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PREFACE.

THE author’s first work, dealing amongst other matters with the
analyses of brewing materials and products, was published sixteen
years ago, entitled Notes on Brewing, being a collection of the
more important of his articles contributed during several years to
the Brewers’ Guardian. Since that time it has been his occasional
occupation to write articles on brewing for one of the trade
journals and to carry out analytical work for several large
brewing concerns. To this it may be added that for the past
eighteen years he has been daily employed in conducting practical
brewing and malting operations on an extensive scale, and can
therefore, with reason, claim to have a practical and scientific
knowledge of the subjects which his present work treats. So far
a8 he is aware, there are but two works dealing solely with
analyses relating to brewing—one having been published so far
back as 1884, and slightly revised some six years ago, the other,
more recent, being a drawn-up course of laboratory studies for
the special use of the students at the Birmingham University.
There can be hardly any doubt under these circumstances that
there is at present a want for an up-to-date work for the use of
brewers and brewing students, and it is to supply this want that
the author has published the present volume.

Of late years there has been considerable controversy amongst
brewers’ analysts as to the standardisation of analytical methods ;
and although nothing definite has so far been decided, the author
has borne the controversy in mind, and, in view thereof, has
endeavoured to steer clear of the same, and not vary the gener-
ally employed methods of analysis more than is consistent with
modern views, which have resulted in more accurate information
in the evaluation of brewing materials being obtained.

Details are given of the polarisation of light, a subject
neglected in all other works on brewing; particulars are also
given of the latest improvementsin the polarimeter. A chapter is
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vi . PREFACE

devoted to arsenical work, which is also of the greatest importance ;
whilst in the appendices is given a series of tables and typical
analyses which, it is believed, will prove extremely useful, par-
ticularly to those about to commence a laboratory course.

The author has left the consideration of the biological examina-
tion of water, malt, hops, and beer out of the part dealing with
methods of analysis, but has embodied the same in a separate
chapter on biological work, since an introduction to such a chapter
is necessary before a general idea of cause and effect in this
direction can be conveyed. Here will also be found particulars
of the microscope, the cultivation of single-cell yeast, the isolation
of bacteria, and other matters of general interest.

The author is indebted to Messrs Townsen & Mercer, 34
Camomile Street, London, E.C., and to Messrs Baird & Tatlock,
14 Cross Street, London, E.C., for the loan of blocks from which
numerous illustrations have been produced. The reader is
assumed to have a slight knowledge of theoretical chemistry, if
not of practical analytical methods, but the book is not intended
to replace any of the already numerous works on chemistry.
Finally, although the work is primarily intended for beginners,
it is anticipated that advanced students and qualified analysts
will find it useful as a work of reference. '

R. DOUGLAS BAILEY, F.CS., F.RM.S.

LoxNDoN, July 1907.
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THE BREWER’S ANALYST.

PART L

QUALITATIVE AND QUANTITATIVE ANALYSIS.

AvNaLvsis is broadly divided into two classes, qualitative and
quantitative, the former consisting in processes for detecting one
or more or the whole of the constituents of a substance, the latter
in separating out one or more or the whole of the constituents
either in a pure state or in the form of some new substance of
known composition, and accurately estimating the quantity of
the product or products.

There are two methods by which this may be performed, the
first being known as

GRAVIMETRIC,

that is to say, separating out the constituents by gravity in the
form of a precipitate, collecting and weighing the same; the
second method being known as

VOLUMETRIC,

consisting in submitting the substance to be estimated to certain
characteristic reactions, employing for such reaction solutions of
known strength, and from the volume of solution necessary for
the production of such reaction determining the weight of the
substance to be estimated by the aid of the known laws of
chemical equivalence. Both gravimetric and volumetric methods
are adopted in the analytical work described in subsequent pages,
and as the accuracy of both depend in the first place upon certain
principles, the employment of perfect thermometers, accurately
adjusted balances, weights, burettes, pipettes, measuring flasks,
etc., of definite capacity, and the use of certain forms of apparatus,
we may proceed at once to briefly consider the same.
1



2 THE BREWER'S ANALYST

1. The Bunsen burner (fig. 1) is generally employed in the
laboratory for heating purposes.

It is so constructed that the coal-gas, before being burnt, is
mixed with a proper proportion of air, which is drawn in through
holes at the lower part of the burner. The
flame is non-luminous, and is smaller than
the bright flame. It deposits no soot upon
a cool object. Its high temperature, non-
luminosity, and colourless appearance also
render it very valuable for producing flame
colorations, The burner is provided with
means for partly or entirely closing the

air-inlets when requisite. This
e, 18 usually effected by turning
round a loose perforated ring,
which is slipped over the holes.
Fre. 1. When the burner is to be used,
it is connected, by means of a
piece of tightly-fitting india-rubber tubing, about {’;ths of an
inch in internal diameter, with the tube which supplies gas to the
working bench. The gas-tap is then turned on, and in a few
seconds the gas is lighted. The flame should be almost colourless,
and give scarcely anylight.
When a small flame is used, the supply of air should be partly

Fic. 2.

shut off, else the flame is apt to recede and burn below. If this
should occur, the gas supply is stopped by pinching the rubber
tube, the supply of air is reduced, and the flame is then relighted.
The effect of partially or entirely closing the air-holes of the
burner should be learnt by experiment.

For diffusing heat aver a large surface, a small perforated metal
cap, called the rose-top (a, fig. 1), is placed upon the top of the
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burner. Ityieldsa circle of small lames, and thus diffuses the heat.
Other forms of the burner are shown in figs. 2 and 3.

In country laboratories, where gas is not obtainable, a very
convenient form of burner is that shown in fig. 4, which is automatic
in action and constructed for burning methylated spirit contained
in the reservoir.

2. The spirit-lamp is occasionally employed instead of the
gas or spirit burner ; but for general purposes it, or the methy-

Fi6. 3.

ated spirit burner, should only be employed when coal-gas cannot
be obtained.

The spirit-lamp (fig. 5) consists of a glass vessel containing
methylated spirit, into which dips a cotton wick supported by
means of a brass or stone-ware wick-holder. When the lamp is
not in use, the upper end of the wick should be covered with the
glass cap, to prevent evaporation of the spirit.

3. Glass tube or rod is cut by making a deep scratch with
the edge of a three-cornered file at the point to be cut. The
glass is then held with both hands, and a gentle pressure is
exerted upon the glass as if trying to break it across. If the
filemark has been made sufficiently deep, the glass will readily
break at this point. The sharp edges of a freshly-cut rod or
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tube should always be rounded by holding them in the Bunsen
flame or blowpipe flame until they are partly melted, or by
rubbing them with the face of a file.

-4. Glass tube is bent by holding it in the upper edge of
a common fish-tail gas-flame. The tube is constantly turned
slowly round on its axis, 8o as to heat all sides equally. As soon
as the glass is felt to be soft and pliable, it is quickly bent to
the required angle. The heated part must not be allowed to
touch anything until it is cold. It is then cleansed from soot
by means of a cloth.

A bend, if properly made, should be a curve, and should not

F1G. 6.

Fia. 4.

alter the bore of the tube. If a sharp angle is made, the bore
will be narrowed, and the bend, besides being unsightly, will be
very liable to break under a small strain.

Glass rod may be bent in the Bunsen flame or in the blow-
pipe flame.

5. The blowpipe is used for producing a small but very hot
flame. This is effected by blowing a fine stream of air through
an ordinary flame. The blowpipe (fig. 6) is held in the mouth,
and after the cheeks have been blown out to their full extent, the
air contained in them is forced out through the jet. This
produces a small-pointed, conical flame in the direction of the
blast. The chief difficulty in using the blowpipe properly is
experienced in maintaining the blast of air uninterrupted by the
respiration. The cheeks are kept inflated with air, so that the air
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may be forced through the blowpipe by the pressure of the
cheeks aloune, and not by the action of the lungs. Breathing is
carried on meanwhile through the nose; and the cheeks are
occasionally replenished with air from the lungs.

It is frequently necessary to have both hands free while the
blowpipe is being used. This may be secured by resting the jet
on the top of the burner.

A blowpipe which is fed with air from a foot-bellows (fig. 7),
or from a mechanical or water blower, is often indispensable for
maintaining a high temperature, or for extensive glass-working
or glass-blowing. .

6. Small Ignition Tubes.—A piece of hard glass tubing,

Fie. 7.

five inches long, is drawn out at its middle point by heating it
strongly in the blowpipe flame. While the tube is being heated,
it is constantly turned round upon its long axis, and when
softened, it is gradually drawn out by pulling its ends in
opposite directions. By heating the conical parts successively
in the blowpipe flame, the narrow tube may be drawn off, and
two small closed tubes obtained. If the closed end of the tube
is strongly heated in the blowpipe flame, and is then gently
blown into while it is red-hot, it may be expanded into a small
bulb.

Small test-tubes, three inches long by half an inch in diameter,
will also serve for ignition tubes (fig. 8).

7. Mounted Platinum Wires.—Two pieces of platinum wire,
each about two inches in length, should be fixed in glass handles
in the following way :—Draw out a piece of glass tube, five inches
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in length, at its middle point, and cut it across at the middle
of the narrow portion. Each piece of glass thus obtained serves
for the handle of a wire. Break off the narrow part of the tube
until it extends only about a quarter of an inch from the shoulder.
Insert the end of the platinum wire into this narrow opening ;
and hold the end of the tube in the blowpipe flame until the
glass melts and thickens around the wire, fixing it firmly
when cold. Then roll the free end of the wire round a stout
wire, 80 as to shape it into a loop about the eighth of an inch
across.

8. Glass Stirring-Rods.—Cut some glass rods into lengths
of three, six, and seven inches. Heat both ends of each of these
rods to redness in the blowpipe
flame, the rod being meanwhile
constantly turned round on its
long axis. The sharp edges are
thus removed. The end of the
rod must not be allowed to touch
anything until it is cool. If a
very thin glass rod is required,

oLK
TEONDONILYO

F1a. 8. Fic. 9. F1c. 10,

heat part of an ordinary rod in the blowpipe flame until it is soft,
then draw it out to the requisite degree of fineness.

9. Corks are bored by means of the cork-borer, which is a
brass or steel tube sharpened at one end. These are of various
gizes, one fitting into another (fig. 9). A borer is selected
of slightly less diameter than the glass tube which is to be
inserted into the cork. The cork is then pressed against a
woouden surface, and the perforation is made by gently pushing
the borer through it with a constant movement of rotation upon

its axis. =

N

N g
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A convenient mechanical contrivance for boring holes through
corks and rubber stoppers is shown (fig. 10), several borers of
different sizes being supplied which may be conveniently screwed
to the apparatus as required.

A slender round file is used for smoothing the interior of
the hole made by the cork-borer, and for slightly enlarging it.
Great care must be taken to leave the hole round in shape,
and not to enlarge it so much that the glass tubing, when
inserted, fits loosely. The cork-borer is sharpened by rubbing
the outer part of the edge obliquely with the face of a fine-
toothed file.

10. The Wash-bottle.—A thin, flat-bottomed conical flask,
about eighteen ounces in capacity, and with a neck about an inch
in diameter, is fitted as is shown in fig. 11.

Select a sound cork which is slightly too large to enter the
neck of the flask. Roll it backwards and for-
wards under the foot with gentle pressure. When
the cork has been thus softened, it must fit tightly
into the neck of the flask.

Two pieces of glass tubing, rather longer than
would be required for the tubes, are then bent
(4) into the form shown in fig. 11. Their ends
are cut off to the right length, and the sharp
edges are rounded (3).

Two parallel holes are then made in the cork
by weans of a cork-borer (9). The holes must
be somewhat smaller than the glass tubes, and may
be smoothed, and slightly enlarged, if necessary, by
the round file. Into these holes the tubes are then gently
pushed ; they must enter somewhat stiffly.

An india-rubber stopper iz much more durable than a cork
for this and for most other chemical purposes. It may be purchased
with two holes already made, or may be perforated by a sharp,
wetted cork-borer (9). Both the glass tubes and the sinside of the
holes should be well wetted before the tubes are inserted, since water
serves as a lubricant for glass against rubber. Before the fitting
of the flask is proceeded with, insert the cork with the tubes into
the neck. Close one tube with the finger, and blow down the
other tube. A leakage of air is, as a rule, easily detected ; but by
wetting the outside of the cork, the escape of air-bubbles becomes
visible.

If the cork is air-tight, fit upon the long tube a piece of india-
rubber tubing about an inch in length. Into the other end

Fic. 11.



8 THE BREWER'S ANALYST

of this rubber tube push a short jet, made by drawing out a
piece of glass tubing in the blowpipe flame. The neck of the
flask may then be bound round with twine like the handle of a
cricket bat, or tightly covered with a folded strip of rubber or
other material. This renders it possible to handle the wash-bottle
when it is hot.

The wash-bottle is now nearly filled with distilled water, and

is ready for use.
" Tap-water should not be kept in the wash-bottle. A fine stream
of water may be obtained from the jet by blowing down the
short tube. This stream serves for washing percipitates and for
other purposes. If a larger stream is required, the flask is in-
verted, when the water will flow out from the end of
the short tube, air entering meanwhile by the long
tube.

When hot water is required, the wash-bottle is
supported on a tripod stand upon a piece of coarse
iron-wire gauze, and is heated by the Bunsen flame,
or it may be placed on the water-bath (figs. 29, 30,
and 31).

It is preferable to have two wash-bottles, one as de-
scribed for hot water, the other of stronger build for
cold.

11. Cleaning Apparatus.—It is indispensable to
the success of an analyst that all glass and porcelain
apparatus should be scrupulously clean, and before
beginning to work, the student will do well to clean his
set of apparatus as directed below.

Test-tube Brush.—This brush is constantly used for
cleaning glass and porcelain apparatus. The piece of
sponge ordinarily fastened on the end of the brush does
not well adapt itself to the bottom of test-tubes and
boiling-tubes. A much more efficient end is given to the brush
by removing the sponge and bending back the end of the wire
stem sharply upon itself at a point just above where the hairs
commence (fig. 12).

Test-tubes, beakers, and porcelain dishes are washed in a stream
of tap-water, their surface being rubbed meanwhile by the test-
tube cleaner. If the brush fails to remove a stain, hot dilute
hydrochloric acid may be used. Sometimes it is necessary to
heat a little strong sulphuric or nitric acid in a vessel in order
to cleanse it. Hot caustic potash solution may be used to remove
grease. In fact, when removing a substance from a vessel to

Fia. 12,
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which it strongly adheres, it should be treated by a liquid in
which it is easily soluble. Each article, after it has been carefully
washed with tap-water, should be placed upside down in a wicker
basket to drain,

Apparatus should be washed as soon as possible after use,
since the surface is more difficult to clean after standing.

Test-tubes containing liquids are placed in a test-tube stand.
After being washed, they should be placed to drain mouth down-
wards in the wicker basket.

Platinum foil and wire are cleansed by boiling them in hydro-
chloric acid and rinsing off the acid with water. The wire should
then be strongly heated for some time in the blowpipe flame,
until, when wetted with pure, strong hydrochloric acid and held
in the Bunsen flame, it no longer persistently colours the
flame. If the tip of the wire cannot be cleansed in this
way, it should be cut off. Commercial platinum is sometimes

Fie. 18. Fie. 14,

alloyed with barium or some other metal which colours the flame.
Wire made from such platinum is useless for flame-coloration
tests.

Instead of cleaning platinum foil and wire immediately before
use, it is better to keep them in a small beaker containing
moderately strong hydrochldric acid. The platinum, when
removed from the acid and rinsed with water, will then usually
be sufficiently clean for use.

Before putting apparatus away, it should be made a rule
to wash all glass or porcelain which is not in actual use,
and place it in the wicker basket to drain. The basket is
then put away with its contents. Dirty apparatus should never
be kept in the basket. AIl iron apparatus should be carefully
dried, and must be kept in a dry place to prevent it from
rusting. Metal apparatus must never be put into the wicker
draining-basket.

12. Heating Porcelain and Glass. — The two follow-
ing rules must be attended to when either a glass or a
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porcelain vessel is being heated, in order to avoid the risk of
cracking it.

A vessel containing a liquid must never be heated by the flame
above the level of the liquid inside. A dry, hot vessel must be
allowed to cool before it is placed on a cool surface, and before
any liquid is poured into it.

Porcelasn dishes (fig. 13) are generally used for the purpose of
boiling or evaporating liquids. They are supported on a pipe-
clay triangle or wire-gauze placed upon a tripod or retort-stand.
They may be safely heated by a small naked flame.

Porcelain  crucibles (fig. 14) are used for containing solid
bodies which are to be strongly heated. They are supported in
the same way as porcelain dishes. The flame should not at first
be allowed to play steadily upon the bottom of the crucible so as
to heat it suddenly ; but the burner should be constantly moved
slightly from side to side until the porcelain is hot.  The
crucible should be allowed to cool slowly on the triangle before
being removed. The hot crucible and cover are handled by
means of the crucible tongs (fig. 15).

Glass vessels require to be heated more cautiously than those
made of porcelain. A large naked flame must never be allowed

to play for any length of time on one part of
the glass surface. In heating a test-tube or
boiling-tube, this local heating is prevented by
holding the tube obliquely with the lower part
in the flame, and either moving it gently up and
down, or constantly turning it round on its axis.
Small quantities of liquid may be boiled in a test-
tube; but for boiling larger quantities broader
boiling-tubes are better suited. The risk of burn-
ing the fingers by steam is avoided by bending
round the neck of the tube a strip of folded
paper, and pinching the ends of the strip together,
close to the tube.
Glass flasks are most safely heated by placing
Fic. 15. them upon a piece of coarse wire-gauze on a
tripod stand. In many laboratories a sand-bath
is employed; the flask may then be heated on the sand; it is
better still, however, to heat the flask by placing it on the
water-bath.

13. Thermometers are instruments for measuring tempera-
tures. Owing to the imperfections of our senses, we are unable
to measure temperature by the sensation of heat or cold which
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they produce in us, and for this reason recourse must be had to
the physical actions of heat on bodies. These actions are of
various kinds, but the expansion of bodies has been selected as
being the easiest to observe.

Liquids are best suited for the construction of thermometers—
the expansion of solids being too small, and that of gases too
great. Mercury and alcohol are the only liquids now commonly
used.

The mercury thermometer is the most extensively used. It
consists of a capillary glass tube, at the end of which is blown a
bulb—a cylindrical or spherical reservoir. Both the bulb and
a part of the stem are filled with mercury, and the expansion is
measured by a scale graduated either on the stem itself, or on a
frame to which it is or may be attached.

The coustruction of the thermometer comprises three opera-
tions : the calibration of the tube, or its divisions into parts of
equal capacity ; the introduction of the mercury into the reservoir ;
and the graduation.

Division of the Tuhe into Parts of Equal Capacity.—As the
indications of the thermometer are only correct when the
divisions of the scale correspond to equal expansions of the
mercury in the reservoir, the scale must be graduated, so as to
indicate parts of equal capacity in the tube. 1f the tube were
quite cylindrical, and the same diameter throughout, it would
only be necessary to divide it into equal lengths. But as the
diameter of glass tubes is usually greater at one end than
another, parts of equal capacity in the tube are represented by
unequal lengths of the scale. In order, therefore, to select a
tube of uniform calibre, a thread of mercury about an inch long
is introduced into the capillary tube, and moved in different
positions in the tube, care being taken to keep it at the same
temperature. If the thread is of the same length in every part
of the tube, it shows that the capacity is everywhere the same;
but if the thread occupies different lengths, the tube is rejected,
and another one sought.

Filling the Thermometer.—In order to fill the thermometer with
mercury, a small funnel is blown on at the top of the tube, and
is filled with mercury ; the tube is then slightly inclined, and the
air in the bulb is expanded by heating the bulb with a spirit-
lamp. The expanded air partially escapes by the funnel, and on
cooling, the air which remains contracts, and a portion of the
mercury passes into the bulb, The bulb is then again warmed,
and allowed to cool, a fresh quantity of mercury enters, and so on
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until the bulb and part of the tube are full of mercury. The
mercury is then heated to boiling—the mercurial vapours in
escaping carrying with them the air and moisture. The tube
being full of the expanded mercury and of mercurial vapour, is
then hermetically sealed at the open end, and when the thermo-
meter is again cooled, the mercury should fill the bulb and a
portion of the stem.

Graduation of the Thermometer.—The thermometer being filled,
it requires to be graduated, that is, to be provided with a scale to
which variations of temperature can be referred. And, first of
all, two points must be fixed which represent identical tempera-
tures and which can always be easily reproduced.

Experiment has shown that ice always melts at the same
temperature whatever be the degree of heat, and that distilled
water under the same pressure, and in a vessel of the same kind,
always boils at the same temperature. Consequently, for the
fixed point, or zero, the temperature of melting ice has been
taken ; and for a second fised point, the temperature of boiling
water in a metal vessel under the normal atmospheric pressure.
This interval of temperature, that is, the range from zero to the
boiling-point, is taken as the unit for comparing temperatures ;
just as a certain length, a foot for instance, is used as a basis for
comparing lengths.

Determination of the fized Points.—To obtain zero, snow or
pounded ice is placed in a vessel in the bottom of which there is
an aperture by which water may escape. The bulb or part of
the stem of the thermometer is immersed in this for about 15
minutes, and a mark is then made on the tube at the level of the
mercury and represents zero.

The second fixed point is determined by suspending the thermo-
meter in an apparatus designed so that water may be boiled and
the steam escape under ordinary atmospheric pressure. The
thermometer is thus surrounded with vapour, the mercury
expands, and when it has become stationary the point at which it
stops it marked. This is the point sought for.

The determination of the boiling-point of a centigrade thermo-
meter, viz. 100°, would seem to require that the height of the
barometer during the experiment should be 29:92 inches or 760
millimetres, for when the barometric height is greater or less
than this quantity, water boils either above or below 100° C.
But the point 100° C. may always be exactly obtained by making
a suitable correction. For every 27 millimetres’ difference in
height of the barometer, there is a difference in the boiling-point
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of 1 degree. If, for example, the height of the barometer is 778
—that is, 18 millimetres or two-thirds of 27, above 760—water
would boil at 100§. Consequently, 100§ would have to be
marked, on a centigrade thermometer, at the point at which the
mercury stops.

- Gay-Lussac observed that water boils at a somewhat higher
temperature in a glass than in a metal vessel; and as the
boiling-point is raised by any salts which are dissolved, it was
assumed to be necessary to use a metal vessel and distilled water
in fixing the boiling-point. Rudberg showed, however, that these
latter precautions are superfluous. The nature of the vessels and
salts dissolved in ordinary water influence the temperature of
boiling water but not that of the vapour which is formed. That
is to say, if the temperature of boiling water from any of the
above causes is higher than 100° C. the temperature of the
vapour does not exceed 100° C., provided the pressure is not
more than 760 millimetres. Consequently, the higher point
may be determined in a vessel of any material, provided the
thermometer is quite surrounded by vapour, and does not dip
in the water.

Even with distilled water, the bulb of the thermometer must
not dip in the liquid ; for it is only the upper layer that really
bas the temperature of 100° C., since the temperature increases
from layer to layer towards the bottom in consequence of
increased pressure.

Construction of the Scale—Just as the foot-rule which is
adopted as the unit of comparison for length is divided into a
number of equal divisions called inches, for the purpose of having
a smaller unit of comparison, so likewise the unit of comparison
of temperatures, the range from zero to the boiling-point, must
be divided into a number of parts of equal capacity called degrees.
On the Continent, and more especially in France, this space is
divided into 100 parts, and this division is called the Centigrade
or Celsius scale, the latter being the name of the inventor.

The degrees are designated by a small cipher placed a little
above, on the right of the number which marks the temperature,
and to indicate temperatures below zero the minus sign is placed
before them. Thus — 15° signifies 15 degrees below zero.

In accurate thermometers the scale is marked on the stem
itself. It cannot be displaced, and its length remains fixed, as
glass has very little expansibility. The graduation is effected by
covering the stem with a thin layer of wax, and then marking the
divisions of the scale, as well as the corresponding numbers, with
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a steel point. The thermometer is then exposed for about ten
minutes to the vapours of hydrofluoric acid, which attacks the
glass where the wax has been removed. The rest of the wax
is then removed, and the stem is found to be permanently
etched.

Besides the Centigrade scale, two others are frequently used—
Fahrenheit's scale and Réaumur’s scale.

In Réaumur’s scale the fixed points are the same as on the
Centigrade scale, but the distance between them is divided into
80 degrees instead of into 100. That is to say, 80 degrees
Réaumur are equal to 100 degrees Centigrade; 1 degree
Réaumur is equal to 18° or & of a degree Centigrade; and 1
degree Centigrade equals £% or $ degrees Réaumur. Con-
sequently, to convert any number of Réaumur’s degrees into
Centigrade degrees (20 for example), it is merely necessary to
multiply them by %{ (which gives 25). Similarly, Centigrade
degrees are converted into Réaumur by multiplying them by §.

The thermometric scale invented by Fahrenheit in 1714 is still
largely used in England and elsewhere. The higher fixed point is
like that of the other scales, the temperature of boiling water,
but the null point or zero is the temperature obtained by mixing
equal weights of sal-ammoniac and snow, and the interval between
the two points (the lowest then known) was thought to represent
absolute cold.

When Fahrenheit’s thermoumeter is placed in melting ice it
stands at 32 degrees, and therefore 100 degrees on the Centi-
grade scale are equal to 180 degrees on the Fahrenheit scale, aud
thus 1 degree Centigrade is equal to 2 of a degree Fahrenheit,
and inversely 1 degree Fahrenheit is equal to § of a degree
Centigrade.

If it be required to convert a certain number of Fahrenheit
degrees (95 for example) into Centigrade degrees, the number 32
must first be subtracted in order that the degrees may count
from the same part of the scale. The remainder in the example
is thus 63, and as 1 degree Fahrenheit is equal to 5 of a degree
Centigrade, 63 degrees are equal to 63 x 5 or 35 degrees Centi-
grade.

If F be the given temperature in Fahrenheit degrees and C the
corresponding temperature in Centigrade degrees, the former may
be converted into the latter by means of the formula

(F—32)g -G,
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and conversely, Centigrade degrees may be converted into Fahren-
heit by means of the formula

9 -
5C+32—F.

These formule are applicable to all temperatures of the two
scales, provided the signs are taken into account. Thus, to

convert the temperature of 5 degrees Fahrenheit into Centigrade
degrees, we have

5 —-2Tx5_
(5_32)§= TX2_ -1

In like manner we have, for converting Réaumur into Fahrenheit
degrees, the formula

gR+32=F,

and conversely, for changing Fahrenheit into Réaumur degrees

the formula
4
(F - 32) s =R

More briefly stated we have :—
°F. to °C., subtract 32, multiply by 5, and divide by 9.

°F.,, °R.,, ,, 32 " 4 " 9.
°R. ,, °F., multiply by 9, divide by 4, and add 32.

,R' ” °C‘) ” 5 ” 4-

.C‘ ” QR" ” 4 ” 5.

°C. ,, °F, " 9 ., b, and add 32.

14. Balances.—In a brewer’s laboratory, a pair of scales as
shown (fig. 16), and weights ranging from } oz. to 2 Ibs. (fig. 17)
will be found extremely useful, especially in weighing barley,
malt, hops, sugar, etc., where extreme accuracy is not needed.
It is absolutely essential, however, that the laboratory be equipped
with a really good light and delicate balance (fig. 18) to carry
100 grams and turn easily and quickly when loaded, with a
weight of one- or two-tenths of a milligram (figs. 19, 20). The
balance consists of a perfectly rigid metal beam suspended near
its centre of gravity on a fulcrum, the substance under comparison
being suspended from pivots placed at either extremity of the
beam, equidistant from and in the same horizontal line with the
fulcrum in the centre. The beam usually rests, by means of a
triangular piece of steel termed a knife-edge, on a plate of polished
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agate. At the beam-arms similar arrangements exist, the knife-
edge in each case being reversed and supporting an agate plate,
from which depends a hook, with wires attached to and supporting
each pan. A small metal vane is fixed on the exact centre of the

Fia. 16.

beam above the central knife-edge, which, by being turned to the

right or left, compensates any inequality in the weight of the arms

or pans; or, instead of a vane, a screw weight may be employed at

one end of the beam, the precise distance of which, from the

centre, may be adjusted as required. The movements of the
beaw are indicated by a vertical pointer
which oscillates before a small ivory
scale fixed to the base of the pillar.

A balance of this description serves for
weighing small quantities of substances
to be tested, many of which are hygro-
scopic and need to be weighed quickly
and with great accuracy. It also serves
for testing the accuracy of pipettes and

Fic. 17. burettes, and, in fact, for the prepara-
tion of standard and other solutions and
all gravimetric analyses, as mentioned in subsequent pages.

15. Weights and Weighing.—The weights most convenient
for use in chemical experiments are those based on the decimal
or metric system. A box of weights (fig. 19) ranging from 100
grams to a milligram is most useful and sufficient for all chemical
purposes. Since these weights are either multiples or sub-
multiples of ten, the weight of a substance is most conveniently
written down in the decimal notation. Thus a weight of 10
grams, 6 decigrams, 4 centigrams, and 3 milligrams, would be
written 10°643 grams.
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The larger weights are usually made of brass, the smaller
ones of platinum or aluminium (fig. 20). Instead of employing
the very small milligram weight, a wide “rider” (a piece of
platinum wire in the shape ), weighing 1 centigram, is gener-
ally used. This is suspended over the graduated scale along the
beam of the balance, the scale being graduated in ten divisions,
each of which corresponds to 1 milligram. The “rider” placed
on the extreme end or tenth division of the scale, immediately
over the axis of the pan, equals 1 centigram, or, what is the

F1a. 18.

same thing, 10 milligrams ; placed on the fifth division, it equals
but half this amount, and so on. Sometimes the arm of the
balance is divided into twelve divisions, in which case the rider
weighs 12 milligrams.  Each division, of course, then corre-
sponds to 1 milligram.

The following rules should be observed during the process of
weighing .—

(a) Place the substance on the left-hand pan of the balance
and the weights on the right.

(%) No substance must be placed directly on the scale-pan.

(c) Most substances can be weighed on a watch-glass or in a

2
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small dish, which has been previously weighed, or balanced by
means of a counterpoise.

(d) A non-volatile liquid is weighed in a balanced beaker or
dish ; a volatile liquid is weighed in a stoppered bottle.

F1c. 19.

(¢) The weights should not be handled by the fingers, but
should be lifted by a brass forceps.

(f) The weights should be placed on the pan in a systematic
manner. Commence with the heavier weights, and if they are
too heavy, take the lighter weights in succession until the correct
ones are found. This method attains the result more quickly
and certainly than a random selection of weights would do.

Fia. 20.

(9) Before placing a substance or weight on the balance,
always bring the beam to rest by means of the lever.

(k) A substance should be weighed while it is at the same
temperature as that of the room; if it is much colder or hotter
than the surrounding air, the body will appear heavier or lighter
than it should do.
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(f) The substance may be considered to be balanced by the
weights when the pointer swings through equal distances on
both sides of the central mark on the graduated ivory scale
fixed at the base of the pillar of the balance.

Occasionally the balance requires a careful removal of its
various parts for cleaning. The greatest care should be exer-
cised in this matter; the various parts should be placed on a
clean sheet of paper, carefully wiped with a chamois leather,
and returned to their positions. Weights may be cleansed in
the same manner, and on no account should they be scraped or
cleansed otherwise than in the manmer directed, excepting the
smaller weights, which, if of platinum, may be passed through a
smokeless Bunsen flame which will remove any organic matter
which may have become attached after prolonged use. The
smaller weights, however, are sometimes
made of aluminium, in which case they
must not be heated.

The balance case should never be left
open when out of use, shouid be closed
while ascertaining the final weight of any
substance by means of the rider, and
neither weights nor any substance should
be allowed to remain on the pans for any
length of time.

16. The desiccator usually employed Fro. 21.
in a laboratory consists of a glass dish of
the form shown in fig. 21. In the bottom of the vessel sulphuric
acid is placed, and over this is fitted a perforated tray of metal.
The rim of the vessel is smeared with grease or vaseline, so that
when it is covered by the lid the atmosphere is excluded. Upon
placing a substance to be cooled, such as a crucible containing
a calcined precipitate, on the perforated tray, and then fixing the
lid so a8 to render the vessel air-tight, the crucible and its
contents are, in time, cooled to the ordinary temperature, the
sulphuric acid at the bottom of the desiccator absorbing the
moisture. Substances should not be weighed until quite cold.
Should tbey have been previously heated, they would, in the
ordinary way, have to be exposed for a long period to the atmos-
phere in order to become cold ; and since all bodies, on cooling,
attract moisture to their surfaces in varying degree, their weight
by reason of this becomes augmented. This applies with greater
force to bodies which cool but slowly and to them that readily
absorb moisture, so that the use of a desiccator becomes obvious.
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Fused chloride of calcium is sometimes employed as a desiccating
agent in place of sulphuric acid. For the interior of the balance,
calcium chloride is preferable, since, should sulphuric acid be here
employed and be accidentally spilt, it would ruin the balance,
whereas the spilling of calcium chloride might do but little damage.
Calcium chloride is not, however, so good a desiccating agent as

sulphuric acid, and should not
a b be employed, on this account,
H 4 in the ordinary desiccator.
: % 17. Burettes. — These in-
£ struments are used for the de-
g livery of accurately measured
quantities of any particular
standard or other solution.
They invariably consist of a
long glass tube of even bore,
througbout the length of
which are engraved certain
divisions corresponding to a
known volume of fluid.

They may be obtained in a
great many forms under the
names of their respective in-
ventors, such as Mohr, Gay-
Lussac, Binks, etc. The Mohr
burette, with india-rubber tube
and metal spring clip (fig.
v 22, a), is preferred to any
other, being simple, the
quantity of fluid to be de-
livered being regulated to a
nicety by the pressure of the thumb and finger on the clip, and
the instrument not being held in the hand, there is no chance of
increasing the bulk of the fluid by the heat of the body, and thus
leading to incorrect measurement. There is, however, a great
drawback to this instrument, viz., it cannot be used for per-
manganate in consequence of its india-rubber tube, which decom-
poses the solution ; nor can it be used for iodine or strong alkaline
solutions. In such instances it is therefore preferable to employ
a burette of the same kind, only fitted with a glass stop-cock,
as is shown (fig. 22, 3).

These instruments are usually of a capacity to hold 100 c.c. or
50 c.c., and graduated in tenths of a c.c.
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The burette is filled with liquid from the top, the lower end
being closed. A little of the liquid is allowed to flow out through
the rubber tube or tap, in order to sweep out air-bubbles. The
liquid is then allowed to gradually flow out until the curved
under surface, called the meniscus, just reaches the zero graduation
near the top of the burette. The appearance of the meniscus is
shown in fig. 23. The volume of liquid shown in this figure
would be read as 32 c.c.

‘When the burette is being used, the volume of liquid is read,
and the stop-cock is then opened. When the requisite quantity
of liquid has flowed out, the reading is again taken. The differ-
ence between the two readings will
give the volume of the liquid which
has flowed from the burette. A
light glass float known as Erdmann’s
float (fig. 24) is sometimes used to
facilitate the reading of the liquid
volume.

The float consists of an elongated
closed glass bulb containing a small
quantity of mercury, and having a
diameter slightly less than that of
the burette; round this bulb is d
etched a regular line. The position \
of this line is read off on the burette. a b

In titrating hot or boiling solu- gy 23,  Fie. 24. Fic. 25
tions, the burette should not be
arranged directly over the utensil containing the hot liquid, since
the burette would be heated and an incorrect reading obtained.
It is advisable in such instances to attach to the end of the
burette, by means of rubber tubing, a piece of bent glass tubing,
so that the heat evolved does not come directly in contact with
the burette.

18. Pipettes.—A pipette is used for delivering a small
volume of a liquid. It usually cobsists of a tube narrowed at
both ends. Two kinds of pipette are in general use : one (fig. 25, b)
serves to deliver a definite volume of liquid, in this instance 20
c.c.; the other (fig. 25, a) is graduated throughout, and serves to
deliver fractions of 10 c.c.

In using the pipette, the liquid is drawn into it, by suction,
past the graduation mark, and is retained by placing the first
finger over the upper end. The pressure of the finger is then
slightly relaxed, and the liquid is allowed to flow out until the

i‘u&Luan
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lower curve of its surface (meniscus) just reaches the graduation.
The finger is then firmly pressed down again so as to arrest the
flow. When the liquid is to be *“delivered ” from the pipette, the
finger is removed or its pressure relaxed until the liquid has
flowed out. When the pipette is emptied, it is allowed to drain
further for a few seconds in a vertical position, so as to deliver the
liquid which adheres to its inside. In both the whole and
graduated pipettes the upper end is narrowed to about one-eighth
inch, so that the pressure of the finger is sufficient to arrest the
flow at any point.

The usual capacities are 5 c.c. or 10 c.c. graduated stem; 5 c.c.,

Fic. 26.

10 c.c., 15 c.c,, 20 c.c.,, 25 c.c.,, 650 c.c., 70 c.c. and 100 c.c. to
deliver.

19. Measuring-Flasks.—These indispensable instruments are
made of various capacities ; they serve to mix up standard solu-
tions to a given volume, and also for the subdivision of the liquid
to be tested, and are in many ways most convenient. They
should be tolerably wide at the mouth, and have a well-ground
glass stopper, and the graduation line should fall just below the
middle of the neck, so as to allow room for shaking up the liquid.

Convenient sizes are 50 c.c. (to deliver), 100 c.c., 200 c.c.,
250 e.c., 300 c.c., 500 c.c. and 1000 c.c. (1 litre), all graduated to
contain the respective quantities.

Graduated cylinders are showu (fig. 26) and glasses (fig. 27).
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The latter are graduated, as shown, to contain from 1 pint to
1 gill and also to show fluid ounces.

Cylinders are usually graduated throughout the greater part of
their length, the graduations indicating cubic centimetres, or
multiples of cubic centimetres, according to the capacity. They
may be obtained either closed by a stopper, or open.

When the measurement of a volume of liquid is being taken,

Fie. 27.

the under surface of the liquid (meniscus) should be exactly level
with the graduation.

20. Filtration is generally performed by employing a glass
funnel (fig. 28) into which a folded filter paper is placed, adding
the solution to be filtered in such quantity as will
not fill the funnel more than three-quarters full at
any time.

Glass funnels of a diameter of three inches, the
sides of which should be perfectly regular and
inclined at an angle of 60 degrees, the stems
narrow and long and cut off at the end obliquely,
are the most convenient to employ. -

The liguid to be filtered should be added to the Fio. 28.
funnel containing the filtered paper, by allowing it
to gently run down a glass rod which should be held over the
funnel with one hand, the other hand decanting the liquid.

If the liquid were poured into the apex of the paper, loss by
spirting might result, and there is the danger also of the paper
itself becoming ruptured.
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In most cases a portion of the precipitable matter in suspension,
or the precipitate itself, when passed on to the filter paper, is apt to
pass through the pores of the paper; it is therefore advisable to
first see that the pores of the paper are filled before proceeding
to use the filtrate. A portion of the liquid to be filtered should
therefore be allowed to pass through the paper and then be
returned and refiltered. This is in numerous instances essential,
whilst in some cases it is necessary to first moisten the filter
paper with hot or cold water or weak ammonia before commencing
to filter.

The stem of the funnel should be arranged to touch the side
of the receptacle receiving the filtrate, so that splashing may be
avoided, and the speed of flow accelerated by capillary attraction.

Having transferred the whole of the precipitate to the filter
paper, the next operation is to wash it ; this is performed by the
aid of the wash-bottle (fig. 11). By holding the wash-bottle and
blowing through the short tube, the spray of water issuing from
the long tube may be directed against the upper edge of the
filter paper. Care should be taken, however, to moderate the
force of the flow so as to avoid rupturing the paper.

The funnel should not be refilled until the liquid previously
added has passed through. A precipitate usually requires three
thorough washings after the whole of the liquid has been passed
through the paper. This is a poiut of great importance, as
inattention to it is the cause of many worthless results.

Precipitates of a very gelatinous nature take a long time to
filter, and the process therefore becomes tedious. In order to
accelerate filtration in such instances, one of the simplest and
most efficacious ways is to take a rubber stopper through which
two holes are bored, fit it to a flask or bottle in the same manner
as in constructing a wash-bottle, pass the stem of the glass
funnel, through which it is intended to filter, through the hole
which would, in the case of the wash-bottle, be fitted with a piece
of glass tubing to almost the bottom of the flask, and through the
other hole pass the ordinary piece of bent tube. To the end of
this bent tube fit a small piece of india-rubber tubing and a metal
spring clip. Having inserted the folded filter paper in the funnel
and added the liquid it is intended to filter, place the mouth to
the end of the rubber tubing and apply suction, by which means
the air is withdrawn from the flask and a partial vacuum created ;
this facilitates the filtration, which, under such circumstances, is
wonderfully expedited. In fact, the most gelatinous precipitates
can be speedily and effectively filtered in this way. Care should
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be exercised to only gently create the partial vacuum, as, otherwise,
there is great danger of rupturing the apex of the filter paper.

21. Evaporation.—Liquids are easily evaporated by long-
continued heating or by boiling them in a porcelain or platinum
dish over a Bunsen flame. In these cases, however, there is the
liability of spirting, and with such liquids as beer, wort, sugar
solutions, etc., there is the disadvantage that their constituents
may, by this method of evaporation, caramelige.!

It is best to avoid evaporation by direct flame, and in no
instance should alcohol, methylated spirit, ether, or liquids con-
taining the same, be subjected to such method of evaporation, as
they would undoubtedly catch fire.

Under these circumstances it is wisest in all cases to evaporate
liquids over the water-bath.

22. The water-bath (figs. 29, 30, 31) consists of a vessel
made of sheet copper fitting
into another vessel of the same
material, leaving a space
between the two around the
sides and bottom of about
1 inch, and at the top about
1} inch, so that water may
be added to nearly fill the
space. There are usually one
or two doors in front of the
vessel, the interior constitut-
ing a drying oven, so that
samples of malt, etc., may be
introduced and dried. On the
top of the vessel there are Fie. 29.
openings fitted with lids
(fig. 29), or a series of flat rings of varying diameter which fit one
on top of the other (fig. 30), so that the openings may be made
large or small to allow of the exact fitting of the utensil containing
the liquid to be evaporated. On the other hand, each opening is
fitted with an Iris diaphragm as shown (fig. 31).

A liquid to be evaporated is poured into a porcelain or platinum
dish and the dish placed on the water-bath. A Bunsen flame is

1 In evaporating liquids it should be remembered that both glass and
porcelain are attacked by many solutions, and thus error (sometimes serious)
may be introduced into analyses. The estimation of alkalies may be affected
by this cause, It is preferable, therefore, to employ a platinum dish for all
such purposes.
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placed beneath the bath, and as the water boils the steam heats
the vessel containing the liquid being experimented with, and
evaporation is allowed to continue until the liquid is of the bulk
desired, or until it is completely evaporated.

In the analysis of malt, when the mash is made and placed on
the bath, it is necessary to maintain a constant temperature of
150° F. (65-5° C.) for about an hour. In order to do this the
Bunsen burner employed for heating the water in the bath is
fitted with a gas regulator, so that the water may be maintained
at the proper temperature. The gas regulator is known as the
‘“thermostat.”

Fic. 30.

23. Thermostat.—The principle of this instrument consists
in the mercury, when heated, expanding, and closing the main
entrance of the gas,

Referring to fig. 32, « shows a T-tube ground to fit into the
wide part of a thermometer tube ; b shows a side gas exit tube,
and ¢ shows a mercury bulb at the foot of the thermometer tube ;
8 represents the side tube filled with mercury and fitted with a
metal screw ; A is a small hole in T-tube a opposite b. The gas
enters by a and passes through & to the burner. When the
temperature rises the mercury expands into the wide part of the
cylinder, closing the bottom a tube; the burner is thereby
reduced, as it is only fed by the small hole in T-tube. S screw
regulates the heat. 1f a high temperature is wanted, then the
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mercury must be pressed down the tube to begin with, as it is only
when the required temperature is reached that the mercury should
rise as high as the widening in the tube, and shut off the excess
of gas above that which is required.

Owing to impurities in the gas, the mercury in time becomes
coated with a film, which affects the sensibility of the apparatus.

Fic. 31.

In order to remove this film, take out T-tube a, screw down
the mercury, and clean with a brush.

This regulator, known by the name of its inventor—Reichert—
is suitable for all temperatures. For very low temperatures
however, instead of a Bunsen burner, it is better
to use a burner with a very small opening, almost
the size of a blowpipe jet.

24. The Air-Bath.—For driving off the water
of crystallisation from salts—such as the residue
from water—and with substances which do not
undergo change at very high temperatures, it is
usual to dry them off in an air-bath. This con-
sists of a box of sheet copper having a closely
fitting door. It is placed on an iron tripod and
heated by a Bunsen flame, the temperature
employed and regulated by a thermostat being
215'6° F. (102° C.).

25. Precipitates and Ignition.—In some
cases it is necessary to weigh a precipitate col-
lected on a filter paper; but before weighing, it
becomes essential to thoroughly dry it. In such
instances tbe glass funnel containing the filter paper and its
coutents is placed in the water oven (22) and thoroughly dried,

Fic. 32,
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after which the paper is removed fromn the funuel, folded, placed
under the desiccator (16) to cool, and afterwards weighed, deduct-
ing the weight of the unburned paper from the total weight found,
whereby we arrive at the weight of the precipitate.

In other cases it becomes necessary to subject the precipitate
to ignition. This is performed by folding the paper, placing it
in a small fared platinum dish or crucible (12), and burning it
by means of a small Bunsen flame. In such instances a triangle
made of wire, the three sides of which carry small pieces of pipe-
clay, is employed. This is placed on an iron tripod over a Bunsen
flame ; the crucible containing the precipitate is then placed on
the top, and iguition proceeded with. It is at all times advisable
to employ a small flame, and to arrange it so that the tip of its
inner blue cone approaches to within an eighth of an inch of the
bottom of the crucible. Experience has shown, in fact, that
inattention to this, such as the application of a large flame which
excludes atmospheric air and hence prevents oxidation, may
necessitate the ignition of a precipitate for several hours,
and that even then the ignition may be imperfect and the
precipitate not thoroughly burnt.

With a platinum crucible this would result in considerable
damage and loss of weight, thus vitiating the result in a two-
fold way.

After burning off in the proper wmanner, the crucible is placed
under the desiccator, and when cool, weighed, the weight of the
ash of the filter paper being deducted from the weight thus found.

26. Filter Papers.—It is always advisable to employ filter
papers of the purest kind, that is to say, as free as possible from
saline bodies. There are now several kinds on the market, which,
when subjected to ignition, leave practically no weighable
residue, and obviously they are the best to employ.

The author uses and prefers the Swedish papers manufactured
by J. H. Munktell, a box of which contains 500 papers, each of
which, when reduced to ash, leaves no weighable residue. With
other papers it is necessary to know the amount of ash they leave,
80 as to deduct this from the weight of a precipitate. The ash
will be less, however, when the liquid filtered is acid ; for example,
when dealing with a precipitate of boric sulphate, the filtrate of
which is acid, 1 milligram would probably be the correct differ-
ence ; whilst for lime, the filtrate of which is alkaline, the same
paper would give an ash of 2 milligrams. It is advisable there-
fore to prepare unknown papers by steeping them over-night in
a b per cent. solution of hyrochloric acid, afterwards decanting
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the liquid and washing the papers with distilled water until the
washings are neutral to litmus. Upon then drying the papers
in the drying oven, they will invariably be found, upon ignition,
to give no appreciable residue.

27. Distillation. — There
are several forms of distilling
or condensing apparatus. Fig.
33 shows Keene’s, employed in
beer analysis, which counsists
of a copper tube, curved at
the top, to the end of which
is attached the distilling flask
D. The straight portion of
the tube is surrounded by
a strong metal jacket through
which cold water is passed
during distilling, the water
entering at A and leaving at
B. The distilling flask D is
heated by an Argand burner
E, and the distillate is col-
lected in a plain or graduated
flask C.

Another form of distilling
apparatus is Thorpe’s (fig. 34),
whilst a further form of yet
more ancient date is the well-
known Liebig's (fig. 35), still
employed, particularly in water
analysis.

28. Density and Specific
Gravity.—According to the
principle of Archimedes, every
body immersed in a liquid is
submitted to the action of two
forces—gravity, which tends
to lower it, and the buoyancy
of the liquid which tends to raise it with a force equal to the weight
of the displaced liquid. The weight of the body is either totally
or partially overcome by this buoyancy, from which it is con-
cluded that a body immersed in a liquid loses a part of its weight
equal to the weight of the displaced liquid,

If we take the density of distilled water at a given temperature
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to be the unit, the relative density of any other substance is the
ratio which the mass of any given volume of that substance at
that temperature bears to the mass of an equal volume of water.
Thus, it is found that the mass of any volume of platinum is
22-069 times that of an equal volume of water ; consequently, the
relative density of platinum is 22069, and this relative density
of a substance is called its specific gravity.

In order, therefore, to calculate the specific gravity of a body,
it is sufficient to determine its weight and that of an equal

Fic. 34.

volume of water at the same temperature, and then divide the
first weight by the second ; the quotient is the specific gravity of
the body.

In taking the specific gravity of a liquid or solid body,
a temperature of 39'2° F. (4° C.) is often chosen, this being the
temperature at which water is at its maximum density ; for
water, unlike most other substances which contract between this
temperature and the freezing-point 32° F. (0° C.), expands.

It is exceedingly inconvenient, however, to have to bring bodies
to such a low temperature, so in ordinary practice a more readily
attainable temperature is chosen, namely 60° F. (15-5° C.).

The specific gravity of gases, however, is determined at the
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temperature of the air at the time of performing the experiment,
and the volume the particular gas would occupy at any other
temperature is found by calculation.

It is obvious that in practical brewing operations a method
of arriving at the specific gravity of a solution, requiring a
balance, weights and a specific gravity bottle, is quite out of the
question. Instruments were therefore devised which will show
the specific gravity of solutions when immersed therein.

These instruments — hydrometers and saccharometers —are
well known to the practical brewer; for instance, we have the
Sykes hydrometer, the indications of which are simply in degrees
of specitic gravity over the weight of water. Thus 20° Sykes
correspond to 1020° specific gravity. We have also the Bates

hydrometer, which deals with true specific gravity ; thus with the
smallest counterpoise attached, which is 1000, or equal to the
weight of water and floating in a liquid to the graduation mark
of 20 on the stem, the specific gravity is 1020°.

We have also the hydrometer of Twaddell, so graduated that
real specific gravity may be deduced by a simple method from
the degrees indicated, viz., multiplying the latter by 5, and
adding 1000 ; the same being the specific gravity, water being
1000. Thus 5° Twaddell indicate 1025 specific gravity. Again,
we have two different instruments under the name of Baumé, one
being for liquids heavier than water, the other for those lighter
than water, the specific gravity being calculated as follows : —

To convert degrees Baumé into specific gravity, deduct the
degree indicated fromn 144, and then divide 144 by the number
so found and multiply by 1000.



32 THE BREWER'S ANALYST

Thus to convert 20° Baumé into specific gravity

144 - 20=124.
144 +124=1-16129.
1-16129 x 1000 =1161-29 specific gravity.

We have also the saccharometer of Balling, graduated to indicate
the percentage of dry, solid matter in the liquid ; and the Dringe
and Fage saccharometer, graduated to show pounds per barrel.
Thus water weighs 10 lbs. to the gallon, so that a barrel of 36
gallons weighs 360 Ibs. Should a barrel of beer weigh 380 Ilbs,,
the indication by the saccharometer would be 20 lbs, that is, the
excess weight over the natural barrel of water.

To convert specific gravity as found by any of the former
mentioned hydrometers into pounds per barrel degrees, it is
merely necessary to multiply the excess weight over 1000 by -36
or divide by 2:77. Whilst to convert pounds per barrel degrees
into specific gravity, all one has to do is to multiply the pounds
per barrel by 2:77 or divide by ‘36 and add 1000.

Example :—
1025 specific gravity — 1000=25x 36 =9 lbs. per barrel.
1025 » -1000=25-277=9 ,, ”
9 lbs. per barrel x 277 + 1000 = 1025 specific gravity.
9 , » + '36=25+1000=1025 ”

Although these instruments are essential in practical operations,
they are of little use in analytical work; a pint of liquid is
necessary in order to immecrse the instrument, and not only is
such a quautity seldom at hand in analytical operations, but
greater accuracy is necessary than these instruments are capable
of showing; hence in analytical operations the specific gravity
of a liquid is always ascertained by means of the specific-gravity
bottle.

Specific-Gravity Bottle.— This instrument (fig. 36) consists of
a glass flask, generally made to contain some even quantity of
distilled water at 60° F. (15°5° C.), such as 25, 50, or 100 grams,
or 250, 500, or 1000 grains. An accurately ground stopper,
perforated by a fine hole, fits into the neck of the flask. The
liquid to be weighed is brought to the temperature of 60° F.
(15°5° C.), the bottle rinsed with it and then filled, and the stopper
fitted, care being taken to exclude air-bubbles. The bottle is
then wiped dry with a handkerchief, placed on the balance, and
weighed.

The object of the fine hole through the stopper is to allow for
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the expansion of the liquid which sometimes takes place owing
to the warmth of the atmosphere, or the hands when handling
the bottle. The position of the liquid
due to expansion thus finds its way
up the hole in the stopper, but pro-
vided the weighing be quickly per-
formed, the liquid on the top of the
stopper will not have had time to
evaporate before an exact weight is
obtained.

Before taking the specific gravity of
a liquid, we have first to ascertain the
weight of the bottle, both when empty Y.,
and when filled with distilled water, at g 36
60° F. (15-5° C.); and knowing these
two factors, upon weighing any other liquid we obtain the specific
gravity by a single calculation.

Ezxample :—
Weight of bottle filled with wort . 90°960 grams.
Weight of empty bottle . . . 21810
Weight of wort . . . . 69150 ,,
Weight of bottle filled with water . 86:260 |,
Weight of empty bottle . . . 21810
Weight of equal volume of water to
that of wort . . . . 64450
Wort 69-150 _,.,. . .
Water 81950 1072 92vspeclﬁc gravity of wort.

The specific-gravity bottle is usually purchased enclosed in a
tin box, the lid, which is arranged to hold a small weight, usually
containing shot (fig. 36). This weight is a counterpoise for the
weight of the empty bottle, so that in the above example the
specific - gravity bottle, filled with wort and placed upon the
balance, the counterpoise being placed upon the opposite scale
pan, would weigh 69°150 grams, which, divided by the weight of
water (64°450 gramns), which has been previously ascertained and
noted so as to save a fresh calculation at each weighing, gives the
specific gravity. On the other hand, the specific-gravity bottle
may be purchased with a counterpoise, and to contain an exact
quantity of liquid such as 100 grams at 60° F. (15:5° C.), the

3
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weight of any liquid ascertained by its aid and in the manner
directed being, in such case, the specific gravity without any
calculation. Specific-gravity bottles, however, as purchased,
seldom contain exact quantities; they are nevertheless at times
only slightly out, and in such cases, taking it that a bottle when
full contains 100012 grams, with care the stopper may be
made smaller by rubbing with fine emery cloth, so as to fit
further into the bottle and the bottle thus made to hold exactly
100 grams. In like manner, if the bottle is found to contain
less than 100 grams, say

for instance 99-997, the

bottom of the stopper may

be slightly rubbed away

with emery cloth so as to

allow the extra volume to

be retained in the bottle

when the stopper is fitted.

29. The Centrifuge.

—This instrument, more

commonly known as the

centrifugal machine (figs.

37, 38), has for many years

been employed by medical

men for the examination

of blood and urine, by

analysts for bacteriological,

microscopical, and other

Fio. 37. purposes, and particularly

for testing milk.

It is employed in the brewer’s laboratory for the rapid separa-
tion of suspended matter in beer.

The instrument (fig. 37) consists of an upright, which can be
clamped on to a table, with four short arms, which can be rotated
at extreme velocity by turning the toothed wheel communicating
with the screw of the upright. At the end of each arm hangs
a metal test-tube, into which slides a glass test-tube holding the
beer. When the machine is operated, the pendent tubes rise
towards the horizontal position, and the suspended matter in the
beer is driven in a compact mass by centrifugal force to the end
of the tube. It can then be examined microscopically, biologically,
and chemically.

Another form of the instrument is that shown in fig. 38. The
test-tubes are closed and placed round the dish in a horizontal
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position ; the lid is then lowered, and the dish rapidly revolved
by means of the strap or a piece of string.

With turbid beers it is often of great importance to know at
once the nature of the matter causing the cloudiness. Without
the centrifuge it is necessary to allow the suspended bodies to sub-
side—which not only takes time, but may then be incomplete—
or we may hasten subsidence by ‘“forcing.” Forcing, however,
brings about changes other than the mechanical separation of

Fic. 38.

suspended bodies, and these are not always required. Where,
therefore, it is desired to separate the suspended matter from
beers other than by fermentation and putrefactive changes which
are induced by forcing, the centrifuge becomes of value, and
enables us to gain information as to the nature of the organised
and amorphous matters suspended in the beer. Two or three
minutes’ rotation of the apparatus is usually sufficient for the
purpose, but with very stubborn beers (such as those containing
budding primary yeast) a slightly longer time is often necessary.
It was shown by H. Tikes ! seven years ago that micro-organisms

Y Allgem. Zeitschr. Bierbrau. wund Malzfabrik., 1900, 28, 1-2,
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can be rapidly separated from beer and other liquids by means of
the centrifuge, and it is due to him that the instrument has
become a valuable adjunct to the brewer’s laboratory.

Sterilised solutions containing equivalent amounts of potash
alum and sodium carbonate were prepared, and a small quantity
of each added to the liquid to be treated. After the evolution of
the carbon dioxide the mixture was spun in a centrifuge until the
gelatinous precipitate collected at the bottom of the tube.

The supernatant liquid was then poured off and the precipitated
alumina was then dissolved in 1 c.c. caustic soda, which had
practically no effect on the bacteria present, and the solution
examined under the microscope. By this process it was possible

<

to remove 89-90 per cent. of the organisms from beer and 96-100
per cent. of added organisms from water.

30. The Tintometer.—This well-known instrument (fig. 39)
consists of a binocular tube B, terminating at the object end H
in two small square holes. The instrument is arrunged to be
raised or lowered on the stand A and fixed in position as shown,
A3, At F a square of opaque unglazed porcelain is fixed.
Supplied with the instrument for brewers’ purposes are two cells
or metal boxes, fitted at opposite sides with glass, one being
known as the l-inch cell, the other the }-inch cell. A sample of
beer, caramel, sugar, or other solution to be tested is placed in
one of the cells, and the cell is then placed in position on the left
side of the instrument H. Upon looking through the tube at C
the colour of the solution is distinctly seen, and the object now is
to match the colour. For this purpose a scries of yellow glasses,
known as the 52 series, are supplied with the instrument. These
glasses range from a decimal or from 1 degree in equal gradation
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up to any desired number. For instance, glass number 2 is of
double the colour intensity of glass number 1, or glasses numbered
4 and 6 equal in intensity the colour glass number 10. These
glasses are taken and slipped into the instrument at J, so that
upon looking through the tube at C the colour of both the
glasses and the solution are viewed, the glasses being added until
the colour of the solution is matched.

The numbers of the glasses are then read and added together,
and the colour value expressed as of so many degrees. For example,
if glasses 8, 11, and 12 were required to match the colour of the
solution in a 1-inch cell, the colour would be registered as equal to
31° in 1’ cell. The author carried out a series of experiments
with this instrument in 1888, almost as soon as it was introduced,
and may here, with slight alteration, repeat the same as then
published.!

The colour of beer is of great importance, since
uniformity in this direction is greatly admired by most consumers.
In order, therefore, to turn out beers day by day of constant
colour uniformity in accordance with their respective quality, some
form of instrument is useful, and we here refer to Lovibond’s
Tintometer.

This instrument answers a chain of questions which are
interesting and necessary to the brewer, beginning with the
colour of a percentage solution of malt in relation to that of the
worts before and after boiling, to the registration of the colour of
the beer. A few estimations of colour in malt will lead to a
practical knowledge of character and evenness in drying; it will
soon be ascertained what colour in malt produces a given colour
in ale, and what quantity of black malt or caramel is required to
produce a beer of definite colour intensity. Experiments carried

out with the tintometer were as follows: —
Degrees of Colour.
1-inch cell.

Pale malt, 5 per cent. solution

Wort before boiling, 1050 speclﬁc gravn_) .10
Wort after boiling . . . .14
Finished beer . . . . .13
Finished beer after storing 3 weeks . . .1

The above are the observations of an actual brewing, the
ultimate eleven degrees of colour being about that of the Burton

pale ale.
The instrument is also of great value in estimating roasted

1 Brewers’ Guardiun, Feb, 21, 1888,
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malts and caramels, where the value bought is primarily colour,
the variations between samples very similar in outward judgment
being sometimes very wide :—

Roasted Malt.
Degrees of Colour.

No. 1. Black, 1 per cent. solution } thickness 7}
No. 2. Chocolate, " " ' 10

These observations show the large difference in colour value
between two samples of which the difference in price was very
trifling.



PART 1L

THE POLARIMETER.

PoLarisaTioN oF LicET—SPECIFIC RoTATORY Powkr—SoLuTioN
WaicHT AN SoLuTioN Facrors—Curric Oxipe Repucine
Powes.

SoME twenty years ago the Polarimeter, or ‘ Polariscope” as it
was then incorrectly called, was looked upon and described by
those who had but little, if any, knowledge of its use, as a
¢ pretty but useless chemical toy.” With the rapid strides that
have since been made in the science of brewing, the polarimeter
has become an indispensable instrument, and has played a
wonderful part in enabling those who have worked upon starch-
conversion products to define many points, particularly with
regard to the composition of the so-called malto-dextrins.

That the polarimeter is a most useful apparatus to the brewer,
and one which, without any laborious or tedious experimenting,
enables him to estimate the conversion products of his mashes,
apart from its value in numerous other well-known directions, is
now a recognised fact. As, therefore, it is essential that the
modern brewer should become familiar with the instrument, it is
necessary that we sketch the principle upon which it is based,
and then describe its construction.

The principle of the instrument depends upon the polarisation
of light.

Polarisation of Light.—There are four processes by means
of which a ray of light may be polarised : these are reflexion,
ordinary refraction, double refraction, and scattering by small
particles,

It will be convenient, however, to reproduce the description of
the phenomena of polatisation as given by Spottiswoode,! who

! Polarisation of Light, Macmillan & Co.
39
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starts with a plate of crystal called tourmalin as an instrument,
tolerably simple in its action and easy of manipulation :—

“Tourmalin is a crystal, of which there are several varieties,
differing only in colour. Very dark specimens generally answer
the purpose well, excepting that it is difficult to cut them thin
enough to transmit much light. Red, brown, or green specimens
are usually employed ; the blue are, for the most part, optically
unsuitable. Some white, or nearly white, specimens are very
good, and may be cut into thicker plates without loss of
light.

“If we take a plate of tourmalin, cut parallel to a particular
direction within the crystal called the optic axis, and interpose it
in the path of a beam of light at right angles to the dircction of
the beam, the only effect perceptible to the unassisted eye will
be a slight colouring of the light after transmission, in conse-

Fic. 41,

quence of the natural tint of the particular piece of crystal.
But if we examine the transmitted beam by a second similar
plate of tourmalin placed parallel to the former, the following
effects will be observed: When the two plates are similarly
placed, i.e. as if they formed one and the same block of crystal,
or, ag it is technically expressed, with their optic axes parallel,
we shall perceive only, as before, the colouring of the light due
to the tints of the two plates. But if either of the plates be then
turned round in its own plane so as always to remain perpen-
dicular to the beam, the light will be observed to fade gradually
until, when the moving plate has been turned through a right
angle, the light becomes completely extinguished. If the turning
be continued beyond the right angle, the light will begin to
revive; and when a second right angle has been completed, the
light will be as bright as at the outset. In figs. 40 and 41, a, 3,
¢, d, ¢, J, g, h represent the two plates. In fig. 40 the two plates
are supposed to be in the first position ; in fig. 41 the plate e, f,
¢, h has been turned through a right angle.

“Of the parts which overlap, the shading in tig. 40 represents



THE POLARIMETER 41

the deepened colour due to the double thickness of the crystal;
in fig. 41 it indicates the complete extinction of the light. The
same alternation of brightness and extinction will continue for
every right angle through which the moving plate is turned.
Now it is to be observed that this alternation depends only upon
the angle through which one of the crystals has been turned, or,
as it is usually stated, upon the relative angular position of the
two crystals. KEither of them may be turned, and in either
direction, and the same sequence of effect will always be produced.
But if the pair of plates be turned round bodily together, no
change in the brightness of the light will be made. It follows,
therefore, that a ray of ordinary light possesses the same properties
all round ; or, as it may be described in more technical language,
a ray of ordinary light is symmetrical in respect oi its properties
about its own direction. On the other hand, a ray of light, after
traversing a plate of tourmalin, has properties similar, it is true,
on sides or in directious diametrically opposite to one another,
but dissimilar on intermediate sides or directions. The properties
in question vary, in fact, from one angular direction to another,
and pass through all their phases, or an entire period, in every
angle of 180°. This directional character of the properties of the
ray, on account of its analogy to the directional character of a
magnet or an electric current, suggested the idea of polarity ; and
hence the condition in which the ray was found to be was called
polarisation.

*“ Having so far anticipated the regular order of things on the
experimental side of the subject, it will be worth while to make a
similar anticipation on the side of theory. It is considered as
established that light is due to the vibrations of an elastic
medium, which, in the absence of any better name, is called ether.
The ether is understood to pervade all space and all matter,
although its motions are affected in different ways by the mole-
cules of the various media which it permeates. The vibrations
producing the sensation of light take place in planes perpendicular
to the direction of the ray. The paths or orbits of the various
vibrating ethereal molecules may be of any form consistent with
the mechanical constitution of the ether ; but, on the suppositions
usually made, and none simpler have been suggested, the only
forms possible are the straight line, the circle, and the ellipse.
But in ordinary light the orbits at different points of the ray are
not all similarly situated ; and although there is reason to believe
that in general the orbits of a considerable number of consecutive
molecules may be similarly situated, yet in a finite portion of the
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ray there are a sufficient number of variations of situation to
prevent any preponderance of average direction.

“This being assumed, the process of polarisation is understood
to be the bringing of all the orbits throughout the entire ray
into similar positions. And in the case of the tourmalin plate
the orbits are all reduced to straight lines, which consequently
lie in one and the same plane. For this reason the polarisation
produced by tourmalin, as well as by most other crystals, is
called rectilinear, or, more commonly, plane polarisation. This
property of tourmalin may also be expressed by saying that it
permits only rectilinear vibrations parallel to a particular
direction, determined by its own internal structure, to traverse it.

“ Adopting this view of polarisation as effected by a plate of
tourmalin, it would be interesting to ascertain the exact direction
of the vibrations. And a simple experiment will go far to satisfy
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us on that point. The argument, as now stated at least, is
perhaps based upon general considerations rather than upon
strict mechanical proof; but the experimental evidence is so
strong that it should not be denied a place here. Suppose for a
moment that the tourmalin be so placed that the direction
of vibration lies either in or perpendicular to the plane of
incidence (that is, the plane containing the incident ray, and
perpendicular to the surface on which it falls at the point of
incidence) ; then it is natural to expect that vibrations executed
in the plane of incidence will be far more affected by a change
in the angle of incidence than those perpendicular to that plane.
In fact, the angle between the direction of the vibrations and the
surface upon which they impinge will in the first case vary with
the augle of incidence, but in the second case it will remain
unchanged. In fig. 42, n o represents the ray of light; the
arrow the direction of vibration; «, b, ¢, d, @, ¥, ¢/, d’' the plate
in two positions, turned in the first instance about the direction
of vibration, in the second about a line perpendicular to it.

** Dismissing, then, the former supposition, and supposing that
nothing whatever is known about the direction of vibration, then,
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if all possible directions be taken in succession as pivots about
which to tilt or turn the second tourmalin, it will be found that
for one direction the intensity of the light diminishes more
rapidly with an increase of tilting (or, what is the same thing,
with an increase of the angle of incidence) than for any other.
And, further, that for a direction at right angles to the first, the
intensity of light diminishes less than for any other, while for
intermediate directions the diminution of intensity is intermediate
to those above mentioned. In accordance, therefore, with what
was said before, we may conclude that the vibrations are parallel
to the line or pivot about which the plate was turned when the
diminution of light was least.

‘“ Secondly, polarisation may be effected by reflexion. If light
reflected from the surface of almost any, except metallic, bodies
be examined with a plate of tourmalin, it will in general be found
to show traces of polarisation; that is to say, if the plate of
tourmalin is caused to revolve in its own plane, and the reflected
rays be viewed through it, then in certain positions of the plate
the reflected light will appear less bright than in others. If the
angle at which the original rays fall upon the reflecting surface
be varied, it will be found that the amount of alteration in
brightness of the light seen through the revolving tourmalin (or
analyser) will also vary. This fact may also be expressed thus:
In polarisation by reflexion, the degree of polarisation, or the
amount of polariged light in the reflected rays, varies with the
angle of incidence on the reflecting surface. But at a particular
angle, called on that account the polarising angle, the polarisation
will be a maximum. This angle (usually measured between the
incident ray and perpendicular to the reflecting surface) is not
the same for all substances ; in fact, it varies with their refractive
power according to a peculiar law, which may be thus enunciated :
The tangent of the polarising angle is equal to the refractive
index. Simple geometrical considerations, combined with the
usual expressions for the laws of reflexion and refraction, will
show that this relation between the polarising angle and the
refractive index may be also expressed in the following way: If
light be incident at the polarising angle, the reflected and refracted
rays will be at right angles to one another.

“In fig. 43, 87 represents the incident, ¢/ the reflected, and in
the refracted ray. Then s{ will be incident at the polarising
angle when the angle fi7 is a right angle.

““An apparatus devised by Tyndall for experimentally demon-
strating the laws of reflexion and refraction is admirably adapted
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for verifying this law. The following description is quoted from
his Lectures on Light :—* A shallow circular vessel RIG (fig. 44),
with a glass face, half filled with water rendered barely turbid
by the admixture of a little milk or the precipitation of a little
mastic, is placed upon its edge, with its glass face vertical. By
means of a small plane reflector M, and through a slit I in the
hoop surrounding the vessel, a beam of light is admitted in any
required direction.’

“If a little smoke be thrown into the space above the water,
the paths of the incident, the reflected, and the refracted beams
will all be visible. If, then, the direction of the incident beam
be 50 adjusted that the reflected and the refracted beams are at
right angles to one another, and a Nicol’s prism be interposed in

A :

the path of the incident beam, it will be found that, by bringing
the vibrations alternately into and perpendicular to the plane of
incidence, we shall render the intensity of the reflected and
refracted rays alternately a minimum.

“Thus much for the verification of the law. But not only so;
if we take different fluids, and for each of them in succession
adjust the incident beam in the same manner, we shall only have
to read off the angle of incidence in order to ascertain the
polarising angle of the fluid under examination.

““The general theory of the reflexion and refraction of polarised
light was first established by Fresnel, who based it upon the four
following suppositions :—

(1) That the ether, to the vibrations of which light is supposed
to be due, is regarded as perfectly elastic, 50 that the whole of
the motion taking place at the source of light is transmitted
without loss throughout the ray. This appears to be substantially
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true in transparent media; but in proportion as a substance is
more opaque, 5o do its molecules take up part of the motion of
the ether, and convert the light into heat (the principle of vis
viva).

“(2) That in passing from one medium to another, although the
velocity and extent of the motion may change, yet its character
is not altered (the principle of continuity).

“(3) That any change in velocity or in extent, due to the
passage from one medium to another, takes place immediately at
the surface of separation; and that such change is maintained
subsequently.

“(4) That while the elasticity of the ether in different bodies re-
mains the same, its density may differ.

“ By means of these
suppositions  relations
were established be
tween the intensity of
the reflected and re-
fracted rays on the one
hand, and the angles of
reflexion and refraction
on the other, from which
many phenomena pre-
viously known only as
experimental facts were
deduced as  conse-
quences. Of these, one Fre. 44.
should be mentioned,
viz., that in the case of vibrations in the plane of incidence, if
the ray be incident at such an angle that the reflected and
refracted rays are perpendicular to one another, there can be no
reflected ray.

“We next come to the subject of polarisation by double
refraction.

““There are a large number of crystals which have the property
of generally dividing every ray which passes through them into
two. But the extent of separation of the two rays varies with
the direction of the incident ray in reference to the natural
figure of the crystal. In every double refracting crystal there
is at least one, and in many there are two, directions in which
no separation takes place. These directions are called optic axes.

«“Of such crystals Iceland spar (crystallised carbonate of lime)
is the most notable instance. If we take a block of such spar
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split into its natural shape, a rhombohedron, fig. 45, and for
convenience cut off the blunt angles by planes perpendicular to
the line joining them, ab, it will be seen that a ray of light
transmitted perpendicularly to these planes, that is, parallel to
the line joining the blunt angles, is not divided. In fact, the
image of an object seen by the eye in the direction in question
appears single, as if passed through a block of glass. The
direction in question (viz. the line a b itself, and all lines passing
through any part of the crystal parallel to a ) is called the optic
axis of the crystal.

“If, however, the crystal be tilted out of this position in any
direction, it will be seen, by the appearance of two images instead
of one, that the rays are divided into two. The angular diver-
gence of the two sets of rays, or, what comes to the same thing,
the separation of the two images, depends upon the angle through
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which the crystal has been turned ; or, as it may also be expressed,
upon the angle between the directions of the incident ray and the
optic axis of the crystal. When this angle amounts to a right
angle the scparation is at its greatest; and if the crystal be
still further turned, the images begin to come together again
until, when it has turned through another right angle, they
coincide.

“This process of separation, or doubling the rays, is called double
refraction, and the character of the polarisation of two images is
best studied by using flat instead of curved surfaces for separating
the rays.

“For the purpose in question there is, perhaps, no better
instrument than the double-image prism. This consists of a
combination of two prisms,—one of Iceland spar, so cut that
the optic axis is parallel to the refracting edge; the other of
glass, and usually having a refracting angle equal to that of
the spar.

“The rays passing through the crystal prism being perpendicu-
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lar to the optic axis, undergo the greatest separation possible.
And the chromatic dispersion caused by that prism is usually
corrected or neutralised entirely in the case of the extraordinary,
and nearly so in that of the ordinary, ray by the glass prism,
which is placed in a reverse position. In this arrangement the
extraordinary image occupies the centre of the field, and remains
fixed when the double-image prism is made to revolve in a plane
perpendicular to the incident rays; while the ordinary image is
diverted to a distance from the centre, and revolves in a circle
about that centre when the prism revolves.

“ Other dispositions of the double-image prism are also made for
particular purposes; e.g. in which neither image is central, and in
which the chromatic dispersion of both images is partially
corrected. If the nature of the light in the two images thus
formed be examined by any polarisiug instrument,
it will be found that it is polarised in both cases,
and that the vibrations in the one image are
always perpendicular to those in the other. And
in particular, the vibrations in the extraordinary
image are parallel and those in the ordinary are
perpendicular to the optic axis.

“On these principles polarising and analysing
instruments have been constructed by various
combinations of wedges or prisms of Iceland spar,
the details of which it is not necessary to describe
in full. But the general problem and object pro-
posed in all of them has been to cause such a g, 4.
separation of ordinary and extraordinary rays that
one set of rays may, by reflexion or other methods, be further
diverted, and afterwards thrown altogether out of the field of
view. This done, we have a single beam of completely polarised
light, and a single image produced from it.

**One such instrument, however, the Nicol’s prism, named after
its inventor, a clever optician, on account of its great utility and
its very extensive use, and which is to be found in all polarimeters,
must be described. A rhombohedron of Iceland spar, double of
its natural length, is taken (fig. 46); and one of its terminal faces
P, which naturally makes an angle of 71° with the blunt edges
K, is cut off obliquely so as to give the new face, say P, an
inclination of 68° to the edges K. The whole block is then
divided into two by a cut through the angle E in a directicn at
right angles to the new face P’; the faces of this cut are then
carefully polished, and cemented together again in their original



48 THE BREWER'S ANALYST

position with Canada balsam. Fig. 47 represents a section of
such a prism made by a plane passing through the edges K. A
ray entering as a b is divided into two, viz. b ¢ the ordinary and
b d the extraordinary. But the refractive index of the Canada
balsam is 1-54, 7.e. intermediate between that of
the spar for the ordinary (1:65) and the extra-
ordinary (the minimum value of which is 1-48)
rays respectively; and in virtue of this the
ordinary ray undergoes total reflexion at the
surface of the balsam, while the extraordinary
passes through and emerges ultimately parallel
to the incident ray. Fig. 48 shows an end view
of a Nicol’s prism I’ P, representing the plane of
polarisation of the emergent polarised ray.

“Two such instruments, when used together,
are respectively called the * polariser” and the
‘“‘analyser,” on account of the purposes to which
they are put. These, when placed in the path
of a beam of light, give rise to the following
phenomena, which are, in fact, merely repro-
ductions in a simplified form of what has
gone before.

“ When polariser and analyser are placed in front of one another
with their shorter diagonals parallel, that is, when the vibrations
in the image transmitted by the one are parallel to those in the
image transmitted by the other, the light will be projected exactly
as if only one instrument existed. If, however, one instrument,
say the analyser, be turned round,
the light will be seen to fade in
the same way as in the case of the
tourmalin plates; until, when it has P
been turned through a right angle,
or, as it is usually expressed, when
the polariser and analyser are crossed,
the light is totally extinguished. F1a. 48.

“In the complete apparatus or
polarimeter we may incorporate any system of lenses, so that we
may make use of either parallel or convergent light, and finally
focus the image produced.”

Now various substances have the property of rotating polarised
light, as, for example, turpentine and sugar solutions of various
kinds, such as dextrin, maltose, dextrose, etc. If, therefore, we fill
a glass tube with turpentine or with a certain percentage sugar

Fra. 47.
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solution, place the tube in the polarimeter and then look through
the telescope, it will be noticed that the two halves of the field
are unequally illuminated, being darker on one side than on the
other. By now adjusting the instrument so that both halves of
the field are evenly illuminated, the exact angle of rotation can
be read off from the vernier scale. Of the various substances
which are optically active, some turn the polarised ray to the
right, and are known as right-handed, dextro-rotatory, or positive
substances, whilst others bend the ray to the left, and are known
as left-handed, leevo-rotatory, or negative bodies; the signs +
and - being used to briefly designate each kind. All solutions
of an optically active substance of the same strength, when tra-
versed by the polarised ray in layers of the same thickness, rotate
the ray, each substance having a definite power. When this is
calculated upon a certain definite strength of solution, and upon
a layer of such solution of a definite thickness, an expression is
found which is termed the ‘‘specific rotatory power” or the
“opticity ” of the substance. The function, then, of the polari-
meter is to determine the amount of rotation which the polarised
ray suffers in passing through a layer of the solution of an
optically active substance,

From this, by taking certain other factors into account, the
specific rotatory power of the substance can be found ; and when
the specific rotatory power of a substance present in solution is
known, the polarimeter enables us to estimate its amount.

It is not within the scope of this work to describe the subject
at greater length ; suffice it to say that the polarisation of light is
undoubtedly one of the most intricate but at the rtame time most
beautiful branches of the science of optics. For full information
the reader should consult the latest work, viz. The Optical Rota-
tion of Organic Substances, by Professor Landolt.!

The Polarimeter.—There are several differently constructed
polarimeters, such as the Soleil or Ventzke-Scheibler ; the Lippich ;
Laurent; Schmidt & Haensch Half-Shadow instrument, and
others ; but the two most comiuonly used forms are the Laurent
-and Schmidt & Haensch Half-Shadow. With the latter a white
light illumination from oil or gas is employed, but with the
former a sodium flame illumination is used.

Specific rotatory power, as determined in reference to the D
ray of the solar spectrum (that is, with the sodium flame), is
indicated by [a],, whilst when determined by the older forms

! Translated from the German by Dr Long. The Chemical Publishing Co..
Easton, Pennsylvania.

4
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of instrument, such as the Ventzke-Scheibler, it is indicated
by [a],

In the Laurent polarimeter which is shown, fig. 49, F
indicates the telescope, /! the magnifying glasses, n n the two
verniers, K the graduated dial, A a prism of Iceland spar known
as the “analyser,” or analysing Nicol, which is fixed to the revol-
ving dial K and to the telescope, and capable of being rotated on
its axis by means of the milled head T seen underneath it. It
carries with it the two verniers n n, which indicate the observed
rotation on the scale of the dial-plate K.

Fia. 49.

Next comes the trough B E, with a lid, in which the tube (fig.
50) filled with the solution to be examined is placed.

P is the movable “polariser” (another prism of Iceland spar),
which converts one half of the ordinary light passing through it
into polarised light, the other half being reflected to the side and
absorbed. Above it is a fixed graduated segment of a circle 2. At
G is a thin plate of quartz, covering half the field, known as
Laurent’s plate, its function being to increase the delicacy of the
indications of the instrument, and at S is placed a bichromate
plate.

The apparatus can only be used in conjunction with a sodium
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flame, and a suitable sodium lamp is supplied with it. This con-
sists of a burner supplied with a small piece of platinum wire, on
which some pulverised chloride of sodium is placed and made
intensely incandescent by means of the non-luminous flame from
the burner ; the apparatus is pointed to the most intense part of
the yellow flame, which can be done easily by means of an
adjuster with which the lamp is provided.

The lamp is placed a few inches away from the end of the
telescope, and observations are taken in a darkened room or
cupboard.

The observation tubes (fig. 50) are made of glass, their ends
being ground perfectly true. A brass cap attached to each end
enables the tubes to be closed water-tight with small circular
glass plates, which are retained in position by the screw-caps.
The length of the tubes usually employed are 1 and 2 decimetres
(100 and 200 millimetres) ; an extra 2-decimetre tube, jacketed for
invert-sugar determinations, being very useful.

Fia. 50.

If the liquid to be examined is dark in colour, a decimetre
(100 mm.) tube is used ; whilst if sufficiently pale a 2-decimetre
(200 mm.) tube is employed by preference, since the longer the
tube the larger the reading and the smaller the chance of error.
It becomes necessary, however, in some instances to decolorise a
solution before it is possible to take a reading. Decolorisation is
usually effected by either passing the solution repeatedly through
animal charcoal or by adding basic lead acetate solution and
then filtering : examples are given hereafter.

In using the instrument, the lamp is lighted and the flame
adjusted to position. On looking through the eye-piece a circle
of light is seen divided into two halves by a vertical line, and both
halves of the field of view should be exactly equally illuminated.
For this purpose the telescope F is, by drawing it out or pushing
it together, focussed on the Laurent plate. If the graduated dial
is now turned round 3 or 4 degrees to the right of the zero line
it will be seen that one half of the field of view will become
lighter, the other balf darker. The same will be observed on
turning it round to the left. That position, however, exactly
between these, when both halves of the field of view are equally
illuminated, is the zero position of the instrument, and the
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latter is first so adjusted that the zero line of the circle
coincides with the zero line on the vernier. The half-shadow
can now be made lighter or darker, according as the polariser
is turned more or less to the right or left of the zero line,
by means of the pointer reaching beyond the dial-segment.
When the pointer is in the zero position the Laurent’s plate
and the polarising Nicol have the same wave direction, and
consequently, if at the same time the analyser is placed in the
zero position, both halves of the field of view appear black. The
nearer the pointer is to the zero line, the darker the half-shadow
will be, and the more sensitive the apparatus; but when the
solution being examined is not quite transparent, the pointer
must be moved more or less away from the zero line, so that the
field of view is clear. For the majority of experiments the
position of the pointer at 73° is most suitable; the apparatus is
therefore usually so adjusted that in this position the dial and
vernier read exactly 0. When the pointer is moved, of course,
the zero point of the apparatus changes and no longer corresponds
with the zero line of the dial. The difference between the latter
and the zero position of the apparatus must either be taken into
account—this is the most simple way—or else, after the graduated
dial has been moved to 0, the apparatus must be again placed in
the zero position ; to do this, the analysing Nicol is turned by
means of the screw T so far to the right or left until both half-
shadows are equal.

Having adjusted the instrument, if we now take a 2-decimetre
(200 mm.) observation tube, fill it with a 10 per cent. solution
of cane-sugar and place it in the instrument, it will be found on
examination that both halves of the tield of view are unequally
illuminated. On turning the index by means of the milled-head
in the same direction as that in which the hands of a clock move
(+), a position will be reached when both halves of the field are
equally illuminated. When this position is reached, the reading
of the scale indicates exactly the amount of twisting or rotation
which the polarised beam of light has undergone in passing
through a layer of 10 per cent. cane-sugar solution 2 decimetres
(200 mm.) thick; and from this can be deduced the specific
rotatory power or opticity of the solution as before mentioned.

1t often happens, especially during the time when the apparatus
is first taken in use, that a circumstance is mistaken for the zero
position of the apparatus which arises when the circle has been
turned too far and has gone beyond the sensitive range. In this
case the light is also to a certain extent equal, but will hardly
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change if the circle is turned round 10, 15 or even more degrees.
Special attention must, therefore, be given to this circumstance,
especially after the fluid has been filled into the tube and the
latter placed in the apparatus, that a sudden change of light and
dark is not to be observed in both halves of the field of view
when, as described, the circle is turned a few degrees either to the
right or to the left of the zero line. When the tube has been
piaced in the apparatus, the first thing to do is to again adjust

Fie. 51.

the telescope exactly, so that the field of view is again clear and
divided into two halves by the vertical line; then the circle is
turned round until the half-shadows on both halves are the
same, and the result is theu read off the scale on the circle.

The graduated dial is graduated right round, that is, into 360
degrees, and, by means of the vernier attached to the index, can
be read to the sixtieth of a degree.

The Lippich polarimeter shown (fig. 51) is somewhat similar
in construction to the Laurent just described, excepting that a
bichromate solution is employed instead of the bichromate glass.
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With the Schmidt and Haensch Half-shadow Polari-
meter.—The scale is entirely different from that of the Laurent.
As the instrument was constructed specially for the use of
sugar manufacturers and refiners, its scale is constructed so as to
show percentages of cane-sugar directly. It has consequently 100
divisions, which by means of the vernier can be read to tenths of
a division. When the 2-decimetre tube is filled with a solution,
100 c.c. of which contains 26:048 grams of pure cane-sugar, the
instrument indicates 100 scale divisions. If an impure sugar is
employed for making the solution, and with this the reading is
75-8 divisions, then such a sample contains only 75-8 per cent. of
canesugar. Owing to this difference in the scales of the two
instruments, it is necessary, in order to convert half-shadow
degrees into Laurent degrees, to multiply by a factor. The
divisions of the scale of the instrument bear a fixed relation,
however, to the degrees of a sodium-light or Laurent polarimeter.
Each single division is equal to 03459 of a degree of the Laurent
instrument for the ordinary carbohydrates, excepting cane-sugar,
for which each division of the scale is equal to 0:3469 of a
degree. When therefore the half-shadow instrument is employed
to determine the specific rotation of a carbohydrate, multiply by
0:3459 for all carbohydrates other than cane-sugar, in order to
convert the observed scale divisions into angular degrees for
sodium light; in the case of cane-sugar multiply by 0-3469.
In order to convert divisions of the half-shadow instrument
into degrees [a], multiply by 0'3843 for all carbohydrates
other than cane-sugar; in the case of cane-sugar, multiply by
0-3854.

Lastly, the phenomenon of *mutarotation” or ‘bi-rotation ”
must be mentioned ; that is to say, the varying opticity of certain
solutions.  For instance, freshly prepared solutions of invert-
sugar or maltose show abnormal rotation; in the former
solution the rotation being above, in the latter below, normal.
In either case the solution may be immediately rendered normal
by either the addition of a very small amount of alkali (0'1 per
cent.) or by boiling. Care must be taken not to overlook: this
point when analysing worts or freshly prepared solutions con-
taining maltose, dextrose, or levulose.!  Observations should
also always be made with the solution to be examined at a
definite temperature, 68° F. (20° C.) being wost usually
employed.

! For recent views concerning mutarotation, see H. E. Armstrong,
** Studies on Enzyme Action,” Jnl. Chem. Soc., 1803, 1xxxiii., 1310,
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Speeciric Rotatory Power or OpticITY.

By the above terms is meant the angle indicated by the
polarimeter when a layer of the substance, 1 decimetre (100
mm.) in thickness, is examined in that instrument. For instance,
when a decimetre tube is filled with turpentine and examined on
the Laurent polarimeter, the reading is 22-4 ; this number, divided
by the specific gravity of the turpentine, gives directly the specific
rotatory power of that particular turpentine.

The specific rotatory power of an optically active substance in
solution is defined as the angle through which a plane polarised
ray of light of definite refrangibility is rotated by a column of
liquid, 1 decimetre in length, containing 1 gram of the sub-
stance in 1 c.c.

It is obvious that a 100 per cent. solution chus indicated could
not be used, and we therefore employ a 10, 20, or other per cent.
solution, and calculate to 100 per cent. If, for instance, a 10
per cent. solution of pure cane-sugar be examined in a 1-deci-
metre tube, the angle observed will be 6-66°, and the multiplication
of this figure by 10 will give the opticity of cane-sugar=66-6".

If instead of a 10 per cent. solution, one of 20 per cent. is
employed, the angle observed will be twice as large, and will,
consequently, have to be halved before being multiplied by 10.

Should the 2-decimetre (200 mm.) tube be employed, then
the reading will have to be halved and multiplied by 5. The
opticity is obtained in any case by the following equation :

R
[a).= G

XT—0~”

in which R is the reading of the polarimeter, L the length of the
tube employed in decimetres, and G the number of grams
of substance contained in every 100 c.c. of the solution.

For instance, suppose we have a solution containing in every
100 c.c. 13'5 grams of a body, the opticity of which we wish to
determine, and upon examining in the 2-decimetre tube we
obtain a reading of + 42-5°, then

9.
[a],,=:4—l‘3f"5= +157+4°

4 X ——

100

The opticity or specific rotatory power of such a solution is
therefore [a],= +157-4°.
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When the specific rotatory power of a solution is known, the
quantity of that substauce in solution is readily determined with
the polarimeter by the aid of the following formula :—

G R

G is the number of grams of the substance in 100 c.c. of solu-
tion, R the observed angle, and [a], the opticity of the substance,
L being the length of the observation tube in decimetres.

For example, a solution of canesugar of unknown strength is
found to give a reading of +18-20°, then

%: 2%8%0—6 and C=1366 grams.

Every 100 c.c. of the solution, therefore, contains 13-66 grams
of cane-sugar,

Again, supposing we have a solution containing maltose and
dextrin, and we desire to ascertain the amount of each of these
bodies present in the solution. Knowing as we do the opticity
of maltose and of dextrin, we proceed thus:—

The solution is found to contain, say, 15'5 grams per 100 c.c.
of the mixture of maltose (opticity [a],+138), and dextrin
([a],+198'9). On examining the solution in a 2-decimetre
tube, the angle observed is +52:90. Then

52:90 .
;xA'I_5.5=[a]D+ 170 6.
100

From this number, which is the opticity of the mixed substances,
we have to subtract the opticity of that which has the less
rotatory power—in this case it will be maltose 138—and divide
the result by the difference of the rotatory powers of the two
bodies, which here is 60'9 (1989 —138).

This will be 1706 - 138 =326, and 22 0
Each gram of substance in solution consists therefore of 0°53
gram of dextrin and 0'47 gram of maltose; consequently the
155 grams contain 8-215 grams of dextrin and 7-285 grams of
maltose.

Lastly, to convert degrees [a], into [a], multiply by 1-111 or
simply add one-ninth.

To convert degrees [a], into [a],. multiply by ‘9 or simply
deduct one-tenth.

=053 gram dextrin.
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The following are the specific rotatory powers of the carbo-
hydrates according to Brown, Morris, and Milar.!

TaBLE sHOWING THE SpECIFIC ROTOTARY POWERS OF THE
CARBOHYDRATES.

Specific rotatory
Specific rotatory | power reduced to |

Substance. | Formula. power (absolute). = the common
divisor 386.
' () (e)o [a)is06 | [@]o
Dextrin . . (CHuOu) | +221 | +1989| +216° | +1944
Cane-sugar . CpHy0, + 738 + 666 + 74 + 668
Maltose . ” +153°3  +138 +151 +185°9

Lactose (anhyd.) + 616  + 554| + 596 | + 536

lactose (cryst.). C HpOH,O| + 585 + 526| 4 566 | + 509
 Dextrose . | CgH 504 + 57 + 513| + 574 | + 517
" Levulose . - - -106 - 954 -104"1 | - 937

i at 15°5°C. at 15°5° C, !

Invert-sugar .  CgH,04+ - 245 - 22 | - 244 - 210

CeHp,0s 'at155°C. at 15%° C.

In this table it will be noticed that the absolute specific
rotatory power is given, as well as that reduced to the common
factor 3-86.

SoLutioN WEIGHT AND SoLUTION Facrtors.

In the analysis of the carbohydrates it is necessary in most
instances to know the amount of solid matter present in solution.
This may be estimated by evaporating a known bulk to dryness
and weighing the residue. Such method, however, is by no
means satisfactory, since it becomes essential, in order to remove
the last traces of moisture, to continue heating for a considerable
time, and by thus heating, the organic substance is to an extent
decomposed. On this account it was found preferable to ascertain
the amount of matter in solution by taking the specific gravity
and dividing the excess weight over water (1000) by a factor.

The original factor employed was 3:85, which was devised by
O’Sullivan in 1876,2 who based it on the assumption that 10
grams of pure maltose or pure dextrin, when dissolved in so much
water that the solution measures exactly 100 c.c. at & temperature
of 60° F. (155" C.), the specific gravity of the solution (10 per
cent.) is 10385, water being taken as 1000.

Y Jnl. Chem. Soc., Jan. 1897, 6.
3 Ibid., 1876, 129.
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Assuming that the strength of such solutions was strictly
proportional to their specific gravity, a 1 per cent. solution would
have a specific gravity of 100385, and solutions containing inter-
mediate quantities would have gravities expressed by intermediate
values. Consequently, if each per cent. of either of these bodies
raised the specific gravity of a solution by 3-85, it would be a
simple matter to ascertain the amount present in solution; it
would, in fact, be only necessary to subtract 1000 from the
specific gravity of the solution and divide the figure so obtained
by 3-85.

Thus 100 c.c. of a solution of maltose of a specific gravity of
1055° would contain

10565 — 1000
3:85

Later on Brown and Heron! came to the conclusion that 3:85
was too low for maltose, the correct divisor being 3:9314, and
O’Sullivan afterwards gave the fresh divisor 3:95 for starch
conversion products. It was afterwards found that with solutions
of the various carbohydrates the specific gravity of the solution
was not strictly proportional to the amount of the substance
contained in solution, and Brown and Heron? proposed the use
of 386 in all cases as a solution divisor ; but this is only correct
for a 10 per cent. solution of cane-sugar, which has a specific
gravity of 1038-6 at 60° F. (15'5° C.).

Brown, Morris, and Millar 3 have made fresh determinations of
the solution weights of a number of the sugars, and of various
starch transformation products ; the last traces of moisture being
removed from the substances dealt with by a process devised by
Lobry de Bruyn and Van Leent. It consists in placing the sugar
or other body in a small flask, which is placed in a water or oil
bath, and connected with another small flask containing anhydrous
phosphoric acid, a vacuum being maintained in the apparatus
during the drying process. From the results thus obtained, the
solution factor was determined for various concentrations. They
were found, a8 in the case of cane-sugar, not to be directly pro-
portional to the percentages present in solution, but might be
expressed in the form of a series of curves. These are given in
a table, and by consulting this the proper solution factor for any
concentration of any of the sugars given can be found by inspection.

The solution factors for solutions of several of the sugars and
starch transformation products at a density of 1055° and at a

= 14285 grams of that substance.

v Jnl. Chem. Soc., 1897, 618. ¢ Ibid,, RO2, 3 1bdd., 72.
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temperature of 60° F. (15°5° C.) are shown, Plate I. fig. 52, but
the original paper referred to should be consulted where extreme
accuracy is essential.

Brown, Morris, and Millar point out, in defence of their having
used the 3-86 factor for starch conversion products, that, so far
as ascertaining the percentage of the constituents is concerned,
the factor employed is a matter of indifference, provided the
specific rotatory powers and cupric reducing values of the con-
stituents corresponding with those of the particular divisor taken
are used in the calculation. They can be readily calculated into
the true amounts as soon as the true factor for the particular
starch conversion is known. At the same time, attention is
called to the fact that this is only strictly correct when the
solutions are of approximately the same density, and the con-
stituents possess identically the same divisor; but they do not
consider that the error thus introduced is sufficiently large to
vitiate their former work, or the conclusions based on it.

When the curves of the divisors for the different grades of
starch conversions are examined, it is found that for equal
concentrations the divisor for high conversions is greater than
that for low, in fact there appears to be some inverse ratio
between it and the amount of apparent maltose present.

It was found that if the mixed products of starch conversions
were assumed to consist of dextrin and maltose, and that the
maltose, which, according to the amyléin theory, exists in com-
bination with dextrin, was assumed to have the same solution
density as free maltose, it became possible to obtain by calculation
the divisor for the amyloin or dextrin constituent. This was done
for various conversions, and the curve thus found is given in the
table.

Though, as stated, it is somewhat improbable that the solution
factor for combined and free maltose would be the same, yet it
was found that when this dextrin curve was used in conjunction
with the maltose curve it was possible to determine, within
certain limits of concentration, and with a fair amount of
accuracy, the solution divisor for the mixed products of any
starch conversion brought about by diastase, the apparent maltose
percentage being either obtained from the opticity or cupric
reducing power of the solution.

We thus understand that where carbohydrate bodies bave to
be examined for cupric reducing power, their amount is most
frequently deduced from the specific gravity of their solutions
by means of a solution factor. Consequently, it is usual to affix
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in small characters the solution factor which has been used in
any particular case, such as Kg... or K,.... This means that the
amount of solid matter in the first instance was estimated by the
3-86 factor, in the second by the 3-85.

The absolute reducing power may be readily obtained from
the statement of these on the 3-86 factor when the true solution
factor is known. Thus the reducing power of maltose is K,. .=
61. If, as O'Sullivan assumed, the true solution factor for maltose
is 3-9314, then its real reducing power is

3-86:39314::61:62-12.

Cupric OxipE REDpUCING POWER.

It is shown in subsequent pages that several of the carbo-
hydrates reduce Fehling’s solution, or, in other words, precipitate
different amounts of the copper contained in that standard
solution. According to the amount of copper precipitated, so is
the power of the carbohydrate in solution. The cupric oxide
reducing power is based upon the specitic cupric reducing power
of a substance referred to dextrose as a standard of 100, and
such a figure is indicated by the letter K. Thus K =50 signifies
a solution having half the reducing power of dextrose. As the
amount of reducing carbohydrate is almost iuvariably determined
by means of a solution factor previously referred to, it is con-
venicnt to add the divisor which has been used: thus Kg.4,=50
explaing that the reducing jower is cxpressed on solid matter
determined by the factor 3-86.

Brown, Morris, and Millar propose to refer the reducing power
of carbohydrates to maltose taken as 100, and for indicating this
they use the letter R; thus R,.g = 50 indicates that the substance
has a reducing power of half that possessed by maltose, when the
amount of the substance is determined by means of the factor
3-86.

The cupric oxide precipitated by the various carbohydrates,
under favourable conditions, is as follows :—

1 gram CuO = -7435 maltose.
4535 dextrose.
‘4715 invert-sugar.
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Solution Factors for Carbo-hydrates at Various Densities.
Specific Gravity at 15-5° C. (From Brown, Morris and
Millar, Journal of the Chemical Society, 1897, vol. Ixxi.,
p. 72.)
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PART IIL

CARBOHYDRATES AND ALLIED SUBSTANCES.
PROTEIDS OR ALBUMINOIDS AND ENZYMES.

CARBOHYDRATBS AND ALLIED SUBSTANCES.

Tue name carbohydrate, embracing a very large number of
organic bodies, was originally applied to compounds which contain
in the molecule six atoms of carbon, or a multiple of this number,
together with hydrogen and oxygen present in the proportion in
which these elements unite to form water. This water, expressed
by the formula OH,. contains two atoms of hydrogen and one atom
of oxygen to form the molecule. In cane-sugar, expressed by the
formula C;,Hy0,,, it will be seen that the same ratio between
the hydrogen and oxygen atoms exists, viz. 2:1. In inorganic
compounds the term ‘“hydrate” is applied to those substances
which actually contain hydrogen and oxygen combined as water:
thus calcic hydrate Ca(OH), when gently heated gives off the
combined water Ca(OH),=CaO+OH,. Hence it was that the
carbohydrates were designated as hydrates of carbon. The term
carbohydrate, however, applied to the group of compounds about
to be considered, is in this sense a misnomer, since the elements
of hydrogen and oxygen are not contained within the molecule of
these compounds in the same sense as would be understood in the
case of an inorganic substance. The term was deduced from a
consideration of the empirical formula of these bodies before their
constitution was as well understood as at the present time.
Recent researches, especially those by Emil Fischer, have shown
that the carbohydrates possess an exceedingly complicated
molecular structure, and that the group term carbohydrate
includes a very large number of substances which may be sub-
divided into groups having relationships and properties analogous
61
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to, and not greatly differing from, the elementary group of the
hydrocarbon derivatives.

Most of the carbohydrate compounds occur in the vegetable
organism, but some few are also found in the animal kingdom.
The larger number are well known as constituting articles of food,
and it is needless to say that the majority are of the highest
physiological importance. They consist of several isomeric
groups,! most of whose members when in solution exhibit active
optical properties deviating the plane of polarised light either to
the right (+) or to the left (—), and are therefore said to be
optically active,

The more important carbohydrates which have an importance
from the brewing point of view are, according to their empirical
composition, divided into the following groups :—

A. Tue Pentose Group (C;H,,0;).

(a) Aribinose.
(b) Galactoxylan.
(c) Xylose, Amylan, and Furfural.

B. Tre CeLLurose Group (CgH,,O,),.

(a) Celluloses including the Hemicelluloses
and Oxycelluloses.

The molecular weight and constitution of most of the members
of this group are unknown, or have only been ascertained with
approximate accuracy.

(b) Starch. Amylo-cellulose.
Granulose.
Soluble Starch.
(c) Dextrins. Amylo-dextrins.
Erythro-dextrins.
Achroo-dextrins.
(d) Inulin.

C. Tee Hexose Grour CjH,,0,.

(a) Dextrose. (d-glucose)
%) Galactose } Aldose.
(c) Mannose

() Levulose Ketose.

! Isomerie bodies or isomers are bodies of identical empirical com-
position, but vary in properties. Thus starch, dextrin, cellulose, etc. have all
the same percentages of carbon, hydrogen, and oxygen, though different in
many other respects.
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D. Tre DisaccHARIDE GrouP (C),H,,0,,).

(a) Cane Sugar or Saccharose.
() Maltose or Malt Sugar.
(¢) Lactose or Milk Sugar.

E. THE POLYSACCHARIDES.

(a) Malto-Dextrins. (C,;Hy,0,,)n.
(CI2H20010)H'
(0) Raffinose. C,H;,0,.

We need only discuss the characteristics of the more important
of these bodies, thus :—

A. Tue Pentose Grour (C,H,,0,).
Aribonose. Galactoxylan. Xylose. Amylan and Furfural.

The pentoses and their derivatives are found as constituents of
the husk and gummy matters of barley and malt. The pentoses
yield furfural when hydrolysed® by acids, and to this compound
is due the objectionable smell which always accompanies any
attempt to the further conversion of * spent” grains by means of
acid. Furfural is also formed to a slight extent at the mashing
stage, the acidity of the mash inverting galactoxylan and then
xylose into this compound.

B. Tee CerLurose Group (CH,,0,),.

Hemi'celluloses.

Ozycelluloses.
Starch. Amylo-cellulose, Granulose, Soluble Starch.
Dextrins. Amylo-dextrins, Erythro-dextrins, Achroo-dextrins.
Inulin.

CeLLurose, HEMICELLULOSE, OXYCELLULOSE (C4H,(0;),.

The celluloses constitute the fundamental material of the
structure of all plants from the highest tree to the lowest fungus.
They are built up from soluble carbohydrates contained in

! Hydrolysis.—The term was suggested by Dr Armstrong. It is the
term used where the assimilation of the elements of water by a molecule of any
substance is immediately followed by its splitting up into other compounds.

Decompositions, like that of starch into dextrose, of cane-sugar into
dextrose and levulose, of the fats into glycerine and an acid, or of ordinary
ether into ethylic alcohol, which involve the fixation of the elements of water,
may all be said to be the result of hydrolysis.
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protoplasm, and, with the exception of the very young cellular
tissue, always contain mineral matter. Cellulose is therefore very
seldom found pure, inasmuch as other substances pass from the
cells into the membrane, and there become fixed. If we micro-
scopically examine a thin section of wood or a little pith of the
elder, we see that the mass is made up of a great number of
irregularly shaped cells, and these are composed of cellulose.
Whilst the wood or other vegetable growth is still young the
substance of the cells is almost pure, but as the structure gets
older the cells become encrusted with resinous and other
secretions, and frequently assume a yellow, brown, or red tint.
The sources of cellulose are practically endless, and the forms in
which it appears are very numerous. Cotton is almost pure
cellulose, so also is elder pith, whilst we find it in very hard form
in the date stone and in vegetable ivory. Barley contains about
7 per cent. of it, cotton 9135 per cent., straw 4622 per cent.,
and in different kinds of wood the percentage varies from 30 to
63. The purest forms of cellulose are cotton-wool, frequently
washed linen, and unglazed paper. If either of these substances
be washed, first with weak alkali, and, after every trace of the
alkali has been removed, by distilled water, then submitted to the
action of weak hydrochloric acid, and finally again washed with
distilled water, we obtain cellulose uncontaminated by foreign
substances. As such, it is insoluble in the ordinary solvents such
as water, alcohol, ether, etc., or by prolonged boiling with dilute
acids or alkalies, but it dissolves in an ammoniacal solution of
cupric oxide, or in a strong solution of zinc chloride and hydro-
chloric acid.

Cellulose is a white, tasteless, odourless, innutritious substance,
which readily takes up moisture, but is unacted on by it, and
unaffected by exposure to air. It is coloured brown by iodine
solution, and is about one and a half times as heavy as water.

A mixture of strong nitric and sulphuric acids converts cellulose
into nitro-cellulose or gun-cotton, C;H.(NO,),0,, a substitution
which is reversed by alcoholic solution of potassic hydrosulphide,
reproducing cellulose. Besides ordinary forms of cellulose, which
in general resist the action of acids, alkalies, and enzymes, there
are certain celluloses which undergo hydrolysis with comparative
facility. Instances of these are the hemi-celluloses, which in the
seeds of some plants constitute the reserve material stored by the
parent plant for the sustenance of a future plant whilst in
embryo. Such reserve material takes the place of the starch
stored in the endosperm of the barleycorn. This cellulose is
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readily hydrolysed by acids, and is converted into soluble
saccharine matters by the agency of enzymes secreted by the
growing plant. As examples, mention may be made of the cellu-
lose forming the walls of the starch containing cells of the
endosperm of barley, the dissolution of which takes place during
germination by the enzyme cytase, and the amylo-cellulose of
ordinary starch granules which is slowly hydrolysed by diastase
in the cold, but with facility at a temperature of 140° F. (60° C.).

Cross and Bevan have shown that there are still further modi-
fications of cellulose present in many vegetable tissues, such as
those of the barley plant; and these, since they contain larger
percentages of oxygen than ordinary cellulose, have been named
‘“oxy-celluloses.” They are extremely resistant to the action of
dilute alkalies, and, like the pentose sugars, the oxy-celluloses,
when distilled with hydrochloric acid, yield f rfural ; and upon
hydrolysis with dilute acids (1 per cent. sulphuric) are partially
converted into a fermentable sugar, having probably the following
constitution,

o
O,HSC,,<O>CH2.

It was whilst studying this class of bodies that the author con-
ceived and patented the idea of treating ‘‘spent” grains for the
extraction of sugar.!

The process consisted in converting *“spent” grains in a similar
fashion to that in which raw grain is sometimes converted.

“ Spent ” grains contain from 2 to 10 per cent. of starch ; and it
was not only to recover this residual starch, but also to act upon
the cellulose and convert it also into sugar, that constituted the
idea. The sugar obtained was found to be of the furfuroid
character, and amenable, to an extent, to the fermentative action
of yeast. The results of the author’s experiments in conjunction
with those of Cross and Bevan have long been recorded ;2 suffice
it to say that no commercial progress was made, after lengthy
experiments and heavy expenditure.

+ StarcH (CgH,(0;)n

Amylo-Cellulose. Granulose. Soluble Starch.

The formula for starch is as shown above, the vaiue of # not
being known. Brown and Morris, as is shown hercafter when

! Bailey and Ford Patent, No. 1788, 1896.
2 Jnl. Fed. Inst. Brewing, 1897, 75.
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considering the malto-dextrins, are of opinion that the formula
for starch cannot be less than 5(C,,H,,0,,)s, but it is yet doubtful
whether this formula will not at some future date be altered. At
any rate we niay look upon starch as a carbohydrate containing
C, H, and O in the proportions in which these elements unite to
form water, and await developments for more light upon the
actual multiple of these elements.

Starch is a substance found in the form of small granules in
the cells of grain, legumes, and potatoes. It exists in nearly all
plants with the exception of the fungi. It is, in fact, the most
abundant material to be found in the vegetable world. It is
originally formed in the cells of the leaves of plants from the
carbon dioxide of the atmosphere, by the agency of chlorophyll
(the green colouring matter of leaves) in the presence of sunlight.
The starch thus formed may be looked upon as migratory, since
by enzymic action it is transformed into soluble sugars, passing
into the sap of the plant, and thence carried throughout the
plant, building up its fabric, reappearing at different stages of
the plant growth as cellulose, gummy matter, lignin, or trans-
formed again into starch as the reserve material in the seeds of
cereals, the tubers of the potato, etc. The study of the meta-
morphoses of starch in the living plant, from the assimilation of
carbon dioxide in the green leaves to the formation of starch in
the barleycorn, is an interesting study, and yields much valnable
information upon the process of germination. The classical
researches of Brown and Morris upon the * Physiology of Foliage
Leaves”! and the ¢Germination of the Gramines,”? should
therefore be consulted.

Starch is generally obtained in Europe from wheat, maize,
potatoes, and rice, and in tropical countries from the stems of
the palm and from the tubers of various plants; thus, in the
East Indies and the Philippine Islands, starch is obtained from
the pith of the sago-palm (Sagus levis or Sagus rhumphis). This
comes into the market under the name of sago (a word meaning
bread). Arrowroot is the starch of the Maranta arundinacea and
tndica, and a few other tropical plants growing in the West Indies,
Brazil, and the Southern States of America. Tapioca is derived
from Yatropha manihot, this, like sago, being subjected to pressure
to give the grains a peculiar form.

1 ¢« A Contribution to the Chemistry and Physiology of Foliage Leaves”
(Jnl. Chem. Soc. Trans., 1893, 604-677).

2 ¢ Researches on the Germination of some of the Graminez” (Jal. Chem.
Soc. Trans., 1890, 4568-528).
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Starch being heavier than water, its density at a temperature
of 67°5° F. (197 C.) being 1505, has the property, when mixed
with it, of sinking with proportionate rapidity, and we may observe
that the bottom layer is remarkable for great toughmess. It is
never found in a state of purity, but always occurs mixed with a
greater or less amount of nitrogenous matter. In order to purify
it, until within recent years the starch was mixed with water
and allowed to stand until fermentation set in, this being caused
by the action of acrial ferments, the result being that the formation
of acetic, butyric, and lactic acids in time split up the nitrogenous
matter, and a subsequent washing with water left the starch pure.

There are two objections to this method of preparing starch:
firstly, the lengthy time necessarily occupied ; and secondly, the
objectionable odour evolved from the fermentation, which renders
the manufacture a nuisance to the neighbourhood. It became
necessary, therefore, to adopt fresh means for purifying it, and this
is now performed by dissolving the nitrogenous bodies with caustic
soda instead of the previous objectionable method of fermentation.
The steep water is first made faintly acid by the addition of a
little sulphuric acid, and the starch is afterwards treated with
water containing ;}5th of its weight of caustic soda, or a solution
containing 200 grains or } ounce of the alkali per gallon.

The external characteristics of starch granules can only be
distinguished by the aid of the microscope on account of their
minute size ; and by the aid of this instrument it was discovered
that not only does the size of the granules vary in every species of
starch, but that each species exhibits its own particular form and
structural markings. Adulteration can thus be detected, and
admixture of cheap potato starch with the more expensive
wheaten starch may be approximately measured by microscopical
observation.

Though the cells of every species of starch vary in size and
shape, they nevertheless exhibit certain similarities in structure,
Each has a dark point, central in some, eccentric in others, known
as the “hilum.” Round this are seen a series of concentric lines,
an appearance caused by the peculiar structure of the granules,
which are built up of layers containing varying amouuts of water.
The hilum is always rich in water, and each layer alternately
contains more or less water, the outside layer being always most
free from moisture and richest in substance. As a consequence
of the proportion of water increasing from the outside of
the granule inwards to the hilum, fissures radiating from the
hilum towards the periphery often arise as the granule becomes
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dry. By steeping starch granules in alcohol, which entirely
deprives them of water, all appearance of stratification disappears,
but the lines reappear if the granules are moistened with water.
If they are treated with dilute alkali or acid, the appearance of
stratification is rendered much more distinct.

The following sketches, figs. 53 to 64, Plates II. to VII., show the
microscopical appearance of the more important starches ; and the
table, by Galt,! gives their outline, measurement, surface, hilum,
and markings.

Air-dried starch contains from 15 to 20 per cent. of moisture,
the last traces of which it retains with remarkable pertinacity,
consequently it is almost impossible to remove the whole of the
moisture by heat alone without at the same time causing a
chemical alteration in the starch substance itself. To avoid this,
Dafert 2 proposes to remove the hygroscopic water by drying the
starch in racuo at 212° F. (100° C.). Absolutely dry starch
attracts moisture with such avidity that when moistened with
water a perceptible rise of temperature takes place, a phenomenon
which shows that the last portions of water are in a state of
chemical combination.

Starch is an exceedingly inert substance, insoluble in cold
water, alcohol, ether, and ammonia cuprate, the latter showing
its difference from cellulose; but it dissolves in potassic hydrate
solution, in consequence of the formation of a potassiuin derivative.

On treating with acetic anhydride it is converted into a tri-
acetate, C4H;0,(C,H;0,)g '

It may be heated, when dry, to a temperature of 300° F. (1488
C.) without change, but by a temperature of from 300° to 400° F.
(148-8° to 204-4° C.) it is converted into a substance soluble in
cold water, termed dextrin or British gum, and at temperatures
above this it is decomposed.

Starch is largely used in the arts for laundry purposes, paper
sizing, bookbinding, weaving and finishing calicoes, also for pre-
paring the thickening for colours and mordauts in calico printing,
for dusting the formes in metal founding, and a variety of other
purposes.

So long ago as 1716 Leuwenhoek asserted that the cell-walls of
the granules differ from the cell contents ; and Raspail confirmed
this assertion, believing, however, that the cell contents were
identical with gum arabic. On the other hand, Guibort came to
the conclusion that both the above possessed the same chemical

! The Microseopy of the Starches.
2Jnl. f. prakt. Chem., Ixxiii. 61.
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F1G. 53.—Potato Starch. x1186.
(Galt-Bailli¢re, Tindall, and Cox.)
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F1a. 54.—Rye Starch. x116.
(Galt-Bailli¢re, Tindall, and Cox.)

[To face p 68.
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F1c. 55.—Rice Starch. x 300.
(Macmillan.)

F1c. 56.—O0at Starch.  x 380,
{Galt-Bailliere, Tindall, and Cox.)

[To face p. 68.
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F16. 57.—Maize Starch. x 300.
(Macmillan.)

Fic. 58.—Pea Starch. x116.
(Galt-Bailliere, Tindall, and Cox,)

[ 70 tuce p. 68.
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Fic. 59.—Tapioca Starch, x116.
(Galt-Bailliere, Tindall, and Cox.)

F1c. 60.—Sago Starch. x116.
{Galt-Baillicre, Tindall, and Cox.)

[ To rarce p. 68,
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’,
TABLE SHOWING THE LEkaADING MicroscorPicAL CHARACTERS OF THE
MORE IMPORTANT STARCHES.

Fig.
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composition, and that they only differed physically.! The
structure of the starch granule was then carefully examined by
Fritsche,? and the classical researches of Neageli3 proved that
starch is a mixture of several isomeric compounds, Its internal-
portion consists of what is termed granulose with a small portion
of starch cellulose, whilst the outer coating consists principally,
if not entirely, of this latter substance. The outer coating or
cellulose of the starch granule protects the inner content or
granulose from being acted upon either by cold water or diastase,
and before any action can therefore take place it becomes necessary
to burst the granules either by attrition or heat.

There is great divergence of opinion as to whether or not the
granulose upon being set free from the granule enters into a state
of solution. Some say that it does not, since if it did so it would
readily pass through cell membrane, which property it does not
possess. Brown and Heron believe that the granulose is in a true
state of solution, and that the viscosity of starch paste is due to
the swollen state of the cellulose. They found the viscosity to
vary considerably. The more slowly the starch has been dried
and the lower the heat at which this has been effected, the more
viscous the solution ; in fact they found the difference in viscosity,
due to the varied methods of preparation, to amount to more than
three to one. Moritz and Morris express the opinion that on
boiling starch the granulose is converted into soluble starch.

In any case, when starch is heated with water the granules
undergo a singular change in their structural condition. They
take up large quantities of water, become swollen, and in time,
if the temperature of the water is high enough, burst. A
gelatinous mass is formed which is designated as starch paste,
the process itself being termed the production of starch paste, or
the gelatinisation of starch.

During the heating the volume of the liquid becomes greater.
According to Payen, the increase of volume amounts to 142 per
cent. at a temperature of 140° F. (60° C.), and to 1255 per cent.
at 158°-161'6" ¥. (70°-72° C.). The higher the temperature
of the water, the greater the swelling of the granules, and also
the greater the diffusion. The temperature at which starch
granules begin to swell, and also that at which a complete
transformation into paste occurs, differs according to the nature
of the starch.

Soluble Starch is conveniently prepared, according to

v ild, Chem. Med., v. 9. 2 Pogy. Ann., xxii. 129,
3 Jahresber. d. Chemie, 1859, 544.
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Lintuer,! by digesting potato starch with a 75 per ceut. solution
of ordinary strong hydrochloric acid at a temperature of 60° F.
(155" C.) for one week, afterwards washing the starch by repeated
decantation until the washings are perfectly free from acid ; or,
according to Brown and Morris,? a 12 per cent. solution of hydro-
chloric acid may be employed, in which case digestion for twenty-
four hours suffices. The starch granules undergo no apparent
physical change by the process, as is shown by microscopical
examination, in which case it will be seen that the granules retain
their original appearance.

Soluble starch is precipitated by a large addition of alcohol,
also by many metallic oxides, as lime, baryta, and lead oxide. It
is coloured an intense deep blue by iodine solution, this property
having been discovered by Gaultier de Clanbry in 1814. The
reaction, however, is much influenced by temperature; the
lower the temperature the more sensitive is the reaction. At or
near the boiling-point of water the coloration does not appear at
all, but a deep blue makes its appearance as the solution cools,
provided the solution is not subjected to prolonged heating.
The blue colour does not show itself so readily, nor is it so
pure, in the presence of other bodies such as tannin, malt extract,
beer, yeast, etc. Whether the blue substance formed is a true
chemical compound or not has not been definitely settled.

The colour also varies according to the nature of the starch;
thus potato-starch gives a deep blue, wheat-starch a colour
inclined to violet. This is accounted for by a larger amount of
the cellulose, which is coloured brown by iodine, being contained
in some of the starches.

Two starches have been met with by Dafert and Kreusler,® the
one in a species of rice, the other in a kiud of millet, which are
coloured from red to brown by iodine solution. The opticity of
soluble starch is given as [a]; 3+ 216" by Brown and Morris, and
as [a], +200° by Lintner. Brown, Morris, and Miller state that
the opticity in 25 to 4'5 per cent. solution is at 60° F. (15-5° C.)
[a], 202°. It has no reducing action on Fehling’s solution.
When acted on by diastase in the cold it is decomposed in ten
minutes to the No. 8 equation. When, however, the action of
diastase is allowed to proceed for ten or twelve days in the cold,
soluble starch is entirely converted into maltose.*

v Jnl. f. prakt. Chem., xxxiv. 378,

2 Jnl. Chem. Soc., 1889, 450.

3 Landwirth. Jahrbuch, xiii. 767, xiv. 831.
4 Lintner, Jnl. /. prakt, Chem., 1887.
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By the action of diastase or acid on soluble starch, under
suitable conditions, identical sugars are formed, and the inference
naturally arises that the intermediate products (malto-dextrins),
formed by the respective agents, are identical.

The transformation of soluble starch to dextring and malto-
dextrins can be followed to a certain extent by the iodine reaction,
the deep blue tint produced in soluble starch changing to red
upon the starch hydrolysing to dextrin.

Brown and Morris,! by employing Raoult’s method, found the
molecular weight of soluble starch to vary from 20,000 to 30,000 ;
and on the asumption that the stable dextrin of the No. 8
equation constitutes one-fifth of the molecule, they concluded that
its molecular weight is 32,400, and its formula 5(C,,H, 0,,)s-
The question the brewer has to take into consideration is how
best and most economically he can transform starch into dextrin,
maltose, and malto-dextrin, in proportions suitable for any
particular beer. No matter whether he employs the starch of a
cereal such as rice or maize, he obtains the same fermentable
products as those produced by the employment of oats or barley.
Certain starches, however, produce somewhat objectionable
flavoured worts, and such worts are proune to quickly acidify ;
hence it is that only certain raw grain starches are employed by
the brewer.

+ DexTrIN (CgH,,O;)n
Amylo-dextrins. Erythro-dextrins. Achroo-dextrins.

By heating dry starch to a temperature of from 300°-400° F.
(148-8-204'4° C.), as already mentioned, a substance, soluble
in cold water, termed dextrin or British gum, is produced.
Dextrin forms an intermediate stage in the conversion of starch,
whether effected by mineral acids or malt-extract (diastase).
There are three kinds of dextrin, designated amylo, erythro,
and achroo, the amylo- and erythro-dextrins giving a red or
brownish colour with iodine solution, the achroo-dextrins
being unaffected by this reagent. There has been great con-
troversy as to the existence of different types of dextriu, Greiss-
- mayer, O’Sullivan, Neageli, and other investigators describing
several.

The dextrins are neutral, tasteless substances, soluble in
water, dilute alcohol or mnaphtha, but insoluble in absolute

alcohol or ether.
1 Jnd. Chem. Soc., 1889, 465,
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C. Tue Hexose Group CgH,,0,.

+ Dextrose (d-glucose). Galaclose. Mannose.
— Levulose ( fructose).

+ DExTROSE (d-glucose) CgH,,0,.

Dextrose or d-glucose is one of the sugars found in great
abundance in the vegetable kindom. Ripe sweet fruits, such as
grapes, plums, figs, etc., contain, in addition to levulose and
small quantities of cane-sugar, large quantities of this substance.
It is also met with in the stems and seeds of cereals and in the
flowers of many plants from which bees derive honey; it is also
found in honey.

Compounds of dextrose are frequently met with, termed
glucosides, which readily split up under the hydrolysing action of
dilute acids or enzymes into dextrose and their other constituents,
Dextrose is now largely prepared from starch and starchy
materials by the action of dilute mineral acids, the product thus
obtained consisting of a mixture of dextrin, maltose, and dextrose,
the percentages of these sugars depending upon the conditions
and length of time the hydrolysis is allowed to proceed. But if
the hydrolysis is prolonged to its fullest limit, the dextrin first
formed is converted to maltose and the latter to dextrose. In
such cases other substances besides dextrose are formed, amongst
which is supposed to be a substance termed gallisin. Of their
character, little of a satisfactory nature is known.

Dextrose is only half as sweet as cane-sugar ; it is readily soluble
in water and dilute alcohol, but is completely insoluble in absolute
alcohol. It is not charred or blackened by concentrated sulphuric
acid, as is cane-sugar, but if heated with solutions of the alkalies
a brown coloration is produced, and with dilute acids prolonged
heating forms brown substances termed ulmin and ulmic acid.
On heating dextrose to temperatures between 230°-309°F.
(110°-154° C.) caramel is produced. On heating to 340°F.
(171° C.) water is given off and glucosan is formed ; whilst on
still further heating, the substance is decomposed.

Dextrose readily combines with oxygen, and hence is able to
reduce the oxides of several metals to the metallic form ; whilst
in the case of some metals such as copper, the higher oxide is
reduced to the lower, viz., CuO to Cu,0. On this property the
methods of determining dextrose quantitatively are founded.

Dilute nitric acid oxidises dextrose to saccharic acid (CgH,,05).

Solutions of dextrose are readily fermented by yeast, maltose
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requiring to be first hydrolysed to dextrose by the enzyme
maltase contained in yeast, and cane-sugar to be first hydrolysed
to invert by the enzyme invertase contained in yeast, before
fermentation commences and splits the sugar up into alcohol and
carbon-dioxide. Upon fermenting, dextrose yields 4867 per cent.
of alcohol. It possesses an optical activity of [a],g.e="517, and
its cupric-oxide reducing power is Kg.4=100.

Dextrose solutions, like those of levulose and maltose, produce
an osazone when treated with phenyl-hydrazine.

If 1 gram of dextrose is dissolved in 50 c.c. of water, and 2 grams
of phenyl-hydrazine dissolved in 2 grams of 50 per cent. acetic
acid are added, the mixture upon being treated throws down a
dense yellow precipitate. The action is complete in one hour.
The precipitate, microscopically examined, will be found to consist
of needle-shaped crystals, some of which may occur in fan-shaped
aggregates. The precipitate, when collected, washed with hot
water, and dried at 212° F. (100° C.), will be found to be very in-
soluble in boiling water, which characteristic assists in its
identification.

The reaction of phenyl-hydrazine with the hexoses is as
follows :—If one molecule of phenyl-hydrazine is allowed to act
on one molecule of a hexose, a normal hydrazone is formed :—

Dextrose. Phenyl-hydrazine. Hydrazone.
CH, OH(CH.OH),. CHO + C,H,NHNH,=CH,.OH(CH.OH),.
CH + H,0
l
N - NH.C4H;.

But if two molecules of phenyl-hydrazine are used, an osazone
is obtained :—
CH,OH(CH.OH),.C-CH =N - NH.C,H,
i

111 H.C.H;.
Glucosazone.

Dextrose solutions, like those of some other carbohydrates,
also possess the phenomenon of muta-rotation. A freshly-prepared
solution shows an opticity nearly twice as great as that given
after standing, and the opticity only becomes stationary after a
lapse of about 24 hours. Two minutes boiling or the addition
of a very small quantity of caustic potash or ammonia (0-1 per
cent.), however, at once fixes the rotatory power. Besides by the
hydrolysis of starch, dexirose may be prepared from cane-sugar,
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in which case the product consists of nearly equal weights of
dextrose and levulose, otherwise known as invert-sugar. The solid
portion of commercial samples of invert cousist of crystallised
dextrose, which may be washed with alcohol, dissolved, and
recrystallised from methyl-alcohol. The dextrose then separates
as hydrate (C4H,,0, + H,0).

- LEvuLosE (Fructose) CoH,,0,.

Levulose exists in association with dextrose in grapes, ripe
fruits, honey, and in the stems and seeds of cereals; and is
present in invert-sugar to the extent of nearly half the latter’s
weight. It may be separated from invert by making a solution,
mixing an equal weight of finely-powdered slaked lime, and
maintaining for some time at & low temperature. The lime forms
a solid compound with the levulose known as insoluble calcic
levulosate, while the dextrose forms a compound which is freely
soluble, and may be separated by filtration and washing. The
residue is then mixed with water, and on passing a current of
carbon-dioxide through the liquid, decomposition occurs, the
lime being precipitated as carbonate, and the levulose passing
into solution. This solution may be rendered anhydrous by
evaporation ¢n vacuo over sulphuric acid. Thus prepared,
levulose is a colourless, uncrystallisable syrup, distinctly sweeter
than dextrose, and more soluble than the latter in alcohol. By
careful recrystallisation, it may be obtained in fine silky crystals,
which melt at a temperature of 203° F. (95° C.).

Levulose turns a polarised ray of light strongly to the left,
hence its name, the angle of rotation being [a],g¢= - 937,
and it has a cupric-oxide reducing power of K.z, =924,

The polarisation is thus more powerful than that of dextrose
to the right, so that a solution of invert-sugar, containing equal
quantities of each sugar, possesses a distinct levo-rotatory power.
The levo-rotatory angle diminishes as the temperature of the
solution rises, so that at a certain temperature levulose apparently
possesses no rotatory power at all, since the action of the negative
levulose is then exactly balanced by the positive rotation of the
dextrose, and at about this temperature invert-sugar becomes
dextro-rotatory.

Levulose ferments in contact with yeast, but not so readily as
does dextrose, a fact which favours the theory that the sluggish-
ness of its fermentation is due to it not being able to diffuse so
readily as dextrose through the walls of the yeast cells.
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When levulose is heated strongly it is converted into levulosan
(C4H 40;), a body isomeric with glucosan and produced in the
same way from dextrose by the expulsion of water. 1t comports
itself in many respects in an almost similar manner to dextrose,
aud is oxidised into saccharic acid by contact with dilute nitric
acid.

Solutions of levulose form an osazone when treated with phenyl-
hydrazine.

D. Tug Disaccuaripe Grour C,Hy0,,.

Cane-sugar or Saccharose. Mallose or Malt-sugar.
Lactose or Milk-suyaxr.

+ Cang-Suear C,,H,,0,,.

Cane-sugar is freely soluble in water, a cold, saturated solution
at 60° F. (155° C.) contains about 663 per cent., a boiling
solution about 825 per cent. The gravity of a solution increases
in a slightly greater ratio than the percentage of sugar, and the
difference in ratio becomes still more pronounced as the quantity
is further increased.

Cane-sugar is insoluble in ether, slightly soluble in absolute
alcohol, and more so in dilute alcohol, the solubility increasing
with the dilution of the alcohol. It has no reducing action on
Fehling’s solution, melts at a temperature of 320° F. (160° C.),
and on cooling solidifies to an amorphous mass, which, after some
time, becomes crystalline.

When heated for some time to 338 F. (170° C.) it is split up
into dextrose and levulose, but if exposed to a higher temperature,
356°-392" F. (180°-200° C.), the mass becomes first yellow and
then brown, forming caramel. Heated to a still higher tempera-
ture, decomposition takes place with evolution of combustible
gases and acid vapours, a light porous mass of carbon being left
behind.

If a little concentrated sulphuric acid be added to cane-sugar
syrup, an immediate and characteristic action ensues; the sugar
is deprived, by the acid, of the elements of water, and its carbon
separates as a solid swollen black mass, of much greater bulk
than the syrup from which it is derived. If, however, a solution
containing not more than 30 per cent. of cane-sugar is heated
with dilute acid, the sugar, instead of parting with, takes up
the elements of water and is hydrolysed into a mixture of dextrose
and levulose, otherwise known as invert-sugar. The same change
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is brought about when cane-sugar solution is placed, under
suitable conditions, in contact with yeast, nvertase, the enzyme
of monilia candidu, or malt extract. In the latter cases, how-
ever, the action is very slow. The reaction which results is the
same whichever agent be employed ; it consists in the assimilation
of water by the cane-sugar molecule, followed by its separation
into the two different kinds of sugar named, which, though of
very different properties, have the same formula.

The following equation expresses the change :—

CyuH,,0,, + Hy0 = CgH ;04 + C,H 0,
Cane-sugar. Water. Dextrose. Levulose.
\—-(—/

Invert-sugar.

Yeast ferments cane-sugar solutions of weak or medium strength,
but is unable to ferment solutions of 50 to 60 per cent. strength,
or any solutions to which large quantities of glycerine have been
added : the enzyme zymase, however, ferments these solutions
readily.

Cane-sugar forms compounds (saccharates) with several bases,
such as potassium, strontium, lead, etc., all of which are de-
composed by carbon-dioxide.

It does not form a compound with phenyl-hydrazine, but when
heated in a solution of the acetate of that base, it ftirst suffers
inversion into dextrose and levulose, these latter sugars uniting
with the phenyl-hydrazine to form glucosazone. Cane-sugar
solutions of medium dilution and under suitable conditions are
completely fermentable by yeast, but in such instances the
fermentation is nut a direct one, the sugar being first split up
into invert.

Many bacteria are able to induce peculiar fermentations in
solutions of cane-sugar, in which such bodies as lactic acid,
butyric acid, mannitol, etc., are produced.

+ Mavrrose C,Hp0,,.

Although belonging to the same group as cane-sugar, maltose
has few properties in common with that most familiar substance.
It nowhere in nature exists ready formed to any great extent. It
is surmised that plants, during their growth, transform a portion
of their starch into maltose as and when they require the latter
for food, but the amount required is so infinitesimal that no large
quantity is found to exist therein.
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Maltose was discovered by De Saussure in 1819, but the
discovery was overlooked or forgotten. It was again discovered
by Dubrunfant® in 1847, but again overlooked or forgotten. In
1872, however, C. O'Sullivan 2 rediscovered it.

O’Sullivan prepared it by acting upon gelatinised potato starch,
with diastase at about 90° F. (32:2° C.). Chloroform was added
to prevent bacterial growths, and the infusion allowed to stand for
ten days. The solution was then evaporated to a syrupy
consistency, when maltose slowly crystallised out which was
purified by being dissolved in alcohol and recrystallised. It
separates from an aqueous solution in needle form, and contains
one equivalent of water of crystallisation ; but when separated
from alcoholic solution it is anhydrous. It is a white substance,
soluble in water, but sparingly soluble in alcohol. It reduces
Fehling’s solution in a degree equal to about two-thirds of its
weight of dextrose. This reduction is stated by O’Sullivan to be
equal to 65 per cent. of its weight of dextrose, but Brown and
Morris state the percentage to be equal to K;.4o = 61, which, how-
ever, is practically the same thing, when allowance is made for the
fact that O’Sullivan employed the factor 3-85 in place of the
now commonly used factor 3-86.

According to Soxhlet, with an excess of undiluted Fehling’s
solution and an approximately 1 per cent. solution of maltose, 100
parts of maltose invariably yield 127:3 parts of cupric oxide, or
113 parts of copper. A series of tables for the estimation of
maltose have been prepared by Kjeldahl.®

The optical activity of maltose is [a],5.5,=1359. It is
converted into dextrose when heated for a short time with
dilute mineral acid, the best temperature for the hydrolysis being
176° F. (80° C.) to 194° F. (90° C.). Malt extract or diastase is
unable to effect any change in it, whilst in contact with yeast,
under suitable conditions, it is hydrolysed to dextrose under
the influence of a special enzyme contained within the yeast
termed maltase or glucase, and is further decomposed with the
production of from 51 to 52 per cent. of alcohol. When in
company with dextrose the latter is fermented first.

A hot solution of maltose, heated with phenyl-hydrazine, forms
osazone which separates on cooling as yellow needles, and which
melt and decompose at a temperature of 390° F. (198-8° C.).

1 Ann. Chim. et Phys., xi. 379.
2 Jal. Chem. Soc. Trans., xxv. 579.
3 Med. Carlsh. Lab., 1895, 1,
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E. THE POLYSACCHARIDES,
+ Malto-dextrins (C,,H,,0,,),.
(C12Hg010)n:
Rafiinose C,gH,,0,,.
+ Malto-dextrins (C,,H,,0,,)n.
(CipHgOrp)n
The transformation products in a starch conversion possessing
an [«],150°3° consist of :—

Maltose . . . 80°8 per cent.
Dextrin . . 192 )
1000

The optical activity of a starch transformation effected by
unrestricted diastase falls rapidly from [a],202°, representing the
original soluble starch, to [a],150'3 representing a so-called
complete conversion, and when it reaches this stage the velocity
of the transformation change is checked; [a],150°3 therefore
represents a well-defined point in the hydrolysis of starch. An
equation representing this change, commonly called the “No. 8”
equation, is given thus:—

[5(CygHy049)] + 4H,0 = 4C,,Hp,0yy + (C,,Hy 0y
Starch. Water. Maltose. Stable dextrin.

This equation represents that four-fifths of the starch molecule
is converted into maltose and one-fifth into stable dextrin; but
the amount of maltose in the starch transformation products is
not four-fifths the weight of these products, owing to the fixation
of water during hydrolysis, hence the proportion 80'8 maltose to
19-2 dextrin in the products of a complete conversion.

The starch molecule is, however, much larger than [6(C,,H,,
0y0)}:

Brown and Millar! bring forward evidence to show that the
molecule of stable dextrin is [20(C,,H,,0,,)], and therefore that
the molecule of soluble starch must be at least five times as large.
According to this view, the conversion of soluble starch into
maltose and dextrin is represented as follows :—

(C12Hp010)00
(CmHmOlo)m )
(C12H200,9)5 + 80H,0 = 80C,,H,,0,, +[20(C,,H0,4)]
(Cm]-[”()w),m Maltose. Stable dextrin.
(C2Hy040)20
Soluble starch. )

v Jnl, Chem, Soc., 1899, 1xxv. 317,
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The so-called *“stable ” dextrin, although it strongly resists the
action of diastase, is eventually hydrolysed to maltose and
dextrose if the action of the diastase is very prolonged; but
the velocity of the action is exceedingly slow as compared with
the velocity of hydrolysis of starch to maltose and dextrin.

RarriNose C g Hy,0p.

Raffinose was discovered by O’Sullivan as a constituent, to a
small extent, in barley ; its common origin, however, is the sugar-
beet. The formula is C;iH,,0,, + 50H,, and it crystallises in small
needles or prisms which readily dissolve in water but are only
slightly soluble in alcohol and possess but a faint sweetness.

It does not reduce Fehling’s solution, its rotatory power being
[@]os.gs=104-5".

When heated for a short time with dilute mineral acid, it
splits up into equal molecules of levulose and of a disacharide
isomeric with lactose, called * melibose.” This latter substance,
on prolonged treatment with dilute acid, splits up into galactose
and glucose in equal molecules.!

On fermentation, raffinose behaves differently with various
yeasts; some are able to hydrolyse and ferment it completely,
others only partially invert it into melibose and levulose, the latter
sugar being alone fermented.

It is not known whether raffinose has any important influence
upon worts or beers.

a and 3 AMYLAN.

These bodies were found by O’Sullivan in barley, wheat and
rye. Barley contains about 2 per cent. of a-amylan and about
0-3 per cent. of B-amylan.

They were obtained from barley by extracting the ccreal first
with alcohol and then with water. The aqueous solution was
concentrated by evaporation, and strong alcohol added, which
precipitated the two bodies The precipitates were treated with
cold water, which dissolved out the B-amylan and left the a-amylan.
The latter was afterwards dissolved in dilute hydrochloric acid,
and precipitated therefrom by alcohol.

Both these bodies are levo-rotatory, and have the following
opticities :— '

a-amylan . . . [a];= -24°
B-amylar . . . [a];=-73

Hydrolysis by dilute acids converts them into glucose.
! Berichte, xxii., 1678 and 3118,
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Gum.

Lintner separated a small amount of gum from beer, and a
similar, if not identical, substance was afterwards found in barley,
malt, straw, bran, and “spent” grains. The gum forms very
viscous solutions which are very difficult to filter. The gum is
dextro-rotatory, does not reduce Fehling’s solution, and is pre-
cipitated by lead acetate. Like many other gums, it gives a
cherry-red colour with phloroglucin and hydrochloric acid, also a
bluish-green colour with orcein and hydrochloric acid, its
presence in beer being demonstruted by these reactions.

Lintner and Diill! have shown that the gum may be regarded
as galactoxylan ; for when boiled with dilute acid it is resolved
into galactose and xylose. It is evidently formed by the union of
a molecule of galactose with a molecule of the penta glucose sugar,
xylose, with the elimination of a molecule of water, thus :—

CgH,;04 + CH 405 — Hy0 = C, Hp0,.
Galactose. Xylose. Water. Galactoxylan.

PROTEIDS OR ALBUMINOIDS AND ENZYMES.

Serum, Fibrin, Egg, Casein, and Plant Albumins— Molecular
Constitution of the Proteids— Fffects of Hydrolysis on the
Proteids—Chemical Reactions of the Proteids— Members of
the Proteid Groups—The Proteids of Barley—The Proteids
of Malt—Enzymes or Hydrolysts—Chemical Composition
of the Enzymes—Enzyme Groups—Action of Proteolytic
Enzymes on the Proteids.

DrasTasg, GLUCABE OR MALTASE, CYTASE, INVERTASE, ZYMASE.

The proteids or albuminoids, otherwise spoken of as protenaceous,
nitrogenous, or albuminous bodies, form the chief part of the solid
constituents of the blood, muscles, nerves, glands, and other
organs of animals. They occur in small quantities in almost every
part of vegetables, and in large quantities in the seeds, and in
fact enter so largely into the composition of organic substances
that they have been regarded as building up the animal and
vegetable worlds. They are of great importance to man’s
existence ; both plants and animals lay up reserves or stores of
them in various parts of their tissucs for contingent use, so that
should their food supplies be suddenly withdrawn, neither the
plant nor animal would immediately die, but would live for a time

v Zeit. f. angew. Chem., 1897, 538,
6
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on its reserves. Before these reserves, however, can be made
available for the operations of nutrition, they must first be
converted from their inert and mostly insoluble state into a state
of solution and adaptability to circulate in the nutritive fluid
which constitutes the alimentary atmosphere or environment of
the protoplasmic elements. We shall hereafter more readily
perceive how these operations are performed, so for the present
may merely look to the characteristics of a few specially studied
proteid bodies.

ALBUMIN.

Of the various forms of albumin we have serum albumin, fibrin
albumin, egg albumin, and plant albumin or gluten.

Serum albumin is the most abundant albuminous substance
in animal bodies. It may be obtained tolerably pure from blood-
serum by precipitation with lead acetate, washing with water,
suspending the precipitated lead compound in water, and decom-
posing it with carbon-dioxide ; then, by filtration, a very cloudy
solution of albumin is obtained. The albumin may now be pre-
cipitated from this solution by the addition of alcohol which in
time coagulates it. It is not precipitated by weak mineral acids
in small quantity ; but large quantities of acid precipitate it
immediately, nitric acid acting most strongly. It forms a yellow,
elastic, transparent substance which, when perfectly dry, can be
heated to 100° F. (37'7° C.) without change. The substance to
which the clotting of blood is due is termed fibrin. It is insoluble
in water, sparingly soluble in dilute acids and alkalies and in
neutral saline solutions. It may be obtained by washing blood-
clots, or more readily by stirring with a bundle of twigs blood
just shed, before it has had time to clot. The fibrin, which
adheres in layers to the twigs, may then be stripped off and
washed till perfectly white.

Egg albumin or white of egg differs from serum albumin by
gradually giving a precipitate when agitated with ether, whilst oil
of turpentine coagulates it. A characteristic between serum and
egg albumin is that the former is easily dissolved by nitric acid
whereas the latter is only dissolved with difficulty therein. The
go-called vitellin contained in solution in the yolk of egg is a
mixture of albumin and casein. If a drop of egg albumin is
allowed to fall into a saturated solution of resorcinol, the drop of
albumin, at first transparent, becomes gradually opaque, and
finally white like a hailstone. It gradually falls through the
liquid, lengthens itself out to a band, becomes broader’ and
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broader, and finally reaches the bottom. It has the appearance of a
bacteriological culture. If the liquid is now shaken it falls to the
finest powder, and is so disseminated in the froth that it appears
to have dissolved. The same effects are produced however dilute
the egg albumin may be.

Casein or legumin, sometimes termed alkali-albumin, or
albuminate, according to whether the substance is derived from
animal or vegetable sources.

An example of casein is the flocculent substance which separates
when milk becomes acid, whilst legumin occurs in peas, beans, ete.

Casein occurs most plentifully in the milk of animal feeders,
and is best obtained from milk by precipitating with crystalline
magnesium sulphate, filtering and washing with concentrated
solution of sodium chloride, and dissolving the precipitate in
water; the butter is then filtered off, and the clear solution
precipitated by dilute acetic acid. Dried casein and albuminate
are yellow, transparent, and hygroscopic; they swell in water but
do not dissolve. They dissolve easily in alkaline water when
placed in it in a flocculent state. The precipitate which forms,
on neutralising the alkaline solution, dissolves easily in an excess
of acetic or hydrochloric acid.

By fusion with potassium hydrate, casein yields valeric and
butyric acids, besides other products.

Plant albumin or gluten is a substance analogous to the
fibrin previously described ; it occurs as an insoluble substance in
plants, especially in the seeds of cereals and grasses.

When wheat flour is lixiviated with water, a tough, coherent,
elastic mass is left behind, which can be pulled out into strings.
This is the gluten, or the body which gives the coherent character
to the dough, and the presence of which confers the property of
enabling it to yield a light, porous bread. Gluten cannot be
obtained in this way from the meal of any other grain. It is
insoluble in water, becomes dark by exposure to the air; whilst
dried at a low temperature, it assumes a yellowish-brown colour
and becomes horny, and when treated with strong alcohol it
assumes an earth-like appearance. It may be dissolved by
hydrochloric acid and dilute alkalies, and is precipitated from
these solutions by mineral salts and acetic acid.

MoLECULAR CONSTITUTION OF THE PROTEIDS.

All proteids contain the elements carbon, hydrogen, nitrogen,
and oxygen, whilst occasionally they contain sulphur and phos-
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phorus. Our knowledge of their composition is, however, very
imperfect, and at present it is assumed that their molecule is
extremely complex.

Stohmann and Langbein assert that the formula of crystallised
proteid is Cyo H;;sN,148,0,,5, equivalent to a molecular weight
of 16,954, whilst Sabanejeff obtained a molecular weight of 15,000
by Raoult’s cryoscopic method. This method, however, is admitted
to be inapplicable to the accurate determination of the molecular
weights of colloid bodies, hence the figures cannot be accepted as
of definite value, but merely as a confirmation of the high
molecular weight of these bodies. Many investigators have
obtained compounds of proteids with inorganic salts; thus a
copper salt obtained approximates to the formula

Cag4HsaN 550665
whilst with magnesium and other salts the formula

- CogoH 451 NggOsgsS,
has been indicated.

Errects oF HYDROLYSIS ON THE PROTEIDS.

By the action of certain hydrolysing agents such as superheated
steam, dilute mineral acids, caustic alkalies or enzymes, the latter
of which are dealt with hereafter, the large proteid molecule is
split up into much smaller and less complex molecules. From a
study of these we have obtained some gencral knowledge as to
the nature of the molecular groups which enter into the composi-
tion of the proteids. When the proteids are acted upon by
enzymes, the splitting-up process does not extend nearly so far,
the molecules of the bodies produced being much nearer in size
to that of the original proteid molecule.

Of such a nature arc the proteoses and peptones.

The nature of the hydrolysis may be conveniently stated as

follows :—
Proteid— Albumin.

Proteoses.

Peptones.

Amides.

All the amides are of a crystalline nature and eminently diffus-
ible in plants; and it is extremely probable that the amides in
the living plant form a portion of the materials from which the
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proteids are constructed, the amides themselves being probably
produced by a combination of the deoxidation products of the
chlorophyll cells with nitrogen, derived from the nitrates and
ammonia contained in the fluid contents of the cells, Whether
this conjecture is right or wrong, we know that numerous amide
bodies and also various products resulting from their hydrolysis
exist in plants. We are also aware that by the action of acids,
alkalies, or stecam, proteids or albumins may be decomposed to
proteoses and amides, and that the latter bodies are further
hydrolysed. Thus by the action of boiling hydrochloric acid to
which a little stannous chloride is added, amides produce, more
or less, the following substances :—

Leucine.
Tyrosine.
Aspartic acid.
Glutamic acid.
Glutaminic acid.
Lysine.
Arginine.
Histidine.
Lysatine.

When barium hydroxide is used as the hydrolysing agent, in
addition to the formation of the above-mentioned products, much
ammonia and carbon-dioxide are evolved; and these gases are
given off in the proportion of one molecule of water and one of

urea, cogg2 +0H,=C0, + 2NH,,
2

Taking the principal amide substances, we have the following:—
Leucine or amz'do—caproir actd.

NH,
C,H,,NO, = >CH CH, CH\COOH

This amide is usually the normal product in every energetic
decomposition of proteid matter; it is obtainable in considerable
amount by the hydrolysis of horn by acids, and by the action of
trypsin upon most proteids. It is found in germinating seeds
and is present in germinated barley and in malt worts, In a
state of purity it consists of brilliant, silvery-white plates,
which melt at 338° F. (170° C.). It is soluble in water, and
its aqueous solutions are dextro-rotatory. It is only slightly
soluble in alcohol It bas been prepared synthetically. When
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treated with nitrous acid it yields up the whole of its nitrogen
thus :—
(sH4NO, + HNO, = C¢H,,0, + OH, + 2N.
Leucine. Nitrous  Hydroxy-  Water. Nitrogen.
acid. caproic acid.

Tyrosine or parallydroxy-phenylamz‘do-propionic acild

oH
CH/
\coou

is also produced in the decomposmon of all proteids, with the
exception of gelatine, and has frequently been detected in
germinated seeds. When pure, it crystallises in brilliant silky
needles which are not readily soluble in water, and insoluble in
alcohol. An aqueous solution is levo-rotatory, but a dextro-
rotatory wodification is known.

It is found in the liver and other organs, and among the
excretory products of yeast, and frequently accompanies the
decomposition of proteids by the putrefactive action of bacteria.

Treated with nitrous acid, it yields up nearly the whole of its
nitrogen.

Asparagine or amido-succinamide.

C,H,,NO, = C,H <

/CH
CJH,N,0y= COOH >CH ‘CONH,,

So called because it was first found in asparagus sprouts. This
substance, although probably not resulting from the breaking
down of proteids by proteohydrolysts, is of great importance,
since it is found in considerable amount in many plants and
germinating seeds. It has not yet been isolated from malt, but
occurs in considerable quantity in the rootlets. It is supposed
that the formation of this compound in living plants is, in reality,
a result of synthesis rather than decomposition ; that is to say,
as previously mentioned, it makes an carly stage in the building
up of the complex albuminoids rather than a final stage in the
retrograde decomposition by proteolysis.

Although the existence of asparagine in malt and wort is
uncertain, there is little doubt that its presence would be of
congiderable benefit. The extraordinary stimulating effect of this
substance upon the activity of diastase has been investigated by
Effront and Fernback, and its high value as yeast nutriment has
been fully demonstrated by Stern.

In a state of purity it forms large colourless crystals, soluble in
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water, but insoluble in alcohol. Its aqueous solutions are levo-
rotatory, its specific rotatory power being [a],= -623". A
dextro-rotatory asparagine which rotates the same angle in the
opposite direction has, however, been found in tares. The dextro-
rotatory body has a distinctly sweet taste; the levo-rotatory is
almost tasteless. When heated with dilute acids, asparagine is
readily trausformed into aspartic acid and ammonia, thus :(—

C,H(N,0, + OH, = C,H,NO, + NH,.

Asparagine.  Water. Asparticacid. Ammonia.

When acted on by nitrous acid, it yields half of its nitrogen in
the gaseous state as follows : —
C,H,N,0; + NHO, = C,H,O, + NH; + 2N.

Asparagine,  Nitrous Malic Ammonia. Nitrogen.
acid. acid.

A method for the estimation of asparagine and the amides
generally has been based on this reaction by Sachasse.! Aspara-
gine is precipitated by mercuric nitrate, and the compound so
obtained may be decomposed into asparagine and mercuric
sulphide by the action of hydrogen sulphide.

Aspartic acid or amido-succinic acid.

NH,
C‘H,NO4=CH<

CH COOH

"NCOO0H.

This is the crystalline body previously referred to; it is slightly
soluble in water, rotates the polarised ray to the left or right,
according as the asparagine from which it is obtained is levo- or
dextro-rotatory, Treated with nitrous acid, it yields up the whole
of its nitrogen thus:—
C,H;NO, + HNO, = C,H,O; + OH,+2N.
Aspartic  Nitrous Malic ~ Water. Nitrogen.
acid. acid. acid. :

Among other amide compounds resulting from the decomposi-
tion of the proteids, the following may be enumerated, which have
a more or less important bearing upon the subject :—

Glutamic acid or amido-glutaric acid.

NH
A8 o
C,H,NO,=CH, COOH
"\CH,—COOH.
! Agricult. Chem., 890.
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Glutaminic aecid.
CH,"CONH,

ColtyN,0; =l * NH,
CH<

COOH.
And the hexone bases :—

Lysine or diamido-caproic acid.
/N H,
C,H,,N,0,=CH,N H.J'CH2°CH2'CH2'CH\COOH
a dextro-rotatory substance from hydrolysis of casein.
Arginine or diamido-valeric acid.

NH, /NH,
C,H,,N,0,= NH= c< >(3112'CH2'C H, CH
NH COOH.
Histidine.—C,H,N;O,.
Lysatine.—CgH N0,
In .deition to the above compounds, glycocoll (amido-acetic acid)

CH < sometimes results from proteolytic decomposition,
COOH

and has been detected in many plants.

Besides the important amide products, resulting from the
decomposition of the proteids by hydrolyeis, either by acids or
enzymes, there are numerous bodies which result from the
breaking down of albuminoid substances by the aid of living
organisms ; these are frequently excretory products such as:—

Xanthine . . . GH,N,0,.
Sarcine . . . CHN, 0
Guanine . . . C,HyN,O.

The above and other xanthine bases are found among the
excretory products of yecast and micro-organisms of other
description. In addition to thesc or similar substances, besides
the normal products of proteohydrolysis, many pathogenic
organisms form either products of a phylacteric nature, such as
protective serums, or of a poisonous nature, such as the forins,
which, together with the ptomaines formed by certain kinds of
putrefactive bacteria, partake of the nature of alkaloids.

CHEMICAL REACTIONS OF THE PROTEIDS.

The proteids give the following characteristic reactions, which
mauy readily be observed with a solution of egg albumin, made by
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mixing a small quantity of white of egg, which contains about 12
per cent. of albumin, with water, and filtering.

Precipitation by Nitric Actd.—When strong nitric acid is added
to an aqueous solution of any of the proteids, a white precipitate
forms, which turns yellow on heating the liquid. The addition of
ammonia to the mixture, after it has become cold, causes the
yellow precipitate to become orange-coloured.

Biuret Reaction.—On adding a few drops of a dilute solution of
cupric sulphate to an aqucous solution of a proteid, and after-
wards a few drops of a strong solution of caustic soda, a colour is
developed which varies with the different classes of proteid. The
proteids give a violet colour; the proteoses, a reddish-violet; the
peptones, a rose-red.

Millon’s reagent! yields a white precipitate which becomes
reddish on boiling the fluid.

nolution of Ammonia.—The proteids when strougly heated
evolve ammonia, produced under the destructive action of heat.
The ammonia may be recognised hy its changing the colour of a
piece of moist red litmus paper to blue. A smell resembling that
of burnt hair is also given off during the heating.

Formation of Cyanides.—'The proteoses, when heated with
metallic sodium, yield sodium cyanide. The presence of this
compound can be detected by extracting the mass with water,
adding a few drops of a solution of ferrous sulphate containing a
little ferric sulphate, and digesting for a short time. On the
addition of hydrochloric acid a blue or bluish-green colour is
produced if proteids are present.

MEMBERS OF THE PROTEID GRouPs.

By means of the solvent power of various saline solutions it
has been found possible to isolate the proteids from the sub-
stances with which they are associated, and to effect a fairly
complete separation of the various members of the proteid
groups from one another by reason of the further property
possessed by certain salts of throwing out of solution certain
members of the groups when the solution is saturated with the
particular salt.

This latter process is known as “salting out,” and by the

' Millon’s Reagent.—Prepared by gently warming mercury with an
equal quantity of strong nitric acid till it dissolves, then diluting the liquid
with twice its bulk of water, and leaving the precipitate to settle. The clear
supernatant liquid is the reagent.
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employment of this method the various plant proteids have been
divided into the following groups :—

Albumins.—Soluble in water, coagulated by heat.

Gliadin and Hordein.—Slightly soluble in water, readily soluble
in 70 per cent. alcohol.

Glutenin.—Slightly soluble in hot water and hot alcohol,
soluble in 01 per cent. solution of caustic potash and in 02 per
cent. hydrochloric acid ; insoluble in saline solutions.

Qloubulins-Vitellins.—Insoluble in water, soluble in dilute
saline solutions, coagulated in great part by heat.

Gloubulins- Myosins.—Insoluble in water, soluble in dilute
saline solutions, precipitated by sodium chloride, coagulated by
heat.

All these bodies, excepting the latter (gloubulins), are obtained
in an amorphous condition, in which state they probably exist in
plants. Many of the gloubulins have been obtained in a crystalloid
form, and to some extent exist in this condition in seeds.

THE PROTEIDS OF BARLEY.

Ritthausen! succeeded by fractionation with alcohol in
differentiating three proteid bodies from wheat-flour, viz., gluten-
fibrin, gliadin, and mucedin, and a fourth, gluten-casein, which
was insoluble in alcohol but soluble in dilute alkali. He con-
sidered that these four bodies constituted the gluten of ‘wheat,
and that it was the gliadin which formed the binding material.
This body was found to be absent in the flour of those grains
which left no gluten behind on washing.

Ritthausen also considers that these are the bodies belonging
to the gluten group in barley, viz., gluten-fibrin, gluten-casein,
and mucedin.

Osborne? finds that there are only two: hordein, which is
apparently identical with Ritthausen’s mucedin, but which has
almost the same physical and chemical properties as the gliadin
obtained from wheat, though it differs from it in composition ; the
second being the insoluble proteid which it was found impossible
to isolate.

Mulder 2 found a barley to contain 6 per cent. of albumin and
plant gluten ; he obtained the latter by extracting the ground
‘barley with hot alcohol.

Von Bibra ¢ considers that the proteids of barley are albumin,

1 Die Eiweisskirper. 2 Jnl. Amer. Chem. Soc., xv. 392,
3 Ann. Chim. et Phys., 306. V Dic Getreidearten, 204.
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plant gluten, and casein, but gives no partlou]ars concerning
these substances.

Kreusler found that an aqueous extract of ground barley con-
tained an albumin which coagulated on boiling, and that hot
75 per cent. alcohol dissolved a substance which could be sub-
sequently separated into three proteids—gluten-casein, gluten-
fibrin, and mucedin, which were supposed to be identical with
the bodies having the same names, which Ritthausen had isolated
from wheat.

According to Osborne,! to whom we are indebted for an
elaborate and extensive series of investigations on the proteids of
various grains and seeds, barley contains the following proteid
bodies :—

Per cent.
Leucosin (albumin) . . 030
Proteose .
Edestin (globulin) } 195
Hordein . . . 400
Insoluble proteld . . 450
Total . . . 1075

whilst the average percentage composition of a large number of
analyses gave the following :—

| Carbon. | Hydrogen. Nitrogen. [Sulphur. | Oxygen.
Leucosin . . . 5281 678 16°62 147 2232

| Edestin . . . 50°88 865 18°10 2437
Hordein . . . 5429 680 17-21 | 083 . 2087
Insoluble proteid . Unknown.

Tue ProreiDs OF MALT.

During the process of malting, the proteids of barley undergo
considerable modification, a large portion which are insoluble in
water becoming soluble as the barley germinates. This arises
chiefly from the breaking down of the proteids into proteoses.

The proteids of malt have been investigated by Osborne and

1 Report of the Connecticut Agricultural Experimental Station, 1892,
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Campbell,! who, by employing similar processes to those which
they adopted in their investigations on the proteids of barley,
obtained the following bodies :—

Bynedestin.—A globulin, soluble in dilute solutions, and
therefore passing into the aqueous extract of malt. It appears
to replace the original edestin of the barley, from which it differs
in composition, since bynedestin contains about 2 per cent. more
carbon and 3 per cent. less nitrogen. Its percentage composi-
tion is—

Carbon . . . . 5319
Hydrogen . . . . 669
Nitrogen . . . . 1568
Sulphur . . . . 125
Oxygen . . . . 2319

Leucosin.—Identical in composition and properties with the
albumin of the same name contained in barley.

Protoproteose 1.—Has thc same composition as leucesin,
from which it is impossible to effect a complete scparation. The
proteose is precipitated from its aqucous solution by adding an
equal weight of alcohol.

Protoproteose 2.—Less readily precipitable than No. 1, by
aleohol, its percentage composition being—

Carbon . . . . 5063
Hydrogen . . . . 667
Nitrogen . . . . 1669
Oxygzen and sulphur . . 2001

Deuteroproteose.—A . body inseparable from non-proteid
impurities.

Heteroproteose.—A substance found in extremely small
amount,

Bynin.—A body insoluble in water or saline solutions, but
readily soluble in dilute alcohol, its percentage composition
being—

Carbon . . . . 5503
Hydrogen . . . . 667
Nitrogen . . . . 1626
Sulphur . . . . 084
Oxygen . . . 21-20

Insoluble Proteid.—This, which amounts to about 3-80 per
cent. of the total proteid matters, is insoluble in water, saline

' Report of the Connecticut dgricultural Erperimental Station, 1896, 239,
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solutions, or alcohol ; and consequently it is impossible to study
its composition or determine its properties. A sample of malt
which contained altogether 7-:84 per cent. of proteid matters,
yielded the following quantities of these substances, as far as they
could be separated :—

Per cent.
Proteids, insoluble in salt solution or alcohol . 380
Bynin, soluble in dilute alcohol . . . . 125

Bynedestin, leucosin, and proteoses (coagulable) . 1:50
Bynedestin, soluble in water and salt solution
(uncoagulable) . . . . . . 129

Total proteids . . . 784

These results show that during germination the proteids of
barley undergo extensive changes before acquiring the properties
of proteoses ; that hordein disappears, and an alcohol-soluble body
of entirely different composition takes its place; that edestin
also disappears, and a new globulin is formed very different both
in composition and properties.

The albumin, on the other hand, appears to be unchanged in
character, but its quantity is increased. It is to be noted that
hordein and edestin are both replaced by proteids much richer
in carbon and poorer in nitrogen.

ENzyMEs orR HYDROLYSTS.

Enzymes or hydrolysts exist in all living organisms whether
of animal or vegetable origin, and are remarkable nitrogenous
bodies either actually albuminoids or very closely allied to them.

There are numerous varieties, each having its special correlative
alimentary principle or group of principles, on which, under
certain conditions (an absolutely necessary one being the presence
of water), it is capable of acting. Diastase, for instance, acts on
amylaceous substances and cane-sugar ; whilst pepsin and trypsin
act only on the azotised principles. The emulsive ferment of the
pancreas is only capable of acting on fatty bodies, and the
inversive ferment of yeast and of the small intestine has no
activity except on cane-sugar.

These nitrogenous bodies are often spoken of as the “ unorganised
ferments” or *enzymes,”! and the transformations they effect

1 The word *‘enzyms” was first proposed by Kithne. Roberts afterwards
adopted the word into English with a slight change of orthography, terming
it ‘*enzymes.”
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“ fermentative processes.” In 1890, however, Armstrong suggested
more scientifically correct terms, viz., as in the changes brought
about by these bodies water is almost invariably assimilated or
added to the molecule of one or both of the newly formed
substances, the process is one of, and should be designated,
‘“ hydrolysis,” and the agents concerned in the action * hydrolysts.”
Thus by combining with the word * hydrolyst,” the name of the
substance on' which each particular enzyme acts, we obtain a
distinctive name for each class. Thus the enzymes which act
upon starch are now called amylo-hydrolysts ; those that act on
proteids, proteo-hydrolysts, etc.

CHEMICAL COMPOSITION OF THE ENzZYMES,

It is doubtful whether any of the preparations of the enzymes
obtained by different investigators have been of a sufficient degree
of purity to permit of accurate determination of their chemical
composition.

Lintner, working with the diastase of malt, obtained a solution
possessing a high diastatic power having the following com-
position :—

Carbon . . . . 46°66
Hydrogen . . . . 73
Nitrogen . . . . 1041
Oxygen . . . . 3446
" Sulphur . . . . 1112

A substance having this composition differs from albumin, to
which the enzyme bodies are generally closely allied, albumin
on analysis giving the following percentage composition :—

Carbon . . . . 5302
Hydrogen . . . . 684
Nitrogen . . . . 1680
Oxygen . . . 2206
Sulphur . . . . 128

At first sight one would be disposed to consider diastase as
a substance differing in a marked degree from albumin. Osborne,
however, who has made a very close study of the albuminoid
constituents of cereals, isolated a diastase having a much higher
diastatic power than Lintner’s preparation, its diastatic power
being equivalent to 600° upon Lintner's scale.

The composition of this body, which is undoubtedly one of
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the purest preparations of the enzymes which has been obtained,
is a8 follows : —

.

Carbon . . : . 5250
Hydrogen . . A . 672
Nitrogen . . . . 1610
Oxygen . . . . 2278
Sulphur . . . . 190

a body of this percentage composition closely agreeing with the
analysis of albumin already given.

Osborne further found that this diastatic preparation had a
very close resemblance to leucosin, an albumin which he had
previously isolated from barley, wheat, rye, and malt.

Other preparations of diastase and enzyme substances have
been made by different investigators, the chief of which are in-
cluded in the following table by Effront, * Les enzymes” :—

Carbon. | Hydrogen. Nitrogen. |Sulphur.| Ash.
|

Malt diastase . .| 4568 6°90 467 6 08
|, " .| a1y 649 514 316
Invertase . .| 48°10 7-80 4-30 610
v . . .| 4890 840 600 063
v, . . .| 4050 6°90 930
Ptyalin . . . 43°10 7-80 11-86 6°10
Trypsine . . .| 5275 750 16°56 17°70
Pepsine . . .| 56320 , 670 17-80
Pancreatin . .| 4360 | 6°60 1381 0°88 7°04
Emulsin . . .| 43°06 720 11-52 | 126

" .. .| 4880 7°10 14:20 1'30

It will be seen from the foregoing table that considerable
differences exist between the various enzyme bodies, these differ-
ences being due to imperfectly purified substances. The diffi-
culty of obtaining these bodies free from ash and carbo-
hydrate matters, with which they are always contaminated, being
the cause.

All the enzymes when in solution are extremely susceptible to
elevated temperatures, their power being weakened, and if the
heating be continued they are wholly destroyed, the destruction
being usually accompanied by separation of the albuminoid in an
insoluble form, since many of them appear to belong to the group
of coagulable proteids.
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ENZYME GROUPS.

The enzymes may be divided into the following seven groups,
in which they are arranged according to their respective specific
actions :—

Grour I.—Diastatic Enzymes :—

Diastase Of: secr'et,lon (malt) . . Convert starch into mal-

Translocation diastase (barley). tose and dextrin.

Ptyalin (saliva) . . .

Glucase (maize) ) {Converts starch finally
into glucose.

Grour 11.—Cyto-hydrolytic Enzymes :—

Cytase (malt) . . . . ) Transform celluluse into
Enzymes of seeds in which the } sugars, such as man-
reserve material is cellulose . nose, xylose.

Grour III.—Pectin Enzymes:—

Enzymes which convert pectinous substances into vege-

table jelly.
Grour IV.—Inverting Enzymes :—
Invertase (yeast) . . . }Convert cane-sugar into
Invertase (malt) invert sugar.
Maltase or glucase (yeast) . } Transform maltose into
Enzymes of the small intestine glucose.

Enzymes of yeast which degrade the intermediate dextrins
into maltose ; these are especially present in wild

yeasts.
Enzyme of Kephir . . . Inverts milk-sugar.
Probable enzyme of germinating }Converts maltose into
barley cane-sugar.

Grour V.—Proteolytic Enzymes :—

Enzymes of malt and other
vegetables (sometimes called
peptase), but which have not
yet been depinitely isolated .

Convert proteids intc

proteoses, peptones,
I and amides.

{ Amido acids aud hexone

Trypsi s )
rypsin (pancreas) | bases
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Pepsin (stomach) proteosesand peptones,
but not into amides.

Peptonising ferments secreted by many bacteria.

{ Converts proteids into

Grour VI.—Glucosidal Enzymes :—

Splits up amygdalin into
oil of bitter almonds,
hydrocyanic acid, and
water.

Many other enzymes which have the power of hydrolysing
glucosides.

Emulsin (bitter almond) .

Group V1I.—Zymase (yeast) :—
Splits up sugar into alcohol and carbon-dioxide.

ActiOoN oF THE PRroTBOLYTIC ENZ2YMES ON THE PROTEIDS.

From the preceding list showing the various groups of enzymes,
we have, amongst others, those of animal origin, which act upon
insoluble proteids as follows :—

1. The pepsin group, which act upon albumins, degrading them
to proteoses and peptones.

2. The trypsin group, which act upon albumins, resolving them
beyond the peptone stage, with the formation of simpler com-
pounds, viz., amido acids and hexone bases.

There is no doubt that proteolytic enzymes exist in plants,
since, as already mentioned, before the reserve materials stored
up by plants can be made available for the operations of nutrition,
they must first be converted from their inert and mostly insoluble
state into a state of solution and adaptability to circulate in the
nutritive fluid of the plants.

Group-Besanez, in 1874, was the first to conclude that a
proteolytic enzyme existed in germinating barley, and he con-
sidered he had extracted it not only from barley, but also from
tares, hempseed, and linseed.

It is extremely doubtful, however, whether or not he detected
such enzyme, and in any case his method for detecting the pro-
ducts of its action is open to criticism. A powerful enzyme of
this nature has, however, been lately isolated in a fairly pure
state from the latex of the tropical plant Carica papaya, so that
proof is no longer wanted of its existence in plants, although it
has not yet been isolated from barley or malt. Shortly after

' Berichte, 1874, 7, 1478, v
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Group-Besanez’s investigations, Neumeister,) working with ex-
tracts prepared from germinating barley and green malt, obtained
products from blood fibrin which he considered exhibited char-
acteristic albumose and peptone reactions. Here the matter rested
until 1899, in which year Lazynscki? disputed the existence of
a proteolytic enzyme. In 1900, however, Fernback and Hiibert 3
concluded that they had discovered it, and then followed other
investigations by Windisch and Schellhorn,* Petit and Labourasse,®
Weiss,? and finally Schidrowitz,” all of which endeavoured to prove
the existence of a proteolytic enzyme in barley and malt.

The tests of these various investigators, however, have no real
value, and up to the time of writing no proteolytic enzyme has been
satisfactorily isolated from barley or malt, and on this account
there is and will be, from time to time, considerable controversy
as to whether barley or malt contains such an enzyme and whether
any peptonising action really takes place during mashing,

When germination commences in the grain of barley, it is
necessary that the starch stored up in its endosperm should be
able to travel to the growing germ. This is first effected by an
enzyme or amylo-hydrolyst (the translocation diastase) already
present in the seed, afterwards by another hydrolyst (ordinary
diatase) which is formed in considerable quantity during
germination.® In like manner the insoluble proteids in the grain
are, to a great extent, rendered soluble and diffusible, but in what
manner has not yet been settled, although from what has been
stated there is strong evidence of the existence of proteid-
hydrolysts both in barley and malt in spite of the fact of their
non-extractability therefrom.

As, therefore, we are unable to obtain a single proteolytic enzyme
from barley or malt, we have to rest content with a knowledge of
the action of the animal proteolytic enzymes, pepsin and trypsin,
which can be obtained in an almost pure state from the stomach
and pancreas of animals, and surmise, from their action, what
action takes place during the germination of barley and the
peptonisation of the proteids of malt during mashing.

Wort must contain proteid bodies of a nature readily assimilable

V Zeit. f. Biologte, 80 (94), 447. 2 Zeit. /. d. gesammt. Brau., 22, 71.

3 Compt. Rend. (4). 4 Wochensch. Braww. (1900), 17, 384-452,

5 Compt. Kend., July 5 and 6, 1900,

8 Zeit. f. phys. Chem., 81, 78-97, and Zeit, ges. Brauw., 1903,

7 Jnl. Fed. Inst. Brewing, 1903, 361,

8 ¢ Researches on the Germination of some of the Gramines,” Jnl. Chem.
Soc. Trans., 1890, 458-528.
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by yeast, or the yeast would speedily become weak for want of
food and as a consequence become incapable of properly ful-
filling its functions. The albumin and globulins which occur in
barley seem completely indiffusible, but the proteoses and amides
are very highly diffusible.

These facts therefore show that the diffusible and assimilable
bodies requisite for yeast nourishment are yielded by the proteo-
lysis of the proteids originally contained in the barley, effected for
the most part during its germination, and afterwards, to a slight
extent, during the mashing process. Pepsin acts best in slightly
acid media, preferably 2 per cent. hydrochloric acid, and the most
favourable temperature for its action is 100° F. (37-7° C.), the
‘““ blood-heat ” of most mammals. When coagulated egg albumin
or other insoluble proteid is added to an acid solution of pepsin,
and maintained at a temperature of 100° F. (37-7° C.) for some
hours, the process of digestion is imitated, solution of the proteid
taking place accompanied by a degradation of the albumin mole-
cule to proteose and then peptone, the proportion of the latter
body being dependent upon the time of digestion.

Pepsin is incapable of degrading proteids beyond the peptone
stage, 8o that peptone must be considered the final product of its
action, although there is evidence that other bodies besides
proteoses and peptones are formed. These secondary products
result from the action of pepsin upon a portion of the peptone,
and although closely allied to this group, do not give the
characteristic reactions of these bodies.

According to Dr Sykes,! “The proteid molecule consists of two
distinct groups or radicles, from which the various products of
proteolytic action are derived. The following schematic arrange-
ment will, without going into too minute distinctions, give a
general idea of the series of changes :—

Proteid

|
Syntonin-- - — ——

Anti-albumin

Proteose Hetroproteose
Deuterorroteose Hemi-group. Anti-group { Deuteroproteose

Peptone Peptone.
! Principles and Practice of Brewing, 167-168.

755083 A
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“The great distinction between thése two groups, which are
called the hemi- and anti-groups, and which appear to exist in
about equal quantities, is that the peptone of the former can be
further broken down by the action of trypsin into a number of
amide bodies, whilst the peptone of the latter cannot be so
broken down. In every digestion a variable quantity of a
substance is left undissolved, which is called anti-albumin ; it is
extremely resistant to the further action of the proteolytic
enzyme, but, by treatment with strong solution of pepsin and acid,
may be partially converted into anti-deutero-albumose, and finally
into anti-peptone.”

Sykes proposes ! the following process for the estimation of the
proteids in malt :—* The malt is extracted with cold water,
filtered, and the albumin in the filtrate coagulated at a tempera-
ture of 140° F. (60° C.). The coagulum is filtered off and
weighed. The filtrate is then boiled for a short time, when a
second precipitate forms, which is filtered off and weighed. This
is considered to represent the globulin, but from the recent
experiments of Osborne, it is extremely doubtful if all the globulin
can be separated by boiling.

‘““The filtrate is now evaporated to small bulk and saturated with
ammonium sulphate, when a precipitate consisting of the proteoses
(and probably some globulin) comes down. This is filtered off,
washed with saturated solution of ammonium sulphate, dried and
weighed, the weight of the ammonium sulpbate, adhering to the
precipitate and filter paper, being determined and deducted. The
filtrate from this precipitate is then diluted with an equal
quantity of water, and solution of tannic acid added. This pre-
cipitates peptone, if it be present; but no precipitate of any
moment has ever been observed, which leads to the conclusion that
real peptone does not occur in malt.”

Szymanski considered that he had separated peptone from malt,
but from the process he adopted for its isolation, the substance
which he obtained and mistook for real peptone was evidently
deuteroproteose.

Sykes, experimenting on the proteids of malt, was never able
to detect a hetroproteose on dialysing the precipitate thrown
down by ammonium sulphate.

A precipitate was always yielded on saturating malt extract with
sodium chloride and adding a little acetic acid, leaving the body in
solution which Szymanski mistook for peptone. In all probability,
therefore, the two proteoses are proto- and deutero-proteose.

Y Jnl. Fed. Inst. Brewing, vol. iv. 173.
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DiasTasE.

The diastatic enzymes are of the greatest importance and
interest in brewing and malting, from the fact that they embrace
the numerous bodies which have the power of liquefying and
saccharifying starch.

Of this group, malt diastase is the best known, for the reason
that it has received the most attention from scientific investigators,

In 1811, Kirchoff found that the albumin contained in barley
is capable of acting upon soluble starch and producing a
crystallisable sugar similar to that produced when starch is
boiled with dilute acid ; and he noticed that this action is greatly
intensified if the barley is germinated or malted.

Payen and Persoz, in 1833, were the first, however, to isolate the
soluble ¢ ferment” and to identify it as the principle which is
capable of exercising such a powerful action upon starch. They
gave it the name diastase, which it still retains. This name was
given on account of the agent’s supposed property of separating
the interior of the starch granule (granulose) from its outer
membrane (amylo-cellulose), but, as is now well known, this is
not strictly true, and furthermore erroneous ideas prevailed as to
the nature of the sugar produced by its action.

The isolation of diastase from malt was undoubtedly a most
important discovery, but little further advance was made until
O’Sullivan, in the course of his researches upon the products of
the hydrolysis of starch, again isolated it in a fairly pure state,
and from his study of its specific action under varying conditions
of temperature, ewolved many of the principles which are now
well known to govern its action.

Diastase has been detected in almost all animal tissucs and
vegetable substances ; thus Payen and Persoz detected its presence
in many germinating seeds, such as wheat, maize, rice, oat, potato
tubers, and in the buds of Ailanthus glandulosa ; Kossmann and
Kranch found it in foliage and veg