critical review of the most important labours and researches per-
formed in respect of the self-purification of rivers 15 given by E. Duoravx (V)
All the pathogenic Schizomycetes seem tq,succumb under the influence of sun-
hght. Thishay been shown by Arloing and Ward 1n respect of Bucillus anth acis,
Gaillard for B. typh abdomunaliz, Pansim for Vidiw cholere asatics and a
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F10 29 —Thickly-sown plate culture of typhus bacilli on agar-agar Covered with
paper letters and exposed to the sun’s rays for 1% hours, then kept twenty-four
hours in the dark, whereupon development of thickly congregated whitish

colonies was found ouly at the parts covered by the letters (4fter H Buchner)
Nat size

fungus giving rise to white pus in wounds (Staphylococous pyogenes albus),
Chmihewsk: for the organism which induces the formation of yellow pus (S¢
pyojenes aureus), and the bacillus of erysipelas ({JS'treptocoocua eryaupelatrs), Rob.
Koch for Bacilus tuberculosis, Charrin for the organism producing swine-
erysipelas; and others Most of the non-pathogenic fission fung1 also succumb
to the influence of Light. Gareorrr (I') arranged a number of chromogenic
species 1n the following descending series, the first member of which resists the
action of diffused daylight the longest Bacllus ruber, Micrococcus produigiosus,
Sarcwna rosea, Baoullus volaceus, B pyocyaneus, B lactis erythrogenes  Accordmg
to the researches of Grorenreur (L), the last-named fismon fungus does not
produce red colouring matter at all when strongly 1lluminated. K. Dysors (L)
ascertained that the luminous bacterium, Photobactersum sarcophilum, found on
[ ]
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spontaneously phosphorescent flesh, temporarily loses 1s Light-producing power
on prolonged exposure in a light room.

Great differences in susceptibility to sunshine are also exhibited in the
Schizomycetes. At the extreme end of the series stand the purple bacteria,
examined more closely by Engelmann, which always seek out the more highly
lluminated positions. One of the species was named by ExGELMANN (I ) Bacterium
photometricum, on account of its variable susceptibility to the colours of the
gpectrum and degrees of brightness. These orgamems, which will be fully noticed
1n a subsequent chapter, also display the phenomenon known as movement of
alarm If a microscopic preparation containing one of them in large numbers
be luminated 1n such a manner that the hight rays can fall only on one sharply
defined portion, then all the roving bacteria collect within this space and bustle
about brigkly therein. If now one of them in 1ts onward career passes beyond the
circle of illumination into the dark portion, 1t stops instantly, and then returns
by the same road into the illummnated field. This is the phenomenen of the
movement of alarm Consequently each sharply defined illuminated portion of
the field acts as a trap for the bacteria, from which they cannot escape until the
dlumination has been altered. If a definite form be given to this trap, such, for
instance, as the shape of a ‘W, and the closely congregated cells be fixed and
stained 1n this position, then a so-called bacterial photogram—:.e. a coloured
poture of the trap, composed of the organisms themselves—is obtained

§ 63.—Influence of Mechanical Shoek.

The first to 1nquire whether the vitality of lower organisms can be influenced
by agitation was A Horvara (I.) in 1878. He made his observations with
bacteria because he assumed that, on account of their small size, the possibility of
mechanical injury (rupture) due to agitation would, 1n the case of these organisms,
be reduced to a mimimum, On gently agitating bactersal cultures (mn Cohn’s
nutrient solution) he was unable to detect the manifestation of any retarding
influence on the growth of the organwsm The results were, however, different
when the sample was made to undergo, by means of a shaking machine, about 2
hundred movements—in & direct line and of an amphtude of about 10 1nches
(25 em }—per minute. This treatment for a period of twenty-four consecutive
hours diminished the reproduction of the bacteria m question ; and when continued
for forty-eight hours the agitation proved fatal On the basis of his researches
Horvath formulated the opinion that “ for the development of the living organism,
or the physiological reproduction of the elements constituting the orgamsm, a
certain degree of repose 18 necessary,” meaning thereby that rest mainly favours,
whereas movement injures, reproduction This generalisation was opposed by
Niggur (II) and E. Ch Hansen, the former of whom drew attention more
particularly to the reproduction of alge living beneath large waterfalls and
exposed to much more violent agitation than was effected by Horvath's shaking
apparatus

In 1879 E Om Haxsen (I ) instituted experiments i order to test Horvath's
assertions Working with beer yeast (z ¢ not bacteria), he ascertained that this
organism developed better when the liquid (beer wort) was set 1n motion by stirrers
The probability of this favourable influence of movement being due to aeration 1s,
according to Hansen, inadmismible, this latter effect having been but slight.

A year later the question was taken up by J REwgs (I) An objection
rased by Niaerx (II% led him to try the effects of movements more nearly
approximating in amplitude to molecular movements than were those produced
in Horvath's experiments. To this end he made use of sound waves, the end of

& metal rod, caused to emit sound by friction, being immersed 1n a glass filled
®
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with Cohn’s nutrient solution containing bacteria, and thereby transmutting the
wave-motion to the ligmd The experiments showed that a considerable restric-
t1on, but not cessation, of growth occurred. From this Renke concluded that «if
it be assumed that the molecules of living protoplasm are endowed with speafic
vibratory movements, the 1dea appears feasible that when those specific molecular
vibrations are crossed by other molecular motions of external origin, the vital
functions of the protoplasm will be weakened ”

The labours subsequently made public by L Tumas, 0 Roser, H Buchner,
H. Cramer, H Miquel, H Leone, A. Gartner, B. Schmidt, and others, did not
produce anything having a material bearmg on this question. A treatise by
H, Russerr (1), who workediwith Monilw candida, Succharomyces mycoderma, and
Owlvum albicans, and found that the form and dimensions of the cells are but
hittle altered by agitation, and that the percentage of germs in agitated samples
18 almost double that in samples left at rest for the purpose of comparison, 18,
however, worthy of mention

The results appear to contradict one another. It should, however, be re-
membéred that the experimenters who obtaned favourable results with agitation
subjected their cultures to comparatively gentle movements, whereas the motion
set up by Horvath was violent and prolonged The conditions of hisexperiment
were first repeated by 8 Muurzir (I )1n 1891, who worked chiefly with Bacillus
megatherium He made numerous experiments, but we will only draw attention
to those that gave resultsin advance of those previously obtamned. A New York
mineral water works placed at Meltzer’s disposal their agitator, with which appa-
ratus he was enabled to subject the test samples to 180 reversed movements—
of an amplitude of 15} inches (40 cm )—per minute. The flasks employed were
only one-third full. Meltzer found that the number of germs (ascertained by the
plate method) in the agitated example in no instance amounted to as much as
one-tenth of those in the unshaken check samples, and was, 1n fact, almost 1n-
variably smaller than at the commencement of the experiment The restriction
of reproduction thus indicated increased with the duration of the treatment, so
that by this means the liquid could be completely freed from germs The effect
was even more powerful when sterilised glass beads were added before commene-
ing the operation, the complete anmihilation of the germs bemg accomplished
under these conditions by ten hours’ agitation In addition to B megatheriume,
Meltzer also ncluded a micrococcus (presumably M radiatus, Flugge) and a
short motale bacillus (aldus ?) 1n the scope of his investigations A difference in
the degree of resistance to this kind of inhibition 1s inherent 1n these organisms,
mince it was found possible to successively eliminate each form from a mixture of
the three species, B maegatherum, as the most susceptible, disappeared first, and
was followed, 1n order, by Micrococcus radiatus and Bacillus albus The cells were,
a8 a result of the shaking, split up, not into visible débris, but into an indigtin-
guishable fine powder, a circumstance showing that the destruction of the vitality
of the cell was not the result of a coarse mechanical disruption, but was due to a
much more refined process, as was, i fact, shown by the further researches
made by the same observer He left several flasks contaming cultures of B. mega-
thervum or B. subtilis 1 solutions of common ralt, to stand for several days i the
engine-house of a large New York brewery, wherein, n consequence of the unin-
terrupted working of the engine, an incessant vibration was produced thronghout
the room After four days all the germs in the several flasks were dead, whilst
energetic reproduction had proceeded i the check samples placed in a quiet spot.
Consequently, not only wiolent shocks, but also minute vibrations, exhibit the
power of retarding the growth of bacteria, and even killing the organism

Motion may, however, also exert a favourablenfluence, and especially when it
18 comparatively weak, reproduction being thereby accelerated, as has been more
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particularly demonstrated in the case of B ruber. Meltzer therefore arrived
at the following conclusions Shght concussion favours the vitality of micro-
organisms and has a stimulative effect, the rate of reproduction being highest
when the optimum of vibration 18 obtained ; but from this point onwards the
restrictive effects of concussion become mamfest. The constants of optimum and
maximum effect have different values for different organisms That degree of
concussion. which 1s mnjurious for one species may be favourable to a second, and
without any appreciable effect on a third. This explamns the contradictory
reports made by the ploneers in this field, each of whom experimented on different
organisms.

The influence of gravity on the direction of growth, which comes 1nto play
in the higher plants, and the effects of which are known 1n Vegetable Physiology
as geotropism, has also been observed in the Schizomycetes. Bovor and EvaNns
(I) found that vertically disposed puncture-cultures of Buaclerwm Zopfir 1n
nutrient gelatin arranged themselves m the form of a feather, and in such a
manner that the individual rays grew m a slanting wpward direction. When
the tubes containing the cultuies were placed radwlly on a rapidly-revolving
horizontal glass dise, the vegetation then developing assumed an appearance
carresponding to that already described, the individual rays, which extended
from the axis of the puncture, formed acute angles therewith, the apertures of
which were reflected towards the centre of the dise This species therefore
exhibits mnegative geotropism. BevEmINoE (III )—erroneously, as the author
concerves—has denied this fach

The lower fung1 generally, and bacteria mn particular, remein, within wide
Limits, unaffected by high gaseous pressure Thus, ScHAFFER and FREUDENREICH
(L.) and others have moculated samples of millt with different bacteria (those of
anthrax and typhus among them), and then exposed them for seven days to
carbon dioxide at a pressure of fifty aumospheres, without bemng able to cause
any appreciable 1njury to the orgamisms. Similar behaviour was also observed
with oxygen under a pregsure of twenty-one atmospheres, prolonged for a week.
There is, therefore, no reason for hoping that liquids which are injuriously
affected by heat can be sterilised 1n the cold by the aid of gas (CO,, O, ar)
under high pressure. For exhaustive experiments on the influence of high
gaseous pressure on hving crentures generally, and the pathogenic Schiwzomycetes
in particular, we are indebted to Paul Bert.



CHAPTER VIIL

BACTERIA IN THEIR RELATION TO ONE ANOTHER.

§ 64,—Symbiosis, Metabiosis, Antagonism.

It is only in exceptional cases that a sample of a natural hquid contains but
a single species of micro-organism when in a state of fermentation. Nearly
always we have to deal with a mixture of several species, the separation of which
one from another, and the reproduction of the isolated individuals, 18 termed
pure cultivation. A lhquid or solid nutrient medium inhabited by a single
species 18 called a pure culture, the methods of preparing which will be considered
in the next section )

‘When two or more species are simultancously engaged 1n the consumption
of a given nutrient medium, their association is texmed Symbiosis. A. couple
of examples will serve to make this clear, one of them bemng the Kephir
granules, which will be described 1n a later chapter. These granules chiefly
contain two classes of organisms, lactic acid bactera and yeasts; and when 1ntro-
duced 1nto rlk the fission fung: generate acdity, whilst the yeasts decompose a
portion of the milk-sugar and produce alcohol and carbon dioxide. In this way
an acid, foaming hquor known as “kephir” is obtamed. A second, cognate
example is afforded by the ginger-beer yeast, investigated by Wanp (I1.), and
used in England for making ginger-beer. This is another 1nstance of symbiosia,
viz , the association of Succharomyces pyriformis with ggfission fungus, Bacterum
vermiforme, the latter of which—as 1 described 1 chapter xxv —induces lactic
fermentation 1n (spiced) cane-sugar solutions

The mutual relation of two or more species contamed in the same culture
may;, however, be such that the one species, by the exercise of its vital functions;
renders the nutrient medium suitable for the growth of the second species. This
preparatory function of the one species may consist erther in the absorption and
elmination of certain constituents of the medium which retard the development
of the other species, or 1n the excretion of certein products otherwise lacking in
the medium, and erther indispensable or highly favourable to the other organism.
This kind of dependence was styled by Garns (1) Metabiosis, an excellent
example of which 18 afforded by the decompositon set up 1n natural wine-must
If this be allowed to stand 1n an open vessel as soon as 1t comes from the press
& decomposition characterised as alcoholic fermentation rapidly sets in. The
sk of the grape is the habitat of an abundant flora of fung, which are intro-
duced mto the must in the operation of pressmg. Of these (exceptional 1mstances
apart), the organism exating alcoholic fermentation 15 the first to develop
because the constitution of the must favours 1t the most, the result being thaf
the sugar therein contaned 18 split up, and carbon dioxide and aleohol are pro-
duced. When this decompomtion is effected, the character of the liquid has
become changed, and now a new species, exciting acetic fermentation, comes 1ntc
play. This organism was already present in the must, but could not make head
way against the predominant yeast, because, 1 the first place, the alcohol
without which 1t feeds but indifferent] » Was lacking., Secondly, even had thi
substance been present, 1t-could not hav6e6been utilised, because of the atmospher
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of carbon dioxide, immediately above the liquid, preventing the free access to the
latter of the coplous supply of oxygen without which the oxidation of the alcohol
cannot proceed Now, however, that both substances are present, the liquid
commences to undergo a second alteration, and turns sour, the acetac acid bac-
teria being now on the surface, and this condition endures so long as there 1s
any alcohol lett. 'When this 13 exhausted, a third group of organisms comes
to the front, thread fungi establish themselves in the strongly acid liqud and
consume the acetic acid, carbon dioxide and water being found. This accom-
plished, the once again altered nutrient medium 1s attacked by putrefactive
bacteria, which have been carried mto the vessel along with the dust in the
atmogphere, but can only develop now that the alcohol and acid, which are
poisonous to them, are wanting The hiquid 18 seized upon by these Sckizomycetes,
and, with theiwr activity, the series of metabiotic phenomena which the wine-must
presents to our notice closes,

The mutual mnfluence of two or more species may be of such a nature that 1t
is impossble for them to live together, the presence of the one species retarding
the development of the other This set of conditions 18 termed antagonism, a
number of examples of which will be given 1n subsequent sections.

§ 65.—Mixed Cultures.

‘When a nutrient medium 18 1noculated with two or more species of symbiotie
organigms, we obtain a mixed culture. Such a culture may, under certan oir-
cumstances, yleld fermentation products that cannot be obtaned from any of
the component species cultvated singly, but owe their origin partly to the
coalescence of the normal products of the indivadual species, and partly to the
reciprocal stimulative action exerted by the associated orgamisms. A few highly
mstructive examples of this are given below.

The first of these—which was discovered by NENckr (I.)—is afforded by the
bacillus of symptomatic amthrax (Rausohbrand) and Micrococcus acidv paralactior.
Fuller information concerning the individual behaviour of these two Schrwzomyostes
will be found 1n subsequent paragraphs, which we will here anticipate 1n respect
of the fact now coming under consideration, viz., that the first-named bacillus
yields, in nutrient solutions containing cane-sugar, the following fermentation
products : hydrogen, carbon dioxide, normal butyric acid, and 1inactive lactic
acid. On the other hand, Miorococeus ucidr paralacticy forms, almost exclusively,
optically active paralactic acid, and that, too, 1 a quantaty almost 1dentical with
the theoretical yield from the sugar ehminated If, now, both these organisms
be cultivated together 1n the nutrient solution aforesaid, fermentation proceeds
much more rapidly, and the final products conmst not only of the already men-
tioned substances (yielded by the orgamisms singly), hut also of a large amount
of normal butyl-alcohol. This substance, therefore, owes 1ts production 1n this
case to the co-operation of two species of bactera, newher of which mngly 18
capable of such power

Interesting as this fact, that new fermentation products can be formed by
the association of organisms, may be, the following one, which was first estab-
lished by Burar and Sturzer (L), 18 so 1n a stll greater degree. In this case
two organisms are concerned, neither of which 18 capable singly of hberating
nitiogen from mitrates, but, when acting conjowntly, they decompose ‘the samy
nutrient medium with violent disengagements of gas. The one organism 18 the
Bucterium ool commune, already mentioned, and very abundant in human faces
and that of domestic animals, whilst the second microbe was named by the
above-named naturalists Baculus demitrificans I. A bouillon contamming three
grams of sodium mtrate per litre, noculated with both these organisms and
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then maintained at 32° C, began to disengage gas mn a short time, the nitric
acid i1n the nitrate being reduced to nitrogen so completely that, even at the end
of forty-eight hours, the extremely delicate test with di-phenylamine-sulphure
acid gave only negative results.

Apart from the purely scientific interest excited by these facts, new vistas
are also opened up in a practical sense. Up to the present, investigators have
contented themselves with the examination of the transformation products
resulting from the pure cultivation of single species of bacteria. In future
researches, however, the question whether or not a species can be spurred on to
more extended activity by the collaboration of a second, so as to give rise to the
development of powers which without such stimulant, would remain unobserved
and unutilised, cannot be neglected.

This claxm 18 not restricted to the domain of schizomycetic fermentation,
but applies also to the ferments of the Eumycstes class. The mode of action
exhibited by mixed cultures of different species of yeasts 18 of great importance
1n brewery and distillery practice. In this connection we are already 1n posses-
sion of several studies by E. Ch Hansen and others, the results of which will be
considered 1n a subsequent section.

-t
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CHAPTER IX.

CLASSIFICATION OF THE BACTERIA.

§ 66.-—First Attempt by 0. F. Muller.

It has already been mentioned in the Introduction (§ 2) that Leeuwenhoek
observed bacterin as far back as the end of the seventeenth century, For a long
time, however, nothing more was done than merely to admire the appearance
presented by these organisms under the microscope; and since many of them
were observed to exhibit brisk movements, they were considered as animals and
denominated anvmaloula.

The first to study these orgamisms from a scientific standpomt, and to
arrange and systematise the multitude of forms, some of which were already
known, while others were discovered and described by humself, was the Danish
investigator Otto Friedrich Muller of Oopenhagen. In his important work
¢ Animmalcula infusoria fluviatilia et marina,” pubhshed in 1786, all the small
animals unsuitable for inclusion 1n Linnsweus’s sixth clags, Vermes, were classed by
him under the name of Jnfusora (infusion animalcule), and he divided these
into two main groups: those provided with external organs and those devoid
of same. He also originated the generic names Vibrio, Monas, and Proteus,
still m use,

The next worker to whom we are indebted for important conclusions respect-
ing the character and species of bacteria is Christian G Ehrenberg In his
woik “Die Infusonstierchen als volltommene Organismen” (The Infusoria as
Perfect Orgamisms), published 1n 1838, the generic names Bactsrum, Spirochets,
and Spirulum first occur. He also classed all these orgamiems with the animal
kingdom, by reason of their (frequently very active) spontaneous motion.

It was left to the Breslau botamst Frrpivaxp Comw (V.) to ascertan, mn
1853, that the orgamsms we now know as bacteria are of a vegetable nature
This he established by proving the lack of ammal organisation, and also from
the fact that these creatures increase by subdivieion after the manner of the
algee, from which they differ, as he says, merely in one characterstic the
absence of chlorophyll. Four years later Nieert (V) bestowed on these
organisms the name of Schrzomycetes, which they still retain

§ 67.—Cohn’s Classification.

The first point was to bring the confusion of forms mnto order. What
characteristic should be teken as a guide thereto? Were there several at
disposal on which one could rely? These questions Comn (I.) may well have
asked himself when, 1n 1872, he felt himself impelled to attempt a classification
of the bacteria, and finally thought his object attaned by the following
system :

1. Spherobacteria, globule bacteria
Genus 1 Miorocoocus

II Miorobaoctera, short rod bacteria.
Genus 2°* Baoterium, °

69
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II1. Dasmobacteria, thread {long rod) bacteria.
Genus 3 JBaoillus.
Genus 4. Vabrio.

IV. Spirobacteria, spiral bacteria.
Genus 5 Spywllum
Genus 6 Spwrochete

The sarcina organisms have no place in this system, because Oohn did nob
cenmider them as belonging to the fission fung.

As may be seen, the basis of clasaification employed was the form of the cells,
4 6. their form of growth, However, since methods of pure culture were then
undiscovered, the diagnosis of the individual species was as yet impracticable,
and the question whether the form of the cells in each species 18 definite and
unchangeable wag, in particular, still unsolved, The answer to this question 1s,
nevertheless, of vital importance to the Cohn system, and, if negative, causes 1t
to break down (as was subsequently the case) The weakness of the system was
recogmsed by Cohn himself, and he particularly stated that his classification was
only a provisional one. A number of over-zealous disciples, however, overlooked
this reservation, and, by degrees, expounded the gystem as meaning that each
separate species has a single well-defined and 1nvamable cell form, the ome
species appearing only as short rods, the second only as cocer, and s0o on  This
constitutes the theory of constant form, also known as Monomorphism.

§ 68.—Billroth’s Coccobacteria Septiea.

The ezaggeration resulting from the misapprehension of Cohn’s attempt at
classification soon brought about a corresponding reaction. In proportion as
assiduous microscopic research revealed the certainty that bacteria do undergo
changes of form, so the hasty assumption of monomorphism of species had to be
gwven up In 1852, PErTY (I.) bad already observed a short-rod bacterium,
which, on account of 1ts faculty ot changing into the thread form, he named
Metallacter. Twenty-one years later LANKESTER (I) studied a species of red-
coloured bacterium, named by him Bacterium rubescens,and observed that, under
varied conditions of cultivation, 1ts cells underwent different modifications of
form—an observation which led him to deny that specific constancy of form
existed. He would thereby have anticipated subsequent decisions had the basis
on which he relied proved free from objection. This was, however, unfortunately
not the case, and, indeed, such a condition was at that tume unattainable owing
to the lack of irreproachable and reliable methods of cultivation, without which,
and the resulting pure cullures, the problem in question cannot be solved. A
culture intended for modification experiments may, when examined under the
microscope, present a perfectly uniform appearance, and névertheless contan a
few unnoticed 1ndividuals of another species, which by their rapid increase when
transferred to amedium favourable for their development maylead to the erroneous
supposition that a second and modified form of growth has been produced By
another re-inoculation a third species may be brought into prominence, and so
forth.

A very instructive example of the possibility of smmilar self-deception 1s
afforded by Lister’s (I.) striking experiment. He allowed ordinary milk to
become sour spontaneously, and then introduced a drop of the hqud mnto boiled
milk, beet-extract, and 1nto urine; from thence into Pasteur’s nutrient solution ;

. thence into urine again ; and finally back agam into milk. Finding, then, that
from identical sowings differently shaped cells made their appearance in the
various media, he concluded that he had to do with so many changes of form of
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one and the same organism, which, on account of its origin, he named Bacterium
lactis,

It must not be understood that similar errors were confined to the 1sland of
Britain; on the contrary, they attaned thewr culmination on the Oontinent in
the assumptions of HALLIER (I) concerning the metamorphoss of one fungus
into another. It need, ther:fore, be small matter for surprise that the Austrian
surgeon Tr. BrrnrorH (1), in & comprehensive work published in 1874, not only
attributed all infectious diseases to the agency of a single species of bacterium,
susceptible of multiform modifications, but also conmdered all known bacteria
generally ag vegetation forms of this one species, viz., Coccobacteria septica  This
observer was supported by the botanist NieErr (VI), 1n so far that the latter
declared that no necessity existed for the division of the bacteria even into only
two apeafically different forms. This opinion he still maintained 1 1882, not-
withstanding the appearance in the mterim of a work by Cohn contaning a
number of fresh data ealculated to complete and support the theory of difference
of species m bacteria. This treatise has already been mentioned 1n § 24, because
1ts author upheld the relationship of the fisson fung: to fission alge and advocated
their collection into one group, Schizophytes. As at present, however, we are not
concerned with the relationship of the Schizomycetes to other organisms, but with
the separation of the former 1nto genera, we must confine ourselves to remarking
that the new classification 1n the said treatise rested too exclusively on morpho-
logieal characters to be of practical value,

§ 69.—De Bary and Hueppe's Classification.

Gradually an accumulation of facts arose which afforded a basis whereon a
new system of grouping the fission fung: was attempted. Differentiation based
on cell form only was stall considered justifiable up to 1878, but could no longer
be mamtaned in the face
of mcontrovertible observa-
tions made, 1n the course of
the following years, with
absolutely pure cultures of
varwous species of bactera,
and all leading to the same
conclusion, that mutability,
2e modification of form, 3
unquestionably does occur

n the fission fungi. This 00 0000PRCHOD BSOS 200N EOINCOBSDTRAED

knowledge 15 the result of 4

various researches, amongst

which may be mentioned £a00Eas OO0 I ED EITh E D EEEED ETEE
in 1879, that of E. Cm. o

Hansen (II) on Bacterium T1a 30 —Bacterlum merismopedioldes

acetr and B Pasteuriamum,, Found in the mud of the river Panke (Berlin)

In 1832 those of W 1 A thread form breaking up into 2 longrods, 3. short rods,
Zoer (ITI) on Bacterium 4. cocel; 5. & chain formed of rods of different lengths
meremopedrondes (Fig 30), (After Zopf) Magn 700

and by H. Buoaner (VI.)

on Bacillus subtrhs; in 1883 that of Kurra (I ) on Bactermum Zopfit (Fig 31),
afterwards also examined by H SomEpriEr (1), 1n 1885 that of G Hauser (I)
on a few spectes of putrefactive bacteria of the genus Proteus, and others The
adherents of Koch at first unconditionally opposed the theory of the pleomorphism
of bacteria. ; but, not being able to sustain this view in the face of the facts
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ioht. they then asserted pleomorphism to be peculiar to the non-

;a.rg}t:g;:nfg bl;gtex’qa yEven this resmlc):ted assumption has, however, given wa.):i
mnce undoubted pleomorphism was proved in 1882 by Arouangegkl (I) an .
Rororr (I ) for Bacullus anthracis, and by Friedlander for .Pneumobac‘l.llus §33);
in 1883 by Tr Emumes (I) for the Rauschbrand bacilius (of symptomatio
anthrax) , in 1889 by E. METSCENTKOFF (I1.) for his newly discovered pa.thogenllc
Spirobacillus Crenkowsku (of Daphnia magna), and 1n 1892 by F. Fisousr ( )
for Bacillus tuberculosts It may be remarked en passant that Metschnikoft
refaced the report of his discoveries with ;. short review (well worthy of perusal)

e development of the pleomorphism theory. .

o tgt the en}:i of the “sevfntles" C};ohn had established beyond doubt the ability
of certain fisson fung1 to produce endospoies, and thereby obtained relinble

8
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Frc 31 —Bacterium Zopfli, Kurth
Gradual changes in the same thread olserved nnder the mict oseope

A, thread without apparent articulation , B, breaking np into 10ds which finally form
cocel in O, a—e are corresponding cells (A4fter Kurth) Magn 740

means of differentiation. Very soon after, De Bary showed that several of
the species which do not form endospores protect themselves from injuriona
influences 1n another way, viz, by the formation of arthrospores Tence a

_classification was devised m 1883 by Van TizemeM (II), which was further
developed by DE Bary (1.) and Hukree (II ), 1n 1886, and in which two main
groups were recognised, v1z , the endospore- and arthrospore-forming bacteria.
The second group also comprises all the species 1n which the formation of repro-
ductive cells has not yet been observed Fuller details of this system can be
seen 1n Hueppe's treatise, but the system need not be further developed heve, as
it has not yet been generally accepted in scientific eircles

For fuller 1nformation regarding Van Tieghem’s system, as well as for parti-
culars relative to the systems proposed by P. Miquel and by Woodhead 1n 1891,
which may be properly designated as ** diagnostic tables,” reference may be made
to Warp’s (I1I ) readily accessible and comprehensive treatise The new system
published by W. Miaura (I1.) in 1896 may also be sumply referred to.

In this connection there remains only one remark to be made, and this
concerns the term Bacillus This word has been hitherto employed by us to
designate only a well-defined form-phase of cell, viz , the cylindrical bacterial cell,
the length of which 1s at least double the breadth Hueppe’s system, however,
applies the generic name Bacullus only to such rods as have been proved capable
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of developing endospores This definition has not yet been accepted by the
majority of bacteriologists ; hence 1t happens that newly discovered rod-shaped
species of fission fungi are still occasionally assigned to the genus Bacilus,
although the describer may have no knowledge whatever as to their capability
of formmg endospores. The author has not considered 1t within his province to
change this nomenclature, and therefore this fact must be borne in mind i
perusing the present work, It should also be remembered that 1n the following
paragraphs the generic name Bucillus—Hueppe's definition notwithstanding—
meens nothing more than that the species of bactertum so entitled ewhibuts,
preferentially and under normal condions, the bacillus form of growth

A comprehensive collection of the ielative dimensions and forms charac-
terigtic of growth 1n various nutrient media, &c., of about three hundred species
of fission fungl was prepared by Eiseneere (I ), and may be advantageously
employed as an aid to determining whether any species under examination 1s
identical with any known species A descriptive table of eighty-seven of the
bacteria of most frequent oceurrence in drinking and utilisable water 18 given
by Apamerz (I) Reference may also be made here to the very valuable book
of TreMaNN and GirTNER (I) 1n connection with the bacteriological analysis
of water. Fnankranp and Warp (I.) give a comprehensive account of the
literature published up to the year 1882 on the bacteria occurring i mnatural
and mineral waters, and o comparative investigation into the distribution of a
number (twenty-eight) of well-known bacterial species 1n various well-waters has
been made by 'W. Migura (II1.).

§ 70.—Pathogenie, Chromogenic, and Zymogenic Bacteria.

The attempts hitherto made to obtain a method of classification of bacteria
have always been restricted to the morphology of the organisms themselves. It
will now be well to remember that the attention of Applied Mycology is pre-
ferentially directed to the influence exerted by the fungi on their nutrient
media. The interest aroused by these organmisms has always, from the outset,
had 1te practical side Bearing this 1n mind, 1t wall be readily conceivable that,
long before the establishment of Oohn’s first classification, there had appeared n
the literature of the subject a division of bacterial species into three main
groups. pathogenie, chromogenic, and zymogenic bacteria

It 18 quite unnecessaty to remark that this grouping is just as faulty as the
divimon of the Schizomycetes 1nto cocel, bacill, and thread bacteria Neverthe-
less 1t was exceedingly convenient, as 1t was based on some well-marked primary
characteristics. If the fission fungus i question exated any form of disease 1n
men or ammals, 1t wus referred to the pathogemic group, if 1t possessed the
faculty of producing colours, 1t was relegated to the category of chromogenic
bacteria , and 1f 1t exhibited a capacity for effecting those chemical changes which
were comprised in the term ‘ fermentation ” (§ 1), 1t was considered as zymo-
genic. A strict adherence to this method of partition 18 impracticable, because
there are some bacteria which, on acecount of their range of activity, would
have to be placed 1n two, or even all three of these classes, A large number of
examples could be adduced 1n support of this assertion; it will be sufficient
to ate merely a mingle one, viz., Staphylococcus pyogenes aureus, the cause of
osteomyelitis (bone caries), and therefore pathogenic. However, since 1t also, as
1ts name 1mphies, produces a golden-yellow colouring matter, 1t 18 also chromo-
genic, and, fipally, from its power of setting up lactic fermentation in suitable
nutrient media, it 18 therefore also zymogenie,

From this example it will be evident that the domains of Pathological and
Technical Mycology cannot be rigidly kept sepuiate On the contiary, thewr
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further coalescence will undoubtedly result—and that soon, we ho;ie—m pro-
portion as fermentation physiologists acquire a greater insigbt into the chemncal
changes effected by bacteria, and pathologists determine the precise action the
bacteria exert on the organs of amimals and plants. A fine, but unfortunatel

still very 1solated, example of the successful combination of these two fields of
research is afforded by the labours of L. NEwnog: (I ) on the bacterium which 1s
the canse both of “blown” cheeses and of inflammation of the udder in the cow.

The distinction between chromogenie and zymogenic bacteria can also be
further maintained, not because there is any essential reason for it, but because
there are certain species of Schizomyeeles which are interesting to the technicist
solely because they produce colouring matters.

So far as the zymogemec bacterin, 1n the narrower sense of the term, are
concerned, .. those either cultivated, or dreaded, on account of the chemical
changes they produce, there is the same need for a well-established consistent
clasmification as in the two groups just noticed The changes effected by
them are expressed in terms having reference to the predominant fermenta-
tion products, hence 1t 18 we speak of the bacteria of lactic fermentation,
acetic fermentation, and so on  This purely practical method of clasmfication
will be adopted 1n the description about to be given. Before passing thereto 1t
will, however, be neceesary to conmder the methods practised 1n the examination
of these organisms, this knowledge being esséntial for the study of the organisms
themselves. This will form the subject of the two following chapters
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SECTION III.
PRINCIPLES OF STERILISATION AND PURE CULTIVATION

CHAPTER X.

METHODS OF STERILISATION.

§ 71.—Sterilising.

To sterilise an object, e.g & nutrient solution, piece of apparatus, &c, means to
treat 1t 1n such a manner that 1t no longer contains any living germs, and is
therefore sterile.

The reader must not expect to find in the present work a detailed description
of even the most important of the methods of workang adopted for this purpose.
Those who have an opportunity of studying the methods of Technical Mycology
1 a laboratory devoted to Fermentation Physiology will learn all they need
much more speedily and intelligibly from oral instruction than from a printed
book. On the other hand, those who have access to the latter only will attain
thewr object by the exertion of a httle diligence 1n consulting the books referred
to later on, and especially

Hueppe, Ferdinand - .Dis Methoden der Bakierien-Forschung, 5th edition, 1891,
‘Wiesbaden (0. W. Kreidel).

Lindner, Pawl Mikroskopische Betrebskontrolle in den Qdrungsgewerben,
1895, Berhn (P. Parey)

In the first-named compendium the reader will find a better description than
the present author could give of all the methods used 1n general Microbiology.
The second, very useful, work treats, with great experience, a narrower field,
wherein 1t will afford reliable guidance and help to the student on all matters
relating to fermentation technology. In the newest edition (1895) of the work
on water-analysis by TiEMANN-GARINER (I ), already referred to (and which
should be in every efficrent chemical laboratory), the reader will also find
descriptions of the most important manipulations and methods employed in
sterihisation, pure cultivation, re-moculation, &e. In selecting apparatus for
1nstalling a new laboratory for Fermentation Physiology work, the beginner
should seek the advice of an expert, and should compare the 1llustrated catalogues
of such firms as make the supply of these appliances a speciality, e.g O Desaga,
of Heidelberg, Erhardt and Metzger, of Darmrtadt, &c

It is not our purpose now to give a detailed 1mtiation 1nto the work of a
fermentation physiologist's laboratory, but rather to describe, mn bold outlne,
only so much as 18 necessary to facilitate the object of the present work, viz., the
study of the character and modes of action of the organisms of fermentation.

§ 72—Freeing the Air from Germs.

There are two chief methods by which liqud substances and gases can be
sterilised, viz , either by klling the germs present ther®n, or by removing them
75
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by passing the liquid or gas through a suitable filter. The sterilisation of air on
8 large scale 18 effected exclusively by the latter method, the prototype of which
was constituted by the tubes, plugged with cotton-wool, first employed by
Schroder and Dusch. The air is therefore passed through a cotton-wool filter,
as 1t 18 termed, such a one being used, for example, to purify the ar admitted
to, the steralised wort in an apparatus for the pure cultivation of yeast It will
not be out of place to lay stress on the fact that such a filter will only work
efficiently provided 1t be thoroughly dry, otherwise the Kumycetes spores en-
tangled therein will germinate and develop imnto long-thread cells, which will
penetrate right through the filter and quickly form new spores, so that the air
at the end of the filter nearest the wort 18 not only not freed from germs, but 13
probably richer therein than before Attention to the air filters must, conse-
quently, not be neglected E Om Hawnsexn (III) has reported on experiments
made by Poulsen concerning the time during which such filters continue, under
normal conditions of practical working, to pass the air 1 a germ-fiee state

The cotton-wool plugs with which, sinee the time of Schroder and Dusch, 1t
is customary to close test-tubes, bottles, and flasks 1n which eultures of organisms
or stores of nutrient media are kept, are simply small cotton-wool filters. They
are especially brought into action when currents of air pass 1nto the vessels as a
consequence of the partial vacua formed within them by a lowering of tempera-
ture, the germs 1n which are retarned by the plugs The efficiency of the filter
depends on 1ts being kept dry Its reliability 18 not, however, permanent, since,
though the fission fung are always retained, this 1s not the case with the spores
of mould fungi, which are so abundantly met with n the air. These latter are
very troublesome, as they oflen produce much mischief even when the mycologist
has taken the greatest care. If the room in which the cultures are kept be free
from moisture, then the cultures dry up very rapidly, which, m order to pre-
serve their vitality, necessitates theiwr being frequently re-inoculated into fresh
media—a tedious and unpleasant task. On the other hand, if the surrounding
air be too moist, then 1t not infrequently happens that the spores of the mould
fung: on the surface of the cotton-wool stopper germinate, and the resulting
cell threads penetrate to the other end of the plug, and there form spores, which,
falhng into the culture, contaminate and spoil 1t.

Various remedies have been proposed to overcome this ewil, one of them
being a previously sterilised indiarubber cap, which 1s drawn over the mouth of
the vessel (test-tube, d&c ) after the outer end of the stopper has been burnt away,
This latter operation must always be performed when one begins a re-inoculation,
since the germs resting on the surface of the cotton plug are thereby annihilated,
and consequently prevented trom falling into the culture when opened. Instead
of the rubber cap, one can be made out of a double layer of filter-paper tied on
with a string, many cultures specially requiring air are covered with a cap of
this kind only, the cotton-wool plug being dispensed with

It 15 not essential that the working layer of the filter should conmst of
cotton-wool, various other stuffs bemg employed for special purposes Thus, for
example, Pasteur, in carrymng out his researches (referred to 1n § 7) on the
organised bodies present 1n the atmosphere, passed the air through gun-cotton.
This was then immersed in & mixture of ether and alcohol, which dissolved out
the nitro-cellulose and left the entrapped organisms behind, so that they could
be more closely examined as to thewr g1z, form, and structure. This wag the
first microbological analysis of axr  Of the numerous methods since proposed
for the estimation of the number of germs 1n the sar, that given by FRANKLAND
and Perer (I'), which is a successful modification of the Pasteur prototype, is
the most suitable for the purposes of the technical mycologist. These observers
deprive a measured quentity of air of 1its germs by passage through a filter
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charged with sterilised glass powder or sterilised fine sand, the contents of the
filter being then intimately mixed with a gelatinised nutrient medium, and the
whole poured mto flat glass basins The separate germs then develop into mults-
cellular fomihes (colonies) When counted their number—referred to unit
volume—g1ves the germ content of the air. The difficulty in the way of study-
ing the cultures, caused by the presence of the powdered glass and sand, can be
overcome by substituting a soluble filtering medium, such as coarsely powdered
crystals of sodium sulphate of about o 5 mm in diameter. This is specially
recommended by M1qQuern (IIL), to whom (be it remarked en passant) we owe
the most comprehensive experiments on the percentage of germs in the air
Regular reporta of s researches appear in the Year-Book (published annually
simee 1849) of the observatory estabhished, under his direction, for studies of thig
kind, 1n the southernmost district of Paris. Readers are hereby referred to this
*“Annuaire de 'Observatoire de Montsouris.” The percentage of germs in the
atmosphere of breweries was more particularly investigated by E Or HaNsEN
(II); and Perr1 (I) has summarised all the methods of examination proposed
up to 1887.

The method, originally performed by Th. Schwann, of punfying air by
exposure to a ved heat 13 at present used by fermentation physiologists in one
instance only, viz, when working with the so-called Pasteur flasks. When
liquid is poured out of the lateral tube—whether for the purpose of taking a
sample or for inoculating a smilar flask with the contente—the air coming m in
its place is punified by holding the aperture or the first bend of the swan-neck
tube in the flame, 2.6. heating 1t to redness.

§ 73.—The Filtration of Drinking Water.

The methods of sterilising liquids are various, but are not all equally suitable
for any given case. Tor example, the employment of poisonous substances is
precluded when the liquid to be sterilised is intended for human consumption,
and the use of heat—which next suggests itself—is frequently inapplicable on
account of the expense entailed. Such, for instance, 1s the case with the drinking
water of towns deriving their supply from & river Under these circumstances
a so-called sand-filter 1s employed, the true filtering layer of which 15 mot the
strata of sand and gravel, but the mud which 18 gradually deposmted thereon.
A fuller consideration of this subject, which belongs to the domain of Practical
Hygiene, may be passed over the more readily since it has been treated in
Tiemann-Gartner’'s work already alluded to. This may be referred to, as also a
very practical investigation performed by A. Remnsor (I.), bacteriological adviser
to the Altona Waterworks.

The filtrate obtained from such filters intended for use on a large scale 1s,
when the service 1s carefully regulated under bacteriological control, found to be
very low 1n germs, though not perfectly free therefrom. If 1t be desired io
-attein such perfection—which 18 necessary in times of epidemic—other filters, of
greater powers of retention and correspondingly diminished delivery, must be
resorted to, and employed solely for the water intended for human consumption.
The prototype of these is the apparatus invented by TiEeEL (I )in 1871, and
subsequently (1884) improved, especially by Chamberland. In the form devised
by the last-named, the effective constituent of the bacterium filter conssts
of a candle-shaped hollow cylinder of hard-burnt, porous, unglazed porcelain
(“ biscuit ), with an effluent aperture at one end, which, before use, is sterilised
by dry heat. This candle (bougic) 18 enclosed in a somewhat wider metallic
cylinder, the ligmd to be freed from germs (the suspected potable water) being
forced 1nto the intervening space, and, finding its way through the porous wall
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of the candle, collects 1. the interior of the latter and escapes through the
aforesaid aperture at the bottom Fine kueselguhr (diatomaceous earth) s
employed by Nosprueyer (I ) and Berkefeld for making the candle, and Garnos
(L.) uses asbestos of fine fibre. The reliable working of this filter 18, however,
not illimitable, and that for two reasons- first of all, the pores become gradually
obstructed by the fine, shimy deposits separated trom the liquid, which necesm-
tates the cleansmg of the filter from time to time; secondly, the bacteria grow
by degrees through the pores of the filter, a circumstance first observed by
Bourquelot and Galippe. In some cases the pores of the filtering candle are too
large; consequently, a germ-free filtrate 18 unobtainable For testing the
efficiency of the filter the photo-bacteria can, according to BEYERINOK (IV.), be
employed with advantage. A comparison of the capacity and etficiency of the
Chamberland and Berkefeld systems was drawn up by (wnter alia) DACENIEWSEI
(I.), and the columns of the Ceniralblatt fur Bakierologis contain numercus
articles respecting the advantages and defects of the aforessid apparatus
Mention should be made of the filter constructed by Breyer, which, according
to an investigation made by WiceMann (L.), acts satisfactorily, Pracer (I)
1stituted exhaustive experiments in respect of the efliciency of all the known
water-filters designed for use on the small scale.

§ 74.—The Bacterium Filter in the Service of Enzymology.

In many instances the filter affords the sole reliable means of sterilising a
given liquid ; as, for example, when a species of bacterium 1s to be tested with
regard to 1ts capacity of producing enzymes. For this purpose 1t 18 necessary to
free the culture, contaming any such chemically active substance, from germs,
since otherwise 1t would be imposmble to determune whether the chemical
reaction obtained by means of the sample 1s effected by the enzyme 1tself, or
primarily by the vital energy of the bacterium The sterilisation admittedly
necessary in such case cannot be effected by heat, since this agency would at the
game time destroy the readily decomposable enzyme There remains, therefore,
but ons way open to us, viz., removing the germs by filtration ; and of the above-
named apparatus (filters), therefore, there 18 likewise only one that 1s reliable
and swtable for use for the purpose in view, namely, that of Ohamberland.
This is, however, unfortunately expensive, and consequently not accessible in
every laboratory. For this reason the pattern described by A, Koom (IL.),
which 18 both efficient and cheap, forms a welcome substitute.

‘Whichever of the two appliances be employed, 1t must never be forgotten that,
in its passage through the filter, the bacterial culture under examination 18 not
only deprived of germs, but may also, under certain circumstances, part with
some of its chemical constituents, so that the equation, Filtrate=bacterial
culture — bacteria, does not always hold good. The filtering cylinder, especially
when used for the first tume, retamns varymg amounts of the mdividual consti-
tuents of the liquid pessing through it, a fact that was first recorded by Frtaer
and SmroriNiy (I ) in 1888, and more closely examined by Arroixg (I )1in 1892
‘We will, in this place, merely refer to the oxidising influence of the air, observed
more particularly by Miquel in the separation of urase from cultures of uric-
bacteria. It 13 therefore advisable to perform such filtering operations n an
atmosphere of pure hydrogen.

§ 75.—The Beer Filters

used in the brewery must also be briefly considered here. The object of these
appliances is to render the beer bright, 1 6. perfectly clear and transparent, when
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dvawn from the storage cask and sent out to the purchaser, Under normal
conditions this clarfication 1s effected in sufficient degree 1n the storage cask, and
recourse should therefore be had to the filter only in such cases where, by reason
of defective treatment or other unfavourable circumstances, a turbid lager beer 1s to
be made similar to a beer of standard quality, Such was the practice 1n Bavaria
until a few years ago, but since the great breweries in that country began to
cater for the export trade, they have had to conform to the tastes of their foreign
customers, who judge the quality of beer by the eye, and would, without having
tasted it, set 1t down as inferior if 1t were not perfectly bright, Therefore, 1n
order to render 1t acceptable to this large and continually increasing clisniele, the
beer has to be passed through the filter ~The South German connoisseurs mn beer,
who judge their beverage by the flavour, rawsed objections, and with reason,
since filtration causes—apart from the exception aforesmid—an uncalled-for
depreciation of quality, This applies primarly to the chemical composition, the
filter removing from the beer sundry mucoid substances, extremely minute m
quantity and of as yet undetermined composition, but which, nevertheless,
contribute to the fineness of the flavour, so that an experienced palate can
distinguish with certainty between a filtered and unfiltered beer. This defect,
regretted though 1t be by connoisseurs, 1s, however, the lesser evil when compared
with the dangers, from a biological pont of view, that are obviated by filtration.

Two main types of beer filters are 1 general use The one constructed by
Enzinger consists chiefly of a number of chambers, the walls of which are com-
posed of perforated plates lined with thick filter-paper, specially prepared for
the purpose, and through which the beer is forced by compressed air acting on
the storage cask, The second type of filter, recommended for brewery work by
Stockheim, contains as its acting ingredient purified (and therefore tasteless)
cellulose of a felty nature. No objection ean be raised against the use of such
apphances 1n exceptional cases, since by this means a clea: filtrate is obtamable
when all other methods of clamfication have failed to remedy turbidity. This
decision must, however, be amended when 1t 18 a question of beer already in
good condition, this latter often suffering, under such treatment, a conmderable
alteration (in certain circumstances) with regard to its flora, apart from the
depreciation of flavour already slluded to. The filter removes the yeast
cells, but allows the (much smaller) bacteria to slip through, so that the latter
appear in almost their original numbers 1n the filtrate, where, moreover, they
have free play, owing to their previous competitors, the yeast cells, having been
got rid of. This unfavourable modification 1n the relative condition of the two
classes of organisms becomes especially objectionable when a filterng material
that has already been 1n use before 1s employed, without having been sufficiently
purified 1in the interim. In this manner the filtrate can be actually enriched
with bacteria, as the author ascertained by experiments with the Enznger filter
in 1894.

Respecting the wine filter in continually extending use 1n cellar management,
a full report can be perused m the handbook issued by Baso and Macx (I ).

§ 76.—Destroying Germs by Dry Heat.

Strictly speaking, the term ¢ germ-fres " should be apphed only to such objects
as have actually been devoid of germs from the beginning or have been brought
into this condition by filtration In the language of bacteriological practice,
however, it 18 also applied to objects wheremn all the germs have been destroyed
and are only present in a defunct condition. Hence 1t would be more correct to
say that the object 1 question 18 *free from hiving germs,” but this distinction,
being practically ummportant, is not generally drawns
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For the destruction of germs a numiber of methods are available, and may 1
olassified 1nto two principal groups the one physical and the other chemica
The,former may be subdivided mnto germ-killing by warmth, electricity, ligh
mechanical concussion, or, finally, by gas under high pressure. We wall confix
ourselves to the first of these five methods, the employment of the remainir
four being, for the purposes of the mycologist 1n general and of the fermentatic
physiologist in particular, either too eostly or too cumbersome. In so far, hov
ever, a8 their influence is of general biological interest, we have already review:
them in the preceding section.

On the other hand, sterihsation by heat 1s the method always resorted t
unless foynd undesirable on other grounds. Before giving it more detailed co
sideration, we must first ascertain which group of organisms exhibits the greate
tenacity of Iife and is able to longest withstand influences adverse thereto. Tk
group alone has to be borne 1n mind 1n testing the efficacy and general applic
bility of g method of sterilisation, since 1f the same 14 capable of destroying tl
organisme exhibiting the greatest power of resistance, 1t wall certainly, and muw
more quickly, deprive all the remaining weaker ones of ife. On the other han
when the contrary 1s not proved, it must always be assumed that the object
be sterilised 15 infested with orgamisms of the highest resisting power.

These hardy organisms we are already acquainted with, namely, the bacter:
endospores, which 1n this respect have no equal, and can therefore be made
serve as test objects for determining the rehability of any germ-destroying pr
cess coming under examination It has been already stated, 1n § 53, that gre
differences exist in the resisting powers of the spores of the various species
bacteria, but of course we have only to take the strongest into consideratic
According to the investigations hitherto made, these are among the non-patk
genic varieties, those species commonly known as the hay—and potato—bacill
and among the pathogenic bacteria, the anthrax baciih. Bearing this in mir
Rorerr KocE (I.), the eminent medical bacteriologist, employed as reagent i
testing the efficacy of various disinfectants spores of anthrax bacilli, which, {
greater convenience 1n applhication, he allowed to dry on silk thieads

The articles of metal or glass to be sterithsed are placed 1n a case, formed
the plan of the drying-ovens used in chemical laboratories, wherein they s
heated to 150° U for an hour During this time no dimimution of temperati
15 permissible, because if such a fall occurs, the labour will have been bestowed
vamm, Koom and WoLrFEUGEL (I ) have shown that there are bacterial spo
that are killed only after an exposure to air at 140° O, for three hours. Ho
ever, by an exposure to 150° for one hour we may be sure that all the ger
present have been killed ; and air-filters fitted with cotton-wool (freed from f
are also sterilised by the same treatment, the cotton-wool assuming thereb;
yellowish to brownish coloration. Both the apertures of such a filter must he
been previously closed with plugs of cotton-wool, which must not be remos
until the filter 18 about to be used. It 1s necessary that glass articles should
dry before they are introduced into the hot-air sterilising apparatus, since oth
wise they will crack.

Small metal instruments, such as forceps and inoculating needles, as well
the glass stoppers used for closing Pasteur flasks, can be convemently purif
in the flame of a Bunsen burner or spirit-lamp.

§ 77.—Destroying Germs by Moist Heat.

The opinion expressed 1n a former chapter, that the seat of the high pow
of remstance enjoyed by bacterial spores 1s to be sought m theirr membrane
supported by their behavisur towards the influence of warmth, in 8o far—as
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been ascertained by numerous experiments—that, under otherwise identical
conditions, moist heat, 6 g 1n the form of steam, exerts a more violent action
and kills them much sooner than dry heat at the same temperature. This
behaviour 18 explained by the unusually low heat-conducting power of the
unaltered spore membrane. By the influence of moisture, however, the struc-
ture of this protective envelope 18 loosened and 1ts permeability to heat rays
increased

Although the use of moist heat may thus appear preferable to the method
described m the preceding paragraph, 1t 15 nevertheless imapplicable in many
special instances. For example, ar-filters must be sterithsed by dry heat
alone, but when liquids have to be freed from lving germs by the aid of
heat, then moist heat must be decided upon. This can now be employed
in one of two ways either by boiling the hquid over a naked flame, or by
exposing 1t to the influence of water vapour heated to & sufficiently high
temperature. .

That every liquid can be sterilised by simple boiling at 100° . was shown by
Hueees (I1I ) in 1882, the time of exposure necessary in order to securethe desired
result with certainty being, however, very long. In this connection we may recall
the experience of Brefeld, mentioned in § 53, according to which the killing of
the spores of the species of hay bacillus examimed by him necessitated their
exposure for full three hours in boiling water. However, the nutrient solutions
destined for the cultivation of organisms, and requiring to be sterilised anterior
to use, must not be treated in this manner, since they would be concentrated
too much by such prolonged boiling Such solutions are genernlly sterilised by
exposure to low-pressure steam, for which purpose the so-called * steam steriliser,”
proposed by Gatfky, R Koch, and Loffler, and resembling 1 arrangement an
ordinary potato-steamer, 1s employed. It consists principally of a high eylin-
drical tmn pot, covered over with agbestos board or felt, and fitted with two
bottoms, the upper one, which 18 perforated, serving as the support for the
vessels to ba sterilised by exposure to the steam evolved by the boiling water
below This process 1s known as sterilsing by direct steam, 1t obviates the
inconvenience arsing from the evaporation of the nutrient media, and also
prevents local overheating. The samples are surrounded on all sides by steam,
which drives away the protecting envelope of air and ramses the temperature
uniformly throughout to that of the boiling water. Thus 1s, of course, dependent
on the prevailing atmospheric pressure, and generally ranges between 96° and
100° 0 A reduction of the time of exposure 18 not to be thought of, since here,
a8 before, we have to do with a temperature of only about roo®, this must be
particularly emphasised, since the Koch school at one time fell into error on this
point, by promulgating the maxim that “ the spores of bacilh cannot withstand
the temperature of boling water for more than a foew minutes.” We have
already recalled a fact controverting this, and will now cite a second example,
gwven by Grosia (IL.), viz., that the endospores of a species of bacterum, dis-
covered by this observer on potatoes, originating therefore 1n cultivated soil, and
named the ““potato bacillus,” resisted the influence of a current of steam at
100° 0. for as much as sx hours This 1s the most powerfully resistant of all
organisms hitherto observed

Numerous modifications have been made 1n Koch’s steriliger, in accordance
with the special purposes for which it 1s intended. Thus, for example, the
water-chamber has been separated from the steam-chamber, and the steam
ntroduced into the latter from above This pattern 1s specially preferred in
the case of the large apparatus employed tor disinfecting invahds’ linen,
hospital bedding, and the hke Renders desirous of obtaining full information
on this point are referred to & treatise by Duncemr (I), who subjected a

I F
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pumber of steam-dimnfectors to a careful examination. The simple and
inexpensive form described above is sufficient for the purposes of the fermenta-
tion physiologist. ) .

In the fermentation industries the method of destroying germs by steam 18
highly prized on account of its convenience and efficacy. In breweries, for
instance, all the piping 15 steamed out, as also the wort cooler, and so on. The
Enzinger filter, however, cannot be treated in this way, owing to the softening
action of moist heat on the filter paper.

The duration of exposure requisite for the destruction of germs by moist heat
can be considerably shortened by employing supersaturated high-pressure steam.
Tf, for example, the steam be used at a temperature of 120° 0. (corresponding
to an extra-pressure of one atmosphere), an exposure of twenty minutes suffices
for sterthsing higmds up to 50 cec. m volume with certamnty. For larger
quantities a corresponding additional exposure at 120° O. (five to ten minutes)
is given. The use of supersaturated high-pressure steam 18 attended with much
smaller outlay, but requres a strongly built autoclave. ILaboratories already
possessing such an apparatus—which 18 required, for example, 1n the determina-
tion of starch in cereals, &c.—can also employ 1t to advantage for sterilising.
In many instazices, too, a method of this kind 18 advisable, not only on account
of the saving in fuel, but also by reason of the fact that the chemical com-
position and nutritive quality of the hquid to be sterilised are less impaired
by fifteen minutes’ exposure to 120° than by three hours’ exposure 1n the Koch
apparatus.

On the other hand, there are liquids which are so readily decomposed that
neither of the above methods of treatment can be thought of An example of
these 18 afforded by the medium so frequently employed 1 mycological labora-
tories under the name of nutrient gelatin, a solution of bowllon, wort, dec,
contarning 8-1o per cent. of gelatin, This mixture, which sets at the ordinary
temperature of a room to the consstency of soft glue, and hquefies at about
25° 0., would lose its property of setting 1f exposed to such degrees of heat, and
would thereby become useless. In such cases another method of killing the
germs must be employed—namely, that first proposed by Tyndall, and knowr
as—

§ 78.—Intermittent Sterilisation.

The powerful methods hitherto deseribed have been considered necessary, fo
the sole reason that the sample to be sterthsed had to be regarded as presumabl;
containing highly resistant bacterial spores. In the absence of such forms, th
object in view 1s attamable by much milder means, and the liquids, &c., to b
sterilised ean be converted into this more favourable condition by causing th
spores (possibly present therein) to germinate. It then becomes a much easie
task to deal with the resulting vegetutive forms, since these latter perish &
temperatures delow 100°> O, and therefore so much the more certainly in
current of steam  For this reason then the sample to be sterihsed—whioch, ¢
before, is supposed to contain the most highly resistant types of bacterial spore
in addution to the comparatively feeble vegetative forms—is exposed at first to
temperature of 100° 0. 1n the Koch sterthser for a short ttme The durabic
of his first treatment depends on the volume of liquid 1n the individual sample
For flasks contaming a charge of 10-15 cc each, fifteen minutes will suffice
larger quantities warm through more slowly, and must be left in the steamer f:
& correspondingly longer fime, In every case the liquid should remain at
temperature of 100° O for about fifteen minutes, By this treatment only t]
vegetative forms and weaker spores are killed, and the next step 1s to ensu
that the still hving spofes germinate, which 1 generally effected by simg
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leaving the samples to stand at room temperature. At the end of twenty-four
bours the first treatment in the steamer is repeated, whereby the vegetative
forms that have in the meantime developed from the spores are killed. It
being, however, possible that, owing to the known irregularity of germination,
some of the spores have not developed, the samples are again left at rest for a
day, and thereafter steamed & third time to kill the remdual cells proceeding
from these tardy spores. The medium, hquid, &c., will in this manner be
entirely freed from hving germs without having been subjected to mjury from
over-prolonged or excessive heating. This method is known as the intermittent
process of sterihisation, and is the only one 1n use for the preparation of nutrient
meat-juice gelatin. The success of this method of killing germs depends on the
awhole of the spores being caused to germinate, Now we know, from statements
already made, that there are certam species of bacteria which will only develop
under high temperatures, and for whose germination the temperature of the air
of a laboratory 1a therefore 1nsufficiently high. On this account it will be
evident that, under certain circumstances, the samples will have to be left to
stand at high temperatures. Since, however, these temperatures will, on the
other hand, retard the development of the spores of such species as thrive only
at low temperatures, it 18 therefore impossible to neglect either consideration.
The samples must, consequently, be kept for a certain time at room temperature,
and for another interval at higher temperatures. In no case, however, must
this be relied on without further examination, but 1t must be laid down as a
JSundamenial rule of conduct, that any nutrient medium apparently rendered
sterile by fractional sterilisation, may only be considered as actually sterile, and
used as such, when 1t is found that after a short storage, following the above
treatment, no spontaneous development has taken place. This regulation,
urgently necessitated by reason of the insecurity of the sterilising process in
question, must not be neglected Nevertheless, if the work 18 cleanly done, 1t
will seldom be found necessary to reject samples on account of nsufficient
sterilisation, since the highly resistant spores, now in question, are generally
absent in the majoriby of the substances employed m the preparation of artificial
nutrient solutions, and only creep in when the manipulations are performed
without due care. COultavated soil 18 rich in such organisms, so that 1f such soil
is, by any means, introduced into these media, an unsuccessful result may readily
ensue, as was, for mnstance, observed by L Hem (II ). The oceurrence of such
spores 1n meat-extract is no rarty, and the remarks just made should therefore
be recalled when such material 1s employed.

It may happen that a nutrient medium, which cannot be exposed to a
temperature of 100° O. without decomposing, will have to be steritlised. An
ingtance of this is afforded by the solution employed m the study of ure
fermentation, which, in addition to the nutrient substances, contains algo an
admizture of urea. This body, as is well known, is gradually converted at
100° C. (n aqueous solutions) into ammonium carbonate. In preparing a
medm contaning this amide the directions of Leuse (L) should be fol-
lowed, the solution of the other nutrient substances (e.g. a boullon) being
first treated by itself in the steamer, and the urea sterilised separately by
heating it in the dry state at 106° O. for half an hour. By this treatment
it 18 maintained unaltered, and may, when cooled, be added to the cold sterile
bowmllon.

Under particularly favourable circumstances, exposure to a temperature much
below 100° U. can bring about either the complete mortification of the germs
present in a solution, or else render them so debilitated that their further
development 1s prevented, so that the hquid will remain for a long time (months
and years) without alteration, This result is attamalle when the influence of
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warmth is seconded by suitable antiseptics, substances v.vhlch we must first
consider before noticing the combined process of sterilisation to which we are
gradually leading up.

§ '79.—Mineral Antisepties.

The substances exerting a toxic action on micro-orgamsms are stll often
divided mto two groups those serving to anmhilate the pathogenic bacteria bemng
termed dismfectants, whilst the substances capable of retarding fermentation
and putrefaction are denominated antiseptics There are, however, no good
grounds for this distinction, since, as we know, there are bacteria capable of
origimating both disease and fermentation

Very exhaustive researches on the efficacy of the various antiwseptics are
available. Those of R Kocwm (I ) were undertaken 1n the interest of medical
hygiene. As 1n the case of other agencies 1mimical to bactera, so1s 1t 1n the care
of toxic substances + the destruction of the Iife of vegetative forms of growth 1s
relatively the easiest to effect, stronger means bemng necessary to prevent the
germination of the endospores, and the most powerful influences of all to kill
these latter.

The strongest antiseptic is corrosive sublimate, or mereuric chloride, Hg0, ;
but, unfortunately, this substance cannot, for hygienic reasons, be employed in
the fermentation immdustry. In the laboratory, however, the fermentation
physiologat always keeps a stock of this reagent for disinfecting (inter alia) the
bell glasses used for stormng fresh plate cultures A sufficient quantity is also
put m vessels containing cultures that are no longer needed, but which should
not be placed 1n the hands of the cleaner until they have been lalled. Again, 1n
the laboratory of the chemist in large worksa solution of sublimate should always
be kept, along with materals for bandages, as bewng the first remedy to apply
when the workmen are injured or wounded. In washing wounds with this
solution, one should always be mindful of the fact that the first treatment has a
preponderating influence 1n the restoration of health. The strength of solution
employed, both 10 the laboratory and for this Samaritan service, 18 one gram
of HgUl, per hitre of distilled water Caleareous well-water must not be used,
and the author would recommend any chemist who cannot afford to purchase

* dustilled water to prepare his stock of sublimate solution in ramny weather, using
pure rain water for that purpose. Like most of the salts of mercury, sublimate
forms 1nsoluble compounds with albuminowds (e g. in the blood), and has then no
longer any effect on bacteria. This reaction 1s prevented by adding 5 grams of
sodiam chloride per litre of solution, since this salt forms with the mercurie
chloride a double salt soluble in water. According to the researches of R. Koch,
the spores of Bacillus anthracis perish in an hour when 1mmersed 1n this solution.
For the prevention of their germination the presence of 1 part of sublimate in
300,000 parts of water suffices.

The _earhest disinfectant employed was sulphurous acid, the use of which for
sulphuring wine casks has been handed down from remote ages In this process,
so-called sulphur threads are ignited and placed in the cask, being prevented from
falling by the bung. These sulphur threads are strips of linen about the breadth
of the finger, steeped in melted sulphur The germiade properties of gaseous
sulphurous acid (sulphur dioxide) were examined by G Worrrrters (1.); and
G Livossigr (I.) endeavoured to express in figures the relation between the
percentage content of a solution of this diomde and the length of exposure
necessary to kall various germs. His experuments were not conducted with

li;o‘ffna, but with Zumycetes, they are, nevertheless, given 1n the following
a n

» ‘m&xd—.» -
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Tatnl dose of 805 in o ¢ per litre fo1 an
exposure lasting—
Speocles.
15 min. 6 hours 24 houtg 5 days
Beel yeast . 200 100 20 —
Wine yeast . 100 20 20 10
Mycoderma v1m 200 100 100 o
Aspergillus mger 50 20 10 —

With regard to the deadening of wine-must by sulphurous acid, referred to
1n § r1, mention may be made of the discovery of this observer that 25 c.c of
S0, per litre sufficed not only to hinder the inception of fermentation in wine-
must, but also to bring 1t to a standst:ll when already in progress. The presence
of a small quantity—Dby 1tself inert—of another mineral acid was found to
1ncrease the power of the sulphurous acid 1n a remarkable degree. The subse-
quent fate of this latter 1n sulphured wine vartes a small portion combimes with
the aldehydes, a little (often merely a trace) of which is always present, to form
aldebyde-sulphurous neid, a compound of agreeable odour, but the bulk 18 converted
into sulphuric acid, and is then found as potassium sulpbate. Several experi-
ments 1n this connection have been conducted by B Onuvarp and M. Jacoarp (1.).
Apart from the cases already mentioned, this antiseptic 15 not used 1 a gaseous
form m fermentation industries, since 1t atlacks the metal fittings, i1ritates the
workmen's lungs, &e. It 1s, however, employed m combmation with lime, as
calcium bisulphite, 0a0.280,.H,0=0Ua(HSO,),, with which the fermenting
tuns, &c, 1n the brewery are purified. On the basis of his experiments on this
point with beer yeasts and film yeasts, H. WiLL (I ) recommends an agueous
solution of this salt containing 1o grams of SO, per litre. As the commercial
salt contains 7045 grams of SO, per litre, one part by weight of this hqud must
therefore be diluted with six parts of water.

The suitabihty of Piotet’s solution (fuquide Pictet)—a mixture of CO, and
80, (1 1)—for disinfecting purposes has been reported upon by Dr REcuter
and Learos (L.).

As a rule, the germicidal power of carbonic acid (carbon dioxide) is over-
estimated by non-professional people The researches of CarL FraenxEewn (I),
confirmed by C Sterzmerz (I ), have shown that this acid has no power at all on
certuin bacteria, these latter thriving even in an atmosphere of the pure gas Other
species are less able to stand 1t, and the remaining kinds, though retarded 1n their
development, are killed by it only with great difficulty The most mmportant
hiterature on the subject has been arranged by P. FRANELAND and Warbp (I ).
The above-mentioned fact suffices of itselt to destroy the hope that carbonated
mineral waters are necessarily devoid of germs (as was assumed by Leone some
yoars back), the researches of P, Sreprer (I.) having shown that tlis 18 not the
case. The influence of this acid on the vital activity of yeast and the progress of
alcoholic fermentation will be dealt with in the second volume.

Chlorine, also, 18 not employed 1n the gaseous state, but as chioede of lume
(calcrum hypochlorite)  This substance was recommended by H. WiLL (II.) for
the disinfection of the sacks—made wholly or in part of wool—used for filtering
off the * cooler sludge” in the brewery. As these bags are rendered unusable
by hot-water washing, their purification has to be effected by a cold process.
That cold washing does not produce the deswed effect was proved by Will, who
found the sacks to be strongly infected with bacteria and wild yeasts, especially
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around the stitches, a circumstance sufficient to account for the bad repute in
which wort- and beer-droppings are held. Disinfection experiments have,
however, shown that these germs can be Ikulled by exposure to the action—
assisted by careful brushing—of a chloride of lime solution containing 1 per cent.
of active chlorine. As good commereial chloride of lime yields 30-35 per cent.
of chlorine, the solution may be prepared for use by mixing 3-3% Ialos. (6 6-7 7
1bs ) of the chloride with 1 hectolitre (22 gallons) of water—z 6. about 5 oz. per
gallon—stirring the mixture up frequently, and, after settlng, pourng off the
clear hquid from the (useless) sediment. According to R Koch, o.2 per cent
chlorime water will kill the spores of B anthracis within an hour. Exhaustive
experiments—conducted chiefly from a medico-hygienic pomnt of view—on the
anti-bacterial properties of chlormne and bromine have been carred out by
BerNEARD FiscaER and B ProsAUER (L.).

Among the inorganic acids, hydrofinoric acid and ite alkali salts have proved
to be particularly poisonous to bacteria In the last few years this substance
has, by the labours of Effront, been utihsed in distalleries, on this head more
detailed reports will be given in & later section _ )

Boric acid, erther per se or 1n the form of borax, is occasionally—in despite
of prohibitory regulations—used for preserving food-stuffs (e g. milk). A per-
missible and useful application of this substance may be made in the preparation
of starch paste by employing an aqueous solution of borax as a substitute for
water, Paste prepared i this way can be recommended, for instance, for
affixing. the labels on wine bottles kept 1n store, the occurrence of the uncleanly
formation of mould, otherwise intervening, being thereby prevented.

The effect of ozone and hydrogen peroxide on bactera 1s due to a common
cause, viz., the decomposing power of the oxygen hberated. According to the
determinations made by H. Sonntae (I.), ozone has only a weak germicidal
power, but other experimenters, ¢.g OBERDSRFFER (I.) and WyssoxrowrT-om (I.),
obtained somewhat more favourable results. According to the researches of
OHLMULLER (I.%l, this gas acts more powerfully when it is passed, along with
oxygen, through the culture. When the volume of the liquid amounted to
500 ¢ ¢. an ozone-content of go m grms. of O, per 100 c.c of the gas was requisite
1n order to kill the germs of the spores of anthrax bacillus present. According
to the researches of CER1sTMAS (1.), the germicide power of ozone sinks to 2l
when 1ts amount falls below o o5 per cent by volume; so that no effect can be
anticipated from the much lower proportion (1-xo m grms. per 1oo litier) of
ozone present in the atmosphere. 'With regard to the purification of river water
—intended for drinking purposes—by the aid of ozone, prepared artificially on
a large scale, an exhaustive report has been drawn up by E. van Enuarees (I.).

Own g to the great expense entailed, the utilisation of the anti-bacterial
power of hydrogen peroxide in the service of the fermentation industry 1s as
yet wmpracticable. The invention of a less expensive method of production
would, however, ensure 1t an extensive sphere of operation, since this bacterium
poison offers the advantage that during 1ts action 1t 1s resolved into water and
oxygen. When the latter has killed the organism, nothing 18 left of the anti-
septic but harmless water. Great advantage might be derived from this property
in connection with the manufacture of conserves; but hitherto its value does
not seem to have been sufficiently appreciated A few experiments have, how-
ever, been made with 1t 1n connection with the freeing of drinking water from
germs. In partinl improvement on the results reported by Van Tromp, 1t has
been proved by ArrmroErER (I.) and P. Somrmow (I) that an addition of 1 part
per mil of H,0, to drinking water will, within twenty-four hours, be fatal to
the common (innocuous) water bacteria, the microbes usually presentin conduit
waters, and the organisms which produce cholera and typhus.  No alteration in

~ ~
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flavour results from this application, and an injurious influence on health 18
the less likely, since the peroxide is quickly decomposed. A reduction of the
dose below 1 per mil would naturally interfere with the efficiency of the reaction,
a owrcumstance which explains the unfavourable results obtained by other
experimenters, reported by A. Sceromr (I.) A proposal, worthy of being
followed up, has been made by A. GorrsteIn (II). A sample of water contain-
ing 1000 bacteria per 1 c.c. was found to evolve bubbles of gas at 1ts upper edges
fifteen minutes after the addition of H,0,, the gas being oxygen liberated from
the peroxide by the activity of the microbes. Since the extent of this evolution
of gas fluctuates 1n accordance with the number of living bacteria present, this
behaviour might perhaps be utilised in arranging a simple method for controlling
the efficiency of water filters at frequent intervals. No apphances beyond a
stock of hydrogen peroxide and sterilised test-glasses would be required. Of
course, this crude method neither could nor should be used to replace the
examination of the efficiency of the filter by bacteriological tests, but is intended
for the sole purpose of enabling the engineer 1n charge to convince himself, every
quarter of an hour (or at other selected intervals), that the filtrate has fewer
bacteria than the unfiltered water According to the critical researches of
Hvuao Lassr (1.), the Gottstein method 18 not sufficiently reliable.

Milk of lime 1s, when fresh, a fairly good disinfectant, but loses 1ts disinfect-
ing property as soon as the calcium hydroxide becomes converted mnto carbonate,
the latter bemng innocuous towards many organisms, and even favourable to
others (especially the acid-forming microbes) In the absence of other disinfec-
tants this hiquid may be successfully used. According to the researches of E.
Prust (L), 1t 18 sufficient to add two volumes thereof, and leave them to react
for an hour, to ensure the death of the typhus bacilli and cholera bacteria n
liqud fecal matter L SreuBer (I ) has made several experiments as to the
influence of milk of lime on yeast-cells, and on 1ts switability for disinfecting
brickwork 1n the brewery

§ 80.—Organie Antiseptics.

The antwseptic most appreciated—next to sublimate—n surgery, viz,
carbolic acid (Phenol, C,H,OH), which is used as a 4 per cent solution for
washing wounds, 18 never employed for industrial purposes. Nevertheless, 1t
mer1ts brief mention here because the diseoverer of its antiseptic action, viz,
J. Leuare (I and II ), established the interesting fuct that this constituent of
coal-tar, whilst capable of restricting the development of organised ferments,
leaves the efficiency of the enzymes unimpaired, a differential behaviour which
afforded support to Pasteur in his campaign aganst the Liebig theory of fer-
mentation. The toxic action of phenol on the indivadual species of the bacteria
varies, a circumstance which is utilised in the bacteriological analysis of water.
In order to determine if the water under examination for impurities containg
Baoterium cols communs, a small quantity is, 1n accordance with Péré’s sugges-
tion, placed 1n bouillon containing one part of carbolic acid per mal. This will
retard the development of most of the water bacteria, but not that of B coli
commune, which will therefore increase in the culture, and can then be more
readily detected by supplementary means (plate cultures). Crude carbohe acid
18 soluble with difficulty in pure water, but readily so m sulphuric aed, com-
bining therewith to form sulpho-acids, an agueous solution of which, under
the name of aseptol, is employed 1n suirgery. According to the researches of
R Koch, the strength of aqueous carbolic acid solution requisite to prevent
the germination of the spores of B. anthracis 18 1 part in 850 In a 5 per cent
solution the death of these spores is caused only after more than forty days.
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The three succeeding higher homologues of phenol, viz., the cresols,
O,H,.OH CH,, are also used in surgery. The so-called kreolin or creolin 1s a
mixture of soap with a tar-oil, containing a small quantity of phenols (cresol, &c)
and a large amount of hydrocarbons As the last are imsoluble in water, a
milky emulsion is produced by pouring creolin mto thathqud Lysol and sapo-
carbol are mixtures of soap and tar-oils conteining more phenols and a smaller
proportion of bydrocarbons than the substance last described, both these
mixtures will disgolve in water without producing turbidity The solubihity of
the cresols 1n water 18 slight : about r part per 100 aq, but can be increased
considerably (as ascertained by Hueppe) by the presence of other substances
Thus, when sodium cresotate 18 used, solveol 1s obtained, An alkaline aqueous
solution of sodium-cresol will absorb a very large quantity of cresol, thereby
forming solutol By adding to a 5o-6o per cent. crude carbolic acid about 20
per cent. of 1t8 weight of mineral o1l, a mixture known as saprol 18 obtained,
which 185 lighter than water and floats when applied to feecal matter The
surtability of this preparation for the continuous disinfection and deodorisation
of the contents of cesspools and closets was tested by ScmrurLEN (I and IT)
Mention of the foregoing seven antiseptics 1s only made here for the purpose of
stating their composition as a matter of interest to the technical chemst They
are, however, unimportant so far as fermentation industries are concerned. A
derivative of orthocresol, viz., salicylic acid, C,H,.OH COOH, 18 stall occasionally
used, e g. for the preservation of jams, to ar1est the formation of mould on wine, &e.
The time when H. Kolbe (who held the first patent for the manufacture of this sub-
stance on a large scale) strongly recommended its employment has long gone by.

On the other hand, another derivative of cresol, viz , potassium orthodinitro-
aesol, 0, H, (NO,), OH,.OK, finds extensive employment, 1ts explosibility being
entirely done away with by the use of a small addition of glycerin, soap, &ec
The red pasty mass thus obtained is put on the market, as a patented prepara-
tion, by the Bayer Farbenfabrik under the name of Antinonnin, this name
being given to it on account of its having been first used on a large scale in
practice 1n 1892, for the destruction of the * nonnen” (Monacha) larves infest-
ing the forests of Bavaria and Wurttemberg. This paste dissolves in water in
proportions up to 5 per cent , forming a clear solution, dark yellow in colour and
of a soapy smell, possessing no corrosive action and sattacking neither metals
nor fabries, but penetrating deeply into wood and other porous substances, and
remaining fixed therein without volatilising or imparting any odour to the
material. Reports on the appheabihity of this antiseptic are unanimously 1n 1ts
favour Tm. SterrveR (I.), for example, has drawn up an exhaustive account
of 1ts usefulness in preserving wood employed for bulding purposes, and it
forms a rehable means for the anmhilation of the dreaded dry rot in timber
(respecting which, it may be casually remarked, a comprehensive monograph has
been written by R Harmie (I.)) To prevent the spreading of this fungus, all
the woodwork (and especially that forming the floor joists) 18 treated, by
dipping or brushing the ends to be imbedded mn brickwork, with a  per cent.
(x 200) solution of antinonnin. Dipping I also recommended for preserving
raalway sleepers and wood blocks for paving. The latter are at present steeped
n creosotic tar, and render the streets malodorous in hot weather by the
vapours they evolve, Antinonnin will equally counteract putrescence without
inconveniencing the olfactory organs. Telegraph posts, fenang, hop-poles, and
vine-props are treated by setting the butt ends n a o.5 to 1 per cent. aqueous
golution of antinonnin for a day, whereby they will acquire great powers of
resistance against rotting. The packing for spaces between ceilings, for which
purpose building waste 18 generally employed, and which 18 so often the
breeding-ground of pathogenic germs (particularly tetanus bacillus), should be
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1mpregnated with this diinfeqtant. Antmonnin s also a very suitable material
to employ when 1t 18 & question of keeping the brickwork of a building dry and
arresting corrosion, the cause of which latter phenomenon 18 probably ba,ct_ierml:
The evil may be remedied by brushing the walls with a 1 per cent. solution of
antinonmn  If 1t be desired to prevent the inception of such corrosion—as will
be specially the case when & wall 1s to be decorated with fresco paintings—then
the mortar apphed diwectly to the wall should be mixed with about 5 per cent.
of antinonnm. The walls of hospital wards, &o, may be cheaply and reliably
disinfected by brushing them over with a saturated (5 per cent ) solution of this
agent. Full information concerning 1ts successful employment in the brewery
has been given by Ausry (1), who recommends 1ts use for purifying all utensils
not brought 1nto direct contact with the beer ~The walls of the fermenting and
storage cellars, which are frequently damp and form the habitat of mueinous
and malodorous fungi prejudicial to the beer, may be dried and freed from
mould by brushing them over with antinonnin solution.

Ethyl alcohol, 1n an undiluted condition, behaves as a fairly powerful poison
towards bacteria, and, according to R. Koch, will hinder the germination of the
spores of Bacillus anthracis, even when diluted with twelve times its own
volume of water. The use of this compound—of go-96 per cent. strength—is
strongly recommended to the fermentation physiologist, smee 1t possesses the
advantage over sublimate of rapidly attacking the spores of these mould-fung:
that coat themselves with an excretion of fatty matter, owing to which they are
able to resist'the imnfuence of aqueous antiseptics for a long time It1s advisable,
hefore performing inoculations in Pasteur flasks, to wash the flasks all over with
aleohol, more particularly the part of the lateral tube covered by the caoutchouc
tubing, and the mouth closed by the glass stopper. The surface of the table on
which the inoculation 18 effected should also be cleaned with aleohol of about
5o per cent. strength

The disinfection of the hands 1s, as shown 1n particular by FtreriNaER (I.),
a very tedious labour when 1t has to be absolutely efficient. This, however, 18
necessary ounly in the case of surgeons, and the fermentation physiologist may
1est contented with simply washing them with soap and water, and finally with
aleohol, before undertaking a delicate inoculation  The latter precaution should
in no wise be omitted before handlng the ends of the caoutchouc tubing of
Pasteur flasks The susceptibility of the different species of bacteria to alcohol
18 various, a few of them being able to resst 1t very well when dilute; and some
even utilise 1t as a source of energy, eg the acetic acid bacteria, which stall
thrive freely 1n presence of 1o per cent by volume of this alcohol.

Ethyl ether 1s also a very powerful antiseptic, and 18 recommended by
R. Worrny (I.) for use in sterihising by the cold process For this purpose
the ether 18 added 1n the proportion of 10 per cent. to the ligumid, and then, ufter
the germs have been killed, removed by the air-pump. The advantage of this
method over that of heat 1s that 1t has no effect on the albuminoids coagulable
by the temperature of boiling water.

Formaldehyde, also known as formol (formalin), will in the near future enjoy
extended employment as a powerful disinfectant Many objects, such as clothing
dyed with delicate colours, furs, &c, must not be dwisinfected with liquid anti-
septics or by steam, gaseous germicides alone being suitable Among these there
18 but Little range of choice, chlorine and sulphur dioxide not only destroy the
germs, but also the materials to which the latter adhere; and the only other
resource at our disposal 1s in formaldehyde The antiseptic properties of thiy
substance were mdicated by O Low (L) and by BvorNzer and Seears (I ), and
have smce been thoroughly investigated by TriLrar (I). Meat-broth containing
one-twelfth part of formaldehyde per mi/ was found &o be perfectly free from



90 METHODS OF STERILISATION

germs at the end of several weeks. Amonsow (L) found that typhus bacill,
Staphylocoocus pyogenes aureus, and B anthracs could not develop in bouillon
containing one-twentieth part per mil of this aldehyde Accordmng to the
researches of J. StarL (I.) and of E vax Eruencen and Svee (T ), the spores of
B. anthracis and those (very tenacious of life) from garden soll were kulled by an
exposure of one hour to the influence of & 1 per mal solution of formaldehyde,
and a solution containing 1 part 1n 750 proved fatal fo the germs in a quarter
of an hanr This disinfectant is therefore on a par W!.th the strongest mimneral
(bacterium) poison, corrosive sublimate, as regards efficiency, and surpasses 1t 1
point of general apphicablity. Moreover, unlike the mercury selt, formaldehyde
18 but shghtly dangerous to man and the higher animals. The air may be im-
pregnated with sufficient of the vapour for the purpose of disinfection without
causing any greater inconvenience than coughing, which, however, soon dus-
appears, since one quickly gets acclinatised to this reagent. Forma.ldehyde. is
generally met with 1n commerce as a 40 per cent solution known as formalin.
Trorar (I1) gives a few methods for testing 1ts strength and disinfecting
value.—A few pads of cotton-wool or kieselguhr, &c , are momstened Wxth'the
liquid formalin and transferred to a box or other receptacle, wherein the articles
to be dimnfected (clothing) are suspended, or the same are laad between linen
cloths mostened with the iquid. By this means K B LemEMANN (1) thoroughly
disinfected a complete suit of mep’s clothing, even when infested with anthrax
bacilli, by the a1d of 30 grams (a fraction over 1 oz ) of formahn in twenty-four
hours. For the preparation of formaldehyde on a small scale R CaMBIER and
A Brocmer (T) recommend & burner, and B. Torrns (I ) a lamp, both fed
with methyl aleohol. In the latter apparatus a dome or cap of platinum gauze
(2 em. high and 1 em. wade) 1s placed over the slightly projecting lighted wick,
and as soon as the gauze 18 red hot the flame 18 extinguished, wherenpon the
formation of formaldehyde goes on uninterruptedly It should not be forgotten
that—as pointed out by A BroomET ([ )—this incomplete combustion of methyl
alcohol also produces some 3 to 5 per cent of carbon monoxide. An apparatus
constructed by Krell, and resembling the Barthel soldering-lamp, has been
described by A Dreunonng (II), by means of which a constant current of form-
aldehyde vapour can be produced from methyl alcohol and blown mto crannies
and corners that require disinfecting The different degree of susceptibility
exhibited by the various bacteria towards this poison has been utihsed by E.
Somrep (I and II) for the differentistion of typhus bacilli from the vary
siular Bactersum coln commune, which, in the bacteriological analysis of water,
18 both very important and difficult. The latter species develops freely mn a
bowllon contaming 1 purt of formaldehyde 1n 7000, whereas the former will not
do so. Therefore, 1f a species of fission fungus 1solated from the sample of
water, and suspected to be typhus bacillus, produces turbidity 1n such a medium,
this behaviour shows that 1t 18 not the bacillus which causes typhus. The
applicability of this method—which gives a negative characterisation—has been
confirmed by Rup. AL (I). The researches above noticed deal only with the
action of formaldehyde on bacteria, but for the fermentation industry it 1s also
important to know how the higher fungi, and especially the alcohol yeasts,
behave towards this disiufectant In this connection 1t has been established by
W. Winpiscr (1.) that yeast cells show much less suseeptibility, consequently
this aldehyde 18 not a suitable means for killing them. Fortunately, however,
they are readily affected by the influence of hot water vapour, chloride of hme,
d&e., 8o that there 18 no lack of available remedies.

The antiseptic power of 10doform, OIH, was studied by BemgiNg (1.), wath
the result that this compound was found not to injure (kill) bacteria, except 1n
the rare cases when iodyne was hiberated. In all other instances (which thus

2 ik
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constitute the rule), its favourable action in the healing of wounds is based
exclusively on the counteraction of the poison produced by the pus-forming
bacteria, without, however, the appearance of the latter being prevented. The
use of chloroform for disinfection 1s only, as a rule, resorted to when 1t 1s desired
to sterilise milk for use as a culture medium, 1n which case 1t 18 necessary to
dispense with strong heat This will be discussed 1n a subsequent chapter,

The organic acids have a futal effect, even 1n small quantities, especially on
putrefactive bacteria. Frequent and regular use 18 made of this property in
technical processes of sterilisation, as also 1 distillery work (‘“souring the
mash ”), as will be frequently noticed in the course of the present work On
the other hand, fairly high degrees of concentration are required for killing such
bacteria as are themselves active producers of acid. Benzoic acid, though pro-
hibited by law, is occasionally employed for mcreasing the keeping properties of
milk This acid—even in very small quantities—has a very restrictive influence
on alcobolic fermentation, and 16 18 to this influence that the difficulty of
exciting fermentation in the juice of the whortleberry (Vacoinium Vitrs Idea)
is to be ascribed, considerable quantities of this acid being present therein, MacH
and PorTELE (I ) having found o 64 to o 86 grm per litre.

§ 81.—The Combined Method of Sterilisation.

The influence exerted on micro-organisms by the substances already con-
sidered 18 subject to the same fundamental law as has been established for
physical force, viz , that the effect produced varies with the intensity of the
causative influence. A solution contaming so large a proportion of antiseptic
that it is capable of killing a given microbe, will, when suffictently diluted, have
a merely restrictive mnfluence on development, without, however, proving fatal.
Proceeding farther in the same diwrection, a condition of dilution will be
attained which will exert a favourable effect, stimulating the vital activity of
the organism; and finally, 1f the degree of dilution be extended beyond this
point, no effect will be observable. This fact was expressed by Hueo Sorurz (1)
1n the following phrase* ‘ Each impulse exerts on each cell an action whose
effect on the nctivity of the cell 18 1n 1nverse proportion to the intensity of the
impulse” A series of researches, which confirm this law, have been made on
microbe poirons, but 1t will be sufficient to simply mention two examples, viz,
that of Oz Ricmer (1.), treating of the bacteria of lactic fermentation, and that
of Biernaocki (1), which deals with alcoholic fermentation

T'his law forms the bass of the theory of toxic action origmated by O, Low (11 )
in a book the perusal of which 18 commended to the reader, and more especially
for the complete critical digest 1t econtains of the literature, relating to the action
of poisons, published anterior to 1893 Aeccording to Low, the ultimate cause
of toxiciby 1s to be sought in the lability of the albumimoid matter of the cell
protoplasm. The activity of the latter consists 1n a continuous chemical change
of the atomic groups composing the molecule, the briskness of which alteration
is increased by slight stimuli. Larger quantities of the irritant (poison) exert
such a strong preponderating influence on the change, that the lahility of the
plasmic albuminoid 1s arrested, and the life of the cell 18 consequently destroyed.
Probably, then, toxic action may be the means of throwing Iight upon the obscure
problem of the chemical dynamics of the cell; just as, 1n many other branches
of natural philosophy, the study of disturbing influences has afforded the deepest
insight mto the normal course of phenomena

A knowledge of the nature of toxic action—the progress of which depends
more or less upon chemists obtaining a clear 1dea as to the constituents of the
albuminoids—is of the greatest importance, both to fhe study of organic life 1n
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general, and to that of the pathogenic and fermentative microbes in particular.
It 18 algo important, as we shall soon see, for the technique of sterilisation.

The destruction of germs by heat 1n certamn nutrient solutions and food-stuffs
18 often a very difficult task, because 1t necessitates temperatures that damage the
sample both as regards nutritive value and palatability. Success may, however, be
attained by combining the 1nfluence of heat with that of poison, although the 1so-
lated action of erther 18 incapable of killing the germs. This 18 the leadingidea on
which 15 based the process of mixed or combined sterilsation, wherein the death
of the micro-organism 18 caused by the simultaneous appheation of two factors,
one of which (the poison) 18 without influence on the chemical composition of the
sample, whilst the other (heat) is too low to set up any injurious decomposition,

At first sight 1t may seem that the presence of poison restricts the application
of the process to such cases as the sterilisation, pure and simple, of a hquid, and
precludes 1ts use when such liqud is intended for the cultivation of micro-
organisms or for human consumption. On more mature dehiberation, however,
a contrary conviction will be formed

Many of the substances named 1n the preceding paragraph are in themselves
nnocuous to the health of man, provided the quantity present 1s not too large;
this 18 particularly the case with aleohol and the organic acids, and 1t 18 precisely
these acids that are generally employed for the preservation of numerous food-
stuffs. A fuller account of this subject will be given in a future chapter, so
we will sunply refer to 1t here and pass on to the consideration of the second
question* Is the combined method also swtable for steriliang nutrient media
mtended for mycological woil 2

Let us recall the observation that has been frequently made in previous
paragraphs with reference to the behaviour of micro-organisms under the
influence of physical and chemical forces. Just as a certain degree of heat 15
fatal to one species, simply retards the development of & second, 15 favourable to
a third, and insufficient to allow the cells of a fourth species to grow at all-——so
given amounts of poison may be fatal to one species of organism, mert towards
a gecond, and even stimulating to a third In other words, the coustants of
1nfluence of a given poison vary with different organisms,

We are indebted to Tr ScEwaNN (IL.) for the first observations on the varia-
tions 1n behaviour thus exhibited, but to PasteUr (I ) for the first practical appli-
cation thereof. Attention has already been directed to the susceptibility of the
putrefactive bacteria to the 1influence of acids, a property of which Pasteur availed
himself to protect his cultures of ierments (1n the restricted sense of the term)
against 1njury on the part of such interlopers For example, 1n order to study
acetic fermentation, he first acidified the artificial medium with acetic acid By
means of a gkilful combination of various anti-bacterial forces, properly adapted to
each particular case, a given nutrient medium can be freed from germs without
diminishing 1ts suitability for the culture :n view  One factor of this combined
method of sterilisation 1s usually heat. Many examples of this will be given in
the course of subsequent paragraphs, so that we will now simply refer to that
afforded by the boiling of beer-wort

At the moment when the stall unhopped wort runs from the mash-tun into
the copper, 1t contains innumerable bacteria, chiefly derived from the malt. Not
only do these survive the mashing process uninjured, but their increase 1s such
that o o7-0.12 per cent of lactic acid 18 produced. The acidity of the wort 1s
somewhat further increased by the addition of the hops placed in the copper
before boiling 18 commenced. But, as a consequence of the conjoint 1nfluence
of the boiling temperature (100.5°-103° C.), the lactic acid and the hops,
the germs in the wort are—as found by G. H. Morris (I.)—at the end of
fifteen minutes’ boiling, partly killed and partly so far weakened that they are
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incapable of further development, the wort 18 therefore practically sterile.
Sometimes—but, as E. Ca Hansen (1II.) has shown, not always—the complete
destruction of all the germs (absolute sterility) is attained 1n this way. How-
ever, the residual living germs 1n the wort do not develop therein, though they
will do so 1f transferred to a more favourable medium—e.g meat-broth. In this
case we have to do with relative sterility. The rapidity of the effect is chiefly
attributable to the influence of the hops, which, in iurn, owe theiwr germicidal
powers o the possession of cerlain resmous bodies, generally known under the
collective name of hop-resins. The chemical properties and biological effects of
these bodies have been investigated by M. Haypuok (I ), who found three different
resins in hops, all of which are soluble 1n alcohol, ether, and chloroform. One of
these, wiz., the brittle, tasteless y-resin, 1nsoluble 1n petroleum spirit, does not
interest us mn the present instance, the germicidal properties of the hop not
being due to 1ts influence, but to that of the two (extremely bitter) soft resins,
the a-resin and B-resin. These two act powerfully on the lactic acid- and
butyric acid bacteria, but are mmnocuous towards acetic acid bacteria, sarcina,
and hgher fungi (especially yeast). The latter organisms are, however, subject
to the influence of the boiling temperature, so that the wort 18 delivered m a
sterile condition to the cooler, where 1t 18 1nfected anew. The attempts of all
discerning brewing techmieists to abolish the cooler and to effect the rapid cool-
mg of the wort (as well as 1ts aeration by the injection of germ-free air) n
olosed vessels fitted with refrigerating apphances, are thus easily accounted for.
This method of procedure, which, from the fermentation physiologist’s point of
view, 18 the ouly correct one, 15, however, beset with a ditficulty as regards the
separation of the sedimentary matter. Therefore the hot wort from the copperis
generally allowed to stand until the sediment has subsided, the still hot goods being
then carefully drawn off and conveyed to suitable cooling and aerating apparatus.
For a description of the latter, reference must be made to Handbooks on Brew-
ing, three of which are recommended + that of Tmavsivag (I') studies the wants
of the practical brewer, wlilst Morirz and Morris's (I.) work 18 1ntended for
the brewing chemist famihar with chemistiy and microbiology, to whom 1t
presents a large amount of lucid information These two books being supple-
mentary one to the other, the student will do well to leave neither unread
Finally, the third work, 0 J Lintwer’s (I) “Handbuch der landwirtschaft-
lichen (lewerbe,” 18 adapted for imparting instruction 1n High Schools.

The sterilisation of wort in Pasteur flasks—the medium most frequently
employed 1n the fermentation physiologist’s laboratory—will be briefly described
asan addendum to the preceding remarks. In order to produce a clear iquid, poor
1n preapitated albuminoids, &c , the Pasteur flask 1s half filled with wort (not from
the hop copper, but from the cooler), which will now contain numerous germs,
several hundreds to thousands per c.c. The flask1s then placed on a heated sand-
bath and the steam evolved is allowed to escape for ten minutes—counting from the
moment boiling begins—through the short caoutchouc tube on the lateral tube
of the flagk, whereupon the former is closed by a glass stopper previously purified
1 the flame. Then, for a further ten minutes, the steam is allowed to escape
through the swan-neck, and the flask is left to cool, being for that purpose placed
on a hollowed cork or a ring of millboard one inch in height. 'When the liquid has
again sunk to the temperature of the room, the moisture condensed in the swan-
neck 18 driven off by means of the gas-flame, and the neck 1s closed by a small plug
of asbestos, which subsequently serves as a germ filter. Any organiams capable of
passing through this are deposited in the first bend of the tube, which 1s then
freed therefrom, by heating 1t to redness in the flame, before proceeding to inacu-
lation. Concerning the sterilisation of the large copper apparatus for pure yeast
culture, detailed instructions have been given by E. Qu. Hansex (IIT)
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CHAPTER XI.

METHODS OF PURE CULTURE.

§ 82.—Nutrient Solutions.

Iv § 15 of the Introduction it was stated that Liebig’s theory regarded the
disintegration of the albuminoids as the true active agency in fermentation.
Pasrevr (VIL), the active opponent of this theory, interested himself m the
preparation of artificial media which, though free from albuminoids, began to
ferment when inoculated with a minute quantity of fermentative organisms
(6g.a tra.i?e of yeast). The oldest of these, generally known as Pasteur’s flud,
conalsts of—

Grams
Water . . . . . . 100 0
Ammonium tartrate . . . . . . 10
Cane-sugar . . . . . . . 100
Yeast-ash (correrponding to one gim. yeast) 075

and was mtended preferably for the cultivation of the higher fungi (yeast in
particular). Its smtability for bacterial cultures was examined by Oohn, who
found that for this purpose the sugar could be dispensed with  On the basis of
researches into the requirements of yeast as regards mineral matters, ApoLr
Maver (I) proposed to employ, in place of the yeast-ash, which 1s soluble only
with difficulty, an artificially prepared solution of the salts of which this ash is
known from experience to consist  Utihsing this report, CorN (13 prepared a
nutrient solution which he named ‘normal bacterial liqmd,” and which was
composed of—

Grams
Water . . . . . . . 1000
Potassium acid phosphate (KH,PO,) . . o3
Tribasic calexum phosphate (Cay(POg)g) - . . . 005
Crystallised magnesium sulphate . . . . . o5
Ammonium tartiate . . . . . . 10

Naggrz (IV.), relying on the results of his researches (indicated i chapter n
on bodies smtable for the nutrition of the lower fungi, prepared three *norm
hquds for fission fung:,” one of them having the subjomed constitution :

Grams
Water . . . . . . . . . . 1000
Di-potassium phosphate (KHPO,). . . . oI
Crystallised magnesium gulphate . . . oo2
Caleium chlomde . . . oot
Ammonium tartrate . . . . . 100

The nutrient solutions hitherto described play a great part in earlier myco-
logical hiterature, on which account their constitution is now given, though at
present they are but seldom used

On the other hand, a second nutrient solution given by Pasteur, viz , yeast-
water, 18 still frequently used. To prepare this solution, about 100 grms. of
thick brewer’s barm (or 75 grms. of pressed yeast) are placed 1 a tin can with
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one litre of water over the fire, and boiled for a quarter of an hour, and are then
passed through s folded filter. If the hquid passing through 1s turbid it is
returned to the filter, and 1n this way a clear, pale yellow filtrate 18 obtained,
which 18 made up to one litre by the addition of distilled water, and is then
gterilised (erther 1n bulk or 1n portions) by exposure to 100° O in a steamer on
three consecutive days, or by a single operation of twenty minutes at 120° C.
under pressure. By a preliminary addition of 5 to 10 per cent. of sugar a very
useful nutrient medium for yeast is obtamned When acidified with acetic acid
and qualified with alcohol, yeast-water rendered good service in Pasteur’s studies
1n acetic fermentation.

For the cultivation of beer-yeasts the most suitable medium is hopped beer-
wort, sterilised in the Pasteur flask as already described The hop-resin in this
liquid exerts a toxic action on many organisms, and among them the lactic acid
bacteria, which play an important part in distillery work , so that hopped wort
must not be employed to cultivate these organisms i the laboratory, unhopped
wort being advisable for this and sundry sumilar purposes. Unhopped wort is
an advantageous medium for numerous fermentative organisms, and thevefore
requires fpecial care in sterihsing

‘Wine-must serves for the artificial multipheation of wine-yeasts and fruit-
yeasts, and a concentrated form of it 1s kept 1 stock 1n the laboratory. On this
pont fuller particulars will be found in chapter xx.

Saprogeniec and most pathogenic bacteria thrive particularly well in meat-
juice. This 1s used n the form of so-called bouillon, and, following the lines
indicated by the researches of Perrr and Maassen (I ), 18 prepared as follows
Half a kilogram (1.1 1b ) of finely minced beef, free firom fat, is placed 1 a tn
pan or earthen crock along with one litre (13 pints) of well-water, and, after
standing for an hour at the ordinary temperature, 18 heated to about 60° CO.
during three hours, with frequent sturings At the conclusion of thus period
of extraction the mixture is boiled for half an hour and then filtered through a
folded filter The pale yellow efluent hiquid 18 made up to one litre when cold,
and exhibits an amphoteric resction. Its primary salts of orthophosphoric acid
(e.g KH,PO,) redden blue Iitmus paper, whilst on the other hand the secondary
phosphates (¢ g. K,;HPO,) also present behave in the contrary manner. In
presence of phenolphthalein, however, only the tertiary phosphate (K,PO,) acts
as a base, and consequently meat extract behaves as an acid towards bolh dlus
Ltmus and phenolphthalemn. As a general rule, 10 ce. of this broth require
an addition of 1 8 ¢ ¢ of deci-normal alkali to prevent the colour change from
takmg place with blue litmus, and an addition of 3 c.c to enable 1t just to
redden phenolphthalein  This acid reaction of ment-broth being a hindrance to
the development of many bacteria, it is on that account rendered very slightly
alkaline, the resulting liquid containing a smaller or larger percentage of alkal
according to the indicator used, and which should be selected in accordance with
the requirements exacted of the medium in each case After neutralisation,
1 per cent of dry peptone and a % per cent. of common salt are added to the
liquid, which 1s then boiled again for a quurter of an hour (but not longer),
and filtered hot; the resulting hquid, generally known as nutrient bowllon, 18
filled mto small bottles (8.9 5-10 c.c ) and sterihised by erther a thrice-repeated
treatment 1n the steamer or once under pressure

‘When, under particular eircumstances, suitable meat eannot be obtained,
meat extract 18 used instead Hueppe’s formula for making meat-extract
bouillon 13 30 grms. dry peptone, 5 gims grape-sugar, and 5 grms meat
extract, dissolved in 1 htre of water, and boiled, filtered, and neutralhsed as
previously desertbed The sterilisation of the (once moie boiled and filtered)
bourllon must be performed with scrupulous care, the®meat extract being rich
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1n bacterial spores which are very tenacious of life. If this or the previously
described bouillon refuses to filter clear, the white of an egg, previously beaten
to a froth, 18 added, and the whole warmed up, boiled, and filtered, whereupon
the liqmd will run through bright.

The power of thriving 1n & solution of salts devoid of albuminoid matters
wasg first observed by DusarpiN (I.) in 1841, mn the case of a fission fungus
allied to Bacterum termo, and was afterwards decisively proved, as regards the
zymogenic fungi, by Pasteur. In 1893 Usominsky (I.) demonstrated that the
majority of pathogenic bacteria (of typhus, cholera, diphtheris, tetanus, swine-
erysipelas, &e.) could algo be cultivated 1n a hiquid containing ammonrum lactate
and sodium asparaginate as 1ts sole supplies of nitrogenous nutriment Cultures
1n such media are specially suitable for the study of the pomsonous substances
(toxins) excreted by these originators of disense, the separation of the former
being easy on account of the absence of albuminoids The fact that these
toxing (which are probably allied to the albumoses and peptones) can also be
elaborated 1n non-albuminous media proves that they are not derivatives of
albumen, but are the result of synthetical processes occasioned by the vital
activity of the organisms,

This matter has been investigated by Ferur and ScaweiniTz (I.), PROSRAUER
and Beox (I.), 0 Fraenkger (II), and others. Since bacteiia rapudly increase
1n such a solution, they are therefors also endowed with the faculty of effecting
the synthesis of albumen Comparative researches instituted by E. Uramzr (IT )
with cholera vibrio showed, however, that the percentage content of albumen
(caléulated to dry substance) in the cells cultivated in Uschinsky’s solution is
lower than 1n the case of cultures grown in media containing albumen.

In the sxth and seventh decades of the present (nineteenth) century the
preparation of a medium suitable as a umversal nutrient medinm for all possible
bacteria formed the object of the repeuted exertions of many bacteriologists,
Such an attempt 18 now regarded as hopeless on account of the knowledge which
has been gaiued of the very opposite conditions governing the vitality of the
several species,

§ 83.—The Dilution Method and Fractional Cultivation.

It hag already been remarked in chapter vii. that 1t 18 quite the exception
for a natural bacterial growth to consist of merely a single species, but that, as
a rule, we have to denl with a mixture ot several To separate these from one
another, and to further multiply each spectes by itself, o as to qbtain therefrom
a pure culture, forms the aim of the methods of pure cultivation

We start with the assumption that we have to deal with a number of
different bacteria inbabiting a liqmd, inasmuch as there is a second condition
possible, v e when the organisms are distributed within a solid body (such as
cheese, butter, soil, &c.) In the latter case a finely dimided suffusion of the
sample must be made with sterilised water and treated in the same manner as
liquid bacterial samples

Very often the mycologist is set the task of determining the germ content,
u.e. agcertaining how many individual cells are contained per unit of space mn a
sample This contingenay is often met with in fermentation experiments with
yeasts, in order that, from the result of the counting, the extent of the cell
multiplication occurring during the fermentation may be ascertained  For such
purposes & so-called counting chamber, such as supplied, ¢ g., by Oarl Zeiss of
Jena, is used. The arrangement of this apphiance 18 shown in Fig. 32, 1n plan
at A and 1n vertical section at B. On a thick glass slide there 18 mounted a
cover-glass (z) with a ccular hollow, within which 18 cemented a second glass
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disc (o) o.1 mm thinner. On the upper side of this latter are etched two
gystems (crossing each other at right angles) of twenty-one parallel lines at
regular mntervals of o o5 mm., and there?ore enclosing compartments each of
which has an area of o coz5 sq. mm.

If now a suthclently Jarge droplet of the sample to be counted be laid on the
centre of ¢ and covered with a cover-glass (8) about o 5§ mm, thick, then various
portions of the liquid, which has a uniform thickness of 0.1 mm., can be
examimed under the microscope for the number of germs present therein.

A number (ten to fifty) of the square divisions are counted and the mean
of the resulting figures 18 taken. This being denoted as M, the germ content
of the hiquud will then be c%:ozs =4000 M per cubic milhmetre.

In order to arrest the movement of motile forms or prevent the multiplica-
tion of rapd-growing cells (e.g. yesst), a portion of the sample, well shaken up,
18 previously mixed with an equal volume of 10 per cent. sulphuric acid, which

L ]
14, 32.—Counting Chamber Nat size Desciiption In teat

will kill the organisms. This dilution must be taken into account in calculating
the germ content from the numbers found in the counting, so that M must be
multipled by 8ooo 1nstead of 4000

Assuming the germ content to have been ascertained in the way described
above 1n the bacterial mixture, the different species in which aie being isolated ,
then, the number of cells present per umit of space being known, a portion of
the sample—but not that diluted with acid—must be thinned down with
sterilised water to such an extent that only one cell 18 present in two to five
drops. One drop of this diluted liquid 18 then placed 1n each of a series of flasks
containing a sterile nutrient medium, which flasks are subsequently kept at a
smtable temperature, whereupon some of them will, after a while, exhibit
signs of development, these will constatute the wished-for pure cultures. They
are, however, not unconditionally reliable, since 1t not infrequently afterwards
becomes evident that, 1n despite of calculation, some of the flasks contained more
than one germ. By this method, generally known as the dilution method,
Lister 1 1878 prepared a pure culture of Bacterium lactis, which was (chrono-
logeally) the first bacterial pure culture, and Frrrz (VII.) also employed the
same method 1n his studies on fermentation by fission fung1  The first s1x species
of the Saccharomycstes studied by E Ch. Hansen, and which stand out so
prominently 1n the hterature of fermentation physiolo8y, were also 1solated by

1 G
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the a1d of an mmproved form of the dilution method, further mention of which
will be made 1n the second volume.

The so-called fractional method of culture, as it was afterwaids styled by
Klebs, was employed 1n particular in Pasteur’s experiments on fermentation.
It consists in taking from a sample of fermenting liquid that has attained 1ts
maximum of development a small aliquot portion and transferring this to a new,
sterile medium. By recalling the remarks made in the paragraphs of stctlon
II. dealing with symbiosis, 1t will be understood that, at the period of highest
fermentation in a natural liqmd—and therefore one rich in different specles—
that species which 18 the cause of the fermentation in question will preponderate,
Therefore, if merely & single droplet thereof be placed in a medium analogous 1n
composition to the original habitat, this species will be favourably situated from
the outset, and will increase at a relatively quicker rate than its associates By
repeating this transference (*‘ re-moculation ”) several times over, cultures will
finally be obtaned wherein impurities, ¢ e. extraneous species, can only be
detected by more searching methods of separation, such as are described in the
next paragraph.

These subjugated species will, however, come to the front agamn 1if the
(apparently pure) bacterial culture be 1noculated 1n a different medium forming
a favourable environment for their development. Mention of this has already
been made in a previous section, when referring to the older evolutionary
labours of Laster, Lankester, Hallier, Billroth, and others. We are now in
possession of another more convenient method for the purposes of pure cultiva-
tion, which will be described in the succeeding paragraph, and consequently a
criticism of the dilution method can be omitted.

At present, only a couple of words will be devoted, as supplementary to the
remarks already made, to the examination of brewery water for the presence of
dangerous organisms, For the brewer those water bacteria alone are 1mportant
that develop in wort and beer and are capable of producing injurious changes
theremn. COonsequently, sterilised samples of both these hquids are employed
1o the Mological analysis of brewing water The method employed was first
proposed by E Om. Hansex (IV.), according to whom fifty small Freudenreich
flasks are used, twenty-five of them being charged with 15 c.c of sterihsed wort
apiece and the remainder with a similar quanfity of sterihsed beer. In each of
the first fifteen flagks 1n both series 1s placed one drop (o.04—0 05 ce¢ ), and 1n
each of the remaining flasks o 25 c.c., of the water to be tested These fifty
flasks are then kept at a temperature of 24°-25° C. for fourteen days, and are
examined to ascertain how many become turbid or throw up a skin, 2 6. exhibit
signs of the development of organisms. The ratio of the number of flasks with
turbid contents to the total number 1s referred to 1 c.c of water, and a standard
for determmmg the destructive capacity of the sample in question 18 thus
obtained. Assuming that, for in-tance, three out of the fifteen wort-flagks
(inoculated with o o4 cc.) exhibit turbidity, then three growths have proceeded
from 15X 0.04 ¢.c., or five from 1 ecc of the water Or, on the other hand,
suppose that of the beer-flasks only one has become turbid, and that this is one
inoculated with o 25 c.c. In this case, then, there is but one growth per
IoX025=25ccC.

H. WioamMany (IT) attempted to add, as a co-factor influencing the con-
clusion arrived at, the length of time required for the turbidity to develop; of
this fuller particulars will be found in the reference just given. Hansen showed
that a large number of species of water-bacteria are incapable of developing
in the two solutions last named, and this is particularly the case with beer, the
flagks charged therewith seldom becoming turbid after inoculation with water.
J. On. Horm (I ) has, forseveral consecutive years, regularly examined the well-



LIQUEFIABLE SOLID MEDIA ( LIBR

water and mam-water of the breweries at Alt-Carlsberg, near Gq,ﬁevnhagen, by
this method, and found that the spores of mould-fungi are compayat the
most frequent, cells of bacteria capable of thriving 1n wort and beer %
general, and yeast cells very rare. If the water be used merely for malting and
mashing purposes, 1t3 germs are unimportant, being, as we have already seen,
unable to withstand beiling in the hop-copper There is, however, one un-
avoidable opportunity afforded for the contact of the beer with the water 1n 1ts
unchanged condition, and that 1s 1n the washing out of the storage casks and of
the trade casks in which the beer 13 sent out to customers In Germany these
casks, being lined with pitch, will not stand cleaning with hot water or steam,
and are cleaned with cold water, a small quantity of which 1s always left behind
in the casks; so that, 1f this water be rich 1n organisms mjurious to beer, serious
inconveniences may arise. Dr. Will has reported to the author an instance
comng under his knowledge where the beer from a brewery was constantly so
turbid that no customers would take 1t. After prolonged investigation the cause
wag eventually discovered in the well-water, used for swilling out the casks,
which was found to be rich 1n the organisms producing turbidity in beer Subse-
quent examination showed that the well was connected with the drains by means
of figsures 1n the soil.

§ 84.—Liquefiable Solid Media.

If a species 18 represented in a bacterial mixture by a few individuals only,
its 1solation by the dilution method requires an inconveniently large number of
culture vessels In order to overcome this difficulty (with others that need not
now be touched upon), Robert Koch, utilising a method practised by Schroeter,
devised a new method of separation, generally termed plate-culture. The essen-
tial part of the method consists 1n the addition of a gelatinising substance to
the nutrient solution, whereby the latter acquires the property of becoming
liquid at a moderate warmth but is solid at room-temperature The medium
thus hquefied 18 inoculated with a little of the bacterial mixture to be separated,
and, after being well shaken up, 18 poured, whilst still fluid, on to sterilised glass
plates, on which it sets as a thin film. In this film (under favourable conditions)
each one of the cells 1noculated therein 18 held fast and isolated from the others,
and can subsequently multiply, undisturbed, into an aggregation of similar cells
known as a colony.

Gelatin 18 the substanee most frequently used for this purpose, and nutrient
media containing it are called by the generic name of nutrient gelatin, a distinc-
tion being drawn between wort gelatin, meat-juice gelatin, must gelatin, &ec.,
according to the kind of nutrient solution used. The amount of gelatin added
is about g or 1o per cent., and this produces a medium that 1s hqud above
30° 0 and solid below 24° C., so that moculation can be conveniently performed
at 35° 0., a temperature exerting no 1njurious influence on orgamisms Bowllon
gelatn, often called peptomised bomllon gelatin, is prepsred by making up the
meat extract—prepared as already described—to 1ts former volume, s.¢ 1 litre,
with distilled water, after boiling, filtering, and mixing 1t 1n a glass flask with
1 per cent. of peptone, o.5 per cent. of NaCl, and 10 per cent. of gelatin. The
fiagk 18 carefully warmed in the water-bath or steamer until the gelatin liquefies,
and the hiquid 1s then neutralised 1n the manner prescribed for bouillon. It is
next boiled in the steamer for half an hour and filtered hot through a moist
folded filter, to remove the precipitated albuminoid matters and those thrown
down 1n neutralising. Samples that clarify badly are improved by egg-albumen,
since the filtrate has to be perfectly clear and transparent. The liquid is filled
whilst warm and flud into vessels for use (¢ g test-tubes holding 5-8 cec.), and
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sterilised by intermittent heat, bemg left for twenty to thirty minutes in the
steamer on three consecutive days, as explained in the preceding chapter In
bacteriological treatises frequent mention 18 made of *“nutrient gelatin” pure
and sumple without any quabfying term, in such cases the peptonised bouillon
gelatin referred to above 1s always meant. The tubes spoken of 1n the colloquial
language of the bacteriological laboratory as ¢ gelatin tubes” are ordinary test-
tubes contaming 5 to 10 cc of nutrient gelatin, The preparation of wort
gelatin 18 very simple, the unhopped or hopped wort (acecording to the purpose
1t 18 mtended for) being mixed with 1o per cent. of gelatin, melted, boiled for
half an hour in the steamer, filtered hot, filled 1nto vessels, and sterilised by the
Intermittent process Mnst gelatin requires a liftle care in preparation, the
high acidity (= 0.7 to 1 o per cent of tartaric acid) of the must having to be
previously almost exactly neutralised by caustic potash, since otherwise the
getting power of the gelatin 1s impaired After the acid has been neutraliced,
10 per cent of gelatin 18 added, hquefied, cooled down to between 30° and 40° O.,
and mixed with the white of an egg beaten up to a froth; then boiled for half
an hour in the steamer, filtered off, filled into the recipients and sterilised as pre-
scribed, During storage, numerous crystalline concretions (up to the size of millet
seed) of potassium tartrate separate out in the solid medium, and by presenting
the appearance of colonies, give rise to the supposition that the medium has been
mmperfeotly sterilwed Attention 1s therefore now called to thig phenomenon,

As already stated, nutrient gelatin liquefies above 30° 0., and therefore also
at the usual temperature prevalent in the incubator, viz., 38°-39° U, on which
account 1t 18 unsuitable for use i the separation of such organisms as require
higher temperatures for their development. In such cases a medium tempered
not with gelatin, but with agar-agar, is nsed This substance, obtaned from
Eastern Asia, and fully described in a treatise by N K Somurrz (I ), 18 a dried
vegetable jelly prepared from various marine algs and put on the market in the
form of thin strups or asa powder Its manipulation bemng more conveniently
effected 1n the latter condition, the use of agar-agar powder is recommended as
preferable. In French literature this gelatin 1s generally known as “ gélose.”
For use, not more than z parts of agar-agar per roo of nutrient solution should
be taken. Tt dissolves very slowly and with great difficulty. For the prepara-
tion of peptonised bouillon agar-agar Hans Buchner recommends the following
process The meat-broth (bouilloun), prepared in the usual manner, 18 qualfied
with peptone, NaQl, and 1 or 2 per cent. of agar-agar, and boiled under pressure
at about 105° 0., neutralised after cooling down to 100° C.; then boiled up
again, filtered hot, and filled 1nto vessels for use. It 18 sterilised by exposure to
120° ., under pressure, for a quarter of an hour. The agar-agar media do not
readily adhere to the glass walls of the vessels, a circumstance which in many
operations may be very troublesome, but may be obviated if the adherent
properties be mncreased by adding to the agar-agar employed (x to 2 per cent )
the same amount of gelatin or gum  For the study of the lactic acid bacteria of
the distillery, which thrive best at about 48° to 50° O, a 1 per cent. unhopped
wort agar-agar medium contaning 2 per cent. of gelatin 18 used. Moreover,
these agar-agar media do not lose their power of sohdification 1f stored for a long
time at 100° to 120° 0 They are liquefied only at temperatures exceeding
40° 0, and since this last-named temperature 1s for many organsms the highest
supportable maximum, the agar-agar 1s used 1n the following way when designed
for the separation of a bacterial mixture The recipient tubes are mmersed 1n
boiling water to induce hiquefaction of the contents, which are then cooled down
to 40° C. (at which temperature they are still just fluid), inoculated quickly,
shaken up and mixed thoroughly, and poured out on to the aforesaid glass plates,
which rest on a support warmed to 40° C
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For pure cultures at temperatures above 50° O agar-agar cannot be used,
since 1t then begins to soften  For such (rare) cases, Miquel, when experiment-
ing with Baclus thermophilus, replaced agar-agar 1n the nutrient solution by
2.5-3.0 per cent. of Oaragheen moss (Irish moss), from Chondrus crispus —For
special purposes smitable indicators are also added to the nutrient media, For
example, 1f 1t is deswred to separate merely the acid-forming species from a
bacterial mixture, then a little litmus 1s added to the medium before sterihsing ,

_the colonies of acid-forming bacteria in the subsequent plate culture will then
become surrounded by a red halo standing out conspicuously against the blue
background. For the same purpose Bevsrmvck (V ) recommended an addition of
fine levigated chalk, which forms an opaque chalk nutrient medium, becoming,
however, clear at the parts of the plate culture occupied by acid-forming bacteria,
in consequence of their solvent action on the caleium carbonate.

Certamn organisms, such, for example, as the nitrifying bacteris, do not thrive
in the sohdified nutrient media hitherto described. Therefore, 1n order to pre-
pare cultures of the same by the aud of the plate method, recourse 1s had to the
medium prepared from precipitated silica, proposed by W Kumwe (I), Silica
precipitated {rom water-glass (alkali silicate) and carefully purified will, when used
as a 3 4 per cent aqueous eolution, set within an hour to a firm mass if mixed
with o.25 per cent. of NaCl. The salt 18 added to a sterilised solution which also
contains the other requisite nutrient substances, In this solution 1s distributed
a small portion of the bacterial sample to be separated, the cells of which wall,
when the medium has set, be fixed and develop into colonies  Further particulars
concerning the preparation of this silica medmm will be found i the above-
mentioned treatise, ag also 1n one by Winogradsky which will be referred to
later

The numerous nutrient medin employed 1n practical mycology are more
fully deseribed 1n the handbooks of Hueppe, Eisenberg, Tiemann-Gartner, and
Bernheim, but only one need be briefly noticed, viz., the potatoes employed for
the so-called potato cultures The potatoes—the better sorts used (in Germany)
for salad-makmg—after being carefully cleaned externally, are steeped for an
hour 1n & 1 per ma) solution of sublimate, then swilled with water and sterilised
in a wire basket by two hours’ exposure in a current of steamn, When this is
effected, and they are so far re-cooled as to be fit for handhing (with disinfected
fingers), they are cut into halves by a sterilised knife and placed under a sterilised
bell-glass, When cold, inoculating streaks are drawn on the cut surfaces, and
subsequently develop into potato cultures.

§ 85.—Koch’'s Plate Cultures

are, as previously indicated, prepared by pouring out the liquefied and inoculated
medium (e.g. 5-8 ¢ ¢.1n a test-tube) on to culourless glass plates,rectangular in form,
about une-twelfth of an mnch thick, 5 to 6 inches long, and 3} to 4 inches broad,
previously sterilised in batches 1n & copper or 1ron box, from which they are taken
asrequired. The plates are laid on a plate-pouring apparatus arranged horizontally
—a8 described and shown in the above-named handbooks—and the distribution
of the stratum of gelatin or agar-agar 1s assisted by the a1d of the rim of the test-
tube To sterilise the latter, 1t should be held for a short time in the Bunsen
flame and allowed to re-cool sufficiently before proceeding to pour. When the
gelatin layer 18 set the plate 18 transferred to a sterile damp chamber, which is
placed 1n the thermostat and maintained at the constant temperature required.
These plates are rather mconvement to handle, since, in following up the
development of the growing colonies the plate must be frequently taken out of the
chamber During each observation the mould spores 1n the air are Liable to tall
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upon the medium, where they rapidly develop into such masses of branched
threads that the bacterial colonies are smothered, thus rendering all the care
bestowed upon the preparation of no availl. In order to prevent this, the flat
plates are replaced by double shallow glass dishes, in which the cultures can be
examined under low powers without being exposed to the air. These dishes
were first 1ntroduced into bacteriology by Salomonsen, but are generally known in
Germany as Petri dishes, this latter worker having been the first to test them.
Their use for this purpose can be recommended.—Instead of pouring out the m-
oculated gelatin, the closed tube can be held almost horizontally under the stream
from the water-tap and slowly turned round on its axis, whereby the contents
are distributed umformly over the walls, and will set as & thin stratum wherein
the germs then develop into colonies. These cultures are generally called Esmarch
tubes or roll cultures, and were hrst proposed by W, Hesse.

Plate cultivation affords useful assstance, not only for the separation of a
bacterial mixture 1nto its several species, but also for the determination of the
number of cells present therein, a few gelatin tubes bemg charged with various
quantities of the sample and poured on to plates. This method is of particular
umportance 1n the quantitative bacteriological analysis of water, for which
reference should be made to Tiemann-Gartner's handbook. The counting of the
colonies grown on the glates 18 effected by the aid of special counting apparatus,
that of Wolffhugel being used for the Koch plates. For counting the colonies on
gelatin plates in Petr1 dishes the author, in 1893, constructed a cheap counting-
plate, obtainable from F. Mollenkopf, of Stuttgart (10 Thor Strasse). The
number of germs thus found is always smaller than the living cells actually
present in the imoculating mixture, smnce only such as have developed into
colonies are enumerated, whereas a number of germs 1n the original have failed
to develop under the conditions prevailing, owing to the medium being unsuit-
able for some, and the temperature of the incubator, though favourable to the
majority, being too hot or too cold for a minority. The medium relatively most
surtable for the purpose of ascertaiming the number of germs 1s, 1n most cases,
gelatinised meat-juice, and this is therefore the one most frequently used. Con-
siderable influence on the number of developing germs 1s exerted by the degree
of alkalinity of the medium, a fact first conclusively demonstrated by A Remwsom
(IT ) and confirmed by Max Darmen (I.). 1f 1t 18 a question not of ascertaining,
as nearly as possible, the Zofal germ content of a sample, but only how many of
the cells are capable of development in a given medium, then the latteris arranged
in & sohdified condition as a plate culture  For example, wort gelatine 1s generally
used— unless the contrary be expressly stated—when determining the number of
germs in brewery water. It 18 important to kmow for certain whether the
colonies in a plate culture nre each developed from a single cell, since 1t is only
1n such cases that a pure culture can be obtained on re-inoculation. This aim 18
attemmpted by thin sowing and thoroughly shaking the liquefied medium, in
order to separate the cells from each other. Nevertheless, there 15 always some
uncertamnty, which we must endeavour to remove by discarding the first series
of plates and by preparing a second series wheremn any impurities may become
manifest , then, 1f the colonies are found to stand this test, the reinoculations
therefrom may be considered as pure cultures. This can be ensured from the
outset if the growth of the colomies, 1.6 from the single cells, be followed by the
aid of the microscope from the begmning. Ths test 1s, however, feasible only
with large cells (Bumycstes spores, yeast cells, &c ), and will be enlarged upon
in_a subsequent chapter in connection with the pure culture of yeast, On the
sther hand, 1t is, as a rule, impracticable for bacteria, since their examination
necessitates the use of such a high (short focus) objective that the latter has to be
brought so near the plate ds to 1mpinge on the gelatin stratum.

P
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Pure cultivation with sohdified media 1s almost exclusively applicable to fungi
alone, 1ts application to other groups having been successful in the case of a few
only of the lowest unicellular algee. In this manner Beverinog (VI.) prepared
pure cultures of the last-named orgamsms (frequently found in the microscopie
examunation of river-water), viz , Chlorella vulgars, Scenedesmus acutus, Chloro-
sphera himacola, Chlorococcum (Cystococcus) humicola, Stachococous magor, and &
second species of Ohlorella. 'WinHELM KrUGER (L) prepared by the plate method
pure cultures of two algss, which he named Chlorells protothecordes and Chlorothes
cvum saccharophalum, from the sap of the lesser maple. Quite recently BEYERINCE
(VIL), A Optux (I), Fr Somarpivegr (I.) and others, have also successfully
attempted the cultivation of 4mamba 1n the same manner

- The sold nutrient media i1n question are, except those containing chalk,
transparent, so that the plates prepared therefrom can be laid on the stage of
the microscope and their colonies examined under a low power by transmitted
Light. The differences thereby observable form valuable indications for the
identification of the individual species. A number of them, Bucillus subtilis for
example, excrete a peptonising enzyme, 1n consequence of which the gelatin is
hquefied as far as the solvent enzyme proceeding from the colomies 18 able to
daffuse, and thus a hiquefactive colony is obtained. The converse was supplied
by such organisms as produce no enzyme capable of dissolving gelatin, and which
therefore do not liquefy the medium, but grow as solid colonies. The develop-
ment of these latter may proceed in various ways, the colonies of Basterium
acelr, for 1nstance, gradually assuming a stellar form, whilst those of the lactic
acid bacteria have a ecircular outline Bactllus ramosus—a fission fungus
frequently occurring in soil and in natural waters, and generally known as
wurzel (root) bacillus—which M. Wamrp (IV) subjected to exhaustive
morphological and physiological examination, grows on agar-agar to colonies
bt up of entangled, branched, and plaited threads resembling the roots of a
tree.—A comprehensive description of these characteristies, as presented by the
separate spectes of bacteria, will be found 1n Eisenberg’s work.

If a platinum wire, previously heated to redness and then dipped in a
bacterial culture, be thrust into a solid medium contammed 1 a test-tube, the
cells so 1mplanted 1n the passage formed by the wire will develop to a so-called
puncture culture, the appearance of which also affords valuable indications for
the recognition of individual species. Organisms requiring air grow only on
the surface, whereas those shunning the air will develop only 1 the deepest
part of the channel, and those dissolving the gelatin will form a liquefied funnel.
This latter indication 18 one developed in a hghly characteristic manner by the
cholera bacillus, and 1s, therefore, made use of 1n the bacteriological analysis of
water. If a test-tube contaimning about 8 or 10 c c. of hquefied nutrient gelatin
or agar-agar be held at a sharp angle, the contents will_set in the form of a
wedge, and 1f the plane surface be stroked over with a small quantity of a
culture, then a so-called streak culture will be developed. This also 1n many
cases assumes & characteristic form that should be taken into consideration in
the 1dentafication of a species. The potato cultures already referred to are
nothing more than streak cultures on the cut surfaces of steamed potatoes. We
are mndebted to O FraEnken and B PrerrrFer (I) for an excellent atlas of
photographs of the colonies, streak cultures, cover-glass preparations, &c , of a
number of (mostly pathogenic) bacteria. An atlas of coloured plates of these
objects has been 1ssued by K B. Leamany and R Neomawnw (L)

It may be valuable, for purposes of instruction, to preserve in the cultures
the appearance they present at the time of their most vigorous growth
According to G Hauser (II.), the preservation of cultures on gelatin or agar-
agar can be most conveniently ensured by means of fermaldehyde Cultures 1n
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test-tubes can be treated by moistening the cotton plug with formalin and ther
covering 1t with a rubber cap to prevent desiccation. Plates and cultures u
Petr1 dishes can be kept for some time by covering them with filter-pape
moistened with the same antiseptic, which kills the cultures without destroying
their form. It also penetrates the medium, hardens the gelatin, and makes 1
unsuitable for the further development of organisms, so that the preparation
thus treated are exceedingly durable. Fuller information on the preservatior
of pure cultures of fermentative organisms, and practical hmts concermng th
arrangement of mycological museums, which are very useful both for teachin
and for reference purposes, will be found 1n the treatises prepared by J. So¥k.
(L), F Kzin (1), H. Praur (1.), B. Ozarrewskr (I.), and B. Krvormany (I.)

The necessity will not infrequently arige for reliable (living) pure culture
of authontatively named species of bacteria, &e., erther for use as a starting
point for study or for comparing, and, as far as possible, identifying som
newly-discovered species Kril’s Bacteriological Laboratory (11 Kleiner Ring
Prague I.) can be recommended as a source from whence to obtain them. Th
institution supphes hwing pure cultures, streak-cultures on oblique solhdifie
agar-agar, 1n test-tubes at the moderate price of one to two marks (= shillings
per tube.

Koch’s plates can also be used with advantage when 1t is a question o
ascertaining which nutrient media are suitable for a given microbe. For thi
purpose BEYERINCK (VIIL.)has devised a method which he calls Auxanography
A 10 per cent. gelatin or 2 per cent agar-agar in distilled water 18 prepared
both of which substances in the pure state form very bad media, whether fo
bacteria or higher fung1 Plate cultures of the micro-organism whose nutritiv
requirements form the object of the investigation are then prepared These, 1
left to themselves, will not exhibit any appreciable degree of development, s
the surface of the plates 13 stippled with a few drops of aqueous solutions of th
substances whose nutrient properties are to be tested. These dropsare absorbe
by the gelatin or agar-agar, and form circular fields of diffusion around th
spots in question. The thickly sown cells of the species under examimation w1
then develop 1nto strong colonies on those spots only where the requisite nutrien
materials are encountered, go that the organisms inscribe, as 1t were, with ther
bodies, the answer to the question propounded as to the switabihty of th
nutrient substances at hand. Such a plate of colonies grown in this manner 1
called by Beyerinck an Auxanogram. This method may also be employed fo
testing the toxic action of various substances on given organisms. BEYERING
(IX) also employed this process as & bams for the qualitative and quantitativ
method of micropiological analysis proposed by him 1n the reference just given



SECTION 1V.
(0 AROMOGENIC, PHOTOGENICU, AND THERMOGENIC BACTERIA.

CHAPTER XII.

CHROMOPAROUS BACTERIA, PRODUCING RED AND YELLOW
COLOURING MATTERS

§ 86.—Coloured and Colouring Bacteria.

In classifying the chromogenie (colour-producing) bacteria, the situation, as well
ag the nature, of the colour has an importance that cannot be dwsregarded. An
examination for this first-named characteristic 1n 1ndividual species quickly leads
to the differentiation of the chromogenic bacteria mto coloured bacteria on the
one hand and colouring bacteria on the other, the cells in the latter being
themselves quite~colourless, but excreting a coloured transformation product
these species have been designated chromoparous by Beyerinck

In the coloured bacteria, on the contrary, the colouring matter remains
within the cells This group may be divided 1nto two sub-groups, the one
comprising those coloured bacteria the colourmmg matter of which performs ar
wmportant physiological function, as 1n the case of the purple bacteria treatec
of 1o the following chapter; such bacter:a are termed chromophorous. On the
other hand, the second sub-group includes those coloured bacteria i which the
colouring matter has no such function, and must be regarded as a purely passive
metabolic product, which 1s, nevertheless, not excreted (as 1n the chromoparout
species), but remains withn the cell without manifesting any apparent activity
These bacteria are termed parachromophorous.

The chemical properties of the bacterial colouring matters and then
importance for distinguishing one species from another were discussed by Paur
SorNEDER (I.) after exhaustive experiments with thirty different species. Hu
regults 1n this connection may be thus summarised (1) The bacterial colouring
matters can to some extent be differentiated by their behaviour towards solvents
(2) A given species, grown under identical conditions, always produces th:
game colouring matter. (3) Two species, differing as regards form and con
ditions of growth, may in certarn cases produce the same colouring matter
(4) Most of the species apparently producing the same colouring matter, anc
also analogous 1n other respects, can be differentiated by the reactions of thew
colouring matter.

§ 87.—Micrococeus Prodigiosus.

This being the oldest known chromogenic bacterium, will be dealt with first

Many a vietim of the proceedings taken against witcheraft during bygon

centuries must have been consmgned to the stake on the charge of having fabn

cated the blood-red spots that were occasionally fourd developed on the Husi
105
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and which filled the eredulous mind of the masses with horror ; and even in 18
the entire province of Padua was set 1n a commotion by the frequent appearan
of such spots and drops on various articles of food. This red, shimy coat:
was examuned by Serre (I.), who recognised 1t as endowed with vitahty a
named 1t Zoogalactina wmetrofs A small quantity applied to still unalter
food-stuffs, &c., sufficed to produce red spots on these latter. This phenomen
was fivat more closely investigated in 1848, when 1t was of frequent occurrer
m Berlin. Ch. Ehrenberg studied the spots and drops, and found them to cons
of minute oval cells 0.5 to 1.0 p in length ; and bearing 1n mind their form a
observed powers of locomotion, he classified this wonderful organism asan
species of his genus Monas, and called 1t Monas prodagioss, a designation sub
quently changed by Cohn to Micrococcus prodigiosus. As this microbe (mos
appearing as approximatelyspherical cells) will, under certain conditions of envir
ment, assume an elongated form, it is also frequently named both Bucter
prodrgrosum and Bacullus prodigiosus, as was done by Flugge 1n his handbo
These names, therefore, indicate ore and the same species ot fission fungus, a
are also synonymous with the older names Palmella prodigrosa and Bacteridv
prodigiosum.

Thus fission fungus excretes a peptonising enzyme, and consequently hques
the gelatin medium. A temperature of 25° O.18 the most favourable one
1ts growth, and 1t thrives most luxuriantly on boiled potatoes, the formation
trimethylamine becoming at the same time apparent. Starch paste, boiled r
boiled egg-albumen, boiled carrots, boiled meat, milk, and many other food-stu
form swtable media for this microbe, which, however, will not develop on 1
potatoes, raw meat, or uncooked steeped rice. It 18 therefore evidently a t
saprophyte, occurring only in defunct or destroyed and converted nutilent me
‘When cultivated mn thinly fluid solutions 1t exhibits--as was established
Barorrerrvs (I.)—brisk powers of locomotion.

The red colouring matter, which 1s produced in presence of air only,
according to the researches of this observer, at fivnt diftusely distributed throv
the young cells. It 1s then excreted, amd collects i1nto various-sized gram
which lie between the cells and so impart a red coloration to the culture '
tone of the colour changes with the age of the culture, beginning as a pale
and passing through a bright scarlet stage into dark brown-red According
the researches of J. SoEROETER (I.) and ScrEURLEN (III.), the colouring ma
18 1nsoluble 1n water, but readily soluble in alcohol, xylene, chloroform, car
bisulphide, and, to a shghter extent, also in ether and in fats (s.g. olive «
The alcoholic solution exhibits 1n the spectroscope three absorption bands
beyond D, the second just before B, and the third before F. The element
formula was determined by A. B. Grirrrras (I) as C,H; NO,, though
analytical results obtained by Scheurlen are not 1n conformity therewith.
opinion expressed by O. Erpmany (I ) that the colouring matter generatec
M, prodigiosus 18 1dentical with fuchsine has been contradicted by C
Hewy (I.) and Borponi-Urrrepuzzr (L.).

This fission fungus forms a very suitable object for the study of mutabil
E, Wasserzue (I.) traced the changes of form which this species underw
1n comsequence of alterations of the conditions of nutrition By repes
cultivation on faintly acid media—o 3 to o 4 grm. of tartare acid per htr
cultures are obtaned the cells of which are no longer globular or oval,
exhibit the form of actively motile long rods and threads; the modificat
being the more pronounced as the number of incculations 1s increased Ass
however, as an 1inoculation 18 made from such acid hiquids nto an alka
medium, the typieal short cells reappear. This reversion also occurs when
cells remain for some time 1n the original acid medium, after the reaction
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become alkeline from the transformation products (trimethylamine, &o ) exereted
by the mierobe.

In addition to the form of the cells, the development of colouring matter is,
ag Schottelius has found, also dependent on the nutritive conditions; snce, if a
prodigiosus culture, grown at 10°-25° U and already red 1n colour, be 1noculated
on sterile potatoes (steamed and cut in halves), and the temperature kept at
38°-39° O., the 1noculating streaks develop into colourless streak cultures.
From these again a red culture can be once more obtained by smtably modifying
the conditions of the culturs, 2.e. reverting to a lower temperature

§ 88.—Lipochromes.

‘With the organism mentioned 1n the last paragraph are classified a number
of other species also producing red colouring matter. One of these, Baosllus
erythrosporus, first discovered by Ep Emam (I.) in putrefying egg-albumen, 18 of
particular mterest. This 18 a slender motile bacillus, which does not liquefy
golatin  As 1s1ndicated by 1ts second name, the seat of the dirty red colouring
matber 18 not 1n the vegetative form of growth, but m the endospores. The
so-called (motile)  Kuel bacillus,” found by Breunmng in the Bay of Kiel, occurs
gonerally as long rods (o 8 u broad, by 2.5—5 p long), which hquefy gelatin.
There 1s great stmilarity in the red colouring matter produced by this bacillus
and Miorococous prodigwosus, but the former microbe 18 distinguished by its
greater susceptibility to direct sunlight, which, according to the researches of
E. Lsurent (I.) permanently destroys its chromogenic power. A similar
effect is produced by the presence of carbohydrates in the medium, the Kiel
bacullus, 1n such event, elaborating no colouring matter. The following chromo-
parous red spectes will only be briefly alluded to Bacsllus ruber, discovered by
Frank and described by ComN (II1), Bacllus indious, discovered in the contents
of the stomach of an Tast Indian ape, the Bacillus granulatus of Babes,
Bacwllus corallinus, isolated by O SpaTer (I) from atmospheric dust, and the
Bacillus rubellus, discovered by Oxapa (I.), which forms endospores and thereby
assumes the clostridium form

Greater 1nterest attaches to several red and yellow species studied by Zorr
(IV.), and especially as regards their colouring matters, which were named by
him lipochromes or fat-colouring matters, These are excreted from the cells
and collect between them to form dendrmtic crystalline aggregations, which are
luminous 1n the darkened field of the polariscope. The lipochromes known at
present are red and yellow, the tormer being styled liporhodmne and the latter
hpoxanthine The reagent for these 18 concentrated sulphuric acid, whereby
they are converted into deep blue acicular crystals of lipocyanine, which remain
isolated when derived from lipoxanthine, but arrange themselves 1n characteristic
groups when produced from liporhodine. Illustrations of these will be found 1n
OverBrok’s (I.) work on this subject. These colouring matters ean be extracted
from the cultures by means of ethyl alcohol, in which they are just as soluble as
1n methyl aleohol, chloroform, carbon bisulphide, and benzene Orn evaporating
the solvent, a fatty mass, furmshing the acrolein reaction, remains behind This
being saponified and salted out with a hot solution of sodium chloride, the ligumd
underlying the soapy layer will contain the colouring matter, which can then be
extracted by shaking up with petroleum spirt and examined spectroscopically.
Of these species the following were more closely examined by Zoer (V.) Mucro-
cocous rhodochrous, 1solated from the contents of a goose’s stomach, 18 about o g
in diameter, and will grow on nutrient gelatin, potato dises, &c, to form deep
red masses. The absorption spectrum of the liporhodine extracted therefrom
shows an absorption band in F. The Micrococcus e yith: omyaa, obtained from
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the town-water of Halle, has a diameter of 1.0-1 2 p, and 1ts colonies on the
nutrient media referred to resemble in appearance those of the first-named
species. In addition to lLiporhodine, however, it produces a yellow colouring
matter, soluble in water, but of unknown nature.

An%ithetica.l to these two red-producing species are Bacterium egregium,
obtained from atmospheric dust, then Bacterwum chrysoglows, and finally the
Staphylococcus pyogenes aureus, already several times referred to in the previous
chapter. These three develop into yellow cultures producing lipoxanthine, the
absorption spectrum of which consists of two bands, one near F and the other
between F and G

§ 89.—Red Coloration in Milk

may be due to various causes, one of them being an admixture of blood derivec
from a broken blood-vessel in the udder. In this case the coloration of th
liqud is not umform, but is due to scattered patches of red, flocculent bloot
coagulum, If, on the other hand, the milk 18 found to be umiformly coloure
red or reddish throughout the entire mass as soon as 1t 18 drawn from the udder
then other causes are 1n operation. If the colour undergoes no change on stand
ng, 1t is attributable to the fodder having contained a large quantaty of madde
(Rubre tunctorwn) or of Gulvum verum  Should, however, the red-drawn mil
precipitate a red sediment on standing, the colour of the hquid concurrentl
decreasing, then the coloration 18 due to a transudation of hematin. This cas
18 analugous to that of “red water,” and 18 a consequence of the consumption «
highly stimulating fodder.

When, however, & normal milk gradually becomes red after stunding, the
micro-organisms are ak work (Meorococous prodigiosus being frequently the ageni
and the colouring matter excreted by the orgamism 1s absorbed by the f
globules of the millk This miciobe hag already been more mimutely characteris
1o the preceding paragraph.

A second milk-reddening organism 1s the Bacillus lactis erythrogenes, d
covered by Hueppe and moie closely examined by Grorexrert (I) The nc
motile rods of this organism are o 3-0.5 p 1n dinmeter, with, usually, a length
I-I 5 p, but atbaining to 4.3 ¢ 1n bouwllon  This fismon fungus (which liquef
gelatin) grows on solid media to yellow colonies, which excrete around th
periphery a red colouring matter. When moculated into sterile milk 1t p
duces a gradual coagulation attended with a sickly-sweet odour, without affect:
the reaction of the liquid to any appreciable extent. The serum gradually cle
fying from the deposited casein absorbs the resulting deep red colouring mati
which develops most copiously in the dark and ceases to form i1f the culture
exposed to light or the medium bas an acid reaction. Its absorption spectr
exhibits two strong bands between the lines D and E and a third in the bl
A gpecies of fission fungus allied to B. luctis erytlirogenes has been isolated f1
red milk by A. Baamveky (I).

Of the sarcina group two species are known to be endowed with the faer
of reddening milk One of these was discovered by K. Mexar (II.),
Sarcina rosea Menge , and the second was 1solated from red milk by L. Apay
(I1), and was 1dentified with the Sarcina rosea Schroeter, very frequently
with 1 the awr Apart from the red coloration, Menge's sarcina prod
1o noteworthy changes 1 mulk, but Schroeter’s sarcima, on the other hand,

precipitates the casemn which 1s subsequently gradually re-dissolved Co
quently a milk-calture (growing dark brown 1n colour) kept at 25° O for
to five weeks no longer exhibits any depomt beyond a sediment consstan
sarcina packets.

Red coloration in cheese may arise from varous causes, those of a p
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chemical nature being merely referred to here for the purpose of differentiation
According to the researches of H. Bursturr and F. J. Hprz (I.), a number of
rhodanate (thiocyanate) compounds develop m ripening curd, and when the ripe
cheese is cut the iron compounds therein oxidise and combine with the thio-
cyanates, the resulting ferric thiocyanate being in sufficient quantity to impart
a red or veddish tinge to the cut surface A sample of cheese thus reddened is
decolorised by immersion 1n a solution of oxalic acid, so that this reagent should
be employed in doubtful cases. If, on the other hand, micro-organisms are ab
work, the result is different This disagreeable phenomenon 1s more rarely
encountered 1 hard than in soft cheeses Red spots gradually form on the
surface and spread by degrees, but do not penetrate more than a few millimetres
into the substance of the cheese The spots may be composed of red Eumycstes
or of pigment bacteria. ADaMETZ (III )1solated two species of micrococcus from
red cheese, both of which develop a red colouring matter mn milk and cheese ; but
more frequently Bumycetes, » ¢ higher fungi, are the cause of this phenomenon 1n
cheese These will be discussed in a subsequent section

The cause of the reddening of dried codfish (stock-fish) was investigated by
Le Danreo(L). About one-third of this article put on the market 18 sa1d to be
affected by this eval, and 18 thereby rendered unsaleable, not only by reason of
its salmon colour, but also because of a popular belief that reddened stock-fish1s
poisonous  The annual loss thus entailed is estimated at ten millions of francs
(£400,000). Le Dantec isolated three organisms from such spoiled fish ; the first
bemg a sporogenic red-producing bacillus, morphologically similar to tetanus
bactlus, and liquefying gelatin, secondly, a coccus of 3—5 u diameter, developing
on gelatin to solid red colomies, but not producing a red colouring matter in
the fish unless accompanied by a second species of coccus, which, by itself, 1s
1ncapable of developing colouring matter. In order to render the reddened fish
fit for sale again, 1t 18 brushed m cold water and re-dried In America borax is
added to the salt used 1n curing the fish, in order to prevent the development of
the evil; and an addition of from 1o to 15 per cent of sodium bisulphite or
potassium mitrate (saltpetre) 18 also said to be efhcacious.

§ 90.—Bacteria Producing Yellow Colouring' Matters.

These were first studied by O J. Fuors (L) in 1841, the starting-pomnt of
his researches bemng the so-called yellow milk, 2 ¢ mlk that on standing develops
a pale- to orange- yellow coloration.

The cause of this appearance was traced to a microbe named Vibrio
synzanthus by Oh. Ehrenberg, and afterwards known also as Vibrio zanthogenus
and Bacterwum synxanthum. The same phenomenon was also investigated by
J. SoaroEeTER (I ) 1n 1870, according to whom it occurs in boiled milk only,
moculations from a slightly yellowed milk into normal unboiled milk being
unsuccessful The activity of lactic acid bacteria was presumably the cause of
this prevention  On 1noculation with this mierobe, boiled milk coagulated after
twenty-four hours, and the yellow coloration made 1ts appearance after the lapse
of a second period of equal duration. Thereafter the precipitated coagulum
gradually disappeared and became re-dissolved, so that 1 six days the milk had
become converted 1nto a citron-yellow, watery, strongly alkaline liquid containing
merely a few particles of casein 1n suspenmon. The pigment 18 insoluble
alcobol or ether, but soluble in water; 1t 18 unchanged by alkalies, but acids
combme with it to form a colourless compound The absorption spectrum 1is
devoid of characteristic bands, and merely exhibits a darkening of the rays on
exther side of the yellow. Schroeter proposed the name of Bacterium zanthinum
for the microbe investigated by him, which designation was converted in later
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text-books to Bacillus synwanthus. It is desirable that the study of the
organisms of yellow milk should be taken up anew, since Schroeter’s 1nvestigations
were not: performed upon pure cultures in the present acceptance of the term.

With the species hitherto described (Bacterium egregium, B. chrysoglows,
Staphylococous pyogenes aureus, B. synaxanthum) there can be associated a
number of others, equally characterised by the faculty of producing yellow
colouring matters. Of these, mention will here be made merely of the Maicro-
coocus ochroleucus, discovered by O. PrRovE (I) 1n human urine in a state of
ncipient decomposition. When kept in the dark this microbe develops into
colourless cultures, but if exposed to diffuse dayhight or the sun’s rays 1t elabo-
rates a sulphur-yellow colouring matter. This may, therefore, be regarded as
a probable means of protection. .

Many species of bacteria producing orange-yellow or orange-red colouring
matters are met with in air, water, and soll. Smece they are of no particular
importance, it will be sufficient to merely mention a couple of them, viz., the
Micrococous aurantiacus (= Bacterdium aurantiacwm), described by Oobn and
Schroeter, and the Bacillus aurantiacus, discovered by Frankland

The group of globular Schizomycstes to which the generic name of Sarcmna
has been applied 1s rich in spemes producing red or yellow colouring matters
A few examples of the former having been already
given m previous paragraphs, it will now be sufficient
to consider merely those developing 1nto yellow colonies.
The first observation of any sarcina species whatsoever
was made 1n connection with a species of this group.
JoEN Goopsm (I)m 1842 discovered, in the vomit
of & Patient suffering from a diseused stomach,
colonies of microbes resembling bales of merchandise
in form, to which he applied the name Surcina ventre-
4 culi (Fig. 33) His opmmon that the microbe was a
¥rc 33—Sarcina ventrleull  vegetable organism led to a controversy only termi-
From tlie contents of a dis- mnated 1n 1847 by Viromow (L), who agreed with lus

e o fovtlopmant, " Emgheh colleague. Sarcina ventriculs produces, how-

(After Zopf) ever, but a faint yellow colouring matter. The cells

of the Sarcina flava, described by De Bary, which

measure 1-2 p 1n diameter, produce a yellow colouring matter, and this species

is distingmshed from the Sarcina lutea, discovered by Schroeter, by its power of

liquefying gelatin. Paul Lindner prepared pure cultures of Swrcina auraniiaca

from Berlin *“ Weissbier” (white beer), the colouring matter of which orgamsm

18, according to the researches of H von Somrorrer (I ), allied to lipoxanthine,
No sarcina producing blue, violet, or green colouring matters are as yet known

-0 «§ B



CHAPTER XIII.

PURPLE BACTERIA AND THEIR BEHAVIOUR TOWARDS LIGHT.

§ 91.—Their Morphology.

‘WHEN 1In September 1826 the ¢ Versammlung Deutscher Naturforscher und
Aerzte” (Association of German Naturalists and Physicians), founded by Lorenz
Oken 1n 1822, was held 1n Jena, Oh, Ehrenberg was among those present In
the course of & stroll to the neighbouring village of Ziegenhain he observed 1n a
pool 1n the brook below the church a number of large red patches, about a
hand’s-breadth across. These he found to be composed of enormous swarms of
a unicellular cylindrical organism provided with a single cthum and measuring
10-13 p long by 5 p broad, which he named Monas Oksnw. Lateron, PErTY (I.)
arranged this species, along with other sumlar ones, into a new genus, Chroma-

e 34 Fie 33
Chiomatinm Qkenii Monns Warmingii
Magn 600 (After Cohn) Magn 600  (After Cohn)

twum, and the Monag in question then received the name Chromatium Okenu,
which 1t still retains. This organism 18 shown 1n Fig 34

The main reason for considering this organism here, separately from the
other red bacteria previously noticed, 18 on account of its physiological action
rather than 1ts morphological character, which action places this bacterrum (and
many other similar species) iz quite a distinet category from all other pigment
bactera, and, in fact, all other bacteria whatsoever. Even in 1875 Corn (II)
expressed a doubt as to whether the cihated Chromatium Okenw and allied forms
could be classed as bacteria at all, since 1t was at that time assumed that the
latter orgamsms were not endowed with special organs of locomotion, However,
as explamed 1n chapter m, the improvements made 1n the methods of optical
and micro-chemical examination have led to this opinion being modified.

The chief characteristic of the Chromatus and therr congeners is therr
behaviour towards light , but before considering this more closely we will throw
a glance over the multitude of organisms now in question, with some of which
we have already had an opportunity of becoming acquainted Thus we know
from § 68 that Lankester studied the ciliated red monads and classified them. all
as special forms of growth of a single species ( Bactervum rubescens”). This un-
proved pleomorphism we declined to recognise at the time, but must now revert

III
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to 1t 1n order to append the remark that, though we are notindebted to the last
named worker for any revelations regarding the morphology of these organisms
we have to thank him for an exhaustive study of thewr colouring matter, whict
he termed bacterio-purpurin A form similar to Chromatium Okenit was dis
covered by E Warming (L) on the coast of Seeland and afterwards examinec
by Oohn, and by him entitled Monas Warmangu (Fig. 35), so that Perty’s pro

¥io 36 Y16 37. Fia. 38
Spirillum volutans Ophidomonas sanguinen. Rhabdomonas rosea
Magn 600 (After F Coln) |Magn. 6c0. (4yter F, Cohn.) Magn 600 (4fter I7 Cohn)

position with respect to the gemeric name Chromatrum seems mnot to have
been accepted by the Breslau bacteriologist =~ Whilst the spectes hithertc
mentioned differ among themselves in pomt of size, but not appreciably u
form, and all more or less correspond with the plump, short rods shown n
the drawing, a second group of smilar species exhibits the sprllum form of
growth  One example of this is afforded by Spwrillum rubrum (Fig. VI
Plate I ), a second being the Spurallum volutans, shown in Fig. 36, and a thirc
the Ophidomonas (Fig. 37), described by Bhrenberg. A third sub-group finally
comprises organisms of elongated spindle form, and therefore resembling ¢
whetstone in outhme, eg. Rhabdomonas rosea (Fig. 38)—4-5 p wide anc
20-30 u long—first observed and described by Oohn. These organisms are nof
1ofrequently to be found in ponds and lakes; sometimes being so abundan'
as to colour the water red. A series of observations respecting such occurrence
was made by CrarLEs MorrEN (I ).

§ 92.—Influence of the Individual Colours of the Speetrum.

The necessity for a separate consideration of these red species, groupec
together by Excrrmany (V.) as purple bactersa, 18 soon apparent when ar
attempt 18 made to study their physology. The bacteria described 1 the
previous chapter, of which Mucrococous prodigiosus may serve as an example
also produce red colouring matter, but, in thewr case, the latter 18 & mere iner
waste product, appearing under certain conditions, or absent under others
without the growth of the cell being thereby seriously affected ~Contrary
this, the purple bacteria do not excrete any colouring matter into the environ
ment, but the pigment occurs exclusively within the cells (Fig 39) the par
of the contents which immediately adjoms the cell-wall, and which 1s describec
1n chapter 1i as the pametal layer The bacterio-purpurin is not always distri
buted throughout the whole of this layer, but 1s frequently restricted to 1solatec
spots therein, and, in exceptional instances, is altogether absent. It 18 no
present 1n any defimte shape, such as granules, bands, or plates, like the chloro
phyll of the higher plants, but oceurs diffused 1o the plusma.
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+ Tt has already been stated in chapter 1. that the purple bacteria exhibit
great avidity for Dbght, and therefore always strive towards the sunhght.
Closer observation shows this behaviour to be intimately connected with the
presence of bacterio-purpurmm. It was a happy
thought on the part of Engelmann to investigate
the nature and extent of the influence exerted on
the vitality of the purple bacteria by the several
colours of the spectrum.

If a preparation rich in such orgamsms be
placed in a drop of water, and a micro-spectrum of
a few millimetres in length be projected thereon,
a rapid movement towards certain parts of the
spectrum will be observed under the microscope,
the organsms collecting and resting there in micro-
scopically visible bands. By quekly killing the
cells they will remain in position and constitute a
permanent preparution, or, as Engelmann appro- g 39 —Chromatium Okenit
priately named 1t, bacteriospsctrogram. This, when Optical Jongitudinal section
submitted to examination, 18 found to correspond, myceui-wall (the thicknessof which
with the absorption spectrum of bacterio-purpuiin,  iseomewhus exaggerated in tLe
showing a shuiply defined band in the ultra-1ed g&:’;’f’luﬁ-";‘l‘.“:ﬁ;‘:}:ﬁ adjotns tho
(wave length A=0 g to 0 8 u), a second, less power-  cyrrey TG ,wlomgg Datter—
ful, small baud in the orange A=061 to o 58 p), showus aa :"llno dots Lnrgﬁ‘ sr;ll-
and, finally, & pale washed-out band in the green  PitF Steriv: s :cfflpﬁ:.l;: nb(";u':
(A=0.55 t0 0.52 p). Edgelmann then determined 1600 (After & Foreter)
by an accurate quantitative photometiic examina-
tion, with the aid of the bolumetric method, that a remarkable ratio prevails
between the intensity of the physiological action and the extent of the absorp-
tion, u.e the attractive force of a given colour of ths spectium 18 greater in
proportion as the latter 1s retained by the colouring matter Fiom this 18
deducible the further conclusion, that the purple bacteria have great need, not
merely of light in general, but of certuin components thereof in particular,
and especially those corresponding to the lines A, D, K, of the spectrum

§ 93.—Assimilation and Oxygen Elimination.

This behaviour of the purple bacteris, unique m the bacterial kingdom,
reminds one so much of the connection between light and the activity of chloro-
pbyll 1n the higher plants, that not only does the question naturally arise us
to the novure of the reactions occurring under the influence of the selected
ruys, but also the 1dea that here hikewise there 1s assunilation accompanied by
the ehmination of oxygen. This 18, in fact, the case, the purple bacteria
excreting oxygen 1n the presence of light.

ExeeLmMany (VL) proved tlus 1n a variety of ways. One of his experiments,
which demonstrates 1t 1n a very elegant manner, 18 based upon that alieady
givenm § 41. Quescent forms, resembling a zooglea, of one or other of these
species are employed, a portion about z 5g mm 1n size being placed in a drop
of water To this are added a number of aerobic organisms (e.9. Spurillum
tenue, Sp undula, various mfusoria, &c ), capuble of reacting on even small
quantities of oxygen, and the cover-glass 18 surrounded with vaseline to prevent
the admission ot ar, The oxygen dissolved in the water 1s very quickly
exhausted, and the organisms come to a standstall  If, now, the preparation be
Uluminated, 1t will be seen directly that the wanderers scattered about rise and

I b4
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hasten to the red skin where the oxygen they need is produced. On the other
hand, when replaced in the dark, they disperse again in all directions. That
oxygen is the attraction 18 demonstrated by the circumstance that the pheno-
menon just described does not occur when the experiment 18 performed on a
preparation the cover-glass of which is not made air-tight, and to which air can
consequently penetrate by diffusion.

This peculiarity gives the purple bacteria a unique position amongst the
Schizomyostes as a connecting link between them and the green plants. From
1ts capacity of converting the actual energy of light into potential chemical
energy, and of changing vibrations of light into force, bacterio-purpurin deserves
the title of a true chromophyll, since it plays in the purple bacteria the same
réle as chlorophyll does in green plants. These two substances are antithetical,
accomplishing sumilar tasks by different metheds of working. On more closely
examining the individual spectral colours for their power of eliminating oxygen,
this latter faculty is found to be proportiomal to the absorptive capacity of
bacterio-purpurin for the colour in question. The maximum effect is produced
in the case of the aforesaid ultra-red rays (\ = o 8-0.9 u), whilst, on the other
hand, the rays between the lines B and O are inert. With chlorophyll the
converse is the case, this being quite 1nactive in the ultra-red rays, and exerting
ite greatest effect 1n the red rays (between B and O) i

The aforesaid ultra-red rays (A = 0.8 to o ¢ u) are well known under th
name of *“invisible heat rays,” bemng inappreciable to the eye as light The
discovery that they are the rays that not only emable the purple bactera to
exhibit activity, but also spur the latter on to their highest degree of efficiency,
allows the wider conclusion to be drawn that the elimination of oxygen through
the activity of the vegetable cell is not dependent on the co-opsration of visible
light rays, but may also proceed in the dark.

So far for the facts, but looking beyond them, 1t may be asked if the faculty
of absorption 1n the dark is mseparably connected with the presence of bacterio-
purpurin, or if there are also colourless bacteria similarly endowed The answer
to this query will be found in chapter xxxvi,, which treats of nitro-bacteria.
This is a matter of such great interest as to deserve special consideration; at
present,, therefore, we will merely review the facts hitherto discovered in the
oase of the purple bacteria, their general importance being so great that we
shall certainly not regret having bestowed attention on these organisms, not-
withstanding that they are devoud of technical applieation. The scientific
harvest they are capable of yielding 18, however, still far from being exhausted.
Tt will be remembered that 1t is 1n the outer layer of the inner substance of the
cell of these red organisms that this very influentiul bacterio-purpurin has 1ts
abode, and that the central substance is surrounded by this layer. The study
of this from a morphological standpomnt by Butschli led to the conclusions
respecting the structure of bacterial plasma already recorded 1n an earlier sec-
tion. The mvestigation of the physiology of this central substance has yielded
a second series of weighty results, which will be given in chapter xxxv,



CHAPTER XIV.

CHROMOPAROUS BACTERIA, PRODUCING BLUE, GREEN, AND
VIOLET COLOURING MATTERS.

§ 94.—Blue Coloration of Milk

is a phenomenon known from time immemorial. The opinions as to 1ts cause
are widely divergent, but the earliest of them are at present only of historical
interest. They may be found in MArTINY's (I.) useful handbook, which (it may
be parenthetically observed) affords a rich supply of information respecting the
hiterature published on milk, butter, and cheese up to the year 1871
The first to arrive at the opinion that the blue coloration of milk might
. proceed from some external infection penetrating into the hquid, was Sremvmor (I.)
who, however, made no attempt to prové by experiment the correctness of his
hypothesis., This was only eifected three years later, viz., m 1841, by O. J.
Fuons (I ), who inferred from the results obtaned during numerous inoculation
experiments and much microsopic research that the blue coloration of milk is
induced by the development of a pigment mierobe, which he first named Pabo
cyanogenus and then Bacterium syncyaneum.

Unfortunately, however, for the study of this question, Iiebig just at this
time promulgated his theory of fermentation, and fetterad philosophers in his
dogmatic shackles. This explains why HauBNER (I ) lost sight of the object for
which Fuchs had striven, and, by endeavouring in 1852 to adapt the result of
hi1s numerous and careful experiments on this point to preconceived opinion, came
to the conclusion that the blue coloration of milk 18 not caused by vibrions, but
by a lifeless chemical ferment contained in the decomposing casein  If, then, tlus
work 18 mentioned now, 1t is not for the purpose of controverting 1its untenable
conclusions, but because it contains an instructive description of the development
of the milk disease in question. It runs verbally as follows

“Uunder ordinary domestic conditions blue milk occurs only in the warm season,
and persists from early summer to autumn. In small households where the milk
is not kept in a separate chamber, but in warmer apartments (living rooms), the
evil may be prolonged through the winter A case of this kind is recorded by
Steinhof as lasting for twelve years, without interruption, 1 the house of a farmer,
The blue eoloration appears from twenty-four to seventy-two hours after the
milk is drawn from the cow, the process being accelerated by warm, cloce weather,
and retarded by cold. At a temperature of 15°-20° R (183°-25° C.), it may
ensue in twenty hours—the shortest limit of time observed by H —whilst, at
only a few degrees above zero, 1t may linger on to the seventh day. The colora-
tion always begins to form at the surface, never in the depths of the hiquid, and
generally appears at first as 1solated patches or dots, immovable, and increasing
1 circumference and depth, so that there are various stages, rangmg from
single superficial patches to almost complete impregnation of the mass with blue
colour.”

F. NexLse~ (1.), in 1880, took up the work commenced by Fuchs. Convenient
and reliable methods of pure cultivation were, however, lacking at that time, and,

in fact, the cultures prepared by Neelsen, when subsequently examined analytically
115
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at the laboratory of the Berlin State Board of Health, were found to consist of a
mixture of four species of bacteria, only one of which proved capable of develop-
ing blue coloration in milk. This one was named by Huerre (IV.) Bacilus
laot1s cyanogenus, and consists of actively motile, spore-producing rods, o. 3-
o 5 p broad, 1-4 plong, such as are shown photographically in Fig. IIT. of Plate I
They are non-liquefactive towards gelatin, and are extremely sensitive to higher
degrees of acidity in the medium, & circumstance explaiming the facts (noted by
Haubner) that sour milk does not turn blue, and that blue patches produced in
sweet milk cease to spread when the latter turns sour.

This fission fungus 18 highly aerobic, and consequently requires oxygen as an
essential factor for its development. In order that this need may be supplied
the organsm always grows on the surface of the liquid, so that the colour it
produced 1o that sibuation solely, and only becomes disseminated through the
bulk of the milk by diffusion.

This microbe grows not only on milk (and equally well on human milk as on
that of the cow, ewe, goat, mare, ass, and dog), but also on many other meda.
On several of these (¢g. almond milk, boiled rice, boiled potatoes, vegetable
casein, Cohn's nutrient solution qualified with ammonium lactate) it also develops
colouring matter which, on the other hand, 18 not formed 1n cultures on anima'
albumen (egg-albumen, blood serum), gum, and a few other media In artificia
inoculations the period of incubation, ze., the time elapsing between the
oculation aud the visible appearance of the blue coloration, is found to be about
twenty hours, but, as Haubner ascertained, depends on the provailing tempera
ture. Millk with a tendency to this disease transmits the property to the butte:
prepared from 1t.

The colouring mabter 13 not stored up within the cell, but 13 merely producec
there and excreted into the surrounding medinm ; Bucillus luuiss cyanogenis
18 therefore chromoparous. The constitution of the colouring matter has no
yet been dvtermined with accuracy, but O. ERpMANN (I.) was led by his com
parative experiments to consider it as one of the aniline group, viz., triphenylrosan:
hne. Neelsen's endeavours to prepare it 1n a pure condition were frustrated by
reason of 1ts1nstabihty. Dilute solutions of acetic acid, hydrochloric acid, pbos
phoric acid,sulphuric acid or nitrcacid produce no noticeable alteration. Ammoni
gives rise to a violet tint, whilst under the influence of the hydroxide or the car
bonate of potassium or sodium, conversion into a beautiful rose red occurs, th
original colour being restored by acidification. Frequently the low degree o
acidity of the milk, under which condition the bacillus s still able to develop, is in
sufficient to enable the colouring matter to assume a deep blue tint. The colou
of the surface of the hquid is merely greywsh-blue, and only becomes a pure
full blue when the lactic acid bacteria come 1nto action and raise the acidity t
a sufficient degree. The colour shade in individual instances may exhibit an
mtermediate tint between a delicate light blue and the deepest indigo. Accord
ing to Neelsen, the absorption spectrum of this colouring matter, which conmat
of the strong lines B and F and of a broad band in the yellow, 1s almos
1dentical with that of triphenylrosaniline. From the researches of U. GEssAR
(I)and K Treumu (I), 1t appears that Bacillus cyanogenus also produces, 1
addition to the blue colouring matter, a yellow fluorescent substance. L Her
(IIL) and P. Bear (I.) have given an account of & variety of this baallus the
had lost 1ts faculty of producing colouring matter in nutrient gelati
nutrient agar-agar, and skim millk W, ZanemmmistErR (I) found on milk th:
turned blue spontaneously a fission fungus (B eyanso-fluorescens) allied 1

Bacllus cyanogenus, further particulars of the properties ot which will be foun
in the treatise referred to.
Banllus cyanogenus 18 not injurious to health. The poisonous property
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attributed to blue milk by early observers—Stemnhof and Mosler—have beer
controverted by Haubner, therefore, if illness has actually ensued on the con
sumption of such milk, the fission fungus in question was not to blame. Harm
lessness apart, blue milk is not a merchantable article, and 1ts sale should be
probibited, since 1ts appearance 1s, to put 1t mildly, unappetimng.

Since the causes of this blue coloration in milk have become known, it
occurrence has, as a rule, been very hmited, and when 1t 18 observed, many way:
of combating 1t are employed, chief among them being serupulous cleanliness ip
all apphances and utensils with which the milk comes into contact The dairy
or milk-room 18 then thoroughly sulphured several times, and, finally, a little
salt or Glauber salt (sodium sulphate) 18 added to the cows’ dietary. This last
named remedy must, however, be employed with discretion, since, under certain
circumstances, 1t may prejudicially affect the health of the animals and the
composition of the milk, as was ascertained by E. Hzss, F. ScoarrEr, and
M. Laxa (I). The milkers’ hands and the cows’ udders should be carefully
washed before millking. The sudden appearance of the ewil, and its frequent
disappearance after a change of fodder, permit the conclusion that the bacillus
occurs pot 1nfrequently on certain vegetables, from which 1t finds 1ts way into
the dung of the animal and thence 1nto the milk

As has already been stated, the blue coloration of milk by bacterial agency is
effected gradually when the liquid 1s left to stand, and first makes 1ts appearance
on the surface. If, on the other hand, the milk 18 ot a bluwsh or blue colour
when freshly drawn, this results from the cow having partaken freely of the
flowering rush (Butomus umbellatus), which contains a blue colouring matter
(indigotin ) that 18 taken up by the gastric juices, conveyed in an unaltered
condition nto the arterial airculation, and thus finds its way into the milk,

§ 95.—Blue Coloration in Cheese.

This 18 an evil to which the Dutch dairy industry is particularly hable,
Since 1t very often makes 1ts appearance only after the ripemng stage 15 over—
that is to say, at a time when the article hasalready passed into the hands of the
salesman—it 18 the caure not only of monetary loss to the cheese-maker, but
also of unwelcome complamts on the part of the purchaser. The phenomenon
manifests 1tself in various forms. Either the whole bulk of the cheese 18 of a
bluish cast, or exhibits blue patches internally, or, finally, 18 interspersed with
blue spots (Duich, “stipjes”) from 1 to 2 mm (% to & inch) 1n diameter, the
latter form (blue grain. Duich, * blauwstippigkeit ) being the most common.

The causes of blue cheese are twofold, one of them being chemical, and due
to 1ron sulphide, as was demonstrated by M Sormorckr (I.) and TH KLARVER-
weEN (I ). Normal cheese contains but a very small quantity of iron, Cheddar,
for instance, having o oog per cent., Gouda, oor: per cent, and so on. If,
however, a larger quantity of iron obtains admittance to the milk or freshly
precipitated curd, it will then gradually, during the ripeming process, enter into
combination with the sulphuretted hydrogen separated from the albumen by
bacterial action, and will form iron sulphide, which, as is well known, exhibits a
blue shade when 1n & dilute condition, When the iron has been admitted 1n
the soluble form, then cheeses coloured a fairly uniform blue or bluish shade
throughout will result  If, on the other hand, the metal be present 1n coarser
particles, 6 g 1n the form of rust, then a patchy-blue or blue-graned cheese wall
be obtained, This explaina the more frequent occurrence of the phenomenon
since the mtroduction of the centrifugal machine into the dairy industry, the
numerous rivets of the iron eylinder of this machine being, as demonstrated by
Schmoeger, so many sources of contamination of the milk by rust. Oareful
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tinning of the interior of the cylinder 1s therefore advisable, and should be
renewed in good time. One observation made by Klarverweiden still remains to
be mentioned, viz., that the frequency of the occurrence of blue cheeses 1n Holland
is coincident m pownt of time (August and September) with the highest per-
centages of the 1ron bacterium, Crenothriz Kuhniana, 1n natural waters.

Blue cheese may, however, also result from the activity of micro-organisms.
H. ps Vrizs (L), o 1887, asserted that a microscopical examination showed
that the blue dots m question ought to be considered as colonies of a blue pig-
ment bacterium; but he made no attempt to prepare cultures thereof. The
gubject of his investigations was Edam cheese, a kind very frequently affected
by blue grain. Beymermok (X.)1dentified, as the cause of this disease, a fission
fungus which he named Bacillus oyaneo-fuscus. However, before proceeding to
the consideration of the properties and functions of this organism, we must
devote a little attention to the microscopy of cheese.

The structure of sound cheese, as exemplified by the appearance of thin
sections 1mmersed 1n water under the microscope, 18 made up of the following
elements. 'The ground mass or matrix consists of amorphous casein enclosing
small drops of fat and bubbles of gas, which are, however, for the most part, not
spherical, but irregular 1n outline, owing to the pressure of the enveloping curd.
Along with these two enclosures—readily detectable by their optical and micro-
chemieal behaviour—a cloger examination will reveal erystalline spheroids of a
substance allied to or identical with tyrosne; also yeast cells, and, finally, a
large number of bacteria. The crystaline spheroids are oval or kudney-shaped,
and about as large as big yeast cells (some 10 p long by 8 u broad). Each of
these crystalline aggregations exhibits (like starch granules) a central nuclear
spot, around which the crystal needles are arranged radially, and constitute in
their totality a crystalline spheroid. A thin section cut from a blue patch or
speck of a blue cheese reveals, mn addition to these normal constituents, sundry
granules of colouring matter, mostly blwsh-black, but frequently brownish in
colour, and forming the actual pigmentary substance The crystalline sphercids
are also highly coloured. Bacteria will be found more plentifully assembled 1n the
centre of the blue patch or dot than in any other pomtion. The (usually globular)
colour granules, the diameter of which varies from 1 to 5 p, are an excretory pro-
duct of the Bacillus cyaneo-fusous, which can be 1solated from the blue patches

The dimensions of this motile microbe vary according to the conditions of
nutrition. On nutrient gelatin the cells "grow to a length of 1.0~1.5 g by
© 2-0 3 p 1n breadth; whereas in a solution of o 5 per cent. of peptone in ditch-
water they only develop to o0 3-0 6 u by o 15 u. If we follow up the alteiations
gradually occurring 1n a culture of this fission fungus in the latter medium at
10° O, we find that after four or five days the hquid, which has hitherto been
pale yellow, assumes a more and more decided greenish cast. A sample taken
from the bacterial skin covering the surface discloses two constituents a number
of colourless rods connected to form bands, and, secondly, lying between them,
the blue pigment granules, almost globular i form and 1.5-3 5 p in diameter
The colour of the liquid then successively changes by degrees (beginning at the
gurface) into brownish-grey, brown-black, and finally into persistent yellow, the
conversion being effected by the oxidising influence of the air, which slowly
decomposes the blue colouring matter and forms brown intermediate product,
all finally oxidised to a colourless compound The micro-chemical analysis of
these pigment granules shows them to consst of a framework of albumious
matter on which the pigment crystals rest, but the constitution of the colouring
matter 1tself has not been established, although Beyerinck, on expermmental
grounds, considers 1t to be allied to indigo. It resists the redueing action of the
bacteria 1n cheese, especially those productive of lactic acid.
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Bacillus cyaneo-fuscus 18 very susceptible both to desiccation—on which
account 1t 18 not found 1 atmospheric dust—and high temperatures, as also to
acids This explains why the microbe cannot be cultivated from the blue granules
1n old ripe cheese, since 1t 18 no longer alive theremn, but has succumbed under
the mfluence of the lactic acid (of which Edam cheese, for example, contains
between r 3 and 1.8 per cent ) produced from lactose by the other bacteria in
the cheese during the ripening process. Considered from this standpoint, the
good result obtained by so-called ropy whey (a culture of long thread and lactic
acid bacteria, more particularly described in chapter xxzix ) as a preventive of
blue grain becomes obvious. Since, as already stated, oxidising agents destroy
the colour, it has been proposed by De Vries to decolorse blue cheese by ex-
posing 1t for some time to the action of oxygen 1n a closed vessel

This Bacillus cyaneo-fuscus (not infrequently met with in natural waters and
souls) 18 the sole species that as yet has been positively identihed as capable of
producing blue grain in cheese. It 18 uncertain whether this faculty 1s also
inherent 1n other organisms, though Hollman, who, 1n his ¢ Hardboek voor den
Kaasmaker ” (** Cheesemaker’s Handbook "), deals thoroughly with this disease,
ascribes the responsibility for ite appearance to Bacnilus cyanogenus—an assump-
tion which, however, according to the inoculation experiments conducted in this
connection by Adametz and Beyerinck, is untenable.

For the sake of completeness it should be recorded that, according to Beyer-
mnck’s report, Bacllus cyaneo.fuscus has been found to make itself unpleasantly
apparent in a glue factory by giving rise to black glue, which, by reason not
only of 1ts undesirable colour (due to the pigment developed by the microbe),
but also of 1ts diminished setting power, was thus seriously depreciated iry value
and merchantable quality. The source of infection was discovered in a dirty
pipe previously used for the conveyance of ditch water, and afterwards for
deltvering the fimished glue 1nto the setting pans. When this pipe was cleansed
the evil disappeared entiely

§ 96.—The Fermentation of Indigo.

As 18 well known, the indigo so highly prized for dyeing, and constituting such
an important article of the world’s commerce, is obtained from certain species of
the Leguminous genus ndigofera. The province of Bengul alone preduces from
Indvgofera tinoctoria over twelve millions of pounds of indigo per annum, the
value being about £2,000,000 sterling. Some five hundred thousand workers
make a livelihood in that province by the cultivation and treatment of this plant.
The colouring matter does not exist ready formed in the plant, but is developed
therefrom by the fermentation of a glucoside constibuent known as indican. The
plants are cut down shortly before flowering-time, and are left immersed in a
five to eight-fold quantity of water, to undergo a continuous fermentation for
elght to fifteen hours at an atmospheric temperature of 25°-35° C., the hquid
gradually becoming yellow 1n colour, with an alkaline reaction, and throwing up a
blue-violet scum. The most important of the fractional processes constituting this
fermentation 18 the sphitting up of the indican into sugar (indiglucin) and indigo
white, which remains in solution in the alkahne liquor. Theliquor 1s then drawn off
into another vessel and beaten with rods, whereby numerous and fresh pownts of
attack are presented to the air and the indigo white (0,;H,,N,0,) 1s oxidised by
atmospheric oxygen into mdigo blue or indigotin (C,H,,N,O,),which is precipitated
as an 1nsoluble body and deposited at the bottom ot the vessel The sediment 1s
then boiled 1n & pan, strained through cloths, dried, and brought into commerce
in the form of irregular fragments, cubes, balls, &e.

Several noteworthy observations on the organisms taking part in this
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fermentation have been recorded by ArLvarez (I.). The fermentation may be
performed on a small scale by comminuting fresh leaves of the mdigo plant and
leaving them to stand 1n water, whereupon fermentation, attended with evolu-
tion of heat, will ensue in twelve to twenty-four hours, the surface of the liquid
becoming covered with a thin blue skin, which, when broken, subsides to the
bottom and 18 succeeded by a new one. Microscopical examination shows that
this skin consists of bacteria surrounded by fine blue acicular crystals. A
sterilised extract of the leaves, when inoculated with a httle of this gkin,
exhibite normal indigo fermentation, whereas without inoculation 1t remains
unaltered even when' air 1s freely admitted. Indigo fermentation 1s therefore
due to the activity of a fission fungus, the Bacillus 1ndigogenus, which 18 asso-
ciated 1n the said skin with other species of bacteria that need not be taken into
account here. This bacillus 18 of variable dimensions, but generally 3 u long and
1.5 p broad, and is always surrounded by a gelatinousenvelope Its microscopic
appearance is almost the same as that of Friedlander’s pneumonia microbe (see
Fig. 1), and being motile, it 1s thereby able to collect at the surface of the liquid,
where the desired supply of oxygen 1s found. It also produces a disengagement
of gas, to which the formation of a froth or head on the hquid s attributable
‘When introduced into the blood of the gurea-pig, Bacillus indigogenus proved
pathogenic, and therefore belongs to the group of organisms endowed with both
zymogeunic and pathogenic properties A second observation made by Alvarez
18 also worthy of note, viz., that the microbe of pneumonia can set up indigo
fermentation, wherens on the other hand many other pathogenic bacteria proved
meapable of so doing

Apparently unacquainted with these results obtained by Alvarez, 0 J. van
LoorermN (I. and IT) expressed the opinion that the decomposition of indican
18 not produced by micro-organisms, but by an enzyme present in the hving
protoplasm of the leaf-cells The reasous whereon this hypothesis 1s based do
not, however, carry convietion, since attempts made to isolate the alleged enzyme
proved unsuccessful. Apart from this, however, the treatise can be read not
without profit, and 16 also affords several welcome supplementary additions to
the bibliographical references collected by G. v. GrorerEwioz (l.) 1 his mono-
graph on mdigo.

Alvarez’s researches ought to be regarded as a thankworthy preliminary work
incentive to further study of the subject, but they do not afford a closer 1nsght
into the progresuion of the fermentation process 1n question. It 1s 1n this case
not merely a matter of determining the nature of the ferment or ferments, but
rather of the solution of a whole group of problems of both scientific nterest
and technical 1mportance. Commercial mdigo, as 18 well known, contains, 1n
addition to 1ndigotin, a number of other organic constituents, such, for mstance,
a8 the indigo red or indirubin, isomeric with the blue and soluble 1 alcohol ,
also mdigo brown, obtained by treating the indigo with alkales, and finally,
indigo gluten, soluble m dilute acids. The proportion of these subsmdiary
constituents influencing the shade of the colour 18 varable in different samples
of indigo. An investigation of the conditions affecting their production 1s a
necessary prehminary to the establishment of the most suitable method of
fermentation, capuble of yelding, on the one hand, the maximum quantity of
indigo (1n Lookeren’s experiments o.z per cent of the weight ot the plant),
and on the other, producing at will any desired variety of the pigment A very
promising field of profhitable enterprice 18 thereby opened up to mycologists
residing 1 the districts where the indigo plant 18 cultivated. Moreover, 1t 18
incumbent on fermentation physiologints 1n the centres of consumption to study
the fermentation of the indigo dyeing-baths—the woad-vat, the so-called potash
bath, and, finally, the urine bath—the preparation and employment of which are
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carried on according to old-fashioned rules and without any knowledge of the
mternal reactions occurring theremn. One thing 1s certain : these reductions are
not purely chemical operations, but are true fermentations, as already emphasised
by A. Firz (IV.) 1n 1878. Frequently they proceed in an undesired direction ;
two such maladies of the indigo bath being destruction of the colour, and
blackening. However, as regaids these, mycological investigations are still
lacking.

§ 97.—Varieties of Bacillus Pyocyaneus.

The number of bacterial species capable of producing blue colouring matters
is by no means exhausted by those mentioned in the three preceding parngraphs
A fourth, which has been repeatedly referred to 1n ea1lier chapters, 1s the Bacallus
pyocyaneus, deseribed by O. Gussarp (IT). This orgamsm, conveyed m atmo-
spheric dust, comes 1n contact with the pus exuded from wounds, and developing
theremn, produces, as 1ts name 1mplies a coloration rangiug from blue to verdigris
green. This microbe, which really belongs to pathological and not to technieal
myecology, 18 very mutable—a property which must aldo be briefly dealt with here
Inaddition to the blue pigment desmgnated pyocyanine—which may be separated
from the cultures byshaking them np with chloroform,and which was first prepared
in the pure crystallne state by Forpos (I) —the parasite 1n question, when
cultivated mm bowllon, produces a green fluorescent colouring matter By ekil-
fully modifying the conditions of nutrition GEssARD (IIT and 1V.) obtained three
varieties, morphologically indistinguishable, one of them producing only pyocya-
nine, the other only the fluorescent pigment. and the third no colouring matter
at all. Whilst these *three varieties can be re-transformed into the typical
gpecies, such change cannot be effected with a fourth variety, cultivated by
OmarrIN and Prrsarix (I'), which bad permanently lost 1ts chiomogenic faculty.
Unaware of this variability, P. Ernst (I11.) proposed to distinguish between two
specles—DBucillus pyocyaneus a and 3, a course which Gessard considers mcorrect
In contradiction to the results obtained by the latter worker, and confirmed by
Havs BuonneR and Roerer (I.), K. TrumM (I.) asserted that B pyocyamneus
produces only a single pigment, the blue Undoubtedly this investigator, as a
result of the system of cultivation preferred by him, unwittingly deprived the
bacillus of 1ts property of elaborating the green fluorescent colouring matter.

During the past two decades there has been 1solated trom water, air, and so1l a
number of blue-producing species of Schizomycetes, which, however, are of no
special importance, and can therefore merely be mentioned here, though fully
described m Eisenberg’s work. They are DBacillus janthinus, obtained by Zopf
from the river Panke, Berlin, Bacilius berolinensis wndicus, by H Crazssen (T)
from the Spree; Bacillus lndus, by Plagge from Beilin town-water, Bacillus
ceeruleus, by ALLEN J. SmrtH (I.) from the water of the Schuylkill mver 1t 1s
probable that these species are chromoparous, as was established with certainty
in the care of a fission fungus obtamned by Voges from natural water in Holstein
(and also named Bacillus ceerulews), which exzcretes the blue colourmg-matter
into the surrounding medium, where 1t collects 1mmto small granules

At the present time a fairly large number of species producing violet
pigments are known , they are found in the same places as the above-named, and
are equally of hittle practical importance. A few may be cited as examples, the
oldest species known being the Bacteridwum violaceum, observed by Schroeter,
and named Mrcrococcus wolaceus by Cohn This orgamism develops on sold
media (gelatin, potatoes, &c ) to solid-growing violet-blue colomes Jn contrast
to this 18 Buerllus miolaceus, which hqueties gelatin and produces a deep violet colour

Bacrllus membranaceus amethystmus was discovered by Jolles 1n Spalato well-
water, and produces a dark violet pigment exhibiting a metallic lustie.
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§ 98.—Green Bacteria “

were observed by Schroeter, and UomN (I ) named one such species (producing a
sap-green colour) Micrococous chlorinus. VAN TizemeM (II1.) introduced 1nto the
literature of the subject two new green non-motile species under the names of
Bactervum vwede and Beeclus vwens, The Bacterwum chlornum, discovered by
EncEnmMaNy (VIL), is more highly interesting. 1Tt is endowed with powers of
locomotion, and when present in microscopic preparations where there 18 & lack
of oxygen 1t strives to reach such spots as are illuminated by white, yellow,
or red light. The three last-named species are not chromoparous, but chromo-
phorous bacteria. 'W. Svymmurs (I ) described a Buovllusvimdans. Reference may
be made in this place to a treatise on the green bacteria by P A. Danasarp (I.).

Green fluorescent transformation products are excreted by very many species
of bacteria, a number of which are described in Eisenberg's work. At present
mention of three will suthce, viz , the gelatin-liquefying Baculus fluorescens lique-
Jaciens, and the Bucillus fluorescens non-liquefaciens, which grows on the same
medium 1nto solid colonies. Both organisms ocecur 1n natural waters The
author in 1891 discovered a fission fungus of very frequent occurrence 1n Munich
butter, and named it Bacullus butyri fluorescens.

C. Grssarp (V) recorded a beautiful observation in connection with the
formation of fluorescent pigment by Bacullus pyocyaneus. This substance 1s—in
the case of nutrent solutions prepared artificially from mineral salts—produced
only when phosphates are present in quantity equivalent to at least o 25 grm. of
potassium phosphate per litre When this supply is reduced, the orgamsm
develops, but produces no fluorescence This bebaviour 18 also exhibited by
other fluorescent bacteria, so that these can therefore be regarded as very delicate
tests for potassium phosphate,

K. Taumm (I) comparatively examined a mnumber of bacterial species
yielding fluorescent cultures, viz., Bacillus fluorescens lenuss, B fl puirdus, B fl.
albus, B. erythrosporus, B wudans, B pyocyaneus, Busterium syncyaneum
(Bacillus syncyaneus) These species produce, 1n alkaline gelatin, a fluorescence
mmtially sky-blue, but afterwaids moss green, caused by an excieted yellow
pigment, which 1s formed only when the medium contains magnesium sulphate
and potassium phosphate.

The green coloration of cheese 18, as first determined by Oarro Besana (I),
due to the presence of copper, this evil being especially manifested by Lodisan
cheese, the Parmesan cheese produced in Lombardy—formaggie di grana
lombardo. The mitially yellow cut surface of this cheese becomes green by
exposure to the awr, For the successful preparation of this cheese a certan
fairly high degree of acidity in the milk—equal, according to J Ravi (1.), to
o.2z per cenl of lactic acid—is essential, and therefore 1t 18 the custom m
Lombardy to leave the milk to acidify in untinned copper vessels, whereby 1t
takes up a consderable quantity of copper. In fact, the progress of the souring
158 determined by the gradual disappearance of the metallic lustre from the
previously polished surface of the vessels. G. Mariant (I'), who examined
twenty-five samples of these cheeses for their content of copper, found the
minimum to be 54 mgrms of Cu per kilogrm. of cheese, and the mazimum 215
mgrms., the average per lalo of Lodisan cheese being 1oo-110 mgrms. of
copper. That this metal alone 18 actually 1esponsible for the green coloration of
cheese 1s evidenced not only by comparative laboratory experiments with tinned
and untinned milk vessels, but also by the fact that the Parmesan cheeses made
south of the river Po (especially in Reggio), and brought to Parma for sale,
undergo no alteration in therr yellow colour when cut. In that region, however,
the milk 13 left to acidify 1n wooden tubs,



CHAPTER XV,

PHOTOGENIC BACTERIA.

§ 99.—The Genus Photobacterium.

Tax first occasion of witnessing the phenomenon known as marine phosphorescence
will never be forgotten by the beholder The boat cleaving the gleaming waves
inscribes 1t track in glhittering lines, and every movement of the water causes
pronounced phosphorescence. A rain of sparkling drops of hight trickles from
the poieed oar, each apparently becoming the centre of fresh evolutions of light.
This phenomenon, the sight of which 15 calculated to captivate the senses of the
coast-dweller, and lead him to forget all trouble for a time, has a counterpart
which filled the mind of earher races of mankind with terror and lent great
support to eredulity, viz , the phosphorescence of meat, fungi, and decaymng wood
in forests. It 18 only in our own day that an insight into the cause of this
wonder has been gained, the microscope, 1n this case also, betng the instrument
used to open the door to knowledge. To devote a few words to this phenomenon
would be in any event justifiable, on account of 1ts general scientific interest;
and moreover, the matter cannot be avoided 1 the present work, since some of
the facts established 1in this connection also deserve a brief consideration, both
from a chemical and a techmeal standpoint.

The first attempt made to investigate this long-known phenomenon in a
scientific manner was that of G. FaBrizio (I) in 1592. The treatises subse-
quently published thereon (up to 188%) are to be found mcluded in a historical
and antical review of the subject written by F Lupwie (I.) This has been
supplemented (up to 1891) by a work wsued by O. Karz (I.) which may be
referred to 1n this place.

‘We are indebted to PHuger for the first microscopical examination of this
phenomenon. He examined, in 1875, the white mucus covering the surtace of
fish exhibiting a silvery phosphorescence, and found 1t composed of globules,
frequently umted to form chains, When these forms were mixed with water
and the mixture passed through a doubled layer of dense flter-paper, the
latter became phosphorescent, whilst the filtrate ceased to exhibit this property,
thus proving the phosphorescence to be due to the minute organisms themselves
These, which weie recognised as bacteria, were 1n 1878 named Micrococcus
phosphoreus by Cohn. Whereas Pfluger’s studies were conieined with the
carcases of phosphorescent salt-water fish, the first micioscopical examination of
the phesphorescent flesh of cattle slaughtered for food was made by Nuesch, who
also found a fisson fungus, which he named Bacterium lucens, to be the cause.
Ludwig, 1n 1882, showed that a transference of the mucus or phosphorescent
sea-fish on to sound animal flesh rendered the latter phosphorescent m turn
Unaware at the time that the organism had already received two rames,
he bestowed on 1t the title of Micrococcus PAugers. This was the first phos-
phorescent bacteria obtained (1in 1885) as an undoubtedly pure culture. Three
years later B. Fisomer (II.) proved the existence of other species, three of
which he himself deseribed, one of them (from the West Indian seas) being

named Baeillus rhosphorescens, and the other two (found on German shores)
123
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he called respectively Bacterium phosphorescens and “native phosphorescent
bacillus ” -

In 1890 BEYERINCE (XI ) proposed the generic name of Photobacterium for
the entire group «f phosphorescent bacteria, and more closely mnvestigated the
81x undermentioned rpecies:

. Photobacterium Pflugers.

Ph phosphorescens

Ph, baltreum = Fischer’s “ native phosphore=cent bacillus.”
. Ph Fuschery= Bact phosphorescens, F.

Ph. wndicum = Bacillus phosphorescens, F

LPh lumanosum.

QUL h 2 N

‘With these six (motile) species Katz in his above-mentioned treatise
assoclated & second half-dozen species collected on the coast of Australia, and
EngMans (I') added a thirteenth (Plotobacterium javanense), repeatedly found
by him on phosphorescent sea-fish 1n the market at Batavia

§ 100.—The Food Requirements of Phosphorescent Bacteria

formed the subject of comprehensive investigations by Beyerinck, a few of whose
multifarious results obtained therefrom may be given here.

A remarkable difference exists between the first four and the last two of the
six species named 1n the foregoing list, The former require at least two organie
nutrient materials, the one (supplying nitrogen) being a substance resembling
peptone, and the second a compound supplying the carbon * peptones aloue, or
amides and the like, by themselves producing nerther growth nor phosphorescence.
Ph wmdicum and Ph lumwnosum behave differently, peptone (or any other
albuminoid substance) being of 1tself sufficient as an organic food-stuff therefor

A shight addition of sugar to the medium increases the luminority, but a
higher percentage arrests both growth and phosphorescencs, a circumstance due
not to any injurious effect of the carbohydrate 1teelf, but to the acids produced
therefrom by the vital activity of the organism, the luminous bacteria thriving
solely on neutral or faintly alkaline media Concerning the extent of the
1njurious content of sugar, and aleo the varying influence exerted by the different
saccharides, Beyerinck arrived at noteworthy conclusions 1n respect of Ins six
species, Thus, for example, maltose 1s taken up by P4 phosphorescens, but 18
discarded by Ph Pflugem, Ph. Fucheri 18 very susceptible to cane sugar, a
content of o 5 per cent sufficing to retard growth and suppress phosphorescence,
whereas, on the other hand, PA. balficum will stand 5 o per cent without injury
A similar relation in respect of glucose obtams between Ph. lumanosum and
Ph andicum, the lummosity of the former ceasing when the medium contains
1 per cent of this sugar, whilst the latter produces hght even in presence of
4 per cent.

The sx species of photobacteria examimed by Beyerinck are halophil, 4 e.,
absolutely require sodium chloride, of which the medium must contain at least
3 5 per cent. Consequently 1t follows that none of these apectes 1s able to thrive
on the flesh of land ammals slaughtered for human food The luminosmty
appearing on this latter substance 1s caused by other species, among them being
the above-named Macrococcus PAluger: discovered by Ludwig The presence of
oxvgen is esgential to the production of phosphorescence, but is not requisite for
mere growth. For preparing pure cultures a nutrient gelatin made from fish
bouillon is employed, and, for cultivation on & large scale, boiled salt~water fish
forms an advantegeous medium,
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§ 101.—The Luminous Bacteria as Tests for Enzymes.

The different behaviour of Ph phosphorescens and Ph. Pfuger: towards
maltose can be utilised when 1t 18 desired to ascertain whether this sugar is
produced 1n any disstatic process. For this purpose plate cultures of the two
orgamsms are prepared, a mixture of sea-water with 8 per cent of gelatin, 1 per
cent, of peptone, and } per cent. of bouled potato-starch being used. On these
cultures are placed small drops of a solution of the substance whose saccharifying
properties are to ba'tested Then, 1f this elaborates glucose or levulose from the
starch, the (thickly sown) plates will shortly become luminous at the points
affected, whereas if maltose alone 18 formed, the culture of P4 Pfluger: will
reman dark In pownt of delicacy this reaction has but one compeer, viz, the
Bunsen flame roaction, whilst 1n respect of the duration of the phenomenon 1t 1s
unequalled. The method may also be used with advantage in the solution of the
question whether any given microbe has the power of elaborating an enzyme,
and 1if so, of what nature. Thus, for instance, 1if Saccharomyces Kefyr, a higher
fungus occurring 1n Kephir granules, 18 to be tested on this point, & plate culture
thickly sown with Pk phosphorescens is prepared in a medium composed of
gsea-water, gelatin, and peptone. On several of these non-luminous plates are
laad a couple of drops of an aqueous solution of-lactose, on others cane-sugar, and
on a third series raffinose, none of which sugars are taken up by the photo-
bacterium, and consequently the plat:s remsin dark. The drops are quickly
absorbed by the gelatin and formed patches named by Beyerinck diffusion-flelds,
1 the viemty of which inoculuting streaks of Sacohuromyces Keofyr are then
drawn, and, on developing, finally enter the field of diffusion After a short
time the colomes of P4 phosphorescens gradually begin to become luminous at
the pownts where the diffusion-fields are in contact with the Saccharomycstes
cultures, this luminosity occurring in all three series, and thus proving that
Succharomyces Kefyr produces an enzyme (known as lactase) which penetrates
into the diffusion-fields of the lactose, saccharose, and raffinose and inverts these
di- and tri-saccharides to assumilable hexoses, which then cause the photo-
bacterium to become luminous

§ 102.—The Phosphorescents.

The question whether the light proceeds from within the organisms, or
whether they are 1n themselves dark, but excrete luminoas metabolic products
into the surrounding medium, has been much disputed. The latber opinion
was upheld, notubly by Br. RapziscEwskr (1.), according to whose exhaustive
researches the aldehydes and aldehyde-ammonia derivatives are, mn general,
endowed with the faculty of becoming luwinous in alkkaline solution, and are
thereby gradually oxidised by atmospheric oxygen The quaniities coming 1nto
play per unit ot time aire comparatively small, a solution of 1 8 grms of lophin
m 25 c ¢, of caustic potash remaining luminous for over three weeks. If, then,
the tact be remembered that the photobacteria are luminous only in alkaline
nutrient media, and n presence of compounds which are partly already aldehydes
(especially the sugars) and partly exhibit a similar constitution (¢ g glycerin and
asparagin) , and 1if 1t be also remembered that the lumnosity only occurs in
presence of oxygen, and that m the cultures acds, ¢e. oxidation products, are
formed from the said luminous materials, then 1t will be readily understood
why Radziscewskr sought the source of this beautiful phenomenon, not 1 the
bacterial cell, but 1n aldehydic metabolic products, phosphorescents, which aie
oxidised, with evolution of light, outside the orgamism The same opiuion 18
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held in the main by Quatrefages, Owsjanmkow, Ludwig, and Dubois, the
observer last mentioned designating the assumed phosphorescents luciferin.
The most important effect of the photobacteria, viz., marine phosphorescence,
stands, however In the way of the general applicability of this mterpretation,
the external conditions under which this phenomenon is produced being still
unknown. It is consequently uncertain whether the food-stuffs (aldehydes and
ammonia bases) necessary for the production of the phosphorescents are at such
times exceptionally present in sufficient quantity in the waves.

The spectrum of the bluish-green light emitted by Micrococcus Pflugeri 1s,
according to Ludwig, a continuous one, and extends from the line b (green) mto
the violet. Equally continuous and more extensive—occupying the entire breadth
from D to G—are the spectra of two European species discovered by B. Fischer,
and a luminous bacterium described by J Forster (I ). Here the blue and violet
rays predominate, and, consequently, these organisms can be photographed by
their own light, a result first successfully attained by Forster in conjunction
with Van Haren Noman One year later B. Fischer also demonstrated that the
light from streak cultures of these microbes 18 strong enough to 1luminate and
photograph other adjacent objects, such, for example, as a watch.

Marmne phosphorescence can be caused not only by photobacteria, but alse
by a variety of low forms of animal life. 'When these latter come into play, then
the 1llumination of the water only becomes well developed provided the latter is
in motion and the necessary supply of oxygen 1s thereby copiously suppled to
the photogenic animals. If, on the other hand, photobacteria are in question,
the entire surface of the water ghstens umformly and continuously with a soft
lustre. Ludwig was the first to successfully produce marine phosphorescence
artifiaally and on a small scale, and the experiment was then repeated on
a larger scale by B Fischer in the Berln Aquarium., The demonstration
well repays the slight trouble involved. Cultures of photobacteria are prepared
on salt-water fish, on which they grow and form a mucinous coating, which, on
being stripped oft 1n salt water and dispersed through 1t, immediately produces
marine phosphorescence capable of prolonged duration.

A beautiful observation made by A Giarp (I. and IIL.) must be recorded
here, viz , his cultivation—from the luminous Z@litrus—of a breterrum which 18
both pathogenic and luminous, inhabiting the abdominal cavity of the aforesaid
aquatic amimal, fully permeating all its organs, and, finally, causing its death
During the prevalence of this malady the victim shines with a green light,
vimble nenrly & dozen yards off, and permsting for a few hours after the death
of the ammal This faot, established as 1t has been by successful inoculation
experiments, induces the supposition that the luminosity of other small marine
ammals (infusoria, polyps, and medusse) may also be due to photobacterial
infection.



CHAPTER XVI.

THERMOGENIC BACTERIA.

§ 103.—Spontaneous Combustion.

state of our knowledge on the thermiec side of the process of fermentation
,» not extend beyond a few crude, isolated determinations, so that nearly
g ything 1n this department has still to be accomplished, even the primary
sotion—whether there exust fermentative organisms with purely exothermic
1 others with purely endothermic cell-activity—being as yet unsolved One
pg only has been established for certain, viz, that many microbes under
pain conditions generate heat and give 1t off to the environment Hence the
yical changes then occurring are exothermic procesaes.
An example of this 1s afforded by the organiems effecting the so-called
gprtaneous heating of hay and cotton. For sundry researches hereon we are
ebted to F Oorx (V1IL), from which 1t appears that fission fung, allied to
hay bacillus already several times referred to, are here concerned. That the
ting is actually the result of microbial activity was proved by Haepke, who
prtained that sterilised cotton-waste, under otherwise identical conditions,
became heated when moistened with washing-water from fresh unsterihsed
;te. lhe henting only occurs in presence of oxygen, and comes to a standstill
pn this substance 1s lacking, the action being the result of brisk oxzidising
\vity (respiration) on the part of the bacteria in question. The flufty greasy
ybe material formed during the cleaning and spinning of raw cotton, consisting
cotton fibres, seed capsules, &c., spontaneously rises 1n temperature up to
0., according to the observations of Haepke, and becomes gradually con-
ted into a humous mass with evolution of the vapours of trimethylamine.
g observer attributes the fermentation ocecurring in this case to various
cies of micrococeus.
"T'he heating of vegetable matter to high temperatures should not, however,
ays be ascribed to the action of fission fungi. For example, the temperature in
|7 managed heaps of germinating (malting) barley may rise to 60° 0. and over,
cause of which, acecording to the researches of Jomy (IX and X.), 1s & mould,
, the Asp-rgillus fumagatus, noarly allied to the common mould fungus
.t the diastase 1n the germinating barley 18 thereby greatly injured 18 certuin.
In many 1instances the spontaneous heating of the aforesaid vegetable
ters may develop 1nto spontaneous combustion, whereby barns and spinning
kg have often been set on fire. Nothing defimite 18 known of the precise
Aitions concerned 1n this phenomenon. In the first pluce, n knowledge of the
ting temperature of the various substances under consideration is necessary,
as this temperature 18 probably higher than the maximum heat supportable
iving organisms, the actual 1gnition 1n such eases cannot be directly attributed
heir vital actaivity. Hence, the probable explanation of spontaneous 1gmifion
aat certain micro-organisms, by their oxidising action, convert the vegetable
38 1nto a humous porous mass, which ig then (like finely divided irom, &c.)
tble of occluding oxygen, wherebyignition 1sinduced. More detailed researches

this phenomenon are stall required
127
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§ 104.—The Spontaneous Heating of Hops

is well known to every brewer from wide personal experience For a more
intimate knowledge of the subject we are indebted to J BrmrENs (I ), who has
not only discovered a cause for the phenomenon, but has also traced a con-
nection between the latter and the well-known presence of trimethylamine in
hops, first shown by GriEssmaver (I ). Behrens found, in hops that had
become warm, a fission fungus, 1 a condition of almost pure eulture, which he
named Bucillus lupuliperda, and expluned to be nearly alhed to the Bactllus
fluorescens putidus described by Frvaar (L.). The cells of this newly-discovered
motile microbe are about 0.7 p 1n breath, and vary in length, according to the
conditions of cultivation, from 0.7 to 2z 5 p. It liquefies gelatin. Peptone
alone 1s 1nsuffictent for its support, a second substance from waich it can derive
carbon bemng required, consequently 1t belongs to the group of peptone-carbon
bacteria established by Beyermnck It thrives freely in hop extract and quickly
renders sugar-free media alkaline by excreting copious quantities of ammonia
bases, espeaally trimethylamine In presence of sugar the reaction of the
medium at first becomes acid, butyric acid being formed, although in Behrens'
experiments ouly to the extent of o.r per cent. at most. This microbe, which
gives rise to spontaneous heating in hops, and causes them to give off an odour
of trimethylamine, was found by Behrens 1n all the samples of hops examined
by him Tt appears to be chiefly domiciled 1n the soil, and passes thence to the
hop cones, which, being fairly hygroscopie, attract moisture when bagged, and
thus enable the baallus to develop, the hops becoming ** warm ” and commencing
to decompose, whereby they are reduced in value. Timely prevention may be
ensured by removing the bagging in which the hops aie packed, and thus
admitting cool and dry awr into the interior of the contents, in consequence
of which the activity of the microbe 1s lessened. Oloser studies both on the
spontaneous heating of hops, and especially 1nto the transformation products of
Baollus lupuliperda and thewr relation to the production of rancidity in hops;
constitute a productive field for future research

The above remazks on the spontaneous heating of stored vegetable substances
may now be supplemented by a few observations concerning

§ 105.—The Fermentation of Tobacco,

which cannot well be included 1n subsequent chapters. The tobacco leaves,
when gathered, are allowed to become somewhat withered, and are then arranged
1n moderate-sized heaps, where they undergo a so-called “sweating.” The rise
of temperature occurring during this process 15, as determined by Muller-
Thurgau, a consequence of the activity of the leaf-cells, which transpire their
store of carbohydrates and convert their albuminoid matters nto amides, the
heat thereby liberated effecting the gradual drymng of the leaves. The water
vapour evolved condenses into the matting employed to cover the heaps, which
are then said to “ sweat,” The alteration of the nitrogenous bodies in the leaves
can also be effected by *shed drying ” On this point more will be said in a later
chapter dealing with Botrytis cinerea 1n the second volume.

As soon as the tobacco leaves have fimished sweating and become *shed
ripe,” they are made to undergo fermentation, for which pu:pose they are tied
m bundles and arranged in great heaps, containing as much as fifty tons of
tobacco. Hereupon active decomposition quickly ensues and the temperature
mses. Nessrer (I ) found this to be as much as 54° C even on the second daj,
but, as a rule, the heaps are not allowed to become warmer than 50° C., further
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ncrease being prevented by turning the heap, so that the outer layers of the
first heap become the central portion of the new one. This fermentation is due
to the action of bacterin, and was studied thoroughly by E. Svcrstand (I. and
I1.), who, however, furnished but scanty reports thereon. A patent was granted
to him 1n connection with the use of pure cultures of bacteria for the purpose of
favourably influencing the fermentation of tobacco. He prepared pure cultures
of bacteria from fine West Indian tobacco and transferred them to inferior
German tobacco 1n course of fermentation. By this means the flavour of the
latter was so greatly improved that 1t was no longer recognisable asg such even
by connosseurs and experienced smokers of native tobacco.

The chemieal changes hereby produced have been investigated by J. BEERENS
(IT), according to whom the loss of matter amounts to 4 to 5 per cent., and
consists principally of soluble carbohydrates and fixed organic acids, the former
disappearing almost entirely. Carbonic acid is evolved as the result of these
changes, while Frsoa and Imar (I.) ascertained that nitrates are no longer
present mn the fermented mass. The amount of nicotine 18 also reduced,
only 70 per cent. of that originally present being afterwards found (mn one
experiment) by Behrens

The flora of the fermenting tobacco heap does not consist solely of bacteria.
For example, Jom. Bearexs (1I1.) frequently met with the 4 spergrlius fumigatus
already wmentioned, and Dévalos and Behrens also very often detected Monilia
candrda, remarks on which will be given in a subsequent chapter.

A few researches have been made mto the fermentation of snuff, the most
mmportant bemng those carried out by Tr. Somnésing (I. and II.) relative to the
chemical changes involved ~ 'With respect to the part played by micro-organisms
he expressed himself as follows “The fermentation begins at the ordinary
temperature under the predominant influence of micro-organisms, but above a
certain (still to be determined) linut, which is over 40° (), and below 70° 0., and
18 probably about 50° O., the changes become purely chemical reactions in which
the iving organisms have no longer any share.” When giving utterance to this
opimnion Schloging was unacquainted with the newer researches in connection
with the heat-loving organisms which thrive at 70° C. It 1s therefore desirable
that his experiments should be repeated and extended, with this fact borne in
mind.

The tobacco subjected to this fermentation is usually moistened with a liquid
containing sugar, syrup, honey, and the like, in addition to various aromatics,
and not infrequently alcohol as well In many cases this *sauce” also has
added to 1t wine yeasts, particularly for the grades known as St. Omer, St.
Vincent, and Paris tobaccos. These additions (found by experience to be partly
essential and partly useful) probably furnish the material for, on the one hand,
a weak alcoholic fermentation, and, on the other, for the formation of esters.
More detailed knowledge is, however, lacking with regard to this primary
fermentation, and to the subsequent after-fermentation of the tobacco, either
packed tightly into casks or rolled up in * pigtail ” form and wrapped in linen
cloths. The snuff yielded by the latter method is finer than that obtaned by
the quicker cagk-fermentation process. More definite researches on this subject
are highly desirable. -

§ 106.—The Preparation of Burnt Hay

must also be briefly described in this place There are two chief methods,

daffering from one another, for the preservation of green fodder, viz, exther by

acidifying it, allowing it to ferment, and so producing * sour ” fodder or ensilage

—for which see also chapter xxvi ; or 1t 18 dried, and then forms hay. The
1 ]
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removal of the water, of which the plants now under econsideration contain son
85 per cent , can be effected 10 two different ways. Either the necessary he
is applied from outside, 2.6. they are exposed to the sun’s rays, thus produci
air-dried hay, or else the same result 18 obtained by spontaneous heating, ar
therefore by the action of the thermogenic miero-organisms dwelling on t}
plants Here again there are two possible methods of procedure, by followir
one of which burnt hay 1s obtained. On this subject we are indebted 1
Bommar (I) for a cribical research. Aoccording to him, the mown grass 1s pile
up 1nto heaps about 10 to 13 feet high and 13 to 16 feet in diameter, the ma
bemg trodden down as tightly as possible in order to prevent the admissic
of air—which might favour the development of mould—into the interior, I
these heaps spontaneous heating goes on and becomes apparent, often withi
twelve hours, but generally in twenty-four to thirty hours. The operation
watched, and as soon as the temperature inside the heap reaches 70° O —whic
is mostly the case 1n forty-eight to sxty hours—the heaps are opened and t}
contents spread out thinly, a single turning being then sufficient to complete t}
curing of the hay. By this fermentation, about which nothing definmte 1s know
from the physiological point of view, not only 18 the desired degree of dryne:
attained, but the hay also becomes friable and acquires an aromatic odour

As mentioned above, the heaps must be opened when the temperature he
rigen to 70° O., since, 1f this be neglected, the spontaneous heating will quick]
become spontaneous ignition If, as 18 posaible, it is rainy when the hay
ready for spreading out, such preliminary labour is futile, To this ewrcun
stance 18 due the fact that burnt hay 18 seldom prepared, as also that, 1
districts where the weather is too uncertain to allow of ordinary haymakin
being conveniently practised, another method of drying has been developed, 1
which the necessary heat 1s likewise generated by a process of fermentation, fro
which a produck known as ¢ brown bay ” is obtained. This will be dealt with i
the Section on Lactic Fermentation.



SECTION V,
THE HEAT-RESISTING BACTERIA

THEIR PLACE IN NATURE AND THEIR IMPORTANCE IN THE
FERMENTATION AND FOOD-STUFF INDUSTRIES.

CHAPTER XVIL

BACILLUS SUBTILIS AND ITS CONGENERS.

§ 107.—Roberts’ Heat Method.

Tar unfavourable conditions to which the bacteria inhabiting the soil are
theremn exposed result in the accumulation of such species

as are capable of
developing reproductive forms endowed with great vitality These are carried
from the surface soil on to plants, and 1n this way hay becomes infested with
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FIa 40 —Bacillus subtills

G, a fragment of tho skin formed on hay infusion, magn 200 times Cousists of tightly packed

fllamentary groups of cells B and C show the individual parts of these threads at an early stago
D, & thread, each separate pait of which contal

ns an oval cndospore E, the mother-cell mem-
brane swells up and the spores are liberated. ¥, progress of gpore-germination B-¥, magn 600.
(After Brefeld and Zopf)

the spores of highly resistant Schwzomycetes,

ture of bolhng water for several hours. Early observers, being unacquaimnted

with this property, noticed with astonishment that a development of bacteria

occurred spontaneously in vegetable mnfusions (especally infusions of hay) that

had previously been exposed to boiling heat for an hour The cells were almost
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éxclusively in the form of short rods, and were named Vabrio subtelis by Ehrenberg
and Baollys subtihs by Oohn. To obtain them with certainty the following
process, known as the heat method, which was devised by Roeerts (I.), and
already referred to in § 53, 1 employed Dry hay 1s chopped up fine,
suffused with a little water, and then left to stand four hours, at about 36° O,
the usually somewhat acd liquid being afterwards poured off (without fillering),
exactly neutralised, and diluted untal 1t shows a density of 1 0og. Thisliquidis
then botled gently for an hour over the sand-bath m a fAask plugged with cotton-
wool. Smee the number of heat-resisting spores present on the hay 1s fre-
quently but small, sufficient hay and water are taken at the outset to yield at
least half a htre after an hour's boilng, which quantity will be sure to contain
some hving germs. The flask is removed from the sand-hath, left to cool down
to the temperature of the hand, and then placed in the incubator, the tempera-
ture of which is regulated to about 36° O during the ensuing twenty-four hours.
At the end of this time there will have appeared on the surface of the infusion
a thin skin, which subsequently thickens and develops to a typical zoogleea, A
hittle of this, examined under the microscope, will present the appearance shown
at G Fig 4o, viz., & number of closely adjacent rows of short rods.

§ 108.—Morphology of Bacillus subtilis.

That, by the aid of Roberts’ method, pure cultures (in the present acceptance
of the term) cannot be obtained, need hardly be ingsted upon, all that is produced
being a enlture of heat-resisting bacteria ; hence the “hay bacillus” prepared in
this way by different observers will vary  Really pure cultures may, however,
be obtained therefrom by modern methods of pure cultivation  The organism

sweet odour. At a somewhat earlier stage. hofamn i

surface is entirely covered m's » weonywd (which

on this account becomestu~ j swarms with numerous

actively motile rods, amerly, with the defective

instruments at comm » only a angle ailum could

be discerned on each ¢ termunal poles (see A g,

F1a 4r—Baclllus subtills.  40), but subsequex researches established the fact
Cilia stalning that Bacillus subtelie | 11ke many other species, 18 richl

Magn about rso0 (4rter  €ndowed with alia, o5 may be geen from,Fi Iy

4 Fischer ) which 18 reproduced ‘rom a photograph Thgé 39:

velopment of the motu, rods into the n.uﬂtmellula.r
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The walls of the mother-cell swell up, the chamn 15 dissolved, and the endospores
thereby liberated. Some facts indicative of thewr power to resst adverse
influences have been given 1n a previous section (§ 53). The spore membrane 18
capable of swelling up, so that when the spores are placed in water each of them

soon appears to be surrounded by a dull halo—the swollen external layer of the
membrane.

§ 109.—Influence of the Mode of Nutrition on the Form of Growth.

This factor was exhaustively described, for the bacillus in question, by Haxs
Buorxnen (IV.). A few of the forms of growth observed are shown 1n Fig. 42.
By employing a fantly
alkaline 5 per cent. solu-
tion of meat extract, a
rods (as at 1a) are ob-
tained, o 5 p broad and
6-10 plong If a neutral %
solution of 5 per cent of ¢¢ \ = S
s?ga.r and o.1 per cent. \ 8
of meat extract be taken, N G
then the forms shown in 2 —
2a appear, viz,, short rods
o 8 p broad and only 4-6
p long. Finally, ;n an @
infusion prepared from
hay m which woody
stems predominate, the
cells (32¢) have a length
of 12 p and a breadth
of 1.0 p. Under all the QGDC":’DDGD:\C\GDC‘DD:‘D
above conditions repro- 6
duction goes on with oUhR LN Oopgongooo et
vigour, the fission being 3

very rapid. The new —

partition walls formed M
during the operation are

at first so thm and so /

faintly refractive as to

escape the eye 1n the case o

of unstamned prepara-
tions If, however,asolu- \
tion of iodine be added,
then the apparently

uniform long cells are & Q Q
seen to be divided into & 3 %
short cells in the manner Q Q}
diagrammatically

gketched at and ¢ in the  ¥ic 42 —Baclllus subtilis unda varlous conditions of culti\t':.;
ﬁgure. All these shapes ?Euchl‘;:r?vpmuation see toxt Magn about 4000  (Af!
belong to the cycle of

normal forms of growth, of strong witality, and capable of reproduction. When,
however, the composition of the nutrient solution 1s, from the first, unfavourable
(e.g & solution of o 1 percent of asparagin or albumen, and 10 per eent of sugar),
or becomes so subsequently in consequence of the excretion of injuiious waste
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products on the part of the cells, then there result involution forms, that have lost
their reproductive faculty and must be regarded as diseased and moribund modi-
fications. A couple of these areshown in Fig. 6 Similar formsare also produced in
putrient media containing a larger percentage of acids than usual, the hay bacillus
being very susceptible to these reagents, The locomotive powers, as well as the
form of the cells, are 1nfluenced by the method of nutritton. Thus, for example,
the cells grown 1n a 1 per cent solution of asparagin at 25° O are devoid of cilia.

Bacillus subtilis liquefies nutrient gelatin Streak cultures on agar-agar
develop mto a wrinkled white pellicle This microbe must be classified among
the extremely aerobic organisms, 4e those essentially requiring the presence
of oxygen for their development. Care must therefore be taken that air has
admittance to the cultures. In reference to this matter, a valuable observation
was made by Lisorrus (I.). If air be excluded, the reproduction of the cells
ceases, but the formation of a peptonising enzyme 1s not 1nterrupted so long as
the medium contains sugar. As already remairked, this microbe is extremely
sensitive to acids, even the small quantity present in normal beer-wort and beer -
—and which, expressed as lactic acid, amounts to only o og—o 12 per cent. 1n the
former case, and up to o 2 per cent. in the latter—sufhcing to suppress the
development of the bacillus 1n question, so that the brewing industry is exposed
to no danger from this quarter

The decompositions effected by this microbe were first studied by G. Vanpe-
vELDE (I.) 1n 1884, who was, however, unable to make use of pure cultures, On
the other hand, such cultures were used in the researches carried out by ApRIaN
J. Beowwn (IL), 1n 18ys, which were specially directed to the decompositions
sustained by the various sugars under the mfluence of this fission fungus, It
oxidises dextroge to an (unapecified) acid, which 18 thereafter entirely consumed,
and a levo-rotatory volatile dissociation product, of unknown nature, but
exerting an exceptionally high reducing power on copper solutions (such as
those prepared by Fehling and others). The decomposition of the total sugar
supplied is effected completely when the acd, by repeated neutralisations, 18 kept
down below o o4 per cent Saccharose undergoes a preliminary inverson,and 1s
then oxidised.

§ 110.—The Potato Baecilli.

Before the great tenacity of life possessed by many of the bactermal spores
inhabiting the soil was recogmised, 1t frequently happened that potatoes, which
had been presumably thoroughly sterilised, became (when employed for streak
cultures), infested with s spontaneously developed, wrinkled zooglma of rod-
shaped Sokizomycetes, which, starting from the potato skin, rapidly extended
over the cut surface. These species, observed by different workers, are, with
reference to thewr habitat, named the ‘‘potato bacillus” This is naturally a
very comprehensive appellation, which hss to be more narrowly defined in each
separate case. These uninvited guests have their origin 1n the soil, sufficiently
large quantities of which remain in the depressions (known as ‘“ eyes”) i the
potato; and the germs adherent thereto will withstand any heating that 1s not
pushed too far. Of the species belonging to this group a considerable number is
already known, and a few of them will be referred to later on, ¢ g. 1n the chapter
treating of ““blown” cheeses. A few others must, however, be briefly dealt
with 1n this place, namely, the three species of most general occurrence ~These
possess in common the property of growing on solid media 8 g. potato cuttings,
to form a pellicle, the surface of which becomes more and more wrinkled and
convoluted, and recalls the appearance presented by the mesentery

The most common of all 18 the Bacillus mesentericus vulgatus, discovered by
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Flugge, a plump, actively motile rod, shown in Fig. 43. The colonies on
potatoes are dirty white, can be drawn out into threads, and develop equally
well 1n the incubator and at room temperature. This bacillus excretes several
enzymes, one being peptonising and producing liquefaction of the medium ;
another diastatio ; and a third resembling rennet, whereby the casemn of milk is
at first precipitated, but is subsequently redissolved by the peptonising enzyme,
It forms endospores, the final stage of germmation of

which is shown at b in Fig, 43.

Bacillus mesentericus fuscus was first deseribed by \
Frteer (I.). The cultures on agar-agar and on d
potatoes are 1initially yellow, but as their age in- ! )
creases deepen progressively into brown. It also pro- @

ducee.l a peptonising enzyme, which liqt.leﬁea. nutrient  pyg, 45— Potato buelline
gelatin. ~ The production of spores 18 in this species ..o motie rods: b nnewly
less copious than in the foregoing and following  gorminnted rod, just liaving

kinds the spore cspsule, nniiI un- .
) : idod with ollin. Magn
The vegetative cells of the Bacilius mesenterious  J00 “Drawn trom n photo-

ruber, discovered by Grosia (II.), areshort1ods, rather  graph Ly Nenhauss.)
more slender in form than those of B. m. vulgatus.
Like the other two species, the vegetative cells are motile and produce a
peptonising enzyme. The colour of the streak cultures on potatoes is g,t first
reddish-yellow, but subsequently becomes rose-red. The tenacity of life ex-
hibited by the endospores of this species was minutely examined by Globig. A
1 per cent. solution of subhimate kills them after 14 hours’ exposure; but they
remst the action of 5 per cent. carbolic acd for more than a fortnight. For
their destruction by a current of steam at 100° 0. an exposure of 54 to 6 hours
is necessary, and they will bear without injury an immersion of three-quarters
of an hour n high-pressure steam at 109°-113° C. On the other hand, they
perish 1n twenty-five ininutes in steam at 113°-116° C., m ten minutes at
122°~123° 0., in two minutes at 127° (., and immediately in steam at 130° 0.
The great difficulty of sterilising articles contaminated with traces of soil is
due to the great powers of resistance possessed by the spores they contain of the
species just described, as also of a large number of their congeners, which are
the hardiest of all organisms. The preservation of numerous food-stuffs, milk in
particular, 18 thereby rendered more expensive, ag will be sufficiently demon-
strated 1n the two next following chapters. At present, attention will be
drawn to a phenomenon which could not well be referred to there, viz., a
disease in bread (due to the potato bacilli), which becomes manifest by the
crumb of the loaf gradually changing into a sticky mass, capable of being drawn
out mto long threads, and having a repulsive sour sweet smell. EmiL LATRENT
(I1.) was the-first to examine this disease closely, and he attributed it to a fission
tungus, which presumably also plays a part in the normal fermentation of dough
(dealt with in the second volume), and has therefore received the name of
Bacidlus pamficans. This 18 undoubtedly a species of the group of potato
bacilh A second case of this disease wasinvestigated by Knamsoamer and Niemr-
Low1oz (I.) by the aud of the plate culture method, whereby B. m. vulgatus was
recognised as the exciting agent. According to the researches of Aimé Girard,
reported by BirrAnp and Masson (I.), the temperature prevailing in the
interior of loaves of bread during the baking process ranges between 1oo® and
102° 0. The duration of exposure to this temperature being msufficient to kill
the spores of potato bacilli, those originally present in the flour will stall be
found alive in the finished loaf. The sites occupied by these organisms,
which germinate and reproduce immediately, will then become the headquarters
of active masses of microbes, as alrendy described. Batches of bread contaiming
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much bran are especially liable to this diseass, since 1t 18 on this part of the grain,
and not on the enclosed flour, that the bacteria reside, and, as a matter of fact,
it is commiigsariat (military) bread and Grabam bread that are most frequently
affacted, as wag pointed out both by Loeffler and UrrerLMany (I.) The latter
observer found the Bacillus mesentericus vulgaius to be associated 1n this disease
with a second allied species, viz , the Bacillus lodermos, discovered in cows’ milk
by Logrrrer (I1T.), which owes its other name of ““gum bacilus ” to the thick
gummy appearance of its zooglwe-like cultures on cut potatoes. That the bread
disease 1n question does not make 1ts appearance so frequently as might be
expected from the (often very large) number of potato bacil found in the four
is due to the strongly acid reaction of the dough, which facilitates the extinction
of the germs.

§ 111.—Bacillus Fitzianus.

If a cold-prepared infusion of hay be left to stand at room temperature, there
quickly forms on the suzface of the liqmd a skin composed of various orgamsms,
meluding the bacillus named above, the chemical activity of which was first
exammed by A. Frrz (IIL.). If a little of this skin be transferred to a
sterihised golution of 2 per cent. of meat extract and 5 per cent of glycerin that
has recerved an addition of some ro per cent of caleium carbonate, then the said
microbe develops and acts on the glycerin (O;H,O,) 1n such a manner that ethyl
alcohol and volatile acids are the chief products formed Fitz obtained, n two
expeiiments, a yield of alcohol amounting to 25.7 and 25 8 per cent. respectively.

The fermentation 18 very brisk,
and attains 1ts maximum with-

O OO O Oe in twenty-four hours.
At the time Fitz made hus
D CT:O OO OOb  experiments, no method of
preparmng pure cultures had
as yet been devised. It 1s
therefore of interest to record
that hig reports were tested
by H. Buorner (VI) by the
aid of the dilution method.
The results were confirmatory,
not only of the fermentative
activity, but also of the pleo-
morphism of this glycerin-
ethy] bacterium, which was
later named by Zopf Bacillus
Fuzmanus  As shown 1n Fig
44, this fission fungus occurs
both as cocci and as short and
long rods, and 15 able to pro-
duce endospores Though of
F16 44 —Bacillua Fitzianus. no practical 1mportance, 1t
a,b,/,g Coeol gradually changing intoshort rods, then (¢, &) 1S Mentioned here chiefly in
tuto long rods, d The same With an endospore  Magn, order to show that the pro-

40%0. (After H Buchner ) duction of ethyl aleohol during

fermentation can be effected,
not only by the higher fungi (yeast in particular), but also by Schizomycetes.
This fact 18 overlooked by many chemists when they speak of “alcoholic fermen-
tation fungi,” meaning thereby yeast alone.

Allied to the last-named baallus as regards fermentative activity is the
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Bacllus ethaceticus, cultivated from sheep-dung by P Frangrano, J. Fox (I),
and MacGrraor (I). This 18 & motile rod about o 8-1.0 y broad and 1.5-51 p
long, which, however, seems to lack the faculty of producing spores. It fer-
ments glycerin, mannite, and arabinose in such a manner that the chief
products are, in addition to small quantities of formic acid and succinic acid,
ethyl alcohol and acetic acid, the ratio found bewmg, in the first instance
2,11 * 1; 1 the case of mannite, 1 63.1; and 1n the last, 1:1.96. In a
subsequent communication Frankrayp and FREw (I ) demonstrated that glyceric
acid, CH, OH—CH.OH—COOH, 18 decomposed in the same way, the molecular
ratio of the ethyl alcohol to the acetic acid bemng about 1 to 4

‘Whereas the last-named bacillus leaves dulcite unattacked, this hexavalent
isomer of mannite is fermented by Bacillus ethacstosuceinicus. This microbe was
discovered by P. FRANELAND and W. FreEw (II ) 1n a solution of ammonio-ferrie
citrate, which, originally mntended for photographic purposes, was found to
have spontaneously fermented with vigour These observers give the following
equation as a deduction from their experiments

3CH, 0 = 4C,H0 + 2CH,0; + CoH,04 + OH,0; + 2C04 + 2H,
Dulecite, Ethyl Formic Acetio Succinic Carbon Hydro-
Mannite aleohol. acid acld acld dloxide gen

Many other bacteria also produce ethyl alcohol, but only one more will be
noticed, and that a pathogenic organism, viz , Friedlander’s Bacillus pneumonice.
According to the researches of F. BrreceR (I.), and of P. FRANKLAND, STANLEY,
and Frew (I.}, this bacillus, when grown in nutrient solutions containing sugar
(saccharose, glucose, mannite), produces ethyl alcohol and acetzc acd, together
with other fermentation products in smaller amount. These four examples may
suffice to support the assertion made above, that ethyl alcohol is producible by
bacterial activity. No practical application of this 18 made 1 the arts, the
higher fung1 known as “yeasts” being exclusively used, consequently this
property of many Schizomycetes will not be referred to again. We will now
supplement the account given of the hay- and potato-bacilli by a few remarks on
the

§ 112.—Bacterial Content of the Soil.

To determine this quantitatively the procedure followed is to finely divide a
werghed quantity of soil in sterilised water and then prepare cultures from the
washings 1n the usual manner. P. M1QueL (IV.), to whom we are indebted for
the first determinations made 1n this connection, fixed the unit of weight to be
taken ag one gram, and 1t 18 to this unit that all the subjoined data refer.

It would, from the first, be expected that layers of the same so1l at different
depths would exhimt differences, both quantitatively and quahitatively, with
regard to their bacterial inhabitants The property of svils (especially clays) of
combining with the fertilising materials supplied in manures, prevents these
substances from penetrating 1 any quantity to great depths, and from this
circumstance alone one would expect the number of bacteria in the subsal, at
considerable depths below the surface, to be but small The filtering action of
the upper layers of the soil also conduces to the same end, these layers fixing not
only the fertihsing substances, but also (and that in a purely mechanical way)
the bacteria applied to the soil in manures. Thus 1t happens that subsoil water
is perfectly free from, or at least very poor in, bactera, a fact established
by Pastevr and JousErT (I.), and of which C. Fraenrrrn (III) bhas given
instructive examples. (A remarkable exception to this rule was reported by
S Romx and H. Wicaman~ (I)) TFinally, the influence of aeration should not
be forgotten This, 1n the lower and comparatively undisturbed layers, 1s almost
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n4l, and the qualitative nature of the mmhabitants of the soil 14 greatly influenced
by this factor, the upper layers being relatively the richest 1n ai?roblc bacteria.

The greatest percentage of organismsshould not be expected in the uppermost
layer, since this 13 exposed to a too rapid alternation of excessive moisture a?d dry-
ness, heat and cold, as well as to the anti-bacterial influence of the sun’s rays,
For these reasons the largest content of germs 1s always found at a depth of
10 to 20 1nches below the surface, a fact first shown by RoBert Kocr (I.). As
the depth increases beyond this, the finds become smaller and smaller, and
approximate to nel at about 6o to 8o inches.

It 18 manifest that the germ content of asoil is also dependent on the presence
of nutrient substances, and that a soul rich 1n humus will be much more thickly
wfested than & poor sandy soil. Thus Bzumer (I.) found in dune sand only
some 1000 germs per gram,whichis very few, and an almost identical result was
attained by A Maaa1ora (I) in the examination of a sample of sandy soil from
a hill near Turin. On the other hand, he found 1n tilled agricultural so1l some
11 millions of germs per gram, and 1 the same weight of & sample of soil taken
from a street in Turin no less than 78 millions of bacteria.

That the degree to which a soil 1s warmed, as also its condition as regards
moisture and meteorological factors, all mnfluence its bacterial population needs no
further argument. It follows naturally that the percentage of germs 1s higher
in summer than in winter, and that 1t falls m dry, but mcreasesin wet weather,

Any reader desirous of more closely studying the bacterial content of the sol,
especially from a hygienic point of view, will find a good mtroduction thereto in
Fodor’s work, “ Hygiene des Bodens ” (Hygiene of the Soil), forming the 4th part
of the useful *“ Handbuch der Hygiene ” 1s5ued by Weyl (Jena, 1894 et seq.).

In addition to bacteria, the soul harbours a large number of higher fungi,
comprising not only numerous innocuous mould fungi, but also the spores ot
phytopathogenic Bumycetes These are of no immediate wmportance to agricultural
chemistry, and therefore do not need any further consideration here, E. Ch.
Hangen demonstrated that the wine yeasts winter in the soil, but on this point
reference must be made to the chapter devoted to Saccharomyces apeulatus 1n
the second volume.
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CHAPTER XVIII.

BUTYRIC ACID FERMENTATION AND ALLIED
DECOMPOSITION PROCESSES.

§ 113.—Anaérobiosis.

Tae first mention of the fact that butyric acid, discovered by Chevreul in 1814,
can also be produced by fermentation, was made by R. Maromanp (I.) in 1840,
1n connection with his researches on the composition of the milk of the South
Ameriean cow-iree (Galactodendron americanum), In the following year
Noellner deseribed, under the name of pseudo-acetic acid, a substance which he
had found to result from the spontaneous decomposition (fermentation) of calerum
tartrate, and which was then recognised by Berzehus as a mixture of butyric
and acetic acids. Two years later TH, PELOTZE and A. Giwis (I) observed that
the lactie fermentations instituted by them did not progresssatisfactorily, butyrie
acd and considerable quantities of hydrogen being produced In followmng up
this observation they formulated the recipe, still current in many text-books on
chemistry, that to start butyric acid fermentation a solution containing about
10 per cent. of sugar should be mixed with chalk and a little cheese, and left
to stand at 25°-30° C.

These observers did not endeavour to follow the progress of this fermentation
. more minutely, as theiwr attention was entirely devoted to the new fermentation
product ; the only remark they make 18 that the butyric fermentation is not set
up at once_in their method, bat 18 preceded by a lactic fermentation ¢ without
1ts being possible to influence the progress thereof.” It was naturally far
from the thoughts of Liebig's former fellow-worker at Giessen to attribute the
decomposition to the activity of living organisms

The discovery of the true state of the case was made in 1861 by PasTEUR
(VIIL), who showed that two successive processes are here involved - first, the
conversion of sugar nto lactic acid or caleium lactate, and afterwards the trans-
formation of the lactate into butyrate. He demonstrated that each of these changes
18 due to a special ferment, of which the second 15 the only one we have to deal with
now The microbe (2 p broad and 2-15 p long) causing butyric fermentation,
and which we now recognise as a bacillus, was regarded by Pasteur, not as a
plant, but as an animal, one of the infusoria, because it was observed to possess
powers of locomotion. Nevertheless he laid but httle stress on this distinetion,
the point being one of minor importance in comparison with the property he
recognised 1n this “vibrion butyrigue,” viz , the faculty of existing without air.
This observation formed one of the mam supports on which this gifted philosopher
founded his theory of fermentation, mentioned in § 16, and with regard to which
a few additional remarks will now be made

At present we have first to cousider the said peculiarity by itself, irrespective
of the resulting decomposition effected in the nutrient medium. Creatures
requiring oxygen for the continuance of their existence are termed aérobiontes,
whilstthe term anagrobiontes, or, shortly, anaérobes, 1s applied to creatures capable
of development in the absence of this gas A distinection 18 drawn between two
sub-groups, viz., strictly anagrobiec organisms, i.e. such as can live only in an
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environment devoid of oxygen, and for which this gas is therefore a poisen, and
facultatively anasrobig organisms, te. those to which oxygen 1s neither
njurious nor essential, and which can con-
=] sequently thrive erther in presence or absence
of air,» Thus, for example, the acetic acid
bacteria are strictly aerobic, certain lactic acid bacteria
facultatively anaerobic, and the majority of the butyric acid
bacteria strictly anaerobic
At the present time numerous species of anaerobic fission
fungiare known., Pasreur (IX.) himself,1n 1863, associated
with the “wibrion butyrguse” a gecond anacrobic specles, viz,
the microbe which sets up fermentation in caleium tartrate.
This process of decomposition, already observed by Noellner,
but which requires more careful investigation, often occurs
spontaneously 1n tartaric acid works, destroying the tartaric
gcid and oceasioning great loss. The different species of
butyric acid bacteria will be thoroughly discussed later on. At
present, by reason of their general interest, the known patho-
genie anaerobic species, three 1n number, will be considered.
The first of these, as regards priority of discovery, is the
“ vibrion septigue,” found by PasTEUR, JOUBERT, and CHAMBER-
LAND (I ), and subsequently examined more closely by R. Koch
and Gaffky, and now generally known to bacteriologists as
Bacillus edemalis malygna. According to an opinion expressed
by Pasteur, this bacillus is 1dentical with the one effecting the
fermentation of caleium tartrate The decompositions set up
by the bacillus of malignant cedems 1n nutrient media con-
teining carbobydrates were studied by R. Kgrry and §
Fraenkern (I). Grape-sugar yielded ethyl alcohol, ethyliderte
lactic acid, and butyric acid. From calerum lactate were pro-
duced butyric acid, a Iittle formic acid, and propyl alcohol.
Milk-sugar and also cane-sugar were gradually fermented to
ebhyl alcohol, formic acd, butyric acid, and ethyhdene lactic
acid, Starch was also attacked, and yielded the three last-
named acids With Bacllus adematis maligns have been
asgociated two other pathogenic anaerobic species of fission
fung1, namely, the bdcillus of symptomatic anthrax, by Feser
and Bollinger in 1876-1878, and that which causes tetanus
—Baeillus tetamr—Dby Nicolaler mn 1885, The latter 1s of
somewhat frequent occurrence in arable soil, and was also
discovered by 8 A. Severiv (I ) n horse-dung. The bacillus
of symptomatic anthrax, according to the researches of M.
Nexcxr (I.), when cultivated in media contarming grape-
sugar, produces chiefly normal butyric acid, along with acetic
acid and optically iactive lactic acid, accompanied by the
¥ia. 45 — Gruber's evolution of OO, and H,, The remarkable symbiosis of this
bubo aox ;::g;";’;ﬁ bacillus with Mucrococcus acidi paralactics has already been
nso  Bomewhat re- briefly mentioned in § 63.
duced 1n size. (4/ter

Qruber)
” § 114.—Methods of Cultivating Anaerobic Bacteria.

Pasteur covered the nutrient liquid with a layer of o1l 1n order to prevent
access of air, This method of covering up the medium with a protective stratum
has been variously modified 1n order to remder 1t applicable to solid media as
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well.
of mica, which, however, according to the ex-
pertence of P, Lisorrus (I), is not always
sufficient in the case of strictly anaerobic
bacteria. On the other hand, a second
method (also emanating from the German
State Board of Health) has proved highly
suitable, v1z., that of cultures in deep layers,
as prescribed by W. Hesse in 1885. For
these a puncture culture 1s made in test-
tubes contaiming nutrient gelatin or agar-
agar, the medium being covered, after
successful moculation, with a sterile stratum
of the same liquefied substance

Another method, which has also been
variously modified, 18 that first employed by
Pasteur in connection with his studies of
the “ mbrion septique,” which consists in ex-
hausting the aiwr (oxygen) from the vessel
containing the nutrient medium inoculated
with an anaerobic organism. The modifica-
tion made by Max Gruser (II.) 18 con-
venient and relable, and 1s 1n general use,
especially 1n the laboratories of Fermenta-
tion Physwologists. Strong test-tubes (Fig.
43), about 7 1inches long, with a much con-
gtricted portion in the upper third of thewr
length, are used. These are filled with
about 1o ce. of nutrient medium, then
closed bya cotton plug, and after inoculation
are 1mmersed 1 water at about 30°-35° C.,
and then connected with an sir~-pump. The
air 18 all driven out by the water vapour given
off under the diminished pressure, where-
upon the narrow part of the tube 1s closed
by fusion and the upper portion removed
By the use of nutrient gelatin this method
also facilitates the cultivation of colonies, so
that the individual anaerobic species 1n a
bacterial mixture can be isolated For this
purpose the stil warm liquid contents of
the tubes are converted into Esmarch roll-
cultures, as shown 1 Fig 46

In place of removing the air from the
culture vessel by mechamieal means—pump-
g or driving 1t out by vapour—recourse
may be had to oxygen-absorbing chemicals.
For this purpose a solution of pyrogallie
acid [v-CHOH),] in caustic potash, a
mixture that takes up oxygen with avidity,
and which, as 18 well known, has long been
1n uge 1n gas analysis, 15 employed It was

introduced 1nto physiological work by Nenck mn 1880,
of anaerobic organisms, but 1t was not until the publication of

¥16 46
Gruber's anadrobie
tube oxhansted of air

Uppor portionremoved
by fusing Contents
airanged a8 an Es-
march culturewhere-
in the germs have
developadto colonies
Somewhat reducedin
slze (4fter Gruber)

Fic 47

Buchner's anaerobic
tube

The pyrogallol solution
is at p, the wire gup-
port resting therein
and carrying the
test-tube with the
inoenla ed nuirient
medium (n) Some-
what reduced (A/ter
Buchner )

Thus R. Koch, 1n 1884, proposed to cover the gelatin plates with a film
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method in 1888 that 1t came 1nto general use in Bacteriology. The test-tub
containing the inoculated nutrient medium—as a roll culture if desired—
placed in a large test-tube (Fig 47) about 1} inches wide and 10 inches long, a1

p——— -~ A
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- g';

e
~2
L,

oA -
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NN VR &l

Fia 48
Fraenkol’s analrobie tube,

Contents arranged asan Esmarch
culture round the walls, and
developed colonles appearing
es black spots. Somewhat
reduced (4After Fraenlel )

the bottom of which has just
previously been 1nserted r gram
of dry commereial pyrogallic acid

N caustic potash. The smaller
" ——-  tube rests on a small wire sup-
J port, in order to prevent 1t from
dipping into the liqmd. The

‘ Buchner pyrogallol tube” 1s closed by a well-fitting
previously-moistened rubber stopper, and may then
be placed 1n the mcubator., 'When kept at 37° O the
absorption of oxygen is complete in twenty-four hours,
or in two days at 20° C. To treat plate cultures by
this method, the culture is placed over a basin contain-
ing e sufficient quantaty of the said solution and resting
on & flat plate of ground glass, the whole being covered
with a well-mtting bell-glass, the edge of which has
been rubbed over with vaselme. Another method for
the culture of anaerobic organisms consists 1n expell-
ing the awr from the culture vessel by another gas,
¢ g. carbon dioxide, hydrogen, coal-gas, or nitrogen.
Carbon dioxide 18 frequently recommended by the
French school, and particularly by Pasteur, but 1ts
employment is not without objections, since 1t 18 not
an mert gas, but 18 absorbed by the medium, which
1t then renders acid, and hence has the power of
restricting growth. Moreover, according to the re-
gearches of P. FRANELAND (I.), 1t acts as a fatal poson
on many bacteria. Although experience shows that
hydrogen gas 18 not mert, still 1t may be accepted
ag the best to use for anaerobic cultures, Ordinary
1lluminating gas was recommended for this purpose
by R. Wurry and A. Foureur (I.), but, according to
the researches of Ta Kwrapaxis (I ), it must be re-
jected, since he found 1t acting as a poison on many
bacteria. Nitrogen may be regarded as perfectly
innocuous, and would long ago have been employed
for anserobic cultures were 1t not that the method of
preparation 1s too cumbrous and costly, at least for
the physiologist. Many methods have been proposed
for the expulsion of oxygen by one of the above
gases, but only two will now be briefly mentioned
here That of C. FraENkexn (IV.)is concerned with
the treatment of test tube cultures, ordinary wide
test-tubes with two-holed stoppers bewng employed.
One of the glass tubes mnserted therein reaches

]
v and 10 cec. of dect-normal
L~

. —_

almost to the bottom of the test-tube, whilst the second 15 cut off close below
the stopper, When filled with nutrient gelatin, agar-agar (or bowllon,
wort, &c), the tubes are sterilised in the steamer in the usual way, and
moculated, a current of hydrogen being mtroduced through the longer tube and
passed through. When all the air 1s expelled the small tubes are hermetically
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sealed by fusion (Fig 48) and the stopper smeared with warm paraffin. Esmarch
roll cultures can then be prepared If plate cultures (¢ g 1n Petr1 dishes) are
to. be exposed to an 1nert gas, they are (according to P. Lisorius (I.)) placed
under & bell (of copper, &c ) which can be taghtly fixed by screw clamps against a
caoutchoue plate. The gas (when hydrogen 1s used) enters through a tube fixed
in the crown of the bell, and leaves by way of another tube situated below.

It is impossible to refrain from mentioming that there is another method
capable of taking rank with those described, and fulfilhing all the conditions
usually prevailing during anaerobic growth in Nature, viz, the simultaneous
presence of strongly aerobic organisms, It is certain that anaerobic organisms
can often be detected in liquids to which air has unrestricted access, and such
associations of aerobic and anaerobic organisms are not difficult to bring about
by artificial means, this having been successfully attempted by R Penzo (I),
BeveriNok (II'), and others. The application of this method 1s, however,
somewhat limited, since, of course, only mmxed cultures can be produced by
1ts aid.

It was remarked by Pasteur that the growth of anaerobic organisms could
be promoted by an addition of sugar to the nutrient medium Now, an
alkahne solution of grape-sugar 18 well known to have a strongly reducing
action; hence these two facts induced Kirasaro and Weyn (I) to ascertann
whether other reducing bodies were equally efficient; and they strongly recom-
mended the addition of o 3o 5 per cent. of sodium formate, or of o.1 per cent.
of sodium indigo-sulphate A sold nutrient medium, qualified and stained blue
by the last-named substance, 1s decolorised as far as the growth of the reducing
orgamsm extends, The use of indigo-sulphuric acid as a test for reducing
action was first practised in 1858 by M TrauBe (I.) in his researches on
ferments, and A. Spiva (L) was the first to employ the sodium salt as a reagent
for the same purpose.

§ 115.—Clostridium Butyricum (Prazmowski) and Bacillus
Butyricus (Hueppe).

Pasteur’s discovery that organic Iife 1s possible without free oxygen, and that
certain organisms can obtain the energy they need by so brealking down organic
compounds as to liberate heat, is one of the highest importance for physiology
generally. The amount of heat so evolved 1s naturally much less than 1t would
be 1f the compounds in question were directly converted mto carbon dioxide.
Pasteur, however, went somewhat too far in founding on this newly-discovered
fact a theory of fermentation which culminated m the assertion that ¢ Fermen-
tation 1§ a universal phenomenon, and consists of hife without air, life without
free oxygen,” because, 1if this defimition be accepted, we should be able to speak

of but few phenomena, as fermentation, and, 1n particular, 1t would be necessary *

to discontinue the application of the term to those decomposition processes
that from time immemorial have been, and are even now, principally borne in
mind 1 speaking of ¢ fermentation,” viz, the alcoholic fermentation excited by
yeast, an operation which proceeds both with and without free oxygen.

To return to the ‘‘wmbrion butyrique.” In the years 187y to 1880, A.
Prazmowskr (I.) pubhshed a careful morphological investigation of a butyrie
acid bacterium, presumably identical with the wbrion busyrigue—though this
cannot be stated with certainty Elevating the designation Clostrdwum (first
used by Trécul, and then only to indicate a form of growth) to a generic term,
Prazmowski named two new species of bacteria Clostrdwum butyricum and
Clostridwum Polymyza, The latter completely coincides with the former both 1n
morphology and life history, but differs from the strietly anaerobic Cl. butyricum
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both by its inability to exist in the absence of oxygen,and also by 1ts incapacity
to mcite fermentation (in the restricted sense of the term). Fig. 49 reproduces-
the vegetative forms of growth depicted by Prazmowski as those ot his butyric
acid bacterium. They are mostly plump rods, some 1 p broad The generation
period was determined by Prazmowskl as about thirty to thirty-five minutes at
35° C., and forty-five to fifty minutes at 30° 0. Under certain conditions, and
especially whilst young, the rods store up 1in their plasma a substance which
resembles starch (amylum) in being stained blue by 10dine This phenomenon
had already been noticed by Trécul, who gave it expression in the generic name
of Amylobacter, which he applied to these Schwomycstes. During the formation
of spores the rods swell up, as related and shown 1n § 49 The power of with-
standing heat possessed by the endospores of Cl. bufyricum was examined by
Prazmowskil. They are able to remain 1n boiling water for five minutes without
injury, but if the treatment be prolonged to twice that duration, then only the

D >
¥10 49 —Clostridivm butyricnm F1a 50
Vogotative forms of growth, short rods of Closvl;.rrilgllumdbntyrlcum
different lengths, partly straight (e, d), endospore
partly curved (7,0) Magn 1030 (After Stained cilia. Magn 2000
Prazmowsks ) (4fter A Fuscher )

hardiest spores of all are left alive, and even these succumb if the boiling be
extended to fifteen minutes The progress of the germination of the endospores
has already been described in § 57 (g.2.). The bmsk locomotion of the rods 1s
produced by a large number of cilin, shown in Fig 50. Prazmowsk: did not
have pure cultures, in the present acceptance of the term, at disposal for his
researches, but was obliged to confine himself to an approximately pure calture
prepared by means of Roberts’ boilmg method (§ 107). The same remark
applies to a valuable treatise by A. Firz (VIIL.), wherein the fermentative
activity of a fission fungus named Bacwlus butylicus 18 reported upon.

After E. Oh. Hansen, in 1878-709, had established, in connection with acetic
fermentation, the new and important fact that this decomposition process 1s
effected by at least two different species of bacteria, F Hurrrs (IV ) mn 1884
found the same to be the case with butyrie fermentation, and discovered a
Bacillus butyriecus which exerted its decomposing activity in presence of air.
This fact was confirmed by Max Gruprr (II ), working with a relinble method
of pure culture in 1887, and it was at the same time demonstrated that the
Clostyrduum butyricum of Prazmowski consists of a number of closely allied, but
nevertheless distinct, species Nearly related to this 1s a ferment isolated by
P. Limsorrtus (I.) from old cheese, and mtroduced into literature under the name
of Clostridium fetidum. This organism liberates very foul-smelling gases, 1n
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addition to producing butyric acid, and forms one of the many connecting links
between the butyric acid bacteria (in the restricted sense of the term) and the
so-called potato bacill, No sharply defined limit ecan be drawn between these
two groups, In the same category must also be included one of the two species
of bacteria which were 1solated in 1894 by W Kzprowskr (I) from a butyric
. fermentation produced by a method approximating to that of Pelouze. In still
closer relation to the potato bacilh are a few anaerobic species isolated by
O. Futaer (II) from boiled milk, as also the Bacillus liodermos, frequently
observed by LoerrLER (ITI) in mmperfectly sterihsed milk,

§ 116.—The Genus Granulobacter.

Asg the reader will be aware, organic chemistry distinguishes between two
kinds of butyric acid, only one of which, vz, the propyl carboxylic acid, having
the subjoined formula—

OH, —OH,— CH,—COOH,

15, in the present state of science, known to result from butyric acid fermenta-
tion, on which account 1t 1s also called fermentation butyric acid. On the other
hand, the isomeric acid, which, 1n accordance with 1ts constitution—

CH, H CH,
>c< - ol COOH
CH, COOH o;!r,

18 also styled dimethylacetic acid or 1sopropyl formic acid, has not hitherto been
obtained by the aid of fermentation. However, not only the first-named acid,
but also the corresponding aleohol, viz., normal butyl aleohol,

OH;—CH;—CH,—CH,0H,

can be produced by the activity of fission fungi; so that we may also speak of a
group of the bacteria of butylic fermentation. In this connection we are
indebted to M. W. BexErINok (XII.) for some thoroughgoing researches, which
have not only brought new facts to ight, but also led to a more definite charac-
terisation and hmitation of a number of species of butyric acid bacteria. This
observer has given to the bacteria of butylic fermentation the common generic
name of Granulobacter, since they all possess the faculty of storing up granulose
in the interior of their cells, owing to which they are stained blue by 1odine.
The characteristics of this genus aie given by Beyerinck as follows ‘¢ Strictly
or temporarily anaerobic fermentative bacteria, which 1n a condition of complete
anagrobiosis become partly or entirely filled with granulose, and then assume
the clostridium form In presence of traces of oxygen, short motile rods are
quekly produced, which are stained yellow by 1odine. Endospores make their
appearance m the clostridia. They are able to remain unimjured for a few
seconds or minutes at a temperature of 95°-100° U. Among the products of the
fermentations set up by individual species of this genus are. carbon dioxade
always and hydrogen generally, but methane 18 never found ”

Granulobacter butylicum 18 the species producing butyl alcobol. It is pre-
sumably identical with Gruber’s Bacllus amylobacler I., and 18 frequently met
with 1 the flour of cereals. It 1s anaerobic, and produces from maltose normal
butyl aleohol, hydrogen, and carbon dioxide, but no butyrc acd; diastase is
formed concurrently, but not glucase. A spontaneous butyl-alecholic fermenta-~
tion can be set up by gradually adding to 100° c.c of boiling water as much
coarsely ground, unmifted, fresh barley-meal (from Hordeum distichum nudum)

I K



146 BUTYRIC ACID FERMENTATION

as will produce a thick gruel, and then cooling down to about 35° C. 50 quickly
that the final portion of barley-meal will have been exposed to 1oo: C. for a few
geconds only I'he mixture 1s kept at a temperature of 35°-37° 0. At the
expiration of twelve hours bubbles of gas will be perceptible, and the presence of
butyl alcohol will be manifest, by 1ts odour, after a further twenty-four hours.
If the aforesaid temperature be striclly maintained, almost pure Granulobacter
butylicum will develop 1n the hiquid, and a pure culture can be obtained there-
from, unhopped malt-wort gelatin forming a suitable medium, and one of the
methods deseribed 1n § 114 being employed. In this medium the fission fungus
in question will develop into milk-white, visco-mucinous non-liquefactive colonies.
The fermentations induced therewith (.. in unhopped malt-wort of not more
than 10° Sacch ), and which must be carried out in the absence of ar, progress
1n two stages so long as any free oxygen remains dissolved in the hiquid, deve-
lopment will proceed but slowly, only carbon dioxide and hydrogen (no butyl
aleohol) bewng produced. When the liquid 1s finally purified, then not only can
the appearance of the alcohol be observed, but also an unusually vigorous increase
of the cells, which will be found to be so full of granulose that a drop of the
liguad will become stained quite blue-black by iodine. The endospores, which
soon make thewr appearance, attain, with a breadth of 1 p, a length which may
be as much as 2 p This species 18 very sensitive to butyre acid.

A second species 18 Granulobacter saccharobutyricum, the true butyrie acid
bacterium, generally o called, and presumably identical with the Bacillus baety-
leus examimed by Fitz. It 18 more widely distributed and of more frequent
occurrence than the last-named species, with which 1t 1s associated on cerenl
graimns and 1n the green malt, groats, and flour prepared therefrom. It 18 this
species, also, which occurs, and gives rise to damage, 1n badly prepared distillery
yeast-mash. Glucose and (but with greater difficulty) maltose are decomposed
by this species, butyl aleohol, carbon dioxide, and hydrogen in variable propor-
tions being produced, in addition to butyric acid. From a morphological point
of view, 1t 1s closely allied to the first-named species, but the spores are some-
what smaller ; also, like the other, 1t does not liquefy gelatin Probably 1dentical
with, or ab least very closely related to G. succharobutyreum 18 an anacrobic
ferment (Bacillus butyricus), 1solated by 8. Botkin (L) from Berlin and Breslau
mulk, and also frequently noticed by Frucee (II.) in market milk.

Granulobacter lactobutyricum 18 probably dentical with the organism causing
butyric acid fermentation 1n ealeium lactate, desciibed by Pasteur. When culti-
vated in the ahsence of air, 1t grows 1n the form of plump, short clostridia, which
stain violet-blue (not pure blue) with 1odine and convert calaum lactate into
butyrate, hydrogen and carbon dioxide bemng liberated. The endospores are
smaller ana shorter than those of the first-named species. When kept in
presence of air, this organism converts calcium lactate into large spheroidal
crystals of the carbonate, and 1n this case takes the form of slender short rodsy,
resembling those of Bacillus subtils and staining yellow with i.odine  From the
fact, 1ecorded by Beyerinck, that this species 1n a state of pure culture dies out
after several re-inoculations, whether air be adymtted or excluded, 1t may be
presumed that the organism needs for 1ts prosperous development the symbiotic
association of another, still undetermined, species of fission fungus.

Granulobacter Polymyxa 18 frequently found on cereal graing, and 18 pre-
sumably1dentical with Prazmowskr’s Clostrideum, Polymyza. Thisspecies develops
most satisfactorily 1 an unrestricted supply of air, and then assumes the form
of motile rods. When the acration 18 deficient, spore-bearing clostridia appear,
and a weak fermentative action 1s noticeable, a small quantity (traces) of butyl
alcohol, together with carbon dioxide, being formed, but neither hydrogen nor
butyrie acid —The Leptothrur buccal:s, very fiequently found 1n dental mucus,
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and whose thread chains are generally stained blue by iodine, is also classified t
Beyerinck along with the Granulobacteria.

§ 117.—The Equation of Butyric Fermentation

is set out in a very simple form i1n most text-books on chemistry, that for th
decomposition of the hexoses (glucose, &c ) being given as follows—

CgH30q = 2H, + 2C043 + O;HgOy
or with lactic acid (or 1ts lime salt) as the raw material—
2O:leos = ZHQ 4+ ZGOg + C¢HHOQ

In the preceding paragraphs we have, however, made the acquaintance of ¢
very large number of bacterial species with divergent methods of action, 50 that w
must at once admit that a general equation for butyric acid fermentation is nob b
be thought of  All that can be hoped for 1s the discovery of more a.ccqratel;
defined equations for each of the various species and their characterisation, a
e.g., the equation for the fermentation set up by Granulobacter sacckarobutyrcum
and 50 on. Nevertheless, even this limitation 18 not sufficiently strict, as wall be
evident from what follows

L. Prrprix (I ) examned the fermentative capacity of an anadrobic spore
bearing butyric acid bactertum (clogely allied to Botkin's Bacillus butyricus)
which he 1solated from the water in the Paris mains and named Bacill
amylozyme by reason of 1its property of bringing starch into solution (sacchari
fication). When grown in a meat-broth contamning glucose and calcium car
bonate, with exelusion of air, this fission fungus produces acetic acad and butytic
acid, 1n addition to hydrogen and carbon dioxide. The mutual ratio of these
four fermentation products changes with the increasing age of the culture. In
the first three days 1t can be approximately expressed by the equation

56CeH,.05 + 42H,0 = 156H; + 114005 + 39CsH,0; + 36C HyOy
but later on by the equation
46CsH 30, + 18H,0 = 112H, + 94C0; + 15C,H,04 + 380,05

Finally, the transformation becomes simplified, acetic acid being no longer
produced, and the sugar then splitting up very nearly as follows.

CgH10q = 2Hy + 200, + CslfeO;p

Similar ratios were established for the fermentation of saccharose and lnctose,
which 18 not preceded by inversion Starch 1s, as already mentioned, snccharified
by the Bacille amylosyme, and 18 then fermented, amyl alcobol and ethyi alecohol
bemg formed.

Along with these Schwsomycetes must be ranked the Bacillus suaveolensy
described by Soravo and Gosio (I), which converts starch into dextrin and
glucose, and ferments these with excretion of alcohol, aldehyde, formic acid,
acetic acnd and butyre acid, which then partly umte to form sweet-smelling
esters. Butyric acid bactera that produce aromatic substances as well are
mmportant for the ripening of cheese, being essential for the development of the
characteristic odours of the various kinds of cheese. However, i this matter
our knowledge 1s stall only in a rudimentary state. E. voN FREUDENREICH (I.)
separated from milk a Closirdwum foetadum lactis, which develops, 1n this
medium, an odour resembling that of Lamburg cheese, and the same observation
was made by H Weiemas~ (I) The Bacillus saccharobuty wus, 1solated from
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so-called ‘ Quargelkase” (small country cheese, a sour soft variety) by V. von
Krrorr (L), and examined by him for its fermentative power, also belongs
hereto. )

The influence of the age of the organisms used as ‘“seed ” and the reaction
of the nutrient medium on the progress of butylic fermentation was shown by
L. Grrmperr (L) in the case of the anaerobic Bucillus orthobutylwus. This was
1solated as a pure culture from a fermenting aqueous hqud containing caleium
tartrate and leguminous seeds, the said salt being, however, as little affected by
the bacillus as 18 calcium lactate. On the other hand, saccharose, lactose,
maltose, invert sugar, glucose, and the like, form favourite nutrient substances,
normal butyric acid, acetic acid, normsal butyl alcohol, and a httle 1s0-butyl
alcohol, together with hydrogen and carbon dioxide, beng the products of
fermentation. The ratio of these products is found to depend on the reaction
of the medium, the yield of butyl alechol increasing and that of butyric acid
diminishing with the increased acidity thereof, whilst the amount of acetic acid
remains unaffected. In harmony with this determination 1s the further fact
that, ag the age—and concurrently the acid content—of the fermenting hqud
increases, the amount of buty! aleohol produced per umit of time becomes larger.
8o far as the age of the ‘‘ seed ” (z.e. the germs and organisms transferred in the
process of inoculation) is concerned, it 1s found that, as regards the produc-
tion of butyl aleohol, the fermentative power of young cultures 1s greater than
those of more mature age~—Sundry experiments in the technical preparation
of butyric acid by fermentation were made by L. Lzprrer (L), but these leave
much to be desired from a bacteriological point of view.

The faculty of producing starch-dissolving enzymes is widespread among the
bacteria, and 18 1 no wise restricted to the above-named species. Our know-
ledge of these amylases or diastases (in the general sense) is, however, still 1n
1ts mfancy. In this connection we may refer to a treatise by Bryerinox (XIII.)
on glucase, the enzyme of maltose. After J WortmANN (I ) had already, 1n 1882,
made a few investigations thereon, but only m bacterial mixtures, Or. Feru (IT)
approached the matter more clogely 1n 18gc According to his observations
(made exclusively with pure cultures), diastatic enzymes are excreted by the
following species * Bacllus subtidis, B megatherium, B. anthracs, B. tetragenus,
B, ramosus, B. Fuzanus, Vibro cholere asiatice, and others ; this faculty being,
on the other hand, lacking 1 Bacllus pyocyaneus, Micrococcus prodigrosus, &e.
According to the researches of A. Viruiers (L.). there occurs among the fission
products of the action on starch paste of a fission fungus belonging (presumably)
to the group of Granulobacteria, a small quantity (o 3 per cent, of & new carbo-
hydrate, known as cellulosin, which has the formula C,;H, 0, + 3H,0.—The

 starch-dissolving action of bacteria also probably comes into play 1n the prepara-
‘tion of the aleoholic beverage known in Central America as chicha. V. Maz-
waNo (I ) states that this liquor is prepared by steeping maize for four to six
hours 1n water, then boiling for a short time, and afterwards leaving the mix-
ture to settle, whereupon a brisk fermentation quickly ensues. More accurate
information respecting the fission fungus concerned 1s still lacking.

§ 118.—The Fermentation of Cellulose.

To dissolve and get rid of what has ceased to live 18 (according to an
appropriate remark made by Pasteur) the task of the fungi in general, and of
the fismon fung: in particular. Without their activity the circulation of the
eloments of which the orgamec world is constructed would quickly come to a
standstall, and the surface of the earth become in a few years thickly covered
with the dead bodies of amimals and plantg. Respecting the constituents of the

\
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latter a few words will now be devoted to the fate of the Cellulose, of which the
greater part of the cell walls of plants is composed. Here the question arises as
to how the carbon 1n this substance 1s set free again, and the gradual, and finally
complete, accumulation of this element 1n a useless form prevented In this
case once more assistance 18 afforded by bactera, which split up the cellulose and
remove 1t out of the way.

E MirsorErnior (I) was the first, in 1850, to comment on the natural
decomposition of cellulose, by expressing his opinion that it was attributable to
the fermentative activity of vibrios. The probability of his view was increased
by Popoff’s (I) discovery in 1875, that this decomposition process can be
moderated or completely arrested by the addition of substances pomsonous to
bacteria A closer investigation of the organisms in question was undertaken
two years later by Van TizerEM (IV.), who gave them the name of Bacillus
amylobacter, and (V' ), from microscopical examination only, declared them
1dentical with Pasteur's vibrion butyrique

It would be useless at the present time to argue on this assumption, since
both observers worked with what were probably complex mixtures of several
gpecies, certainly not with pure cultures On the other hand, Van Tieghem's
further demonstration that petrified cells of (morphologically) similar fission
fung are also to be found 1n the fossil conifers of the Uarboniferous period is
worthy of mention.

A H., O Vax Senxvs (I), 1n 1890, endeavoured to obtain a pure culture
of the organism giving rise to cellulose fermentation, According to him, a
gymbiosis of two species 18 here in question, the one of them—which he named
Baeillus amylobacter—occurring 1n the form of rods 0.8-1 u broad and 2—10 p1n
length, which, under special conditions, are stained blue by 10dine. When awr1s
ndmitted they form endospores, which then germinate only when air 18 excluded.
The second of these symbiotic spectes 1s of much smealler dimensions, and is
by itself, like the B. amylobaoter, incapable of fermenting celluloge. For this
purpose the conjoint effect of both species is necessary, an enzyme being then
excreted which dissolves the cellulose Van Senus isolated this enzyme, and
demonstrated 1ts solvent power on cellulose by applying the alkaline solution
(containing chloroform in order to suppress bacterial growth) to the cell walls of
slices of beans.

V. Oyeriansky (L.), in 18935, obtained very different results He inoculated
a mineral nutrient solution (containing potassium phosphate, magnesium sulphate,
ammonwum sulphate, and chalk), in which strips of Swedish filter-paper were
held in suspension, with a small quantity of mud from the Neva, and then kept
the whole at 30°-35° O, air bewng excluded. Fermentation rapidly set in, the
strips of paper gradually becoming thinner, and finally disappearing altogether.
By repeated transferences of small portions of the fermenting liquid to fresh
gterile media the ferment was purified, and finally brought into & state of pure
culture by anaerobic cultivation on discs of boiled potato Omelansky describes
the organism as an unusually slender bacillus, measuring only o.z to 0.3 p in
breadth for a length of 6—7 p, and forming terminal globular endospores 1 p in
diameter, whereby the pole at which the spore occurs 18 swollen up.

As 10 many other directions, here also, in the case of the fermentation of
cellulose, the extension of our knowledge 1s dependent on the elucidation, still
to be made by chemisty, of the composition of the substances subjected to
mvestigation for the products they yield on fermentation. At the present tume
the essential requirement that the ferment shall be used n a state of pure
culture 18 almost fulfilled, but so far as the purity of the cellulose to be decom-
posed 18 concerned matters are by no means on a satisfactory footing. ERNsT
Somuwza (I), n 1895, 1n a treatise setting forth the present state of our know-
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iech (and one well worthy of perusal) shows how very divergent
Lﬁg:hznsi%:tizzﬁciv(hwh now bear the name of “cellulose ” He separated a
pumber of these, and collected them 1nto the group of hemicelluloses, distingwshed
by their solubility 1 hot dilute mineral acids, whereby they are converted into
glucose, whilst the remaining celluloses do not undergo this change. Considering
how dl\;argent these substances are, 1t 18 not surprieing that different imnvestigators
do not always obtam concordant results as regards the.products of cellulose
fermentation 'This decomposition occurs on & large scale in the mud of marshes
where there 1s no lack of decaying plants, and where, moreover, the other
conditions are favourable It has long.been known to chemists that, in such
water, a somewhat copious discharge of gas bubbles rises out of the ground,
which discharge consists for the most part of methane (OH,), ze. 1:.he gas to
which the name of marsh-gas has been given, from the places where it 18 found
in Nature. OUarbon dioxide 1s also liberated at the same tume. The proportional
quantity of the two products was reported in several analyses communicated by
Pororr (I) 1n 1875, and more accurate researches on the same point were
published by Horre-Sevier (I) 1 1886 The latter kept, with exclusion of
air, either mud from marshes and rvers, or else clean paper 1nqcula,ted Yv1th a
httle mud and then distributed in water, and demonstrated that in the mixture
of gases evolved therefrom methane predominated greatly at the outset, but
thereafter gradually dunimshed to the proportion 1:1, so that Hoppe-Seyler,
being unable to discover any other decomposmtion products, expressed the
opinion that the cellulose is hydrolised by the action of the bacteria—which from
mieroscopic examination he asserted to be the same as Van Tieghem’s Bacillus
amylobacter—and 1s then split up mto equal volumes of methane and carbon

dioxide, according to the equations—
CyHl105 + HpO = CyH0y
OgH;404 = 3C0, + 3CH,

He found the ratio different when sulphates (gypsum, &e.) or ferric salts
were present 1n the water or mud. In such case the nascent methane, by 1ts
reducing action on these salts, converts them into carbonates, sulphuretted
hydrogen being liberated, according to the equation—

08S0 + CH, = CaCO, + H;S + H,0

The sulphuretted hydrogen 18, then, under natural conditions, acted upon by
the sulphur bacteria which are always present in such waters. This will be
dealt with in chapter xxxv.

The importance of cellulose fermentation 1n the physiology of nutrition
(especially of cattle) must also be briefly adverted to The opinion long held by
Emil Wolff, that the vegetable fibres consumed with the food pass out of the
alimentary canal unaltered, was contradicted, 1n the case of rumnants, as far
back as 1854, by Haubner, who showed that even in the case of sawdust and
paper pulp mixed with the fodder, only a portion (less than Lalf) was expelled
again in the excrement, a fact confirmed by the exhaustive researches of Henne-
berg and Stohmann, The difference between the amounts of cellulose (crude
fibre) taken 1n and rejected was highest 1n the case of ruminants (up to 75 per
cent ), being only 5o per cent. at most 1n horses, and stall less m the human
subject and 1n swine  In carnivora (dogs), on the other hand, no such difference
could be detected. The quantitres of cellulose thus disappearing in digestion
were, 1t was thought, digested, and were regarded as approximately equivalent
in nutntive value to the soluble carbohydrates A number of animal physio-
logists maintammed that the cellulose was dissolved by an intestinal enzyme,
which, however, was sought for 1 vain. The earligst reljable determinafions
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on this point were made by H. TarreiNer (I) in 1884, who showed the fate
of all cellulose taken into the body and not evacuated in the feces to be, not
digestion and absorption nto the aiteral cuculation, but fermentation into
marsh-gas. The operation, however, does not proceed exactly according to the
above equation, but yields, in addition to methane, volatile fatty acids (chiefly
acetic acid, then butyrie acid, &e¢ ) Bearing this :n mind, this decomposition
process cannot be regarded as totally without valuefor the animal body, although,
naturally, the coeflicient of digestibihity, hitherto usually assumed, necessarily
suffered considerable depreciation Moreover, this process 1s indirectly favour-
able, 1n so far that, by the solution of the cell-walls, the cell contents of the
vegetable nutriment are laid bare, and thus rendered more readily accessible
to the digestible fluuds. Although by this discovery the chief source of the
intestimal gases so copiously evacuated by herbivorous animals 15 made manifest,
still 1t should not be assumed that the methane therein 15 exclusively derived
from the fermentation of cellulose, since Ruge and Planer proved that, even in
cases of a purely flesh dief, methane 13 to be found in the intestinal gases (of
man and the dog).

Oellulose fermentation also plays a pait in the preparation of brown hay,
sweet ensilage, and sour fodder, considered i1n chapter xxvn, where 1t forms
one of the causes of the great loss of matter inherent in these processes, in
connection wherewith reports have been made by Waewske, O. Keliner,
M. Maercker, and others. This process also goes on—as shown 1 1884 by
P. Derfraiv (L) and U Gavon (I.)—in manures If, favoured by special
circumstances, 1t proceeds more rapidly than the decomposition of all the other
(and especially the nitrogenous) constituents, then an irregulaily fermented
product—deficient in the fibres necessary to impart porosity to the mass—and
known as fatty manure, 1s the result

The evolution of marsh-gas and bydrogen by the agency of bacteria also
occurs, not 1nfrequently, in other situations; for instance, in the diffusers in
sugar-works, and very often so strongly that the amount of gas suffices to
produce powerful explosions when the diffusers are incautiously approached
with a naked light. The teaching of experience, that frozen beet 15 particularly
liable to such a form of decomposition, 18 probably explicable by the arcum-
stance that such beet cannot be entirely freed from adherent particles of soil,
and the ferments present therein. It 1s also concervable that, by the agency of
frost, the pectins 1n the beet are transformed into a more readily decomposable
condition. On this pownt a few observations have been made by Millot and
Maquenne, and, more recently, by P Demiiramv (II'), more acourate investiga-
tions thereon are, however, still lacking.

§ 119.—The So-called “ Retting ” of Flax and Hemp.

The present forms the most fitting occasion for making a few explanatory
remarks on this matter As 1s well known, 1t 18 the bast fibre of these plants
that 13 referred to when hemp or flax 1s spoken of in the textile mndustry In
order to lay these fibres bare and obtain them in a pure state, 1t 18 necessary to
dissolve the intermediate 1ntercellular substance (the so-called central lamells)
—which conssts, not of Pectose, as stated by J. Kolb, but (accofding to the
researches of Mangn) of calctum pectate This can be effected by chemical
means, by a (patented) process which Baur successfully introduced 1nto Silesia
on a laige scale in 1882, and which consists mainly in treating the plants with
very dilute sulphuric acid, and then neutralising the adherent acid by a weak
alkal: bath. The solution of the cementing calcium pectate can, however, be
brought about by a fermentation, known as ‘‘ retting,” that has been practised

i
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from remote ages without any special knowledge of the more delicate pro
involved  According as the moisture necessary for this fermentation (or fc
development of the fission fungus effecting the same) 1s mparted to the ri
gtalks by means of dew, sprinkling them with water, or by immersion
process is known as dew-retting, water:retting, or, finally, mixed retting.

With reference to the bacterial species taking an active part m this pr
Vax Treeaey (V1.) in 1879 expressed the opinion that they should be ass
to his Baoillus amylobacter, which he, as already mentioned, also regarded ¢
cause of cellulose fermentation. The inaccuracy of this view 1s evident,
if the retting (Fr rouissage, Ger. rosten) of the flax were mainly a proc
celluloge fermentation, there would not be much of the fibre (which chiefly
msts of cellulose) left. It was V. Fribes who—working under the dire
of 8 WiNoaRADSEY (I.)—in 1895 clearly proved the true state of the cas
made known the active agent of this pectin fermentation. This orgamnist
fairly large-celled species, occurring 1n the form of rods, which, when y
have a length of 10—15 p with a breadth of o 8 p, but subsequently be
broader )1 ), and swell up to a thickness of 2 p at the one end (tadpole sl
where a long endospore (1 2 x 1.8 p) 18 developed. This (anaerobic) bacillt
not grow on gelatin, but when supplied with nitrogenous food in the fo
peptone will ferment glucose, saccharose, lactose, and starch, leaving these,
ever, untouched when the peptone 1s replaced by ammonia salts, On the
hand, even 1n this latter case, any pectin bodies that may be present, .e.
and pectic acid, are fermented, and thut, too, even more readily than the
hydrates already mentioned The organism, however, has no action on cel
and gum-arabic. When clean portions of plants, previously washed, first
acidified, and then with faintly alkaline, water (free from bacteria), are ex
to the action of pure cultures of this bacillus, they quickly lose the g
portion of their pectin content, the loss of weight they suffer being a
exclusively due to this cause. As reported by E. Prurr (IL), 2 paten
been obtained in the United States by Allison and Pennington for the m
tested by them, whereby the retting of flax can be effected in a fow days i
class of water by the addition of malts promoting the growth of the d
ferment Perhaps an inoculation by water from a locality—such as the
Lys, a tributary of the Scheldt—where flax-retting is extensively carried
also to be made.

v

$ 120.—The Rancidity of Fats, particularly Butter,

will be briefly dealt with here parenthetically, as there is no other appropriate
for 1. The characteristic indication of this well-known phenomenon s an in
in the percentage of free acids (chiefly the volatile acids, butyrie, caproic
This may be attributed to four different causes' (1) The activity of lact
bacteria converting the residual lactosein the butter into lactic acid, which
18 then transformed into butyric acid by Granulobacter lactobutyricum ; (
decomposttion of albuminoids (casein) by bacteria capable of forming b
acid therefrom, (3 and 4) the dissociation of the fats into glycerin anc
fatty acids, either by bacterial agency on the one hand, or by the action of
and awr on the other. The preponderance of one or other of these .
depends on the attendant eircumstances.

E Ducraux VI) rendeied valuable service in demonstrating the inf
of air on the fatty matter of butter and cheese, and by showing tha
wnfluence 18 twofold, viz., it first, by saponification, breaks the matter u
glycerin and fatty acids, and then converts the latter (especially oleic acic
oxy compounds. In the dark, and 1n presence of a copious supply of air, s
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fication predominates, the butter then smelling strongly of butyric acid ; but if,
on the contrary, the oxidising action gets the upper hand, then a tallowy flavour
18 the result.

A recognition of the influence of light and air does not necessarily imply that
bacteria play no active part in rancidity. This latter view was maintammed by
H.Sorowz (I1.) 1n 1878, but was afterwards denied by E. Rirsert (I ), Arara (I),
and others 'With reference to the careful work performed by Ratsert, 1t should
be remarked that the main point is in the treatment of the question as to the
occurrence of rancidity in the absence of micro-organisms The afirmative
answer thereto does not, however, mvolve the conclusion that theiwr activity 1s,
under natural conditions, unimportant for the development of ranaidity. The
action of the lactic acid bacteria can be illustrated by a practical example
afforded by the so-called Pariws butter. Thisis a particularly stable product, and
is prepared from sweet cream, which, before churning, is heated to nearly roo® 0.
and then rapidly cooled again, whereby the fission fung: just mentioned are
kulled The bacteria which spht up the glycerides in butter include one which
R. Krueaer (I.) 1solated from butter that had become cheesy, and which he
named Bacillus fluorescens non houefaciens

Investigations on the breaking up of fats by bacteria, which process 1s of
medicil 1nterest 1 connection with the putrefaction of dead animals, were con-
ducted by G. voy Sommarvaa (I), chiefly with pathogenic species, only a few of
which were found to possess this power Among these may be mentioned
Bacillus typh abdominalhis, B. pyocyaneus, Mici ococcus telragenus, Vibro cholerce
asatice, Denscke’s spurillum, and others. On the other hand, Bacilus mega-
therwm and B. subfiis do not possess it.



CHAPTER XIX

THE PRESERVATION OF MILK.

§ 121.—Dirt- and Germ-Content in Milk.

TaE sterilisation of milk 1s excessively difficult, because this hquid 18 particularly
liable to 1nfection by very hardy germs. Even when yielded by a healthy cow,
the milk, on 1ssming from the udder, 18 already infested with bacteria When
milkang 18 ended, a small quantity of milk 1s left behind 1n the lacteal ducts,
and 1n this there settle a number of bacteria which make thewr way from outside,
are favoured 1n their development by the high temperature, and become in-
corporated with the subsequent flow of milk. In addition to these are the
innumerable bacteria originating i the dung and adhering to the udder. Both
groups consist mainly of species very tenacious of life, derived from the soil and
entering the alimentary canal along with the fodder They pass through the
intestines unhurt, are conveyed with the dung on to the udder and the hands of
the milker, and then imnto the milk, where they flourish exceedingly The dut,
adhering to the cows, and 1tself infested with bacteria, 18 partly disseminated as
dust through the air of the cowhouse, so that this also 1s impregnated with
bacteria, and yields up no small quantity to the milk For investigations on
this point we are indebted to G. J LrurvEn (I), who held sterilised flat glass
dishes open, for a second, above the edge of a mulking-pail into which milk was
being drawn from the cow, and then introduced into the dishes some lhquefied
nutrient gelatin, wherein the germs present in the basins developed 1nto colonies,
and could therefore be counted In this manmner 1t was proved that, in the space
of one second, from 44 to 1210 germs, according to circumstances, were deposited
in an area of 1 square decimetre (100 sq cm , or about 16 square inches),

The amount of the germ-content 1s thus primarily determined by the degree
of contamination prevailing in the cowshed, a criterion of which is afforded by
the amount of dung constituents present in the milk This estimation was first -
attempted by RENk (I ), who found, for instance, in the market milk of Halle-
on-Saale, some 75 mg per liire; 1 Berlin milk, 10 mg ; and 1n Mumch milk,
9 mg. of such milk-dirt, the highest quantity amounting, at Halle, to o 362 gim.
per litre.  If the milk be treated in the centrifugal machine, in order to remove
the cream, the dirt 18 separated, and collects, along with casein, bacteria, &e., as
a coating, sometimes granular, at others mucinous, on the walls of the inner
drum, and is generally known as milk-sludge It consists of about 26 per cent.
of albuminoids, 67 per cent of water, &c, and 1s relatively much richer in
bacteria than the milk. O. Wyss (I') was the first to mvestigate this mud, and
the quantity separated was found, 1n a case exammned by Nrepresraor (1), to
amount to 43 grms. per hectolitre (shightly more than 30 grains per gallon)

The connection between the content of dirt and of germs in milk was shown
1n particular by Unt (I ), 2 few of whose figures are now given

Dirt Number of Germs
Sample No. Mg per Litie Perce
T 36 8 12,897,600
3 207 7,079,820
6 . 52 3,338,775
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Sundry researches on the germ-content of eow-dung, and on its dependence
on the dietary, were carried out by E WiraricEand E von FreupENRELOHE (1)
They found up to as many as 375 millions of bacteria per 1 gram of fresh fecal
matter, the majority consisting of Bacterium cols commune, along with some
3 millions of hay bacilli and others ~ An equal weight of the hay used for fodder
contained about 7% milhons of germs, of which about one-fourth were bay bacilli.
Sour brewers’ grains (forty-eight hours old) yielded 375 million colonies.

The germ-content of fieshly drawn milk increases very rapidly during trans-
port to the centres of consumption, as also during storage, ¢ ¢ 1n milk-shops A
number of estumations have been made in this connection, a few of which, by
FrevpenrercE (I1), are subjoined. In these, the mnflugnce of the length of
storage 1n conjunction with the prevailing temperature 1s taken into account.

Number of Germs per e.c.

On awival 1o the Inboratory (two and a half hows after milking), 9300

Stored at
Duing
15° 25’ 35°C
3 houla 10,000 18,000 30,000
" . 25,000 172 000 12,000,000
9 . 46,500 1,000,000 35,280 000
24 . 5,700,000 577,500,000 50,000,000

A milk with an nitial germ-content of g3oo will be reckoned poor in bacteria
when 1t 18 known that J. v GEUNS (I') found 2 5 million bacteria per ¢ ¢ 1n fresh
samples of Amsterdam milkk The reproduction can be moderated, but not
arrested, by cold, because, as we have seen 1n § 61, milk contains also sundry
species of bacteria capable of development at o° C. Therefore if 1t be desired
to prevent the decompositions set up by these organisms, 1t will be absolutely
necessary to kill the germs.

§ 122.—The Part Played by Milk as a Carrier of Infectious Diseases.

The aforesaid requirement 1s really imperative 1n view of the fact that disensed
cows—which the owners often fail (or refuse) to recognise as such—yield milk
containing pathogenic bacteria  And this apples particularly to tuberculoss,
from which complamnt (on & moderate computation) one cow out of every five 1n
Germany suffers. As reported byd Om Bay (I ), on the authoiity of a compila-
tion made by the Danish pathologist B Bang (to whom 1s due the honour of
clearing up this question), out of 132,294 head of cattle exnmined 1n the Copen-
hagen slaughter-house between 1891 and 1893, no less than 23,305 (some 17.7
per cent.) were recognised as tuberculous by macroscopic examination alone
According to the researches of Dr Martin, reported by R. Cxorr (I.), one out of
every thirteen samples of milk exposed for sale in Paris contains tubercle bacilh,
and from the results obtained by Dr. Schroeder 1n Washington, at least one 1n
every nineteen samples of milk sold 1n that eity contains a sufficient number of
tubercle bactlli to produce infection. For the microscopie investigation of the
(specifically heavy) tubercle bacilli in nulk, the sample, previously prepaved by
skimming and clarifying, is separated, by centrifugal force, 1 strong test-tubes,
for which purpose special processes have been designed by Tmtrxer (I.) and
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Trgwwitecr (I). K. OBERMULLER (I ) examined Berlin market milk in this way,
and recogmsed it as infected with tubercle bacilh in a high degree. In this
connection 1t should be remarked that, according to determinations made in 1896
by A. Buzuivg (L), goats are also liable to this disease, and therefore cannot be
considered as 1mmune.

The extent of the danger attendant on the consumption of unboiled milk 1s
not sufficently illustrated by the foregoing particulars, which are only concerned
with the possibihty of infection by such bacteria as are pathogenic for men and
animals, 1 6. tuberculoms, anthrax, and so on. Mailk is, however, also a frequent
carrier of typhus bacll, which fission fungi (almost exclusively pathogenic for the
human subject alone) find thewr way into the milk, erther directly from dizeased
mulkers or milk-dealers, or from the milk vessels being swilled out with water
containing these microbes. Farmyard wells are fraequently very close to dung-
halls, cesspools, and closets, and if typhus breaks out on such farms, then the
well-water very soon becomes impregnated with typhus bacilli by means of feecal
matter Proofs of this exist by the dozen. The first rehable observation on this
subject was made by Ballard in (870, when an epidemic of typhus broke out in
Ishngton, 67 houses and 167 patients being infected. A careful investigation of
all the cases led to 1ts being traced to a farm-house from whence the milk supplied
to the infected families was derived, and there the closet cesspool was found to com-
municate (through rat-holes) with the well, the water from which was also used
for cleansing the milk-pails. To this first instance two others of recent date may
be added One of them was investigated by Pavr Sommior (I.), and arouses
Interest because it treats of the inmates of & prison, where communication with
the outer world 1s much easier to trace. In two prisons in Strassburg (Alsace),
where typhus had not recurred since the Franco-German War, 1t broke out again
1n 1890, and that, too, among a section of the nmates who had partaken of malk
derived from a neighbouring village where the disease was rife The epidemic
died out when the supply of milk from this source was prohibited. A second
equally convincing 1nstance was observed by Reicu (I% m 1892. Rowranp (I.)
found hiving typhus bacilh mn an Indian milk-comestible (known as ¢ Dah1”) —
The so-called explosive occurrence of this rapidly extending pestilence in & healthy
neighbourhood 18 thus explained by the fact of its germs ganing access to the
system with the food. Finally, milk is also a carrier of certain diseases that are
recognised as 1nfectious, but whose exciting agent has not yet been discovered,
¢.g. scarlet fover—a case of which 18 recorded by W. H. Power (I.)—and foot~
and-mouth disease.

§ 123.—Boiling Milk.

The particulars given sufficiently evidence the necessity for killing the germs
present 1n milk. Exzperience teaches that a short borling suffices to doestroy the
pathogenie organisms, the tubercle bacilli being—according to the researches of
J. Forster and 0. Ds Max (I ), and of Boxmorr (I.)—killed by the action of a
temperature of

55: C. 1n 4 hours, 8c° C. in 5 minutes
6on 0. , I hour 90° 0. ,, 2 "
65° C. ,, 15 minutes 95° 0. ,, I minute.
70°C , 10 ”

The cholera bacteria and typhus baailli are, as proved by Gzuns (II.), capable
of stull less remstance, and are therefore knlled much more quickly than the
tubercle bacilli by a treatment expressed by the above figures. Ouly a single
patl}ogemc. species can withstand the short boiling to which milk 1s ordinanly
subjected in domestic management, and this is the anthrax bacillus (spores).
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The danger incurred on this account 1s, however, shight, since this microbe only
forms spores 1n presence of oxygen, and therefore not within (the arterial circu-
latory system of) the animal body. Even in the worst case, therefore, only the
vegetative forms (easily destroyed by boiling) of this microbe can find thewr way
into the milk from the body of the cow, and, on the other hand, the intro-
duction of these germs from external sources 1s hardly to be feared According
to the researches of O. Caro (I.), the virulence of spore-free forms of growth of
Bacillus anthracis 1n mlk disappears within twenty-four hours at a temperature
of 15° U, a circumstance attributable to the injurious influence of the lactic
acid gradually formed mn that liqmud. The spores, however, completely retain
therr vitality under these conditions.

Among the bacteria present in unboiled milk, the species inducing lactic
fermentation are never lacking, and it is to these that the souring of milk is
due. The fact that they are destroyed by boiling explains why boiled milk will
keep, without alteration, a much longer time than 1s the case with unbeiled milk.
In addition to the species already mentioned there is present a third group of
Sehwzomycetes forming spores very tenacious of life, which withstand boilng,
and germinate when the milk 18 kept at a moderately warm temperature. The
resulting rods having, by the process of boiling, been freed from the presence of
sundry inconvenient associates of other species, then develop and 1ncrease
rapidly, setting up a brisk fermentation whereby a large volume of gas 18
Iiberated. The 1mportance and extent of this fact first becomes clear 1n the case
of suckling infants.

§ 124.—The Soxhlet Bottle.

‘With the continual extension of enervation the number of mothers unable
or unwilling to suckle thewr 1nfants increases from year to year. How far the
natural nourishment thus withheld 1s superior, 1n point of chemical composition,
1n the various periods of lactation to any artificial medley cannot be expounded
here. From the bacteriological standpoint 1t may be regarded as almost perfect.
If the mother be healthy in body, then the mlk absorbed by the child at the
breast 18, according to the researches of T, RinceL (I.) and others, almost entirely
free from bacteria of any kind. The expression ‘almost free” is used advisedly,
since the milk generally contains a small number, originating in the air and
making their way mto the lacteal ducts of the mammary glands, where they
mncrease. The necessary hygienic treatment of this organ by the young mother
will greatly contribute to the child receiving the best nourishment both bae-
teriologically and otherwise. To return, however, to those other matrons who
bring up thewr infants on the bottle, filled with boiled and sufficiently cooled
milk The stomach of the young child bemng small, whereas the amount of
material required for the growing body 1s large, the infant requires frequent
supplies of small quantities of nourishment. Generally, for the sake of con-
venience, a sufficient quantity of milk for the whole day 18 boiled at once, portions
of this being teken from time to time asrequred Through ignorance on the
part of the mother, or by the careclessness of the nurse, it often bappens that
this food 1s supplied to the infant in a partially decomposed condition. A parti-
cular fault, frequently committed, 18 that the bottle, which has been lying for two
or three hours 1n the warm nursery, 18 refilled from the vessel containing the bulk,
without the residual milk from the preceding meal having been removed. That
such carelessness (frequent, though as constantly denied) must conduce to diges-
t1ive disorders requires no further demonstration, the high rate of infant mortality
from ntestinal catarrh being sufficient evidence.

For this reason 1t has been attempted to render milk stable by boiling it n
small bottles, holding just suffictent for a neal, and closing the same with a
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stopper {1mpervious to bacteria), which 18 removed only just beforeuse Thisis the
fundamental idea of the so-called Soxhlet method of sterilising milk, in which
several bottles are inserted in a movable frame and 1mmersed 1n a tin pan con-
taining water, which 1s thereupon kept on the boil for forty mnutes Soxmrer (L)
employs latterly, as automatic stopper, an indiarubber disc resting on the ground
mouth of the bottle, and prevented, by means of a loose-fitting tube, from
becoming displaced laterally. The gases and steam given off from the milk 1in
boiling escape 1nto the awr by foreing up the disc, and when the operation is
fimished and the apparatus 1s removed from the fire, this clack-valve is kept
tight by the pressure of the outside air, the partial vacuum within the bottles
being generally equvalent to roo mm of mercury This stopper not only pre-
vents access of nir, but also debars dealers or purchasers from opening the bottle
with fraudulent intent, since 1t cannot be closed again. This ensures the pur-
chasing pubhic receiving the milk 1n the same unadulterated condition 1n which
1t left the dairy. Similar to Soxhlet's method are those of Egh and Escherich, a
short deseription of which (as also of those of Soltmann, Berthng, Gerber, and
Stadtler) will be found 1n a comparative treatise by Emma Strus (1 ).

§ 125.—Germ-Content of Milk Treated by the Soxhlet Method.

The foregoing method would meet all requirements were the destruction of
the pathogenie and the lactic acid bacteria alone i question. However, as has
previously been mentioned, milk slso contnins very haidy bacterial spores, able
to withstand such a course of boiling as that specihed. The number of such
spores varies, and is greater in proportion as the degree of uncleanliness m the
attendance on the cows and 1n the operation of milking increases. These milk
bacteria (which resist the ordinary means of sterilisation) were investigated
with regard to thewr properties and action by 0. Frtaaes (I1). A few of them
are very widely diffused, but they do not develop below 18° 0. Milk sterilised by
mere boiling may therefore be rich 1n such bacteria and yet keep unaltered for a
long time at room temperature, though, 1f introduced into the alimentary canal
of the young infant, the hardy spores develop into rapidly-multiplymg bacilli
which decompose the constituents of the milk. In such case, not only are
copious amounts of gas, giving rise to considerable flatulency, formed, but also
powsonous decomposition products of albuminoid matter, which when fed to
puppies produce diarrheea attended with fatal results,

Bhe danger incurred from this cause 18 much greater for the nursing infant
than for the adult, not only because the latter organism 1s stronger, but also for
the further reason that the dietary of adults 18 a mized one, in consequence
whereof numerous other bacteria, inimical to those in question, are introduced
into the alimentary canal. On the other hand, the result of using such 1mper-
fectly and partially sterilmed milk 18 that the digestive organs of the infant,
nourished on milk alone, are converted into a veritable breeding-ground for
these poisonous microbes.

These bacteria are closely allied to the Bacillu, mesentericus vulgatus. Flugge
himself deseribed n number of such species, and S. Srerrive (I.) added five
new ones to the series, naming them—with reference to their chemieal activity—
a8 Bacllus lactis peptonans a, B, y, 8, ¢  Attention was drawn at an earher date,
by LorrrLER (II1.) and Emma Strub, to the frequent occurrence of B. mesen-
Zrracus vulgatus 1 milk,

Attempts have not been lacking on the part of dairy technicistsand bacterio-
logists to arrive at a method for anmhilatmg these pests as well A critical
examination of these methods cannot, however, be made here, but any reader
desuting fuller detnils 18 referred to a comprehensiwve exposition of the question
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compiled by H. WEeremaxy (II) At present, merely a single example will be
given, namely

$ 128.—The Method of Neuhauss, Gronwald, and Oehlmann,

which was tested by Perrr and Maassen (II) We have already, 1n a previous
section, demonstiated that 1t 18 not easy to render milk sterile in the strict
meaning of the word. The high and long-continued heating necessary thereto
18 sufficient to alter the chemical constitution of the milk i1n such a manner that
1t becomes almost unsuitable for nutiition The lactose, as P CaZENEUVE and
Hapoow (I') have shown, decomposes into dark brown fission produects (contain-
ing formic acid), with an empyreumatic flavour, the fat loses its emulsified
condition and separates out as cream, which cannot be made to diffuse again
even by shaking ; and the albuminoids are converted into a form very difficult
of digestion.

Neuhauss, Gronwald, and Oehlmann, calling to mind the information afforded
by the fractional method of sterilisation, sought to induce the hardy spores to
germinate, in order that the end in view might then be attaimed by moderate
means With this object the milk 1s placed 1n bottles with leose-fitting stoppers,
which are then put into a specially constructed case, where they are surrounded
by steam and allowed to remain for half an hour at a temperature of 80°~g5° O
This so-called preliminary sterilisation is once repeated, with the result that the
pithogenic and the lactic acid bacteria are destroyed, and the milk 18 then
left to cool gradually, whereby 1t passes through the degrees of temperature
favourable to the germination (f the surviving hardy spores On the following
day the samples are subjected (1n the same bath) to the so-called chief sterilisation
at 102° 0., and when this is finished the stoppers of the bottles are immediately
and simultaneously tightened up by means of an arrangement manipulated from
the outaude. The 1nstructions given to adhere to a temperature of 102° C prove
that the germination of the spores 18 not numericially complete, since, 1t this
were the case, & maximum of 100° O would suffice for the chief sterilisation, all
the vegetative forms quekly perishing at this temperature. If, h.wever, spoies
be still present at the commencement of the chief sterthising process, the
probability 18 by no means small that they will also be able to withstand the
ghort exposure to 102° U, and 1t may be anticipated that even this method will
not always accomplish its object. As a matter of fact, reports are not wanting—
6g that of M Brerson (I )—to the effect that milk samples assumed to have
been sterilised by the method in question have been subsequently discovered to
be in a state of decomposition, whilst Flugge was unable to confirm the
fuvourable 1eports given by Peti1 and Maassen, and Proter and WevL (I)

1n short, there 18 at the present time no practicable and certain method for
freemng milk (on a large scale) fiom gexms without at the same time seriously
prejudieing 1ts flavour and nutritive value  Since, then, the annihilation of the
hardy germs 1n this case 15 so difficult, attention 18 now directed to their
exclusion from the millk, the greatest care 1s therefore taken—by washing the
udder, hands, and milk vessels—to recure extreme cleanline s 1n the preparation
of “nursery milk” intended for infant consumption. The so-called sterilisation
then becomes a much easier task, the milk, drawn with such precaution from the
cow, being very poor in the above-mentioned gas-forming bacteria  As a ready
means of detecting the presence of these organisms will often be useful to the
scientihc adviser of a Dany Association, the fermentation flasks described by
F. Scrarrer (I ), T Smirm (1 and 1T ), and others, are therefore recommended
for the regular examination of the mulk supphed by the individual farmers
as regards 1ts content of the pests under consideration,
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§ 127.—The Content of Pathogenic Germs in Various
Dairy Produects.

A fow words must be devoted to the description of the treatment of skim-
milk 1n the factories of Dairy Associations As 18 well known, a large portion
of the fresh milk sent to the dary 1s not sold as such, but 18 employed for
butter-making. The skim-milk formed in large quantities during this process 1s,
in many 1nstances, partly sold per ss, and partly worked up into semi-fat and
skim.cheese, milk-bread, and the like. In other cases, the contracts made with
the members of the association stipulate that each shall have returned to him,
for feeding purposes, & quantity of skim-milk proportional to his deliveries of
new. Now, since 1n these large dairies the cream is removed from the milk by
means of the centrifugal machine, 1t follows that the milk from all sources
becomes 1intimately mixed up together, and consequently if any one parcel of the
milk 18 contaminated, the whole of the skim-milk will become infected thereby.
In this manner an epidemic hitherto confined to a single farm may, by means of
the returned skim-milk, be rapidly disseminated to all the other cowkeepers.
This has actually been frequently proved in respect of the foot-and-mouth
disease In this cunnection there 1s an increase in the number of supporters of
legialative action in favour of a compulsory heating of the skim-milk returned by
dairies to the farmers As reported by P. Viurn (L.), a Ministerial ordinance
has been in force in Prussia since 1894, prescribing that the skim-milk from
cows suffering from infectious disenses shall be either kept at a temperature
of 9o° O for at least a quarter of an hour, or be heated up to 100° U. before
being allowed to leave the dairy.

It 18 mmperatively necessary that the cream destined for bubter-making
should be freed from pathogenic germs  According to the concordant results of
the researches of I Hrim ?IV.), G Gaserrint (11.), and O. Roru (I.), the active
organisms of cholera, typhus, and tuberculosis present in the butter long retam
thewr vitality and power Now, a large proportion of the butter made is con-
sumed 1n a raw state i the form of bread and butter and the like, and if it has
been derived from milk or cream infected with pathogenic bacterin, its consump-
tion 18 attended with great danger. Consequently a velable prelminary
treatment of the cream to ensure the removal of these germs 1s 1n the highest
degree desirable. That this can be practically accomplished will be shown in
chapter xxim. which treats of the artificial souring of eream

The same requisition should also be 1mposed 1n the case of milk de~igned for
cheese-making, but at present this can ha dly be effected, because the treatment
required for Ialling the pathogenic germs lessens the samtabihity of the mulk for
the purpose in view, and also modifies the flora of the milk to such an extent as
to unfavourably influence the ripening process of the cheese prepared therefrom.
In fact, until we are in a position to mntroduce and earry on this process to its
completion 1n a rehable manner by artificially added ferments, the above named
requirement must necessarily remain unfulfilled. Fortunately the acid produced
by the ripening process forms an effective antidote, which checks the develop-
ment of the pathogeniec orgamsms, H. Wriomasy and G. Zinw (I') proved
that Bacillus (mbrio) choler e asatice perished within twenty four houis when
artificrally moculated on cheese.

As will be gathered from the preceding observations, the sterlising of mmlk
samples destined for the cultivation of o genims 1n the laboratory 1s a very
troublesome operation, since this necessitates an absolule freedom from gerLms
In order to obtain this result, the samples are exposed for ten to fifteen minutes
to steam under pressure, at a temperature of rz0° U. The decompositions
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hereby induced have no injurious effect :n some cases; nevertheless when
delicate organisms are to be cultivated that would not thrive in mulk thus
altered, a method of mixed sterilisation must be practised. A little ether or
chloroform is added to the sample, allowed to react for a short time, after being
thoroughly shaken up, and, at the end of two or three days, disinfection 1s
effected by placing the sample for twenty to thirty minutes in the steamer (at
100° 0.). The statement, often met with in books, that mlk may be sterilised
by exposure to the action of a current of steam at 100° C. for twenty to thirty
minutes on three successive deys, 18 (according to the author’s experience)
deceptive. If such ¢ sterilised” milk be placed in the incubator, an efiluvial
decompogition, with coplous development of potato bacilli and the like, will be
noticeable 1n nine cases out of ten.

A number of bacterium poisons—the suitability of which has been made the
subject of comparative investigation by J. NEuManw (I.) and M, Ktay (L.)—
have been proposed for pregserving milk that 15 to be sent to a laboratory for
the purpose of having 1ts tat-content ascertained The potassium permanganate,
formerly recommended, behaved badly under the ordeal, whereas, on the other
hand, potassium bichromate (for the use of which for the purpose in question
Alén has taken out a patent) proved rehable in cases where 1t was a matter of
preserving mulk thal was still sweet, The sample 18 treated with an admixture
of 0.5 grm. of pulverised K,Or;0, (or with 5 cc. of a 10 per cent solutaon of
this salt) per litre, the dilution produced in the latter case exercising no appre-
clable influence on the accuracy of the fat determunation, If the mulk at the
moment the sample 18 drawn 19 already somewhat sour, then an addition of
ammonia—3 ¢.c. of a 27 per cent. solution of ammonia per litre of milk—will be
preferable.

Not infrequently milk intended for sale 18 qualified with substances acting
as poisons towards bacteria, with the 1dea of increasing its keeping properties.
Boracic acid, both in the free state and in the form of borax, 18 1n great favour
for this purpose, and recourse 18 occasionally had to salicylic acid. ¥ M, Hory
(L) records an instance where benzoic acid was used. All additions of this
land are contrary to law, and therefore punishable.,

§ 128.—Condensed Milk,

It is not infrequently desirable to convert large quantities of mulk into &
permanently stable condition for use as food, e.g. for provisioning ships. In
other cases, owing to local circumstances, the milk production of a district may
be far in excess ot the loeal requirements, and consequently the necessity arises
for converting the product mnto a stable and readily portable condition for
export. Many of the Swiss Oantons, for example, are i this position. Such
milk must be capable of remaining entirely unaltered for any desred period
(several years), even when exposed to tropical temperatures—a condition un-
attamnable by any of the means already described. 1n former years the opinion
was current that this could be effected by the method proposed by Appert, and
in the middle of the seventies Nagell also attempted to attain this object by &
sumilar (secret) method of treatment, However, the * preserved milk ” produced
by him (and not a few of his successors) faled to fulfil expectations, and equally
unfavourable results attended the numerous attempts made to render milk
stable by so-called * Pasteurisation,” 1.e. by the prolonged action of & temperature
of about 60° to 65° (., 1n connection with which subject N. L. Russert (II1.)
carried out a series ot investigations (Fig. 51). All these methods, as well as
numerous others of allied nature—such, for example, as that devised by Soxhlet,

and which Loeflund attempted to techmically utihse—have, however, been
I L
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recogmsed as unreliable At present there is only one single way of arriving at
the object 1n view, and that is by thickening the milk and adding sugar.

This so-called “condensed milk”—ag manufactured in particular by the

« Anglo-Swiss Condensed Milk Company ? in their chief factory at Cham, on

Lake Zug, and in a number of branch

establishments outside Switzerland—is

- prepared in the following manner. The

fresh new milk is purified by centrifugal

force, and is then heated on a water-

bath until nearly boiling, and mixed (1n

a wooden vat fitted with a steam coll)

with 12 per cent. of cane-sugar. When

this 18 dissolved the liqud 1s passed

through a fine seve and transferred to

a vacuum pan, where the thickening

process is effected at a temperature of

50°~60° 0 As soon as the requisite de-

gree of consistency 15 attained the milk

18 1un off, rapidly cooled, and packed in

clean tins, which are soldered air-tight.

Commercial condenspd milk contains

- T - "~ sbout 25 per cent of water and 5o per

F1a 51 cent. of sugar, the remamder consisting

Illustration of the effect of Pasteurlsing milk  of glhumen (12 per cent.), fat (1]: per

The black square represents the germ-col;]tent of aent ), and ash (2 per cent ).

ng‘lfl" atter ;Taiefrlg:ﬁ;; t?:fnfsio‘immﬂ; Some of the germs present in the new

the small white square, (4/fter Russell ) milk, especially the lactic acid bacteria,

are already killed by the aforesaid heat-

ing before and during the thickening process. A few, however, survive this,

and are found to be still alive in the finished product, but not 1 a condition

to do any damage, since the high concentration plasmolyses the germs, retarding

their development and so preventing decomposition By reason of its high con-

tent of sngar, however, this condensed mlk 18 unsuitable for the nourishment of

infants.




CHAPTER XX.

#HE PRESERVATION OF MEAT, EGGS, VEGETABLES, AND FRUIT.

§ 129.—Storage in Cold Chambers.

Ir has been established by the researches of MemsneR and Rosmnesom (I ),
G. Bauser (IIL), F. Zauw (I ), J. vox Fobor (L.), and others, that the blood
and flesh of healthy animals are entirely free from fungi. On the other hand,
the contents of the digestive organs are exceedingly rich in Schizomycetss, higher
fung: not being absent, though their number 18 quite subordinate to that of the
former organisms. As was shown by D Pororr (1.), the digestive canal of the
healthy new-born animal is, at the moment of birth, free from bacteria. Thess,
however, subsequently obtain access, principally in the food, and the contents
of the bowels become extremely rich in microbes. According to the researches
of Nexokr and Frey (L), such species as decompose the carbohydrates predomi-
nate in the small intestine in man, whereas in the large intestine the microbes
productive of albuminoid putrefaction exert thewr sway.

If, now, the carcase of a slaughtered animal be left without being disem-
bowelled, these saprophytes will make their way through the capillary vessels
of the intestinal villi into the arteries, the alkaline contents of which (rich in
albumen), are unusually favourable for the development of these acid-shy putre-
factive bacteria, so that the entire carcase quickly begms to undergo decompo-
sition This can be prevented by the excsion of the entire length of the
alimentary canal from wsophagus to rectum inclusive, and if this long-known
and practised precaution be adopted, then the remaining flesh, &e, will be per-
fectly free from fungi. If putrefaction subsequently arises, 1t iz due to the
bacteria from external sources (air, supports, butchers’ hands, &ec.) obtaining
access to and settling in the flesh. Their gradual penetration by way of the
blood-vessels into the interior of the flesh was studied by 8. TromBErTA (I.) and
by Gartner. The latter found them only in the external layers in the case of
meat three days old, but, at the end of another seven days, they had penetrated
to a depth of z em. below the surface. Since the sources of this bacterial
infection cannot be entirely shut off, though they may be consderably reduced
by cleanly procedure, attempts are made to prevent the increase of these parasites
in the flesh,

The oldest known remedy is cold, but in order to realise expectations, the
temperature must be kept several degrees below zero (C.), and this is the method
pursued 1n the large (export) abattoirs in America (Uhicago in particular) and
Australia. Immediately a beast 13 killed and disembowelled, the carcase is
placed in a refrigerating chamber and then transported in cooled railway trucks,
and cold chambers on shipboard, to its destination in a frozen state. Thus, for
instance, there appear daily mn the London market hundreds of carcases of
Australian sheep still frozen hard, In a sumlar manner Oentral Europe has
been for several years supplied with haddocks prepared for shipment 1n the north
of Norway (Vardo) bybeing frozen at ~ 40° R. ( - 50° O ) directly they are caught
and cleaned, and being then shipped 1n this condition in specially built steamers.
The freezing of meat does not kill the germs present, but merely hinders their
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reproduction, and, a8 & matter of fact, A Koca (IIT ) found very many bacteria

1n fish that bad been treated in this way.
Tf the meat be not stored at low temperatures, but merely put 1n the ice-chest

or laid on 1ce, whereby it attains, m the most favourable mstances, a tempera-
ture of o° O., then, as follows from the already reported labours of Forster and
others, an mcrease of the initial number of germs ensues. To the actvity of
such cold-supporting organisms is attnbu.ta:ble j:he peculiar, disagreeable taste
and smell acqured by edibles after remaining in the ice-chest for a few days.
Actual putrefaction 18 not, however, produced by these bacteria.

‘We must not lose the present opportunity of issuing a warning against
bringing food-stuffs immediate contact with natural ice, since this substance
contains not only numerous putrefactive bacteria, but also, under certain eircum
stances, pathogenic germs (espeqia.lly typhus bacill) as well. In this connectior
we may refer to the researches into the bacterium content of ice that have beer
made by O. Fragngzr (V' ), Borvoni-Urrrepuzzr (IT.), F, Pruppen (L), anc
A. Heyrorm (L). In the cooling chambers of large abattoirs—of the arrange
ment of which there 18 an excellent description 1n a work by OstaOFF (I.)—thi
meat is not exposed to this source of infection.

The well-known fact that frozen meat, when thawed, undergoes decompo
sition more rapidly than fresh meat is easly explained. The cellular structur
is loosened by freezing, and access to the interior 1s thereby facilitated for an:

organisms present on the surface.

§ 180.—Dried Meat and Salted Meat.

The development and activity of the orgamsms exciting decomposition ca
also be prevented by depriving them of the water necessary for metabolsix
The drying of meat has been practised, particularly in hot countries, from th
earhiest times. The resulting conserve 18 known in South America under th
names of pemmican, charque, and tassajo. The process 18 as smple as 1t 1
rehiable, and has a great future in prospect, especially for the provisioning ¢
armies 1n the field. In the method of treatment hitherto practised, the me:
durmg drying suffers a great depreciation m flavour, but in recent years Hot
mann and Meinert have devised and patented a process for the artifimal drym
of meat without removing or destroying its flavouring matters. By this proce:
a Bremen firm manufactures a meat meal met with 1n commerce under the nan
of Carne pura.

Under the same name inferior meat meals only fit for cattle food are shippe
to Europe from Argentina ; these are prepared from waste materials and requi
gome care 1 handling. The drying of fiesh does not, of course, result m tl
kalling of all the bacteria present thereimn, and if the flesh of cattle suffering fro
epidemic diseases has been employed, then, under the defective conditions
hive-stock inspection in South America, disease germs will be disseminati
by means of such infected food. A case of this kind has been reported 1
R. Buzzr (1.).

The most important example of dried flesh 18 afforded by the dried cod-fi
(stock-fish), which forms the chief article of export from the Scandinavy
peninsula, It contains, in the dry state, nearly 8o per cent. of albumen, a
constitutes a favourite and cheap article of food among the poorer classes
Central Europe.

The salting and pickling of meat is generally credited with great effica
but a closer examination reveals that 1t 18 really only the hygroscopaity of ¢
salt that comes into play and that the sole power the latter possesses 18 that
setting up plasmolysis 1n the germs present 1n, or subsequently conveyed to, t
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flesh, and so preventing their reproduction. Consequently, the germs, especially

those of a pathogenic nature, cannot be completely killed by these processes. '

O J. De Frevrac (I) has proved that the influence of concentrated solutions
of common salt 1s resisted by tubercle bacilh for three months; by typhus
bacilli for sx months ; and by the baalli of swine erysipelas for two months, the
organisms remaiming alive and virulent durmg these periods. F, Pruom (I)
examined the effect of salting on the flesh of anmimals succumbing to anthrax,
and found that a ham from such an animal, after lying in salt water for fourteen
days, stll conteined virulent anthrax bacilli, as was proved by direct experiment
on ammals with the expressed juices of the meat. Pmrer (IL) showed that
virulent “rothlauf ” (erympelas) bacilll were stall present i the pickled flesh
from swine affected with swine erysipelas, after six months’ immersion in brine.

If the inspection of moeat is carried out with even only a moderate amount of
care, 1t will not be easy for animals suffering from anthrax to be slaughtered for
food, so that there is not much danger to be dreaded from that source. The
case is, however, different as far as animals affected with tuberculosis or swine
erysipelas are concerned.

In a former paragraph the prevalence of tubercular affections among cattle
was mentioned, and this should be sufficient to deter the reader from indulging
uncooked beef, whether in the form of *Bdesfsteak & la tartare” or uncooked
pickled beef. It 18 well known that the flesh of swine that have been com-
pulsorily slaughtered on account of swine erysipelas 15 offered for sale; hence it
naturally follows that many lands of (*“wurst ") sausages that are made from raw
flesh, and eaten in an uncooked state, will contan pathogenic germs.

§ 181,—Smoked Meats and Corned Beef.

Smoking forms a more reliable means of preserving meat from putrefaction, the
real active agents 1n the process being the vapours of phenol, creosote, and allied
compounds present in the smoke, Beechwood beng found to yield the smoke
containing the largest quantities of these substances, is therefore held in
particular esteem for this purpose. The volatile distillation products of heated
wood chips are condensed on the pieces of flesh, and arrest the development; of the
baoteria. Since, however—as A. SerarINT and G Unearo (I.) have shown—
these antisepties do not penetrate far into the flesh, and are therefore unable to
exert much action 1 the mterior of the pieces, smoking can only be effectual
when it 18 & question of preserving fresh meat (from healthy ammals) which is
only superfioially infested with germs. The manner in which the process is
carried out 1n practice very often leaves much to be desired; and thus it is—as
shown by the exhaustive researches of H. Bru (I.) and A. Sprarinr (I.)—that
the germ-content of commercial smoked meat varies considerably. The salting
which precedes smoking, though of such hittle efficacy 1n itself, is nevertheless
useful, and formsan essential part of the process, by withdrawing water from the
meat, and thus facilitating the penetration of the smoke. The certain destruction
of pathogenic germsis not effected by smoking, Petr1 having found that the flesh
of swine affected with swine erysipelas contained erysipelas bacillh 1n a state of
undiminished vigour, after immersion for a month in brine, followed by careful
smoking for fourteen days. A sumilar unfavourable result was obtaned by
J ForsTer (II1.) 1n the case of smoked meat from tuberculous animals.

The best method at present available for the preservation of meat consists in
gteaming the same 1 vessels which remain hermetically closed up to the time
the meat is eaten Such a food 18 known as preserved meat (in the restricted
gense), or a8 tinned meat, the quality 1n most demand being corned beef (chiefly
obtained from Chicago). This should consist of the flesh of oxen, but, neverthe-

-
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Ilv orieinates at the horse-slaughterer’s. As already explaned in a
éﬁf&:ﬁcﬂ;ﬁr,y welgre indebted to the French confectioner Aprerr (I') for the
fundamental practical experiments made 1n connection with preservation by
steaming. In accordance with hus process, the meat is boiled in any convenient
vessel, and pressed mto tins, These are then closed, with the exception of a
small aperture, and placed in a bath of boiling water, the aperture bemg closed
by means of alittle liquid solder, after steam has been given off for a short time
Appert's successors subjected his process to numerous modifications, Fastrer pro-
posing to heat the tins up to 110° 0. in a bath of salt, and others recommending
additions of boracic acid, &e. Up to the present, no known antiseptic possesses
the dual property of, on the one hand, preserving flesh without depriving it
of valuable nutritive constituents or flavouring matters, and, on the other, of
having no injurious effect on health when the meat 18 eaten regularly.

Inventors have been, and are still, particularly active in this field, and the
different processes for preserving meat that have been proposed are very numerous,
To report exhaustively on these would, however, far exceed the limits of the
present work ; any reader wishing to be more accurately informed on this subject
is referred to a comprehensive treatise compiled by Pracem and Trare (I).
Instructions intended for practical use in the preservation of meat, fruits,
vegetables, &c., have been given by L E Anovfis (I.) and J Dr Bruvans (L).

§ 132.—Preserving Eggs.

The contents of the freshly laid eggs of birds, especially of poultry, are not in
ell cases perfeotly free from fungi, In refutation of a widespread assumption to
the contrary, 1t was shown by U. Gavoxn (IL) 1n 1875, and confirmed by O. E. R.
ZrumeRMANN (L) in 1878, that the eggs, even of healthy birds, are exposed, even
during the time of their formation, to infection by bacteria These organisms,
starting from the common anal duct of the bird, make their way into the ovary,
where they become mixed with the albumen of the embryo egg, and reproduce
themselves therein when the nutrient medium permits The new-laid egg 1s
therefore already inhabited by bacteria, a circumstance that must be borne in
mind when it 1s desired to utilise raw eggs for the cultivation of bacteria,
according to the proposal made by F. Huereg (V.).

The obnoxious decomposition not infrequently set up in eggs is generally
attributable to the development of these early intruders. Their pure cultivation
was first attempted by J. SorRrANE (I ), and then on a larger scale by 0. Z6RERN-
pbRFER (I.), according to whom the so-called sponteneous stinking putrefaction
of eggs goes on 1n two ways.

The firss type 18 characterised by the albumen (white) changing colour through
whitish-grey to grey-green, and by the yolk becoming gradually converted into
a greasy, blackish-grey mass, At a subsequent stage the yolk becomes mixed
up with the albumen, so that the entire contents of the egg form a pulpy ichor,
smelling strongly of sulphuretted hydrogen, which gas 1s not infrequently pro-
duced in such quantaty that the shell of the egg bursts with a report. Of the
organisms talang part heremn, Zorkendorfer 1solated ten species, and distinguished
them as Bacillus oogenes hydrosulfureus a, B3, v, 8, ¢ £, 7, 0, 1, «, the first six of
which hiquefy gelatin,

In the second type of (bacterial) egg-putrefaction this gas 18 not detected.
Here the yolk and the albumen quickly coalesce to form an initwally thin, but
subsequently pulpy, mass of a pale .ochreous-yellow colour, and with an odour
like that of human fwces. Zorkendorfer deseribed five species of organisms
causing this decomposition, and bestowed on them the name of Bacillus oogenes
Jluorescens a, f3, y, 8, e. The first of these iquefies gelatin, and they all elabo-
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rate a pale green pigment which imparts a beautiful blue fluorescence to the
medium.

All these bacteria are exclusively aerobic, +.6. oxygen is essentially necessary
to their development  This needful gas obtains access from outside by passing
through the eggshell, which 1s well known to be permeable thersto, since other-
wige the development of the embryo chicken could not proceed. This necessity
for air on the part of the egg-putrefying Sehiwzomycetes supplies the explanation
of the practice currently employed for. preserving eggs, viz., by simply immersing
them in milk of lime, which not only excludes air, but also—by 1ts disinfectant
properties—acts on the organisms present on the eggshell and ready to penetrate
into the interior, killing some and restricting the development of others.

The aforesaid bacteria perish within the space of two days when exposed to
temperatures above 40° C., but at lower temperatures and in damp air they
develop rapidly. Bearing these facts in mind, eggs could be preserved by keeping
them for one or two days at 50° O. and then storing them in a dry place, were
it not that the quahty is thereby depreciated. If, then, steeping in milk of lime
is not determined upon, the eggs can be preserved by coating them with lacquer
or varnish after a careful cleaning.

That bacteria penetrate through the unbroken eggshell has—contrary to an
opposite opinion expressed by Gayon—been placed beyond doubt by the ex-
haustive researches of Zorkendorfer. Witk (I ) showed that pathogenic bacteria,
are also capable of so doing, cholera bacilli being found, in his experiments, to
penetrate to the interior of the egg within fifteen to sixteen hours. PiorEowsk:
(I) arrved at a simiar conclusion with regard to typhus bacilli, On this account;
none but clean chaff, free from pathogenic organisms, should be used for packing
oggs.

ggBa.cberm are not to blame in all cases where eggs become spoiled during
storage, but sometimes higher fung1 (Bumycstes) come nto play, penetrating
the shell and growing freely in the interior, Further particulars on this point
will be found 1n the second volume, in the chapter dealing with Hormodendron

cladosporioides.
§ 183.—Desiceating and Preserving Vegetables and Fruit.

In contradiction of the erroneous assumptions of M Gariree (L) and
H Besnmem (IL.), it has been shown by E. Lavrenr (III), A. FErNBacH (L.),
and H, BuorNer (VIII) that—apart from the exceptions to be considered in
chapter xxxi1 —the cells and cellular tissues of the higher plants are, whilst in
8 healthy condition, free from fungi In the preservation of vegetable food-
stuffs 1t 18, therefore, merely a question of the destruction, or restriction of
develepment, of the germs of extransous origin inhabiting the surface, The
oldest process for attaming this object is that of drying, and this is practised
more particularly on certain fruits In warmer regions the rays of the sun
suffice, ¢ g. 1n the cnse of raisins and figs, but in colder climes recourse must be
had to artificial warmth, and, consequently, so-called kilns or drying ovens are
employed, wherein hot awr at a temperature of 60°-65° O is allowed to stream
over the frmit. American desiccated apples and Bosnian and Servian prunes
are prepared in this way. A description of the individual systems of kins for
this purpose cannot be entered upon here. The dried fruit still contamns a con-
mderable proportion of moisture (some 30 per cent) and at least the same
amount of sugar about 30 per cent. in the case of pears, some 4o per cent. in
apples and damsons, 50 per cent. 1n figs, and Go per cent. 1n raisins. From 1 to
3 per cent. of free acid 1s also present. Only some of the organisms present on
the fruit are killed by drying, but the development and decomposing action of
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the rest are checked by the plasmolytic influence of the high sugar-conte
The putrefactive bacteria also suffer through the action of the free acid prese
Sundry vegatables, especially those employed for Julienne soup, are presers
by drying, for which purpose they are cut into small pieces, and exposed
special ovens to a hot air temperature of 50°~60° 0. Not infrequently they «
then, in accordance with a proposal made by Masson, subjected to hydrav
pressure, compressed vegetables being thereby produced.

Drying is a comparatively inexpensive operation, but cannot be resorted
in every case, since many kinds of fruit and vegetables have their fine flavc
too much impaired thereby. Such articles are treated by the Appert proce
Green peas, caulifiower, asparagus, beans, and suchhke are mampulated
follows: After being carefully cleaned, they are placed in glass jars or in ti
which are then filled with water and set 1n a salt bath, the temperature of wh
is maintained at below 100° O. for one or two hours, and thereafter raised
boiling point (108° O), at which it must be allowed to remain for some time,
order to definitely destroy all the hardy spores of the hay and potato baci
The temperature 18 then allowed to smk to 60° O., whereupon the small blc
hole in the otherwise closed tin is sealed up by means of a drop of solder, gl
jars being closed air-tight by other suitable means. Preserves carefully p
pared in this manner are sterile in the strictest sense of the term ; but if perf
sterility is, by reason of any oversight, not attained, the still-hving germs st
sequently increase at a great rate. Their development is mostly attended w
the evolution of gas, in consequence of which the straight walls of the tin ¢
bulged outwards, and frequently even burst.

A drawback accompanying Appert’s process is that the ecolour of 1
vegetables so treated is generally destroyed. If the preservation of the col
be desired, as is the case, e.g , with red boet, gherkins, and the like, then ot]
means must be resorted to, and the antiseptic properties of the acids be utilis
The samples in question are boiled in vinegar, the liquor being then poured
and replaced by fresh unimpaired vinegar In this way mixed pickles,
instance, are prepared. In many cases the boiling is omitted, pickled gherki
for example, being preserved by simple immersion in cold vinegar.

That no protection against the development of bacteria is afforded
steeping in brine needs no further argument. As a matter of fact, an eas
observable decomposition occurs 1n the so-called salted gherkins prepared in t
way, the phenomenon proving to be lactic fermentation; and 1t is to the a
thereby produced, and not t» the small proportion of common salt present, t]
the retardation of decompostion is due.

The boiling of fruits and frut-juces is an operation too well known to n¢
detailed description here The added sugar employed herein restricts deco
position by strongly plasmolysing and preventing the development of such ger
as are not destroyed by the boiling. In many cases, this action 1s asssi
by the addition of a certan quantity of whortleberries. A few particul
respsching the high percentage of the strongly antiseptic benzoic acid present
the latter have already been given in an earlier chapter (§ 80). The glass j
destined to contain the finished jam, marmalade, &c., are sulphured previous
use.—The preservation of fruit is greatly facihtated by a careful prelimins
oleaning, a precaution that should, moreover, not be omitted when the fruit 1s
be eaten raw, since the usually sticky surface tenaciously retains the dust a
accompanying germs that are blown on to it. Thus, M. T. SoENIRER (
dlscc;gverad virulent tubercle bacilli on the surface of grapes sold in the Vien
market.

A word must be added with regard to the gelatinisation of fruit juice.
is well known, the cells of mny fruits are rich in pectin, which, when the ce
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are crushed, passes into the juice and causes it to coagulate, This phenomenon
was explained by Frémy, 1n 1840, to be due to the action of an enzyme, viz.,
pectase, whereby the pectin 1s converted into pectic acid. This opinion was
modified by the researches of G. BERTRAND and A. Marriver (I ), in so far that
they showed that the enzyme can accomplish the transformation referred to only
when in presence of soluble salts of the alkaline earths (e.g. lime), with which
the pectic acid enters into combination, and forms insoluble pectates. The
presence of this gelatinising compound 1s indispensable for the preparation of
pure fruit jellies; and the latter must not be too strongly boiled, or their setting
properties will be diminished or completely destroyed. In the preparation of fruit
juices, such as raspberry juice, it is necessary, on the other hand, to get rid of
these peotin substances, because they detract from the utility of the juice, which
should remain liquid. This end is attained by leaving the fresh juice to itself
for a time, fermentation soon ensuing, by which the pectin or pectate is
decomposed. The juice is then strained and boiled down after the addition of
sugar.—A few references to the hiterature of the subject will be useful to the
food-stuff chemist, who is not infrequently asked for advice concermng the best
means of turning fruit to account. Full particulars on the treatment of fruit 1n
general, as also of drying and preserving it, will be found in the handbooks of
Fr. Lucas (I.), Karw Baor (I.), and H. Truum (I.). A brief introduction to the
preparation and treatment of fruit wines has been arranged by M. Barrtm (L.),
and a pamphlet written by W. Texsr (I.) deals chiefly with currant wine (as the
finest of all fruit wines), as well as with gooseberry wine, &c.

The preservation of wine-must is practised on a large scale, particularly in
Sicilly. To render the juice highly smtable for transport, 1t 18 (after a preliminary
filtration) concentrated wn vacwo at 40° O, to about one-fourth of 1ts original
volume. In this manner a thick, syrupy mass is obtained, the composition of
which can be deduced from the following analytical figures furnished by Ta.
Omz1s

Water . . . . . 35 I per cent
Dextrose + levulose . ., 622 "
Acid 1.2 o
Ash. . 07 n
Albumen, gum, &c . . 08 »

This concentrated wine-must, which is shipped 1n sealed tins, 18 not 1n any
cage sterile, though the still living germs (particularly yeasts) present therem
are, by reason of the igh concentration of the liquid, incapable of development.
If, however, the mass be diluted with sterilised water, then fermentation ensues
within a short time. According to the experience of J WorrMaNN (II), and
also of the author himself, the employment of this must can be recommended
laboratories dealing with Mermentation Physiology. The dilution of 1 part of
must with 4 parts of water yields a nutrient medium exceedingly favourable for
the cultivation of higher fungt (wine yeasts), the low percentage of mnitrogen
bemng 1mproved by gn addition of 1 per cent of ammonium tertrate.

The preservation of beer and wine by heating (Pasteurisation) will be dealt
with 1n a subsequent section of the second volume.



SECTION VI.
LACTIO FERMENTATION AND ALLIED DECOMPOSITIONS.

CHAPTER XXI.

GENERAL OHARAOTERISTICS.

§ 184.—Discovery of the Lactic Acid Bacteria.

In chemical text-booksacetic acid is generally characterised as being the first acid
known to man. This assumption cannot, however, be considered as probable,
since, in order to obtain acetic acid, the. previous preparation of alcoholic liquids 18
necessary, and the human race in its earliest stage of civilisation, viz , nomadic life,
would hardy have attained that skill—the production of wine and vinegar, even
in the most primitive fashion, presupposing a settled mode of existence. On the
other hand, the flock-owning nomadic races must, at a very early period, have
noticed that the milk supplied by their animals very quickly underwent altera-
tion, and turned sour when left to itself. Lactic acid must therefore be regarded
88 the earliest acid known to man, though not in a pure condition, since that
condition necessitates the employment of methods for removing all the other
constituents of the milk, This result was first accomplished by the Germano-
Swede Scheele in 1780. The earhiest complete chemical investigation of the
souring of milk was instituted in 1833 by PELoUzE and Gav-Lussac (L),
but from that date fully twenty-five years elapsed before the knowledge that
this process is a manifestation of vital activity on the part of sundry mucro-
organisms assumed definite shape It is true that already in 1701 Andry had
noticed that sour milk contained such organised microcosms. Nevertheless, this
observation remained at first as unproductive, as regards the comprehension of
the question, as did also the labours of sundry other subsequent workers. Among
these mention may be made of Blondeau, who in 1847 made a microscopic
examination of milk, and distinguished therein two types of micro-organisms -
the one (which he named 7orule) was a yeast-like plant, the other, a mould
fungus, which he assigned to Pemcilleum and held to be the cause of lactic
fermentation.

We may recall to mind that Pasteur, in his treatise (agamnst spontaneous
generation) in 1862, pointed to the non-success experienced by the opponents
of this theory, especially Schroder and Dusch, when they employed milk for
their refuting experiments. Knowing, as we do, that, before Pasteur, no one
had succeeded in rendering milk absolutely free from germs, 1t 18 therefore eagy
to understand that up till then nothing definite could be urged against the hypo-
thems, put forward by chemists, of the purely chemical nature of the process of
lactic fermentation, Thus, for example, RowLANDsON (I), under the influence
of the Liebig and Gay-Lussac theories of fermentation, defined the preliminary
conversion of lactose 1nto lactic acid in the souring of milk as an oxidation pro-
cess, and expressed the naive opinion that a cow that had been running about
(and therefore breathing rapidly) before milking would yield a milk 1ich 1n
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oxygen, and consequently lable to turn sour with unusual rapidity  The
opinion of FRriMY and BouTRoN-Omarawp (I.) (formed in 1841, under the
influence of Liebig’s theory), that casen was the cause (*‘ferment”) of lactic
fern;gentatlon, was revived, though wath little success, by A. P. Forxer (L)
in 1889.

Pasteur (X.) was the first to deseribe (1857) an organism characteristic of
lactic fermentation, and to prove the same capable of producing acidification in
a sweet, sterile milk, This organism, which Pasteur named the *ferment, or
yeast, of lactic fermentation,” was a bacterrum. A pure culture of this, in the
present meaning of the term, was at that time unattainable, no smitable method
* baving then been devised. Pasteur demonsttated the difference existing between
this “ferment ” and that of aleoholic fermentation, and proved that in nutrient
anedia containing sugar, the former organism always sets up lactic fermentation,
whilst the other invariably gives rise to alcoholic fermentation.

This discovery formed an important and welcome support to the theory of
speaific ferments promulgated by Fr Kitzing m 1837, and 1mplying that
chemically different fermentations are carried out by physiologically different
species of organisms.

§ 185.—Baecterium lactis Lister, and Bacillus acidi lactici Hueppe.

The important work 1ssued 1n 1873 by the Enghsh surgeon and founder of
the antiseptic treatment of wounds has already been noticed (§ 68). In that
paragraph the methods of working employed by him at that time were referred
to as defective and misleading It wns also stated that the name, Bacterium
lactis, employed by him was erroneous, the bacterial culture to which 1t was
applied not being & uniform species, but an indefinite (and very probably highly
diversified) mixture of different species.

Lister (I ) himself very soon recognised the weakness of his arguments, and
sought for a remedy. This he found in the so-called dilution method, by the aid
of which, in 1877, he produced from sour milk a pure culture of a fission fungus
to which he applied the name of Bactertum lacts as before—this time correctly.
The twofold origin of this name should therefore always be remembered Lister
was algo the first to make the observation, subsequently confirmed by Oohn, that
lactio acid bacteria, though of frequent occurrence in the rooms of dairies, are
comparatively seldom found in the open air.

The introduoction of gelatinised nutrient media into bacteriology also furthered
the study of lactic fermentation. By means of this new method of pure culti-
vation Humpem (IV.) 1n 1884 1solated from sour milk a microbe known as
Bacillus aoids lactics, which, 1 so far as can be gathered from the description
given,was identical with Lister’s bacterium. Hueppe also made the more1mportant
discovery that several different species of bacteria are capable of setting up lactic
formentation. -However, before noticing these other organisms, we will examine
more closely the Bacillus acidu lactwi, which occurs in the form of non-motile
rods 1 0-1.7 p long and o 3-0.4 p broad, mostly in pairs and but rarely united
to form a four-cell chain; 1t 1s aerobic and forms endospores This ferment
acidifies milk between the temperatures of 10° and 40° U, the reaction being
accompanted by the precipitation of cagein,and an evolution of gas On gelatin
plates the organism forms white colonies which do not hquefy the nutrient
medium,

In addition to the five species of lactic acid bacteria discovered by Hueppe—
and to which Microcoscus prodigiosus belongs—many others possessed of the same
property have been mide known to us, by Maddox 1n England (1885), Beyer 1n
North Amarica (1886), and Foxkes (II)1n Holland (1890). R. Krusaer (I )
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isolated his Micrococcus acidy lactis (which liquefies gelatin) from cheesy bl'xtf.er.
G. Marpmanw (I ) discovered five species belonging to this group in Gdttingen
milk, and named them Bacterium lactis acids, Bacllus lacts acdi, Baclerwum
lLimbatum lachis acdi, Maicrococcus lactis acidi, and Sphwrococcus lactis acdr.
G GromenrELr (II) isolated a lactic-acid-forming, anaerobic Streptococous acidi
lactici from Finmsh milk, In his communication, issued from Hueppe's labora-
tory, there also ocours the remark that Bacilus aods lactici H. can be perma-
nently deprived of 1ts acidifying power by cultivating it for some time in media
free from sugar. This attenuation of the cultures is also often noticed in patho-
genic bacteria, many of which lose their virulence—i.c. poisonous nature, and
consequent capacity of producing disease—when kept for some time under
unaccustomed condrtions of nutrition, viz., outside the animal body. Bearng
this 1n.mind, Grotenfelt speaks of a variable virulence of Bacilus acids lactwct,
meaning thereby the possibility of reducing 1ts fermentative power.

The fermentative properties of the Bacterium lactis asrogenes, found by
EsorerioH (I ) 1n the contents of the intestines of sucklings, and also in uncooked
cow’s milk, were mnvestigated by A. Baeinsky (IL.), who found that mn artificial
media containing lactose 16 produces both acetic acid and lactic acid. The gas
hberated during the reaction consisted of CO,, 22 per cent.; H, 30 per cent.;
OH,, 9 per cent.; N, 39 per cent. R, Wurrz and R. Leupsr (I.) considered
this microbe to be identical with Pasteur’s lactic acid bacillus, but their opinion
does not seem to be well founded According to J. DENys and J Marrrx (1),
B. lactis aerogenes 18 only a variety of the Preumobacllus (§ 33) discovered by
Friedldnder

Respecting the Pediococcus acidi lactior discovered by P. Linower (I.) a few
pertioulars will be given in chapter xxv.; and details concerning the part played
by the lactic acid bacteria in certain industrial fermentation processes, such as
distilling, dairying and cheese-making, tanning, &ec., will be found in chapters
xxiii. to xxvii,

§ 136.—The Equation of Lactic Fermentation

is (when lactose or grape-sugar is presupposed as the raw material) generally
expressed in chemical text-books as follows :

OyHuOyy + H0 = 4C,H,0,
Lactose Lactio Acld

OnggOn = ZOSHBOB' -

Actually the process is not so simple as here represented, a certain quantity
of the sugar employed being consumed by the organisms to enable them to dis-
charge their vital functions and bring about the fermentation in question. Con-
sequently the actual yield of lactic acid obtained 1s less than the theoretical
quantaty calenlated from the foregoing equations Another proof of the complex
nature of the operation 1s afforded by the large quantity of gas liberated during
the fermentation, but which 1s not indicated in the reaction expressed by the
equations aforesaid.

According to the researches of R Waramatox (I.), the amount of acid pro-
duced varies greatly i different species, and is so small with some that (as noted
by Conn) 1t 18 1nsufficient to curdle the milk. This difference is expheable by
the varying susceptibility of the individual species to the adverse influence of
the resulting acid. On this account alone, fermentation may come to a stand-
still notwithstanding the presence of sufficient unconsumed nutrient material.
The difficulty 1s easily met by opportunely neutralsing the acid by an addition of
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the carbonate of calcium, magnesium, or zinc. In the latter case, the hig
characteristic lustrous acicular crystals of zinc lactate ((O,H,0,],Zn + 3 aq.)
obtained.

A few quantitative experiments made by Aporr Mayer (II ) show that 1ot
parts of fermented lactose produce—

83.9 parts of lactic acid
3.7 » oy aceticacid
124 , , unknown substances.

These results, however, were not obtained with pure cultures of lactic acid
bactera, and therefore are not fully conclusive.

Pure cultures of lactic ferments were first employed by E. Kavser (I.) in
1894, in an investigation of fifteen different species of lactic acid bacteria isolated
from French milk, Belgian beer, Danish cream, wine-must, rye infusion, sauer-
kraut, &o. Oonfirming the results of Mayer and Baginsky, he showed that
volatile acids, also, are produced in the course of lactic fermentation, thewr
amount depending on the composition of the nutrient medium as well as on the
species of ferment. Thus, for example, a greater quantity of volatile acids was
produced from a milk quabfied with peptone than from a peptonised msltose
golution. Cultures grown at the bottom of the nutrient liquid (*‘lactic bottom
fermentation ”) yielded less than surface cultures, This fact had been already
recorded in 1889 by OrpENmEIMER (I.), who found the ratio of acetic acid
to lactio acid produced from milk fermented by Bacterwum lactis acrogenes to be
as 85 : 15; and in the case of Bacterium colr commune as 70: 30, This ratio is,
however, not invariable, but is chiefly determined by the amount of oxygen
present. Hence, in the absence of air, only small quantities of the volatile acids
are found, lactic acid being almost the only acid present.

Attempts were made by G. Kasrmer (I. and II.) and H. Tmvexr (I.) to
investigate the part played by casem and the phosphates in the lactic fermenta-

tion of millkc. The optimum fermentation temperature is between 30°and 35°0C., -

and the operation proceeds much more actively when air is excluded. Kayser
was unable to detect any lactic enzyme excreted by the bacteria and capable of
converting lactose into lactic acid.

In view of these results, it 13 hardly necessary to say that the establishment
of a satisfactory equation to represent the reactions occurring 1n lactic fermenta-
tion 18 highly improbable.

et
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CHAPTER XXIf.

T'HE PRODUCTION OF OPTICALLY ACTIVE ORGANIC COMPOUNDS
BY FERMENTATION.

§ 137.—Isomers of Lactic Acid.

TeE detals given in the preceding chapter with regard to the physiological
activity of the lactic ferments require supplementing in one 1mportant particular.
Mention has been made of lactic acid, and always without quahfication or
reference to the fact that there are several 1someric lactic acids, This question
can now be considered from a higher standpoint, and the occasion utilised for
dealing with the production of optically active substances in general, through the
activity of micro-organisms,

Stereo-chemistry teaches that all optically active organic substances contain
in the molecule at least one agymmetric carbon atom, .e. one whose four atom-
fixing powers or affinities are connected with four different elements, or groups of
atoms (radicals). On the other hand, experience shows that there are compounds
(such as racemic acid and mesotartaric deid) which contain one or more asym-
metric carbon atoms, but are nevertheless optically inactive. The structural
formula of megotartaric acid 18 C(OOH—CHOH—CHOH-—COOH. This same
formula, however, is also adopted for two other acids, named from thewr optical
})ropertles respectively dextro-tartaric acud and levo-tartaric acid, To explain this

act it is necessary to refer to the hypothesis promulgated 1n 1874 by Van't
Horr (L), that the four equivalents of a carbon atom are arranged at the angles
of a tetrahedron,1n the centre of which the carbon atom itself is situated, whereas
the atoms or radicals combined therewith occupy the angles. For example, let
Cuabed be a compound contamming one asymmetric carbon atom €, with which are
combined the four (different) atoms or radicals @, 3, ¢, d. By employing the
tetrahedron scheme, the arrangement of these latter can be effected in two
dufferent ways :

@ a

B wlg

NN

These two formuls are not identical, but stand in the mutueal relation of an
image and its reflection. In order to get from b over ¢ to d, 1t is necessary
(looking from ¢) 1n the one instance to move 1n the same direction as the hands
of a clock ; but 1n the other case the movement 18 reversed.

The compound Cubed 18 thus obtained 1n two madificationa which have the
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same structural formula, and behave sumilarly from a chemical point of view, hut
differ 1n a physical sense (erystalline habit, solubility, behaviour towards polarised
light) Such compounds, whose different behaviour can only be explained by the
assumption of a difference of grouping in the molecule, are designated aterso-
18omers. Of the compound Cabed there may exist one modification capable of
deviating polarised light towards the right hand, and a second producing & left-
handed rotation ; and one part by weight of the dextro-rotatory modification
gives rise to just as great a deviation towards the right hand as one part by
weight of the levo-modification does towards the left hand.

If now a compound containing such an asymmetric carbon atom be artificially
prepared from substances devoid of asymmetric atoms, the probability is that
ust as many levo-rotatory as dextro-rotatory molecules will be produced; and
assuming that each molecule of the one kind coalesces with a molecule of the
other class to form a double molecule, then an optically inactive compound wall
result. There may therefore be presumably obtammed from one combination,
Cabed, containing a single asymmetric carbon atom, three different modifications,
two of which (one dextro-, the other levo-rotatory) are optically active and the
third inactive. An example of such a compound 1s afforded by ethyhdene lactic

acid—
CH, H CH,
N/ |
= OH OH

Cc
HO/ \COOH LOOH

of which one optically inactive form is known, and in chemical text-books
18 generally named fermentation lactic acid. The dextro-rotatory modification
has also long been known to chemusts under the name of sarco-lactic or para-
lactic acid, whilst the third modification, levo-lactic acid, was only discovered
and produced a few years ago by fermentation physiologists, This will be again
referred to later on.

§ 188.—The Isomeric Tartaric Aecids.

Of the compounds containing #wo asymmetric carbon atoms in the molecule
we will refer to only that group in which these two atoms are connected by a
singls bond, as is represented 1n the subjoined typical formula—

a. o
—C—C—p
4

As regards the positional arrangement of the two groups of substitutes
(a, b, ¢, or a, B, y) in the molecule, four possibihties are conceivable (1) both
grouped 1 the dextro- position; (2z) both in the levo- position; (3) the one
dextro- and the other levo-; (4) or, finally, vice-versd.

Assuming the group 70 — to possess a (numerically) greater optical

[}
o

rotatory power (D or L) than ——O{p, which may be expressed m letters

Y
D>d L>1

thus—
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Then the rotatory power of the entire molecule will have the following values—

D +d, L+ D~-d, or L =}

according to which of the four possble compounds is present.

The optical effect of the one semi-molecule will therefore be strengthemed
by that of the other semi-molecule in the first two instances, or weakened
thereby in the other two cases. Consequently there result four stereoisomerio
active modifications: the first strongly dextro-rotatory; the second strongly
levo-rotatory ; the third faintly dextro-rotatory; and the fourth faintly levo-
rotatory. Furthermore, one molecule apiece of the two strongly rotatory
(D+d and L+1), as also one apiece of the two faintly rotatory (D - ¢ and L - 1),
modifications, can coalesce to form inactive double molecules—

D+d D-d
{ L+ l} and {L -1
The total number of all conceivable stereoisomeric modifications of the com-
Q. o
pound 5—C—0—3 is therefore sux.

a
Particular interest attaches to the special instance wheremn the two semi-
molecules are equal, and which therefore comprises the compounds expressed by

a

the formula 570 —C—p, Tartaric acid,

o [

COOH

COOH CO0OH (BHOH
H—0—0—H =

IE[O/ \OH UHOH

é)OO’H

is the type of this group.

In this case we have D=d and Li=l. The four above-named general
expressions for the rotatory power of the individual active forms are, in this
special case, resolved into

2D 2L 0 0o

The modifications 2D and 2L correspond to the dextro- and levo-tartaric acids;
and, in place of the two faintly rotatory modifications, we have a single optically
inactive form, which, in the tartaric acid group, 18 named meso-tartaric acid.
This last-named acid is inactive as a result of intramolecular compensation,
and is therefore distinet from the modifieation produced by the coalescence of

the two optically active forms {:E , which double molecule 18 also optically

inactive, and in the tartarie acid group 18 named racemic acid.

The existence of two fundamentally different groups of optically inactive
compounds contamning asymmetric carbon atoms 18 thus theoretically possible,
viz, :

1. Monomolecular, indivisible, optically inactive i1n consequence of
intramolecular compensation of their optically active atom groups. Type:
D-d=o0or L-l=0. Example: meso-tartaric acid,
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2. Bimolecular, optically inactive, appearing only as double molecule
one of which belongs to the dextro- and the other to thelevo- modifieatio
of the compound Type: 2D-2L=0. The inactive double molecul
can be spht up into two optically acthive components, 2D and 21
Example : racemic acid (Fr. acide racémique, Ger, Traubensdure).

The first of these two modifications, viz., the monomolecular, indivisible kinc
is termed the anti- combination, the second, or bimolecular modification, bein
known as the para- form, or (from the best-known example) racemic modificatior

On the other hand, 1t 18 found, both theoretically and 1n practice, that bodie
containing but a single asymmetric carbon atom can appear 1n only ons inactiv
form, namely, the divamble, bimolecular para- form.

§ 139.—The Division of the Racemic Compounds.

The correctness of the assumption that the racemic modifications o
stereoisomeric bodies are actually double compounds, consisting of an equa
number of dextro-rotatory and levo-rotatory molecules, can be demonstrate
in two ways. The first 18 by synthems. If, for example, equal quantitie
of equally strong (nearly saturated) solutions of dextro- and levo-tartari
acid be mixed together, combination of the two, attended with the evolutio
of heat, occurs, and the mixture solidifies 1 consequence of the crystallisa
tion of a racemic acid which can be proved to be identical with natural racemi
acid. Again, if equal quantities of dextro-lactate and levo-lactate of zmne bi
dissolved in water and mixed, the optically inactive zinc salt of *fermentatior
lactic acid "—possessing all the properties of this substance—will crystallis
out This synthetic construction of the inactive double molecule from the twc
optcally active components is, however, of merely theoretical interest, but it
without any practical value, no new and hitherto unknown compounds being
thereby obtained.

As a rule, 1t is the inactive para- form with which we bave to deal, anc
this has to be split up 1nto its constituent molecules of the dextro- anc
levo- modifications This division can be effected in several ways. In some
cases the 1nactive substance decomposes spontaneously on crystallising oul
from solution, and the components—which differ in their crystalline habit—
can be separated by hand (selecting the crystals according to their structure)
The earhiest example of this was given by Pasteur (XI), If a solution of
sodium-ammonium racemate (O,H (NH,)NaO,+ 4 aq.) be allowed to evaporate
glowly, hemihedral crystals are obtained. Pasteur found that the hemihedra.
surfaces did not occupy the same position in all the crystals, but that the
one class of crystals formed, as it were, the reflected 1mage of the other, one
being dextro-hemihedral but levo-rotatory, and the other levo-hemihedral
but dextro-rotatory. On separating the two kinds, and preparing the acid
from each, he obtamed dextro-tartaric acid in the one case and levo-tartaric
acid 1n the other, but in no instance was the inactive racemic acid produced

The most usual method of division consists in allowing the nactive sub
stance to unite with an optically active one. If the substance to he spht ug
18 an acid, then an active alkaloid (6.g. morphine, quinine, strychmne, &ec.) 1t
uged, 1f a base, it 18 combined with dextro-tartaric acid. Xxperience teacher
that the resulting compounds have very different degrees of solubility, or
which account the two optically active modifications can be separated withou
much difficulty. Thus, 1t was shown by T. Purpie and J. W. WALRER (I.) u
1892, that by combiming the optically inactive ¢ fermentation lactic acid ” witl

1 M
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gtrychnine, 1t can be decomposed into its two optical components, viz., dextro-
rotatory sarcolactic acid and levo-rotatory lactic acid.

However, the most important method of separation is that in which the
activity of micro-organisms is called into play. This method, also, was proposed
by Pasteur in 1860. He sowed certain lower fungi—the precise species cannot
now be ascertained—in a solution of optically inactive ammonium racemate, and
found that the levo-rotatory properties of the liquid gradually increased ; and
that after a certamn lapse of time ammonum levo-tartrate alone was detect-
able. It must therefore be concluded that certain ferments are endowed
with selective powers. In the present instance, the organism has separated
the racemic acid into 1ts two optically active components, one of which (the
D-tartaric acid) it consumes, whilst the other (the L-acid)is liberated Since
Pasteur’s time this separating power has been utilised 1 various ways, two
examples of which are now given. In the first place, J. LEwEowrrsoH (I.) in
1882 dissociated the optically inactive mandehe acid, O, H,—COH OH—OCOOH,
mto its two active components in this manner. On the other hand, P.
Frangranp and W Frew (IIL.) allowed their Baculus ethacsticus to react on the
calcium salt of the optically inactive glycerie acid, CH,OH—OH.OH—OOOH,
whereby its dextro-rotatory component was obtained, the levo- component being
consumed.

§ 140.—The Produection of the Stereoisomeric Lactic Acids

by fermentation merits closer attention. In the first place, it should be men-
tioned that only the three1somers of ethylidens lactic acid, CH,—OH.OH—COOH,
are 1n question, sinee ethylene lactic acid, OH, OH—CH,—OOOH, has hitherto
been obtained by purely chemical means alone The sub-title, fermentation
lactic acid, so long borne solely by the inactive form of ethylidene lactic acid,
is now recognised as also appertaining to both ity stereoisomers, so that the term
is now synonymous with ethylidene lactic acid generally Of the two active
forms, the so-called paralactic acid was the first to be prepared by the fer-
mentation method, the discovery being dueto M. von NENoxr and N. Sreser (I )
in 1889. These observers found that certan tumours in an animal affected
with symptomatic anthrax contained (1n addition to the characteristic bacillus
ot this disease) an anaerobic fission fungus, which produces large quantities of
paralactic acid (2 e. dextro-lactic acid) m saccharine media, and 18 on that account
named Mucrococcus aoidy paralactir. On the other hand, the aforesaid patho-
genic baaillus, under the same conditions, produces 1nactive lactic acid.

Levo-lactic acid was first prepared in the year 18go by Fr. SCHARDINGER
(I1.), by means of the fermentative activity of a short-rod species found 1n a
Hungarian well-water, and to which the name of Bamllus acidr leevolactror has
been given. In size this orgamism greatly resembles Hueppe's Bacillus acds
lacticr. It ferments dextrose, saccharose, lactose, and glycerin, the resulting
products bemg levo-lactio acid, a httle ethyl aleohol, a quantity of carbon
dioxide, and an unspecified combustible gas The zine salt of 1nactive lactic acid
is obtained by crystallisation from a warmed solution of the zinc salts of this
levo-lactic acid and of paralactic acid,

So far as 13 known at present, the Schwzomycetes species forming levo-lactic
acid are of less frequent occurrence in mature than those producing either
inactive or dextro-lactic acid K. Gtwreer and H, Tarsrrerper (I ) examined
a large number of samples of sour milk, in none of which could they find levo-
lactic acidd Neither did they succeed in isolating from the milk any fission
fungus capable of forming this acid, but always obtaned either inactive or
dextro-lactic acid, or & mixture of both, This, however, does not 1mply that

. o
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Schzomycetes producing levo-lactic acid arerare. On the contrary, a considerable
number of species (mostly pathogenic) endowed with this property are already
known. Investigations on this point were first made by J. Kuvprianow (L) and
ropeated by B. Gosto (I), and 1t was shown that the amount of this acid
produced per unit of quantity of the fermented sugar varies according to the
species employed

Vibrio choleres asiatwes (i addition to other vibrios) was found to produce
levo-lactic acid, whilst Spumllum iyrogenum (Deneke) produced dextro-lactic
acid. On the other hand, G. Lerommany (L), in 1896, showed that when
ordinary milk is kept at 44°-50° O.—nstead of the lower temperatures
employed by Gunther and Thierfelder—levo-lactic acid 1s invariably produced.
The (long-rod) fission fungus concerned in this reaction was named by Lrica-
MANN (I1.) Bacillus lacis acidi,  name (as we have seen in § 135) already in use
for another spectes of Schizomycstes as long ago as 1886

The kind of lactic acid produced under given circumstances by a certain
bacterium affords, 1n many 1nstances, a valuable means for differentiating allied
species, For example, in the case of Bacilius fyphi abdominalis and Bacterium
col commune, the latter—as shown by BracusTEIN (L.)—produces dextro-lactic
acid from glucose, whilst the former, under identical conditions, gives rise to
levo-lactic acid.

Nevertheless, the faculty of a given species of bacternum for producing a
definite kind of lactic acidd must not be regarded as unconditional. On the
contrary, a good deal depends on the conditions of nutrition. The necessity for
the maintenance of identical conditions durmng experiments of this lund has
alrendy been emphasised, and 1t should be also mentioned that the results are
influenced not only by the kind of carbohydrate (sugar) subjected to fermentation,
but also by the constibution of the nitrogenous nutrient material. For this
discovery we are indebted to A. Pir% (I ), who showed that when ammonia salts
alone (unaccompanied by peptone) are at the disposal of the microbe, both
B. typhy abdominalie and Bacterwum colv commune produce levo-rotatory lactic
acid from glucose.

The separation of optically active compounds by means of Eumycstes will be
frequently referred to m the second volume, so we will only mention a treatise
by M von Nenoxr (TI ), which describes a valuable method for manipulating
fermenting lrquids and determining their content of optically active lactic acid.
The characteristics of the salts of this acid have been described by T Purpik and
J. Wartace Warksr (II.) According to F. Horre-SEYLER and FR. ARAKI
(1), the lithiur salts are the most suitable compounds to employ in experiments
for determining the rotatory power of the various lactic acids,



CHAPTER XXIIIL

. THE ARTIFICIAL SOURING OF CREAM.

§ 141.—The Acid Generator.

Tax preferences exhibited by the various families of the human race for different
kinds of butter are very marked. China and Japan, for instance—to which
countries Denmark ships large quantities of this food-stuff—prefer sweet-cream
butter, i.e. that prepared from fresh, sweet cream, whereas, mm Scandinavian
countries, Denmark 1tself, North Germany, and England, a preference for sour-
cream butter prevails.

In order to obtain the latter product; the cream is allowed to turm sour
and undergo a fermentation, principally of a lactic character. Until within the
last few years the general practice was simply to leave the cream to bacome sour
spontaneously ; hence, in view of the fluctuation to which the bacterial flora of
milk and eream is exposed, 1t 18 not surprising that such a method of procedure
frequently resulted in the production of defective butter.

A reliable means of combating this adverse tendency is, however, now avail-
able, namely, the process—introduced jnto the dairy industry in 1890 by H.
‘Weremanx (III -V.)—of artificially souring cream by the aid of pure cultures
of selected races of lactic acid bacteria. This process 18 divided into two
manipulations: the preparation of the acid generator and the preliminary
treatment of the cream to be soured

The acid gemerator (or starter) brings the cream quickly into a state of
fermentation. According to Weigmann's recipe, it is prepared as follows:
Separated or skunmed milk—in the proportion of 23 per cent. of the cream to
be acidified—is warmed up to about 60° 0 and then immediately re-cooled as
quickly and as much as possible. This treatment kills some of the bacteria in
the milk and weakens others to such an extent that they cannot offer more than
a feeble opposition to the development of the lactic acid bacteria, which are then
added to the treated skim-milk., F- this purpose a pure Twwuw.ef Jr fietle rer
ment, obtained frou}:l\_ﬁ,avmﬂﬂe/'n;ental Station, is employed. The vessel it
kept for twer.uy-Tour hours at a medium temperature (15° 0.), by which time
1ts conte-~ont8 Wil be converted into acid generator ready for use.

T-<rhe cream, also, requires a preliminary treatment to prepare the way for the
actionvé of the amd generator. Sterihsation, or at least Pasteurisation, would
afford! ithe best results, but a3 these are generally dufficult to effect 1n a reliable
manne T; & method of weakening the “wild” bacteria present, by cooling the
cream jandown to a low temperature and then quickly warming it up again to
16°—2cdes” C., has to be resorted to. The acid generator is then added and well
incorf frora.t‘ed by stu'rmgz and the cream vat is left, at about 1 5%-20° 0., until
the fosallowing day, by which time the cream will be ripe for churning.

Ifie it be desired to cultivate the acid generator further, a small portion is

£ ;
cau® uJI-\Qrom the bulk before use and employed in the same way as a pure

In spite of the adverse opinion of many practical men
producitig—good butter from Pasteurised, or Even sterilised
* 180

\

the possibility of
cream, has been
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demonstrated by the researches reported by P Sorvpran (I); and Bmnwo
Marriny (I1.) has drawn attention to the hygienic advantages attending such a
method of working. Finally, 1t was proved by Porr and Brokxr (I.) m 1893
that butter prepared from steriised cream keeps better than that from Pas-
teurised cream, and far better than that from cream which bas not been heated
ab all.

§ 142,—The Aroma of Butter.

The results of Weigmann’s researches up to the present (according to a
private communication) indicate that probably only & single species—though
appearing as numerous varieties—of bacterium sets up the lactic fermentation
now in question. This organism 18 a coccus (described by W. Srorom (I.)),
measuring about I g in diameter, and uniting to form chains. The varieties
(also called racss) of this coceus, which, from the point of view of the systematio
botanist, do not differ sufficiently to be classified as separate species, generally
exhibit one or other of the following good qualhties they either give rwe to a

werful aroma, which 1mparts a very fine flavour to the butter, or else the
produet, without exhibiting any marked excellence of flavour, 18 endowed with
good keeping qualities. Consequently such races or varieties should be used in
the manufacture of butters for export. Whether there are races 1n which both
these advantages are combined cannot yet be definitely asserted. The aroma
produced by the bacteria cannot have originated in the volatile acids of the
butter, since it 1s also developed in cultures free from fat, and contamning no
nitrogenous nutriment other than peptone. COomparative experiments on the
flavour of hutters prepared by the aid of different varieties of lactic acid bactera
were made by Avamerz and WiLckens (I.) i 1892.—Owing to & noteworthy
discovery effected by H. W. Coxn (I.) in 1895, the question has latterly taken a
new turn. He succeeded in 1solating from a sample of South American milk
a fission fungus nemed Bacilus No. 41, which 18 not one of the acid bacteria,
but produces in milk and cream a fine aroma, identical with the highly-prized
flavour known in North America as ‘ grass flavour” or ¢ June flavour,” because
it is produced only 1n the month of June, at a time when the cows are foddered
on tender grass rich with blossom and perfume. Cream inoculated with this
bacillus yielded butter endowed with this fine grassy aroma. By means of this
process butter can now be produced with a uniform degree of excellence and
marketable value. The mode of working with this bacillus is simple. A culture
of the organism in milk 18 procured, the usual volume bemng about } litre (nearly
half & pmnt), and is poured into about 6 litres (1 32 gall.) of Pasteurised and re-
cooled cream. After a lapse of a couple of days the whole is transferred to the
bulk of the (fresh) eream, which 1s left for twenty-four hours and will then be
ripe for churning, About 6 litres of this ripe cream are reserved for inoculating
the next batch iIn the same manner as before. It will be noticed that the bulk
of the cream 1s not heated, and consequently the lactic acid bacteria therein will
be stall living and capable of souring the cream, whilst the Bacillus No. 41 acts
concurrently and develops the aroma. The latter organism, however, retains
the upper hand, having been initially present in excess. This flavour-developer
has now been tested and proved in more than a hundred North American daires,
8o that 1ts employment can be recommended. Naturally, fresh cultures must be
introduced into the dairy at intervals (two to three months), since otherwise the
bacterium gradually loses 1ts powers.

The discoverer of the orgamism attributes to 1t the additional faculty of
remedying defective butters, but on this point the data at hand are insufficiently
conclusive. It should be mentioned that the microbe appears in the form of
non-motule short rods, 0.7 x broad and 1.1  long, generally united in pairs, but
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neveras chaips The optimum temperature1s 23° ¢ Ite acid-producing powers
are so shight that the milk 15 never coagulated. The aroma developed 1n the milk
is mtially dehcate, but becomes progressively stronger, and finally (after a lapse
of several weeks) resembles that of fine cheese. As a result of further researches
published in 1896, CoNn (II) was led to conclude that acidification and the
production of aroma are independent phenomena He considers that aroma is
developed by the activity of peptonising bacteria, which separate volatile bodies (of
agreeable or offensive smell and taste) from the-albuminoid constituents of the
cream.

§ 148.—Defects in Butter.

The advantages offered by this artificial method of souring cream are only
appreciated at thewr true value when 1ts application cures certain defects in butter,
to which we will now refer, and which were formerly attributed excluamively to
bad fodder. In this case also bacteriologists have been able to confute erroneous
opinions and render valuable assistance to practice.

There 18 probably not a single dairy in North Germany or Denmark whose
butter has not at some time or other been “oily,” ie exhibited a flavour
recalling that of mineral oll. This malady appears with particular frequency in
dairies deficient 1n appliances for keeping the souring cream and finished butter
sufficiently cool. Weigmann showed that both the acid generator (prepared by
spontaneous acidification) and the butter-milk of such deiries are very impure,
1n a bacteriological sense, and he was invariably successful in remedying the
complaint by the introduction of artifimal souring

A second and not less injurious defect 1s the so-called turnip flavour. Butter
suffering from this complaint has a repulsive sweet taste, recalling that of
turnips. To throw the responsibility on the latter 18 an obvious, but not always
justifiable, procedure, since cases are known where neither the cows nor any of
the dairy appliances had come into contact with turpips, notwithstanding which
the flavour still made 1ts appearance in the butter. 0. O. JenseN (I ) discovered,
in 1891, 1n the milk of several Jutland dairies where this complaint had long
been rife, & microbe which he named Bacillus fotidus lactrs, and which was
recognised as the cause of the malady. This motile bacillus has a breadth of
0.4—0 6 g, 1ts length varying usually between o ¢ and 1.5 g, and often attaining
5.5 p. No spore-formation has been detected, and the organism does not liquefy
nutrient gelatin, As its second name 1mplies, this bacillus gives rise to stinking
decomposition 1 milk, but 18 not the only species producing the same complaint,
Jensen himself having grouped along with 1t & humber of others possessing the
same power, among them being several species of micrococcus (not more
defimtely named), a Merismopedium, &e. The employment of pure cultures of
lactac acid bacteria gave satisfactory results, producing a pure and fine-flavoured
butter 1 place of the previously almost unsaleable article.

A third evil which 18 probably (though not yet induhitably) attributable to
bacteria, 1s the so-called fishy or tram-oil flavour in butter. Other defects, such
a8 greasy, tallowy, cheesy butter, have thewr origin in the inferior chemical com-
-position of the cream ; whilst for the third group of complaints, e.g stable smell
and smoky smell, the uncleanliness of the milker is responsible

How firmly the injurious bacteria settle themselves i the rooms of the
infested dairies 18 evident from the observations made by Ronneberg, according
to whom the beneficial results accruing from the employment of pure cultures
of acid bacteria 1n mnfested dairies are only temporary, and disappear if fresh
supplies of the invigorating pure culture are not mtroduced 1n good time.

The advantages of this new method are so numerous that 1ts employment
should not be delayed until the maladies 1n question appear , 1n fact, the method
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is designed as a protective rather than a remedial measure- The expense of
applying the method 18 small, the supply of pure culture needs, under normal
conditions, to be renewed only about once a fortnight, and the outlay at the same
time ensures protection from unwelcome surprises. Even when the continuous
employment of the method 1s not decided upon, 1t should at least be practised
at such times as a change from dry to green fodder, or wce wersd, 15 made, this
change often becoming very unpleasantly manifest, not only in the cream-pan,
but also 1n the cheese-room, as will be explained in ohapter xxx,

The method is most extensively used i1n Denmark. From a report by Fruis,
Luwog, and StoroH (I ), 1t appears that whilst in 1891 only 4 per cent. of the
samples of butter exhibited at the butter shows (held annually in various parts
of the kingdom) had been prepared by the aid of pure eultures of acid generator,
the number had increased in 1894 to 84 per cent This fact affords the best
recommendation of the method. .



CHAPTER XXIV.

THE COAGULATION (OURDLING) OF MILK.

§ 144.—Aecid Curdling and Rennet Curdling.

Tew amount of nitrogenous constituents in cow’s milk fluctuates between 2.5
per cent. and 4.z per cent. by weight, and 1s on the average 3 5 per cent The
chemical compomtion of these mfrogenous matters has not yet been satisfactorily
determined, and can only be touched upon here so far as 18 requisite and useful
for bacteriological purposes More precise 1nformation, accompanied by copious
bibliographical references, will be found in W. Frerscemann's (L) work on
dairying.

In refutation of the opinion expressed by Duoravx (VII ), that only a single
albuminoid body is present in normal cow’s mmlk, the Swedish chemist Olaf
Hammarsten showed, in 1875, that at least three such compounds can be
distingmished therein, viz., casein, lactalbumen, and globuln, The first forms
about 8o per cent. of the total quantity, and the remsinder 1s principally
lactalbumen (free from phosphorus), globulin bemng present in but very small
quantities , both of these latter are soluble in water. The casemn (containing
phosphorus) 1s acid in character, and consequently 1s not present 1n a free state
in the milk, but ocours as a salt of lime containing x 55 parts of 0aO per 100
parts of casein, This compound of lime and casein 18 not dissolved 1n the milk,
but is held in suspension as a swollen, colloid, finely divaided mass. When the
milk 18 acidified the casem 1s liberated, and—being insoluble and incapable of
swelling—is precipitated in fine flakes ; 1n other words, the milk curdles. The
acid may be erther artificially added or generated by fermentation in the milk
itself ; 1n either case the ensuing precipitate 18 known as acid curd (Ger Quark).

Milk can also be curdled by another means, namely, by lab or rennet, an
enzyme secreted by special glands i the stomach of many amimals. This rennet
i very plentiful in the stomach of the calf, from which 1t is prepared by dryng
in the awr and leaving to stand for a few months, then comminuting the mass
and extracting with a weak (5 per cent.) solution of common salt.

On adding a small portion of such a solution of rennet to sweet, unboiled,
lukewarm, milk, the latter gradually curdles, the coagulum thus formed bemng,
however, not casein 1tself, but a derivative of that substance Hammarsten
found that the casein 18 1n this case split up into two portions differing greatly
in amount, viz., lacto-protein, small in quantity, soluble, and remaining 1n the
whey, and the insoluble paracasein. The latter, therefore, forms the chief
constituent of the coagulum separated (*set”) in cheese-making by the aid of
rennet, and known as rennet curd (Ger. Bruch), or crude cheese.

Oasetn, or paracasein, though the sole nitrogenous constituent of the coagu-
lum produced in any of these methods, is, however, by no means 1ts sole
component, a number of other substances being precipitated and carried down
at the same time. If whole milk—i.6. unskammed milk-—18 set for cheese,
plmost the whole of the fat will be found in the curd, which will then subse-
quently produce rich cheese—skim-cheese being the result in the converse case.
Along with the fat, the calecinm phosph;.te contained (in suspension)in the milk

154
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will also be thrown down only in the case of rennet curd, not in the curc
produced by acidification. ’

Not only are fat and (in this instance) calcium phosphate carried down by
the coagulum, but also a large part of the organisms present in the milk will be
found in the fresh curd, so that the latter is relatively as rich in organisms as
the milk from which 1t was precipitated. Here, again, a considerable difference,
from a biological point of view, exists between the two classes of curd, and
exercises a decisive influence on their subsequent career. The flora of the
rennet curd from sweet (1.e. almost neutral) milk is much more diversified than
that of acid curd. The latter, having been thrown down from a sour milk in
a state of vigorous lactic fermentation, consequently contains only a limited
number of species, and these endowed with a particular fermentative power,

Acid curd differs, therefore, from rennet, both in the method of production
and also in composition. Being devoid of flavour, both kands are, however, un-
suitable for food , their conversion into a form in which they both stimulate the
appetite and are also themselves more readily digestible, 15 the task of the
cheese-maker’s art, fuller particulars of which, from the bacteriological point of
view, will be found 1n chapter xxxa

§ 145.—Characteristics and Aectivity of Lab.

If the enzyme 1n question were exclusively a metabolic product of the animal
body, the foregoing details would suffice. However, since1t 1s excreted by many
fungi as well, a few additional particulars wall not be out of place i a work
dealing with technical mycology.

‘When and in what manner the attention of mankind was first drawn to this
enzyme cannot be determined, since even the oldest authorities, e.g. the Bible,
speak of 1ts employment as an ancient practice. Its method of action, however,
was unknown even down to the commencement of the nineteenth century
The prevalent opinion, based on the eurdling of sour mulk, was that the
precipitation effected by rennet was indirect, an acid being first formed, which
then caused the precipitation of the curd. The elucidation of the true state of
the case was reserved for BERrzELius (I.) 1n 1840, and his discovery was soon
afterwards supplemented by the labours of Fr. Sgumz (I.), C. G. Leamanw (L),
Hzmrz (I), and Vornoksr (I.), who showed that the action of rennet 18 quite
mndependent of the formation of aad.

The identity of this enzyme with the pepsin discovered by SoEwaNN (§ 18)
was disproved by O. HAMMARSTEN (I ) in 1872. This observer was the first to
successfully separate these two gastric secretions, an operation which DEsomaMPs
(L) had failed to effect thirty-two yearsearlier ~Hammarsten, however, did not
make use of the name chymosin, proposed by his predecessor, but adopted the
ancient appellation, lab 'We are also indebted to the Swedish chemist for deep
researches into the activity of this substance. It acts on casein alone, not on
lactose or lactalbumen.

A divergence of opinion still prevails as to the nature and course of this
reaction, and we will therefore merely refer to the investigations made on these
ponts by the under-named workers: A. DaNILEWSEY and P Rapenmausen (I),
W. Everwve (I.), F. Scmarrse (I1.), E Duoravx (VIII), M. ArrEUs and
C. Pagts (L), A S, Lea and W. 8 Dioringon (L), S. Ringer (I ), P. WALTHER
(I.), and A. Frox (I.). Somremes (L), in 1877, showed that milk when boiled
is no longer coagulable by rennet, but the reason for this behaviour was not
ascertained until eleven years later, when Fr. SéronEr (I.) found that the lab
reaction can only proceed m the presemce of soluble salts of lLime, which
latter are precipitated by boiling. For the same reason coagulation does not
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occur 1n milk that has been rendered alkaline; and the most favourable
condition 18 one of very shght acidity. The constitution of this enzyme 1s
still unknown Its decomposing power is unusually high, one part by weight
being (according to Soldner) sufficient to throw down at least one hundred
million parts of casein. As A. Mavmr (III.) has shown, the optimum tem-
perature for the reaction 18 37° U., the coagulation taking three times asg
long at 25° (). Above 45° O. the enzyme is paralysed, and 1s destroyed at
70° 0. Coagulation does not ensue immediately upon the addition of the lab,
but only after a lapse of from several minutes to some hours, according to
the temperature.

The occurrence of this enzyme in nature 18 by no mesns rare It was
found by Roberts in the stomach of birds, and in that of fishes by Benger,
and 18 also present in the cell-sap of various plants, e.g. of butterwort (Fun-
gucula vulgams and P. alpwma), withania (Puncerma coagulans), fig-tree (fous
carwa), artichoke (Cynara scolvmus), and others. It 1s also excreted by several
species of Schizomycetes, particulars of which will be given 1n the following para-
graph. For industrial purposes, however, there is only a single source (the
richest) worthy of consideration, viz., the stomach of the calf The method of
production indicated above is now practised on a manufacturing scale, especially
in Copenhagen, whence most of the German and Dutch cheese factories derive
their supplies The products are Rennet solution, contaming boracic acid
to 1mprove the keeping quality; rennet powder; and, finally, rennet tabloids.

The eflicacy and germ-content of these preparations were investigated by Frirz
Baumany (L).

§ 146.—Lab-Producing Bacteria.

Milk may also curdle without previous acidification or addition of rennet.
Hauenzer (1) in 1852 was the first to record this fact, and the first explanatory
research was made by Duoraux (IX.) 1n 1882. From his studies m this matter
the latter concluded that this precipitation of casein (occurring with an alkaline
reaction) 18 due to the activity of certain bacteria which excrete an enzyme
1esembling lab; and Conn (III ), 1n 1892, succeeded m 1solating this enzyme
from cultures of such Schizomycetes. At first sight the 1dentaty of this lab with
the active ingredient 1n the rennet solution from the stomach of the calf appears
probable, but the discovery that the bacteria 1n question (which mnclude many of
the species belonging to the potato bacillus group, § 111) are able to coagulate
boiled sterilised milk, goes against this view, rennet being incapable of producing
this reaction.

The presence or absence of this power affords, in many instances, a valuable
means of differentiation between two species of bacteria. This 1s particularly
the case with the organism producing abdominal typhus in man, viz., Bacillus
typhr abdomanalis, discovered by Eberth imm 1880, and already referred to in
preceding chapters This microbe 18 not endowed with the faculty in question,
whereas, as Jak. Ury (I) has shown, a number of the putrefactive bacteris
collectavely termed Bacterium cols commune, and greatly resembling the typhus
bacillus m form, &e., rapidly produce coagulation mn milk. According to the

researches of O. Gorivt (I. and II.), Micrococcus prodiguwsus also produces this
enzyme 1n large quantities,

§ 147.—Casease.

Not infrequently the precipitation of casein effected by such bactera
disappears agan after a shoit time. Duclaux ascertained that this new
alteration is due to a second (albumen-dissolving) enzyme, to which he gave the
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name of casease. The same observer also discovered, in the case of several
species of Tyrothrx 1solated from Cantal cheese, and of which a deseription will
be found 1n chapter xxxi , certain bacteria gifted with the faculty of excreting
both enzymes, the casein precipitant and the casein solvent, R. WARINGTON
(IT) as well exammed a number of such species, and observed that they all
liquefy nutrient gelatin,

The ratio between these two enzymes differs in the various species. A few
produce the casein solvent alone, and when sown 1n milk do not precipitate the
eagein, but devompose 1t direct 1nto soluble fission produats, among which leucin
and tyrosin have already been 1dentified. In proportion as vhe casein disappears
the milk becomes clearer, and is finally quite transparent.

The production and activity of both these enzymes are variously dependent
on external influences, the one resembling lab being able to act only within
narrow limits of temperature, whilst the other—the proteolytic enzyme—* as a
wider sphere of activity. The same applies to the methods of nutrtion of the
bacteria 1n question. A species examined on this point by Oonn imitially pro-
duced both enzymes, but subsequently—after prolonged cultivation on gelatin—
yrelded the proteolytic one only ; and by increased interference the production
of the latter also can be restricted. 'Woop (L) attamned this object by adding,
during several successive generations, a little carbolic acd to the nutrient
bouillon employed.

The constitution of casease has not. yet been accurately determined, neither
has any one suceeeded in ascertaining whether, and 1n what respect, this enzyme
differs from pepsin and trypsin—which 1t greatly resembles in action—nor
whether the casein-dissolving enzyme produced by different species of bacteria
18 the same 1n all cases. WrxeMaNw (VI.) states that he hasisolated casease from
bacterial cultures, and that this substance favours and accelerates ripeming when
added to fresh cheese.

The spontaneous coagulation of milk without the co-operation of micro-
organisms, the possibility of which was maintaned by early woikers, denied by
Laster, and finally established as a fact by Meissner, was more closely examined
i 1887 by A. Lzvyr (I), who found that a very fant coagulation can be
detected 1n all milk that has been left to stand for some time. The sediment
deposited by such milk contains, however, only a small quantity of coagulated
casein, the bulk consisting of small fragments of decomposed colostrum  As the
cells of this latter substance die off a slight degree of acidification ensues, which
causes the precipitation of a certain quantity of casemn.

The rapid curdling of milk so frequently observed during thunder-storms has
not yet been satisfactorily explained., The opinion expressed by J. Liesie (I.)
m 1890 will not bear investigation, and the assumption put forward, on
experimental grounds, by G. Toromer (I.), that 1t 18 caused by the action of
ozone produced by electrical discharges, rests on 1nsufficient foundation. The
same objection also applies to the views held by H. GEersTMANN (I) on this

' point.



CHAPTER XXV,

LACTIO ACID BACTERIA IN DISTILLING, BREWING,
AND VINIFICATION.

§ 148.—The Spontaneous Acidifieation of Distillery Yeast-Mash.

THE preparation of the pitching yeast for distillery work is not such an easy
matiter as 1n the sister industry of brewing, In the regular course of the latter
no special labour is required for the production of the necessary quantity of
yeast, since 1n this case the yeast settles down, as soon as the fermentation is at
an end, to the bottom of the tun, and can then—after the 1mmature beer is racked
off—be used at once for *pitching” (1.e. inducing fermentation in) a fresh
quantity of wort. The case is different in distillery work, where the liquid to
be fermented, instead of being thin and self-clarifying like wort, is a thick mash, '
in which the yeast cannot settle down. For this reason the distiller is obliged
to prepare his pitching yeast in another way. He grows 1t artificially in special
vats, and, on this account, terms it ‘‘artificial yeast.” For this purpose a sweet
mash is prepared in a small tun, the quantity amounting to about 10 per cent.
of the principal mash to be fermentet% A more detailed description of the pre-
paration of this yeast-mash belongs t0 the domein of Ohemical Technology, and
we will here content ourselves with briefly mentioning that crushed green malt
is mixed with water and gradually warmed to 67°~70° C., then mixed with a
variable) amount of sweet ‘‘ goods” from the principal mash tun, ¥nd the mix-
ture left to saccharify for two hoursat 70° O  Before this medium is pitched
with the yeast to be reproduced, it must, however, be subjected to another
preliminary treatment known as ¢ souring.”

The green malt is infested with a copious flora of various kinds of bacteris,
chief among which are the species of the hardy organisms causing butyric fer-
menfation. These spores are not killed by the aforesaid mashing temperature—
which, moreover, for reasons connected with the preservation of the diastase,
must not be exceeded—and therefore they afterwards germinate and increase,
and produce butyric acid. Now this acid, being a powerful yeast poson, would
mnjure the development of the pitching yeast; but since the injurious bacteria
are themselves very sensitive to high degrees of acidity, thewr development may
be hindered by quckly making the fresh mash decidedly acid. To attain this
end the lactic acid bacteria are called in aid.

The question now arimses, How can the latter be cultivated without allowing
the butyric ferments to gain the upper hand? This can be secured by main-
taining the optimum temperature, which for the lactic acid ferments now under
consideration is between 47° and 52° O, whereas the butyric ferments thrive
best at about 40° 0. The sweet yeast-mash is therefore kept at about 50° C. ;
consequently the lactic acid bacteria develop with vigour, and the increase m
their activity can be determined by titration,

When the operation progresses satisfactorily, the acid-content rises with
increasing rapidity and aitains 2.z—2z.5 degrees of acidity; 2. 20 c.o. of the
filtered sour mash require 2.2 to 2 5 ¢.c. of normal alkal for complete neutralisa-
tion, a quantity corresponding to 1.0—18.81 per cent. of lactic acid. When this

- 1
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point is reached, the mash is heated to 70° 0. in order to Iull the lactic acid
bacteria, and is immediately re-cooled to 17°-~20° CO. and pitched with yeast.
For the first yeast-mash of a new season a sufficient quantity (r kilo. per hecto-
litre of mash, .. at the rate of 1 lb. per 10 gallons) of a pure culture of a
selected race of distillery yeast is employed. Such yeast can be obtained from
the Berlin Experimental Distillery Station (Versuchsstation fir Brennerer). At
the expiration of some fourteen to sixteen hours the development of the yeast
has so far progressed that the contents of the vat can be applied to their destined
purpose, a portion (about one-tenth) being, however, reserved, under the name
of mother-yeast, for pitching the soured yeast-mash on the following day. The
remaming nine-tenths of the prepared yeast are then transferred to the principal
mash, whereby the latter not only receives the requisite amount of active yeast,
but 18 also rendered acid, and is thereby better enabled to resist bacterial infec-
tion. This explains the whole dictum of the distiller, “ The more acid in the
yeast, the less in the fermenting tun,” because the greater the acidity of the
mature yeast-masgh, the lower the possibility of injurious (acid-producing) germs
developing in the principal mash during fermentation. The resson for this is
that lactic acid reduces the vital activity of the microbes (butyric acid and acetie
acid bacteria) now under consideration. The increase of acidity in the mash is
employed as a measure of the progress of the fermentation. 'When the yeast is
first added, the sweet mash exhibits an acidity of o.5°-0.4°, corresponding to
0.2-0.3 per cent. of lactic acid, and this incresses during fermentation by o.2°
‘when the management is first-class, 0.3° when good, and by as much as o 4° and
more when the prooess is not properly carried out.

§ 149.—Artificial Souring by the Aid of Pure Cultures of
Lactic Acid Bacteria.

The credit of recognising the utility of souring the mash is due to practical
distillers themselves, their experience on this point iaving been gained by repeated
experiments. It is only in recent years, however, that a closer msight into the
characteristics and actual value of this preliminary treatment of the yeast-mash
has been obtained. Until lately the generally accepted opinion was that
expressed by SoruLTE M Horx (1), viz., that lactic acid 18 necessary, or at any
rate favourable, to the conversion of the (insoluble and undiffusible) albumi-
noids of the wort into peptones assimilable by yeast. Delbruck’s researches on
this point failed, however, to reveal the presence of any apprecable quantity of
peptones in the soured yeast-mash, and 1t is now certain that the favourable
result 18 solely due to the relative toxic action of lactic acid, This acid acts
much more quickly and powerfully on the development of the bacteria than on
yeast, the Iatter being able to stand a fairly large amount of the acid without
appreciable injury.

The reader may well inquire from what source these lactic acid bacteria
which cause the souring of the yeast-mash are derived. Until recently the
answer was far from satisfactory, since it indicated that the matter was left to
chance. The initial temperature of 70° C. in the yeast-mash lalls the lactic
acid bacteria already present therein, but not the spores of the butyrie fer-
ment ; the subsequent development of the latter is, however, prevented by the
restrictive temperature of 5o° 0. maintained durmng the souring process The
active lactic acid bacteria must, therefore, make their way into the mash from
outside rources, 6.g. the air, the vessels, and utensls, &c., so that the inoculation
of the mash is left entirely to chance. Consequently it is not surprising to learn
that the operation frequently miscarries, failures being, under such circum-
stances, inevitable,
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We are mndebted to Morawsky for the first improvement on this point.
Instead of waiting for the yeast-mash to become infected spontaneously by lactic
acid bacteria, as in the ordinary course, he proposed to set aside about one-tenth
of the soured mash before applying heat, and to add this mother-acid to the next
day’s mash as soon as the latter has been saccharified and cooled down to 50° O.
This modification, although constituting a valuable 1mprovement on the older
method when once operations are in full swing, nevertheless does not positively
guarantee good souring ; and its deficiencies are most apparent at a time when
help is most essential, viz., at the commencement of a new season. Durng the
first few days after work 1s resumed, it often becomes apparent from the odour
permeating the yeast-room that the souring is not progressing satisfactorily, but
that the mash is rich in butyrio acid. This 1s due to the fact that the lactic acid
bacteria in the distillery have more or less completely perished during the
summer while the works were shut down.

To completely overcome the difficulty, nothing must be left to chance, and
the souring must be properly regulated by inoculating the sterilised and cooled
yeast-mash with a sufficiency of a pure culture of lactic acid bacteria. Such a
method was first introduced by the author at the Hohenheim Distillery, where it
was tried with great success. The further treatment of this artificially 1noculated
mash differs in no wise from the procedure already described, 1.6. when the sour-
1ng is completed the mother-acid is removed, the bulk of the mash is heated up
to 70° ., then cooled, and pitched with the prepared mother-yeast ~Next day
a portion 18 taken to serve as mother-yeast for a succeeding mash, and the
remainder 18 added to the principal mash. If, through any mischance (unskil-
fulness or carelessness on the part of the distiller), the souring of a given mash
proves defective, then no mother-acid is reserved from 1t, but a pure culture 18
used for pitching the yeast-mash on the following day.

Although the species of bacterium now in question shares with the milk-souring
bacteria the property of decomposing sugar and forming lactic acid, it nevertheless
differs from them in more than one respect. For example, the various species of
-the lactic acid bacteria in milk, so far as they have been examined, are incapable
of developing in mashes and worts under the conditions prescribed above. Mor-
phological differences are also apparent at the first glance, the cells of the
distillery-bacillus being long, almost invariably more than 2.5 p, and very
frequently attaining ten times this length, whilst the breadth remamns umformly
about r . This microbe was 1solated by the author in 1896 from a satisfactory
yeast-mash prepared by the old souring method in the Lietzen Distillery (in the
Mark Brandenburg), and received the name of Bacillus acidificans longrssimus.

On account of its powerful fermentative activity, this bacillus can also be
utilised to advantage in the preparation of lactic acid for technical purposes The
dyeing and cloth-printing mdustries in particular require contmually inereasing
quantities of this acid, the preparation of which by purely chemical means is at
present a rather costly process, and can be more cheaply effected by means of
lactic acd bacteria. For this purpose a sterilised unhopped beer wort, rich 1
maltose and qualified with a sufficient addition of calcrum carbonate, 18 inoculated
with a pure culture of the bacillus and maintained at 50° 0. 'When the fermen-
tatioh 18 ended the liquid is concentrated, and the lactic acid separated by
decomposing the calcium lactate formed G. Jaoquemin (I.) proposed a similar
method, but gave no precise information concerning the nature of the ferment,
and 1t is therefore uncertamn whether the organism 1s allied to, or 1dentical with,
the above-mentioned bacillus. The method described by E. Drracrorx (I)

utilises, by a simlar course of treatment, the sweet whey formed as a waste
product in dairies.
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§ 150,—Effront’s Hydrofluorie Acid Method.

It is found impracticable to protect the fermentation of distillery mash from
injurious by-fermentations by sterilising the mash before adding the pitching
yeast, since such treatment would also lall the diastase, the continuance of whose
saccharifying action during the fermentation cannot be dispensed with, More-
over, such sterthsing would not be of much value, smce 1t 18 practically impossible
to protect such large quantities of fermentable material from subsequent infec-
tion by extraneous germs during the fermentation. The only course, therefore,
is to devise some means of restricting the development: of the invading organisms,
The souring of the yeast-mash 1s, as already explained, a method of this kund
This method, however, was not based upon a recognition of the true nature of
the evil to be overcome, but 1s rather the result of multifarious experiments,
which finally demonstrated that a strongly acidified yeast-mash affords a
guarantee for the satisfactory progress of fermentation 1n the mash proper, and
protection from imjurious bye-fermentations. Oonsequently, as soon as the
anti-bacterial action of lactic acid was recognised as the actual agency at work 1n
this process, investigation into the smitability of other bacterium poisons for the
purpose 1n question followed as a matter of course. Thus in 1886, U. Gavox
and Q. Duperrr (I ) ascertained that an addition of 0.1 gram of basic nitrate of
bismuth per hitre of mash was able to keep the fermentation free from contamina-
tion. Many other investigators have occupied themselves with the same subject,
from which 1t 18 evident that the task is by no means an easy one. As a matter
of fact, the antiseptic sought must, tobe suitable, unite 1n 1tself several properties,
For one thing, 1f must be able to restrict the development of the Sehizomyestas
without injuring the yeast present at the same time, Furthermore, 1t must
not impart any evil odour or flavour to the aleohol produced, and must, therefore,
be non-volatile and remain behind in the distillation residue (gramns) without
being—in 1ts actual condition of dilution—dangerous to the animals subse-
quently fed thereon, Finally, the employment of the bacterrum poison should
not entail any great expense. It is, however, difficult to find a substance capable
of fulfiling the whole of these conditions The metallic poisons, such as the
aforesaid bismuth salt, must be at once dismissed from congideration. The acid
sulphite of lime (calcium bi-sulphite), which has been frequently recommended,
18 rendered unsatisfactory owing to the partial reduction of 1ts sulphurous aecud,
by the fermentative organisms, to sulphuretted hydrogen, which spoils the odour
of the alecohol. An addition of artificially prepared lactic acid to the mash 18
too expensive, and 1ts substitution by mineral acids 1s, with & sungle exception,
impracticable, owing to their injurtous action on the yeast. Up to the present
only a single reagent has proved useful, viz., hydrofluoric acid, which was intro-
duced 1nto distillery practice by J. Errront (IL.).

This so-called hydrofluorie process—i.e the use of this acid, either in a free
state or in the form of salts, especially as ammonium fluoride—has already passed
through two stages of development and given rise to a number of investigations
and treatises, which will be found epitomised 1n an essay by H OHATELINEAU
and A, LesrassEur (I.) Errroyr (I') commenced his publications on the
subject 1n 18go  Hisimitial proposition was to add between 4 and 8 grams of
HF per hectolitre (22 galls.) to the mash (treated in the usual manner) before
prtehing with the yeast, this quantity being sufficient to prevent the development
of 1njurious bacteria.

Hydrofluoric acid surpnsses all other mineral acids in 1ts anti-bacterial powers,
since, according to Effront, 25 mgrms. of this acid per 100 cc of wort will
prevent the appearance of lactic or butyric fermentation, whereas 200 mgrms.

o
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of hydrochloric acid or 300 mgrms of sulphuric acid are necessary to produce
the same results. The butyric acid bacteris, bemng more susceptible to the
influence of acids, can be repressed by as little as 10 mgrms. of HF per 100 c.c.

This original hydrofluoricacid process entailed no alteration in the customary
method of preparing the yeast, and in particular the souring of the mash
remained unchanged. Effront, however, endeavoured to render this prelimnary
treatment superfluous by modifying his method into the so-called new hydro-
fluoric process by adding a sufficient quantity of hydrofluoric acid or fluorides o
the sweet mash instead of leaving 1t to sour spontaneously.

Here naturally follows the question of the action of hydrofluoric acid on the
vital activity of yeast It hasbeen proved that the susceptibility of the various
races of yeast to the mfluence of this acid differs, a circumstance which explains
the irregular (sometimes good, sometimes bad) results yielded by the old process.
In distilleries using very susceptible yeast the prescribed addition of HF to the
mash might not only be without any good result, but probably even give rise to
unfavourable symptoms, such as sluggish or imperfect fermentation.

The discovery that cell-reproduction on the one hand and fermentative
activity on the other are affected in different degree 18 an important one.
According te Errront (III), the former 1s completely srrested by the addition
of 300 mgrms. of NH,F per 100 c.c, whereas the fermentative energy 1s merely
reduced, not stopped, by this quantity. The same authority has also showed
(IV.) that yeast can be gradually accustomed to large additions of fluorme. In
this manner a given yeast can be brought to witbstand an addition of 3oo
mgrms, of HF per 100 ¢ c. without loung 1ts reproductive power. Doses below
this limit—up to about 200 mgrms. per 100 c.c.—retard reproduction, but
stimulate the decomposing energy of the organmism, and therefore lead to a larger
production of alecohol. The yeast becomes so much accustomed to this stimulant
that it is subsequently rendered incapable of unfolding 1ts energies except when
pitched in a mash also contaming fluorine, the yield of alcohol being otherwise
far below the normal standard.

In practice the new hydrofluoric process is, in the main, carried out as
follows - For the preparation of the yeast-mash 4 partsiper cent. (by volume)
are taken from the principal mash (previously saccharified and cooled down to
30° 0), and a sufficient amount of hydrofluoric acid (or fluoride) added, this
being tollowed by 1 volume of mother-yeast to each 4 volumes of mash taken.
Of course, at the commencement of the season a sufficiency of pure culture
yeast must be used instead. The amount of added acid is regulated by the kind
of yeast in use, 4.¢. by its susceptibility, but 10 grams (say % oz) of HF per
hectohitre (22 galls ) of yeast-mash will generally suffice ~After the addition of
the mother-yeast the mash, which was pitched at 26° 0., qmekly warms up to
about 31° O., at which temperature it 18 maintained. In this procedure the
older process described in the preceding paragraph 1s somewhat modified : the
heating of the saccharified yeast-mash up to 70° O., which was there found
advantageous, being, in the present imstance, abandoned (since the injurious
organisms are suppressed by the HF), as is also the separate addition of malt to
the mash. In addition to the properties already mentioned, hydrofluoric acid
is also credited with exercising a favourable influence on the diastatic action, in
that in presence of this acid a much smaller amount of the said enzyme suffices
tojhydrolise a given amount of starch 1 a given time, The ratio of maltose and
dextrm 18 also modified m favour of the former, as much as 96 parts of maltose
being sometimes obtained per roo parts of starch, whereas in presence of HCI (or
H,S0,) the highest percentage of maltose amounts to 75 (or 76) per cent., and in
the absence of mineral acids to 74 per cent. 'When the yeast-mash 18 matured
(in about twenty hours tume), one-fifth is set aside to serve as mother-yeast for
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the succeeding mash. The residual four-fifths are incorporated with the fresh,
saccharified principal mash, previously mixed with enough hydrofluoric acid (or
ammontum fluoride) to make the (percentage) content thereof equal to one-half
that of the yeast-mash This proportion has been found to be suffictent; and
since high patentroyalties have to be paid—to the * Société Générale de Maltose
a Bruxelles,” of which M. Effront 18 director—for the use of hydrofluoric acid for
thig purpose, the dustiller will naturally avoid employing more than 18 absolutely
necessary.

Althgugh hydrofluoric acid undoubtedly affords a reliable means for com-
bating bacteria, and can be used with advantage to keep yeast free from these
objectionable organisms, the case 13 different when the purification of a yeast
from contaminating wild yeasts 18 in question. ErrronT (V.) prescribed a
method which he thought conld effect this latter purpose, but the same was
shown by A. JoreEnsEN and J Cm. Horm to be unrehable. Some further
particulars on this point will be given in a suitable place in the second volume.
At present we will merely state that the hydrofluoric acid process in nowise
supersedes the employment of pure culture yeast; on the contrary, the value of
such yeast has here been revealed in a new hght.

§ 151.—The Lactic Acidiflcation (* Ziékendwerden ) of Wine.

The souring of wine and beer is by no means a uniform phenomenon, but
may, on the contrary, appear 1n many forms. The most frequent is the vinegar
tant, 2.6 a partial conversion of the aleohol into acetic acid by acetic acid
bacteria. Fuller particulars of this evil will be given in chapter xxxvn. The
gubject of the present paragraph is the lactic acid taint, ¢.e. the production of
acidity by lactic acid bacteria, and which 1s generally known 1n Germany as
« Zwkendwerden.” This 18 a not infrequent malady, and usually makes 1ts
appearance in company with other injurious changes. Even Pasteur classed 1t
along with the so-called turning or breaking of wine, and the expression © Vin
tournd” 18 still apphed 1n France to both phenomena, other terms bemng ‘ Vin
monté” and “ Vin qiu a la pousse.”” The course and characteristics of the
malady are as follows It mostly attacks young vintages, occasionally appearing
even 1n the first year. The wine turns turbid, and the odour and flavour
gradually become irritating, like rancid butter The turbidity increases by
degrees to such an extent that the wine has the appearance of diluted mulk, this
white break passing over finally, i1n many instances, into the stage of black
break, the wine then being in the condition of a brown to inky black hqud.
Congurrently with this change of colour occurs a gradually imcrensing precipi-
tation of dark shmy masses—a phenomenon characteristic of this malady. The
presence of lactic acid 1n “Vins tournés” was detected by A. Barrarp (L)
in 1861. J. BErscE (I) examined four samples of broken (*‘zickender") wine
for theiwr acid-content, and obtained the subjoined results.

—_— No I No II No ITI No 1V

Por Mil. Par Mil Por Ml Per Mil

Free acid, cal, as tartaric acid 571 335 1.59 825
Carbonic actd oog oos 005 019
Acetic acid 067 1.00 I37 088
Lactic acid 237 086 173 098

The production of the two last-named acids was aseribed by Pasreur (XII.)
1n 1866 to the action of fission fungl. Experience shows that vintages poor in

I
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acud, e.g. 1893 wines, are particularly hiable to the malady, MurLx
(I') found such wines were always infected with a bacilus 1 2-2
0.3 p broad, capable of forming lactic acid, not merely from sugs
also from tannic acid and another (umidentified) constituent of v
inoculated 1n must, this bacillus sets up lactic fermentation.

Musts that from any accidental cause have been deprived of th
great part of their acid-content are therefore very susceptible to
infection. Thus, Macr and Porrere (I ) report on a considerabl
of lactic acidity in South Tyrol, where, in the autumn of 1882 a
vineyards m the lowlands of Etsch were flooded, and the grapes
crusted with the carbonates of ime and magnesia Consequently a
portion of the acid in the must became neutralised in the process
the immediate result being complamts of the appearance of lactic
the other hand, those grapes that had been freed from the 1nc
car?o;mtes, by treatment with dilute sulphuric acid before crushing
malady

Here, as also in most other maladies of wine, the true cause of
be sought in the defective constitution of the hiquid. If the presenc
producing germs were the sole essential factor, there would be har
good wine at all, because all grapes—and therefore all fresh must—
with e variety of species of fission fungi, both harmless and inju
researches of MtrLER-THURGAU (LI -IV ), MacE and PorTeLE, and
and Riersor (I), conclusively proved this in many instances, a.
withstanding the (often considerable) infection thus produced, the
normal conditions ressts its foes so effectually that the matured
sound wine is free from bacteria This fact, demonstrated by Sc
Frrupmvneicr (IL.), 18 so decisive that 1t was regarded by both t}
as an indication of purity, smce the made wines examined by the:
exhibited a larger or smaller content of bacteria In future inves
the subject of the diseases of wine, more attention will have to be p
hitherto been the case to the natural susceptibility of the wine

No known remedy exists for the lactic tamnt 1n wine, but Pasteurise
recommended as a preventive measure.

§ 152.—The * Turning ” of Beer.

Although the term “ turming,” as apphied to wine, 18 not yet cle:
stll, 1n the case of beer, only a single malady 18 understood by thi
viz., the undesirable appearance of lactic formentation. PasTeUrR
several observations on ‘ biédre tournéde,” and traced the cause to ce
fungi, which he described as long rods 1 p broad and of varable
quently joined together in chams, For a closer investigation of t
indebted to H. van Larr (I.), who in 1892 obtamed pure cultn
ferment, and named it Saccharobacillus pastorianus.

The commencement of this malady in beer 18 evidenced by a grad
in the brightness of the (previously clear) liquid, which finally be
turbid, and gradually assumes an unpleasant smell and taste. If th
ghaken, delicate waves of a fine thiead-like character appear in
resembling 1n appearance the fine films produced at the plane of cont
two hiquids of unequal densities This appearance is so remark.
suffices of itself to characterise the malady. After a time there sep
deposit, which Pasteur reproduced in Plate II., of his above-ment
and which conswsts—apart from the yeast-cells, which may be disreg
nitrogenous precipitate thrown down by the lactic acid, and of smn;
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chans of Saccharobacilus pastorianus The latter are the cause of the aforesaid
optical phenomenon exhibited when the hquid 1s shaken. Meat-broth gelatin
18 unsuitable for the pure cultivation of this fission fungus, and 1t develops but
imperfectly 1n wort gelatin, so that shghtly alcoholised malt extract agar-agar,
1 which the organism thrives, has to be employed. The re-inoculations made
by Van Laer into sound beer decisively proved the agency of Saccharobacillus
pastorsanus 10 the production of “turning ” in that beverage. It is, however,
1neapable of developing or becoming injurious except when the percentage
content of hop extract (2 e. the hop resins inimieal to bacteria) in the medium
18 small This influence of the hop resins was, however, not further investigated
by Van Laer.
As 1ts generic name implies, Saccharobacillus pastorianus ferments sugars,
.and especially saccharose, maltose, and dextrose, which 1t acts upon readily, but,
on the other hand, ferments lactose with difficulty. Saccharose 1s apparently
transformed without inversion, since the presence of invertin could not be
detected mn the cultures In media containing one of these sugars the bacillus
chiefly produces inactive lactic acid, in addition to ethyl-alecobol and a small
quantity of volatile acids (acetic and formic acids), the proportions varying with
the kind of sugar and the conditions of cultivation. Given a suffictency of
sugar, the degree of acidity produced 18 then solely dependent on the composition
of the remainder of the medium , 1n unhopped wort it amounts to as much as
1 26 grams (calculated to lactic acid) per 100 e.c, whilst 1o hopped wort 1t does
not exceed o.27 gram The development of the bacillus 18 not restricted by
alcohol unless more than 7 per cent of this substance 1s present in the beer It
thrives better 1n the warm, and consequently the malady 18 of frequent oceur-
rence in summer 1n countries where the cellar accommodation 18 defective.
This explains the Flemish name * Zomerbier,” applied to turned beer in general.
The organism cannot survive continuous exposure to 55°~60° O. for a short
time; consequently beer intended for export to tropical countries may be
protected against risk of ¢ turning ” by Pasteurisation.

§ 153.—White Beer, Lambie, Ginger-Beer.

A low percentage of lactic acid 18 met with even in the best beers. It is
derived partly from the malt itself, which contains on an average o o5 per cent,
of this acid, but is chiefly produced during the mashing process, the amount then
developed being nevertheless small—ranging 1n normal beers between o o5 and
o,2 per cent. The nature and amount of the acids produced during the malting
of barley, the kilning and mashing of the malt, and the boiling of the beer-wort,
have been 1nvestigated by E. Prior (I.). In addition to the rod-shaped species
already deseribed, lactic ferments in the form of globular cells developing mto
shest colonies appear mn the malt-mash. An acid-producing species of this class
wes exammed by P. LinoNeR (I ), who named 1t Pediococcus acidi lactics. Its
diameter is 0.6-I.0 p, and the optimum temperature is about 40° 0., but the
organism 18 killed 1n two minutes by a temperature of 62° C., and 1t does not
thrive erther in hopped wort or beer.—The spontaneous lactic fermentation
appearing under certain circumstances 1n malt-mashes has been investigated,
from a chemical point of view, by M. Havpuok (I1.). The variety of the fission
fung developing 1n these mashes is very considerable, the first 1n point of size
being the Sarcina mazima, described by P. Livonee (I1.), the individual cells of
the packet-colonies of this organism meaguring 3-4 p 1n diameter. Attempts
to obtain pure cultures of this, the largest species of sarcina, have hitherto proved
unsuccessful

In many instances the appearance of a vigorous lactic fermentation 1 beer-
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wort 18 regarded with favom and 1ts development encouraged This apphes t
the so-called * Wesshier " (white beer) No careful bacteriological investigatior
of the acidification process, which plays such an 1mportant part in the prepara
tion of this refreshing beverage, has yet been made. Possibly Saccharobacillu.
pastoranus 18 concerned therem, at present, however nothing definite can b
stated on this point

A considerable amount of acidity 18 produced 1n the Belgian beers known as
Lambie, Faro, and Mars, beverages prepared by spontaneous fermentation with-
out any addition of yeast. The boiled and re-cooled wort 18 placed 1n barrels
which are only partly filled, the empty mnternal space communicating with the
external air by a small aperture Sufficient yeast-cells to set up fermentation
are left adhering to the walls of the casks from the previous fermentation, so
that after a lapse of twenty-four hours an evolution of gas 18 already noticeable.
In addition to alcoholic fermentaton, lactic, and subsequently also acetic, fermen-
tationgets m. L.v.p Hurik and H vaw Laxwr (I ) published 1n 1891 the results
of a chemical mvestigation of this matter. The more important of these are
tabulated below

Aleohol per Cent Lactic Acid Acctic Adld
Age of the Lambio by Weight per Cent per Cent
10 months . 484 0 3I0 0044
12 months . 407 0900 o121
36 months . 559 1051 0098
47 months . 524 0939 0336

The beverage 18 consumed after a storage period of three Lo five years, and,n
its matured condition, 18 known as * gueuse lambic.” The acidity then amounts
to about 1 per cent., and 18
masked by an addition of
sugar 1mmediately before
drinking.

A spontaneous lactic fer-
mentation also occurs in the
case of gimger-beer (to which
reference has already been
made1n § 64). The prepara-
tion of this foaming acid
beverage, which is largely

The cells of Saccharomyces pyriformis are surronnded by the consumed 1n Eng]a.nd In the
cells of Bacterium vermiforme, the membranes of which are ummer-t:.me, 18 a very Slmp].e
very much thickened and swollen Magn 680 (dfter & mabter. To a ro-2o per cent.

M Ward) solution of sugar are added
a few pieces of ginger and

a couple of granules of the ginger-heer plant the whole being then left
to stand uncovered. The liquid soon begins to ferment briskly, 1s bottled
at the end of tyventy-four bours, and consumed within the next two days.
The so-called ginger-beer yeast was more closely examined by H. M.
Wazrp (I1). It conmsts of whitish translucent masses about the sze of a hazel-
nut, and 18 & mixture (Fig. 52) of a yeast, Saccharomyces pyriformas, and s fission
fungus. The cell-walls of the latter organism are gelatimised 1n a manner with
which we shall become acquainted later on, more particularly in the case of cer-
tain filamentous bacteria . the greatly swollen cuter layers of the cell-membrane
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becoming detached, but only so far as to constitute an independent outer case or
sheath enveloping the cells This jacket either surrounds the cell along its

I'ta 53 —DBaeterlum vormiformo

a-I. The gradual evolutivu of the cells aud chains into the worm form

i-m. Devilopment of n shonth inerensing on the ono side, tho eoll-mombiane
thickens in cortain directlons only, nnd ot equally all round. Magn 680

2~z Dissolution ofsuch unilutornlly thlckoned coll-membrancs 1nto branched
forms, tho cells being visible at tho oatremitles of th. bi anches  Culture In
ginger-beer nutrlent gelatin , z, obsorved at 10 AM , g, the same at 4PM,and
2 0t 10 A M, ihe followiug day T .c parts Indientod by @, zz, zve, correspond.
Magn 4z20. (After Ward )

entire length or else only along one side thereof, and is in some cases absent
altogether. The breadth of the cell 1tself measures about o 5 #, and the length
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varies between o 5 and 50 p. The thickness of the sheath is often ten times
greater than the diameter of the cell. "When examined under the microscope,
this thick envelope with its comparatively thin enclogure resembles a worm, and
15 18 on this account that the name Bacterium vermaforms has been given to the
fungus,

The bacterium is shown in Fig. 53 It stands in symbiotic relation with the
Saccharomyces pyrformas, so that the development of the one 1s facilitated by
the presence and vital activity of the other. 'Ward also succeeded}in artificially
constructing the ginger-beer plant from 1ts two components, The chief products
of thig fermentation are carbonic acid and lactie acid, 1n addition to traces of
aleohol and acetic actd. The lumps of the plant are kept 1n a state of saltatory
motion by means of the carbonic acid gas, and increase considerably in size during
the fermentation. They are able to withstand desiccation, and shrink up on
drymg to form a horny mass, in which condition they are stored for future use,
The origin of the ginger-beer plant is unknown.
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CHAPTER XXVI.

THE LACTIC ACID BACTERIA IN THE PREPARATION
OF FODDER.

§ 154.—Brown Hay.

ONE of the processes wheremn micro-organisms play an active part for the pre-
gervation of juicy fodder, viz., that dealing with burnt hay, has already been
noticed 1n § 106; and we will now briefly sketch a second and more general
practice, v1z , the preparation of brown hay, .As in the former case, the warmth
necessary for driving off the water in the fodder has to be supplied by thermo-
gentc bactersa. In addition to these, however, another series of organisms,
converting part of the carbohydrates into lactic acid, butyric acid, &e, comes
mto play. The percentage of water in the green fodder employed for making
brown hay must be smaller than i that worked up into burnt hay. The
materials (grass, &c.) are bult up mto a round or square rick from 16 to 24 feet
in diameter, and 13 to 16 feet high, well trodden down, and thatched in the roof
to prevent the incursion of rain-water. At the end of about three days, spon-
taneous heating (“sweating”) will become manifest, and its progress can be
conveniently followed by means of a metal pipe laid 1n the stack and containing
a thermometer (provided with a couple of attached strings), which can be drawn
out as required, for the purpose of reading off the temperature prevailing in the
mterior of the heap In proportion as the temperature rises (generally up to
70° 0., and frequently stall higher), the mass begins to steam, and this goes on
for eight to fourteen days, a further four to eight weeks being allowed to pass
before the brown hay can be considered as finished. The product forms a firm,
dry mass, the colour of which, under normal conditions, 18 between pale and
dark brown, but 18 black when overheating has oceurred. In point of cohesion
this brown hay is preferable to air-dried hay, being less brittle than the latter,
but tough and suitable for fodder. Its odour 1s aromatie, and recalls that of
freshly-baked bread or honeycomb. Comparative investigations into the chemical
changes produced 1n this method of preparation have been made by Dietrich,
Moser, Weiske, and others  The results obtained by Dietrich are given below
(see Table, p. 200), smce they afford material for judging the process from the
Fermentation Physiologist’s point of view A parcel of aftermath was divided
into two portions, the one being worked up into withered (air-dried) hay, and
the other to brown hay, and an average sample of each was subjected to analysis,

A comparison of the first and third hnes of this table at once reveals the
high percentage of lactic acid and butyric acid 1n the brown hay, both of which
are entirely absent from air-dried hay., It will be evident, upon mature con-
sideration, that the production of these acids by bacterial activity does not occur
In the centre of the stack, since the temperatures (70°~90° () prevailing there
are such as only the passive reproductive forms of these organisms are able to
withstand  To obtain & correct idea, we must picture the changes occurring
within the stack as proceeding in the following manner the thermo-bacteria
develop 1n the centre of the mass and liberate heat, which radiates towards the
outside. Between this hot central layer and the external strata exposed to the

199
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Crude Extractive
Protein Non-
Nitrogenouns
Portion Matter
Percentage Soluble| pg; |————T——— Woody Agh | Cltric |Lactic| Butyric
Composttion of Water in Portion Fibre Acld | Aeld | Acid
Total | Water Soluble
(== Total in
Amides.
&e) ‘Water
@ Awr-dried hay | 150) 98] 30 [ 23 (409 [ 175 | 246 | 67 |066 | — | —
b Brown hay 201|105 | 1.0 29 (219 | 90 | 281 73| — |697| 223
o The latter
calculated
totherame 150 | III | II 31 (232 96 | 209 | 78 | — |742| 223
water - con-
tent as a

cool air lies a broad zone wherein the precise temperature (40°-50° C) most
gmtable for the development of the acid bacteria 1n question prevails. The meta-
bolie products from these organisms then gradually permeate the entire mass,
The chief material for these fermentations 18 afforded by carbohydrates (starch),
as may be seen from the foregoing table, according to which the awr-dried hay
contans 40 g per cent’, whilst the brown hay contains only 23.2 per cent. of
non-nitrogenous extractive matter (starch, sugar, &e¢) Of the mitrogenous con-
géituents, those soluble in water, :6 amides and kindred bodies—of which the
brown hay contained 1.1 per cent and the air-dried bay 3.0 per cent —are for
the most part consumed. The loss of matter attendant on the preparation of
brown hay is calculated by Dietrich as about 14 per cent.

Brown hay exhibits one advantage over both sir-dried hay and burnt bay,
namely, that 1ts preparation is much less dependent on the weather, a couple of
fine days sufficing for protecting the finished hay. These days can, however, be
seleoted at convenience, smce the ricks of brown hay can be left untouched for
a long time without dread of spontaneous ignition. Hence this method is fre-
quently employed 1n rainy districts, e.g, the North Sea hittoral and the Austrian
Alps Tt is, however, inadvisable to resort to this practice where good air-dried
hay can be made from the green fodder at disposal, because the feeding exper:-
ments performed by G. Kuhn and others, and reported by Fr Awvserr (L.) and
Fr. Fauxs (1), concordantly demonstrate that the preparation of brown hay is
attended with a considerable loss (amounting to as much as 5o per cent of the
total) of digestible protein substances

§ 155.—Sweet Ensilage.

The preparation of brown hay 1s also partly dependent on the weather, in so
far that a certain amount of dryness 1n the material before stacking is essentaal.
Now, 1n many cases, 1t i3 erther practically impossible or economically dis-
advantageous to remove from the green fodder even the small quantity of water
that must be got md of 1n making brown hay. One instance of this kind 18
afforded by the enormous quantities of beet leaves available for a fow days only
1n each year (during the mngathering of the beet crop), and another 1a the drying
of the de-sugared slices of beet, an operation impracticable 1n many places owing
to the lack of the necessary costly drywng apparatus. In such, and many other
simalar eases, putrefaction of the readily decomporable masses 18 prevented by
subjecting them to an acid fermentation withous any previous drying. Formerly
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this was effacted exclusively 1n silos—whence the term ensilage, current for thia
operation in England and France, 18 derived.

According to the compogition of the raw materials, their water-content and
method of treatment, two classes of durable fodder are obtained, viz., green
pressed fodder and sour fodder. The main factor determining which of them
shall be produced 18 the height of the temperature attained, as the result of
spontaneous heating, in the mass. If this does not erxceed 40° U., then the
butyrie ferments develop along with the lactic actd bacteria, and o sour-smelling
product, known as sour fodder, results. More detailed particulars of this are
given 1n the next paragraph.

If, on the other hand, the thermogenia bacteria develop vigorously in the
heap, and thus cause the temperature to rise rapidly to 50° 0. and remain there
for some time, then the lactic acid bacteria develop by preference, overcome all
thewr competators, and exert a practically undivided sway In this case a
durable fodder 18 obtamed, which 1s almost entirely free from volatile acids and
devoid of odour, or with a somewhat sweetish smell, on which account it 1g
known as sweet fodder, though this name 18 hardly correct, owing to the
strongly lactic acid character of the product. A more suitable appellation has
latterly been bestowed on 1t, viz , green pressed fodder.

This process originated in England in 1885, under the name of sweet
ensilage, but through the explanatory treatise written by G ¥ry (I ) became
known on the Continent, where 1t was at first styled Fry’s ensilage. The
numerous 1nvestigations to which 1t was there subjected led to importanti
conclusions, both of a chemical and practical nature, which were fully reported
by Fr. ALBERT (II). Nevertheless, from the Fermentation Physologist's point
of view, no advance has been made beyond the general information already
gven by Fry On account of this dehciency we are obliged to dismiss this
process (important though 1t 18 to agriculturists) with meiely a very few
remarks,

As the name itself implies, green vegetable substances, such as waste beet
leaves, clover, green meize, &c , are used for the preparation of green pressed
fodder. Bilos are unnecessary, the materials bemng stacked in the form of a
straw-thatched cottage, tightness of packing being an important feature By
guitable means (¢ ¢ horizontal beams with weighted ends, or sumilar stack
presses) a continuous heavy pressure 15 exerted on the stack, the amount of
the pressure being a predominant factor influencing the degree of spontaneous
heating produced. Should the temperature not 1se quickly enough, then the
pressure 18 moderated to admit air more freely to the thermogenic bacterta On
the other hand, 1f the temperature rises immoderately (beyond 70° C.), then the
pressure is increased, the access of the air restricted, and the oxidising activity
of the gaid organisms consequently diminished The state of the internal tem-
perature is observed by means of an ensilage thermometer demgned by E.
Meissl, the scale of which projects from the side of the stack. In a word, the
stack 18 regulated in such a manner as to ensure the predominance of the lactic
acid bacteria, whereby, under normal conditions, a product of a green to olive-
green colour, and of an aromatic sweet flavour, 18 obtained. The structure of
the vegetable matters employed 1s still distinguishable A sample of this fodder,
prepared from crimson clover, contained (according to Bohmer) 71 per cent of
water and about o 36 per cent. of total acids, of which o 27 per cent, was lactic
acid, and the remainder consisted of butyric acid, acetic acid, valeric acid, &e
In the researches recorded by Fr. Albert the total acids (calculated to dry
matter) 1n a sample of green pressed fodder, prepared from meadow grass and
contaming 68.4 per cent. of water, amounted to z.49 per cent , of which 1 89 per
cent, was composed of non-volatile acids (lactic acid).
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‘With regard to the losses of matter inherent 1n this process, that consisting
of carbohydrates need not be further dilated upon, since 1t 18 evidently un-
avoldable, being intimately connected with the production of heat on the one
hand, and on the other with the formation of lactic acid. Greater mportance
attaches to the modifications effected in the albuminocids during the process, and
these changes also afford a means for determining its value The numerous
researches made on this point all tend to prove that the conversion of green
fodder into green pressed fodder 18 attended with a substantial loss of digestable
albuminoids, the amount of the loss bemng in direct proportion to the water-
content of the fresh material. The ferments consume a large amount of the
albuminoids 1nitially present, and decompose them into amide compounds,
ammonia derivatives, and even ammonia—all substances of but lhittle, if any,
use for the nutrition of animals which are to be lalled for food. In the cases
reported by Albert, the amount of these matters ehminated ranged from 13to 31
per cent. of the total nitrogenous matter (crude protein) present.

§ 156.—Sour Fodder

18 prepared 1n pits some 40 to 8o 1nches 1n depth, and 8o to 120 inches wide, the
length depending on the quantity of fodder to be treated The most important
raw materials are the exhausted shices of beet-root from sugar-factoriés, fodder-
beet, potatoes (‘freviously steamed), frozen sugar-beet, chaffed maize stalks, &c.
The mlo 18 tightly filled with these and covered with a layer of chop (chaff),
surmounted with a thick stratum of soil, and over this again are laid boards,
weighted with sufficient stones to produce a pressure of about rooo Ialos. per
square metre (nearly 2000 lbs per square yard). Since practically no oxygen
can penetrate the mterior of the compressed mass, the activity of the thermogenic
bacteria is very much impeded. Nevertheless, the temperature rises to some
extent, as a result of bacterial activity, but not to anything like the'degree attained
in the case of green pressed fodder, and, in fact, generally remains below 35° O
Observations on this point were made by K. Schatzmann 1n a silo of elliptical
ground plan, and having a capacity of 37 cubic metres (1307 cubic feet), On the
and day after filing, the mternal temperature registered 26° C., and attained on
the 16th daya maximum of 34° ., afterwards subsiding, so that on the 36th day
23° 0, on the 56th day 19° O, on the 86th day 12° 0., and on the ro6th day
8° 0. were recorded, Under such conditions, the heat-loving lactic acid bac-
teria could not be expected to gain the upper hand ; and, as a matter of fact, a
number of highly divergent fermentative orgamsms take part in the production of
sour fodder, the percentage of volatile acids in the fodder being correspondingly
high, and the smell consequently sour In this process the loss of matter 1s stall
greater than was found in the case of green pressed fodder, and in an mstance
exammed by Julius Kuhn amounted to 23 4 per cent. of the total dry substance.
The loss 18 prinapally borne by the non-nitrogenous extractive matter (&arbo-
hydrates, &c.), then by fermentabls woody fibres, and finally by the albummoids,
of which (1n consequence of their conversion into amido-compounds) about 40
per cent, disappeared in the above-mentioned experiment (with soured green
maize). In a second instance (beet shees), the loss was 18-62 per cent., and mn
a third (soured beet leaves tested by O, Kellner) as much as 68 per cent.
Although these high proportions of loss in the souring process are regrettable,
it should not be forgotten that the fodder materials now in question would
be entirely wasted unless utilised by means of this process, wherens, when
so manipulated, a considerable proportion of their nutmtive constituents can 1n
any case be preserved. Thie souring process can always be relied on to yield
comparatively good results where all other methods for preserving a given fodder
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are impracticable or disadvantageous. To this advantage must be added, in mar
cages, an improvement 1n compostion effected by the process, 6.g. the reduction «
the percentage of (purgative) oxalic acid 1n beet-leaves, observed by O. Kellne
Numerous researches on this subject have been published, and the reader ms
be referred for further information to the summary of these investigations whic
appears 1n a useful treatise by Jurius Kvaw (I.), dealing with the matter froi
the Agricultural Ohemist’s point of view.,

Granting that the sacrifice of a certain portion of the given substance, 1n orde
to retain the rest, is inherent 1n this process, 1t by no means follows that tt
extent of the said sacrifice cannot be reduced The great fluctuations exhibite
by the foregoing figures, referring to the amount of loss experienced, permit tt
assumption that an excellent sour fodder can be prepared with » smaller prc
portion of loss than the existing average. This opens up to the Fermentatio
Physiologist a new and valuable field of worl, still unexplored. The fermentativ
nature of the souring process being acknowledged, it follows that the next objec
in view is the attainment of a clear insight into the physiology of this ferment:
tion ; which knowledge will then facilitate the cultivation of the fermen
combining maximum efficiency with minimum consumption of material, an
consequently capable of yielding the greatest proportion of best quality sou
fodder Attention should be directed to the artificial inoculation of the slos wit
selected ferments, since the resulting mmprovements are of great pecuniary valu
to the agricultural imnterest. (The author estimates them as represented by a
annual sum—for Germany alone—of several millions of marks, ¢.e. shillngs
These researches should also be extended so as to include the kimdred process ¢
sauerkraut fermentation, the preparation of which mmportant food-stuff, on lin
practised from time immemorial, formed the prototype for the production of sou
fodder. Little 18 known of the physiology of this method, the literature of th
subject being restricted to a couple of brief reports which ascribe the chic
agency 1 the process to the lactic acid bacteria.
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CHAPTER XXVII

THE PART PLAYED BY BACTERIA IN TANNING.

§ 157.—The Fermentation of the Plumping Soak.

THE preservation of animal hides by simple drying 18 feasible only when they
are to be stored for some time and brought on the market mn a dry state. To
accelerste this drymng, the fleshy side is in many instances rubbed over with
arsenic or with common salt, A few investigations into the utihity of the last-
named substance were made by F HamnieN (I). The brittle sohdity and
fragility aequired by the hides 1n dry:ng prevent thewr utihsation for practical
purposes, and the more so because putrefaction sets in directly they are wetted.
To remedy this defect is the object of tanning, »e¢ the conversion of hides into
leather. Bactemal activity here comes into play at the outset of this operation,
micro-organisms bemng necessary even in the preliminary treatment known as
unhairing. As 18 well known, leather consists neither of the outer skin (epi-
dermis) nor of the next layer of mucous cells (mucous membrane), but of the
third layer (composed of closely interwoven colls), which, on this account, has
been termed the leather (or true) skin (corrum). Several methods of expusing
this layer and simultaneously removing the hair exist, one of them being the
go-called sweating process. In this operation the cleansed, soft hides are
maintaned at a moderate warmth i1n a chamber saturated with moisture—the
sweating pit Putrefaction quickly sets in, but 1s only allowed to proceed =o
far as to loosen the hairs and enable them to be scraped off, along with the
epidermis and mucous membrane. A second method of unhairing is by Liming
or slackening, the hides being repeatedly steeped 1 an initially weak, but
progressively stronger, milk of hme. In the absence of investigation on the
subject, it 15 still nncertamn whether an active part 1s played in this operation—
a8 is undoubtedly the case in the sweating process—by bacteria, certan spacies
of which, capable of resisting the action of the milk of lime, have been discovered
in the hquor by J. vox S8crrSDER and W, Sommrrz-Dumont (I.). The result of
both operations 18 substantially the same, viz , the hair, eprdermis, and mucous
membrane are loosened, and can then be removed.

In one respect, however, limed hides differ from those slackened by sweating.
In the former case, calcium carbonate has been deposited in the intercellular
spaces 1n the hide, which is thus rendered somewhat brittle and less pervious to
the tanning liquor This carbonate precipitate is removed by steeping the hides
1n a prekle or ¢ bate ” consisting principally of a mixture of bran, barley, groats,
and the excrement of various animals (dogs, fowls, pigeons, &c ) 1n a state of acid
fermentation. The chief, if not the sole rawson d'éire of this process, which has
been gradually developed through tentative experiments alone, has only been
brought to light in recent years. The first progressive step consisted mn the
discovery, by Ave. Freuxp (I) in 1871, that lactic acid 18 the chief product of
the spontaneocus acid fermentation of wheat bran, This explained the favourable
result of the bating of lime-slackened hides, the calcium carbonate bemng con-
verted 1nto the soluble calcium lactate, and thus washed out of the hides,

Pickling, however, effects a second and remarkable alteration il} the hide,
204
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causing 1t to swell up (“plump ”) to almost double 1ts former thickness, thus
loosening the cellular tissue and facilitating the subsequent penetration of the
tannin, In order to make the most of this advantage, 1t 18 generally the custom
to pickle even the hides that have been unhaired by the sweating process, and
which consequently do not contamn any hme that needs to be removed. The
object 1n this case 18 to plump the hides, 2.e. cause them to swell up, and this
explains the term ‘‘ plumping soak ” apphed to this acid liquor, This expansion
of the skin 1s due to the action of the gases liberated 1n the fermenting Lquor.
The reactions ocourring in this process are very diversified, as might be
expected from the large number of bacterial species present i the bran ibself
and in the added fmeal matter Of these orgamsms, such as attack the carbo-
hydrates develop most vigorously, these substances bemng present n large
amount,

J. T. Woop and W. Wirrcox (I ) deseribed one species of this kand and gave
1t the name of Basterium furfurs, The starch 1n the bran 18 hydrolised and con-
verted 1nto glucoses by an enzyme, cerealin—isolated from bran extract by J. T.
‘Woop (I.)—and these sugars are then acted upon by the bacteria 1 question,
organic acids and considerable quantities of gas being produced. In a sample
examined by Woop (IT), 1 hitre of the fermented bate contmined o 8 gram of
lactic acid, 0.2 gram of acetic acid, 0 o3 gram of formie acid, and o o1 gram of
butyric acid  The disengaged gas was found, in different experiments, to consist
of 22-42 per cent of CO,, 28-53 per cent, of H, 24—26 per cent of N, and 1—4
per cent. of O, the percentage of carbon dioxide 1increasing as fermentation
progresses. This fermentation 18 attmbuted by Wood and Willcox to the said
bacterrum, which they describe as short rods o 7 plong and 1.3 p broad, umted
to form chains, but not, so far as they could ascertamn, producing endospores.
The cell-walls exhibit a tendency to swell up, The organmism is incapable of
attacking solid or dissolved starch, and consequently can only come into play
when the cerealin has completed its diastatic action and converted the starch of
the bran, dic , 1nto glucose.

These discoveries must be regarded as a preliminary step to be followed by
many others The unappetising and (hygienieally considered) objectionable use
of fwces 18 shown to be unnecessary; and 1t would be advisable to endeavour to
artificially * sour ” the plumping soak by means of a sufficient quantity of actively
fermenting leaven prepared from pure bran.

The next step in bacteriological investigation in this matter should be to
ascertaln whether—as the figures above given lead one to suppose—pure lactic
fermentation 18 the best form of fermentation for this soak. It should be men-
tioned, moreover, that the removal of the lime from the slackened hides by the
a1d of dilute mineral acids 18 1mpracticable, sinee 1t seriously 1mpairs the quahty
of the resulting leather.

§ 158.—The Souring of Bark Liquor.

For the actusl tanning of the plumped hides there are, as 18 well known,
three different systems available, viz., alum- or white-tawing; oil-tawing, or
shamoying, and bark-tannmg—the last of which will now be briefly considered
from a bacteriological standpoint. The chief tanning material employed 1n this
case 18 the bark ot various trees (oak, pine, &e.), in addition to which gall-nuts,
myrobolams, sumach, &e., are also used.

Hides mtended for role-leather are placed 1n a tanpit in such a manner that
each hide 18 separated from 1ts neighbour by a layer (a couple of fingers in
thickness) of coarsely-broken fresh bark, mixed with powdered gell-nuts, &c. The
empty corners and vacant spaces are packad with old spent tan, and the piti 18 then
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filled up with water At the end of eight or ten weeks the hides are taken out
and relaid in fresh strate of bark, and this operation 18 repeated (three or five
times) until the leather 1s 1mpregnated with tan. There is no doubt at all but
that the activity of microbes 18 also mamfested mn the tenpit, but at present no
hypothesis can be formulated on this point, there being no scientafic foundations
to build upon.

Our knowledge of the reactions occurring in the bark liqour 1s, however, 1n
a more satisfactory state. All the thinner hides, unsuitable for sole-leathers,
are steeped, not 1 the tanpit, but in an aqueous (cold-drawn) extract of tanning
substances, known as bark liquor or ooze (Fr. jusés, Ger, Lohbrihs) The actual
process of tanning, .6. the combmation of tannic acid and phlobaphene with the
fibres of the skin, does not concern us at present, this bemg a purely chemico-
physical operation. One circumstance, however, deserves bnetP mention here,
and that is the subsidiary phenomenon of the gradual souring of the bark liquor.
This change, well known to all tanners, was first chemically investigated by
H. Braooxnor (L.), who,in 1832, discovered 1n soured bark hiquor an acid which
—as lhittle was then known of the properties of lactic acid—he considered to
be a new, hitherto undiscovered acid, and therefore named 1t ¢ acide nancéique,”
after the town of Nancy, where the discovery was made. This acid was, how-
ever, quickly recognised by L. Gmeln as lactic actd. J. Wrapira (I.) mn 1890
showed that volatile, as well as non-volatile, acids are present in old spent bark
liquors, the former consisting chiefly of acetic acid and the latter of lactic acid.
The reader will have no doubt that the reduction of these acids (which are not
present 1n the *“sweet ” liquor) 18 attributable tothe activity of micro-organisms,
which are here present in abundance, HarNtEIN (IL.) having found no less than
60,000 bacteria (along with a few budding fungi) in the hquor prepared from,
and corresponding to 1 mgrm of, Silesian oak-bark. The acids are produced
from the saccharine constituents of the bark, a fact already evidenced by the
researches of B. Komwnstein (I.) and J. von ScEromDER (I ), who showed that
in proportion as the sweet liquor becomes sour, so she percentage of these sugary
constituents decreases. In practical working therr imtial quantaty 1s found to
be from o.3 to 0.8 gram per litre

A fission fungus named Bacllus corticahs, and recognised as an active partici-
pant in the souring of bark liquor, was diseovered by HaexueiN (IIL.) n large
quantities in gour pine-bark liquor, as also in the fresh pme-bark. This microbe
appears 1 the form of short rods o.7—1 p broad and oneand a half to twice these
dimensions in length ; at the period of active reproduction the individual cells
are connected 1nto many-jointed chamns The bacillus thrives on nutrient gela-
tin, nutrient agar-agar, and shces of potato, and requires but very hittle nutri-
ment. Being able to withstand demceation, 1t remains alive in bark, where it 18
found in large numbers. It has a great affinity for light, and grows more freely
when illuminated than in the dark, though it 1s still capable of performing its
vital functions under the latter condition. It thrives most vigorously at 30°-
40° 0., and ceases to develop below 5° C.; in habit 1t 18 facultatively anaerobie,
%.6. oxygen is not essential to its growth. Its most 1mportant property, so far as
we are now concerned, is its bebhaviour towards sugars, of which 1t acts upon
dextrose as well as saccharose and lactose, and produces, 1n addition to acids, a
considerable quantity of gas, composed (1n one case investigated) of g5 per cent.
of hydrogen and 5 per cent. of carbon dioxide. Tannin 1s not attacked by this
microbe, a fact confirmed by the observation made by J. vox SomroEpER and A.
BartaL (1.), that the percentage of tannin in the liquors undergoes no alteration
on standing or during storage.

The acidity of tannin bark hquors amounts to o.25 gram (reckoned as acetic
acid) per litre and 18, as the previously mentioned researches of Wladika have
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shown, mainly due to lactic acid, the presence of which acid has a favourable
influence on the quality of the leather. According to J. PissrEr (I ) a leather
tanned with pure tannin handles poor and hard, but 18 rendered soft and supple
by the acd gradually formed in the bark liquor It 1s therefore easy to under-
stand why the tanner likes to see his bark hiquor turn sour, and even attempts
to favour and accelerate this state of things by mizing with the fresh liquor
gome of an older, already soured batch, thus unwittingly inoculating 1t with a
culture (1n any cage impure) of acid bacli “Whether this microbe also acts 1n
other ways 1s at present unknown, but it 18 a subject worthy of investigation.
This apphes particularly to the liberation of gas in bark hquors, which, according
to Haenlein'’s researches, amounts to 1-2 ¢.c per gram of pine-bark. Important
researches on the dependence of the normal progress of this souring operation
on external conditions were made by F. Anpreasorn (I ).

Although Baelius corficalss is by no means the only species found on pine-
bark, still the composition of the bark lhquor 1s specially favourable to its
development. It 18 therefore probable that in the liquors prepared from other
(and especally tropical) tanning materials, other (but allied) species will be
found, not only because the bacterial flora of these materials (grown under
other conditions) 18 different, but because these latter differ in chemical com-
position from our indigenous tanning barks, &c, and consequently favour the
development of other species of bhacteria J. T. Woop (III.) has described
the micro-organisms present in sumnch 1nfusions —In conclusion, it may be
remarked that the process of tanning still presents a very profitable field of
regearch to the Technical Mycologist.



SECTION VII.

THE FORMATION OF MUCUS AND ALLIED PHENOMENA
OF DECOMPOSITION.

CHAPTER XXVIII.

THE IMPORTANCE OF BACTERIA IN THE MANUFACTURE
OF SUGAR.

§ 159.—The Zooglma of Leueonostoec Mesenterioides.

Ix the manufacture of saccharose there are occasionally formed certain masses

of gelatinous mucus, for the most part merely small colourless or reddish agglo-

p merations, resembling frog spawn 1n appearance, but, under special conditions,
’ increasing to masses exceeding a cubic foot in dimensions  Attention was first
drawn to them by C. ScmemLER (I ), who, 1n 1874, subjected them to chemical

. examination, the result of which indicated the presence of dextran, a carbohydrate
> first discovered by him 1n the plasma of unripe sugar-beet. Scheibler, 1n fact,
T regarded this mucus as expressed beet plasma, but this opinion (which was alsc
shared by E Ferrz (I )) was very soon opposed, P. Jusert (I.) having shown

a few months later, that these gelatinous lumps (known in France as * gomme

de sucrerie”’) continue to develop in sugar solutions. From this he concluded

that they are not extravasated beet plasma, but a ferment (a plant,” as he

expressly stated), whose reproductive power he succeeded 1n arresting by meane

of carbolic acidd. The microscopical examination of the mass, however, as first

made by F. Menpes and J. Borsomrscmorr (I.), led at the outset to no
satisfactory elucidation. For an accurate knowledge of the true state of the

case we are imdebted to L. Crenxowskr (I ), who, mn 1848, proved that the

mucous masses in question are composed of bacteria with extraordmarily

swollen and gelatinised cell-walls, which cause the individual organisms to

adhere together and form the aforesaid large masses, whose superficial con-

volutions frequently resemble those of the mesentery. Influenced by Billroth’s
publication on Coccobactera septica, and 1n view of the name .Adscococcus
Billrothaw given by Comn (IL) to a mucus-forming fission fungus, Cienkowslks

called his micerobe 4 scosocous mesenteriondes The forms of cell which he detected

i{; lIz-hese mucinous lumps he described as highly diversified. Ooccus, Bacillus,

1brio

In the same year Vaw TimerEM (VII.) published a research on the organism

producing these mucinous masses, agreeing with his Russian colleague as to 1ts

vegetable nature, though with respect to 1ts position 10 the botanical system he

held other views. According to lus observations, the development and repro-

duction of this mierobe harmonised so well with those of the blue-green uni-

cellular alge of the genus Nostoc, that he felt obliged to call 1t *white”
(chlorophyll-free) Nostoce, and bestowed on it the new generic name of Leuco-

nostoc  Contrary to the observations of Cienkowski, who ageribed a copious
polymorphism to this fismon fungus, Van Tieghem could only discover globular
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cells, as shown 1n Fig. 54 (which 13 made up from the drawings in the original
treatise, and 18 here reproduced on account of its historic interest). Smce,
however, the researches of this French worker were not performed with pure
cultures, we cannot go more closely into the details of this 1llustration.

It was not until 1891 that a thoroughly satisfactory bacteriological investiga-
tion was made—by 0. Limsensere and W. Zorr (I )—on this organism, In the
nterim, the same gelatinous
masses had also been observed
in Indian cane-sugar factories
by H. Wimvrer (L). Adhering
to the exwsting nomenclature,
the two first-named workers
showed that Leuconostoc mesen-
terwoides has only one morpho-
logical form, viz, a coccus of
0 8 to 1.0 p1n diameter. This
discovery 1mm nowise detracts
from the accuracy of Cienkow-
sla’s observations, for 1t must
be remembered that he did
not have pure cultuies at his
disposal, but examined =&
sample of the gelatinous mass,
which from 1ts nature was
very likely to have become
infected by any number of
fission fungt during its re-
moval from the sugar-works
at Orlovetz to the laboratory
of Charkow.

The discoveries made b 8 Varl + dovel ot the Zooslmn formatd

T rarlous stages of developmentof the Zooglwen formation

Lxesenberg and Zopf that tlus 9 Two chains of cocel, each exhiblting tw; enlnrgad (pre-

microbe, when grown in or sumably sporogenic) membors Magn about 5oo  (4/fer
upon nutrient media free from  ¥Fen Treghem)

cane- or grape-sugar, does not
develop a muecinous envelope, but grows in chains, and consequently assumes the
streptococeus form (Fig. 55), are entirely new. Such nutrient media are - Solwd—
potato shices, peptonised meat-broth gelatin, milk gelatin, maltose gelatin, on all
of which it develops merely n thin pellicle without any formation of mucus,
Lawgurd —milk and boullon, 1n which merely a fine sediment of cells 18 deposited.
If, however, & small portion of such a culture of non-mucinous cells be trans-
ferred to a medium contrining saccharose or dextrose, the formation of mucus
quickly ensues, Under these conditions there then develop (on slices of carrot,
1n particular) laxge zooglesa, at first dry, like cartilage, bub afterwards becom-
ing softer and resembling mesentery in appearance. Under the microscope it
appears as shown 1n Fig 55. The cells, always globular, are invariably arranged
in pawrs, 1 ¢ as diplococct The greatly swollen mucinous capsules of the indi-
vidual cells gradually coalesce and form agglomerations of constantly increasing
s1ze, 1n which the diplococer are enclosed. Locomotion could not be detected 1n
any case,

yN ot only was Cienkowski's work corrected by the researches of Liesenberg
and Zopf, but the same fate also befell some of the statements made by Van
Tieghem. The latter thought he had detected endospores in s Leuconostoc,
and asserted that in unfavourable media some of the cells increased 1n sze, and

I o

¥1a 54 —Leuconostos moesentelloldes.
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formed spores 1.8-2 o p1n diameter, the walls of which coincided with those of
the mother-cell. No. g of Fig. 54 shows two such cell-chains, each of which
exhibits two enlarged members wherein spore-formation has just commenced.
‘When transferred to a favourable medium, these spores were saxl to burst their
sohd membrane and then reproduce themselves by fission. ILiesenberg and

Zopf were, however, unable to discover such spores, and in any case their
presence would be unimportant, since

the orgamism already possesses in its

- @ ¢ mucinous envelope an excellent means

?“ ® o “of protection against adverse influ-
03 b %\ ences. Owing to this envelope it is

f o8 « P able—=so Liesenberg and Zopf found
1 .5:. —to withstand three and a half years’

desiccation in the air, and to resist the
influence of dry heat at roo° 0. for
over five minutes ; whereas the naked
modification, growing on sliced pota-
toes, succumbs after five minutes’ ex-
posure to a temperature of 75° C.
Like other fungi, however, it is much
less able to reswst miowst hent (steam,
heating in hquds), the envelope being
readily penetrable by momt warmth,
On warming a culture of the gela-
tinous form m a nutrient solution up
to 88° C. in forty-three minutes, and
keeping it at that temperature for
five minutes, all the cells were killed,
whereas a temperature of 86°-84°(J,,
under otherwise identical conditions,

we

F16 55—Leuconostec mesenterioldes,

a, b chains and bands of the non-capsuled variety,
potato culture, ¢, e, cells with gelatinons eapsule

in various stages of development In d one pair
of cells is viewed in the direction of tho lino join-
ing their centres, and hence nppears as a simple
cell, not as a dlplococons The shading in o-e
merely indicates the configuration of the agglome-
rations, and not a stratifieation of the capsule,
Magn about 1200. (dfter Liesenberg and Zons)

produced no injurious effect. The
naked variety showed itself even
somewhat more susceptible; never-
theless  Leuconostoc mesenterioides
must be classified among the heat-
resisting bacteria, by virtue of which
property 1t is enabled to appenr m
the hot diffusion battery and juice
condwits of the sugar-factory. The
same faculty of vemsting heat may

also be utilwsed 10 preparing a pure culture of the microbe: the sample (a
gelatinous lump 1n a solution of sugar) destmed for this purpose being kept for
& quarter of an hour at 75° 0., by which treatment most of the extraneous
germs (adherent to the mucus) are kulled, leaving the Zeuconostoc unhurt.

§ 180.—Physiology of Leuconostoe.

The mucinous envelope is soluble in zine 1odochloride, concentrated sulphurie

acid, strong caustic potash or soda,
iodosulphuric acid produce no not
that we have not 1n this\ case
cellulose A beautiful doy
cover-glass preparation with
immersing 1t 1 an aqueous’

or 1n baryta water, but potassium 1odide or
1ceable alteration
(as was supposed by Van Tieghem) to deal with
ble staning can be produced by first treating the
violet, which stains the coce: alone, and then
jgton, of rosolio acid, whieh 1s absoibed .by the

This fact by itself proves
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mucmous envelope, the latter then surrounding the blued cells with a rose-red
halo Preparations of this kind sometimes exhibit a scaly stratification of the
envelope, the explanation of which is clear - the outer layer of the cell membrane
swells up, detaches 1tself, and now encloses the cell on all sides, so that when
this process has been repeated several times the envelope continually increases
1n @ize, whilst the dimensions of the bacterial cell itself remain unaltered. By
softly pressing the cover-glass of such a zooglosa preperation the cells can be
forced out of their mucinous envelopes .

As already remarked, the substance of which this onvelope consiats was
stated by Scheibler to be dextran, an opinion also shared (as the result of analy-
tical experiments) by P. Darvmroney (I.) If, however, we consider the means
by which these chemists arrived at their discoveries, doubts will arise as to the
accuracy of their conclusions. In all attempts, made by macrochemical means,
to determine the composition of the vegetable cell mewmbrane, the same difficulty
is encountered, viz , the solution and removal of the cell contents. In order to
attain their object, the reagents employed for this purpose must penetrate
through the cell wall, and since they come into contact with 1t whalst still in all
their pristine strength, they decompose 1t more or less effectually. When the
lixiviation of the cell contents 1s completed, then the product remaining hehind
for ultimate analysis cannot be considered, in point of composition, as unaltered
cell-membrane substance, though 1ts form may be still unchanged. This applies
to the case now under consideration. In order to obtain the substance of the
mucinous membrane in a pure condition Scheibler beiled the gelatinous mass
(freed from adherent sugar) with milk of lime, and found that only a small por-
tion was dissolved. This fact of itself bears ovidence agninst the (chemionl)
umformity of the substance of the mucinous envelope of Zeuconosioc. 1t is alko
probable that even the dextran recovered from the lime extract is a decomposi-
tion product of a more readily hydrolised constituent of the said membrane.

The behaviour of this fission fungus towards sugars merits special considera-
tion. It has already been stated that the formation of mucus occurs only in
such nutnent medin as contain grape- or cane-sugar, the other carbohydrates,
tested on this point by Liesenberg and Zopf, being found unsuitable. = ZLeuco-
nostoc messnterioides produces invertin, which then splits up the cane-sugar; so i
may be surmised that the development of the gelatinous membrane can only oceur
In presence of grape-sugar (and perhaps also fructose!). This does not, however,
imply that lactose, maltose, and dextrin are unaffected by this fission fungus ;
on the contrary, 1t ferments them and forms lactic acd, n faint evolution of
gas being at the same time noticeable. The presence of a small quantity (3-5
per cent.) of caleium chloride in the nutrient medium favours the production of
mucus and the fermentative activity of the organism, the latier bemmg brisker
when oxygen 18 excluded. The optimum temperature for the development of
this microbe beng between 30° and 37° C., 1t is evident that i order to kill
this pest the juice in sugar-factories must be kept at higher temperatures,

®osfoc consumes a certain portion of the cane-sugar, and as 1t also produces
lovertin, which forms invert sugar—the presence of which i well known to
seriously retard the crystallisation of the cane-sugar—another source of loxs to
the Bugar-manufacturer arises. Molasses naturally forms a lighly smtable
nutrient medium for this microbe The speed ut which 1t increases thercin is
reported (from practical experience) as follows by B Duriy (1.). A wooden vat
previously used as a recipient for beet-juice, and the walls of w 1ch wera covered
with a thin film of mucus (v e. zoogleea of Leuconostoc) was charged with 5o h.l.
&ég;g&llﬂ )of neutral molasses. Atthe end of twelve hOlll‘Fl' the whole of this had
o e ];f:fnvel;;tfd mto & mucinous coherent mass. 'This microbe also given 1180
in the refindries as well as 1n the raw-sugar works. F. Srrormmen (I')
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mentions such a gelatinous molasses derived from a colonial sugar-refinery
and which yielded a pasty sediment coumsting of the zooglea of Leuconosto
mesentsriordes on dilution with water. It should be remembered, when deter
mming the sugar-content of a molasses by polarsation, that the mucinou
envelope of Zeusonostoc is optically active and deflects the beam of polarisec
light three times as much as an equal weight of saccharose
It may be mentioned as a curiosity that E Durin—who regarded the chie
component of the mucinous masses of Leuconostoc as cellulose—took out a paten
in France (Feb 14, 1876) for the ‘‘ conversion of crystallisable sugar (=cane
gugar) mto cellulose, and any uses (preparation of starch-sugar, dextrose, gun
cotton, oxahe acid, &c) to which this cellulose may be apphed” (Breveté san
Qarantie du Gouvernement /).
A fission fungus ranking along with Leuconostoc 1n go far as its 1mportanc
to the sugar industry is concerned was examined by A Koom and H. Hosagus (L.
In a certain sugar-works the syrup de
stined for working up into second pre
duct was found to contam gelatot
masses resembling the zooglema ¢
Leuconostoc, but consisting of anothe
species of bacterium, shown in Fig st

p)
\ | The special peculiarity of this microt
18 that the swelling of the membrar
3 = 18 unusually great and extensive ¢

one longitudmal mde only, zo that
Fta 56—Bacteriam pedicnintum, long peduncular mucinous threa,d_
gradually formed in this directio
The mucinous envelope developed on one side only,

fu tho form of & podunclo Magn 370, (dfter OD Bhis account this fission fung
4. Kock and H Hosaeus ) was named DBacierum pediculatun

Unfortunately, 1t could not be o
tained as a pure culture In respect of this peculia: unilateral gelatinisati
of the cell membrane 1t is not umique; the Bacterium vermaforme (the chi
constituent of ginger-beer yeast, shown in Fig 53), and also a fission fung
(Nevekra ramosa) diceovered by A, Fammrzin (I.) m aquarium water, havi
similar characteristics Moreover, 1n the algs, forming the neighbouring gro
to the bacteria, and especially in the diatoms, many genera, a g. Gomphonen
exhibit well-developed and branched gelatinous stalks

§ 161.—Mucinous Fermentation and Inversion.

The faculty of rendering sugar-juice muanous 18 not restricted to the t
microbes just describud, a number of other species being now known to be capa
of working similar injury. They, however, differ from the former 1n one cl
racteristic, which, though unimportant for the practical man, 18 neverthel
not without interest from a physiological pomnt of view, The gelatinisation
the nutrient media infested by the microbes described above must be char
terised as direct, since\ it is produced by the swollen cell-membranes of
orgamsms themselves (Conversely the gelatin-forming property of the spet
now to be described is an indirect one,1t being here a question of the convers
of sugar (outsrde the cell) into the mucinous matter which A, Bfiomame (]
proposed to call Viscose. In fact, we have to do with the actual productior
mucus, whereas the former_ case was one of zooglea formation.

E. Kramer (I1.) 1 1889 described a Bacillus mscosus sacchari which belo
to this second group. The cells are rod-shaped, 1 u thick and 2.5-4 p I
united 1nto many-jointed chains ; neither locomotion nor endospore formation et

A
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be detected. The organism thrives only on neutral or faintly alkalne nutrient
media, and 1n these 1t produces, 1n presence of cane-sugar, a mucus having the
elementary formula C;H ,0;. No swelling or gelatimsation of the cell membranes
occurs The optimum temperature for the reaction is 22° O., but beet-sugar
juice will become changed to a viscid mass in one or two days at the ordinary
temperature,

Frrrz Graser (I.) described—as Bucterium gelainosum betw—a fission-fungus
discovered by him 1n mucmous beet-juice. Already by its active motility this
species differs from the others we have described , and the sameapplies to several
other characterwmstics. 1t does nof develop in neutral 1o per cent molasses, unless
the medium has been previously qualified with a little of the precipitate thrown
down by alcohol from beet-juice—.6. phosphates, &c , of alkaline earths extracted
from the molasses during the separation and saturation of the sugar-juice. The
chief products of the decomposition (preceded by inversion) of cane-sugar by this
orgamism are mucus and amyl aleohol The former 1s identical 1 properties
with dextran, and 1s soluble 1n warm dilute acids and alkahes, but msoluble 1n
baryta water or milk of ime. An acid odour1s evolved during this fermentation,
but no lactic acid 18 formed.

The number of species of bacteria capable of interfering with the normal
course of sugar manufacture 18 by no means exhausted with the examples
mentioned above, but owing to the paucity of observations on this pownt no
further rehable particulars can as yet be given Consequently the subject
presents an admirable field for bacteriological research in order to elucidate the
causes and prescribe remedial measures for mucinous fermentation, It 13 well
known to sugar-makers that the percentage of invert sugar 1n molasses wrereases
during storage (sometimes for months) in the so-called .reserves, and they are
also aware of the decomposition occurring 1o stored raw sugar and resulting in
the formation of invert sugar. Now the faculty of excreting an inverting
ferment 18 not very widespread among bacteria Kor a comprebensive 1n-
vestigation on this point we are indebted to 0. Furmr and G. Monresano (1.),
who examined about sixty (some of them pathogenic) species of bacteria, but
found only four, viz., Baovlius megathervum, Bacillus fluorescens luquefuciens, the
red Kiwel bucrllus, and Profeus wulgaris, capable of producing invertin in
saccharified bouillon. Mxperiments which have been made by A. HrrzrrLD
and U Parrow (I ), on the prevention (by hydrofluoric acid and alkal fluorides)
of inversion 1n molasses, lead to the hope that these antiseptics may prove
useful 1n many cases. Further researches on this subject are highly deswable.—
The mtric fermentation of molasses will be briefly mentioned 1n chapter xxx

Sugar-juice and raw sugaxr are occasionally infested with higher fung1 as well
as with bacteria. For inglance, A HerzreLp (I.) and A. B. Frank (I') report
the occurrence of a red pigmentary fungus in raw sugar. They found (m an
after-product) red lumps, about as large as hazel-nuts, which, under the
microscope, proved to be abundantly infested with a thread fungus, the proto-
plasm of which was stained by a red pigment, presumably generated by the
bacteria present in large numbers i the mass The development of pigment
bacteria 18also frequently noticeable in the saturation scum thrown out from the
sugar-works and spread over the fields, this scum being often found covered
with coloured (mostly red) patches, whicn are presumably zooglea of AMucrococous
prodigiosus.

Large though the number of injurious fission fungi in sugar may be, 1t
18 surpassed by the multitude of Fwimnycetes infesting the sugar-beet. These,
however, do not fall within our provinee, and readers who may be nterested in
them gre referred to the various text-books on plant diseases. The works
compiled by A, B. Faank (II) and P. SoravEr (IL) respectively, presuppose
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a certain degree of (macroscopic) acquaintance with the individual maladie
which they treat. On the other hand, the young sugar-technicist, who will
a rule, be maiwnly desirous of determining the nature ot the disease brou
under his notice, 15 advised to study O Kircmner's (I) “Handbuch

Pflanzenkrankheiten ” (* Handbook of Plant Diseases”). This work 1s admira
supplemented by a good and cheap atlas (prepared by O. KirRoENER and
BorrsHauseN ([)) of coloured plates showing the chief dwseases attack
industrial plants With the information thus gained, the learner will then
able to resort with advantage to the two first-named standard worke. A b
review of the most important diseases set up in the sugar-beet by vegetabl
anmal parasites has been written by A Strer (L. and II), and partict
attention 1s devoted to Heterodera Schachin (the cause of the so-called nemat
sickness) 1n a monograph by A. StrusrLn (L.), as elso 1n & useful work
J. Vanea and J. Strorasa (I'). Investigations on the influence of these wor
on the cellular activity of the beet, and on the resulting chemical chan
thereby induced, were made by J Srokrasa (I), and may now be mention
At present we will merely refer briefly to the gummosis (Fr. gomamose) of

sugar-beet, a complaint first described by Soravgr ([I) The symptoms of t
disease are extravasation of small drops of a gummy flmd from the unbrol
surface, and a gradual blackemng of the vascular bundles and parenchyms
the beet, from the tip of the root upwards It 18 still uncertain whether

bacteria so abundant 1n this gum should be regarded as the actual cause of

disease or merely as harmless saprophytes



CHAPTER XXIX.

ROPINESS IN MILK, WINE, BEER, AND OTHER LIQUIDS.

§ 162.—Ropy or Visecous Milk.

Ter first attempt at a sclentific study of this malady was made in 1847 b:
GirArDIN (I.), who hoped to elucidate it by chemical analyss, and sought th
cause In the defective composition of the fodder. This complaint may develo
to a variable extent in milk. In the worst cases the thickened liquid can b
drawn out to a thin thread a yard or so in length. J. Lister (1.),in 1873, wa
the first to reproduce this complaint by inoculation, and thus indicated th
probability of a living source of infection. To ascertain this by microscop
examination was the task essayed by Sommipr-MtmiEemM (I.) mn 1882, whe
found that ropy sour milk contained an unusually large number of cocel 1 p 1
diameter, frequently united as chains, but also 1n many cases 1solated, and 1r
the latter case apparently endowed with motile powers. Although at that time
switable methods of pure culture were no longer lacking, this observer made nc
attempt to utihise them in his researches. This omissmion was, however, soor
remedied by E Duoravx (IX.), who prepared pure cultures of two species of
bacteria from ropy milk, both of which belong, morphologically, to the so-called
capsule baalli, The powerful lustre of the greatly swollen mucmous envelopes
surrounding these cells 18 the first thing to strike the assisted eye, on whick
account the generic name, Actinobacter (lustrous bacterium, star bacterium)
was applied to both organisms Under thew influence the milk yields alcohol
and acetic acid

To these two pests (known respectively as dctinobaoter du lat visqueus and
A polymorphus) a large number of others possessing similar powers have been
added by different observers; ¢ ¢ a micrococcus discovered by Huerre (IV.) in
1884 , the Bacullus mesenterious vulgatus, 1nvestigated by Frteen (I ), and the
Bacillus puuitosi, a thick, shghtly curved rod, discovered by Lorrrrrr (IIL
Other allied species are a streptococcus, described by Hess and BorarauDp (I.),
and presumably identical with that observed by Nooarp and MorLermav (I.),
and a baallus, 1 2 p broad and 2z p long, obtaned by Schiitz from ropy milk,
and described by ST von Rarz (I.). In 18go, L. Apamerz (IV.) found in the
Liesing brook (which runs 1nto the Danube 1n the south of Vienna) a capsule
bacillus, 0.7-1 2 p long and o.7 u broad, which he named Bacillus lactis viscosus,
and which 18 capable of turning both milk and cream ropy. It is fairly wide-
spread 1n nature, and was also detected By ApamErz (V.) in samples of milk
from the Sornthal (Switzerland) In addition to this, three other fission fung:
(named below) are found in Swiss soil, one of them being the Bacillus Gualle-
beaw c., which 18 not only dangerous to the cows (giving rise to inflammation of
the udder), but also produces various disturbances in the dairy by making the
milk “ropy” and the mpening cheese “blown” The facultatively anaérobic
Mucrococcus Iy eudenreichn, 2 p in diameter, discovered by A. GuiLrLesEAU (I.),
18 st1ll more 1njurious to milk, since, whereas the other organisms just mentioned
act only at high temperatures—approaching blood-heat, and therefore easly
avollable 1n practice—this coceus is active even at a moderate temperature, and

21§
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turns milk ropy within five hours at 22° U. The optimum temperature of
development 15 two degrees lowel, and the mcrobe 1s destroyed by an exposure
of two minubes to boiling heat. It has frequently been found in the district of
Berne, and often causes considerable damage,

Stmultaneously with this last-named organism, a third miciobe, also endowed
with the faculty of turming milk ropy, was introduced by Guillebeau under the
name of Bactersum Hessu, This species, which appears in the form of actively
motile rods, 3-5 u long and 1.2 p broad, 1s less injurious than the one just
described, since the ropimess 1t produces m milk disappeavs directly acidification
sets in

The substantive cause of the mucinous condition may be of three kinds.
Either 1t 18 attributable to the swelling of the membiane of the bacteria 1n
question—as 18 apparently the case 1n those already alluded to as capsule baall,
eg. Actinobacter, B lacts viscosus, and also, according to the researches of
W. Vienas (L), with B mesenterrcus vulgatus—or, secondly, the milk-sugar 1s
converted 1nto & muenous substance. This was nsserted to be the case by
Storch for two species of bacteria discovered by lum, and was proved by G.
Liezormany (II1.) for a baallus 1solated from ropy milk., This latter organism
acts on lactose, cane-sugar, maltose, galactose, levulose, and dextrose (but not
on manmite, arabin, or starch) 10 such a manner that mucus and lactic acid are
formed, together with a small quantity of ethyl aleohol In the third place, the
ropy substance can also be produced from the casewn of the milk. According to
1::Hn WEIGMANN, this latter cause operates in the formation of the mullk products

own as

§ 163.—Ropy Whey (Lange Wei) and Thick Milk (Tettemsslk).

The Swiss darrymen digeard ropy mulk for cheese-making, bemng afraid of its
causing “ nests,” 2. places within the cheese where the ripening proceeds
irregularly. They therefore devote particular attention to fumigating the stalls
out with burning sulphur, scouring the milk vessels with soda solution, &c,
order to eradicate the evil as quickly as possible

On the other hand, the Dutch look on the bright mde of this evil, and even
derive benefit from 1t, the most palatable production of the Netherlands, viz.,
Edam cheese, being pirepared with the aid of ropy whey (Dutch, We:) The
first observations on and experiments with this ropy whey were made in the
“fifties " by a farmer (name unknown) of Assendelft, n Holland, but 1t did not
come 1nto general use 1n the manufacture of Edam cheese until 1887, wheu
Boekel recommended 1t most emphatieally.

WEezeuMANN (VIL.) examined such whey, and found 1 it large quantities of
a fission fungus, which 18 mostly arranged 1n pairs, but frequently also 1n chans,
and bears the name of St eptococcus hollandrcus. Sterile milk 1noculated with
this organism beserhes ropy and sour in twelve to fifteen hours at 2 5°C

The same Goccus was also found by Weigmann 1n the commercial products
known as Twitemelk or Jetmelk (tnck milk) in Norway, and Filmgolk (stringy
mlk) in Finland and Sweden. This strongly sour, ropy, thick mass, the casein
of which 18 1n the condition of fine flakes, 18 & highly prized article of nourish-
ment among the Scandinawan races; and 15 artificially prepared from normal
milk by ether rubbing thWﬁhe milk-pails over with buatter-wort
(Pungurcula vulgams), called 1 y T'wttegrees, or by feeding this plant to the
milch-cows. The leaves are found to be infested with a fission fungus which
turns milk ropy, and is presumably identical with the above-named strepto-
coccus. As already remarked, the occurrence of ropiness 1n milk 1s usually
accompamed by acidification, whereby the development of numerous dJvher
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species of haoteria 1s prevented This accounts for the circumstance that Tet-
mslk will keep for months without alteration 1f stored at a low temperature.

Herz was the first to record obgervatione with regard to so-called soapy
milk, a term applied by him to milk that exhibits a taste of soap and lye, and
does not curdle, but only deposits a shimy sediment, even after prolonged
standing. The cream from this milk froths up very strongly when churned.
H. WrieMany and G. ZieN (IT) had occasion, 1n 1893, to examine a milk of
this kind, and they succeeded 1n 1solating therefrom a bacillus which 1s capable
ot converling normal milk mto the scapy condition, and 18 therefore termed
Baollus laciis saponaces, It was afterwards discovered that the orgamsm
origiated 1n the litter, which was 1n a damaged condition. When that was
withdrawn and the cows littered on sound straw, the milk no longer suffered
from this complaint.

§ 164.—Ropiness in Wine

was formerly attributed to a coagulation of the albuminoids, a hypothesis corrected
in 1856 by G. MuLpER (I1.), who traced the chief somice of this malady to the
conversion of sugar into vegetable mucilage. Young white wines, 1 parti-
cular, fall victims to the disease, which in 1ts incipient stage produces a faint
opalescence, followed by gradually increasing turbidity, until, finally, the hqud
becomes thick, and by degrees so visaid that it can be drawn out into threads a
yard or so in length, and can scarcely be poured out of the bottle. The flavour
18 disagreeably shmy and insmipid, though the odour (bouguet) is almost un-
altered In France the malady 18 termed ‘‘ Muladie de lu graisse,” or generally
“ Van filant” or *‘ Van husleus,” and the Itahans style 1t * Vano jfilante” The
earliest microscoprcal studies on this point were made in 1861 by Pasteur (XII.),
who found a very large number of fission fungi always present 1n ropy wine, and
also that by transferring a little of the liquid to sound wine of the same class
the disease was quickly communicated to the latter. He described two kinds of
cell form small cocei united 1n chamns (streptococei), and wregulumly shaped cells
somewhat larger 1n diameter than those of yeast. 'The chief products of the
mucinous fermentation set up in wine by this mixture of organisms were found
to be gum, mannite, and carbon dioxide. Their ratio was represeuted by
Pasteur 1 the form of an equation as follows -
25C1gHy90y; + 25H,0 = 120, Hyy0yg -+ 24CeHy 04 + 1200, + 1211,0
Saccharose. Gum Manuite

These proportions were admittedly variable, but this was explaned by
Pusteur by the suppostion that the one species of ferment produces more
manmnite, the other more gum , and Monoyer, 1n 1862, attempted to represent
these reactions by splitting up the equation into two. Sowme observations on the
aforesaid streptococcus have also been published by E. DucLaux (X.).

The thoroughgoing microscopical investigations performed by J. NEsstex (I1.)
showed that the streptococa: described by Pasteur are frequently absent, or only
Present 1n very small numbers, 1n ropy wine, wheieas, on the other hand,
the presence of certain unusually plentiful, extremely minute round bodies can
always be detected. Subsequently a few samples of ropy wines were examined
by E. Keamer (I1.), mainly with the object of obtainng pure cultures of the
orgamsmg causing the malady, but this object haus not yet buen successfully
accomplished. By means of the dilution method approximately pure cultures
of such a figsion fungus have been prepared , and the name of Bacillus wscosus
v has been given to the orgamism It occurs in the form of rods, 0.6-0 8
broa.d.a:nd 2-6 p long, frequently united as many-jomted chans, and capable ot
producing ropiness 1# white wmes 1n the absence of air. A thorough mycological
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study of this malady has, however, still to be made. Neither the Bacillus
mgcosus sacchari, mentioned 1n chapter xxvui, nor other similar cause of
mucinous fermentation, 18 capable of giving rise to ropiness 1n wine, since none
of them is able to develop in acid media

One point 18 perlectly clear, viz., that the presence of sugar is a sine qud non
for the occurrence of the malady, since it forms the materal from which the
mucus 18 produced. According to Nessler (an expert mn the treatment of wines),
wines containing over 1o per cent. of alcohol are proof against ropiness.

‘With regard to the ropiness of cider—the most frequent malady to which
this beverage 18 subject—nothing rehable can at present be reported.

§ 165.—Ropiness in Infusions.

This was microscopically investigated as far back as 1834 by Fr KiTzmve
(L), who ascertained that the lower orders of plants here 1n question are partly
alge and partly fungi, the schizomycetes being the most frequently found
members of the latter group. A few examples are given below.

It is well known that Infusum fohorum Digitalis very often becomes ropy,to
account for the occurrence of which divers hypotheses were formerly current.
Thus, for instance, 1t was asserted that the mucic acid in the leaves of digi-
talis exerts a coagulating mfluence on the pectin bodies also present theremn,
W. Beivtigam (1) found 1n a ropy infusion of this kind a fission fungus, which
he named Muerococcus gelatinogenus, endowed with the property of gelatinising
vegetable infusions (¢.g. Ipecacuanhe, Radix Althece, Senegm, Folia Farfore, and
especially Folwa Digitalis), when mrxed with sugar-cane, lactic acid being pro-
duced at the same time. The mucus 1s precipitable by alecohol In nutrent
media devoid of sugar the micrococeus develops, but does not form mucus

Of interest to the analytical chemist s the Bacterwum gummosum, also
obtamned by K. Rirserr (I1.) from a ropy wfusion of Digrtalis. This organism
turns the nutrient medium ropy only when saccharose (but not dextrose or
lactose) is present, and can therefore be employed as a reagent for cane-sugar
to detect the latter m presence of large quantities of hexoses, e.g. in wine-must.
It will develop in highly concentrated solutions of this sugar, its growth not
being 1mpeded until the concentration exceeds 60 per cent. The mucus produced
by this fission fungus has received the name of gummose, a term hikely to lead
to error, since a somewhat widespread malady attacking the vine, the sugar-
beet, and other plants, has long borne the name of gummosis or gummose This
mucus 18 distinguishable from dextran chiefly by being opticelly nactive. In
addition to mucus the orgamsm produces an uninvestigated acid, and a compound
of unknown constitution, which deviates the plane of polarised light to the right
and reduces Fehling’s solution. According to the conditions of cultivation, Bac-
terium gummoswm appears as long or short rods, diplococcus or streptococcus,
the first forms being motile and producing endospores. The addition of acetate
of potash or soda or of yeast ash to the nutrient solution (e.g. sugar-beet Juice,
&e.) is highly favourable to development and to the production of mucus.

The Baculus gummosus, 1solated by O. Hare (I) from o ropy infusion of
Dgitahs, is characterised by 1its large size, the length being 5.0~7.5 u, and the
breadth 0.6-2.0 p. It exhibits an undulatory motion and forms endospores. In
cultures on slices of potato and beet the cells are globular, with a diameter of
0.7-0.8 p, but when transferred to gelatin or agar-agar they quickly become
rod-shaped. Happ obtained from ropy Senega infusion a pure culture of
Mucrococous gummiosus, the diameter of which 18 about o 4 p. A notable diffe-
rence exists between these two species with respect to thewr behaviour towards
sugars, the first-named being able to set up ropy fermentation only in plesence

~
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of saccharose, whilst the Macr ococcus also attacks maltose. The resulting mucus
(soluble 1 water, but 1nsoluble 1n alecohol and ether), which has the elementary
formula C,H,0,, 18, although the chief, not the sole product of tlus fermentation,
small amounts of mannite, butyriec acid, lactic acid, and carbon dioxide being
also formed; and a part of the saccharose is converted into glucoge.

The so-called distilled waters (e.g. orange-flower watber) often undergo
mucinous decomposition, some particulars of which have been reported by
L. Virox (I.). As a remedy for this evil, P. Oarles advised the shaking up of
the affected water with 2—3 grams of basic mtrate of bismuth per Ltre, and
filtering after standing. This is saad to have answered particularly well with
orangeflower water. Ordinary distilled water 18 often rendered muemous
by bacteria, especially when kept in wooden vessels; .A. Gorpsere (I.) has
reported an instance of this kind.

A fission fungus, Baclerwum ghserogenum, o.57-1 1 p long and o.4 p broad,
has been 1solated by P. Marersa and G. SanNa-Sararis (I.) from mucinous,
viseid urine (which often exhibits this property as soon as voided), and has
been recognised as the cause of this condition. According to a research of
MarerBa’s (L), the mucus (gliserin) thereby formed 18 nitrogenous

It 18 well known that 1k frequently becomes mucinous and vigeid. M. Heéry
(L.) investigated this matter and examined a bacterial species concerned therein.
As a preventive measure he recommends an addition of not less than o.5 gram
of salicylic acid per litre of k.

0. BoenrscE (1.) made an observation, interesting to the chemist, concerning
s fismon fungus, Saroine jflave, capable of produecing ropinessin various hiquids.
This orgamism attacks fumaric acul (in acid solutions), but, on the other hand,
leaves the isomeric maleic acid, COOH—CH = OH—0OO00H, untouched.

Ropivess in tan liquors is o phenomeron both well known and unwelcome to
the tanner, to whom it causes considerable damnge and loss, since not only is the
hquor rendered worthless, but the hides steeped in it also suifer owing to the
masges of mucus adhering so firmly to the leather that great difficulty is expe-
rienced in getting them off again. This mucinous coating retards, or even entirely
prevents, the penetration of the tannin. Oloser investigations regarding the
best means and methods of prevention would be valuable to this industry.

§ 166.—Ropiness in Wort and Beer.

Pagrror (II1,) was the first to study this phenomenon with the aid of the
microscope  He traced the cause of this complaint, which has many points i
common with ropiness in wine, to a fission fungus oceurring abundantly in the
form of long chains in the affected hquids, and known by the name of Micro-
cocous viscosus Morphologically, this organism greatly resembles a fission fungus
observed by J. Bmrsom (IT) in a beer wort, which, ingtead of fermenting nor-
mally when pitched with yeast, became thick, oily, and finally viscid and ropy.

P, Linoxer (II1.) in 1889 was the first to obtain a pure culture of a viscous
ferment. This was a pediococcus (not specifically named) oceurring 1n large
numbers in ropy white beers, a class of beverage that is particularly liable to the
malady. The capacities of the microbe in question are restricted to the pro-
duction of ropiness in white beer wort, 1t being unable to do so in hopped worts
and beers. Hence 1t is perfectly 1mnocuous and umimportant, so far as true
brewing, in the narrow sense of the term, is concerned.

Other species appear 1n hopped beer. Two of these were found by H. vaw
Larr (IT ) 1o a number of samples of ropy beer, from which they were 1solated
to pure cultures, and named Bucillus viscosus I. and 7Z. Both have several
1dentical charactermtics, ¢ g the form and dimensions of the cells, which are rod-
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shaped, 0.8 p broad, 1.6-2.4 u long, and mostly single, though not mfrequently
joined 10 pairs

In thew behaviour towards beer-wort, however, they differ in a notable
manner. It iy true that both of them produce ropiness, but not of the same
type. If B. v I. 18 1n action, then, 1n proportion as the viscidity of the hquid
increases, & number of mucinous, yellowish-white patches, terminating below 1n
branches, appear ou the surface In this way a coating of mucus 18 formed, the
surface of which 13 gradually covered with protuberances produced by bubbles of
the carbon dioxide hiberated during this fermentation With B, v, I1., on the
contrary, this coating 18 absent, moreover, the evolution of carbon dioxide 1s less
copious, and the ultimate degree of ropiness less pronounced than in the first
case. Whilst the malady 18 1n progress, the colour of the wort changes to a
chicory-brown, and at the same time an odour develops, which cannot be more
closely defined, but which of itself suffices to reveal the presence of the com-
plaint A further characteristic affording a means of distingmishing between
these two species of bacteria 18 their behaviour towards a sterilised solution of
3 grams of cane-sugar and 1 gram of peptone 1n 100 c c. of water. This mediura
18 made viseld and ropy by B. » [I. alone, the second species producing nothing
more than & persistent turbidity, accompanied by the evolution of carbon dioxde,
Mk 1s altered by both species 1n the same manner as wort.

The fact that both these organisms also cause ropiness in nutrient solutions,
devoid of sugar and contamning no organic matter beyond calcium lactate or
ammonium tartrate, 18 also interesting As a matter of fact, a high content of
sugar 13 even 1njurious to the organisms This discovery agrees with the ex-
perience gained 1n practice, that beers with a low attenuation (and therefore a
higher sugar-content) are comparatively seldom 10opy. The proximate cause of
this alteration of the medwum 13 a mucus excreted by the bacteria. In the
presence of sugar, carbon dioxide 1s hberated, and presumably a small quantaity
of another acid 18 also formed, since the acidity increases with the ropiness.
The mucus 18 not a uniform substance, but consists of at least two constituents,
one of which (insoluble 1n water) 18 characterised by its content of mitrogen.
This fact harmonises with the circumstance that the malady sets 1n earher in
proportion as the mitrogen-content of the nutrient medium 1s greater. It also
explains the fact, noticed i practice, that worts rich i protemn, peptones, and
the like, are those most readily becoming ropy A hgher content of acid (o 135
per cent, reckoned as lactic acid) restricts the development of both these species
of fission fungus; but alcohol, even in the proportion of 6 per cent by volums,
is powerless to injure them In both cases growth proceeds at all temperatures
between 7° and 42° O., and is most vigorous at about 33° C.

A third viscous ferment, also discovered by Van Laer, differs from the other
two 1n its property of hquefying gelatinised meat-juice.

L. Vaxpax (I) obtained from ropy Englsh beer pure cultures of a fourth
organism (Bacillus viscosus 1I1.) 1n the form of rods o.7 p broad and 1.3-20p
long, mostly isolated, but frequently also forming bands of two or three cells
So far as can be gathered from the particulars given, ropiness 18 produced, not
by any metabolic product excreted by the bacillus, but by the thickened cell
membrane of the organism. In other ways, too, this microbe differs from Van
Laer's bacili. For instance, the development of the organism and the gelatini-
sation of the medium occur only 1n presence of sugar, and the degree of ropiness
is proportional to the amount of sugar eliminated. No evolution of gas could be
detected 1n wort cultures. The unrestricted acceas of air 18 essentially necessary
to the growth and activity of this bacillus, The organism 1s incapable of injuring
beer except when present 1n large numbers 1n the wort before the commencepent
of primary fermentation. °
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The number of organisms capable of rendering wort viscid is not exhausted
by the Schwomycstes already mentioned In the second volume we shall become
acquainted with Dematium pullulans, a species of Fumycsles which 18 equally
capable of producing damage of this kind.

§ 167.—The So-called Sarecina Turbidity in Beer

will now be 1eferred to, although no mucinous ferments are here in question.
Bottom-fermentation beer is required to be perfectly clear, and if 1t proves
defective in this particular it 18 considered poor or bad, according to thre nature
of the turbidity. This may arise from several distinct causes® precipitated
albuminoids = gluten turbidity, the presence of unsaccharified starch = starch
turbidity ; precipitated hop resing = hop dimness, a high content of yeast
cells = yeast turbidity ; or, finally, strong mfection with fission fung! = bacterial
turbidity. This latter, again, may be caused by different species of organisms,
a few of which (1 ¢ those producing turned and ropy beer} have already been
mentioned, the turbidity 1n their case being merely a secondary phenomenon
attendant on another cowmplaint. In the following lines, however, we will con-
fine ourselves to the turbidity caused by bacterin of the sarcina or pediococcus
form of growth. Very frequently these organisms (mn enormous pumbers) are
the only ones observable 1n samples of turbid beer

The first observations on the subject were made by PasTEUR and J. Berson
(IT ), and more minute researches were made by Juls Balcke, from whom
these organisms first received the name of Sarcina. Francke afterwards found
that this fission fungus always subdivides 1n two directions only (and not three),
and ronsequently forms sheet colonies On this account FraNokE (I.) in 1884
applied the new generic name of Pediococous ceremisie to this microbe. Not-
withstanding this, 1t is still customary to term the malady under conmderation
“garcina turbidity ”; which is, moreover, partly correct, since true sarcina in
great numbers have also been found in turbid beers The first successful
attempt to obtain a pure culturs of such a pediococcus was made by P LinpNER
(IT) 1 1888. The Peduococeus cerevisias isolated by him from ¢ sarcina turbid ”
beer occurs as single cocct (0.9-1.5 p dinmeter), diplococel, and tetrads  Still,
though it is undoubtedly the fact that this fission fungus occurs in large
numbers 1n such turbid beers, it by no meaus follows that the organism can be
positively assumed to be the cause of sarcina turbidity, attempts to grow 1t
sterihised beer having proved unsuccessful Moreover, as ANTON PrrERsEN (I),
E Cme. Hansen (V.), and ArLrrep JoreenseN (I.) have shown, a conmderable
quantity of sarcina may be present in beer without any damage to the beverage
(turbidity or unpleasant flavour) resulting therefrom.

Further particulars given by them render 1t highly probable, however, that
“garcina turbidity ” is actually caused by fisston fungi of the pediocoecus and
garcina groups, but that the mere presence of these organiams 1s not sufficient to
produce the malady, a. special concurrent tendency thereto on the part of the
beer bemng essential. For the determination of the conditions under which the
“garcina organisms” are capable of producing ‘sarcina sickness” in beer, we
are indebtied to an instructive treatise by A Razicmarp (I.). He showed that
this turbidity occurs only when the secondary fermentation of the beer goes on
with vigour, and that, conversely, a similar degree of sarcina 1infection 1s
innocuous 1f the primary fermentation has been carried so far that only a weak
secondary fermentation ensues Reichard attributes this behaviour (confirmed
by searching experiments) to the avidity for oxygen (air-hunger) displayed by
the pediococei It 1s only when the microbes are continually brought up to the
surlace of the liquxd by the bubbles of carbon dioxide given off during a briek
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secondary fermentation that this avidity for oxygen can be satisfied and the
development of the organism proceed.

‘When no gas 1s hiberated, and the pediococei consequently remain at the
bottom of the liquid, then no turbidity or unsatisfactory alteration of the flavour
or smell will occur If, however, an infected beer be artificially brought into a
state of active secondary fermentation by priming (aufkreusen) with fermenting
wort, then sarcina turbidity will not be long 1n making its appearance. This
fact, determined by Reichard, indicates the necessity for caution in the employ-
ment of fermenting wort for priming beer. This practice, as 18 well known 18
specially resorted to for liveming up sluggish lager beers in the storage cask,
and 18 of 1tself unobjectionable. Care should, however, be taken to previousty
ascertain that no large amount of sarcina 1s present in the cask. According to
the researches of Reromarp and Rrenr (L) hops are very useful in combating
sarcwna sickness. To prevent the appearance of the malady 30-40 grams of
hops per hectolitre of beer (or at the rate of 5 to 6 oz. per 100 galls.) should be
placed in the storage cask, and the latter then closed (bunged)

The injurious organisms in question eirther find their way into the wort in
the cooler, or—as stated by Balcke—may be transferred to the malt store on the
boots of a workman (floor-sweeper) who has previously been working on the
malting floor, where these organisms abound It 1s, therefore, no wonder that
the thick wort 18 also rich in these organisms, and may consequently become the
source of acute troubles. The evil reputation of the thick wort and thick beer
18 also easy to understand from a bacteriological standpoint When such an
mfected wort is fermented, then, of course, the yeast crop will be contaminated
with these injurious orgavisms and the malady will thus be perpetunted. To
purify such contaminated yeasts, 3 voxn Hura (I ),1n 1888, proposed an addition
of 54 grams of salicylic acid per hectolitre of beer (about 1 oz per 1oo galls)
A second recipe of his, which was also approved by P. Lixoner (IV.) 1n 1893,
reads as follows: To each kilo. (2 2 1bs.) of pulpy or Iiquid yeast take 6 grams
of tartaric acxd dissolved in water. After stirring them thoroughly together,
leave to stand for six to twelve hours, and then add the mixture to the wort n
the tun. The results of this treatment are said to be satisfactory.

It must, however, be expressly mentioned that this tartaric acid cure should
not be employed unless the yeast under treatment 1s erther almost or entirely
free from wild yeasts, and 18 contaminated by sarcina alone, Otherwise it is best
to throw the batch away, since the tartaric acid treatment, by favouring the
development of the wild yeasts, would only make 1t worse tharr ever. This will
be referred to again in a subsequent section of vol, 1.



SECTION VIII.

DECOMPOSITIONS AND TRANSFORMATIONS OF ORGANIC
NITROGENOUS OOMPOUNDS.

CHAPTER XXX,

THE PHENOMENA OF PUTREFACTION.

§ 168.—The Degradation of the Albuminoids.

In § 15 of the Introduction it was stated that Liebig’s differentiation between
fermentation and putrefaction 18 untenable, and that no sharply defined limit
between these terms exists. Enlarging the definition of the term fermentation
beyond its usual limits, we there defined this phenomenon as the transformation
of various chemcal substances by the action of minute fungoid organisms,

‘Without prejudice to this general definition, we can nevertheless speak of
putrefaction 1n particular, lumiting the application of this term to such fermen-
tations as chiefly effect the decomposition of albuminoid substances. Any further
attempt to analyse this more restricted term is at once frustrated by our igno-
rance of the constitution of the albuminoids themselves. The multiphieity of
contingencies here possible cannot be disregarded, and consequently no clasmifica-
tion according to the final products obtained is feasible. On the other hand, no
differentiation can be based on theomposition of the bodies subjected to decom-
posttion, since we are here encountered by a question, hitherto unsolved by
chemists, viz , What are the albuminoids ¢

Obviously mycologists might postpone further researches on this point until
the necessary preliminaries have been performed by their chemical colleagues.
As a matter of fact, however, the opposite eourse has been adopted, and the
determination of the nature of the putrefaction products of albumen has not
only led to hypotheses regarding the composition of that substance, but will
probably also indicate the means whereby the nature and synthetic preparation
of these high-molecular mtrogen compounds can be established. Provided the
results obtained are of value to the chemist, and, though in a minor degree, to
the mycologist as well, the eredit thus accruing to Fermentation Physiology 1s
not necessarily mnjured by the remark that, owing to the employment of indefinite
bacterial mixtures, these endeavours are not always free from objection from a
bacteriological point of view.

In future researches into albuminoid decomposition or putrefaction, it shonld
always be borne 1n mind that here also the co-operation and succession of various
organisms (z.e. symbiosis and metabiosis) will have to be taken 1nto calculation
Untal this is done, mycological text-books will have nothing better to offer than
a varied collection of 1solated observations, such as are given in the following
chapters and paragraphs.

It has long been observed that the natural decomposition of albumen yields
malodorous gases and vapours when proceeding in the absence of awr. but that,
on i other hand, these attendant phenomena are wanting when air 15 allowed
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free access. Titular distinctions have been employed to express these differ-
ences, the natural inodorous decomposition of albuminoids being termed decay,
whilst the name of putrefaction has, :n a narrowed sense, been apphed to the
other set of phenomena. Formerly regarded from the chemical standpoint
alone, the fundamental physiological basis of this differentiation has now
been explained by the aid of mycological research as follows: Decay 13 the
result of agrobic microbial activity; putrefaction, of the energy of amnaérobic
organisms, Of course both these processes may go on simultaneously in the
same substance, the outer surface, exposed to the air, decaying, whilst the
interior putrefies Thus fact alone sufficiently proves how little value attaches
to researches wherein pure cultures are not employed. M. von Nenorr (ITI.)
sought to explain the putrefactive decompomtion of the albuminoids as a
process of hydration, and cited mn support of this view the observation that
the products obtained are the same as those produced by the action of fusing
eaustic potash,

The bad smell characteristic of putrefaction is often attributable to several

. OHy
compounds of the eromatic series. One of these is Indole, COH4<NH>0H, which

combines ag an imide with mitrous acd to form the red mitroso-indole. This
property 1s utihised for the detection of indole 1 cultures. Since a great many
bacteria are capable of producing a small (though sufficient) quantity of nitrites
1n ordinary nutrient media, this characteristic red coloration can be developed
(1o presence of indole) by shghtly acidifying the culture with sulphuric acid.
Of the pathogenic bacteria, Koch’s Pabrio cholere asiaticee was the first examined
for this reaction. This accounts for the current use of the term * cholera red
reaction,” employed for this reaction by medical bacteriologists. (3-methyl indole
or skatole, which was first discovered in 1874 by L. BrireER (II) 1n human
feeces, 18 almost 1nvariably produced during the putrefaction ot albumen; 1ts
smell is even more repulsive than that of indole. A closely allied derivative of
skatole, viz., S-methyl indole acetic acid, was discovered by M. von NENoxI
(IV.) among the putrefaction products occasioned by Bacillus liguefaciens magnus
in the absence ot air. Phenol was first recognised as a product of albumen
putrefaction by E Baumanx (I.) in 1844, and orthocresol and paracresol by
E. Baumaxn and L. BRIEGER (I) 1n 1879 The capacity of a large number of
(mostly pathogemnic) species of bacteria for producing the above-named substances
was nvestigated by A. LEwanpowskr (I )

M. von Nenck: and his pupils made a series of investigations on the products
of albuminoid putrefaction. Of thewr discoveries we will now briefly mention
those referring to leuciue and tyrosmne These amido substances are secreted
by the pancreatic glands, and are almost always present in fresh faces. They
are also produced, under certain conditions, 1n the putrefaction of various albu-
minoids. Now, according to NEncrrs (V.) researches, leucine 1s further
decomposed by the activity of bacteria, the chief product being valeric acid,
along with carbon dioxide, hydrogen, and ammoma. The reaction 18 approxi-
mately expressed by the equation—

CH;—OH,—OH,—CH,—CH NH,—COOH + 2H,0 =
Leucine

(CHy)a = CH—CH,—CO0OH + CO, + 2H, + NH;.
Valerle neid
v

The decomposition of tyrosme may be effected in two different ways in
presence of air—as was shown by E, BAyMany (I1.)—the NH, group 1z seperated,
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and hydroparacumaric acid, of which tyrosine may be regarded as the amine
(»lanine), 18 formed—

OH OH
oh: ¢ yields 6B
CH,—CH.NH,—COOH OH,—CH,—C00H.
Tyrosine, Hydroparacumario acid,

‘When air is excluded, the results are, however, very different, indole, together
with earbon dioxide and hydrogen, being produced. This reaction is approx-
mately represented by the equation—

OH

0Bl = c,nd<HN>0H+oo,+Hno +H,
“\ OH,—CH NH,—000H on”
Tyrosine Indole.

The evolution of sulphuretted hydrogem is a frequent accompaniment of
putrefaction. A large number of bacteria are endowed with the power of
liberating this gas, the production of which depends, however, not solely on the
species of ferment;, but also on the composition of the nutrient medium, a eircum-
gtance which explains the contradictory results obtained by different workers.
Thus, for example, STAGNITTA-BALISTRERI (I.? denied that Baculus subtilis,
Bacillus tetragenus, the so-called Wurzel baculus, and others could form sul-
phuretted hydrogen ; but Perrr and MaasseN (I1L.) then showed this contention
to be incorrect, and that, m presence of peptone, the gas in question 1s produced
by these microbes. In other cases, again, this product mey be masked, s.g. by
combination with ammonia formed at the same time. A. good deal of the sul-
phur present i the nutrient medium is utilised by the bacteria themselves for
structural purposes, the amount so consumed having been found by M RuBNER
(L) to be equivalent to 23-40 per cent. of the total sulphur in the medium. The
sulphur 1n organic combination is first occluded, a circumstance harmonising
with the well-known fact that the sulphur i albuminoids is very eamly removed.
The more delicate processes leading finally to the evolution of sulphuretted
hydrogen, still remain unelucidated, Prrnr and MaassaN (IV) are of opinion
that the bacteria liberate hydrogen, which in the nascent state then extracts
sulphur from the sulphur compounds and combines with 1t. They found that
very little of the gas in question 1s produced when nitrates are present in the
medium, but that these latter are thereby reduced to mitrites. With reference
to the fact (put forward to refute this explanation) that sulphuretted hydrogen
18 hiberated by adrobic bacteria m well “roused” (aerated) cultures, Petri and
Maassen showed that hydrogen is also liberated under this treatment, and that
consequently the presence of air favours the reducing action,

The faculty of producing sulphuretted hydrogen is very common among the
pathogenic bacteria, berng absent in not a single one out of thirty seven species
examined , and in many of them—e.g. the bacilli of swine erysipelas—the inocu-
lated nutrient solution fairly bubbles from the quantity of gas liberated. A
convement means of detecting and separating sulphuretted-hydrogen-generating
microbes from a mixture of bacteria by the aid of plate cultures is afforded by
the ferro-gelatin, recommended by A Fromme (I.) for this purpose; «.e. a pepto-
nised meat-juice gelatin qualfied by 3 per cent. of wron saccharate or tartrate.
In such nutrient media each colony of the sulphuretted hydrogen bacteria wall
become surrounded by a black halo of FeS. -

The conversion of sulphates into sulphides by bacterial agency is also a deci-
give indication of reducing power. The conditions of vitelity of a particularly
active species of fisgion fungus were investigated by Beverinok (II ), who named

the orgnism Spurllum, desulfuricans. This strictly anaerobic microbe 18 utilised
I P
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in practice in so far that by skilfully encouraging 1ts development pit-water very
rich in gypsum has been entirely freed from sulphates (0aSO, being converted
into CaS and FeS) and rendered switable for various purposes, such as feed-water
for steam-boilers, &c. Further particulars on this matter will be found in the
treatise referred to. The sulphuretted hydrogen produced by the above-named
bacteria is consumed by a special group of fission fungr which will be more clogely

- considered 1n chapter xxxv.

Among the sulphurous products of albuminoid putrefaction mention must be
meade of mercaptan (J,H; SH), which was first detected by M. vox Nunokr and
N. Siesrr (I1.) in cultures of Bacillus hquefaciens magnus

§ 169.—The Putrefactive Bacteria.

In the course of his investigations (frequently alluded to 1n previous para-
graphs) on the micro-organisms 1n putrescent liquids, Ohr. Ehrenberg observed
a variety of forms and dimensions The smallest of them bordered on the lum1ts
(Lat. termo) of visibility, and was so minute as to be almost indistinguishable by
the aid of the optical instruments then available. On this account he, 1n 18 30,
gave 1t the name of Bacterium termo, and subsequently, 1n 1838, expressed the
opinion that this species is 1dentical with the Vibrwo hneola already described by
O. F. Muller. However, when Frrix Dusarpin ([), in 1841, undertook to
aritically examine Ehrenberg’s discoveries, and classified all the (infusorial) miero-
organigms devoid of visible organs of locomotion 1nto the family Vabrioma, which
comprised the three genera Bacterium, Vibrio, and Spirllum, the old name of
Bacterwum termo was re-applied to this orgamsm  Dujardin also regarded this
“1nfusorium ” ag the smallest of all Living creatures (ls premaer terme en quelque
sort de la série anvmale), and described 1t as follows.  Form, cylindrical, length,
2—3 p; thickness, 1.0-1 2 p; frequently united in couples; exhibiting a tremu-
lous movement,” the latter being ascribed to alternate contractions and re-expan-
sions of the plasma. To these characteristics Perry (I ) 1n 1852 added another,
viz., the grape-like form peculiar to the zoogleea of this microbe. One year later
Corx (V') also deseribed a like organism  Then when, towards the close of the
sixth decade of the century, Pasteur fully explained the theory of specific fer-
ments (originated by Kutzing), and proved its accuracy by a series of examples,
of which lactic fermentation was the first, the inclnation to regard putrefaction
as the work of a specific fismon fungus gradually spread Hence 1t was that
Oomx (L), in 1872, propounded the dictum that ‘ putrefaction 18 a chemical
process excited by rod-bacteria” (Bacterium termo)

The more accurate (physiological) investigation of this process long remained
impossible owing to the lack of means for 1solating and obtaining pure cultures
of 1ts active organism. For this reason the results obtained by different mnvesti-
gators (¢g. B. SavpErsoN (I) in 1871, and E. Ermam (I) in 1875) into the
physiological conditions of the so-called Buctervuin termo are now only of historical
mterest  On the introduction of plate-cultures into practical bacteriology, pure
cultures of the supposed Bacterium fermo were soon obtained, and 1t was then
found that this term comprised a number of different species Rosensacm (IT),
in 1884, was the first to ascertain this fact, and described three distinct species
of decrdedly putrefactive bacteria, which he named respectively Bacillus sapro-
genes I,, I, and III. Rosenbach undertook these researches from a medical
pomt of view, and consequently treated the morphological and physiological mdes
of the question in a perfunctory manner Nevertheless, he deserves the credit
of having finally banished the designation Bacterium termo from systematic
botany ; so that, though the name 1s still occasionally used, 1t has now no special
import, but merely serves as a convenient synonym for the term * putmefactive



THE PUTREFACTIVE BACTERIA 227

bacteria.” In this general sense the term 1s used in Fig. 57. The figure itself
represents a species of bacterium (not more specifically 1dentified) isolated from a
putrescent liquid.

G. Hauser (I.) investigated this matter more thoroughly, and showed,
especially, that Bactsrium termo, in the sense mmplied by Cohn, does not exist.
In 1885 he brought to our knowledge three putrefactive fission fungi, which are,
moreover, bacteriologically important from thewr indisputable polymorphism, a
peculiarity since recognised 1 many other species of bacteria, but at that time
much disputed. Hauser’s discovery was welcomed by the supporters of this

F16 57— Bacteilum termo Frc 58 —Proteus vnlgaris

Cilas staining Magn about One long rod and one short rod. Cilin staining,
1500 (After photograms by Magn about x500 (After photogr ams by Fraenkel
Fraenhel and Pfeiffer ) and Pfeiffer )

theory, and the importance attached to 1t at the time was expressed in the name
gwen to the organisms, Hauser having chosen the generic name Proteus for these
extremely mutable Schizomycetes A. short deseription of theiwr characteristics 1
subjoined.

The cells ot Proteus vulgaris are generally o 9—1.2 pin length, 0.4~0 6 p broad,
and almost always occur in couples In addition to these short rods, elongated
forms, very frequently attaining a length of 3 7 p, also occur. Some extremely
vigorous but very rare cells will measure 6 u long by o 9 p broad. One of these
18 shown Fig 58 The large number of cilia indicates consderable locomotive
activity, and in fact this power 18 possessed by the various species of Proteus in
a high degree, manifesting itself both by a rapid forward movement and a con-
current (longitudinal) axal rotation Hence, the coupled cells deseribe a kind
of double cone, the vertex of which 1s at their powmnt of junction. In addition tc
the above-named forms, gelatin cultures also yield spirilla, with two to fow
convolutions ; thread-cells, which may grow to a length of 100 p; and finally
“gpirulina,” or threads bent in the form of a bow, with ends twisted mto a
gueus. Under special circumstances involution forms are also produced: the
cells swell up in the shape of & pear, and resemble spermatozoa, dumb-bells, &c.
in form.

Proteus murabilhs exhibits a very decided tendency for producing such involu.
tion forms. Globular or pear-shaped forms, 3—7 p 1n diameter, are very frequently
developed in the cultures of this microbe, which also exhibits polymorphiem 1
a high degree, and in this particular greatly resembles the preceding species
Here also®we meet with short rods, long rods, spirilla, and thread-cells, rapidly
moving one through another in varied alternation. At the same time smal
but unmistakable differences exist Thus for example, these threads not unfre
quently attain a length of 200 p,z e. double the maximum sze of the first-name
species.

Proteus Zenkeri daffers from the two preceding species mainly in its inabihit;
to huefy gelatin, bpt resembles them in other particulars, though its cells ar
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generally smaller, the least of them being globular in form and o 4 p in diameter.
Short rods (0.8 p long) joined in pairs are frequently encountered. These three
species are unique In the bacterial kingdom 1n point of motile power, which they
possess to such a high degree that a solid medium contaning only 5 per cent of
golatin 18 unable to restrain them, and they make thewr way across 1t mn all
directions. In order to stop this roving motion the gelatin content must be
mncreased to 1o per cent. This peculiarity is not only of physiological interest,
but 18 also decidedly important so far as practical bacteriology 1s concerned, in
that it indicates the futillity of employmg nutrient gelatin media containing less
than xo per cent of gelatin for the preparation of pure plate cultures of Proteus
species, To complete the characterisation of these three species, it should be
mentioned that none of them forms endospores, and that their growth may be
arrested by depriving them of oxygen, though they do not necessarily die in
consequence, They will not thrive in mineral nutrient media, such as those of
Cohn and Nageli., When grown in albuminous media, they produce stinking
decomposition. A, BropMrIRR (I.) proved that in neutral or alkalne solutions
Proteus vulgaris is able to convert urea into ammonium carbonate. He thus
refuted the assertions of Leube to the contrary, and confirmed the discovery of
Schmtzler and Hofmeister.

No pretension can be made in the present work of giving a complete descrip-
tion of all known forms of putrefactive bacteria, and therefore the examples
already cited, being the species most frequently met with, must suffice. More-
over, we have already mentioned others of this class in previous paragraphs.
One of these, viz, the Baoterium Zopfis, discovered by Xurre (I) 1n the
stomachs of fowls and shown in Fig. 31, is, according Czaplewsks, 1dentical with
Proteus Zenkeri. This note appears in an nbstract of a work by Om MoueINET
(I), who, also, minutely examined a number of putrefactive bacteria. Hors-
OEEWNIEOFF (I.) described a fission fungus closely allied to Profeus wulgaris,
which, from 1ts faculty of producing sulphurretted hydrogen, has been named
Proteus sulfureus.

Only one more species will be dealt with here, and that briefly, viz , Bacterwum
colt commune, which 18 an 1nvariable whabitant of the alimentary canal of the
human subject (and of all the higher animals hitherto examined), and constitutes
the most important of the bacteria present in feces. This parasite was first
deseribed by Tr. EscEERIOE g) a8 a slender short rod, o 4 p broad, the length
varying with the conditions of nutrition and cultivation, but mostly measuring
2-3 p, though occasionally it decreases to o.5 p. By some authors this fission
fungus 18 named Baoctllus colt communis and Colon bacullus. Iike the Proteus
speaies, 1t generally appears as double rods, but its movements are sluggish
and laboured. It does nobt liquefy gelatin. In media contaming sugar 1t can
develop even in the absence of oxygen, and liberates a gas which—according to
Feavran (I.)—consists of two-thirds carbon dioxide and one-third hydrogen.
No development of endospores has litherto been detested In 1ts manner of
growth in artificial media this organism agrees m many particulars with Bacillus
typht abdominahs. Consequently they are extremely hard to differentiate, and
this makes the bacteriological examination of watera particularly dificult opera-
tion when the presence of typhus bacilli has to be quantitatively determimed. A
further complication is imparted by the extreme sensitivity of B ool communs
to modifications 1 the conditions of cultivation, and by its great tendency to
form varieties. For instance, & number of races of B, coli commune are now
known, which, under certain circumstances, are not merely saprophytic, but also
pathogenie. A more detailed treatment of this question would occupy too
much of our space, and besides, the matter 1s fully recorded 1n Tiemann-Gartper’s
work on Water Analysis., A synopsis of the most impertant researches of
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Escherich, Kohler, Baginsky, Bischler, and others, on the methods of nutrition
of B. colu comvmune and 1ts powers of decomposition, was prepared by M. Ine (1.
1 18g1. The facts brought to light since that date will be found in the sever
yearly volumes of A. Koch's ‘“ Jahresbericht ”

‘We will now briefly refer to the subject of intestinal putrefaction. Mention
has been made in a previous paragraph of the fundamental difference between
the processes of decomposition effected in the small intestne on the one hand and
1n the colon on the other, 1n man. On 1sswing from the stomach—where, by
the action of the pepsin and hydrochloric acid secreted by the gastric glands, a
more or less extensive peptonisation of the digestive albuminoids in the food has
been effected—the pulpy food, now known as chyme, has a strongly acid reaction
(equivalent to o.1—o 3 per cent. of hydrochloric acid) Immediately on 1ts arrival
1n the upper division of the alimentary canal (small intestine), 1t becomes mixed
with bile and pancreatic juice, under the mfluence of which the fat is emulsified
and the msoluble carbohydrates (starch) are hydrolysed. Both secretions have
an alkaline reaction, which, however, 18 not sufficiently strong to immediately
neutralise the acidity of the contents of the intestine This slightly acid nutrient
medium, rich 1n sugar, offers a favourable field for the activity of the lactic acid
and allied bacteiia mtroduced along with the food; and, moreover, the acidity
restricts the development; of the competitive putrefactive bacteria In propor-
tion, however, as the contents of the mtestine are forced onward and approach
the colon, the acid reaction 18 neutralised by the alkaline mucus secreted by the
intestinal glands. At the same time the composition of the mass has become
changed, smee the products of the hydrolysis of starch, which have also to some
extent been converted by the aforesaid bacteris, have been absorbed into the
blood-vessels. Therefore in the contents of the colon it 18 the (undigested or
indigestible) albuminoids and biltary constituents which are decomposed by the
putrefactive bacteria now coming inte action, and 1t 18 here that the malodorous
products (1ndole, skatole, volatile acids, sulphuretted hydrogen, &c.), to which the
intestinal contents (finally issuing from the rectum as frces) owe their repulsive
smell, are produced.

The researches of MACFADYEN, NENCKT, and S1EBER (IIT ) revealed both the
actual course of the process just deseribed, and the fact that, contrary to the
view expressed by Pasteur, the putrefaction occurring in the colon 1s not essen-
tial to digestion The above-named workers performed their experiments on a
patient suffering from a strangulated herma at the junction of the 1leum and the
cecum This portion of the intestine was removed by an operation, and the
subsequent surgical treatment necessitated the construction of an artificial
evacuatory passage (anus preternaturalis) at the extremity of the small immtestine,
until complete union of the severed portions was restored, an affair of six months’
duration. Meanwhile the contents of the intestine were discharged through this
artifical passage, and, though no digestive functions were performed by the colon,
the patient nevertheless kept in good health, and even increased in weight. This
will explain why Nenck: regarded the development of antiseptic digestion as the
goal of the physiology of nutrition, i.6. digestion in which the putrefaction occur-
ring in the colon is erther abolished, or at least reduced to & minimum, in order
to prevent the formation of decomposition products that are not only useless to
the body, but even troublesome and dangerous. Asa matter of fact, Grorox
Norrawt and H Taierrerper (I.) recently afforded a convincing proof of
Nencky's theory by rearing some young porpoises, born by the a1d of the Cemsarean
operation, and nourished in & suitable sterilised chamber. On examination at
the close of the experiment, they were found perfectly healthy, though entirely
free f%'om bacteria. Pasteur’s assumption (which was also supported by Soxhlet
with reference to hiy incomplete process of mulk steriising) was thus shown
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to be erroneous. A few observations on this pomnt were also made by E. -
Duoravx (XL),

§ 170.—Proteolytic Enzymes.

All the fission fungi (with the few exceptions given in chapter xxxiil)
require nitrogenous nutriment for the construction of thewr cells. Such of
these nitrogenous materials as are soluble in water, and therefore diffusble
through the cell-wall by osmosis, need not be referred to here Mostly, how-
ever, the nutriment presented to the bacteria is imsoluble in water, and this 18
particularly the case with the protein albuminoids. To enable these latter to
supply the nitrogen required for the elaboration of the bacterial plasma they
must first be converted into soluble compounds, a task which 1s effected by the
proteolytic enzymes, So far no comprehensive study of these active bacterial
secretions has been made, and at present our knowledge is chiefly confined to
the enzymes dissolving gelatn and fibrin, A new classmification of the bacteria
into two groups, the liquefactive and non-liquefactive towards gelatin, according
to the presence or absence of a proteolytic enzyme, hag obtamned currency in
practical bacteriology since the mtroduction of the Koch system of plate-
cultures.

We are indebted to Cr. Fmrux (II.) for the first extensive series of pure
culture investigations on this point. He proved that a gelatin-dissolving
enzyme 1s formed 1n cultures of the following species of Schizomycetes —
Baollus subtihs, B. anthracis, B megatherium, B pyocyaneus, Vaibrio cholere
aswitioe, Vaibrio Finkler-Prwr, Mucrococcus prodaguosus, M. ascoformis, M.
ramosus, spirila from cheese, &c. TFibrin 18 dissolved as well as gelatin, but less
readily than the latter. Egg-albumen and coagulated blood-serum offer greater
resistance to these bacteria, thus indicating that pepsin 18 not present Reasons
exist for assuming that the enzymes produced by the said microbes are not al of
the same kind, one conclusive mdication bemng afforded by their behaviour under
different temperatures. Thus, for example, the proteclytic enzyme produced by
Micrococcus produgiosus is rendered imnactive (in solution) by a temperature of
55° 0., that from B pyocyaneus by 60° 0., that from B, anthracs by 65° O.,
and that from Vibrio Finkler-Prior not below 70° O, Sumlar differences of
behaviour are observed towards acids, bases, and powsons. A fundamental
difference exists between these enzymes and pepsin, since whereas the latter 1s
extremely sensitive towards alkalies, and 1s absolutely incapable of dissolving
albumin except in presence of free hydrochlore acid, the bacterial enzymes in
question act on fibrin in neutral or faintly alkaline solutions only, though they
will attack gelatin even when the iquid 1s shightly acid (0.5 per cent HCI). On
thig latter account they more nearly resemble trypsim, i.e. the enzyme secreted
by the gastric glands. None of the Schizomycetes under examination was found
eapable of producing an enzyme able (like pepsin) to dissolve fibrin 1n presence
of an acid. According to Fermr's (ILL.) results, the excretion of the proteolytic
enzyme occurs, ag a rule, only when albumen 1s present i the nutrient medium.
Two only, of all the species exammed by him, exhibited any variation in this
respect, viz., Mucrococcus produgiosus and B pyocyaneus, which yielded a proteo-
lytic enzyme when cultivated 1n a mineral nutrent solution qualfied ‘with
glycerin or mannite.

It has long been known that antiseptics m small doses exert no injurious
influence on the action of enzymes. On this point some conclusive investigations
were published by Ferux and Prrwossr (I ), and use 18 made of this property mn
testing for the presence of a proteolytic enzyme in samples of hiquids or hagjerum
cultures, an easy method proposed by Ferur (IV ) befng employed. A so-
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called Thymol-gelatin is prepared in the following manner —Water saturated
with thymol 18 quahfied with 5-10 per cent. of purest gelatin, and after bemng
warmed on the water-bath 1s poured into test-tubes (ro c.c. 1 each). The
tubes are kept in a vertical position, and are ready for immediate use as soon as
the contents have set. The thymol present therein will prevent any develop-
ment of bacteria. A largestock of these tubes can be prepared, and the contents
preserved from desiccation by placing the (open) tubes, mouth downwards, in
a covered glass vessel containing a little distilled water. The liquid to be
examined is filtered to remove any sohd particles. A few o c. are then placed
in one of the thymol-gelatin tubes, and a lhttle thymol 1s added to prevent the
development of any bacteria already present in the sample. The tube being
then left to stand at room temperature, the presence of any proteolytic enzyme
in the sataple will be revealed in & few days by the liquefaction of an appreciable
stratum of the gelatin. To enable this change to be reliably ascertained a mark
18 made on the tube at the time of filling, to denote the level of the gelatin.
The risk of the gelatin becoming dissolved by any large percentage of acid or
alkal present should be obviated by neutralising the sample before commencing
the experiment. Iiquids contamming substances such as tannin, glycerin, &e,
capable of preventing or retarding the solution of the gelatin, are unsuitable
for use  This simple method may also be employed as an approximate
quantitative test for determining the relative strength of two solutions of a
proteolytic enzyme, since the nmount of gelatin dissolved per umt of time under
identical conditions may be regarded us a measure of the concentration or
potency of the samples. If tubes of equal dinmeter are used, then this relation
is smply expressed by the height (thickness) of the two liquefied strata  Fermi
claims that his method 1s more reliable than those proposed (for the same
purpose) by Grunhagen, Grutzner, Brucke, and Schiitz, and which consist
chiefly mn determiming the amount of fib»un dissolved by the sample under
certain definite conditions. As we have alrendy mentioned that this latter
substance 1y attacked with greater dufficulty than gelatin, it will be at once
evident that Ferm1's method 18 the more delicate

With regard to casease, ¢ the enzyme decomposing the casein of milk into
soluble products, the chief particulars have already been mven in § r44. Many
bacterial species are, however, capable of dissolving this albuminoid without any
trace of casease being found in the cultures. One of these 18 the Bacterium
peptofuciens, 1solated from milk by An BrrmsTmIN (I ), which 1s particularly
active 1n converting casein into peptone and albumoses, & little (o 2 per cent.)
lactic acid being also formed. If, now, the milk be boiled after the bacterium
hag been 1n action for a short time, the unconverted casein will be thrown down,
and, when filtered off, lenves behind a liquid which is rich in readily digestible
peptones, and has been named “ galactone” by 1ts inventor, The milk-sugar
present 1n this liquid may be fermented by the addition of suitable yeasts, and
then yields “ galactone wine.”

The bacteriological researches of the past few years have resulted in an
important modification of the opinions held regarding the so-called carnivorous
plants. According to earlier statements, the glands of the pavts of the plant
acting as a snare secreted a dissolving albumen enzyme, which digested the
captured prey, ve converted its albummoids into asmmilable peptones, &e
Hoppe-Seyler 1n 1876 threw doubts on the presence of this enzyme in Drosera
rotundyfolie, and i 1889 N. TrscrurkiN (I) aseribed the phenomenon to
bacterial activity

This observer ascertained that the juice collecting on the surface of the
leaveg of Punguscula 15 rendered inactive by painting the leaves over with
bactericidal media. *The same conclusion was arrived at by R Duzois (IT.) mn
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1890, 1n his experiments on the contents of the urns of Nepenthes ; and two
years later the matter was again examined by T1soRUTEIN (II.) 1n the following
plants ~—Drosera rotundyfohia, L., D. Longifolin, L., Dionea muscipuls, Ell.,
Nepenthes Mastersi, the results confirming the hypothesis expressed above, viz.,
that the digestion of the albuminoid bodies falling or introduced into the juice
excreted by these plants is exclusively due Lo the activity of bacteria settling mn
the said hiquid and there producing a proteolytic enzyme. According to an
analysis by Volker, the juice collecting in the cups of Nepenihss contains about
0.8-0.9 per cent. of dry matter, about 39 per cent. of which conmsts of malic
acid and 5o per cent. of potasmum chloride, 2.e. the two substances already
mentioned m § 41 as powerful bacterium stimulants. The juicgin the unopened
young cups of Nepenthes contains neither proteolytic enzyme nor bacteris, the
latter falling out of the air into the liquid only after the cups are opened.
Ample opportunity is soon afforded for the exertion of their decomposing power
on the insects caught in these traps and prevented by specal contrivances from
escaping. For the preparation of this nutrient materal the organisms elaborate
enzymes, the proteolytic properties of which are utihsed by the plant. These
so-called carnivorous plants consequently present a beautiful example of
gymbrosis existing between higher plants and bactera.

§ 171.—Ptomaines and Leucomaines.

The first step towards the elucidation of the regrettable fact that putrefying
albuminoids, when mtroduced into the blood-vessels of man or the higher
animals, set up violent reactions (sepsis, septicemia), which may, under certain
circumstances, prove fatal, was made by P L. Panum (I)in 1856, who proved
that putrescent albumen contamns a poisonous fismon product which cannot be
destroyed by boiling, treatment with alechol, or similar methods, and 1s con-
sequently not an orgamised creature, but a chemical compound (known as
“extractive putrescent poison”) This discovery, which was tested and con-
firmed by M. Heumer (L) and F. SorwenineEr (I.), 18 also of historcal
importance 1n Pathological Bacteriology, since thenceforward medical views and
researches concerning the nature of the diseases engendered by bacteria pursued
two divergent paths the one school holding these diseases to be toxic phenomena
produced by the poisomous metabolio products (toxins) of paraates growing
within the body, whilst the other regarded the vital activity of the organisms
themselves as the immediate cause of the malady There 1s no occasion for us
to follow this conflict of opinions, which is stll rife; so we may confine our
attention to the efforts of Panum’s successors 1n the narrower field of albuminord
putrefaction Among these E. BeraMaNN (I ) and O. SommiepEBERG (I.) chiefly
deserve mention ag being the first to obtain (1868) a poison of this group—by
precipitation as sulphate (the so-called sepsin sulphate) from putrescent beer-
yeast—in a crystalline form, and therefore available for closer chemical 1nvest:-
gation and charactersation. M. voN NEnoEr (V.) was the first, in 1876, to
successfully prepare such a poison in the pure state, viz, the alkaloid colledine
(1solated from putrid albumen), having the formula O,H, N, and being (accord-
ng to 1ts constitution) trimethyl pyridine, O, H,N. (OH,), Such alkaloids, are
also formed, as a matter of course, during the decomposition of the human
cadaver (Gr pioma), and on this account ¥ Sermr (II.) in 1878 gave the name
ptomaines to putrefaction alkaloids m general.

This newly discovered group was gradually enlarged, and now includes more
than fifty substances. Comparatively speaking, the majority of these new bodies
were discovered by L. BrmeEr (IIL.), to whom we are also indebted for new
methods for the separation of these poisons from putreseent liquids, CF the
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ptomaines prepared by him, viz., choline, saprine (C,H,,N,), putrescine (O, H,,N,),
neuridine (C,H, N,), and cadaverine, peculiar interest attaches to the last-
named from 1ts having been the first putrefaction alkaloid prepared by synthetic
methods. The first to accomplish this was Ladenburg, who determined its
formula as NH,.CH,—OH,—OH,—O0H,—CH,.NH,,» ¢ , pentamethylene diamine,
Putrescine and cadaverine were detected by F. OberMAYER and R. Kerry (I ) 1n
gonsiderable quantities in the putrefaction of yeast Cholne (OH, OH—CH,—
N(OH,),,OH) may be separated from lecithin, which forms an important con-
stituent of nerve and brain. By substituting hydroxyl for one of the hydrogen
atoms of the central CUH, group, we obtain muscarne, OH,.OH—OH OH—N.
(OH,),.OH,' which O Sommrspesere¢ and E Harnaox (I) recognised as the
powerful poison of red agariec (dmamie muscara),and to which must be ascribed
the intoxication resulting from the consumption of this fungus, or of the beverage
prepared therefrom, by the natives of Eastern Siberia. According to L, BRIEGER
(IV.) the same poison also results from the putrefaction of choline and certain
albuminoids, and it was also found in 1878 by Gautier mn putrid fish. By
separating & hydrogen atom from the central OH,; group in choline and the
hydroxyl adherent to the adjacent carbon, and combining these Liberated equi-
valents to form water, we then have left behind neurine, OH, = OH—N (CH,), OH,
a vinyl derivative which may also be formed in the putrefaction of nerve tissue
and bran, According to the researches of P. JEsEricm and F Niemawxy (L),
choline undergoes this conversion under the action of Bacterwum cols commune
Hydrocolhdine, C;HN, is regularly produced during the putrefaction of the
flesh of horses and cattle, and is generally accompanied by the nearest homo-
logue of collidine, viz., parvoline, O,H ,,N. A more detailed charactersation of
these ptomaines must be omitted here, but the reader desiring instruction 1n this
particular will be able to obtain it from the concise monograph by F. JacQuemART
(I.) Not every ptomaine 18 poisonous,—cadaverine, putrescine, and saprine
being devoid of this property.

The composition of tyrotoxicon, or cheese-poison, which wag first diseovered
by V. Vavenmax (1.), 1s still unknown, but from 1ts chemical behaviour 1t appears
to consst principally of a diazo body (diazobenzene?) It 1s formed (under con-
ditions st1ll uninvestigated) in stored cheese by the action of bactema, and when
eaten in such cheese produces symptoms of violent poigoning. A case of this
kind, in which fifty persons were simultaneously attacked, 18 recorded by Som.
‘Warnaoe (I) The same poison 18 also occamonally formed in milk Thus,
Vaveran (I1.) reported an 1nstance of eighteen persons being rendered ill by
eating vanilla 1ce, from which substance (chiefly composed of mlk) crystals of
tyrotoxicon were obtained L. Dorxum (I.) extracted from a cheese recognised
as dangerous to health a ptomaine-like substance which he termed tyrotoxin,
but which 18 not identical with tyrotoxicon. In America such cases of cheese-
poisoning are more frequent than in Burope, Vaughan having enumerated
three hundred within two years.

It is not essentially necessary that the food should contain ready-formed
ptomaines for symptoms of poisoning to appear. On the contrary, the ptomaines
may be formed in the body itself 1f the food contain bacterin capable of pro-
ducing them, and provided that the composition of the substances present in
the intestines is favourable at the moment. In such event the poisons are
called leucomaines, and most of the cases of so-called meat-poisoning are due
to this cause, Thus A Garrver (I ) reported & case wherein he succeeded 1n
1dentifying a fission fungus, Bacillus enterifrdis, as the cause of the poson, and
the same microbe was discovered by J Karrninskr (II.) i a case of meat-
poisoning in Herzegovina, where sun-dried meat (* suché mieso”) 1s an ordinary
artille of trade, and 1s frequently eaten raw by the natives. Many of the cases



234 THE PHENOMENA OF PUTREFACTION

of so-called fish-poisoning, i.e. 1llness produced by eating fish, also belong to this
category. On the other hand, these 1ll effects may also be brought about by
ptomaines produced during the storage of this (readily decomposable) food-stuff, a
remark which applies equally to the so-called sausage-poisoning. Researches on
this point have been conducted by H. Maas (I.) The poisonous decomposition
products developed by the activaty of fission fungi 1n eggs, and also cases of
poisoning ensuing from the consumption of eggs so spoiled, have been 1nvestigated
by Grasmacmer (I.), Bovmorr (II ), and Grigoriew (I ).

§ 172.—The Albuminous Poisons.

To attribute the poisonous effects of bacteria, in all cases, to the formation
of products of the ptomaine group would be incorrect As a matter of fact,
the 1njury 18 frequently caused, not by these alkaloids at all, but by certan true
albumnoids, which, on account of their decomposing power, have been named
active albumen. We have to thank Omrisrmas and Hangix (I.) for the first
proof of this fact, though Plyger was cognisant of 1t as long ago as 1875 We
have already stated in § 8zz,ha.t certain pathogentc fission fung: will develop on
nutrient media destitute offilbumen and there elaborate poisons synthetically.

The fundamental differences between active albuminoids and ptomaines are
not confined to their production and composition, but extend also to their mode
of action the former bebaving like enzymes, and acting as a resull of the
lability of their atoms, so that a small quantity of the active substance 1s able to
mduce decomposition 1n a comparntively enormous mass of decomposable mate-
rial.  On the other hand, the poisonous effects of the ptomaines depends on the
quantity coming into play, and increases therewith As in the case of the
enzymes, the active albumen 18 completely deprived of 1ts powers by moist heat
(100° 0.), by which 1t 18 converted into non-poisonous passive albumen ; whereas
the ptomsines remain undecomposed and undebilitated by the same treatment.
This fact 18 also of 1mportance to the food-stuff chemist, since 1t will restrain im
from certifying a ssmple of suspected meat to be innocuous merely because a
negative regult has been obtained with the current alkaloid reactions.

Many cases of meat poisoning are probably due to the presence and action
of active albumen A fuller insight into this matter must first, however, be
gained by 1nvestigation. Thus we find 1t recorded by M. ArusTaMOFF (I ) that
1n the Lower Volga district the opinion prevails that only the consumption of
uncooked fish (salted sturgeon and salmon) 1s harmful In view of the remarks
already made on the influence of heat on active albumen this observation becomes
intelligible. The danger resulting from the presence of hiving bacteria in in-
completely sterilised milk, and their developing 1n the intestines of the nurmng
wfant (gee § 125), is probably in many cases due to active albumen formed by
the orgamsms, The author puts this interpretation on the results of the
experiments made by A. Ltseerr (I.) on this point.

As was first established by Mrrougrn and Rerceerr (I ) in 1886, it 18 to the
presence of such active albumen that the effects of snake-poison are due. More-
over, albuminous powsons are found in the normal blood of different animals, a
errcumstance first established by A. Mosso (1) n the case of J{uramde, to which
family the common eel belongs. A hst of fishes naturally contarning poison has
been drawn up by J. Porr (I.) Poisonous albuminoids are likewise found m
various plants, 6 g. abrin in the seeds of the paternoster pea (seeds of the wild
liquorice, Abrug precatorius), riein 1n the seeds of Rwcsnus communie, and many
others.

The reaction between the animal body and bacteria is reciprocal. Jush as
the latter are able to excrete noxious metabohe products, thereffect of which on
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the 1nfected animal body is manifested as disease, 0 also the former can elaborate
gubstances having a powsonous effect on the parasitic micro-orgamisms. The
normal and continuous presence of such protective albuminoids, or alexines, as
they are called, in the blood, is the cause of the natural immunity enjoyed by
certain animals against certain pathogenic species .of bacteria A closer con-
sideration of this matter would, however, be beyond the scope of the present
work, though it must be referred to, as throwing new light on the connection
between Bacteriology and Physiological Chemistry. Full information on the
subject of protective 1noculation and serum therapeutics can be gathered from
the concise text-book prepared by Hurrrs ('VI.), which at the same time pro-
vides an introduction to the study of Pathological Mycology. On this latter
subject P. BauMeARTEN (I.) has written a relable handbook which 18 hereby
recommended to food-stuff chemists and agriculturists.

§ 178.—The Liberation of Nitrogen, and De-nitrification.

The interegt with which the farmer regards. the decomposition of nitro-
genous substances, both in the manure heap and in the soil, always proceeds from
the same deswre: to know what becomes of the mtrogen, and whether 1t 18
retained in the sol.

The alterations suffered by nitrggenous manurial constituents derived from
urine will be described in chapters xxxii and xxxvi, and at -present we are
concerned merely with the putrefaction of the albuminoids, &e., evacuated in the
faeces.

In the first place, 1t must bo remarked that the loss of nitrogen may occur,
not only as a result of its liberation 1 a free gaseous state, but also 1n conse-
quence of the volatibsation of ammonia produced by the action of micro-
organisms on” the albuminoid matter of the manure. We are indebted to
E. Marosan (I.) for proving that the faculty of elmimating ammonia from
albuminoids 18 common to a great many fung: (both Schizomyecetes and Eumycetes),
occurring 1n large numbers 1n the soil, and quite distinet from the Schrzomycetes
effecting the conversion of urea Among the fung (widely distributed and
frequently discovered in the soil) examined and recogmsed by ManomaL (II ) as
powerful ammonia-producers, may be mentioned 1 the Schuzomycetes group —
Badtlus mycordes, Flugge ; B. jluorescens liquefaciens, Fl. ; B. fluorescens putidus,
Fl., B. subtrls, B arborescens, B, mesentericus vulgaius, Fl., B. mesentericus
ruber, Fl., B janthinus, Zopf, Proteus vulgars, H , Bacterium colr commune,
Sarcina lutea, Miwcrococcus roseus, Fl , M. flavus, Bl , M candicans, Fl., &c ,
and 1n the Humycetes group —Aspergillus terrcola, Penwcilbwum glaucum, P.
cladosporioides, Mucor mucedo, M. racemosus, Botryiws cunerea, B, vulgars, Cephalo-
thecium roseum, and others The potency of the different species varies, the
largest quantity of ammonia (0.8 gram per lhtre of nutrment solution) being
produced by Bacullus mycoides. This last-named fisson fungus, which was
minutely examined by Marchal, decomposes both albumen, leucine, and tyrosine,
but does not attack urea. The losses occasioned by the volatalisation of ammonia
produced in this manner may be very consderable, but will not be further
considered here. We will now turn to the liberation of uncombined mtrogen

The first researches on this point were undertaken by Jures Rriser (L.) in
1854 and 1855. He asserted that free mitrogen 13 always evolved during the
putrefaction of manure, whilst G. Ht¥nER (I ) arrived at the contrary opimion,
being unable to discover any liberation of free nitrogen when atmospheric air
or pure oxygen was led through the putrefying substances, The same result
wag_obtained by Arexanprr Enrensera (I.), O. Ksruner and T. Yosam (I ), and
BrTacke (I); and this view was also held by H. Ismusnorsr (IL.) n 1893
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Although these discoveries may justify the conclusion that no free nitrogen
18 d.isenga.%ed during the putrefaction of albuminoids, it must not, however, be
assumed that the same also applies to the decomposition of manures m general
under natural conditions; since, under these circumstances, very considerable
quantities of this element can be liberated and become lost to the sol. Thi
result is, however, due to the reduction of mtric salts, and not to the putrefaction
of albuminoids.

This de-nitrification in arable soil was first noticed by GoPPELSRODER (1.) in
1862, and was long regarded as a purely chemical process The first reference
to the agency of bacteria in this decomposition was made by E. Mevsew (I.) 1n
1875, and the earhest pure cultures of such organisms were obtamned by
U. Gayon and G. Dupemir (I1.) in 1882. In succeeding years a large number
of species, all capable of reducing nitrates, was made known; eg. by W.
Herparvs (L) m 1886. Two years later P. Frankranp (II.) was able to
assdciate with the group in question 17 out of 32 speces, and R 'Warinarow (I.)
16 out of 25 species examined, among them being Bacillus ramosus, the so-called
¢ Wurzel-bacillus.” All these reduce mitrates into mnitrites, but these two
chemists do not say whether the latter substances m turn may be still further
reduced by the bacteria. For this reason we must revert to the labours of
Gavox and Dupemr (II1.), who made pure cultures of two bacterial species,
named Bacillus denvirificans a and 3, which exhibit a noteworthy difference 1n
their behaviour towards nitrates. Species a is the more energetic, decomposing
as much nitrate as is presented to its action, and reducing the same to nitric
oxide and free nitrogen. The 3 species, on the other hand, forms nitrites, and
ceases to act before the whole of the nitrate 1s destroyed, free nitrogen bemng the
only gaseous fermentation product. Quite distinet from these two species is the
Baellus deratrificans, 1solated from arable soil by B Gruray and J H. ABERSON
(L.), which reduces the nitrates to free nitrogen in an almost quantitative degree.
‘When grown on nutrient gelatin the rods measure o5 p 1n breadth and 1.5—3 g
in length, but in liquids they assume a somewhat more elongated form. Closely
allied to these three species is the Bacillus denutrificans II, discovered by R.
Burrr and A. SturzER (IL.) on old straw, but differing from them in that 1t
liberates as gas only some 8o per cent of the mitrogen in the decomposed
nitrates, the remainder bemmg elaborated mto an organic compound (stall
uninvestigated), which is precipitated in large flakes. The same observation
was made (though not with pure cultures) by E Br#iarn (L) in 1892. Like the
aforesaid three Schuzomycetes, Bacullus denitrificans 11 18 anaerobie, and decom-
poses nitrates only when oxygen is excluded Another (sporogernic) de-nitrifying
bacillus, isolated by J Sommroxikm (I.) from horse-dung, may also be
mentioned

The facultatively anasrobic Bacterium colv communs exhibits a peculiarity
worthy of special consideration. When kept 1n a nutrient solution by itself and
with exclusion of air, it reduces mitrates to the condition of mitrites; but the
decomposition proceeds in quite a different manner when the organism 1s grown
in symbiosig, with a second species of bacterium, invarnably found in horse-dung
by both the above-named workers, and named Baculus demitrificans . Insuch
cage, even when air 18 admitted, the mitrogen of the nitiate 18 set at liberty,
though neither species 1s able to produce the same effect by 1tself. Bacterium
ools commune can, however, be replaced by Bacillus typh. abdomanals. The
potassium or sodium present in the nitrates or mitrites 1s converted mto a
hydroxide, which accumulates m the medium, and eventually arrests the vital
actavity of the bacteria m question. For thisreason not more than 5 or 6 grams
of saltpetre (potassium nitrate) can be fermented per litre The fact that JBac-
tertum colv commune in the absence of air (¢ g. 1n the intestires) converts nitrates
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into the exceedingly polsonous mitrites 1s also of interest to Patholog
Myeology, but we cannot further discuss the matter here. The important pc
go far as we are now concerned, is, that the disengagement of free nitrogen f
nitrie salts can go on even in the presence of air, The de-nitrification oceur:
in stored manure and i arable soil appears to be a twofold process:
anadrobic nitrate destroyers acting in the lower strate away from the awr, wh
the symbiotic activity of the Bactarmum coli commiune (so plentiful in ani
excreta) and the Bucrllus denutrificans I. comes into play at the surface. Fi
this 1t 18 evident that the theory which assumes the possibility of preventing
destruction of nitrates by thoroughly loosening, and consequently aerating
goll, is of lttle value.—The bacteria in question are (for some unexplai
reason) present 1n enormous numbers in the excrement of various anim
First 1n this respect 18 horse-dung, which has always been regarded by pract:
men a8 a hot manure, a property which is explained by the foregoing obser
tions Consequently such manure should not be applied, especially when fre
to soil that has recently received a dressing of mitrate of soda, otherwis
serious loss of mitrogen will result Thisinjurious action is, however, not limi
merely to such fields as have been artificially manured with mtrate, since (as
shall see in chapter xxxv1 ) the ammonia salts in the soil are, under favoura
conditions, oxidised into mitrates by the activity of a special group of bacte:
such nitrates then foiming a welcome food for the organisms dealt with in t
present paragraph That it 18 a question of more than insignificant quantit
will be evident from the discovery reported by PAur WaaweR (I )—a discove
which led to the aforesaid researches of Burri and Stutzer—viz,, that out of 1
parts by weight of mitrogen applied in the form of stall-manure to the soil, o1
25 parts are, on an average, recovered in the crop, whilst the remaining 75 pa:
are entirely lost. These_ figures do not fully represent the extent of the L
occasioned in the soil and manures by the activity of the de-nitrifying bacter
and there still remains another phenomenon for consideration. ‘We must rec
that the fission fungus known as Bacillus denitrificuns (and probably also a numl
of allied species not hitherto investigated) separates nitric oxide as well as nitx
gen from nitrates. This oxide then escapes into the outer layers of the manu
heap or soil, where it is brought into contact with oxygen, and combines thex
with to form mitrogen trioxide—

2NO + 0 = N0,

This Iatter then reacts on the ammonia and ammonia derivatives (urea, &
in the soil, 1n such a manner as to liberate both the nitrogen of the trioxide a
that of the ammonia as well—

N0 + 2NH; = 2N, + 3H,0.

Consequently the nitrogen compounds insusceptable to the direct action of tl
microbes 1n question are also included 1n the wasteful reaction set up. It w.
on this account that the production of ammonia during the decomposition
manure was casually referred to at the commencement of this paragraph. T
present 18 a fitting opportunity for referring to the statements of several worke
—eg. H B. Gisson (I.)—who, like Reiset, thought they had observed a Iiber:
tion of mtrogen in their researches on putrefaction. Theiwr results were a
obtained by the use of complex bacterial mixtures, and therefore cannot i
considered as reliable. In this case, also, those experimenta alone are decisive 1
which pure cultures have been employed.

By the activity of these bacteria an enormous quantity of combined nitroge
is daily set at Liberty,in the soill. To replace this loss, and to restore the cox

-
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tinmty of the nitiogen cycle, 18 the task of a separate group of bacteria, which
will be dealt with 1n chapter xxxiu.

The reduction of mitric acid by bacteria does not always stop short at the
liberation of free nitrogen, but 1n many instances extends to the formation of
ammonia. Several investigations on this pomnt were made by O Lorw (IIL.),
but, unfortunately, not with pure cultures He found that * ordinary putre-
factive bacteria,” grown in a solution of 1 per cent. of peptone, o.z per cent. of
KNO,, and o.z per cent. of K,HPQ,, cause the potash and carbon dioxide to
combine, whereas the mitrogen of the nitric acid 18 converted into ammonium
carbonate. 'When o.2 per cent. of ethyl alcohol 1s also present (in anaérobic
cultures) the acetate is formed instead of the carbonate.

‘What has already been detailed wall explamn the so-called mitric fermentation
of molasses The cell sap of the sugar-beet contains a guantity—generally
small, but occasionally larger—of nitrates, principally potassium mtrate. This
18 not separated during the saturation process, but remains 1n the mass m un-
dimimshed quantity, a portion erystallising out, and being then found in theraw
sugar from the centrifugal machine, whilst the rest remainsin the mother hquor,
i.6. the separated syrup. If this syrup 1s then boiled up for the manufacture of
second product, and again passed through the centrifugal machine, the proportion
of nitrates 1n the mass will be still larger,—Pellet having found 1.9 per cent. of
KNO, 1n one sample examined by him. At this stage the molasses has a faintly
alkaline reaction, and is rich in organic and inorgamic nutrient substances of
various kinds Henoe 1t 18 no wonder if bacteria rapidly develop theremn.
Under special conditions the upper hand is gamed by such organisms as reduce
potassium nitrate and eject 1ts nitrogen 1n the form of NO, which compound, on
coming 1n contact with air, 18 oxidised into the dioxide NO,. The latter hangs
a8 a dense red-brown vapour over the surface of the molasses, and the sugar-
maker then says his molasses is 1n a state of nitric fermentation. This pheno-
menon 18 of less frequent occurrence in the ¢ reserves” in the sugar-factories
than 1n the dilute molasses of the molasses distilleres. Certainly, the activity
of these reducing bacteria can be arrested by souring, but this treatment liberates
organic acids 1mmical to the yeast. Bearing this in mind, Ozeczetka proposed to
remedy the evil by boiling the molasses directly the malady 1s observed.
According to a report by DuBruNFAUT (I ) 1n 1868, mitric fermentation was first
noticed by Tilloy at his distillery in Dijon, and was successfully suppressed by
him by boilling the molasses along with sulphuric acid An explanation (charac-
teristic of the state of knowledge in the domamn of Fermentation Physiology at
that tume) of the favourable influence of this treatment was made in the same
year by J. Ruiser (IT ), who stated that the NO or NO, formed during the so-
called mitric fermentation proceeds from the oxdation of ammonia in the
‘molasses, this being attacked only when presentin combination with a weak acid,
whilst when in the form of sulphate 1t resists theaction of oxygen, consequently

e molagses treated in the manner adopted by Tilloy was exempt from this
decomposition. This view was left uncontradicted by Bfcmame (IIL.), although
he had already ascribed de-mtrification to the agency of micro-organisms, A
closer mvestigation (embodying modern methods of working) of this nitrie
fermentation of molasses is highly desmrable. To be thoroughly satisfactory,
such research must trace the course followed by the potassium nitrate in the
juaces of the sugar-works, and more narrowly examinethe quantitative dependence
of the nitrate 1n molasses on the method of preparation employed, very little
being as yet known on these pomnts

The nitric decomposition m question 18 also of frequent occurrence in the
fermentation of tobacco in heaps. Somrosiveg (IIL.) reported in 1868 on the
first observation of this phenomenon by Ch. Ray. P

n
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§ 174.—The Loss of Colour (Umschlagen, Brechen) in Wine

was first examined chemically by G. MurpEr (II) 1n 1855. Of this complaint
which 18 known 1n France as vun towrné, and 1n Italy as mno girato, he gives th.
following explanation .—*This alteration of wine consists in a decompositior
of the tartaric acid, but how this decomposition 1s induced 18 unknown Th
cream of tartar is converted into potassium carbonate, whereby the colour of re
wine 18 altered and becomes brown The decomposition begins at the bottom o
the cask, and 18 hence undoubtedly a result of the decomposition of the organi
matter of wine-yeast, which contains a substance acting destructively on thi
tartaric acid, and, i co-operation with air, oxidising 1t to carbon dioxide anc
water. As the malady progresses, the alcohol is converted into acetic acid, anc
a putrefactive fermentation ensues.,” The commencement of this malady, whiel
appears more frequently in red wines than in white ones, manifests itself by ¢
sbght evolution of carbon dioxide, which preliminary symptom 18 known i
practice as “ boiling away” (versieden). Tartaric acid 18 not the only substanc
ehmmated, glycermm also—according to the researches of P. OarrEs (I )— being
slowly decomposed. Simultaneously, the amount of volatile acids increases to ar
unusual extent (up to 4 grams per litre), a fact observed by SBomurrz (I.), anc
afterwards confirmed by J. Magaceno (I ).

Ten years after Mulder’s observations, PasTEUR (XII,) undertook the task o
discovering the cause of phis malady and proving that here also the activity of ¢
still unknown micro-organism was in question. He showed that in wine
affected with this complaint bacteria are always detectable in large numbers
their length being 3—5 p, with a breadth of 1-1 5 p  Greater probability wa
imparted to this assaumption by the observation made by Scmvrrz (I.), who, ir
1877, succeeded 1n artificially imparting the malady to sound wine by moculating
1t with a small portion of a wine already infected. A closer study of the
organism could not at that time be made, owing to the lack of methods of pur
culture, a defect that, in this connection, was first overcome by E Kramzr (I
with the organisms from a number of samples ¢f Styrian and Oroatian winer
affected with loss of colour. This malady, as 15 well known, 18 exceedingly
prevalent in southern countries, and causes great loss to the agricultural mmteres
every year. Kramer examined nine various species, all aerobic and liquefying
gelatm, The first seven of them he named Bacillus saprogenes vany I.~VII., anc
the other two Mrcrococous saprogenes vni I. and IZ. Details and experiment:
to prove whether these species are capable of producing loss of colpur in sounc
wines are still wanting, and consequently the Sciizomycstes 1n question possess ¢
merely morphological interest The actively motile Bacillus saprogenes vins I.
which 18 found iIn nearly every sample examined, 18 probably identical witl
Pasteur’s ¢ Bacllus du vin tourng.” It attains a breadth of 1 p and a length o
2 5-6 p, and bands composed of two or three cells are not rare. Bacillus supr
v. Il and VI form endospores, and the cells of Maerococcus saprogenes vina 11
have a diameter of 1-r 4 u. A pure culture of & bacillus, which, however, wa
recognised as 1nnocuous, was obtained, from Itahian wine suffering from loss o
colour, by J. GarEazz1 (1.) in 1894.

These remarks sum up all that has hitherto been discovered by fermentatior
physiologists respecting the loss of colour in wines. Consequently, knowledge o
the subject 18 stuill only in a very early stage, and we can only hope that futur
researches will succeed 1n affording us further enlightenment. This wine malad
18 8o diversified 1n 1ts mode of development and so changeable m 1ts course, tha
we are obliged to ascribe 1t to a very fine example of metabiosis, 2 ¢ that a singl
bacerial species is mnsufficent to occason the complaint, the successive action c
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a number of species bemng essentinl. Tn fact, the number of decomposable
constituents m unaltered sound wine 1s so great as to preclude the possibihity of
a single species effecting all the changes involved. Consequently, investigations
on this pomnt will need to be carried out to a somewhat comprehensive scale.
Several purely chemical researches into the changes produced were made by
J. Kong, and abstracts of them are given in Baso and Macr's (I.) ¢ Handbuch
des Wembaues” (Handbook of Viticulture). Similar researches should now be
made with pure cultures of bacteria solated from wines that have lost their
colour, and such researches should also include the examiation of the changes
produced by the different species of these organisms, mn each of the most
1mportant constituents of wine.

This malady 18 also known as the putrefactive fermentation or ‘‘decaymng”
of wine, from the final condition attarned by the liquid. 'Wines rich in albumen,
e.g. even the Hungarian red wines, according to M. Pravss (I ), are found to
have a special tendency to loss of colour. In order to understand why southern
wines are so prone to this malady, it 18 necessary to recall the fact—already
mentioned in previous chapters, and first quantitatively investigated by
N. Sreeer (I.)—that putrefaction does not ensue in strongly acid hquwds,
whereas these wines are poor mn acud. FoNsroa and OEiaroMoNTE (I) Te-
commended the addition of citric acad to increase their power of resisting the
complaint. The destruction of the acids of wine must therefore precede 1ts final
putrefactive fermentation; hence the primary object of research must be the
discovery of the changes produced in these acids. Here, again, everything stall
remains to be done, mnce all the information at present available 18 derived
almost exclusively from experiments in which pure cultures were not employed.

According to the discoveries of Pasteur (IX.) and A. Frrz (IV.), tartaric
acid (in the form of 1ts caleium salt) can be decomposed by bactertal agency in
three ways: viz., ether mnto propionic acid (along with a little acetic aad), to
butyric acid ; or, finally, to acetic acid, small quantities of ethyl alcohol, sucemnic
acid, and butyric acid bemng also produced. Malic acid also may yield very
different fermentation products, among which Bfomame (IV ) mentions acetic
acid, propionic acid, butyric acd, carbon dioxide, and hydrogen, According to
the researches of A. Frrz (IV.), mahc acid (combined with lime) may be split up
by different species of ferments m three different ways. In the first case,
succinie acid, acetic acid, and carbon dioxide are formed, the relatave proportions
being approximately represented by the equation

3000H—CH,—CH OH—U00H = 2000H—CH,—0H;—COOH +
CHy—COOE + 200, + H,0

In a second case, propionic acid, acetic acid, and carbon dioxide may be found ;

%

b

or, thirdly, butyric acid may be the chief product, along with a small quantaty of -

carbon dioxide 'With regard to smceime acid, Bfomame (V.) asserts that this
also may be sphit up (by a bacterial mixture not more precusely specified) into
propionic acid and carbon dioxide, the following equation—

COOH—CHy—0H;—CO0H = CH,—~0H,—~C00H + CO,.
approximately expressing the reaction, The succeeding homologue of this acid,

viz., pyrotartaric acid, breaks up, under similar conditions, mto carbon dioxide
and methane, according to the equation—

2C00H—OH;—OH.UH;—COOH + 2H,0 = 50H, + 500,

According to the researches of Fitz, citric acid 18 converted, by an unspecified
bacterial mixture, into acetic acid and small quantities of ethyl alcobol®and

~
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succinic acid. A series of experiments on the behaviour of fifty-two specie
bacteria towards twenbty-one different organic acids was performed by
Maassen (I.), principally on medieal grounds. One result of this research -
the discovery of a new characteristic—valuable 1n the bacteriological analysis
water—for the differentiation of Bacillus typhi abdominalis from Bacterium .
commune—viz., tricarballyhe acid, OO0OH—OH,—O0OH.0OOH—0H,—COC
which is attacked and partly destroyed by the first-named organism, but 1s ]
altogether untouched by the second.

More minute investigations into the fermentation of the above-named orga
acids would be of value, not only in solving the prelimmary questions mvolved
the study of loss of colour 1n wine, but also in connection with the decrease
the acidity of wines and fruit wines during storage, a phenomenon well kno
in practice and one quantitatively examined by Piur Bzmrenp (I.) and
P. Kousor (I.). This decrease—so long as it remains within narrow limite
is looked upon with favour, as contributing to the rounding and improvement
the flavour of the maturing wine. If, however, it proceeds too far and t
acidity falls too low, then a proportionate decrease in the power of the bevers
to withstand disease (especially loss of colour) ensues. This fermentation of t
acids 18, as already stated, principally effected by fission fung, on which poin
few particulars have been given by Mtrrme-THURGAU (V.). To a small exte
these acids are consumed by the yeast in the primary fermentation, so that t
quantity present in the young wine is less than in the must. Consequently,
the total acidity in the former is found greater than that of the fresh grape-ju
and fruit-must, the excess 18 due to the carbonic acid held 1n solution,

Grapes from vines infested with mildew, whereby both development a
sugar formation are retarded, yield wine poor 1n alcohol and consequently of I
resisting power. Such wine frequently becomes diseased, and is then known
France as vin maldrousé  Here again bacterial agency 18 at work, the rod-shap
organisms forming many-jointed chains and reproducing so abundantly, th
they finally accumulate as a thick sediment. U. Gavow (I1.) regards this mala
as 1dentical with that causing the loss of colour, because he 1dentified 1n
maldiousés the same volatile acids (acetic and propionic acids) as have be
discovered by others, 6 g. B Duorauvx (XII ), in vins tournés.

The mannitic fermentation of wine, which presents a certain oppositeness
character to the malady known as loss of colour, will be described now, becau
otherwise no suitable occasion would arige. This complaint does not wait
attack the finished wine, but even makes its appearance at the stage of prima
fermentation. If the surrounding temperature keeps above 30° C., thi
alcoholic fermentation is confined within narrow lhimits, and an opportumty
thus afforded for the development of certain species of bacteria which conve
the sugar of the must into mannite, Of this hexatomic alcohol there will
produced, according to circumstances, from 1 to 3o grams per litre of wine,
addition to a little acetic acid. A knowledge of this fact is useful to the analytic
chemist as well. Attention was first drawn to the mannite content, of Algeru
wines in particular, by P. Oarres (IL.) in 1891r. Figs, as 18 well known, ve
often contain considerable quantities of this alcohol ; hence Carles thought th
the presence of mannite in any wine indicated adulteration by fig-wine. Ho
ever, as reported by J. BEanens (IV.), the presence of mannite 1n reliably pu
natural wines (¢ g. Bordeauxz, Ohiteau-Yquém) had been proved a year previous
by Portes and Lafauric; and very soon afterwards Jfcon (I) showed that
wines of reliable purity, but imperfectly fermented, as much as eight grams
mannite could be found per hitre. L. Roos (1.) then proved that this result w
due fo bacterial activity, a discovery confirmed by U. Gavox and E Dusoura (1
who isolated from #uch wine a pure culture of a non-motile short-rod fissi
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fungus, capable of converting sugar into manmte (up to 5o grams per litre).
In nutnent solutions devoid of sugar this species fails to develop, a circumatance
sufficient to distingwsh 1t from the bacteria (presumably) causing the loss of
colour of wine. Moreover, these latter—as already observed by Mulder—attack
cream of tartar first of all, whilst the bacteria of mannitie fermentation leave
this salt completely untouched. The fact, now firmly established, that a gh
temperature (36° U or over) favours the appearance of the last-named microbes,
explaing the defective fermentalion (familiar to Sicilian and Algerian wine-
growers) of wine must during the prevalence of the hot south wmne (sirocco or
gimoom), the red wines, in particular, being greatly affected According to G.
Basmr (I), this wine disease is as frequent in Sicily as 1t 18 dreaded, and 1n some
years affects the greater part of the vintage.

The bacteria here coming 1nto action can be destroyed by heating up to 60°0,
& treatment impossible to apply hitherto on account of 1ts fatal effect on yeast-
cells However, by artificially moculating (pitching) with strong, pure yeast, and
by cooling the mash down to 15°-20°C,, the hquid could be rapidly brought intoa
state of alcoholic fermentation, which could be contz olled by suitably regulating the
temperature. In this waythe desired result would be ensured, and would amply
repay the inereased outlay required. In thisconnection the experience gained by
M, RierscE and M. HerseLiN (I ) should also be borne in mind, viz , that the
1wjurious influence of an excessively high temperature (36° O) can be reduced by
aerating the fermenting hqud,

In conclusion, it will be useful to remember that mannite 18 also formed
during the mucinous fermentation of sugar, and that this hexavalent alcohol 18
also excreted as a metabolic product by certain Fumycetes, e.g. Pemicllium
glarvcum.

ki)
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CHAPTER XXXI.
THE FERMENTATION OF CHEESE, AND ALLIED DECOMPOSITIONS.

§ 175.—The Composition of Ripe Cheese.

T converston of the fresh curd into finished cheese 13 termed ripeming. We
will, in the first place, consider this process from the purely chemical side. It
was explained in § 144 that fresh curd can be obtained from milk m two
different ways, either by precipitating with acids or by setting with rennet. In
both cases nitrogenous compounds are present mn the coagulum, only in the acid
curd (“ Quark ") they consist of casewn, and in the renmet curd (“‘Bruch”™) of
paracasein. The cheeses obtained from the acid coagulum are, with the sole
exception of ¢ QGlarner Schabziger,” of inferior quality, and only swtable for
early consumption, These have hitherto received but lttle attention from
fermentation physiologists ; consequently the following particulars are restricted
to cheeses obtained from rennet coagulum, which to emphasise the point once
more—contain only one nitrogenous compound, namely, paracasern.

In contrast to this uniformity stands the variety of the nitrogenous compounds
present 1n ripe cheese. The first observation on this point wasmade in 1818 by
J. L. Proust (1.), who 1solated leucine from ripe cheese. Some sixty years later
(1880) N. SreEr (IL) detected the presence of tyrosine in Roquefort cheese.
Nevertheless, these discoveries, as also those of two French workers who will be
mentioned later, were of a casual nature, the first thorough attempt to follow the
ripening process in a quantitatively analytical manner being made 1 1882 by
A Wemmany (I.), whose results, especially as regards the qualitative composition
of the cheese, were admirably supplemented by a later (1888) research under-
taken by B. Rosm and E. Scmurza (I) These investigations were made in
Switzerland on FEmmenthal cheese, in which the above-named chemists discovered
a considerable amount of leucine. On the other hand, comparatively Little tyrosine
was found, and other amido-compounds, as well as bodies of the xanthmme group,
were altogether lacking. The presence of ammonia, however, was readily proved,
duafferent samples being found to contain from o,16-0 44 per cent., calculated to the
dry weight The amount of nitrogen found in the form of ammonia, amuido-acids,
and other compounds distincet from albumen and peptone, i three kinds of this
cheese, ranged between 1.2z and 1.48 per cent., z.6. about one-fifth of the total
quantity of this element present. Among the albuminoid constituents special
mention must be made of caseo-glutin, a body allied to the peptones, and one that
must be considered as among the chief products of the ripening process, since i
constitutes zo per cent , and even more, of the total dry matter. In addition,
there was found (along with a small quantity of peptones) another albummod
body, recognised as paracasein  Tothe list of the constituents of ripe Emmenthal
cheese still another unit phenylamidopropionic acid, was added in 1887 by the
labours of F, BengckE and E Sorvrze (I)

Several other kinds of cheese were 1ncluded 1n the scope of these investigations.
In harmony with the ssmilarity existing between the methods employed in their
prepargfion the qualitative composition of Spalen cheese was found to resemble
that of the Emmenthal‘product. Peptone was also detected in Gruyere, Vacheriy,
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and Belialay cheese, as also in 8chabzig cheese; the latter, however, differs from the
other kinds just named by not contaimng any ponderable quantity of cageo-glutin.

The comparative examination of the constitution of hard and soft cheeses was
undertaken by Boxpzynski (I.)

If cheese be allowed to become over-ripe, then the percentage of albuminoids
falls off still more. Thus, A. Macerora (II) found in a sample of over-ripe
8tracchino (Gorgonzola) cheese only one-seventh of the initial nitrogen in the form
of protein, the remaining six-sevenths being 1 the form of amido- and ammonia-
compounds.

‘We will now briefly consider the amount of fatty-matter in cheese. When
whole-milk is set for cheese, the whole of the fat passes into the coagulum, which
then contains almost as much fatty matter as albuminoids, the former constitu-
ting about 45 per cenl, of the total dry matter of the curd. So far as the
observations hitherto made extend, 1t would appear that the fat suffers no great
alteration, whether of quality or quantaty, during the ripening process. Bacterio-
logically exact investigations are, however, still wanting Reference has already
been made in § 120 to the influence exerted on the fat by light and air, and this
influence also makes 1fkelf felt during the ripening of the cheese. The saponifica-
tion of the glycerides mentioned 1n the smd paragraph occurs in cheese to a still
greater extent than in butter. The course of this operation has been traced by
E. Duoravx (VI), who found that, in one instance, about one-third of the
glycerin butyrate originally present was broken up into its two components.

The conversion of albumen into fat, the development of which question has
been reviewed by S. SBoskiN (I) in a prize essay, 18 not only of the greatest
importance in the study of chemical alterations in the ammal body, but also
comes under congideration in the ripening of cheese. Browpravu (I.), 1n 1864,
was the first to remark, in his researchs on Roquefort cheese, that i this process
fat was produced at the expense of albumen. The same has also lately been
asserted by H. JaoossTHAL (I), but was dented by the majority of subsequent
workers, 8 g. inder alia, BRASSIER (L.)1n 1865, N' Sreser (IT )and O Kernner (1.)
1 1880. NierwLi and O Loew (1), however, proved beyond doubt, 1n the case of
certarn Fumycstes, that lower fungi are able to convert albumen into fat. The
above-cited researches of Weidmenn show that no remarkable quantitative 1norease
of fat occurs in the ripening of cheese, but this does not disprove the possibility
of the formation of fat from albumen during the process. On the other hand,
G. Musso and A, Menozzi, on the bams of their researches on Stracchino cheese,
believe that sach a formation of fat must be assumed to occur.

The probability of such a conversion of albumen 1nto fat cannot be rejected if
we recall another process—very different, 1t 18 true, from an ssthetic standpoint,
but, nevertheless, very similar from a chemical and bacteriological point of view
—namely, the formation of adipocere  Fafty concretions, which in many cases can
only have omgmated 1 albuminoids (muscular substance, &e.), are frequently
found in bodies which have undergone decomposition in the grave This question,
which chiefly concerns the medical profession, we need not dwell upon. Various
proofs will be found 1n & treatise on this subject by Ermanw (I.).

§ 176.—E. Duclaux’ Studies on Cantal Cheese.

As ripenening progresses, the amount of the aforesaid amido-compounds
continually increases, whilst the paracasein concurrently decreases. This trans
formation may be due to two causes: one entirely chemical, the other physiological

The earlest worker who believed the mpening of cheese to be due to microbia
activity was FErp. Oorn (IL.), who, 1n 1875—from the researches by which h
controverted the hypotheses of Bagtian on spontaneous generation—arrived a

-
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the following conclusion .—* The ripening of cheese I hold to be a true fermen
tation.” This fermentation he ascribed to the organisms (*‘lab-bacill ””) preseni
in the rennet liquid, and which he associated with the bactera then groupec
under the name Bacillus subturs, a general term not to be confounded with that
at present applied to an entirely distinet species, Cohn’s decwsion was based
exclusively on the microscopical examination of rennet and cheese ; and the same
applies also to the statements of F. BENEcE®m (I )

It was not until 1878, however, that attempts were made to obtain pure cultures
of the presumpbive cause of the ripening of cheese, and to test the influence of
the organism, This was effected by E. Duoraux (VII, and XIIT )in his studies on
Oantal cheese, from whieh he isolated ten species of Sehuzomycetes and classified
these under the common generic name of Z%rothriz belonging to the large sub-
group of the so-called hay and potato bacili. Out of these ten species, one,
T. smrgula, being unable to grow in muk, will be omitted from further considera-
tion. Each of the remaining nine produces fwo classes of enzymes, one resembling
lab and coagulating milk, whilst the other, casease (§ 147), dissolves and splits up
the albumin thus precipitated. This proteolytic enzyme can be thrown down from
the bacterial cultures by means of alcohol. A particularly abundant yield 1s
obtained from ZI'yrothrix tenuis, an actively motile, sponegenic rod about 0.6 p
broad and 3 p long, and often growingin the form of filéments; hence the name
Tyrothrix (= cheese-thread, cheese-hair). This species 1s aerobio, as are also
T. filformas, T. dustortus, T. geniowlatus, T'. turqidus, and T’ scaber, whilst 7'
urocephalum, 1. clawiformus, and T catenula are, on the other hand, anaerobic
Oultures of 7yrothia: tenus obtained from Duclaux’ laboratory were investigated
in 1895 by W. WinkrLER (1), who formed the opinion that this species can be
modified, by cultivation, mnto three varieties or races. This was, however,

, contradicted by J. Wrrrrin (L.) in 28g6.

The metabolic products, eég. leucine, tyrosine, and the ammonia salts of
acetic, valeric, and carbonic acids yielded by the Zyrothriz species are the
identical substances we bave seen to be produced in the ripeming of cheese.
This concordance necessarily strengthens Oohn’s hypothesis, that the ripening of
cheese 18 effected by the vital activity of micro-organisms. On this pomnt, how-
ever, Duclaux was unable to afford any certain proof. TLater workers attempted
to arrive by various ways at a solution of this highly important matter, and
mostly by endeavouring to ascertain whether the ripeming of cheese could be
accomplished 1n the absence of any fermentative organsms. F. Somarrer and
Sr Bonpzensk: (I.) showed that curd prepared from boied milk does not ripen ;
and, according to Frrupenreiom (II1.), the same applies equally to Pasteurised
milk Moreover, L. Apamurz (VI) found that neither does ripening occur
when bactericidal substances, such as thymol or creoline, are added to the fresh
curd; and the same result was attamed by L. Pammr (I) by the use of

hydrogen peroxide

§ 177.—Changes in the Bacterial Flora of Ripening Cheese.

L. Adametz also attempted to ascertain the active cause of the ripening
process 1n a new way, namely, by tracing the quantitative and qualitative
alterations occurring in the bacterial content of the mpening curd These
resenrches—made on a Sornthal (Switzetland) soft ‘ household” cheese, 1n
addition to Emmenthal cheese—led to the following results‘—

(1) The freshly precipitated curd, moulded in the press and freed from
excess of whey, contains between 9o,000 and 140,000 bacteria per 1 gram, &
comparatively large number of these being able to liquefy gelatin, and conse-
quendly excfeting a peptic ferment.
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(z) Durmg the period of ripening, the germ content gradually rose to
850,000 1n Emmenthal cheese and up to 5,600,000 in the ‘ household ” cheese,
but only a small share in this increase fell to the hquefactive species, since
whilst the quantitative ratio of these to the other (non-hquefactive) kinds was
in the fresh curd 1 : 40, only one colony of hiquefactive bacteria was found m
150 to 180 1n the gelatin plate cultures prepared from the ripe cheese

The expectation of finding the liquefactive bacteria assume the upper hand
during the ripening process was thus dispelled, and the same result was attained
1n a later research published by E. voN FREUDENREICH (V') 1n 1894, according to
whom the number of lactic acid bacteria in cheese increages with the age of the
latter. Hence the chief, 1f not the sole, share in the ripening of Emmenthal
cheese must be aseribed to these lactic ferments =. J. Lroyp (I) also came to
the same opinion 1n his researches on the ripening of Cheddar cheege.

The reason why Duclaux, in his earlier investigations, arrived at a contrary
result will be readily understood when 16 18 remembered that he prepared his
pure cultures exclusively by the dilution method, and therefore by the aid of
liquid nutrient media (bouillon in particular), since in this last-named liguid the
organmisms of the genus 7yrothrur thrive exceedingly, whereas the lactic acd
bacteria grow badly, if at all, therein. Consequently mixed sowmgs 1n this
medium result in a preponderance of the hquefactive species described by
Duclaux, From the discovery made by FREUDENREIOE and ScHAFFER (L) that
the ripening of bard Swiss cheese also goes on uniformly throughout the mass
when airiy excluded, it follows that the said lactic acid bacteria are (facultatively)
anaerobic,

The harmonious results of the researches of M. Laxa and FREUDENREIOR (L)
with Swiss, and of B. Maromar (ITII) with Belgian (Limburg), samples show
that a prmeipal part 1n the rpening of soft cheese 13 taken by Owdwum lacus,
further particulars of which member of the Eumyeetes group will be found in the
sacond volume. Vaxious budding fungi also seem to a1d in the process, but more
detailed information on this point 18 absent According to the statements of
Jur. Henrror (1.), Swiss cheeses are poor in yeast-like fungi and rnch 1n bactera ;
but the converse ratio has been shown to exist in American cheeses.

Odour is one of the characteristics peculiar to mdividual kmds of checss ; it
is but shghtly developed 1n wmany, but is prominent in others. In isolated
instances 1t is produced by the mechanical incorporation of added flavourmg
substances to the fresh cheese mass. This applies, for instance, to the already
mentioned “ Glarner Schabziger ” or herb-cheese (Krauter Kuse), which owes 1t8
characteristic aroma to the addition of dried Mellotus cerules (blue or Swiss
melilot), The Enghsh “gage-cheese” and American * clover-cheese” may also
be mentioned as examples. -

In many cases the odorous prineiple is, on the other hand, produced
spontaneously in ripening, s.e. by the activity of micro-organisms, of which
nothing is as yet difinitely known. I, Pammer (IL.) discovered on cabbage
leaves a Bacillus aromaticus which, when moculated into fresh curd, produces
during the ripening process an aroma similar to that of ** clover-cheese.”

§ 178.—Pure Culture Ferments.

The results briefly recorded i1n the preceding paragraph must be regarded as
first steps inspiring us to further progress towards the goal of all methods
relating to the practical application of Fermentation Physiology, viz, the
establishment of control over the progress of fermentation = In the matber of
cheese-making the attaxnment of this desire 18 still remote, and Mycologsts are
not yet able to recommend this or that particular microbe with any%ssuraree of

n
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success. On the contrary, practice has also in this respect taken the lead by
employing 1n special cases such additions as, without being pure cultures (in a
bacteriologieal sense), nevertheless contain a predominating proportton of the
organism most suitable for the object 1n view. One of the two classes of cheese
to which this applies 18 the Roquefort, the other being Edam cheese.

Any one examining for the first time the said French cheese (originally
prepared in the village of Roquefort (Dep. Aveyron), from unskimmed sheep’s
milk) will notice the green growth of mould occupying all the cracks abundantly
1ntersecting this brittle, sharp-flavoured mass. This filamentous fungus, whose
presence 18 by no means a sign of unsound composition, has been shown to be
the organism known as Penicullsum glavcum (described in vol. 11.), which settles
1 the fissured cheese mass and there consumes the acid which has been groduced
by the lactic acid bacterta and 1s retarding the development of the albumin-
degrading organisms. The favourable influence of this thread fungus 1s so
mdubitably established by experience, that the practice 18 now common to sow 1t
purpogely in the fresh cheese mass. To this end bread is allowed to become
covered with a luxurient growth of mould, and 18 then dried and ground, the
resulting powder (rich 1n mould spares) being then strewn between the separate
layers of the sliced curd. In order to favour the development of this aerobic
assistant, some 6o to Too fine holes are pierced by a needle 1n each eylinder of
mpening cheese.

The coatings of mould appearing and tolerated in Gorgonzola, Brie, and
Stilton cheese seem to have a similar action. In other cheeses, again, such as
Emmenthal and Gouda cheese, the formation of a mould coating 1n the ripening
cheese is prevented as far as possible, since 1t would unfavourably mfluence their
spectfic flavour  For this purpose the surface of the cheese 1s repeatedly wiped
over with salt water or stroewn with dry salt. A comparison of the surface of
Gouda cheese with that of Brie cheese will show the remarkable difference
between them

In the above-mentioned instance a thread fungus is employed, whereas in the
case of Edam cheese a bacterium 18 mixed with the milk to be made into cheese.
This is the Streptococcus hollandicus, whose acquaintance we have already made
1 § 163, a8 a microbe capable of making milk or whey ropy. It1s employed by
adding 2 per cent. by volume of ropy whey to the milk to be set for cheese

§ 179.—Natto and Miso.

The process of fermentation known as the ripening of cheese both improves
the flavour and 1ncreases the digestibility of the albuminoids by degrading them
1nto more readily assimilable products. On this account the ripening of cheese
might be termed a preliminary digestion of the casein. .

Similar to fresh whole-milk curd in the nature and proportional ratio of 1ts
chief constituents 18 the Soja bean, s 6. the seed which replaces a meat diet
among the natives of Eastern Asia. This bean was firat introduced 1nto Europe
at the Vienna Universal Exlubition in 1873, and was shortly afterwards more
minutely described by Fr. Haserrawpr (I). It contains 35-40 per cent of
albuminoids and about 15 per cent. of fat; and, consequently, & dish of soja
beans prepared in the ordinary manner forms a heavy, tough food-stuff How-
ever, 1t can be made more attractive to the palate, and better su}tab]e to the
gtomach, by boiling the beans for five hours 1n salt water, then forming the mass
into balls from 4 to 18 ounces in weight, packing these 1n_straw, and leaving
them 1n a warmed cellar for a few days. Under these conditions they undergo
a fermentation which loosens the cellular tissue, and effects a partial conversion
of %he protemn intqg amides, peptones, guanine, xanthine, and tyrosme, The
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mass 18 then sold (in Japan) under the name of natto. The nature of the
species of bacteria taking part in this fermentation has been studied by K. Yase(L.)
and O. Logw (IV.).

In the preparation of the second kind of vegetable cheese, viz., Miso, recourse
is had to a substance known as Koji (described in vol. 1.), which 18 added to the
boled bean pulp before allowing the latter to ferment. Full particulars
respecting the production of this and several other Japanese articles of diet
(¢ ¢ Shojou prepared from soja beans) have been published by O Krrunee (IL.),
and a few details of the last-named sauce, also highly appreciated in England
under the name of soy or shoyn, have been furnished by A. BELomousex (L).
For the preparation of Tofu and Nukamiso reference should be made to two
treatises by M. Inovve (I. and IL); and H. 0. PrivseN-GEeruies (I.) has
reported, inter alis, on the preparation (by the aid of fungoid ferments) of other
dishes from soja beans in Chinese cookery, such as Taohu or bean-cheese, the
gauce Tao-yu, &o.

§ 180.—The Normal Pitting' of Cheese.

The ripening process does not always progress satisfactorily, but very often
results in a defective, or spoiled, inferior, or quite unsaleable product. Thus
E. vox FreupENEEICH (V.) reports that about 4o per cent. of Emmenthal cheeses
ripen imperfectly. The pecuniary loss accruing to cheese-makers from this
cause is estimated to amount, 1 Switzerland alone, to about a quarter of a
mllion of franes (£10,000) per annum.

The defects here m question are of various kinds. L. Apamerz (IIL), in
his comprehensive monograph on the subject, enumerates the followng —
(1) Dofects caused by the unfavourable consttution of the milk employed
%zg Inflation (“blown cheese”). (3) Bitter cheese. (4) Discolorations.
5) Powsonous cheege. Of these, the first named is beyond the scope of the
. present work, the fourth has already been discussed in §§ 89, 95, and 98, and

the fifth in § 171, More frequent, however, than any of these 18 the malady
known as inflation, puffiness, or ‘blown” cheese (Fr. boursouflement, Ger.
Blghen), which will now be briefly mentioned.

In addition to the constituents detailed in § 144, the curd from sweet milk
contains a certain quantity of lactose. This 1s dissolved in the whey remaining
1n the coagulum, and which cannot entirely be removed by pressing Con-
sequently, sugar is always present, and 18 decomposed in various ways by the
organisms existing 1n the curd. Some of them, for example, form lactic acd,
whilst others consume 1t and liberate an abundance of gas. This causes holes
(bubbles or eyes) 1n the mass of the ripening cheese, and these holes mamfest
themselves as pittings 1n the cut suface of theripe product Both the dimensions
of these holes and the manner of their distribution throughout the mass are very
characteristically developed 1n individual classes of cheese. In order to render
thi clear by examples, reference may be made to two main types, Emmenthal
cheese on the one hand, and Edam cheese on the other, the former exhibiting
a few holes of large size, and the latter a greater number, but of small dimensions.
The appearance of small holes, regarded as indispensable in the said Duteh fatty
cheese, is looked upon as a defect in the Swiss cheese, which, if 1t contains many
holes of small size, 18 characterised as ¢ Nissler,” and considered as inferior.
Stall, the other extreme of immoderately large cavities is also undemrable. This
last condition reveals 1itself, in the course of 1ts development, by the bulging of
the surface of the ripening cheese, which, 1n particularly bad cases, is even split
open. This malady, known as inflation or puffiness, has already formed the
subject of several 1nvestigations, as a result of which both the cause of“the
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complaint and the means of preventing and combating it have been dis-
covered

§ 181.—The Cause of Puffy (* Blown ) Cheese.

The naturally obvious hypothesis that pitting is due to the gas-producing
powers of microbes was experimentally confirmed by H Wriamanwy (VIIL) n
1890. Undoubted though 1t be that inflation 1s also a result of microbal activity,
1t 18, nevertheless, equally undecided whether the malady is caused by specific
ferments, or only differs from normal pitting in degree, 2.6. arises from the same
cause,

Of the two possible methods of explanation here indicated, the first is
championed by Apawerz and FreoupenemioH (VI ) in particular. The latter in
18go established, in the case of three species of bacteria—recognised as setting
up inflammation of the udder in cows, and named Buocillus Guallebeau, a, b, c,
after their discoverer—that when inoculated into fresh curd they produce
inflation and bad flavour. The fermentative activity and products of these
three microbes were minutely examined by A. Macravpen (L) and L. NENCRI
(L). The gas evolved by B. G~ ¢ is a mixture of carbon dioxide and hydrogen,
their relative proportions at the climax of fermentation being about 76 23,
but afterwards becoming so far modified that, at the close of fermentation, only
o.72 per cent by volume of hydrogen 1s found in the gas. To these three
injurious orgamsms (pathogenic 1n cows and goats) a fourth was soon afterwards
added by FrevoEnreicE (VIL.), viz., Baculus Schafferi (bacteriologicelly very
gimlar to Bacteraum colr commune) which was first obtained as a pure culture
from “puffy” cheese, and subsequently also found in ‘*Nissler” cheese.
Freudenreich consequently regarded this bacillus as the cause of both these
maladies 1n cheese, and explained its dual manner of working by stating that
puffiness 18 produced when the fresh cheese curd contains comparatavely few
colonies of this bacillug, at considerable distances asunder, but of large size,
and therefore capable of liberating much gas, whereas, on the other hand,
‘ Nissler ” cheese results when the microbeis distributed abundantly, asindivadual
cells, throughout the ripening mass. Apamerz (VIL) found in the milk and
cheese of a Sornthal dairy a fission fungus which he mnamed Micrococcus
Sornthaln, and which proved capable of causing puffiness 1n cheese. This
microbe 18 shown 1n Plate I, Fig. 1.

The sscond method is founded on a different basis. Whereas Freudenreich
devoted his attention to the discovery of specific inflation ferments, Fn BAUMANN
(I), on the other hand, endeavoured to ascertain the external conditions under
which a microbe producing the normal pitting of cheese would become the cause
of imflation. An example of this 1s afforded by the Bucilius dratrypeircus caser,
discovered by him, This organism, when sparsely inoculated in curd prepared
from Pasteurised milk, produces a ‘‘blind” cheese, 1.¢. one contaming merely
a few holes; but when it 18 added in large amount, it gives rise to puffiness.
This facultatively anaerobic fission fungus is a non-motile capsule bacillus
generally 1.5 p in length and o.7 u 1n breadth ; a photographic representation
18 gwen in Plate I. Fig, 2. In media containing sugar 1t hberates a gas chiefly
conmsting of carbon dioxide along with a not mconsiderable portion of hydrogen ;
and 1n addition to these products alcohol and lactic acid are formed.

If this bacillus be inoculated mto fresh curd prepared from non-Pasteurised
milk, and consequently rich 1n a variety of bacteria, a struggle ensues between
them. In presence of a superior force of species that do not generate gas, the
B. diatrypetrcus casei 18 suppressed, and ‘‘blind” cheese will result On the
other hand, when the restrictive power of the other organisms is merely sufficient
to mo¥erate, but not prevent, the development (and consequently gas-producing
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power) of our bacillus, then the pitting will be normal; whilst, 1f finelly these
adverse influences be almost entirely lacking, “puffy” cheese results. No
rejection of this explanation 18 1imphed by the mention of the error mto which
its author has fallen 1n attributing to his bacillus alone the capaaty of producing
pitting—the 1naccuracy of which assumption has been noted, wnter aha, by
Avpawmerz (VIIL).

§ 182.—Cheese-makers’ Recipes.

In the light of Baumann’s discovery, the reason for a number of (apparently
pedantic) rules current among cheese-makers both for the production and
subsequent treatment of the curd is made clear. The careful adherence to
certain temperatures during and after setting; the time of exposure to thewr
influence ; the nature of the mechanical treatment, and even the extent of the
pressure applied to the moulded curd in the press,—all these conduce to the
result—the cause of which is certamnly unknown to the operators—that a certain
bacterial species attalns pre-eminence.

The researches published by Fr Somarrer (I1I ) and Frevpenrarcn (VIIT.)
in 1895 tend to elucidate the processes occurring during the after-warming of
thecurd. As has already been indicated, the freshly precipitated curd 18 kept
for a short time at a certaun conatant temperature, the degree and duration of
exposure varyng in different kinds of cheese. In the case of Emmenthal cheese,
Schaffer showed that a merely gentle after-warming of the curd results in a
quicker and more perfect ripening, so that the finished cheese contains a large
proportion of products formed by the decomposition of albumin Freudenreich
investigated this condition from a bacteriological point of view, and explained
the fact already recorded in § 177—viz , that the ripening of hard cheese 1s
almost exclusively brought about by bacteria, whilst that of soft cheese 18 chiefly
occasioned by higher fungi (budding fung, oidium)—as due to the inferior
powers of resistance to high temperatures exhibited by the latter organisms.
Thus the cheese-maker’s old rule that ‘‘curd for soft cheese should be only
gently warmed” 1s shown to be well founded.

Oertain prescriptive methods of preparation for a large number of different
kinds of cheese have been gradually bwlt up as the outcome of practical
experience. The posmbility of such a result 1s a proof that the bacterial species
necessary in the ripening of cheese are present everywhere and at all times.
The exact observance of these recipes can, however, only continue to indefinitely
yield uniform results where the cormposition of the bacterial flora of the milk
set for cheese undergoes merely ummportant fluctuations This 15 the case in
the Alpine dairies, where the grazing grounds seldom, if ever, receive any
application of manure from external sources, and consequently the same species
of bacteria are continually returned to the ground anew in the dung of the
grazing cattle. For this reason the cheese-dairying industry necessarily developed
first 1n the HMigh Alps,’mince there the busness 1s, 1n a bacteriological senss,
exposed to the minimum of danger The case 18 different 1 the lowlands,
where the cows are fed with fodder of highly divermfied omgn, frequently
consisting of the remdues of agriculbural industries (grains, distillery residue,
grape skins, &e.). The bacterial flora of the dung of such ammals will be liable
to frequent changes, and since the bacterial content in the milk 1s for the most
part derived from the dung, it will be evident that the cheese-making process
will be affected by this change Greater difficulties consequently attend the
pursuit of the industry in lowland districts,and much less rehiance can be placed
on recipes. To explain this more clearly by an example, reference may be
made to an observation which chemists have been unable fo explain, but svhich
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——regarded from a bacteriological standpomt-—seems almost self-evident, wi
the difficulty experienced m the working yp of milk at stich times of the ye
as a change is made from dry to green fodder, and wvice wersd. The bacter
flora of fresh grass is of a much more diversified character than that on d

hay; only a few species remaining alive and capable of development in t
1atter.

§ 188.—Counteracting Puffiness in Cheese.

The reader will now probably inquire whether any method exists where
milk that will produce puffy cheese may be recognised as dangerous before
is worked up and rejected by the cheese-maker This course will be advisal
when the gas-forming bacteria greatly preponderate, a condition ascertainal
by the so-called fermentation test A sample of the milk to be examined
kept m a fermentation flask (§ 126) for twelve hours at 40° U, a conclusi
based on experience being then formed as to 1ts suitability or the rever:
according to the changes occurring durng this period. Fuller particulars
this pomnt will be found in Adametz’s monograph, as also 1n the highly cor
mendable text-book of 'W. FreiscaMANN (I ).

As a means of preventing the malady, FrevveneEIcE (IX ) recommends t
addition of 3 per cent of common salt to the freshly precipitated curd, fre
from the main bulk of the whey. Xor restricting incipient puffiness, Adame
counsels setting the cheese to cool, since the ferment 18 found, by experience,
be violent and injurious solely at higher temperatures.

From the results of an investigation made by H. L. Borigy and O. ]
FHaxn ([) it must be concluded that gas-forming bacteria are not present in mi
at the moment 1t leaves the udder If this observation 18 confirmed by renews
(highly desirable) researches in other places and under different conditions, ar
thus become a general law, it will indicate the means of preventing puffiness, v
by taking care to keep the fresh-drawn mulk free from dirt and dung, which a1
the vehicles by which the gas-forming bacteria are mtroduced.

§ 184.—Bitter Milk and Bitter Cheese.

According to a rule based on experience, and observed by all housewiv
skilled 1 cookery, boiled milk must be stored in uncovered vessels, otherwi
it 18 hable to turn bitter. The attention of Pasteur was also directed to tl
matter in the course of his studies on spontaneous generation. 'We have alrea:
seen, In a previous section, that the French investigator here made the importa
discovery that, though the lactic acid bacteria are thus destroyed, the more hugh
resistant spores of butyric acid bactera can withstand such a brief exposure
boiling heat., Now, since the majority of these latter are anaerobis, they c:
then only mamfest their activity provided the admission of oxygen is eith
entirely prevented, or at least restricted, a condition ensured by covering t
milk-pan with a 1id. There then gradually accumulates within the pan :
atmosphere of carbon dioxide, de., produced by the vital activity of bacteria a
preventing the access of oxygen to the strongly fermeunting millk, The existen
of this gaseous stratum can be detected by the sense of smell on carefully rasu
the lid,

The bitter flavour developed in the milk was formerly ascribed—eg ]
R. Kruearr (II.)—to the chief product formed by these bacteria, viz., buty
acid, untll WereMany (IX ) in 1890 showed that no bitter taste is produced
milk by the addition of butyric acid. Like Hugrer (VIL.), he attributes ¢
bitter flavour to the peptone formed from the albuminoids in milk Later x
searahes on this point have led, in the man, to the same results. Consequent
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the subject falls within the present section, which deals with the decompomtion
of albumin,

Nageli was the first to attribute the development of bitter flavour in milk to
bacterial activity, and since then many attempts have been made to find and
prepare pure cultures of bacteria possessing such properties. Some of these are
capable of producing bitter principles both mn milk and cheese, whilst others are
1njurious solely to the former; but all hiquefy gelatin, and consequently produce
a peptic ferment.

Of the first group two species are known up to the present, viz., (1) Tyrothrue
genmoulatus—obtained as a pure culture by Duoravx (XIII.) from Oantal cheess,
and already noticed 1n § 176—produces a bitter substance in both milk and soft
cheese (z) Micrococous casei amari was 1solated to a pure culture by FREUDEN-
reroE (X.) in 1894 from bitter, hard, Swiss cheese. This organmsm, which
measures about 1 p 1n diameter, 18 endowed with the somewhat rare dual property
of formmg lactic acid and hquefying gelatin. In mlk and cheese—but not 1n
bowllon—it gives rise to a strongly bitter flavour, which Freudenreich only
partly ascribes to the peptone produced, since after the latter has been thrown
down by alcohoel from milk cultures of the coccus, the filtered liquid leaves, on
evaporation, a bitter residue. Here the widespread experience of practical
cheese-makers, viz., that the bitter taste generally makes 1ts appearance at the
stage of semi-ripeness, vanishing again as the cheese increases i age, may be
mentioned

The capacity of developing a bitter flavour 1n milk alone is possessed by the
following organisms .—1. Weigmann described in his above-named treatise a
sporogenic bacillus, 1.5~1.8 u long and o g-1.1 p broad, which does not produce
gas, but gives rige to a casein-dissolving enzyme and a volatile acid (differing
from butyric acid). 2. The micrococcus of bitter milk, of Coxx (IV.), is aerobie
and non-motile, forms butyrie acid, and develops a repulsive bitter flavour in
milk, cream, and butter. 3. M. BrrmcH (I) obtained from milk, which had
become decomposed after sterilisation by the Neuhauss process, a pure culture
of a facultatively anaerobic motile bacillus, whose endogenous spores were
able to stand exposure] for mx hours at a temperature of 100° 0. in milk.
‘When 1noculated into sterilised milk 1t produces a strongly bitter flavour, and
must, from its bebavour towards casein, be grouped with Duclaux’ Zyrothraz
species. 4. Bacillus liguefucens lactrs amars was found by FREUDENREIOE (X )
1o cream which had turned bitter spontaneously, The relative dimensions of
this motile bacillus vary considerably the most usual measurements are o §
for the breadth and 1.5 p for the length, but the latter may extend to 6 p. ﬂ
1uduces coagulation in milk—which it also makes very bitter—but no formation
of acid takes place ; and 1t liquefies gelatin,



CHAPTER XXXII.

THE FERMENTATION OF UREA, TRIC AQID, AND
HIPPURIO ACID.

§ 185.—Urea, the Final Product of Animal Metabolism.

TeE natural cycle pursued by the elements normally present in the vegetable or
animal body 18, with a few exceptions, very simple and easy to follow Those
resisting the action of fire, and therefore found in the ash—viz,, K,0, Na,0,
00, MgO, 8:0,, 80,, P,0,, Fe,0,—are taken up by the plant from the soil
(where they are generally present 1n sufficient quantity) and are returned thereto
in manures. Hydrogen and oxygen are, in the form of water, always plentafully
at hand. Carbon is absorbed from the air as carbon dioxide by the plant, and 1s
given up again by the animal in the same form

The natural cwrculation of mnitrogen is much more complex. This element,
which is indispensable for the construction of albuminoid substances, 15 an object
of solicitude not only to the farmer, who balances the incomings and outgomgs
of hus soil, but also to the bacteriologist, who carefully watches the changes of
form mitrogen undergoes during 1ts passage from the plant through the body of
the amimal and back to the earth, where it 18 again gradually enabled to renew
the cycle.

Only a portion of the nitrogen consumed by man and animals in the food—
chiefly in the form of albuminoids, but also as amido-compounds, &c —and
transformed and again excreted, leaves the body vid the intestinal canal, .. 1
the fmces. This portion consists, on the one hand, of indigestible or undigested
food constituents, and, on the other, of mtrogenous metabolic products, such,
for example, as glycocholic acid and taurocholic acid from the bile, leucine and
tyrosine from the gastric juices, &e. &e. The subsequent fate of these amido-
compounds passing 1nto the excrement has already been dealt with in § 168,

The residual nitrogen takes another route in order to make its exit from the
body, namely, »id the kndneys, and is excreted in the urine. The most important
constituent of this substance is urea, but urie acid, hippuric acid, allantomn, &e.,
are also present, though 1n much smaller quantities. The qualitative content of
these bodies differs in the various kinds of ammals, whilst quantitatively they
depend on the amount and composition of the food.

In human urine and that of the carnivorous mammalia, birds and reptiles—
which has an acid reaction owing to the presence of acid sodium sulphate—uric
acid 18 present to a greater extent than hippuric acid. The total amount voided
by a man of normal size is .—

Ulen . . . . . . - 35-50 grams _
Uric acid . . . . . . . 05§—%5gram
Hippuric acid . . . . . 03gram,

On the other hand, the urine of the herbivorous mammals and birds—which
has an alkaline reaction owing to 1ts content of KHCO,—exhibits a different
subgtantive ratio, uric acid being in very minute proportion (rgyth per cent),
whist hippuric acM is comparatively plentiful, e.g, 1 cows’ urine up to } per
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cent, 1n horses’ urine up to 2 per cent. (1n combination with lime). Urea~
is present to the extent of 2—5 per cent. 1n cows’ urine, and 3 per cent. in that .
of the horse.

§ 186.—Urea Unassimilable by Higher Plants.

Assuming the total number of inhabitants mn the world to be 1500 millions,
and estimating the diurnal excretion of urea at an average of only 25 grams per
individual, then there results a total daily production of 37,500 tons of urea by
the human race alone. This quantity in the solid state would occupy a space of
59,000 cubic metres (65,400 cubic yards), and contain 17,000 tons of combined
nitrogen The excretions of the animal kingdom must be estimated at a much
higher figure.

The amount of nitrogen daily excreted in urine and passing into manure 18
consequently enormous, and the question naturally armses. What becomes of 1t
afterwards ¢ Is urea (and also uric acid, &c ) adapted to serve immediately and
drvectly for the nutrition of plants, and of cultivated plants in particular ?

Agncultural practice answers this query by a decded negative, knowmng
from experience that manuring with fresh urine 1s at first erther entirely useless
or actually injurious. No satisfactory explanation of this fact has yet been
discovered by scientific research. O, KerLNer (IIL.), for example, sought it in
the circumstance that urea is not absorbed (retained) by the soil. We must
therefore turn away from research, and fall back on the fact that urea is
unsuitable for the nutrition of the higher plants, and that consequently 1ts
nitrogen, not being available for this purpose, 15 lost If this element 18 to
continue 1ts eycle in the organic world, 1t must first be converted into other
forms and modes of combmation ; and the question arises as to which of these
involves the least labour and smallest expenditure of energy.

It must be borne in mind that urea 18 a derivative of carbon dioxide on the
one hand and ammonia on the other—a.e. two compounds which are known to
be suitable for the nutrition of plants—and may be regarded as a condensation
product from these two atomic groups by dehydration. If thewr coherence can
be loosened, and the carbamide split up by hydrolysis to form carbon dioxide and

ammonia—
OO(NHy)y + 2Hz0 = C0, + (NH0,

this prevents the danger of the sad quantity of urea remaining undecorposed
and accumulating, in consequence of which its nitrogen would be withheld from,
1nstead of restored to, the vegetable kingdom

There 18, however, no need to seek far for an mstrument for this conversion,
Nature herself having already provided the implements for this work in the
micro-organisms known as urea bacteria. The next three paragraphs will be
devoted to the consideration of their character and capabilities; a fourth dealing
with the decomposition of urie acid and hippurie acid.

§ 187.—Diseovery of the Urea-Ferment by Pasteur.

The natural process of the decomposition of urea was discovered some two
years after the first successful attempt at the artaficial preparation of this
substance. The well-known fact that urine, which 18 clear when first voided by
healthy individuals, becomes turbid on prolonged standing, while with increasing
age it turns more and more alkahne, and exhibits an increasing smell of
ammonia, found an explanation 1n 1830 at the hands of Dumas, who regarded
this modification (the ammoniacal fermentation of urine) as a~mconversion of wrea
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1nto ammonium carbonate by the absorption of water. This hydrolysis of urea
was considered as a purely chemical process, a readjustment of the atoms in the
molecule.

It was reserved for PAsTRUR (I.) 1n 1862 to show the incorrectness of this
view. He discovered in fermented urine a micrococcus (0.8—1 o p 1n diameter,
and frequently united as diplococci, tetrads, and chains) which is capable of
inducing the change in question 1o sterilised urine. This organism was shortly
afterwards (1n 1864) also described by Vaw Tikemem (VIII), and called
Bactervum wrece, being subsequently named by Cohn Mrorococcus ureem.

The next researches on this important fermentation appeared in 1879, and
afforded proof that this capacity for converting urea into ammomum carbonate
18 not restricted to one sngle species of microbe, but that, on the contrary,
Pasteur’s micrococous has competators, not only in many bacteria, but also in &
few of the higher fungi. This work was performed by P. Miquer (V.), to
whom we owe most of our present knowledge of the fermentation of urea.
Before turning to his more recent labours on the subject, we will, however,
briefly review the endeavours made by his colleagues in the same direction

R. vox Jagsou (I.) in 1881 published a thoroughgoing investigation, the
morphological part of which was also instrumental 1 founding the theory of
bacterial pleomorphism; the physiological results will be given in the next
paragraph The urine-bacterium discovered by him throve best in a hqud
containing the following dissolved salts per litie of water. acmd potassium
phosphate, 0.1z gram , magnesium sulphate, 0.06 gram ; Seignette salt, 5 grams;
and ures, 3 grams. This hqud 18 known in the literature of the subject as
Jaksch’s nutrient solution.

Lruse (I) in 1885 added four new species of bactetia to the group of urea
ferments alieady known. One of them, called Bacterium wurece, appeared in the
form of plump rods, 2 4 long and 1 g broad, and of ihe remaining three, one
belongs to the sarcina group.

In contrast to the bacteria (forming solid colomes) mentioned above is the
urea-fermenting micrococcus discovered by Frvaaer (L.), and known from 1its
hquefying influence qn gelatin as Micrococcus wrewm hquefaciens.

The report drawn up by C. Luxpsrrom (I.) and R. Camsrer (I) also made
known a few new species of urea-fermenting bacteria, and the same applies to a
research by R. Burzr, E. Herreror, and A. Sturzer (I ), which we will deal
with briefly below. We can now turn our attention to the above-mentioned
newer

§ 188.—Researches of P, Miquel (VI.).

This author isolated from air, soi, liquid manure, water, &c., some sixty
different species of bactera, all of them capable of fermenting urea, Out of
these he selected seventeen as particularly worthy of interest, and has more

-closely investigated and described them. Morphologically he distinguishes three
genera, Urobamllus, Urococcus, Urosarcina. In the further subdivimon within
these three groups two principal factors of a chemico-physiological nature aie
adopted as critera, viz., the rapidity of fermentation, <., the amount of ures
fermented per umt of time, and on the other hand, the fermentative power,
expressed by the maximum quantity of urea completely fermented by the
species 1n question per unit volume of nutrient solution. These two indications
acquire almost the character of mathematical constants for any determined
species.

The most powerful as well as the most energetic 1s the Urobacillus Pusteurit,
80 frequent m both natural and drainage waters This organism ferments
3 gram®s of urea pershour in’'a 2 per cent. peptonised urea-bouulon, and

L ]



256 THE FERMENTATION OF UREA 7%

completes its task even when the nutrient solution contamns 140 grams of uﬁ
per litre. Morphologieally similar to this, but differing greatly in physiological,
character, is the Urobamllus Freudenrewchu, found with particular frequency i
the sweepings of the streets of Paris. This bacillus can only hydrolse o 3 gram
of urea per hour, and cannot ferment a larger quantity than 45 grams per hitre
of nutrient solution. It is an actively motile rod, 1 o-1.3 g broad and of
variable length.

High degrees of speed and power of fermentation are not always found in
association. This is well exemplified by Urobacillus Schutzenbergts, a rod 1 p
long and o.5 p broad, incapable of producing spores It was found by Miquel
both in natural and drainage waters, but never in the air. This species 18 very
energetic, 4., transforms a large amount of urea per unit of time, but its activity
cengses a8 soon as the hiquid has become somewhat enriched with ammonium
carbonate. That this is actually the cause of the cessation follows from the fact
that the fermentation proceeds further when this salt is removed by aerating the
medium.

To this injurious influence of ammonium carbonate—towards which different
degrees of susceptibility are exhibited by the various species—is due the rapid
dying of cultures of the bacteria under consideration, in liquds contaning urea.
If 1t 18 desired to prolong their existence or to refresh debilitated cultures, they
must be transferred to nutrient media that are free from urea, and consequently
enable growth to proceed only at a slow rate, but, just for this reason, ensure a
longer hife.

Even greater than their sensitiveness towards ammonrum carbonate, of which
oven the most delicate species can support a very considerable quantity, 1s the
susceptibility of the urea bacteria to the presence of free acid in the nutrient
medium. Burri and his collaborators ascertained (in thewr above-mentioned
researches) that 0.4 per cent. of sulphuric acid produces a fatal effect. This
observation can be practically utihsed in the protection of stall manure from
early decomposition.

Into the remaining distinguishing characteristics of Miquel's urobacteria—
especially the degree of resistance to heat exhibited both by the vegetative forms
and the spores produced by all but the last-named species—we cannot enter
further, One common characteristic peculiar to the group must not, however,
be omitted from mention, and that is the aureols with which the colonjes
gurround themselves when grown on 2 per cent. urea-gelatin, and whereby they
are distingushable from all other bacterial species, even at an early age, by
macroscoplcal examination or under a low power. The colonies are closely
surrounded, for a distance exceeding their diameter, with numerous biscuit-
shaped bodies, embedded 1n the gelatin and for the most part so close together
that they envelop the colony as 1n a cloud. These bodies are facetted crystals,
each composed of two combined globules, containing lime, carbonie acid, and
phosphoric acid, and formed by the reaction of ammonium carbonate (hberated
by the bacteria), on the salts of the alkaline earths contamed in the medium.

Whether and how far the nitrogen 1n the urea contributes to the structure of
these bacteria is also an interesting pomnt. Jaksch in his treatise asserted that
his bacillus preferentially takes up nitrogen from urea, other sources, such as
peptone, being less surtable ; but Miquel came to exactly the opposite conclusion,
the species examined by him greatly preferring peptone, or any similar
substance, before urea as a source of nitrogen.

Urobacteria are of very frequent occurrence in nature. For quantitative
determinations on this point we are indebted to Miquel, according to whom the
average number of such bacteria in the air of Parms was (in 1891) 151 germs per

cubic metre. The smallest number (go) was found in awtumn and the Tughest
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in spring (197) and summer (202). The relative content of these i1n nat
waters increases with the degree of impurity A good example is afforded
the Seme: before reaching Paris 103 urcbacteria were found per xo,
microbes, whereas a sample taken within the city limits gave 204, or twro
many as before, According to Miquel, 1—2 per cent. of the bacteria presen
the so1l, and 15 per cent of those i cowhouse manure, are capable of hydvo
ing urea. It 18 therefore evident that Nature provides for the eonversior
uren 1nto a more readily assimilable compound, which we have already founc
be esgential

The ammoniacal fermentation of the urine of herbivorous domestic anin
(horses, horned cattle) begina soon after its evacuation from the body.
resulting ammonium carbonate partly volatilises, and thereby leads to a
of nitrogen, the extent of which—as A, MtxNTz and A. Grarp (I.) sho
1 1893—was formerly under-estimated. Out of the many methods propc
and attempted for the prevention of this loss and the combination of
ammonia, a few (6.9 sulphuric acid) have proved unfit for application 1n
stall, and others (such as peat litter, gypsum, kaimt) insufficient, only a sir
one being actually suitable the superphosphate recommended by E. HErpux
in 1887, viz, the acid phosphate prepared by means of sulphuric acid, :
capable not only of chemically fizing ammonia, but also, by reason of its ¢
reaction, preventing the mnception of une fermentation.

§ 189.—Uprase.

In 1874 Musournus (1) expressed the opinion that the conversion of urea 1
ammonium carbonate 18 merely an indirect 1esult of bacterial activity,
bydrolysis of the urea being effected not by the organisms themselves, but by
enzyme they excrete This enzyme was said to be particularly plentiful in,
recoverable from, the urine of patients suffering from catarrh of the bladde
arcumstance which would also account for the alkaline reaction of this w
when 1n a freshly voided condition This statement was investigated and ¢
firmed by PasTeur and JousErrT (IT ) 1n 1876. Onthe other hand, the attem
made by Leuse (I ) to separate the enzyme from the bacteria by filtrat
through a clay cylinder failled P Mriquer (VII.) then showed, in 1890, t
these conflicting results are due to the extreme decomposability of this enzy
which he proposed to name urase, and which, being very easily oxidised, ou
to be filtered in an atmosphere devoid of oxygen, a precaution neglected
Leube TUrase decomposes 1n three to four hours at 50° O, and in a very
minutes at 80® C. 'With regard to 1ts chemical composition nothing 18 at pres
known, not even whether 1t is a single body or a mixture of several substar
(varying 1n constitution according to the conditions of fermentation) (
thing, however, Miquel placed beyond doubt, viz, its capacity to hydrolyse
rapidly convert urea (in a sterilised solution) into ammonium carbonate. I
therefore a true enzyme.

§ 190.—The Decomposition of Uric Acid and Hippuric Aecid.

With regard to the disruption of the uric acid molecule by microbial ager
F. and L BSmstivt (I.) instituted an investigation, according to which
decomposition corresponds to the equation—

NH—C—NH\
I /
cC=0 C—NH

\NH—é =0

0 =0 + 8H0 + 30

NH,
4 H>coS + €O,
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Unfortunately, pure cultures were not employed 1n this research, which was
published in 189o, and the same defect attaches to an investigation made by .
E. G#rarp (L) 1n 1896.

In a chemical sense, the statement just recorded was confirmed by the
treatwse of Burri and his co-workers, mentioned in § 187. These workers also
mcluded the decomposition of hippurie acid 1n the scope of their labours. Like
their Italian colleagues, however, they did not employ pure cultures of ferments,
but used “a drop of manure drammings” for inoculating the media, They-found
that hippume acid was not attacked per s, but only when in combination with
lime, the decomposition, moreover, being more difficult to effect than was the
case with uric acid or urea—which last named 15 the easiest of all to convertinto
ammonium carbonate Both for the sake of completeness and also to show the
necessity for a more accurate mvestigation of the decomposition of hippurie acid,
we must refer to a remark made by Van Tieghem 1n his above-mentioned
treatise, namely, that his B. uree 18 capable of aplitting up hippuric acid 1nto 1ts
two components, glycocoll and benzoic acid, according to the equation—

CH, NH—CO CH,.NH, COOH
+ HO= | +
COOH  CqHy CO0H CoH,

Analytical data to prove that this decomposition actually goes on so smoothly
are, however, lacking.

Qo far as the destiny of hippuric acid 1n the soil 15 concerned, K. YOSHIMURA
(I.) has observed that 1ts fermentation proceeds much more rapidly in the upper
layers than in the subsoil




CHAPTER XXXIII.
THE FIXATION OF FREE NITROGEN BY BACTERIA.

§ 191.—Accumulators and Consumers of Nitrogen.

Ir geeds of any of the leguminous plants, 8g. peas, lupins, clover, &c, be
gown 1n a goil containing all the food-stuffs (K,0, P,0,, &ec ), except nitrogen,
necessary for the growth of plants, then, given sufficient mosture, germina-
tion will scon be observed At the outset the young plant develops just as
well in the absence of mtrogen asif that substance were present in the soil.
1t feeds upon the stores of nutrient substances (carbohydrates, albumen, fat,
&c.) accumulated 1n the cotyledons or seed-leaves. When, however, this store
is exhausted, a complete cessation 1n the growth of the plant visbly ensues,
the leaves turning yellow and becoming partly dried up, and the whole plant
presenting a moribund appearance The cause of this condition can only be
sought 1n the dearth of combined nitrogen that has now set in, since the
plant has all the other essential food-stuffs at its disposal. The condition
itself 18 consequently termed mnitrogen-hunger. All other kinds of higher
plants hitherto examined suffer in the same way when grown under these
1dentical conditions. Differences, however, are noticeable 1n theiwr subsequent
behaviour If left unprovided with assimilable mitrogen, the representatives
of all other families of phanerogamic plants—apart from a few exceptions to
be enumerated later—persist in this state of starvation and finally die away.
Not so the Lsguminosce. These will be observed to remain for some time—
a few days to three weeks, according to circumstances—in this dehlitated
condition, but will then revive almost instantaneously, rapidly turmng green,
throwing up thick, juicy stalks, embellishing themselves with luxuriant foli-
age, putting forth a large number of blooms, and producing a good crop of seed.
Such a plant may then overtake others that have been provaded with mitro-
genous food (manure), and have not had to pass through the famine period,
and may, finally, at barvest yield a quantity of haulm and seed as great,
and contarming just as much nitrogen, as 1ts more highly favoured fellows
Hence the leguminoss, 1n contrast to (nearly) all the other cultivated plants
(cereals, such as wheat, oats, &e. ; hoed crops, such as beet, potatoes, &c ; oil-
seeds, and so forth) that have been examined on this point, are characterised
by the eapacity for growing and ripening in a soll perfectly devoid of nitro-
gen and without the application of nitrogenous manure. This eircumstance
18 50 much the more remarkable since both the leaves and seed of pulse
contain an unusually large proportion of combined nitrogen, and are, in fact,
richer in this element than any other vegetable food-stuffs, This fact will be
best displayed by the subjoined table, giving the average figures, obtained
from a large number of analyses, of the percentage of nitrogen in the dry
matter of the seeds of—

Maize . . . 1.8 Peas 43
Buckwheat . . 19 Beaps 46

o Oats . . 19 Lentils . 47
Wheat . .., . 2.3 Soja beans . 61 -
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From the large number of researches instituted on the assimilation of nitrogen;
by plants, the following example, given by Emi. Worrr (L.), may be selected,.
and may easily be repeated on a small scale by the reader for his own information,
A number of zinc boxes were filled with 24 kilos. (53 Ibs.) of washed calcareous
river-sand destitute of nitrogen, the necessary mineral nutrient substances
(P,0,, 8O,, K,0, MgO) being then added and the seeds mentioned 1n the follow-
g table sown A certain number of these boxes contained 0.83 gram of nitrogen.
apiece in the form of mitre. The total dry matter and total mtrogen in the crop
were determined, with the following results —

QOats Buckwheat Rape Pens Vetches,
Per Box
‘With- With- With- With- With-
out W;‘th out W}}m out W)}th out v;’ﬂ' out W;lrth
N N N N N *
Grms, | Grmes. | Grms | Grms | Grms |Grus [Grms | Gims | Griog | Grms
Dry;rn;gtter n t.he} 24 or 12 " 13 50 352 | 330 | 280 | 241
Nitrogen therein 0I5 | 044 |014 043 |O13 |O50 | 674 | 645 | 60L| 595

This table shows that, 1n the case of peas and vetches, a high yield contaning
much nitrogen can be obtained, without the soil (initially destitute of mitrogen)
having received any applhcation of this element 1 the form of manure. Such
manuring is consequently unnecessary to these plants.

The results of these experiments on a small scale are confirmed by the
observation of large farmers, Schultz of Lupitz, a land-owner mn the Mark
(Brandenburg), states that he has gathered 224 ldlos of mitrogen per hectare
(about 200 lbs. per acre) annually from his “lupin meadows,” for fifteen years
without any nitrogenous manuring. Similar results are reported by Dehérain
from experiments with sainfoin, by the cultivation of which from 205 to 237 kilos.
of (combined) nitrogen were obtained per hectare (180-208 lbs per acre).

For this reason agricultural chemists have termed the Leguminosce collectors
or accumulators of nitrogen, and have set them up as a class distinct from ali
other cultivated plants, the latter being grouped under the name of mtrogen
consumers.

This does not, however, imply that the leguminous plants are averse to such
manuring, on the contrary, they readily absorb any nitrogenous food present in or
added to the soil, this food assisting the plant to tide over the stage of nitrogen-
hunger, So scon, however, as this pertod of stagnation 18 passed, they no longer
require nitrogenous manure, and the latter, when applied, does not 1nfluence the
gize of the crop. Practical agriculturists utilise this observation by planting soils
which are poor in nitrogen with such nitrogen acecumulators (especially lupins) asa
firat crop, which 18 ploughed 1n when sufficiently developed. This constitutes the
practice known as green manuring A field treated in this fashion will then
contain a much larger amount of nitrogen (1n organic combination) than before,
and is rendered capable of properly developing other cultivatéd plants (cereals,
hoed crops, &c.), which, by reason of thewr high nitrogen requirements, would
otherwise have yielded only a miserable crop 1n such poor, sols.

~
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§ 192.—The Discovery of the Leguminous Nodules.

The source of the free mitrogen accumulated by this class of plants must be
sought 1 the atmospher e alone. ) .

Formerly the ammonia compounds of earbonic acid, nitrous acid, and mtric acad,
always present 1n the air (u.e. the rainfall), were considered as likely sources of
nitrogen. The quantities of the last-named acid brought down in the rain, 1n
temperate and tropical climates respectively, are given in the following table,
drawn up (partly from personal experience) by A MtNTz and V. MARCANO (L) =—

Caracas, in
Liebfranenberg Rothamstol Island of
in Klsass (Lawes and g;g:g 2: d Réunion
(Boussingault) Gilber t) May cano) (Raimbault)
Mg Mg Mg My
Hfa?g_vggie:ltm of 018 0 42 223 2.67
Amount of HNO4 Kilos Kilos Kllos Kilos
thus broughtnto
the soil per hec- 033 083 578 993
tare per annum .

''he researches and calculations made by HEerrrizerL (I.), in particular,
showed, however, this addition of nitrogen 18 much too small to deserve all the
credit of the enrichment of the soil. Moreover, since the supply 1s dehivered 1n
approximately regular quantity to all the fields 1n a given distiict, it would afford
no explanation of the fact that, of all these fields (without nitrogenous manure),
1t 18 only just those that have been planted with leguminous crops that yield such
a surplus of nitrogenous matter

Consequently, only one other feasible explanation remams, viz, that the
Legumanose possess the mherent property of absorbing nitrogen from the air, and
elaborating 1t mnto nitrogenous compounds (albumen, d&e.).

However compulsory this conclusion may be, 1ts recognition by the majority
of vegetable physiologists and agricultural chemists was slow. Both classes
were under the 1nfluence of Boussingault, whose experiments (1834 to 1858) in
the cultivation of leguminous and other plants under bell-glasses 1n so1ls destitute
of mitrogen gave results— confirmed by the check experiments of Lawes and
Gilbert—which seemed to deny the absorption of fiee atmospheric mitrogen by

ants

2 Shortly afterwards, however, attention was directed to the bodies now termed
legumanous nodules These are lateral appendages or swellings on the roots (as
shown 1n Fig 359), and occur both on the younger and older portions of same, the
former being the most thickly infested. In oneand the same plant all the inter-
mediate stages of this formation, ranging from such as are just barely perceptible
to those as large as a pea or hazel-nut, can be found Their form (Fig 60)
differs 1n different species, observations on which pomnt have been published by
A, Tscmiron (I.) and by Lawes and Geert (I),

The earliest description of theleguminous nodules was given by Marriani (I )
1n s book published as far back as 1687, and this observer 1efeired to them as
galls, 7.e. diseased excrescences, an opinion also shared by P. DE Canporie (I )

. o I kl}g per hectare = 0891b pe1 acie
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in 1825. Treviranus (L), m 1853, was the first to regard these nodules as:
normal growths, and thirteen years later they were studied by Wozonmv (L.), who
made the (subsequently 1mportant) observation, that the formation contawns:
entirely closed cells filled with living bacteria In the seventies Krrrsson (I.)
and Cornu (I.) recognised these appendages as metamorphosed lateral roots of
perfectly unique structure.

‘When regarded in section (Fig. 61), a nodule of this kind 1s seen at the first
glance to cunsist of two different portions—a white or colourless external zone

swW

7
=
110 60 —Root-nodule of Vieia sativa

mw main root, sw litoral root, the meaning of
the other lotters is givon in Figs 61 and 63
Magn 3 (d4fter Beyerinck)

1@ 61 —Cross-seotion through s nodule of Vieia
sativa, cut along the line ¢ in Fig 60

¥10 59 —Root of Vicia ¥aba or t{;zclv::i?x:a(l;}; ;ntogumeut with a fow opidermal

‘With young nodules on most of the lateral roots 2/ the vascular bnndles, ench with n xylom fibro
and on the tap root Somowhat reduced bact the strougly developed bacieroidal tissuo
(Arter Sirasburger) Magn, 10 (dfter Beyerancd)

and an inteilor layer, pale red in the young nodule, bui afterwards greenish grey,
the line of demarcation betwesn them bemng somewhat shaiply defined, snd the
outline 1ndented like that of a blackberry. It 1s1in the cells of this inner layer
that the bactera now under consideration, and more fully described below, are
sheltered; and the layer 1tself 18 known as the bacteroidal fissue On account
of these enclosures the said root-nodules received from A B Frank (IIT)1n

1879 the name of mycodomatia (»¢ fungus chambers), an expiession that has,
however, been abandoned

§ 198.—Formation and Funetions of the Nodules.

The first to take under conmderation the physiological importance of these
nodules was Lacmmanw (L), who 1 1858 defined them ag stores of albuwmen.

L
-~
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One-and-twenty years later FrRank (III.) showed that the formation of nodules
does not occur when the plants are grown in sterilised soil, thus proving that the
co-operatzon of microbes existing in the soll 18 a necessary factor. This result,
conjoined with Woronin’s observations, led to the conclusion that the production
of the nodules 18 effected by soil bacteria. Frank’s observation, and the con- -
clusion deduced therefrom, were subsequently confirmed by H M Wazrp (V.),
who showed that the nodules are absent in water-cultures of Vicia Fuba in
sterithged nutrient solutions, but, on the other hand, appear in large numbers 1f
chopped nodules, grown in the ordinary so1l, be 1nserted amongst the root-hairs.
This discovery threw a little more hight upon the manner in which the nodules
are produced, and increased the probabihity of the assumption that they result
from the activity of bacteria which gain access to the root, and there exert a
certain stimulance inducing a luxuriant cell-growth. A more intelligent inves-
tigation of the 1mportance and mode of action of the nodules thus became possible,
and 1t was then remembered that the Lsguminose are precisely the plants found
capable of growing in soil destitute of nitrogen. Hence the obvious 1dea sprang
up that possibly these nodules should be regarded as organs facihitating the
absorption of uncombined nitrogen from the aar.

1t naturally follows that 1f this assumed faculty is actually possessed by these
growths, a direct connection between the formation of the nodules and the
development of the plant as a whole should be traceable, and this was accom-
plished by Herrrirerrn (L.), 1n conjunction with WiLFarTm, in the years 1884
to 1886. These workers, as a result of exhaustive investigation of plant-roots,
arrived at the conviction that the development of the root-nodules stands in
most intimate relation to the growth and assimilation of the whole plant. The
number of nodules per plant was found to be the greater in proportion as the
development of the latter was more perfect Papilionaceous seeds (¢.g. peas)
sown 1n boxes of sterilised soil devoid of nitrogen, and protected from subsequent
mfection, perished after nitrogen-hunger set in, but, on the other hand, throve
and ripened when the boxes were supphed with a small quantity of an aqueous
extract from fertile soill When the non-nitrogenous soul was watered with
a hittle of the said extract, and then steritlised and covered with a layer of
sterilised cotton-wool before planting the seeds, the result was identical wath that
of the first experiment, %.6. the plants started well, arrived at the stage of
nitrogen-hunger after the unfolding of the sixth leaf, and then gradually fell
mto a consumptive state and perished, barren. By these and many other experi-
ments Hellriegel arrived at the incontrovertible conclusion that the absorption
of atmospheric nitrogen by the Pupihonacem 1s directly connected with the
development (or the presence and activity) of the so-called leguminous nodules,
which latter are produced solely by the action of certain bacteria on the roots

Hellriegel confined his researches entirely to the Papelionaces, and left oub
of consideration the other two families, iz , Casalpinacer and Mimosacee, which
form with 1t the order Legumanose. The formation of nodules in these two
farmlhies was subsequently 1nvestigated by D. Morok (1), with the result that
the faoulty was discovered 1n each one of sixty-five species (from thirty-erght
geners) examined These discoveries were supplemented by H. Lecoute (I),
who, 1n 1894, proved that nodules are formed 1n Arachis hypogea, the earth-nut,
a fact already noted by Poiteau mn 1852, but afterwards demed by Eriksson.
The nodule bacteria of the Soja bean (Sqya Zwsprda) have been described by O.
Kirorner (II ). On the other hand, nexther Morck nor F& NoBBE (I ) was able
to discover the presence ot root-nodules on Qleditschic, and 1t1s found 1mpossible
to 1noculate this plant by the nodule bacteria of other Leguminoss. Apart from
Legumanosce, the organs n question are found (so far as 1s at present known)
onlp on Alnus, Elaggnus angustifolws, Hippophae, and Podocarpus, all of which

.
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are able to thrive in soils destitute of nitrogen The faculty of nodule formation;
has also been ascribed to other plants, A.B Frank (IV.) goes the farthest ind
this respect, and, indeed, assumes that all plants are 1 a position to take up
free nitrogen, an opinion also recently expressed by J Sroxrasa (II) Lies-
sorer (I ) confines his opmion within narrower limits, but aseribes the power of
fixing free nitrogen to oats and mustard as well. The statements of Frank and
Laebscher have, however, been disproved by the searching criticisms of, e g.
Wrrarra (L), U Kreusler, P. Wagner, F. Nobbe, and L. Hiuryer (I), and
J. H Axsy (I.) has shown that mustard does not possess the faculty with which
1t 15 credited by Liebscher. The same results were obtamned by O E. Cosrss
and W R Dopsox (I) in 1896, 1n their experiments on the cultivation of the
cotton plant (Qossyprum).

§ 194.—The Nodule Bacteria.

The discoveries reported in the foregoing paragraph, and for which we have
chiefly to thank Hellriegel and Wilfarth, lead up to the question whether this
proved absorption of free mtrogen 1s effected 1n the root-nodule 1tself, or whether,
by the influence of this formation, the entare plant—particularly the foliage—
. becomes capable of taking up this gas from the atmosphere and fixing 1t 1n
combination ¢

This latter opinion, which was chiefly supported by A B, Frank, has been
mvestigated by P Kossowrrsor (I.), who was, however, unable to discern any
absorption of atmospheric mitrogen by the parts of the plants above ground.
Attention must, therefore, be concentrated on the root-nodules themselves, bub
before going into the question whether and 1n what manner the nitrogen 1s fixed
by them, 1t will be necessary to become more closely acquamnted with the living
orgamsms they contain, viz., the nodule bacteria.

The discovery of these bacteria by Woronin 1n 1866 was nob followed 1m-
mediately by thewr general recognition in scientific circles For example, H.
De Veims (IT.) in 18749 looked upon them as non-essential. Moreover, when
J Bruncrors? (L), in 1885, examined them more closely, he came to quite &
different coneclusion, and defined the supposed bactera as organised albuminoids
collected 1n the interior of the nodule cells, and therefore termed them bacteroids
{on account of thewr external resemblance to bacteria) Hence the term bac-
teroidal tissue, applied to the internal portion of the nodules 1n which these
organisms appesr in large numbers. Remarkably enough, Brunchorst’s optnion
found favour in the eyes of A. B Frawk (V.), although conficting with his own
discoveries made in 1879 A. TsomircH (I) also ranged himself on the side of
Brunchorst.

A complete revolution of opinion tock place 1n 1888, when BryeriNok (XIV.)
indubitably established the fungoid nature of these supposed pssudo-bacteria,
by 1solating them from the nodules, and cultivating them further in artificial
media The pure culture obtamned from the indivadual species of Papilionacse
exhibited certain slight but undeniable differences, which, however, were not so
extensive as to make their discoverer feel justified m classfying the organisms as
separate species, so he defined them as varieties of a single species, for which he
proposed the mame of Bacillus radicicola. The artificial formation of nodules
induced by inoculating the roots of Leguminosz with such pure cultures was
successfully attempted a year later by Prazmowsk:, and will be noticed 1n § 195.
The bacillus in question develops either feebly or not at all on ordinary nutrient
gelatin, this substratum being too rich 1n nutrient materials Beyerinck recom-
mends a decoction of the leaves of Papilionacec, with the addition of 7 per cent
of ggla.tm, 1 per cent. of asparagin, and } per cent of cane-sugar The requifite

-
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degree of acidity 1n the medium 13 represented by about 0.6 c.c. of normal acid
per oo cec The plates coated with this nutrient medium are moculated with
an mfusion prepared by mixing a few ¢ o. of sterilised water with asmall portion
of the contents of the bacteroidal tissue of a fresh, young nodule that has been
previously washed with water, then steeped a short time in aleohol, freed from
the latter by means of ether, and finally cut open with a sterilised knife. The
small quantity of inoculating liquid will be absorbed by the gelatin, leaving the
bacteria on the surface, where their growth progresses in the most favourable
manner. Here they develop to small mueinous colonies that do not Liquefy the
gelatin

Two forms of cells will be immediately noticeable mn preparations made from
such s culture Beyerinck distinguishes them as rods and rovers. The former
have a breadth of 1 p and a length of 4 to 5 p, and wander eagerly towards the
edge of the cover-glass, where fiesh oxygen obtains access As veritable dwarfs
In comparison with these are the rovers, which are only o.g p long and 0.18 p
broad, and therefore belong to the smallest of known micro-organisms Even the
Chamberland filter cannot xestrain them, and they escape through its pores  As
the name 1mples, they are endowed with motile power, which 18 frequently so
strong that individual rovers are able to escape from the parent colony, make
their way across the gelatin plate, and found a daughter colony at a distance
The rod cells are not invariably of the ordinary cylindrical shape ; on the contrary,
variously bulged or lobed forms appear in larger or smaller number according to
circumstances, and a forked bianching, resembling the Greek y, 1s very frequent
This pecularity, be 1t remarked em passunt, 18 also shared by other bacterial
species, 6g. the Pasteurra ramoss alrendy mentioned 1n an earher paragraph.
Bacvllus radicicola does not produce an enzyme capable of dissolving gelatin,
starch, or cellulose, or of inverting saccharose, neither has spore formation been
detected, a crcumstance harmonising with the fact that a temperature of 60°—
70° C suffices to destroy this fission fungus Oun the other hand, the organism
appears to support drought and frost without sustaining any injury

A few words must be devoted to the varieties exhibited by the nodule
bacteria  Hellriegel established (though without employing pure cultures) that
the nodule bacteria of peas canmot develop nodules on lupins and Seradella
(Ornsthopus sutrwus). This observation, which was challenged by A, B Frank,
was confirmed by NoBBE, working with pure cultures, in conjunction with
Sommip, Hivrwer, and Horrer (I) Whether the species should be divided
merely into races or varieties, as advocated by the observers just named; or
whether we should here speak of different species 1n the sense used by naturalists,
and consequently express them by different specific names, as was attempted, g g.
by A. ScesEpER (L), 18 & pont of remote importance. BeYERINCK (XV.) has
also become a convert to this view, having been unsuccessful in nducing the
formation of nodules 1n Vicie Fabu by means of bacterial cultures from those of
Ormthopus. On this point an interesting discovery was made by NoBsE,
Hivrneg, and Sgamid (I ), according to whom the bacteria from any given species
of Leguminose produce the most plenty/ul development of root-nodules in the
gshortest time when applied to other plants of the same species, the potency
dimmushing 1n the case of plants ot merely allied species, and finally becoming nal
when a greater specific difference exists between the origmal plant and the one
inoculated The various separate species (or varieties) of the nodule bacteria
can, to a certain extent, therefore replace one another. Thus, those of the pea
ave also efficacious for all the examined species of the genera Vicia and Phaseolus,
but, on the other hand, without effect on Robuua, Ornuthopus, red clover,
kidney vetch, and other clovers Those of Robinea form nodules only on Phaseolus

and a%ew species of the genus Z7ufolium. Finally, according to the researchqs
»
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of F.Noseg, E. Soamip, L. Hivryer, and E. Horrzr (II), the nodule bacteria of
Eleagnus differ greatly from those of Legumanose.

These observations are also of importance to practical agriculture. Already,
for several yeaxs past, soils intended to be brought under cultivation (eg. ugh
moorland soils) for the growth of mifirogen-collecting plants are pieviously
inoculated, 2 e. strewn with a little earth from fields that have borne leguminous
plants for a long time, and are consequently rich in nodule-forming bactera.
For this inoculation to have the deswred result, 1t 18 necessary to use earth
containing the bacterial species most efficient for the kind of Legumanoss to be
afterwards grown. Practical experience on the importance of this consideration
is already available Thus SaLreLp (I ) has reported that a sumilar soil intended
for peas could not be rendered capable of yielding a crop unless strewn with &
little so1l obtained from a good pea-field, soil from a lupin-field failing to produce
the desired effect. A simlar discovery wus made by M. Frewoaer (I). This
treatment must, of course, be preceded by any improvement found necessary
the chemical composition of the soil. Thus, for example, sour moorlund must
previously be limed, 1n order to neutralise the acids preventing the development
of the nodule bacteria. Moreover, this operation must be performed with
discretion, an excessive addition of lime beng avoided Reference may be made
on this pont to a communication by TAcKE,
ImmenDoRF, HEssENLAND, SoHtTIE and
Mmvssen (L),

§ 195.—The Bacteroids.

The bacteria 1 question are often met
with 1n air and water, and very frequently
1o the sol. Noeeg, Scamip, HiLTNER, and
Horree (I.) made several quantitative bac-
teriological investigations on this point., The
bacteria pass from the soil into the roots of
such plants as will admit them. The first
successful, artificial production of nodules
by the aid of pure culturss was made by
A Prazmowskr (IV.). This worker, 1n
view of the absence of the sporogenic
faculty 1n these organisms, changed the
name of Bacillus radicicola, bestowed on
them by Beyerinck, into Buclerum radici-
cole According to his observations, this
fission fungus penetrates the epidern.al cells
of the root-hairs, and there develops to a
colony which then surrounds itself with a
. . tough membrane. Fiom this original posi-
“‘f&ﬁ“;ﬁ?ﬂ‘;}ﬂ;g’%ﬁ]: ,pe;,,r ctf:,t ,?3:{;‘3‘;’3;‘3{} tion there branches out a lustrous sac, filled

its nueleolus (lylng In a vacuole), s the with bacteria, which turns towaids the bark
’t_'l’ie?;,‘z;‘;)ﬁm:f' -~ stt];‘:d;‘ig::‘;’l‘;:‘ °f cells and branches out amongst them. As
large cuntral vacuole , buct the becterolds & Tesult of this advance towards the centre
Mugn 400 (dfter Beyermck ) of the root-hair, the cells thereof are incited
to rapid 1ncrease and become densely

crowded, 1n consequence of which they assume a polygonal outline, and constitute
the bacteroidal tissue already mentioned (Fig 62) The plasma of these cells,
with 1ts fungoid enclosures, has been termed mycoplasma by A. B. Franx (VI).

~ Before tracing the career of the bacteria any further, a few explaflatory

¥ia 62 —Bection throngh the bacteroldal
tissue of Latbyrns sylyestris
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words must be added concerning their mode of arrangement (already referred to
as a “gac”) at the time of penetration into the cells The-e branching bacterial
colonies, enveloped, as has been stated, 1n a membrane, were for a long time
msunderstood. Beyeiinck at first considered them as the surplus matter from
the division of the nucleus of the nodule-cells (Kerntonnenfuden) By other
workers they were styled mucus threads, fungoid hyphs, plasmodial cords, &e.
Frank, for a long time, held them to be the mycelium of an independent higher
fungus, differing from the nodule bacteria and belonging to the genus Schinzua,
and consequently named them Schinzia legumanosarum. Subsequently Frank,
by the new name 1nfection threads, indicated therr true nature, first recognised
‘by Prazmowski. Frank, moreover, mn his studies on the immigration of the
nodule bacteria 1n the root, arrived at results differing in several points from
those of Prazmowski. We cannot, however, go further into this matter, which

ﬂfy;g? A
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Y10 63 —Dovelopmont of buctorin to Dbactorotds from the ¥16 64—Rcticulnted band of Dbac-

meristem of a root-nodnle of Vicln sativa  lixplanation teroids from the nodules of Vicin
in tho text Faba
Magn 700 (After Deyeinch ) Magu 700 (After Beyerined )

18 one more of botanical than mycological interest. He also discarded the name
bestowed on these 100t-dwelling organisms by Beyerinck 1n favour of the term
Rhazobium legumanosarune The integument of the threads 18 not, as erroneously
opined by Frank, a product of the plasma of the nodule-cells, but 1s formed by
the union of the swollen membranes of the outer layers of the bacteria con-
stituting these filamentous colonies (or zoogleea). As was shown by A. Koca (IV.)
and M. W. BuveriNex (XVI), 1t 18 stmmned blue by zmc 1odo-chloride, and
therefore consists ot a substance allied to cellulose. The structure and progtess
of the wnfection threads i the nodule-cells can be readily recognised 1n sectional
preparations, stained by a solution of equal paits of fuchmne and methyl violet
1n 1 per cent acetic actd This colours the plasmal contents and membrane of
the nodule-cells blue, the bacteria of the infection threads being stained red,
whilst the membrane of the latter remains uncoloured It should be mentioned,
in conclusion, that these threads of capsuled bacterial colonies are but rarely
found 1n the nodules of luping,

The bacteria which have gained access now develop 1n the cells of the
bacteroidal tissue, and, finally, under the influence of the surrounding protoplasm,
become modified 1nto involution forms termed bacteroids, richin albumen and no
longer capable of veproduction This morphological change 1s represented in
Fig 63, 1n an example taken from the nodule of Vicia salna shown 1n Fig 6o.

A section cut near the lower extremity meets the youngest meristem, where
only dong rods () 1ng igh state of development are to be seen. A litle highgr

L
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up, n older layers (v), the commencement of branching 1s already dwscernible;
and is found 1n a more forward state 1n a atill higher position (x) Finally, in ;
& section across the cells of the internal tissue of the nodule 1n the direction y*
(¥1g. 60), none but variously shaped bacteroids (y) for the most part umted to
form reticulated bands (shown i Fig 64) occur —After attaining this condition
the bacteroids are soon dissolved by the surrounding cell plasma and disappear.,
However, before this occurs, small globular vesicles of an unknown nature, which,
however, should not be regarded as endospores, not mfrequently appear in the
nterior of this formation Lattle can as yet be said of the chemical composition
of the contents of these bacteroids Micro-chemical reactions, however, indicate
that the greater part is composed of albumen., Oertain enclosures are also
frequently observed, A. B. Frank (VIL), for mstance, having noticed such
bodies in the bacteroids of mmdividual nodules of peas He regarded them as
amylodextrin, the discovery leading him to the opinion that two kinds of nodules
develop on these Paprlionace. albumen nodules and amylodextrin nodules A
subsequent investigation of ths matter by H Mornier (I ) showed, however,
that these doubtful enclosures do not consst of carbohydrates, but of waxy
or fatty substances, that they are also to be found in the bacteroids of the
“ albumen nodules”, and that, moreover, there 1s but little probability of the
existence of dimorphism 1n the root-nodules of the pea, since these enclosures
are also occasionally met with i the bacteroids of the nodules of other Lsgu-
manose (e.g. Trifolvum repens)

Concurrently with the reproduction and transformation of the bacteria
marches the development of the nodule, which not only increases 1n size, but
also becomes richer in mifrogenous compounds This gradual increase in the
percentage of combined mtrogen in the nodules and the relative proportion of
this substance there present, as compared with other parts of the root, were
quantitatively investigated by J. Srokrasa (IL) From his results a few
flgures have been collected mto the subjoined tables, which refer to yellow
uping ‘—

Nitrogen Content in the Dry At Flowering At Fructifi- In Fully

Matter from — Time catliom. Rlpe Fruit

Per Cent. Per Cent Per Cent.
Root-nodules 52 26 17
Roots free from nodules . . 16 18 14

That this pitrogen of the nodules was chiefly in the form of albumen i
revealed by the following table —

In Nitrogen as —
Percentagse Content of the Dry

Bubstance of the Nodules
Albumen. Amides Asparagin
Per Cent Per Cent Por Cent
Flowering time 399 035 034
Ripened frait 154 015 tinces

The figures just given are surpassed in two analyses made by A. B Frank
according to which a few of the pea nodules examined by him contained 6.94 pe
cant., and those from the dwarf bean 7.44 per cent. of nitragen, corresponding—
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on the basis of the factor 6.25—to an albumen content of 43 4 and 46.5 per cent.
As already remarked, the bacteroids-——which, when they exhibit the aforesad
vesicles, are frequently termed vesicular bacterords—are finally dissolved by the
surrounding plagma, which is thus enriched with albuminoids, and 1s then diffused
through the plant The cell contents of the (formerly reddish but now greenish
groy) bacteroidal tissue gradually vamish and are dispersed into other parts of
the plant, and the nodule consequently shrivels up. The commencement of this
process of evacuation of the cells is indicated by the appearance of a central
vacuole of gradually increasing'size (Fig. 62).

Nerther the transition of the nodule bacteria into bacteroids, nor the final
dussolution of the latter, goes on simultaneously in all parts of the individual
nodules, which, moreover, are themselves of different ages. Some of the bacteria
escape the converting influence of the cell plasma by remaming within the
protecting mucinous capsule (membrane) of the infection threads. Hence, it
happens that 1 the autumn large numbers of the bacteria are still present in
an active condition within the nodules Tn the subsequent putrefaction of the
latter the orgamsms are set at liberty, pass the winter in the soil, and then act
again as nodule-formers in the following spring.

The bacteroid stage is not reached 1n every case, the plasma of the mnodule
cells being unable 1n many 1nstances to utilise the microbes. In such event it
swarms with bacteria alone, which then act solely as parasites towards their
host, and consequently the latter derives little or no benefit from the formation
of nodules, This phenomenon 1s termed by Beyerinck ‘““an overgrowth of
bacteria ” According to the observations of NoBsE and HivrNer (I ), it occurs
when the inoculation is performed with bacteria that have been grown on
artificial media for a long time

§ 196.—Clostridium Pasteurianum.

The fact recorded 1n § 194, that absorption of mitrogen 1s not effected by
the superior (aerial) parts of the Legumanose, led us to investigate the root
nodules more closely. We then observed that the possession of these appendages
enables the plant to grow well and ripen even in soils destitute of nitrogen,
and we furthermore learnt that the production of these nodules is directly
connected with the activity of certain special bacteria—the nodule bacteria
However important and satisfactory this result may be to agricultural practice,
1t stull leaves unsolved the (from a theoretical standpoint) main question, ¢ By
what 18 the free nitrogen fized?” Is this effected by the nodule bacteria
themselves, or do they merely exert a stimulative action on the plasma they
inhabit, which 18 thereby empowered or spurred to unwonted activity ¢

The latter question cannot be answered by experimental means, since for
that purpose the chemical activity of the bacteria would need to be eliminated
and only their assumed stimulating action allowed to operate. However, the
wished-for decision may be expected from the experimental solution of the
previous question, and attempts may therefore be made to ascertain whether
the nodule bacteria are of themselves capable of fixing free mitrogen. On this
point BeYERINOK (X VIIL.) has conducted researches in nutrient solutions with
pure cultures of Bacillus radicicola, and in this manner ascertained that during
a period of two months an increase of g-18 mgrms. of combined mtrogen
occurred per litre. Nevertheless he considers that this discovery leaves the
question still undecided, and consequently a repetition and extension of his
researches 1n this direction is highly desirable. .

The exercise of the still imperfectly proved capacity of Baculus radwicola
forsfixing free mitrpgen 1s opposed by a considerable obstacle consistang mOthe
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difficult accessibility of the interior of the nodule (the chief seat of this fission
. fungus) to the gas to be fixred. A, B Frawk (VILL) has ascertained that the

air passages (1ntercellular spaces) of the nodules lead only as far as the cambium
layer, but not into the bacteroidal tissue; consequently .atmospheric nitrogen
cannot penetrate directly to this twsue. On thie pomnt R. Bouquer (I) has
expressed an opimion worthy of further investigation, According to him, it
18 the water absorbed by the roots and exhaled through the leaves which
conducts and gives up free mitrogen 1n solution to the root cells, where 1t is then
combined by the plasmea.

If, then, we must consider the question, whether the fization of free
atmospheric nitrogen is effected wethin the nodules, to be still imperfectly solved,
1t 18, on the other hand, clearly proved that such an operation goes on m
(uncultivated) soil. This was first observed by M: Berrrrror (L) mn 1885, and
he subsequently proved that this phenomenon 1s not occasioned by exclusively
chemical affimity, butis due to the activity of micro-orgamisms, Opinions on the
nature of the organisms were at first divided. Tr SoHLOESING, jun, and
Em. Laurent (I) ascribed the fixation of mitrogen to certain lower alge
(Conferva, Oscillaria, Nuzechia), and mosses (Bryum, Leptobryum) Doubt was
cast on this hypothesis by A Gavurier and R. Drouin (L), and P KossowrTscH
(LI) dwwproved it—so far as the alge are concerned—by the aid of pure
cultures. BerraEror (IL) then showed that the activity of fungi—both
Bumyestes (such as Aspergillus mager, dlternara tenus, &e.) and Schwzomycetes—
18 1n question,

For more precise investigations on this matier we have to thank 8. Wino
araDSKY (IL.), who described a fission fungus belonging to the group of butyric
acid bacteria, and bearing the name of Clostridwum Pasteurianum This occure
m the form of rods, r z pu broad and 5 p long, each producing an endospore
the cells thereby swelling up to the clostridium form, and storing up in theu
mterior (though not at both poles) substances that are stained a deep blue-black
by iodine. The ripe spore escapes through the wall of the mother-cell i o
longitudinal direction. The great resemblance between this clostridium and
the butyric acid bacteria deseribed 1n a previous section is not only morphological
but also extends to the fermentative capacity For example, Clostriduum
Pasteurianum acts on sugar 1o such a manner that both volatile acids butyric
acid and acetic acid (4 1), and gases carbon dioxide and hydrogen (60—7:
per cent of H by volume) are formed The importance to us of this fismor
fungus on the present occasion consists 1n its behaviour towards mtrogen
which gas 1t absorbs from the atmosphere, fixes1t and employs 1t in the elaboratior
of organic substances. The energy necessary thereto 1s supplied and liberatec
by the decompostion of sugar ; consequently it is easy to understand that
definite relation exists between the amounts of sugar fermented and of nitroger
combined. This ratio was determined by Wimogradsky as 2 5-3 mgrms, o
nitrogen to 1ooo mgrms. of dextrose. This element (N.) when m & state o
combination 18 not only valueless to Clostridium Pasteurwunum, but wher
present in large quantity even injurious thereto For the cultivation of th
microbe—which cannot be carried out on the ordinary nutrient media (gelatin
bouillon) in use, though 1t grows on gheed potatoes—use is made, preferably
of an aqueous solution containing 1 gram K,PO,, o 5 gram Mg8O,, 0 o1-0 02 gran
Na(l,FeS0,,MnS0,, a hitle CaCO, (for fimng the acds), and 20-40 grams o
dextrose per litre.  Clostridvum Pasteuranum 18 strictly anaerobic, and 1n th
soil is therefore obliged to rely on the co-operation of aerobic fission fung
which, remove the imjurious oxygen from its sphere of mfluence, surround 1
with an atmosphere of nitrogen, and as a reward for this service have th
opportunity of consuming the nitrogenous substances elalorated and exclete:
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by the Clostridium. Winogradsky observed two species of such assistant
orgamsms, detailed mention of which can, however, be omitted, it being sufficient
for our purpose to have referred to this new case of symbiosis.

‘Whether the just-named faculty of fixing nitrogen is also possessed by the
organisms akin to Clostridium Pasteurianum, eg Prazmowski’s Clostridwum
butyrcum, still remsins undermined. WvoaraDsEY (III.) examined fifteen
spectes of soil bacteria in this connection, with only negative results In the
higher fungr K. PuriewrrscH (I.), in an improved continuation of Berthelot’s
researches, showed that both Aspergillus niger and Pemcrllium glaucum fix free
nitrogen. Their potency 18, however, but shight, and 1s not to be compared
with that of Clostridium Pastewranum, since it 18 not manifested 1n media
devoid of nitrogen - According to H. Jumerte (I.), Spérllum lutewm, also, is
capable of thriying i media free from nitrogen

The proof of the fact that the fixation of free nitrogen occurs in the soil
affords a new posmble explanation of the activity of the nodule bacteria of the
Legumanose, viz , that the actual absorption of the free nitrogen goes on outside
these root formations ; substances unassimilable by higher plants being formed,
and then converted into an asmmilable form by the nodule bacteria. This
provisionol interpretation, which will not encroach on future research, 18 not
without 1ts analogies; one need only recall the Mycorkiza, discovered by Frank
on the rootlets of the majority ot forest trees (Cupulifere, Comferc), heaths
(EBriwcacee), &c , and 1 regard to which the most important discoveries made up
to the year 1888 will be found briefly reviewed 1n a treatise by F. BeNeokE (IT ).

The great importance to General Physiology of the researches reported
above will be reedily appreciated, since they have brought to our knowledge
organmisms which dispeuse with combined nitrogen as a food-stuff, and are
consequently of the greatest importance in the economy of Nature, by revealing
the means for mamtaining the circulation of nitrogen. Large quantities of
this element are daily liberated by the activity of both de-nitrfying and mitrifying
bactera, and restored to the atmosphere, the result being that the stock of
nitrogenous compounds, so essential to the nutrition of all other plants and all
animals, becomes reduced To compensate and reverse this loss is the task of
the nitrogen-fixing fungi, which, for this reason, must be regarded as the
benefactors and foster-mothers of all other living creatures ’
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SECTION IX.
OXIDISING FERMENTATIONS.

CHAPTER XXXIV.

THE IRON BACTERTA.

§ 197.—Norphology of the Genera Crenothrix and Cladothrix.

Tan group of Schizomycelss known as thread bacteria can be divided into tw
sub-groups. To the one of these belong the two genera (described in the folloy
ing chapter) which store up globules of free sulphur in their cells. Ti
appearance of these organisms 18 so characteristic that a skilled eye can dete
them with ease. On the other hand, the five genera of the second sub-grot
lack this pecuharity Inthree of these latter, vz, Streptothruc, Keptothria, ax
Cladothriz, the fission of the cell takes place 1n ome direction only, co
sequently, rods are formed. In the other two, however, viz, Crenothrz
Phragmidiothrir, the extrermty of the thread 1s broken up, by division m ¢
three directions of space, into coccus-like cells No perfectly satisfactory morph
logical description, or definite separation of these five geners into species, h
yet been drawn up on this bams. This defect—to which reference has also be
made by . SauvaceaU ands M Rapats (I )—therefore restrcts us to the co
sideration of individual examples A typical one 15 afforded by Crenoths
polyspora. This thread bacterium was first described by F Comn (XT ) in 184
and was subsequently also named Crenothrma Kuhmana It 18 1llustrated
¥ig. 65, which shows that the threads are sessile, each of them consisting of
single row of short cells held together by a common tubular integument, call
a sheath. This latter is formed by the sphtting of the cell membrane mto t
layers, the outer one of each cell becoming merged 1nto the adjucent membrai
above and below, and thus forming a uniform tube i which the cells can m¢
up and down. The threads are not cylindrical, but increase in diameter fr
about half-way along their length towards the free end, so that the cross-sectio
diameter varies from 1 5to 5 u. Moreover, as may be seen from the figurs, |
various segments of the thread are of unequal length As the cells multa
rapidly, the upper members are forced out of the sheath, but are, for the m
part, already subdivided—by the development of partition walls 1n all th
directions of space—into small rounded cells, which thereupon make tt
ezcape. The new cells vary in size according to the rapidity of this proces:
subdivision, and are correspondingly distingmished by Zopf as micrococci
and macrococer (¢) (Fig 65). Oohn proposed the terms microgomdia :
macrogonidia, because their method of formation bears a slight apparent
semblance to the endospores (known as gomdia) of certain Eumycetes,
which we shall become acquainted in thesecond volume The dimensions of t}
cocel vary between 1 p and 6 . Their cell-walls swell up readily, and unit
form zoogleea (/) up to 1 cm. 1o diameter TUnder favourable conditions
’gocoi then grow, by repeated subdivision and sheath-formation, mnto thegthr
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forms already described. Zorr (VI.) observed that in many cases this oceurs
before they have quitted the sheath of the parent thread, and in this manner
tufted forms, sumilar to that shown in Fig 66, are produced. Otherwise, the

sheath 18 gradually emptied of
1ts contents, and then collapses
hmply and withers up.

If we disregard the excep-
tions just named, wherein the
germination of the cocer pro-
ceeds within the parent thread,
and so causes it to present a
branched appearance, 1t may be
said that the genus Crenothrz
appears only 1 the form of
single, unbranched, filamentous
chains of cells. This charac-
teristic suffices to distinguish
this genus from that bearing
the name of Cladothrx, the
best-known species of which s
Cladothra. dwhotoma  As this
name 1mphes, we have here to
do with a forked thread, such
ag shown mn Fig. 67 Thus
false branching 1s produced 1n
the following manner —One
of the rod-shaped jounts of
the thrend turns aside, and,
growing beyond 1ts next higher
neighbouring cell, repeatedly
subdivides and forms a new

thread, on which a similar false ¢

branching may also develop.
Hence there ensues a forma-
tion the internal structure of
which 18 represented diagram-
matically in F1g 68. In many
species (not depicted here)
the sheath becomes greatly
thickened at the base, where
1t attains a diameter many
times exceeding that of the
cells 1t encloses, but tapers off
gradually towards the fiee ex-
tremity  Cladothme dichotoma
also differs from the above-
mentioned thread bacteria in
another important particular,
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F¥1a 65 —Cienothrix polyspora

-1 thread forms of differcnt dinmeter

n—g macrococcl, and # micrococol splitting off Magm about
600

a—¢ 1eproduction of tho cocel, ./ colony (zoogleea) of cocel,
g same, uaturnl elze, & samo beginning to germinate
Magn 600, (After Zogf)

vi1z.,, by the production of rod-shaped roving cells, called rod-gomidia, which
develop at the extremity of the threads, and, after being initially embedded 1n
the swollen sheath (Fig 69), are hiberated, wander about, and finally settle down
to form new threads by subdivision and sheath-formation,
Alled to Cladothric dichotoma—though not, as Zorr (VII ) opined, belonging
to thes morphological gycle of this orgamsm-—is Lepiothriz cokracea, which w
1
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first described by Kutzing. A. seco

nd sheath-forming thread bacterium, allied

to the genus Cladothrur, was also examined by hum, ahd named Spherotilus natans
Tt is stll too 1mperfectly known to be dilated upon here, although Ep Eipam (IT)
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¥ia 66.—Crenothrix polyspora
of the cocel (g) within the sheath of the parent

thread Magn about 600  (After Zopf)

0
%
/ Germination

also occupled himself with 1t

Associated with this colourless species 18 a secol

(coloured) species, discovered by W. Zorr (VIIL.)1n a Siesian river receivi

the drainage from a sugar-works,

The 'eells of this, Spheerotilus roseus, conta

a yellow and a red colouring-matter, which circumstance 1s of itself sufficient
dwstingwsh 1t from all other  (colourless) species of thread bacteria hither

mentioned.
&
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The genus Phragmadiothriz, one species of which—Ph. multwseptuta—was
discovered by ENarer (I.) m the so-called “dead ground ” of the Bay of Kiel,
differs from all the foregoing in the absence of sheath formation

§ 198.—Physiology of the Iron Bacteria.

It 18 not always possible to discern the structure of these thread bactera
without some preliminary treatment, because in most cases the sheaths are
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¥16 67 —Cladotlhrix dichotoma. ¥ic 68
Portion of a thrend with several branching forks Dingrun of the false branching of
Btained with fuchsine golution, and thus roveal- Cladothrix,
ing the articulation into long rods. Magn,
540. (After Zor)

gurrounded and permeated by red-brown masses of ferric oxide, These deposits
and accumulations are characteristic of these plants, and facilitate their detection
and discovery, Since other fungi exposed to the same conditions do not
exhibit this peculiarity, Oohn formed the opinion that its occurrence1s intimately
connected with the vital activity of the thread bacteria, the ferric oxide being
deposited 1n their shenthing in the same way that siica 18 accumulated mn the
plates of the diatoms We are imndebted to 8 WinoarADsky (IV ) for proving
the correctness of this view, and for refuting the opinion of Zopf that the deposi-
tion 18 purely mechanical , and we have to thank the same observer for the more
mtimate mvestigation of the process 1 question.

Thespecies Cr enothgrx polyspora, Cladothrx dickotema, Leptuthrma oc]zmcea,&c‘ ,

° h ]



i
276 THE IRON BACTERIA . %
occur 1n particular abundance 1n such waters as are rich 1n iron, not in the fon};ﬁ
of oxide, but as the soluble bicarbonate of the protoxide, FeH,(CO,), Ferrugins
ous springs, ascending from the deeper strata of the rocks, bring up this substanae
m a ready-formed state, and in the water of the
upper strata 1t 18 produced by the decomposition of
vegetable matter, the 1ron, both 1n this and i the
water 1tself, being converted during cellulose fermen
tation into the hydrocarbonate. This compound i
then absorbed by osmosis 1nto the bacterial cell, whert
1618 split up by the plasma and oxidised, according t
the equation—

2Fe00g + 3H,0 + O = Fe,(OH); + 200,

The ferric oxide 18 then stored up 1n the sheath, t
which 1t 1mparts a coloration, imtially pale yellow bu
gradually changing to durk brown, Freshly precip
F16 69 tated ferrme hydroxide 1s, as we know, somewha
Cladothrix dichotoma goluble 1n water, but afterwards gradually passe
Subdivision into1oving rods nt the 10nt0 & condition in which 1t 1s only attackable b
extiemity of a thrend =z the weakacids This change can be traced 1 the youn
l‘;‘a“s‘“‘:‘fﬂih:ﬁ;?r‘ ("m';]::uf;’mﬁ bacteria, the colouring-matter in the yellow sheat
(©) Msagn roco. (4fter 4 being at firgt extractible by washing with wate
Fuacher} Cilis staining contaimng CO, 1n solution  Subsequently, however
dilute hydrochlorie acid must be 1esorted to, an
at a still later stage even this solvent 18 powerless to extract the brown deposi
A very fine and fast blue stain can be produced i1n young sheaths (the 1ron i
which is still soluble 1n acid) by exposing them to a muxturs of hydrochloric aci
and yellow prussiate (potassium ferrocyanide), whereby the hydroxide1s dissolver
immediately converted into Berlin blue, and re-precipitated. In older threac
the depomts of ferric oxide merease to a thick incrustation, and entirely conce.
the structure of the cells
‘Wanogradsky discovered that these bacteria thrive only when ferrous carbona
18 avaalable, and that growth 18 arrested directly the nutrient medium contail
no iron, or only iron in the condition of oxnde This fact entails the conclusic
that the life of these bacteria is mainly sustained by the energy liberated durr
the oxidation of ferrous oxide to ferric oxide. Consequently, these organisn
rightly deserve their name of “1ron bacteria.” According to the discoveries
H Mousor (I.),1ron can be replaced in this oxidation process by the chemieal
allied metal manganese. These bacteria require but a very small quantity
other nutrient materals, an addition of, 6 g a few thousandths of 1 per cent.
sodiam acetate to ferruginous water bewng entirely sufficient to brmg them
o state of perfect development. This inexigency 1s also indicated by t
observation, made by O. RossLEr (I), that Cladothric polyspora can be grov
on bricks moistened with & little ferrous sulphate solution, In 1894 M. Btsa
(I.) succeeded 1n obtaining pure cultures of Cladothruz dichotoma on gelatin.
The decomposing power of these orgamsms 1 very great, the amount
ferrous oxide oxidised by the cells being a high multiple of their own weigl
This high chemical energy on the one hand, and the 1nexacting demands 1n t
shape of food on the other, secure to these bacteria an important part m t
economy of Nature, the enormous deposits of ferruginous ochre and bog-ir
ore, and probably certain manganese ores as well, being the result of the activ:
of the 1ron bacteria
Moreover, they make their presence evident not only 1n natural water basn
out 1 all other places where water rich 1 1ron 18 torbe found m gQants
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Consequently, these organisms may develop into an actual nusance to water-
technicists by penetrating into the clarifying reservoirs and delivery pipes, and
there growing so vigorously as to completely obstruct the passage of the water,
and thus interrupt the service of distribution Many towns deriving their
water-supply from a soil or river water rich in 1ron have suffered from this
nwsance ; Lille, for example, as reported by Giarp (III), and Berhn, as
mentioned by W. Zopf in his treatise already referred to. In the waterworks
at Lake Tegel, from which the greater part of Berlin derives 1ts supply, these
bacteria (and especially the * well-pest,” Crenothrx polyspora) flourished so
Inxuriantly that they constituted more than one-half of the layer of sedument
(about forty inches in depth) gradually collecting at the bottom of the reservoirs
One means of obviating this numsance (although not practicable on & small scale)
18 by freemng the water from its content of ferrous oxide, for which purpose
P. Worrgring and A. Sassen (I.) recommended a method (which 1s sad 1
answer) consisting 1n passing the water through coke towers where the ferrot
oxide 13 converted 1into ferric oxide, the latter bemg then removed by suitabie
strainers,

Finally, Cladothric odorifera merits brief consderation. Every one 1s
acquainted with the peculiar smell of the soil, more particularly when moist,
e.g. after a brief shower of ramn., According to the researches M BrRTHELOT
and G AwpR# (1.), this odour is due fo a neutral organie compound, present 1n
the soil and volatilising at the same time as water vapour. The producer of
this (not yet precisely 1dentified) compound has now been recognised by RuLLMANN
(I.) 10 a new species of bacterium, viz, Cladothriz odorifera. It occurs along
with Cl. dwhotoma in the soil, and, like the latter organism, can be cultivated
on nutrient gelatn ; but whereas the colonies of Cl. dichotoma are inodorous,
liquefactive, and turn the substratum brown in a short time (two days), those
of Cl. odorifera, on the other hand, retamn their chalky white appearance and
ovolve the aforesaid earthy smell Rurimany (II ) also found that this species
18 eapable of withstanding the influence of drought and poiwsons, being able to
bear exposure for twenty-four hours to a 1 1000 solution of corrosive sublimate.
Like 1ts aforesaid congener, Cl. odorfera possesses considerable oxidising power,
though this 1s manifested by the transformation of ammonia into mitric acid,
and not by the conversion of ferrous into ferric oxide. This mode of action
18 not peculiar to this organism alone, but 1s shared 1n a still higher degree by
a group of bacteria whose acquaintance we shall make 1n chapter xxzvi,

The 1ron bacterin are not the only Schizomycetes capable of hberating the
energy necessary for the maintenance of their existence from inorganie bodies.
In the next two chapters we shall make the acquamntance of fresh natural groups
and other processes similar to those descriked ; thus justifying the title of this
concluding section.

)



CHAPTER XXXV.
THE SULPHUR BACTERIA.

§ 199.—Morphology of the Genus Beggiatoa.

Trn sulphur bacteria, so called on account of their peculiar properties, diffe
both 1n structure and external appearance from the filamentous bacteria deseribe
in the preceding chapter, They may be divided mto two sub-groups, one ¢
which forms the species classified by Engelmann as purple bacteria, and alread
noticed in chapter xu. on account of thewr behaviour towards light. The othi
sub-group of the sulphur bacteria, which assume the form of long threads, wi
now be deseribed.

It will be useful to preface this description with a few hints concerning art
ficial cultivation and reproduction for the purposes of investigation. The sulph:
bacteria are seldom absent i1n marsh water, although their number 18 frequent
so small as to elude the inquiring eye of the microscopist. In order to cau
them to 1ncrease, the conditions of the environment must be rendered favourabl
and with this object the simple method proposed by their careful observer,
‘WimnoGRADSKY (V ), 18 employed. A few cuttings of the fresh root-stock of tl
flowering rush, Butomus umbellatus (found 1 every pond, and by no means ra:
on river banks), are placed, along with the adherent mud, 1n a deep vessel co
taining 3-5 hitres (about a gallon) of water, a couple of grams of gypsum beir
added, and the whole left to stand uncovered at room temperature. After fi
to seven days the liberation of sulphuretted hydrogen will already be noticeabl
the gas being disengaged by various species of fismon fung: present in the m
and acting on the gypsum. In this manner the ground 1is prepared for il
sulphur bacteria also present, and the latter then develop rapidly. At the &
of three to six weeks their presence can be ascertained by the aid of the mier
scope, and they gradually increase to such an extent as to be recogmsable by t
unasgisted eye. Generally, this divermfied mixture of sulpbhur bacteria 13 n
deficient in the red species as well, but the colourless long thread forms are mc
plentiful.

Two genera were more closely investigated by Winogradsky The one
these bears the name of Beggatoa, given by TrREVISAN (I ) m 1842 1n honour
the Ttahan phymean F. 8. Beggiato of Vicenze, who, in 1838, published a co
munication on the flora of the sulphur springs of the Euganean Hills, near Padi
The species of this genus occur as actively motile cylindrical filaments, whi
may attain a length of 1 em and more The breadth 1s always constant 1n ea
separate species, and thus affords a means for differentiating between the
Under favourable conditions of nutrtion, and especially in presence of s
phuretted hydrogen, the interior of the individual threads (Fig. 70 a) 18 seen
be well stocked with roundwsh, highly vefractive granules, 2.e. the sulph
granules described later on In this condition the tranaverse cell walls ¢
indiscernible or only detected with difficulty, as will be gathered from Fig. 7c
which shows the same thread after it has lost its enclosed sulphur granules b;
long sojourn 1n water devoid of sulphuretted hydrogen Moreover, the leng
of the cells varies 1n the different species If this organism be deprived pf t
n 278
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MORPHOLOGY OF THE GENUS BEGGIATOA 279

said gas, which 18 i1ndispensable to its continued existence, then the threads
begin to break up (Fig. 71), the contents—oxcept & thin coating attached to the
walls—vanish, and they finally perish. No success has attended the search for
spore formation in the Begguatoer. The most abundant species of this genus is
Begquatoa alba, the threads of which are 2.8-2 g p in thickness, whilst the length
of the individdual members varies between 2 g and 5 8 g, the shortest of them
bemng thus symmetrical. A second species, with a diameter of 1 6-1 % u, the
length of the separate cells being 4-8.5 u, has been named Beggratoa medae , and

F16 71—Begglaton alba.

Motibund through lnek of HyS Thread falling
apart futo its short members, which therenpon
asaume & rounded form. Magn goo  (4fter
Winogradsky )

F1a 70 —Boggloton albn

The same portion of thread under different
conditions of exlstence

¢ in o medinm riehin IIg8 , the thread 18 deusely
packed with sulphur gnanunles, & after twenty-
four hours’ sojourn In a liquid devoid of HgS,
only n few sulphm gianules remain, ¢ at the
end of n further forty-oight hours, sulphur
totally disappearerl, trnnsverse walls now vialble, 1@ 72 —Termionl portion of ihreads of (z)
contents of individunl cells grinulated Magn Begginton media and (y) B minima

goo  (dfter Winogradsky ) Magn goo (Affer Winogradsiy )

a third kind, whose diameter is only o 8 pu, is called Beggiatoa minmuma  Both
these species are shown 1n Fig 72, magmfied to the same extent as the first-
named spectes In addition to these there 1s still a large number of species
whose threads vary in diameter between the nbove limits. Compared with all
these the Beggiatoa mw abiis noted by Oomn (XII ), Warming, and Engler, but
not yet more minutely examined, the threads of which are said to attain a
breadth of 30 p, is gigantie. Accotding to Winogradsky, the breadth of the cells
of any given species 18—*t0 emphasise this point once more—unalterable.

The growth of these Schizomycetes 18 very slow, a thread requiring at least
twenty-four hours to double its length. They are extremely susceptible, even
merely the grip of the forceps being fatal. For this reason they have to be
sucked up by means of a small tube, for purposes of examination, and protected
from the pressure of the cover-glass by introducing splinters of glass, &e., into
the hiqud.
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THE SULPHUR ]:’.ACTERIA

§ 200.—The Species of the Genus Thiothrix,

which has been newly established by ‘Winogradeky, differ from Begguatoa by the
absence of free motility, they bewng sessile, 1.c. attaching themselves at one
extremuty by means of a mucinous sucker to the walls of
the culture vessel, the cover-glass of the microscopical
preparation, to stones, remsins of plants, and similar
quiescent substrata mn the mtuations where they oceur
@ naturally; whilst the other end extends into and grows
i the hquid. Such a one 18 shown in Fig. 73. In thi
genus, also, the articulation of the threads 1s ordinarly
concealed by the abundant content of sulphur, but 1f the
latter be washed out with absolute alcohol and the cells
stained, e.g. with fuchsime, the transverse walls ave plainly
revealed. The length of the joints gradually increase:
towards the free end, as will be seen from the subjonec
measurements given by Winogradsky —ILength of joun
: near the point of attachment, 4-8.5 u; at the apex
¥16. 73 —Thiotrix nives S—15 #- However, there 18 no scaraity of consderably
Group of young threads shorter cells So far as the breadth of the threads 1

with one epd firmly at- concerned the above conditions are reversed, the thread

;Ml;:f;n t:!t};: Ebstmt]l:m tapering off towards the free end, wherepfor example

(lidlcu.tad bydot:) Bl‘}';gf their diameter 18 only 1.5 p, compared with 2.0 p at th

900 (dfter Winogradsky.) bgse. Oonsequently the cells are more slender toward

the tap.

A second characteristic point of difference from the genus previously describe:
is the appearance of a (merely slight) sheath,"whereby the moribund member
are partly held together, whereas the Beggiaton threads at this stage break nt
short fragments and finally into separate cells

A third characteristic of the genus Zhuwothriz is the dislocation (terme
conidia-formation by Winogradsky) of the uppermost jomt of the thread Th
rod-shaped cell, thus loosened from the chain, crawls a short distance along th
solid substratum, then develops a mueinous sucker and grows into a new threac
from which 1n turn conidia subsequently wander and settle 1 the vicinity, th
result being the formation of the whitish, tufted, thread colonies characterist:
of Thiothre

Here also the thickness of the threads constitutes a criterion for the class
fication of species One of them, named by Winogradsky Zhuothiruz nivea, has
diameter of 2—2.5 u near the base, 1.7 p in the mddle, and 1.4-1.5 p at the ty
In a second species the diameter is almost umiformly 1 o-1.1 p throughout ti
whole extent of the thread. Itis known as Thiwothma fenuis, and 1s probab
identacal with a fi-sion fungus discovered by Enerer (I ), i the so-called “ des
ground "’ of the Bay of Kiel, and which he held to be a Begguatoa and called T
the specific name B alba var. unwersairs. The threads of a third species (The
thra tenwissuma), from a sulphur spring at Adelboden (8witzerland), measn
only o.4~0 5 g 1n breadth. 'W.Zopr (VII) regarded the sessile sulphur bacter
as belonging to the morphological cycle of the Beggiatow, and named the
“ sessile Beggiatoa,” until Winogradsky proved that two distinet genera are he
1n question.

As will he shown later on, the hife of the sulphur bacteria 1s indissolub
connected with the presence and availlability of free oxygen In the mode
satisfying their needs in this respect the two genera differ, The Begguaic
being endowed with the power of locomotion, can more regdly sccomplishy 5t
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NON-FILAMENTOUS SULPHUR BACTERIA 281

object by their ability to proceed at will to the surface of the hquid Conse-
quently this species gains the upper hand in stagnant or quetly flowing waters,
in which they search about so eagerly that very little of the oxygen diffusing mto
the water can reach the bottom where the Zhiothrx species rest. The latter,
however, have the advantage 1n rapid running water, the loose Baggiatoa species
being washed away by the current. In either event, whitish mucinous masses
highly characteristic of sulphur springs accumulate 1n time—e.g those of
Baréges m the French Pyrenees—and are known in France as barégune or
glarrne

§ 201i.—Morphology of the Non-Filamentous Sulphur Bacteria.

Several red species of these organisms are already known to us (§ 91), vz,
Chromatium (Monas) Okenwn, Monas Warnungu, Spwillum rubrum, 8p wvolutans,
Ophdomonas sanguinea, Rhabdomonas rosea  These are again shown in Figs 74 to
78 It was remarked in § 68 that Ray Lankester had assumed all these

VA

v
16, 74 ¥ra 73 Fia 76
Chromatinm Okenii Rhabdonionas rosen Monas Warmingli.

Magn 600 (After I Cohn) Moagn 6co  (After F Coln) Magn 6oo (After F, Cohn)

—
@ 97 —S8philllum volutans F1a 78.~Ophidomonus sunguinea
Magn 6oo (dfter I' Cokn) Magn 6oo (After F Coln)

organigms to be merely special forms of one species for which he proposed the
name Bacterium rubescens. The basis for this assumption was, however, a very
insufficient one, since 1t rested principally on the i1dentity (which, moreover, was
not satisfactortly demonstrated) of the red colouring-matter, peculiar to these
organisms, and which received from Lankester the name bacterio-purpurin
This 1nvestigator was supported m his views by Warming (in 1875), who on
his part classified a large number of the red sulphur bacteria examined by him
into a single species, viz., Bacterwum sulfuratum  Zopf (an 1882) went stall
farther than either by defining all these organisms as gpecial forms of growth
hd
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282 THE SULPHUR BACTERIA

of a single species of thread bacterium, viz, Begqratoa rosso-persicing, which,
under certain circumstances, was said to appear as long threads (Leptothraz),
and under others as fractions of such threads, viz, as Monas, Spurllum, &c,
capable of developing once more into threads.

The re-investigation of these discoveries (which were not made with pure
cultures) by Winogradsky led to the refutation of this assumed variability of
form, and also to the discovery that the above-named red sulphur bacteria are
not capable of progressive development, 2.6 of growing into thread form. Some
httle doubt still prevails as to the existence of retrogressive development, 4.e.
the dismemberment of short cells from filamentous red Beggiatoa species In
contradiction of 'Winogradsky’s statement that the filamentous sulphur bactera
(Beggiatoa and Thiothriz) are invariably colourless, and consequently cannot
throw off coloured cells, W. Zorr (VIII), 1n a subsequent communication
(1895), reported the existence of red Bsggiatoa species which become dismembered
mto short (sulphur-bearing) cells. The question must consequently be consdered
as requiring turther investigation. The results will, however, be chiefly of
botameco-morphological interest, and will not affect either the firmly established
theory of the pleomorphbism of the Schazomycetes, or touch the physiology of the
sulphur bacteria, which latter is the sole property meriting consideration, so
far as we are concerned So long, however, as Winogradsky’s discoveries remain
uncontroverted by any thoroughly rehable mvesugations, his deductions must
be allowed to stand, viz., that the sulphur bacteiia are not pleomorphic—neither
the colourless, filamentous genera nor the non-filamentous red genera The
Russian physiologist described a long series of species of the latter type, which,
as they are devoid of special physiological importance, we need not examine
more minutely It will be sufficient to mention the chief forms

The aforesaid purple bacteria are only a single sub-group comprising all those
sulphur bactera whose living cells are free and capable of locomotion. It 1s
divided into three genera, Chromatium, Rhabdochromatium, and Thiospurilium
Of these terms the penultimate one 1s synonymous with Cohn’s Rhabdomonas,
whilst the last one comprises all red sulphur-bearing spirilla, and conrequently
includes Ehrenberg’s Ophidomonas. A contrast to this sub-group of free cells
is afforded by the species of red sulphur bacteria which are generally united as
colonies In the genera Zhocystis and Thocupse this union 18 effected by a
mucinous sheath, which 18 absent 1n 7%osarcine. In all three cases reproduction
ocours by fission in three directions, and the same behaviour 1s exhibited by the
genus Lamprocysis, which prineipally differs from the other three in the
structure of its bag-shaped zoogleea, which 18 hollow internally, and coussts
solely of a lattice-like network. A good representation of this species was given
by Oomw (II) who described 1%, along with other orgamsmes, as Clathrocysiis
roseo-persicina, The genus Thopedia 18 characterised by the division of the
cells 1 fwo directions of space, and by the consequent flat colonies In the
remaining species cell fission occurs m one direction only. The Amebobacter
spectes are distinguished by an amceboid movement, those of Zhodictyon owe
their name to the reticular conjugation of their spindle shaped cells, whilst
TFaapolycoccus forms zoogleen of closely crowded coce1. The genus 7%uothece is
distingushable from all other sulphur bacteria by 1ts particularly thick gelatinous
sheath.

A few remarks with regard to the properties of bacterio-purpurin will be
opportune 1n ths place. The difficulties 1 the way of preparing a quantity
sufficient for the performance of a chemical analysis have not even yet been
overcome ; consequently 1ts chemical composition 1s still entirely undefined, and
we cannot yet say with certainty whether the colouring-matter 18 the same in
all red sulphur bacteria. This 1s, however, assumed to be the case, onathe
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PHYSIOLOGY OF THE SULPHUR BACTERIA 283

ground of the concordant results yielded in separate instances by chemical
reactions, a few of which are now given. The pigment 1s msoluble in water or
ether, but issoluble 1 cold aleohol (as found by Winogradsky in contradiction of
Lankester’s report). It 13 converted, by warming with water and by chloroform,
mto a golden-brown compound, which 18 changed into brown by hot alcohol,
hydrochloric actd or acetic acid; whereas ammonia or caustic potash produces
no visible change at first, but finally gradually develops a dirty shade ot colour
Concentrated sulphuric acid changes the red almost mstantly into a deep blue,
which afterwards gradually tonesinto a brownish green. Thisreaction resembles
that set up by the same acid with the lipochromes. Bacterio-purpurn is very
quickly destroyed by oxidiming agents (& g. dilute mitric acid or bromine water)
Iron and manganese appear to favour 1ts production, a conclusion deduced from
the fact that the addition of the protosulphide of either of these metals to the
medium results 1n a much stronger coloration of the cells. The senutiveness
of bacterio-purpurin to chemical influences explaing the varied change of tone
produced m the colour 1n one and the same cell under different external
conditions, causing 1t to assume all shades, from pure violet to purple, peach-
blossom red, rose, orange, brown-red, and brown. With regard to the spectrum
of bacterio-purpurin, examined by Lankester, Warming, and Englemann, details
have already been given in § 92

The classification of the non-filamentous sulphur bacteria, drawn up by
‘Winogradsky and briefly outhned above, received an important extension by
M. Jeeuwow's (III) discovery that, in addition to the red species already
described, certain colourless non-filamentous sulphur bactera also occur 1n
Nature. Two of these he subjected to a closer physiological examination, which
will be referred to in the succeeding paragraph. The one of them, indicated as
species a, oceurs as slightly curved motile rods, their breadth varymg from 1.4
to 2.3 p, and the length between 4.5 and gpu  For the second species, known
as (3, the dimensions are 0.6-0.8 p and 2 5-5 p respectively

§ 202.—Physiology of the Sulphur Bacteria.

The true nature of the rounded, highly refractive enclosures present in these
fission fungl, and attracting the eye of the microscopist, was first recognised by
Cramer, whose discoveries are noticed in a treatise by C MtrLLEr (I). It was
ghown 1n these experiments that these granules behaved exactly like sulphur m
presence of solvents, and they were therefore thought to consist of that element.
F. Conx's (IT) extension of these investigations (which were confined to
Begquatoa, and were confirmed by J. Mayer-Ahrens) to the red sulphur bacteria
as well, led to the same result the granules appearing in these coloured
Schizomycestes, under certnin—as yet undefined-—conditions, are composed of
pure sulphur, The term granules apphed to these forms 1s unsuitable, 1nasmuch
as they consist notl of sohd granular, but (as Winogradsky afterwards proved) of
aily, amorphous sulphur, the greater part of which 1s soluble n CS,. However,
when the enveloping cells are killed, the sulphur granules are gradually changed
into the crystalline modification of this element. If a few Begguatoa threads
rich in these droplets be 1mmersed in concentrated pieric acid and left in water,
a number of very fine monoclime prismatic plates and rhombic octahedra will
be found in the threads after a lapse of twenty-four hours, and 1t will at the
same time be noticeable that the growing crystals have penetrated the adjacent
cell walls,

F. Cohn was the first to investigate the origin of these internal constituents,
which occasionally fill the cell to such an extent as to exceed go per cent of 1ts
wejght. Starting from the fact that the sulphur bacterla are only found 1in
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284 THE SULPHUR BACTERIA

abundance i natural waters containing sulphuietted hydrogen, and are, on the
other hand, almost entirely lacking elsewhere in Nature, he came to the opinion
that this gas 18 produced by the reducing action of these fission fungi on the
sulphates 1n the water, and that they subsequently reoxidise the gas, sulphur
being left as a deposit 1n the cells. In forming this opmion he was chiefly
nfluenced by the result of an investigation made by LorEAR MEYER (I.), who
kept a sample of sulphur-spring water (rich 1 Beggiatoa) from Landeck
Bilesia for four months in a stoppered flask, and found that at the end of that
time 16 contained five times as much HS as at first. The same conclusion as
deduced by Cohn was also arrived at by E. Pravosv (I), and by A Erarp and
L Orrvier (I). This hypothesis, which credited the sulphur bactera with
both & reducing and an oxidising capacity, was first thoroughly investigated 1
1886 by 8 'WiNoarapsky (VI), who showed that the sulphur bacteria consume
(instead of producing) sulphuretted hydrogen, oxidiming 1t and storing up the
separated sulphur in their cells The amount of these enclosures 1n the cell 18
larger or smaller according as this process can be carried on with a greater or
lesser degree of wigour. It depends, theiefore, on external conditions, and
consequently cannot be relied on—as was done previously by various observers
wier aliz, Winter in Rabenhorst’s * Krypfogamen Flora” and by Engler—as
a characterstic for the differentiation of species. The sulphur does not
permanently remain 1 the cells, but 18 oxidised by them to sulphuric acid, the
latter being then absorbed by the carbonates—usuelly CaH,(CO,)—mn the
water, and converted 1nto sulphates.

If these Schuzomycstes are deprived of sulphuretted hydrogen for a long time,
they consume their internal store of sulphur (which will be exhausted in twenty-
four to forty-eight hours), and then perish of hunger. This fact demonstrates
that the sulphur bacteria cannot permanently dispense with sulphuretted
hydrogen, but that this gas 18 actually their special (and almost exclusve) source

> of energy. Sulphur, or rather 1ts compound with hydrogen, plays the same part

towards these organisms as the carbohydrates do towards the majority of Schuzo-
mycetes , 1t8 combustion liberates the energy necessary to the maintenance of
thewr vitality According to the observations of Winogradsky, the individual
threads of Begguatoa daily consume from two to four times their own weight of
the gas. These Schwzomycetes require but httle other (orgame) nutriment, and 1n
fact will not stand very much. This explains, on the one hand, their unusually
" slow rate of growth in proportion to the amount of sulphur separated, and, on
the other, their inability to grow 1n the ordinary nutrient media employed 1n
bacteriology eg. on gelatin they perish 1 a very few minutes Attempts to
grow them as pure cultures on a large scale have hitherto faled, and the
phystological facts determined concerning them have all had to be ascertained
:lezéy laboriously by cultivating single orgamsms 1n sulphur-water on microscops
1des.

The optimum, 7.6 the maximum supportable, quantity of sulphuretted
bydrogen 1n the water is higher m the case of the red sulphur bacteria than
with the colourless, filamentous species. These latter require less, and 1n fact
die 1nstantly 1f placed 1n water saturated with the gas, whereas the red kinds
will stand this degree of concentration very well Consequently, under natural
conditions, these latter will gain the upper hand 1n such places where large
quantities of sulphuretted hydrogen are evolved, either as a result of the decom-
position of an abundance of orgame matters (albumen) or by the powerful
reduction of sulphates. This 18 the case, for example, in the stagnant shallow
bays on the Danish Zeeland coast, and the same conditions obtain 1n the
Timanes so plentiful along the coast of the Black Sea (¢ ¢ near Odessa). These

latter are shallow salt lakes, separated from the open sea mersly by a Jow,
L4
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narrow tongue of land. Their bottom 18 covered by a thick mud, which owes 1ts
black colour to the FeS thrown down from the iron compounds in the water
(and 1n the plants rotting therein) by the sulphuretted hydrogen generated from
sulphates by the reducing action of bacteria investigated by E. Brusiowsxy (I.).
The red sulphur bacteria are but rarely found in mineral sulphur springs.
Accordimg to Oohn, they have been detected by Morren 1n the sulphur sorine at
Ougrée, on the Maas ; by Fontane and Jaly, in that at Sales, i the P
by Meneghin, 1n that of the Euganean Hills, near Padua; and by Coh:
in that of Tivoli, near Rome.

The existence of the sulphur bacteria 1s often a very hard one, be
requires the simultaneous presence and availability of two gases which ne
one another and becoms converted 1nto sulphur and water—

HgS + 0 = H0 + 8.

So that actually the surface of liquids wherein H,S 18 produced in abundar-

the activity of reducing bacteria becomes coated with sulphur formed by 1
chemical means, 1n accordance with the foregoing equation. Now, i ord

the sulphur bacterin may be in a position to exert theiwr powers of oxid:
becomes necessary for them to inhabit certain strata of the hiquid betr

hmits where the oxygen can gain access from above and sulphuretted I

reach them from below If the hiberation of the latter gas goes on brx

level rises, and may ascend to the suiface of the hiquid, otherwise it s
appronches the bottom, where the sulphuretted hydrogen 1s generate.
change of feeding-ground cannot, however, be followed by all species of sulj
bacteria, since-—just in the same way as has been explained with regaru ..
sulphuretted hydrogen—these organisms aie adapted to a certain tension of
oxygen, which varies n the different species, 7.6 they cannot stand the presence
of more than a certain quantity per unit of volume of the liguid. In the case
of oxygen, this tension 1s naturally greatest at the surface and smaller at greater
depths, It will be evident that even the fluctuations of atmospheric pressure
will sufhce to pioduce a change in the predominating species of a diversified
mixture of sulphur bacteria in their natural haunts, The same applies to the
rate at which the sulphuretted hydrogen is disengaged.

For an instructive insight into these conditions we are indebted to the re-
searches of M. JEguNow (L.) on the colourless non-filamentous species referred to
at the close of the last paragraph  Aws alrendy stated, the habitat of the sulphur
bacteria 18 1n those strata of the liquid where the oxygen from above comes
into contact with the sulphuretted hydrogen from below. At this level the
organisms congregate to form an agsemblage visble to the naked eye, and which
the above-named Russian physiologist termed the hacterial plane, the structure
of which he examined minutely. He artifically induced the processes going on
1n the Tnmanes to repeat themselves—so far as necessary to the purpose in view
—on a small scale 1n the laboratory, by placing a certain quantity of the black
mud 1n suitable vessels containing water, and then leaving the whole to stand
uncovered We will not go further into the matter of the rise and fall of the
bacterial plane as observed by him, because BeYERINCK (I.) had mnde similar
experiments two years earlier, and applied to the phenomenon & term ( Bakterzen-
Nweaw) having the same signiticance as that used by Jegunow.

The discoveries made by Jeeunow (IL.) with 1egard to the construetion of
this bacterial plane, 1n the cnse of the organisms now m guestion, must, however,
be conmdered as novel When cultivated in higher and broader, but thinner,
strata of liqumd, the plane assumes the form reproduced on a reduced scale in
Fig 79,26 the bacteria do not form o sumple plane, but become piled up 1n
places nto thft-lige projections—each abuut 3—4 mm long—~four of these being
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286 THE SULPHUR BACTERIA

shown (enlarged) 1n Fig 80 The examination of these tufts by the aid of
a horizontal microscope shows that they are formed by the movement of the
individual bacteria, in & manner similar to the gushing of a spring , they ascend
in the axis of the tuft, and then describe an arc in their return to the plane.
‘When 1nverted by the microscope this resemblance 18 still more striking, so
that Jegunow has styled the planes “fountain planes,” The velocity of the
individual cells he found to be 0.0z mm. per second. In tracing the chemical
activity of the bacteria, he made use of a simple and reliable reagent for sulphu-
retted hydrogen u fine (woollen or similar) thread treated first with ferrie

* Fia 8o —A portion of the Bacterial plane from the preceding Wig

— _ showing the arched construction of the planc itsclf, as well as
Lovin ooty 1 B N four of its fountains, Magn 1r. (4fler Jegunow)

¥1a 79 —Culture of Sulphur Bacteria from the Limanes (in a small vessel , reducod sealo)

The figures on the label give the dimensione, the thickness of the layer of liqnid being 09 mm The
bottom 18 occupled with black Limanes mud, above this i8 the liquid, the meniscus of which is
visible at the top of the ¥ig , and in botwcen is the bacterial plane with flve “fountains ® (dfter
Jegunow )

chloride and then with ammonia, both 1n such a very dilute condition that the
thread is stained merely a pale yellow. A glass weight 18 then attached to the
thread and let down into the liquid, whereupon the lower part of the thread, as
far as the summit of the tufts on the fountain plane, quickly turns black, from
the formation of FeS From that pomnt onwards, however, the colour graduall

changes to white. This experrment shows that in the summats of the tufts the
sulphuretted hydrogen arsing from below 1s first oxidised to sulphur, and stored
up 1z the cell, which conveys 1t to a higher level (the actual plane), and thers
oxidises it to sulphuric aced This acid then dissolves the ferric oxide on the
upper part of the thread, which 18 consequently decolorised at this level The
time occupled by the cells in making & mngle trip—and therefere the tetal
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period required for the conversion of HLS into SO, and the expulsion of the
~ latter from the cell—was ascertained by Jegunow to be about five minutes.

The importance of the sulphur bacteria 1n the economy of Nature 1s unmis-
takable 1n co-operation with the sulphate-reducing bacteria they ensure that
the sulphur cycle pursues an uninterrupted course, the element being taken up
by the higher plants in the condition of sulphates, and deposited 1n the cells 1n
the form of organic compounds, from which, in the course of putrefaction, 1t is
hiberated as sulphuretted hydrogen, and is finally then reconverted into sulphates
by the sulphw: bacter:a and recommences 1ts course through the higher plants.
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CHAPTER XXXVI

THE NITRIFYING BACTERIA.

§ 203.—The Recognition of Nitrification as a Physiological
Process.

TEE nitrogen excreted from the ammal body as urea has not, when converted
into ammonium carbonate (ses chap xxxu ), yet attained the form in which 1t is
usually taken up by plants. Although 1t 18 indubitable that plants in general
can obtain their requirements of nitrogen from the ammonia salts, 1t 18 never-
theless certain—both as a result of manurmng experiments on the small scale and
also from the experience of agricultural practice—that the majority of eultivated
plants absorb the element in question more rapidly and abundantly when 1t is
offered them in the form of pitrates In fact, for some of them, e g. maize, buck-
wheat, and tobacco, JuL. Lizamany (I ) puts forward the well-grounded assumption
that they derive their nitrogen exclusively from mitrates. Here again Nature
has made provision for the necessities of the case by converting mto nitrates the
ammonia salts which—partly as a result of decomposition and partly as artificial
manures—find their way 1nto the soil

This process, long known and briefly termed mitrification, was defined in
1846—on the bams of an experiment by J. Dumas (II )—as a purely chemical
process of oxidation This observer regarded chalk as the mtermediary facili-
tating the intimate combination of ammoma and atmospheric oxygen Fifteen
years later this 78ls of “ go-between ” was aseribed by Mirrow (I.) to the porous
humic bodies 1n. the soil—a view that still remained destitute of any convincing
proofs when revived 1 1863 by Broxpeavu (II.)

Ten years later other opinions began to arise. The first adverse hypothesis
was expounded m 1873 by ArEx. Mouikr (I), but was not based on any
solid foundation, nor was 1t followed up any farther. Four years afterwards
SomrorsmNe and Muxtz (L), relying on the results of their researches i this
direction, hazarded the opmion that the formation of mitre in the soil is due to
the wital activity of orgamised ferments (soil bacteria) In a subsequent com-
munication these two workers detailed some of the conditions requisite for the
nception and course of mitrification. The operation 18 almost stagnant below
5° C., but becomes apparent at 12° 0, and atteins 1ts maximum at 37° C. As
the temperature rises still higher the reaction becomes weaker, and ceases
altogether at 55° C. It proceeds the more rapidly as the degree of moisture 1n
the so1l 1ncreases, provided aeration 18 not thereby 1mpeded, A faintly alkaline
reaction facilitates the progress of nitrification, which, moreover, may not always
result 1n the production of mitrates, but at times does not extend beyond the
formation of mtrites, especially at low temperatures (below 20° 0.) and with a
restricted admission of air. .

Both workers also endeavoured to obtain pure cultures of the organisms
under investigation The result of thew endeavours will not be judged too
harghly when the existing lack of any reliable method of pure cultivation at that
time 18 remembered. When the 1ntroduction of the Koch gelatin plate afforded

a new appliance for this purpose, it was pressed into the service now upder
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consideration by several workers, wnfer alis by Apamerz (IX.) and A. B. Frank;
nevertheless, the result did not fulfil expectations. The last-named German
mycologist then contradicted the assumptions of the two French agricultural
chemists, and championed the views held by Dumas. To this revival of an old
hypothesis we owe the production of a comprehensive work by H. Prara (I ),
which is commended to the attention of the reader not only on account of the
new discoveries it mentions, but also because the first part contains a collection—
rich in information for the chemist—of all the then known methods for the
production of nitric acid from ammeonia by oxidation In the second part of
this treatise 1t was stated, on the basis of new experiments, that completely
sterilised soil no longer possesses the faculty of converting ammonia mto nitrie
acid. It was furthermore shown that, when organisms are entirely excluded,
neither the soil as a whole, nor any one of its constituents, is capable of trans-
forming ammonia 1nto mtric or nitrous acid by occluding atmospheric oxygen.
A re-examination of this work by H. Lawsworr (L), who undertook the task in
consequence of an objection raised by A. B. Frank (IX.), led to a complete con-
firmation of Plath’s discovery on all points. It was thus ascertained (in 1888)
by the exclusion method that in the oxidation process now under our notice the
r8le of oxygen-carrier is played by hving organisms, and that consequently
nitrification is a physiological process.

§ 204.—Nitroso-Bacteria and Nitro-Bacteria.

The discovery and closer investigation of these unknown organisms was
shortly afterwards effected by 8 Winoarapsky (VII) It is not surprising
that their preparation as pure cultures was so long delayed, when we remember
that these bacteria do not thrive on media rich 1 organic nutrient substances.
The above-named Russian physiologist successfully employed for this purpose
the gelatinous inorganic substance, viz, precipitated slica, recommended by
W. Kvane (L). When prepared by precipitation from water-glass (alkali
gilicate) by hydrochloric acid, and purified by dialyas, concentrated by boiling,
and then sterilised in the steamer, this silica forms a vitreous mucinous mass
This is then incorporated with a sterilised solution of the sulphates of potash,
magnesia, ammonia, and carbonate of soda, inoculated with the bacterial sample.
Thege salts cause the silica to set, so that the germs in the sowing are fixed
separately, and thus may be kept apart, even when they have developed into
colonies. In this manner Winogradsky primarily succeeded in obtaining
cultures of assured purity, by means of which he was enabled to arrive at
conclusions unattainable by the fractional sowings and dilution method em-
ployed by previous workers, e.g W. Hrranus (L.), P, Frangranp (III), and
R, Warvaron (II1.)

One of the weightiest of these results is the fact determined by Wixo-
GrADAKY (VIIL) that the numerous species of the group of mitrfying bacteria
are classifiable into two sharply divided sub-groups. nitroso-bacteria and nitro-
bacter:a.

The nitroso-bacteria oxidise ammoma to nitrous acid, 1n accordance with the
equation—

(NH),0 + 305 = NyOy + 4H,0,

but no farther. For this reason mitrites are not altered by these bacteria,

On the other hand, the mtro-bactera lack the faculty of attacking ammonia,
but perform thp task of converting nitrous acid into nitric acid, in accordance
with fhe equation— * . °

I - T »



290 THE NITRIFYING BACTERIA
N=0 A0
0\N=0 -+ Og=O\N:8

As is apparent from this equation, thewr powers differ from that of the
nitroso-bacteria, inasmuch ag the latter convert the pentavalent nitrogen of
smmonia into the trivalent nitrogen of mitrous acid, whilst the nitro-bacteria
re-convert the element into the pentad condition.

It is evadent that these oxidation processes can be effected only in the presence
of bases which take up the acids with which the ammonia was initially combined,
and also neutralise the resulting nitrous or nitric acid—thus protecting the
bacteria from injury from this source. This task 18 excellently performed in the
soll by calcium carbonate. The favourable influence exercised on the course of
nitrification by the presence of this salt is therefore readily explamable without
draggmng in any hypothesis about the condensation of oxygen Free alkali is
unsuitable here for the fixation of the acids, since the presence of this reagent
in quantity would be 1njurious to the bacteria. In artificial cultures calcium
carbonate can be replaced by magnesium carbonate, a practice adopted by

‘Winogradsky.

§ 205.—Nitrosomonas and Nitrosococeus.

Two main types of nitroso-bacteria can be differentiated in consequence of
the results of existing investigations. One of them (in several species) is found
in all the soils of the Old World (Europe, Asia, Africa) hitherto examined, and
is known a8 Vutrosomonas. The second is peculiar to the soil of the two remaining
continents, and has received the name of Nitrosococcus. The individual organisms
of the first-named type are each pronided with a gingle cilium, and exhibit powers
of locomotion which are mamfested at an early stage in the cultures, and cause
these to become decidedly opalescent. Subsequently the cells become quiescent
and collect a8 zooglemea, which rest in the form of greyish gelatinous clouds on the
carbonate at the bottom of the hiqmd. We will describe this (Natrosomonas
genus first,

Only a single species of mtroso-bacterrum has been discovered in Europear
soils, viz., Noirosomonas europees. At the opalescent stage of the culture thu
organism appears as briskly motile cells (fitted with a short flagellum) in the
shape of short rods r.2-1.8 p long and o g—1.0 p broad. The cells of Nureso
monas javanica, cultivated from the soil of the Botanical Garden at Buitenzorg
near Batavia, are globular, and only attain & diameter of 0.5-0 6 p, but thei
fiagellum 18 very long—as much as 30 u. The Nurosomonas japonica, found i
sol from Tokio, is—hke the Nuirosomonus aficans, 1solated from samples o
soil from Tunis and from La Reghaia, 1n Algeria—very similar to the Europea
species, only somewhat smaller.

Differing from these species are those of the genus Nitrosococous, found i
South American and Austrahan sos. They do not form zoogleea, neither ar
they cihated. That obtained from Quito (Ecuador) is a coccus 1.5-1.7 1l
diameter. A mmilar species, except 1n point of size, 15 the Nitrosococcus brasil:
61818, obtained as a pure culture from the soil of Oampinas (Brazil), and attainin
a diameter of 2 u; and the species grown from Melbourne soil is undistinguisk
able from thislatter The mtroso-bacteria are, as observed by WiNosraDsKEY (IX.
very susceptible to desiccation, and consequently the amount of such orgamsn
;]E the soil decreases us drying progresses. They are almost entirely lackjng 1

e air, - .:
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§ 208.—The Nitro-Bacteria.

differ from the species already desoribed, not only from a chemico-physiological,
but also from a morphological point of view, being smaller and more slender
The cells are an elongated oval, mostly pear-shaped, o.5 u in length and o.15-
0.25 p in breadth, and are therefore among the smallest of all known organisms.
In hquid cultures they develop and congregate to form a thin, mucinous skin
adhering firmly to the walls of the vessel. Compared with thewr powerful
oxidising action, the vegetative development of these organisms is astonishingly
slight. Spore formation has not been found either in these or in the mitrose-
bacteria; and up to the present no subdivision of the genus Nutrobacier into
species has been made.

Burer and Srurzee (IIT) in 1895 obtained from Hanoverian soil a nitro-
bacterium which they assert will thrive both on nutrient gelatin and in bouillon,
but (so 1t 18 sa1d) exhibits no mitrifying action in nutrient media of this kind, as
a rule, and, indeed, loses this power entirely, so that when re-transferred into
mineral nutrient solutions 1t does not attack the mitrites placed at its disposal
A careful examination of such a culture, obtamned direct from the above-named
chemists, wag made in 1896 by 8. WiNoaraDSKY (X.), who showed that the
alleged pure culture contained, not only the nitro-bacterium, but also #res other
species of (saprophytic) bacteria which thrive well in bowllon, & medium in which
the mitro-bacterium will not grow. Winogradsky’s treatise 1s recommended
to the reader, more particularly because 1t mentions numerous contingencies
likely to arise 1n working, and render of no avail the trouble bestowed on the
nitrifying bacteria by the bacteriologist. Furthermore, he gives a new recipe
for a medium for the pure cultivation of nitro-bacteria, more convenient in use
than gelatinous silica, viz., nitrite agar-agar, +.e. 8 mineral solution containing
nitrites and quahfied by 1.5 per cent. of agar-agar.

If the amount of mitrogen oxidised per unit of time be taken as the standard
for measuring the chemical energy of these organisms, then—as Winogradsky
ascertained by comparative investigations—the nitroso-bacteria will be found
the more active of the two. From this fact 1t is permissible to draw the further
deduction that the conversion of the trivalent mitrogen of nitrous aad into
pentavalent nitme nitrogen requires the expenditure of a greater amount of
internal force than 18 needed for the converse operation in the oxidation of
ammonia to mtrous acid.

Both nitroso- and nitro-bacteria are always present in the soil, the second
type of organism 1mamediately oxidising the nitrous acid generated (from ammonia
salts) by the first. Whether nitrification begins already in the dung-heap, or
has 1ts first meeption 1n the field, 18 dependent on various cwcumstances. It
will proceed whenever a sufficient quantity of ammonia salts has besn produced
by the fermentation of urea, provided air has ready access. Thus, H. IMMEN-
DorFP (IIL.) showed that in the outer layers of manure heaps (especially horse-
dung), the production of nitrous acid will set 1n brigkly in a few days. There
are ample reasons why the formation of the easily hxiviable mtrates, which may,
moreover, expose the materials to wasteful reduction processes, should be pre-
vented 1n the manure heap. On this account endeavours should be made to
minimse the aeration of the manure by battening the heaps well down.

! § 207.—Assimilation in the Dark.

The incapasity (recorded in § 204) of the mitrifying bacteia to grow on
nutrient gelatin 18, 1P the main, attributable to their general distaste for organse
A )
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nutriment, a peeuliarity noted by Munro (1.)in 1886, The smaller the quantity
of orgamic food present, the more energetically do growth and oxidation proceed;
and the latter effect is most powerful in solutions containing exclusively inorganic
matters. For nitroso-bacteria Winogradsky recommends a mixture of 2-2.5
grams of ammonia sulphate, 2 grams of common salt, and a sufficient quantity
of magnesium carbonate per litre of well-water, For mitro-bacteria the ammonia
galt is replaced by sodium nitrite.

‘When such a nutrient solution containing solely inorganic matters is inocu-
lated with a few mitroso- or mtreoebacteria, energetic oxidation occurs, sccom-
panied—as was first brought into notice by W Hrrarus (I.) m 1386—by
o rapid reproduction of the bacteria. 'When development is concluded, and the
available quantity of ammoma or mtrite oxidised, then the bacterium crop grown
in this manner contans a certain quantity of organic matter, the carbon of
which has been exclusively derived from inorgamie sources—in this case carbon
dioxide. The amount was ascertained by Winogradsky, by four quantitative
analyses, a8 0 020-0 022 gram per 100 ¢.¢ of hqud. Consequently the nitroso-
and nitro-bacteria are able to abtract from carbon dioxide, 1 the absencs of light,
the carbon necessary for the construction of their cells, and are therefore able to
assimilate carbon dioxide wn the dark.

Two sources of carbon dioxade are available to the nitrifying bacteria. One
of them 18 the carbonate present in the nutrient solution (or soul), and which 18
also necessary for other reasons already given in § 204 According to Wino-
gradsky, this carbonate supplies carbon to the newly formed bacteria, which are
assumed to decompose it by means of the acids they produce, and then utilise the
carbon 1n the construction of new cells He considers that the function of these
organmisms is to liberate and restore into general circulation the carbon that, by
any means, has been converted into carbonates, and so withdrawn therefrom.
On the other hand, E. GopLewskr (I.) showed that it is chiefly from the atmo-
sphere that the carbon dioxide requisite for the comstruction of new cellular
substance 1s derived. He found that development did not occur in cultures con-
taining magnesium carbonate when only air free from carbon dioxide was
admitted. Now the atmosphere contains not only carbon dioxide, oxygen, and
water, but also ammonium carbonate, with which substances the nutrient require-
ments—ash constituents apart—of the nitrifying bacteria are satisfied. These
organisms will therefore be able to develop in places where there is mnothing
present but bare rock, the cracks and fissures of which afford them a shelter
agamst the desiccating action of the winds. In fact, 1t was in such arid places
that A. Mtw1z () constantly found nitrifying bacteria. It can very easly be
shown that friable (“ rotten”) stone, especially that from the Faulhorn, is thickly
impregnated with these organisms.

In order that the carbon of the carbon dioxde may be prepared for its
ultimate purpose, 1t must first be freed from the two attached atoms of oxygen.
In green plants the force requaite for this purpose is supplied by the thermal
power of the sun’s rays ; but in the nitrifying bacteria, which also assumlate in
the dark, 1t 18 the energy liberated during the oxidation of nitrogen that effects
the dissociation of the carbon dioxide molecule. Consequently, the assmilation
of carbon 1s dependent on the oxdation of nitrogen, a fact quantitatively proved
by Winogradsky. According to this authority, about 35 mgrms. of nitrogen
are oxidwsed for each milhgram of carbon assmiiated, the atomic ratio berng—

O:N=1:30
More acourate knowledge of the progress of this asaimilation—espucially

on the thermo-chemical side of the question—is at present, lacking. F.
Hypepe (VIII) and O. Lorw (V) constructed equatiors to representthe
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changes occurring in the reaction, but these can merely be alluded to here.

a Godlewski ascertained that by no means the whole of the ammoniacal nitrogen

eliminated during the nitrification is recovered as nitrous or mitric acid, but that
a portion 18 liberated in 1ts elementary condition, and escapes from the solution
undergong nitrification. It may be opined that this loss 18 not 1mmediately
connected with the action of the nitrifying bacteria, but 1s only an associated
phenomenon produced by the reaction of the N,0, on the still undecomposed
NH,, in accordance with the equation—

Ng04 + 2NH, = 3H0 + 2N,

The reason for this 13 that the nitrous acid liberated does not in every part of t1§e
Liquid come 1nto immediate contact with the carbonate which would protect it
from the action of the ammonia,

§ 208.—Wall-Saltpetre and Plantation-Saltpetre.

The particulars already given of the Life-conditions of the mtrifying bacteria
will explain the origin of wall-saltpetre, 2 6. the corroding efflorescence of salt-
petre on magonry. This substance is a white snow-like mass, consisting princi~
pally of crystals of calerum nitrate, and occurring with particular frequency on
the walls of stables and closets. It is preasely in such places that the fission
fungt under discussion find an abundance of the food-stuffs they require : the
ammonia salt is supplied by the urea absorbed by and hydrited i the walls;
caleium carbonate and a hittle alkali are present in the brickworlk, and there is
no lack of the necessary oxygen. Oonsequently all the preliminary conditions
favouring the activity of the mitrifying bacteria introduced in dust, &e., are
fulfilled. However welcome this activity may be when restricted to the soil, it
is entirely undesirable in brickwork, the latter being gradually corroded and
rendered brittle by the calcium nitrate produced. Sprinkling the walls with
powerful antiseptics, such as antinonnin, may, however, afford a remedy. That
the phenomenon 18 really due to the mitrifymg bacteria has been proved by the
researches of O. HerLm (II.) and G Toromer (II )

A few words must also be devoted to the saltpetre plantations. Since the
discovery of the South Amercan deposits of nitrate of soda, which substance
can be converted into saltpetre by treatment with potassium salts, the production
of plantation-saltpetre has decreased. It will, however, coms to the front again
whenever the Chilian beds are exhausted. In fact, the production of saltpetre
for agricultural purposes by this method is even now worthy of consideration.
The quantity of Ohily saltpetre imported by European countries is very con-
siderable, and large sums of money are annually disbursed to South America
which might be retained by producing the saltpetre at home. The accompligh-
ment of this project necessitates s searching investigation of all the conditions of
nitrification, in order to ascertain how the reaction may be suitably controlled.
The result would be that, instead of using expensive foreign nitrate, the ground
would be manured with cheap sulphate of ammonie, now formed as a waste
product 1 home gas-works and coke-factories, and put upon the market 1n con-
stantly increasing quantities. The consequent freedom from the hands of
Ohihan speculators would be a great gain from the point of view of nationnl
economy. Moreover, this method of manurmg presents another advantage from
the standpoint of the agricultural economist As 1s well known, the soil has no
power of fixing nitrates, a certain portion of the added saltpetre invariably—as
P. Derfiraty (IIT. and IV.) and others have shown—escaping in the drainnge-
water, so that more has to be added to the soul than is recovered in the crop.
Thisedisadvanfage dges not attach to manuring with salts of ammonia, since tley

L Al
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are fixed by the soil and protected from wasteful lixiviation, the nitrifying
bacteria then oxidising the ammonia and supplying the plant with nitrates
according to its requirements.

8o far as plantation-galtpetre 15 concerned, the external conditions favouring
the rapid formation of this compound have been gradually ascertained by means
of tentative experiments. A pyramidal heap, resiing on an impervious clay
foundation, is prepared by mixing chalky soil with various kinds of organie
matter, and is frequently watered with hquid manure, an admixture of brush-
wood 1 the heap imparting porosity and facilitating aeration. The nitrates,
&c., formed in the interior appear—hke wall-saltpetre—on the surface of the
mass, and gradually increase to form a crust which is richer in nitrates than the
interior of the heap The crude lye obtained therefrom by lixiviation is treated
by adding a potassium salt in order to convert the mitrates of caleium, mag-
nesium, and godium into potassium nitrate, the crude saltpetre thus produced
being then purified in refineries,

The elucidation. of the optimum external conditions for mfluencing nitrification
hes been attempted by numerous investigators, and a few of their results will
now be given., J. DumoNT and J. OroomErELLE (IT. and III.) found that the
chlorides of potassium injuriously affect nitrification, whereas the carbonates of
these metals, and also potassium sulphate, act beneficially. From what has
already been stated it will be evident that the merely faint (or altogether
inoperative) activity of the nitrifying bacteria in soils poor in calcium carbonate
(6.9. sour meadow-land) can be stimulated by the addition of the said
carbonate. On this point a few experiments have been made by J. Dumont
and J. CrocEEreLLE (I.). The kind of acid with which the ammonia is combined
must not be regarded as umimportant, Hueppe and Winogradsky having noticed
that—as afterwards shown by the special experiments of 0. Lorw (VI.)—
nitrifying bacteria do not attack ammonium formate at all, and that the oxalate
18 acted upon only very mmperfectly, and with great dufficulty.

3
3
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CHAPTER XXXVII.
AOETIC FERMENTATION.

§ 209.—Discovery of the Acetic Acid Bacteria.

Ir beer, wins, or other similar aleoholic liquids, are left to stand exposed to the
air, they will, at the end a few days, become covered with a tough, mucinous
(usually smooth) skin or film. The alcohol gradually disappears, and, in
approximately the same ratio, the presence of acetic acid makes itself evident
the beer, &o., is converted into vinegar. It has been known from the earliest
times that an unsoured sample of beer, wine, or the like can be quickly turned
into vinegar by the addition of a small quantity of such skin. This latter was
regarded as the carrier of the vinegar fermentation, and consequently received
the name of “‘mother of vinegar” (Kr. mére de vinaigre, Ger. Essigmutter). The
first botamical investigation of this substance was made 1n 1822 by Persoox (1.),
who described the organised skin developing on various liguids, and gave it the
general name of Mycoderma, i.e. muonous skin or fungoid skin, but never
contemplated the existence of any direct connection between acetic fermentation
and the development of such a structure.

This was reserved for the German algologist Fr. Ktrzmve (I.). In his
treatise on this subject, published in 1837, he showed, without, apparently,
being acquainted with the labours of his predecessor—that the * mother of
vinegar ” 18 constructed of a number of minute dot-like organisms (which we
now call bactera), arranged together in the form of chains. These he classified
as algm, and named them Ulving acets, and asserted quite positively that aleohol
is econverted into acetic acid by the vital activity of these organisms.

Kutzing’s results, however, attracted but little notice, because, two years
after their publication, Lirsia (I11.) appeared on the scene with his theory of
acetic fermentation (which will be deseribed in a subsequent paragraph), in
which no mention was made of the potency of living organisms, but the *mother
of vinegar” was asserted to be n formation deveid of life a structureless
precipitate of albuminous matter. Only one of the reasons put forward by the
CGterman chemist 1n support of this view, which he stubbornly upheld, will be
mentioned here, and that merely as a curiosity. The Dutch chemist, G, MuLpER
(I11.), celebrated as a chemical expert on wine, subjected the *‘mother of
vinegar ” to chemical analysis, and, because he failed to discover the presence
of any ash constituents, thought that 1t must be regarded as a compound of

rotemn and cellulose. Mulder's statement was refuted in 1852 by R. THoMsoN
1.}, who showed that a sample (but by no means a pure culture) of *mother
of vinegar” contained g4.53 per cent. water, 5.134 per cent, organic matter, and
0.336 per cent. ash.

The diffusion of new light on this matter was reserved for Pastrur (XIIL.)
Taking up anew the question of the origin of acetic fermentation—examined by
Kutzing merely from the purely botanical sde, and that only cursorily—he
controverted the opinions of the chemists, and proved, in 1864, that this
fermentation also is a physiological process, whose inception and maintenance
m.bound up, with the vital activity of minute fungoid organisms, to which he

» 295

. . e
A J



296 ACETIC FERMENTATION

applied the specific name Mycoderma acets, first employed by Thomson. Of
course, at that time, PArTEUR (XIV ) was mot in a position fo prepare or use
pure cultures, consequently the results of his experiments cannot now be credited
with more than the single value of having unimpeachably proved the dependence
of acetic fermentation on the wital activity of certain micro-organisms. Pasteur
did not determine to what group of living orgamisms Mycoderma acetr belongs,
the botamical, and especially the morphological side of the question concerning
him but little ; only, in one place 1n his treatise, he states that he cannot regard
the organiem as a bacterium, as was done by Stack in 1863. Nevertheless, we,
at the present day, must agree with the opinion of the last-named * the cause
of acetic fermentation studied and described by Pasteur can only have been
a fission fungus

The property of forming mucinous sking on the surface of liquids is not
peculiar to the acetic acid bacteria alone, but, on the contrary, is a very general
vital phenomenon among fungi. It is particularly noticeable among a group
(which will be consmdered 1n the second volume) of budding fungi, which have
been named, according to the nature of the medium in which they are found,
Mycoderma cerevise, Mycoderma vine (Fr. flewr de la biére and fleur du nin
respectively) Pasteur denied that any of these skin-forming budding fungi
have the power of producing acefic acid, but the author refuted this opinion

-4
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by proving, 10 1893, the existence of at least one such species endowed with this -

faculty. More particulars concerming this will be given in one of the chapters
of the second volume. At present we are only concerned with the fact that
acetic fermentation 18 a vital manifestation not peculiar to fismon fungi alone,

§ 210.—Morphology of the Acetic Acid Bacteria.

Strctly speaking, Pasteur’s publication did not advance owr knowledge of
the morphology of the organisms in question beyond the discoveries made by
Kutzing ; and the case remained in statu quo for another fifteen years, until
taken up by Emil Ohristian Hansen, whose researches on the acetic acid bacteria
not only threw new hight upon the organisms themselves, but were also—and
that in a dual sense—important to the subject of Fermentation Physiology

enerally.
8 Untl then the opinion was current that any given fermentation was carried
through by merely a single species of ferment Hansex (VI.), however, showed
in 1878 that, 1n the spontaneous souring of beer at least two different species
of bacteria can come into action, one of which he named Mycoderma acets and
the other Mycoderma Pastewrianuwm, 1n honour of his predecessor. At the
suggestion of W, Zopf he afterwards changed these names to Bacterium acets
and Bacterium Pasteurianum respectively. This 1mportant discovery was
subsequently extended, partly by Hawsen (VIL.) himself—who afterwards
introduced 1nto the hiterature of the subject & third species under the name
of Bacterum Kutzwngranum—and partly by A. J. Brown (I.), W. Prress (I.),
A. Zzmier (1.), WERMIscHEFF (1.) and the author. Of all these species, only
those described by Hansen have been thoroughly investigated morphologically,
ind for this reason they alone will be more closely considered in the following

nes.

‘When 1noculated into lager-beer or the so-called ¢ doppel-bier "—a Danish
high fermentation beer rich in extract and poor in alechol—and kept at a
temperature of about 34° 0., these three species—provided air 13 freely admitted
~—will develop on the surface of the beer (which remains bright) to a pellicle
within twenty-four hours. In the case of Z. acefs, this skin 18 moist and
mucinous, smooth and veined, but B. Pasteuranum is, on the other hand, dry,

~ -
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« and soon develops fine 1mphications. That of B. Kutzingianum resembles the
ofirst species, but differs therefrom in raising itself high above the surface of the
liquid by gradually climbing up the walls of the vessel. Fresh differences make
thewr appearance when a small portion of the skin 18 examined under the
microscope. Whlst the cells of B. Kutzingusnum are, for the most part, single,
and are only rarely seen joined together as chains, those of the other two species
are seldom found ag separate cells. The cells of B. acets (Fig. 81) are somewhat
more glender, and frequently exhibit the sand-glass or figure 8 form (* en Aust"")
noticed by Pasteur. In B. Pastewrianum (Fig. 82) they are mostly rather longer
and considerably broader (plumper) than those of the other two species.
These bacterial pellicles are true zoogleea, 1.6 the individual cells are attached

Fi1a 81 —DBnctorinm neoti

Celig from a frashly foimed shin on
* doppel-bier ”

Magn 1000 (After Hanacn)

F1c 82 —Bacterinm Pastcurinnum,

Cells frow & freshly formeod skin grown at 34° C.
on ¢ doppel-bier.”

Magn 1000. (After Hansen)

Tra 83 —Bneterium Kittzinglanum

Colla from a freshly formed skin grown
at 34° C on “ doppel-bier ”

Magn, 000 (After Hansen)

together by a mucinous envelope, formed by the swelling and mutual fusion of
the external layers of the cell membranes, in which the cells then become
embedded In ordinary (unstained) preparations the presence of this envelope
18 only deducible from the mutual cohesion of the cells; 1t can, however, be
rendered visble by suitable treating and staining, e.g. by Loeffler’s method.
Fig. 8 (p. 31) was drawn from a preparation of this kind.

The behaviour of the mucinous envelopes of these three species towards 10dine
solution (iodine 1n water or alcohol or potassium iodide) 18 worthy of notice ; those
of B, Pasteuranum and B, Kutzingianum are thereby stained blue, whilst that of
B. aoets remanns unaltered. The point must be emphamsed that 1t 18 the muamous
envelopes and not the true cell membranes that are stained in this manner. The
cell plasma 18 in all three cases ccloured yellow, consequently the preparations
all exhibit yellow cells after the 1odine treatment, these cells being embedded 1n
the case of B. acsts in a colourless matrix. In B. Pasteurianwm and B. Kutzwmngr-
anury this latter is ’p'lue, and to the unaided eye the appearance of the whole
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298 ACETIC FERMENTATION

varies from green to bluish green, according to the proportion of the matri
It ‘was this difference in the behaviour of the mucinous envelopes—which, hos
ever, is moticeable only 1n young and wvigorous pellicles—that first directed tl
attention of Hansen to the existence of two species of acetic acid bacteria. TI
chemical composition of the envelope has not yet been determined, but that it
not cellulose must be concluded from the negative results obtained from the tes
made with various reagents (1odosulphuric acid, zinc iodochloride) for th
substance. Already in this characteristic these three species differ from t
acetic acid bacterium introduced 1nto the literature of the subject by A. J Brov
under the name of Bacterium mylinum. The tough, leathery skm of zoogl
(measuring as much as one inch 1n thickness), formed by this bacterium on t
surface of the nutrient solution, and generally known in England as the vinegs
plant, consists principally of the extensively developed mucinous envelope of t
cells. If the contents be extracted by suitable means, a mass is left wh
answers to the cellulose reactions (e.g. solubility in ammoniacal copper oxic
and on ultimate analysis exhbits a composition agreemg with the formt
O 005 T

( r.fﬂl\:ioi'e)over, the three Hansen species differ notably in the appearance a
development of their colonies, prepared by the transference of droplets (rich
cells) from & pure culture grown at 25° C. on to sohd nutrient media (we
gelatin or doppel-bier gelatin). Those from B. acsts assume the form of excet
ingly pretty, many-rayed stars or rosettes, those from B Pastsurianum have
almost perfectly smooth periphery (without dentations) and exhibit convolutic
of the surface resembling those of the brain; whilst those of B. Kutzn
amum ave readily recogmisable by the absence of both the stellar form a
convolutions,

§ 211.—The Morphological Influence of Temperature.

Hansen’s researches into the acetic acid bacteria also afford an importe
support to the theory of bacterial pleomorphism, as will now be shown. 1T
cell forms described and illustrated in the previous paragraph are not the o
ones assumed by the fission fungi under consideration. On the contrary, 1
pleomorphic variations are exceedingly plentiful, though they may all be grouy
under three mamn types, viz., chains of short rods (as already described), lc
threads, and, finally, distended or bulged forms. The conditions ascertained
HaxseN (VIL.) as influencing the development of one of these forms, its grad
conversion into the others, and, finally, 1ts restoration to the original shape, v
now be briefly referred to. It must be premised that the mimmum limit
temperature at which development can proceed 18 for B. acets, 4°-5° 0.3
B Pasteuriamum, 5°-6° O ; and for B. Kutmngianum, 6°~7° O, the maxim
being about 42° C., and the optimum temperature about 34° C.

Cultures of Baoterium Pasteurianum on doppel-bier have shown that, at
temperatures higher than 5° O. (but not greatly exceeding 34° C.), chains
ghort rods develop, which, when grown at temperatures below 15° O, of
attain extraordinary dimensions, especially in the direction of the breadth. 1
formation of chains proceeds most abundantly at about 34° C, the individ
ghort rods then having the ordinary form and being filled with firm, eligh
lustrous plasma.

If a small portion of such a skin, cultivated at 34° C., be transferred ¢
fresh nutrient medium, and maintained at 40°-40.5° 0., a morphological alte
tion of the cells (Fig. 84) occurs, and 1s already noticeable at the end of a |
hours. The short rods about z 4 long and 1 u broad, of which the chains of
seed were composed, begin to elongate, and at the end of eight to nine ho
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I'1a 84—Bneterinm Pasteurisnnm
bier” agnragar M B

da to long threads. Culture on *doppel
a. chndn of cight short rods , a'-a" the sp1we after 8lx, ten
ods , b'-b". the samne after five and nino hours, caad d

(After Hansen )

Morpliological change from Rhiort ro
Riittcher chamber at abont 40.5° C
and twonty hours, 7 chain of five short
after ten and tweunty-one howts  Magm, T00O.

__Bacteriun Pustenriamun

Fia 85
Long thrends dey cloperd by twenty-four hours' cultivation 2t 405 C on ® doppel-bier”
. * . Mngu 1000 (4/ter Hansen:)
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300 ACETIC FERMENTATION

none but long rods are found, some of these being already disconnected, others
still retaining the chain form. The latter also finally become dismembered, sc
that after a further four hours none but elongated cells, 40  and more 1n length
are present. These now continue to grow, and 1n twenty-four hours from the
commencement of the experiment long threads (Fig. 85), some of them measuring
200 u in length, are found exclusively.

A fresh modification of form sete1n as soon as these long threads are exposec
to the original temperature of 34° C —they begin to bulge. These forms (Fig. 86

T ——
—
F10 86 —Bacterium Pasteurianum,

Conversion of long threads into swollen (bulged) forms and choins  Cultnre in “doppel-bier” at 34°
I coudition after four hours, IT after five hours, III after seven hours Mngm, T000. (<1
Hansen )

can be already noticed at the end of four hours, and their number rapidly i
creases from that time onward At about the same time other portions of tt
threads begin to break up into fragments, the disruption beginning indifferent’
at either or both extremties, or in the middle of the thread, which is tht
modified into a chain of short rods, or one exhibiting both long rods, unaltere
portions of threads, and bulged articulations, in short, great diversity prevail
All intermediate stages of the last-named forms, between the very freque:
spindle cells on the one hand, and pear-shaped rounded forms on “he otherpa:
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¥1a 87 —Bnceterlum Pastourianum,
Cony ersion of loug threads into chains of short rods.

Culture on “ doppel-bier agm-agn in a Bittchoer
Chamber at 34° C ¢ long serpentine throad at the commencemont of the experimont ; a’. the samo
five andea half hours ; @’ tho samo after sevon hours,

The highly swollen central portion is
omiited in the drawhg. b, long thread withf several Lends, ¥ after four hourg; ¥”. after ~ix
hours; b after nine 4ours, Only the central portion of the modified thrcad is shown
1000 (.{/ter Hunsen.)

Bygn,
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met with. Globular cells, measuring up to 10 p in dismeter, are also by no
means rare.

Finally, the threads become entirely dismembered into short rods (Fig. 87), even
the bulged cells undergoing this conversion, and leaving only the thickest portion
(Fig. 88) unchanged. This portion eventually, after the filamentous ends on

. erther gide have broken up into short
rods, collapses in the surrounding hquid
and dissolves. An examination made
after the lapse of twenty-four hours then
reveals only chains of short rods. We
bave thus induced a reverston to the
original forms of cell, and have there-
by learned the morphological influence of
temperature. Of course, neither the com-
position of the nutrient medium nor the
condition of the seed is a maftter of in-
dufference. Thus, for instance, if, instead
of sowing the young cells presupposed
in the foregoing demonstration, those
already forty-eight hours old are em-
ployed, then the conversion into threads
becomes very difficult, In the case of
lager-beer the development proceeds some-
what differently to that occurring n the

* doppel-bier ¥ hitherto mentaoned
msj%‘;,z °f:‘{§‘§°‘;,};’;‘ gmﬂfflzgap:f_ﬁ:f"l:;'i & Bucterrum aceti and B Kutzungianum

In a the pear-shaped ewolling has tapered behave very similarly under the circum-

e T s, Inthe lower gtances mow in question. A few small

swelling hns begun to dlsintegrate, apart of QLferences are, however, unmistakably

erodunion i compi, ony e Bk SO ik the ol oy of o0 Shot sl
d with the plumper form of the short rods

;ﬂbﬁﬁ t\lve:ticng msﬂ‘&?:fgég‘;“ﬂ of B. Pa.stelf:ma/};um, the breadth of its long

ciplent subdivision. Magn 1000. (df%er threads 1s also greater, as will be evident

Hansen.) on reference to Figs. 85 and 89, the

. long threads of B. acsti are thinner, but
attain a greater length, viz , up to 500 . On the other hand, the long threads of
B. Kutzingianum are considerably smaller than those of the other species.
Finally, it should be stated that branching of the long threads occasionally occurs.
A few of these comparatively rare forms are shown in Fig. go. Pleomorphism
seems to be a general property of the acetic acid bacteria, since it was also found
by Hansen to prevail m four other species, mcluding those discovered by Zeidler.

Like most of the other Schizomycstes, the acetic bacteria exhibit a preference
for darkness. Their development—as M. Gron (I.) discovered—is restricted
(though not entirely prevented) by diffused daylight, as well as by direct exposure
to the sun; but according to the discoveries made by G Toromex (III.), this
result is due to the chemically active hight rays alone. Toromer (IV ) likewisc
found that the discharge of strong electric sparks at a shorti distance above the
surface of the liquid also restricts development,.

F1g, 88.—DBacterium Pasteurlannm,

§ 212.—The Equation of Acetic Fermentation.

For a long time no clear perception was obtained of the mode of action of the
“ mother of vinegar.” True, it was known that the acetic acd is formed from the
a.lco:l;ol Ppresent, and also that acidification does not occur whon air 1s excluded,

~ -~



THE EQUATION OF ACETIC FERMENTATION 303

\but the reasons for these phenomena could not be given. The Arsf Rozier (I.)
concluded from his experiments that air is absoibed by the wine 1n process of
turning sour, but Lavoisrer (I.) afterwards shcwed that this is only true of one
of the constituents of the atmosphere, viz., oxygen. He stated that * acetic
fermentation 18 nothing more than the souring of wine, effected in the open air
by absorption of oxygen.” In 1821 Edmund Davy discovered platinum-black, a
substance which, when moistened with spirits of wine, becomes white-hot, the
formation of acetic acid being evidenced by the odour evolved. This observation
was followed up by DéBeREINER (I ), who found that, in this reaction, the alcoho)

\z
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Fio 89 —Buaeterium neeti

Long threads, Culture twenty-four honrs old in ‘‘doppel-bler” at 40°—40.5° C  In several places the
breadth of the threads is cxaggerated Magn. 1000 (A/ter Hunsen)

takes up oxygen—water and acetic acid, but no carbon dioxide, being formed
By observing the volume of oxygen consumed by a weighed quantity of alcohol,
he arrived at the following equation for this oxidation process:—

CyH,0, + 40 = C,H,0, + 2HO

which, translated from the symbolical language of equivalent formulw to that of
atomic formulsm, reads as follows

('._,H(,O + 03 = OQH,;Oo_l + H-_qo-

Hence, Doberemer concluded that, for the production of acetic acid, only three
substances are required alcohol, oxygen, and a body capable of absorbing and
condensing the latter, and thus bringing 1t into more intimate contact with the
first named, whereupon the reaction ensues.

The above experiment of Doberemner’s was taken by chemists as a starting-
pont in attempts at elucidating the phenomenon of acetic fermentation. The
mtermediary part played by the “mother of vinegar” in the souring of wine

was ®bvious, sInce 1tywas well known that withoul this ¢ mother ” no conversion
. [
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oceurred. Nevertheless, more than one opinion was rife as to the mode of actior
of this mucinous skin.

Berzelius, in 1829, on the basis of his theory of catalytic action, ascribed the
potency of this skin 1n acetic fermentation to the acetic acid “enclosed withir
1ts pores” Ten years later, and two years after the appearance of Kitmng’
work—which, being out of harmony with the spirit of the age, was consequentl:
disregarded—Liebig published his theory of acetic fermentation, in which the
“mother of vinegar ” was classed along
mde platimum-black, their mode o
action bemng defined as 1dentical an:
of a purely chemical nature

Owing to the endeavours of Pas
teur, the theory promulgated by Kut
zing was experimentally shown to b
correct, and the true mmport of th
vinegar-mother once more recognisec
It would, however, be going too far t
also credit the French physiologist wit
having recognised acetic fermentatio
as a purely physiological process; fo
—remarkable ag it may now appesa
to us—DPasteur, with his follower
stopped half-way and defined the vine
gar fungus as “ acting after the manne
of spongy platinum.” He characterise
the slan-like zooglma of the fissio
fungus 1n question as * vegetations er
dowed with the remarkable peculiarit
of retaining the oxygen of the air an
condensing 1t after the manner «
spongy platinum, by mducng the con
bustion of aleohol and acetac acid.” W
vox Kwigrrzm and Ap. Maver (I
share the credit of having convineing]
proved, 1 1873, that the oxidation «
. alcohol by means of platinum-blac

F16 go —Bactortum acetl cannot be classed along with the fe:
Fllamentous cells of unusual form from cultures n}entat.mn set up by the * mother «

(several days old) on wort and on* doppal-bler® vinegar.”  Platinum - black oxidis

at 30'-41° C. Magn. 1000, (dfter Hamsen)  both concentrated and dilute alcohc

whereas, according to the experient
of vinegar-makers, acetic fermentation cannot proceed in presence of mol
than 14 per cent. of alcohol Moreover, with regard to temperature, highl
important differences—touching the very existence of jthe question—as
observed. Thus, whereas acetic fermentation proceeds most satwsfactorly ¢
about 35° 0. and is arrested altogether at 40° C., the energy of the oxidatio
effected by platinum-black (starting at 35° O.) inoreases as the temperatw
rises, and may become so violent that the alcohol 1gnites explosively and burr
away to water and carbon dioxide. Hence the composition of the (by no meax
uniform) oxidation products thus formed differs greatly from those obtaine
from acetic fermentation.

This latter process, whose purely physiologieal nature was placed beyor
doubt by th ese investigations, was examined more minutely by A. J, Browx (111
mn Ir886. Mfanwhile, Hansen’s discovery of the existence of»at least two speei

~
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of acetic acid bacteria considerably enlarged the field of research, since thence-
forward ‘“acetic fermentation” could no longer be spoken of without coupling
with it the name of the organism by which it was caused. The species forming
the subject of Brown’s researches was obtained by him from sour (acetic) beer,
and was called Baoterium _aceti, though not identical with Hansen’s species
bearing the same name. Pasteur’s discovery that the * acetic acid bacteria
first convert alcohol into acetic acid, and then burn the latter to carbon dioxide
and water, was also made by Brown i connection with his B. aceti, bul he did
not instibute any closer examination (more particularly m connection with the
ratio of transformation) on this point, so that this theoretically and practically
most 1mportant question has still to be investigated.

Methyl aleohol, 180butyl alcohol, and amyl aleohol are not attacked by Brown's
B. acetr, but normal propyl alechol is oxidised to propionic acid. If the nutrient
medium (yeast-water) contains dextrose but no aleohol, then gluconic acid is
formed, a fact alrendy established by Boutrovx (I.) in 1880, 1n connection with
another species of bacterium (of questionable purity). Saccharose, lactose, and
starch remain unaltered, but manmnite is converted into lmvulose, which then
remaing unchanged. Dulcite is unaffected, whilst glycol is converted into
glycollic acid. The behaviour of Bacterium xylinwm is approximately the same
agm the organism just described. The extensive mueinous envelopes, consisting
of cellulose, are produced when the nutrient solution contains dextrose, levulose,
or mannite; whilst, on the other hand, cane-sugar and starch are useless for
this purpose.

‘We are mndebted to G. BmrTrAND (I.) for a beautiful experiment with a
fission fungus, not accurately identified, but presumably very clogely allied to
Bacterium wylimum. Mountain-ash berries, 4.6, the fruit of Sordus aucuparia, S.
intermedia, and S. lafyfolis, contain, in addition to glucose, an aleohol isomeric with
mannite, viz.,, Sorbitol (O,H, O,). If now the juice of these berries be subjected
to alecoholic fermentation (which sets in rapidly and spontaneously), the glucose
is decomposed, but not the sorbitol, this latter only bemng attacked when the
above-mentioned fission fungus obtnins access into the fermented liquid, which
it does through the mediation of & small red fly (Drosophsle funebrs, Fabricius,
D, cellaris, Macquart), known to all fermentation technicists as the ¢ vinegar-
fly,” This mnsect haunts places where alecoholic juices (especially fermented fruit-
juices) are being stored and converted into vinegar, and there loads itself with
acetic acid bacteria, which 1t then transfers to other localities. The bacterium
introduced by these flies into the fermented juice of the mountain-ash berry
oxidises the hexavalent alcohol sorbitol to the ketiose sorbin (also known as
sorbinose or sorbose), according to the equation—

CgHy0g + O = OgHy40, + H,0.

This affords a convenient method for the production of sorbose,

‘With regard to the fermentative capacity of B. acet: Hansen, and B, Pasteur-
ianum, the author, 1n 1895, published comparative investigations, showing that
a sowing of the first-named species on pale lager-beer 1s able to develop and
exert a powerful acidifying effect at 4°-4 5° U ; whereas B. Pasteurianum is

unable to do thig, or to reproduce 1tself at all, even at 4.5°-5° C. .

§ 218.—Pure Culture Ferments in the Manufacture of Vinegar.

Searching investigations into the chemieal activity of the different species of
acetic acid bacteria would be not only opportune 1n the interests of science, but
rlso dughly important to the practice of the vinegar industry. In this business

1
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the employment of selected pure culture ferments 18 not yet regarded as & funda-
mental rule, everything being still left to the mercy of chance.
Ag every reader will be aware, there are two different methods of making
vinegar. In one of them wine forms the raw material, this method being
known as the Orleans process, from having long been extensively carried on in
that localityw” There (as elsewhere) the work is still performed in the same
manner a8 1t wag centuries ago, as follows —A number of oaken casks, each of a
capacity of some 55 gallons, are arranged in rows 10 a chamber maintamned at a
constant temperature of 18°to 22° 0 In the upper part of the front end (head,
of each cask & circular aperture (a few cm. 1 width) 18 provided, through which
the cask can be filled or emptied, and which 18 generally kept closed, whilst near
1t i8 & very small hole (vent) always left open for the admismon of awr. Ir
normal work each cask 18 about half full. Before setting a new cask in work
1t is scalded out several times with steam or hot water, in order to extract the
sap from the wood, and 1s then ‘““soured ” by 1mpregnating 1t with good, boiling
hot vinegar. About 1 hl (22 galls.) of good clear vinegar and 2 1. (0 44 gall.
of wine are then placed 1n the cask, another 3 1. of wine being added at the enc
of eight days, 4 to 5 L. more after the lapse of another week, and so on untal the
cask contains about 180—200 1. (40-44 galls.) Then, for the first time, vinega.
is drawn from the cask, and m such quantity that about 22 galls are lef
behind m the vessel. From that time the cask (* mother”) is in continuou
use, 10 htres (2.2 galls.) of vmegar being withdrawn every week and replace:
by an equal quantity of wine. The “ mother” cagks may remamn in work durm,
81 or eight years wathout mnterruption, hut at the end of this period they wil
contain such a considerable accumulation of deposited yeast, tartar and mothe
of vinegar, as to necessitate their bemg emptied and cleansed. A skin, know
a8 vinegar-flowers or mother of vinegar, and composed of acetic acid bacteris
develops on the surface of the hquid, and the manner and luxurance of 1t
growth enables the operator to judge the progress of the fermentation. How
ever, at the outset the growth proceeds very slowly, since the wine employe
mostly contains but very few of these bacteria, Consequently an opportunit
ig afforded for the development of rapid-growing injurious orgamsms, chiefl
certain budding fungi, which consume the acetic acid. The agrobie * vinege
eals” also make their appearance To obviate this source of 103?,; PasreUR (XV.
in 1862, proposed that, nstead of waiting until the acetic acid bacteria in tk
wine had increased sufficiently to form s protective skin of ¢ vinegar-flowers
the necessary ferment should be cultivated i small vessels, the skin thr
obtained being then carefully transferred i pieces of sufficent mize, by the a
of a wooden spatula, on to the surface of the wine to be soured, which w:
placed in shallow open vats. This process was adopted by Breton-Lorion !
Orleans, 1 particular, and would be sutable for general apphication if t
presence of not more than one species of acetic ferment could be thereby ensure
This, however, is not the case, and 1t is purely a matter of chance whether tl
skin prepared by cultivation beforehand is composed of beneficial or 1njurior
orgamisms, According to circumstances, there may be present several ve
different species with divergent properties, faculties, conditions of wvitahity a1
metabolic products. =By reason of this uncertainty alone, the Pasteur method
hable to produce very irregular results, and may, on occasion, actually give ri
to losses; and, as a matter of fact, 1t 18 just on this account that the method h
been abandoned both in France and Germany, where it was introduced
E. Wuru (I). Up to the present it does not appear that any one has attempt
to work with really pure cultures. v
. In the second method actually employed for making vinegar, spirit is us
instead of wine, This method has been evolved from that<orginally prescdib

I
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i by Hermann Boerhave, and has attained its present condition (since 1823) mainly
%through the instrumentality of Karl Schuzenbach, The French term it the
¢ German method,” but in Germany it is geuerally known as the “ quick vinegar
method ” (Sohnellessrg-Fabrikation). A detailed description cannot be given here,
but the gist of the process consists in slowly running the “goods” (2 6. spirit
diluted with vinegar) to be turned into vinegar over shavings or strips of beech-
wood contained in & closed vat (the vinegar-generator), so that the liqwid presents
a large surface to the air, which 18 admitted through special ventilating holes
below and makes 1ts escape at the top. That the fermentative activity of micro-
orgamsms also comes into play in this method can no longer be doubted since
the searching investigations of Pasteur, which were confirmed (on repetition) by
Mayer and Knieriem. Pasteur showed that no acidification takes place if the
aloohol be allowed to trickle over shavings destitute of fungi. He assumed that
the organism taking part in the quick vinegar process is the same as that forming
the superficial skin in the Orleans method, the fungus being supposed to settle
on the shavings in the vinegar-generator and convert the slowly running vinegar
goods mto acetic acid.” Up to the present no precise investigations on the bacteria
acting in this branch of industry have been made public. This highly necessitous
industry has, more perhaps than any other, to struggle aganst a variety of
difficulties; the actual losses of alecohol are enormous, and no one is able to offer
any reliable explanation of their cause. The introduction and ntelligent use of
guitable pure culture ferments would be a great boon. How much still remains
to be done and ascertained in this instance can be estimated by a comparative
glance at the conduct of fermentation 1n the operation of brewing. Not least
among the advantages to be derived from such a method of working—iwhich we
may hope will soon be elaborated—would be the possibility (not afforded by the
present method) of combating the *vinegar eels.” With regard to these
objectionable parasmites, 1t may be mentioned that detailed morphological and
physiological information concerning Anguillula acetr will be found both n
Ozernat’s monograph (excerpts from which are contained in Borgmann’s trane-
lation of Pasteur’s Etudes sur le Vinawgre) and 1n a treatise by G. Linoyar (1.),
which latter work chiefly deals with the pathogenic potency of these worms. As
SapuBECK (I.) has found, these parasites are occasionally themselves infested and
killed by a fungoid parasite belonging to the group of Oomycetes (mentioned in
the second volume), and known as Pythium dnyuliule acets.



CHAPTER XXXVIII
THE OXYDASES.
§ 214,—The Browning of Wines.

IN addition to the purely chemical absorption or fixation of oxygen (e.g. in th
conversion of 8O, into 80,), on the one hand, and the oxidation effected direct]
by the vital activity of micro-organisms on the ofher, there is a third method «
transferring this gas, viz., by the action of enzymes, to which the name oxydase
proposed for them by Weigert, may be generally applied. How many kinds «
oxydases exist is a matter for future research to determine. At the preser
time the subject is merely in an incipient stage, though the commencemer
made is a highly promising one, and has already led to the explanation «
several phehomena which only a short fime back were regarded as extreme
puzzling,

One of these is the so-called * browning” of wines, known in France :
“la oasss,” ‘le cassage,” or * cassurs” (Ger. Rakn-Werden or Braunwerden
This occurs chiefly 1n white wines and was for a long time classed along with tl
malady known as loss of colour in (red) wines. In France attention was fir
directed to ita distinct character by ArM. GAUTIER (L) 1n 1878, but in Germar
this was known at an earlier date. The most important characteristic of *w
oassé” is the rapid change of colour undergone by the wine as soon as 1t 18 pour
out of the cask or bottle mmto an open glass, the colour of the upper laye
{exposed to the air) of the hitherto pale iquid becoming darker, and finally (
the course of a few hours) becoming brown. This coloration also gradually pr
gresses 1n the deeper layers, and, at the same time, the flavour becomes unpleasa
(air taste). Turbidity then ensues, but disappears in proportion as a fine da
brown pulverulent sediment setties down., The hiquid 18 now (three to fo
hours after the commencement of the experiment) again bright, though dark
in shade than when newly drawn from the cask. The taste has also improv
again, without, however, being equal to what it was at first.

In view of the fact (indubitably proved by Nessler's experiments) th
this malady only occurs when air 18 admitted, 1t was regarded as an oxic
tion process, without any more precise acceptable explanation being forthcomir
After Gautier had presumed, and A. BourrarD (I.) 1n 1894 had demied, t
probabulity of bacterial activity in this phenomenon, it was shown by
Gouznaxno (L) that we have here to do with the action of an enzyme which ple
the part of a carrier of oxygen. He isolated the same (though not mn a pt
state) from browned (white and red) wines, and produced therewith the sal
malady in previously sterilised sound wines. This enzyme must probably be
gerded as acting by the absorption of atmospheric oxygen, which 1t then gives
again, not only to the colouring-matter in the wine, but also to the tannin, a
thus converting them 1nto insoluble dark-coloured compounds. It 18 o be hog
that, ere long, this matter will have been made clear by further investigation

It is found by experience that the wines obtained m wet autumns fr
rotten grapes, as also those affected with “sweet-rot” (Edelfaule; pourri
noble), and such as are poor in acid, are subject to this malady with compargb
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frequency. Nessler made searching investigations into the means of combating
this complaint in practical viticulture. The most important result obtained
was the discovery that the browning of wine can be prevented by thoroughly
furmgating the casks with 1-2 grams of sulphur per hectolitre—z2 galls, or
3.53 cubic feet—of cask-room before use, the malady being found, in Nessler's
experiments, not to ensue when the wine contammed a mimmum quantity of
0.003 per mil. of 80,. According to the researches of Gouirand, this enzyme is
destroyed by a temperature of 80° U, 60° O. being apparently insufficiently
reliable for this purpose. MULLER-TEURGAU (VI.) made the discovery, im-
portant in cellar management, that the tendency of wine to turn brown could
be prevented by Pasteurisation, i.e keeping 1t for some time at a temperature
of 60°-62° O., which it will endure without acquiring the so-called ‘ boied”
taste.

The acquisition of a more accurate characterisation of the enzyme, and the
consequent possibility of distinguishing it from other oxydases, is demrable, this
being a necessary prehminary to the elucidation of its origm. Possibly the
enzyme is not formed anterior to fermentation, but, on the other hand, its
presence 1n the grapes themselves and in the must 1s not absolutely precluded.
V. MarrNanD (I.) has actually found oxidising enzymes 1n wine-must on many
occasions. The elucidation of the conditions under which browning may be
oaused in wines is a subject requiring further investigation, the question
whether the presence of special metabolic produets is essential, or whether the
oxydase here concerned differs from those observed by Martinand, being still
unsolved. Moreover, it appears from the discoveries of this observer that, in
the maturing of wine, the alterations of flavour occurring—and which may be
accelerated by the mnfluence of oxidimng agents (ozone, the electric current)—
are, under natural conditions, brought about by the agency of oxydases which
still require closer 1dentification. The same applies to the darkening of the
colour of wine during storage. According to G. Toromex (V.), oxydases are
also produced by the wine-yeasts Saccharomyces apiowlatus and Sacch. ellp-
sotdeus.

§ 215.—The Rapid Discoloration of Fresh Vegetable Juices

is in many cases attributable to the action of oxydases. Technical interest
mn the discoveries made on this point 18 chiefly centred in the researches of
G. BerreAND (II ) on Japanese lacquer, that lustrous and extremely durable
varnish employed i Eastern Asia for coating wooden furniture and mmilar
articles. By making incisions in the bark of the mdigenous Rhus vernioifera—a
tree of the family Anacardiacers and closely allied to the European garden-tree
Rhus ootvnus (Venice sumach)—a juice 18 obtained which, on admixture with the
oil from Bignoniw tomentosa and (for red lacquer) vermulion, yields the lacquer
in question. This juice reserbles a thick pale cream and will keep unchanged
for a long time 1f stored 1n closed bottles, but quickly turns brown when air 18
admitted, becoming covered in a few minutes with a tough black skin, and
finally hardening—this bemg, 1n fact, the property for which 1t 1s so highly
prized. That a process of oxidation 1s here in question cannot be doubted.
The constituent thus converted has been 1solated by Bertrand under the name
of laccol, and recognised as a compound allied to the polyatomic phenols, and
capable of producing extremely violent reddening and mflammation of the gkin
if applied 1n even very minute quantities. The juice also contains an oxydase,
named by Bertrand laccase, by the known oxygen-carrying powers of which the
Inccol is rapidly converted into a hard, black oxy-compound, 1nsoluble 1n water,
alcohol, &e. This product 18 not obtaned in the absence of the enzyme, only a
resiwous soluBle gregse, that remains sticky for a long time, bemng obtained un.der
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such circumstances, In addition to laccol, other polyatomic phenols (pyrogallol,
hydroquinone, &c.) and their acid derivatives (e.g. gallic acid and tanmm) are
quickly oxidised by laccase in presence of air, According to the further dis-
coveries of BERTRAND (TIL), the polyphenols containing at least two groups of
OH or NH, (either in the ortho- or in the para-position) are also easily and
readily oxidised by this oxydase.

This interesting discovery gave an impulse to the elucidation of several other
phenomena interesting both to the food-stuff chemist and the agriculturist. It
is well known that the freshly broken or cut surfaces of raw apples rapidly
become discoloured on exposure to the air, at first turning reddish and then
becoming brown. This is the cause of the ugly colour of expressed apple-must,
Housewives skilled in cookery are aware that this alteration of colour does not
ensue if the cellular structure of this fruit is preserved unbroken until after the
apple has been boiled. L. Lmper (I.) 1n 1893 explained this discoloration as
resulting from the action of an enzyme, to which he subsequently gave the name
of laccase—without, however, implying the identity of this with the oxydase of
the lac-tree. The name of malase would probably be more suitable for this apple
enzyme, In the case of apple-jmce also, oxygen is carried by the enzyme to the
tannin, and thus dark-coloured oxy-compounds are produced, which are pre-
cipifated on the cell walls as a fast, permanent dye. The spotting of sound
apple§ under the rind, the so-called brown spotting, is explainable in the same
manner. So long as the structure of the cell remains perfectly intact, the
atmospherie oxygen cannot obtain access to the enzyme (in the plasma) or to the
tannin. As soon, however, as by mechanical action (e.g. the dropping of the
apple from the tree, pressure 1n packing or transit, &ec.) any of the cells become
ruptured, then an opportumty is afforded the oxygen to act on the now exposed
constituents of the plasma. If the rmnd of the fruit remeains uninjured, the air
gawns admssion to the interior merely through the mtracellular spaces alone, and,
m such event, will produce only a fant reaction and shght discoloration
‘Whether, as assumed by Lindet, the enzyme and tannin are contained in separate
cells (i.e. dwstinet from each other), is a question still requiring more accurate
research on the part of the botanist to decide.

The darkening of beet-juice, or the rapid discoloration of the fresh slices of
beet in the sugar-works evidenced even when cutting-tools devoid of iron are
employed, is equally attributeble to the action of an oxydase present 1n the sugar-
beet. Thig was discovered by G. Berreanp (IV.), and received the name of
Tyrosinage, because it carries atmospherc oxygen to the tyrosne—well knowr
to be abundantly present in the cells of the sugar-best—and thus produces the
discoloration in question, On the other hand, laccase has no effect on the said
amido-compound. Apart from this property, tyrosmnase 1s also characterised by
1ts greater susceptibility both to heat and chemical influences. It occursin other
plants, e.g. the bulbs of the dahlia (Dahliz wvariabilis) According to the
researches of G. BmrtRAND (V.), oxidising enzymes are also found in other
plants, e.g. inthe carrot ; the tubers of the potato (which, as is well known.
rapidly become discoloured when cut in an uncooked state); m the pear, quinee
and chestnut; in the sprouts of asparagus, clover, lucerne, and rye-grass; 1v
the leaves of the potato, sugar-beet, &e. For detecting this class of enzymes
Bertrand recommends the employment of guaiacum tineture, which produces
therewith a blue coloration when dabbed or poured on to the cut surface or juice
under examination. To isolate these enzymes the plant jmece is mixed with
alcohol, the resulting precipitate being dissolved in a httle water and filfered
On pouring the filtrate into five volumes of aleohol, a precipitate consisting of the
desired enzyme will be formed.

;]Zhe so-called rusting or tarnishing of many of the agarics, @6 the raic

~
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discoloration of freshly broken or cut surfaces in the body of the fungus, is well

%known. The bluing of two of these, which he styled Bqlatus luridus and
Agaricus sanguineus (%), was explained by Om. Soménsnmy (L) in 1856, by stating
that these fungi contain & resmous substance soluble m aleohol (the above-
mentioned reaction with guamcum tincture will be remembered 1, u.nd.becommg
converted into a blue oxy-compound when brought intp contact .w1th ozone,
The formation of this latter from the oxygen of the air is accomplished by the
activity of another substance, also present in the fungi, and destructible by heat.
This active substance was subsequently (in 18g3) proved by E. BourQuELoT and
G BrrrranD (1) to be an oxydage, and was detected by them 1m 59 out of 107
8pecies examined - e.g. in 18 species of the genera Russula and Lactarius,
Io spectes of the genus Boletus, 2 species of the genus Amanita, &e. According
to the researches of BourqQuELOT and BERTBAND (I1.), the enzyme giving rise to
the bluing of Boletus cyanescens is similar to laccase; but another oxydase,
cauging the freshly fractured surfaces of Russula nigricans to first turn red and
finally become black, is certainly different. .

G. Toromur (VL) discovered 1n ripe olives an oxydase which he ca.llqd olease.
In many parts of Italy 1t is customary to allow the olives, before pubting t}aem
through the press, to undergo a spontaneous decomposition, which is chiefly
effeoted by this olease, but has not yet been suffiorently investigated. This
enzyme also passes mnto the o1l prepa,re(g7 at temperatures below 70° C., and pre-
sumably continues to convey oxygen gradually thereto as well, oleic acid, acetic
acid, sebacic acid, dc., bemng formed. ]

Avother phenomenon not yet accurately known (but possibly also attributable
to enzymatic activity) will now be considered, since otherwise no convenient
opportunity would offer, and that 1g

§ 216.—The Bittering of Wine.

This malady makes its appearance in many districts, such as the French Jura
(Burgundy wine), the Ahr valley (Rheinland), Voslau near Vienna, and Sicily
(Vino del Faro di Messina), with comparative frequency, and almost exclusively
affects red wines. The commencement of the dsease is evidenced by & reduction
in the aaid content, the wine becomng apparently sweeter again (French cellar-
masters say “le vin douowmns”) By degrees the hiquid turns paler, and is finally
decolorised completely, the colouring-matter being deposited as an insoluble
sedument or covering the walls of the bottle as with a skin, Concurrently, the
wine develops a strange odour and a bitter after-taste, which finally becomes so
strong as to render the hquid undrinkable. This malady first makes itself
apparent in the second or third year of storage, and oftentimes not before the
wine 18 bottled for maturing,

Respecting the cause of this incurable disease of wine, nothing reliable can
88 yet be stated. Pastmur (XVI.) attributed it to the activity of a rod-shaped
fission fungus, without, however, being able to throw any further light on the
matter. The bacteria found in large numbers in bitter wine are for the most
part covered with flakes and fragments of the precipitated brownish red colouring-
matter, and hence very often assume remarkable shapes, They may be freed
from these incrustations by the addition of a droplet of a sclvent mixture of
alcohol and tartaric acid to the preperation. R. ADEREOLD (I.) unsuccessfully
attempted to prepare pure cultures of the organism suspected of causing this
malady, but PERRONOITO and MAGGIORA (L) were able to artificially induce the
complaint in gound wines by moculating them with a bouillon culture of
microbes discovered in bitter wine; the infection, however, succeeding only in
sucl samples fls confained less than 8.5 per cent. of alcohol, The.attempts.at
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noculation made by E. Kramer with a bittered white wine from the province of
Kustenland (Austria) did not prove satisfactory. At present, uncertainty pre-
vaile not only with regard to the organism causing this complaint and the
external conditions influencing its development, but also as to the nature of the
bitter principle itself. The opimion expressed by Mulder, that atric ether ismn
question, was refuted by C. NeuBaUER (I ), who proved that this (still ununvest:-
gated) bitter principle 18 a compound that 18 not volatilised by boiling the wine,
From experiments made by J. Berscr (I.), it 1s permissible to conclude that the
tannin present is decomposed and consumed by the organisms here in question.
This observation would suffice to explain the fact mentioned at the commence-
ment of thig paragraph, that bittering is almost exclusively confined to red wines,
these containing, as 18 well known, a somewhat large amount of tannin absorbed
from the skins and kernels of the grape during the primary fermentation.

It may be useful to casually mention, in conclusion, that the bittering of
alcoholic beverages, beer in particular, may also be occasioned by higher fungi
(yeasts). Fuller particulars will be found in a subsequent chapter in the second
volume, dealing with Saccharomyces Pastorianus, and to which the reader is
hereby referred.
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