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PREFACE.

SoME years ago, when it fell to the author’s lot to
arrange a course of instruction in the principles
of brewing for his students at the University of
Birmingham, an examination of the literature of
the subject showed that there was no book in exist-
ence which could be used as a systematic guide
to practical work in the laboratory, and as the author
recognised that a sound knowledge of the principles
of brewing must be based on work of this nature,
it became necessary to draw up a course of
laboratory studies for the special use of his students.
This course, subject to alterations and additions
suggested by experience and by the progress of
knowledge, has now been in use for several years,
and as it has been found to fulfil its requirements
in a satisfactory manner, the author now ventures
to publish it in the hope that it may contribute
in some measure towards filling a gap in the
literature of brewing.

The work is essentially a student’s laboratory

¥
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guide, and must not be regarded in any way as a
text-book of the scientific principles of brewing
as it confines itself mainly to descriptions of ex-
perimental work. It is intended for use under
the supervision of a competent instructor, and it
is assumed that the student is able to attend
lectures on the subjects upon which he is working.

The chief difficulty of a study of the scientific
principles underlying brewing practice lies in the
fact that as it so often touches the limits of our
present knowledge there are many questions
which have to be studied about which there exists
considerable uncertainty and difference of opinion.
This naturally raises difficulties for the teacher,
for, on the one hand, it is well recognised that
some amount of dogmatism in teaching is necessary
when introducing a new subject to the student,
and, on the other, the state of our knowledge of
certain of the questions dealt with in these studies
does not justify dogmatic treatment. The position
may be illustrated by a consideration of the very
important and difficult problems of the constitution
of the starch molecule and its transformation by
diastase. A large amount of knowledge on these
points has been accumulated, and many varied
views have been advanced by different investigators
concerning them, but none of these views have
met with general acceptance, even of a provisional
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nature. This is due no doubt partly to the ex-
ceptional difficulties which surround the study of
starch and its transformation by diastase, and
partly to a militant spirit which appears to emanate
from the starch molecule and influence the minds
of most of its investigators.

How is this state of affairs to be met by the
teacher ? * An attempt to lay before the student
at the commencement of his studies all the
different views concerning starch and its trans-
formation products must result in reducing his
mind to a state of chaos. It appears to the author
that the only satisfactory course open is to teach
those views which lend themselves best to ex-
planation and demonstration, and, when the student
is sufficiently advanced, to encourage him to
criticise such views and compare them with others.

This is the method of teaching attempted by
the author, and it is followed in this book with
regard both to experimental studies, and to a con-
sideration of the analytical processes employed
in the brewery laboratory, many of which cannot
be regarded as above criticism.

The course of studies might perhaps have been
advantageously lengthened, but it had to be borne
in mind that the majority of students are unable
to devote more than one year to such studies. A
good worker who has previously had a sound
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chemical training is able to work through the
whole course in this time; but, for the benefit of
those who have had a less complete preliminary
training or who are less expert workers, some of
the experiments are printed in small type to
indicate that they may be omitted.

The references given in this book to original
papers are not intended to be exhaustive, but have
been selected in order to encourage the student
to refer to original sources for information. In
making the selection regard has been paid to those
sources which are likely to be readily available.

The author desires to express his indebtedness
to Mr, J. H. Millar for very valuable assistance in
planning the studies of the carbo-hydrates, and also
to Mr. Thomas H. Pope for kindly reading over
the proof-sheets of this work, and for giving many
useful suggestions.

SCHOOL oF BREWING,
UNIVERSITY OF BIRMINGHAM,
June, 1904,
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LABORATORY STUDIES

FOR

BREWING STUDENTS.

SECTION 1.

BARLEY AND MALTING.

PART I
A STUDY OF THE BARLEY CORN.

Examine a Grain of ordinary English Chevalier
Barley.—Note that the grain is spindle-shaped or
fusiform, and is about one-third of an inch in
length. On closer inspection it will be observed
that one end of the grain, which is somewhat
sharper than the other, shows signs of having been
fractured. This is the end which was originally
attached to the ear of barley previous to threshing,
and is consequently the lower end of the grain,

Observe that a deep, narrow furrow runs down
the more convex side of the grain. This furrow is
termed the ventral furrow, and the side of the grain

on which it is situated 1s termed the wentral side.
1
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The other side—which is flatter than the ventral
side—is termed the dorsal side.

Examine the ventral furrow towards the lower
end of the grain, and notice that within it there
lies a thin bristle. Remove the bristle with the
point of a dissecting needle, and examine it under
the microscope with a low-power (1 inch) lens.
It will be found that it is covered with fine lateral
hairs. When removing the bristle, usually termed
the basal bristle, from the ventral furrow, notice
that it is attached to the base of the grain close
to the point where the grain was originally con-
nected with the ear. The basal bristle, or rachilla,
is merely the prolongation of the axis or point
from which the corn was originally developed. It
has no physiological importance, but its appearance
is sometimes useful in assisting to discriminate
between different kinds of barley.

Examine a Grain of Barley when softened by
soaking in Cold Water for about forty-eight hours.
—Observe that it is covered by a thick skin. A
careful examination will show that this skin is not
continuous round the grain, but consists of two
separate portions, one closely adhering to the dor-
sal and the other to the ventral side of the corn,
and that the skin on the dorsal side overlaps the
edges of the skin covering the ventral side. With
care the two skins may be removed entire, and it
will then be noticed how much their general struc-
ture resembles that of a grass leaf—the dorsal skin
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especially showing conspicuous longitudinal veins,
or vascular bundles, similar to those in a grass
leaf.

Compare the Barley under Examination with an
Ear of Unthreshed Barley,—It will be noticed that
the furrowed or ventral side of a grain of barley is
the side which is turned inward towards the stem,
or rachis. It will also be noticed that the awn, or
beard, of nnthreshed barley is merely a prolongation
of the skin which covers the dorsal side of the
barley corn, and that it is broken off during the
threshing process.

Compare an Ear of Ripe Barley with a Spike of
Barley when in Flower.—A general similarity be-
tween the two is apparent. The flowers are ar-
ranged alternately on the stem or rachis, and the
outer covering of the flower with its long awn at
once suggests that this covering is the same as the
thick skin of the barley corn.

Detach a Flower from the Spike.—Notice that
the outer covering of the flower is composed of the
same two leaf-like structures which were found en-
closing the barley corn. The one which partially
wraps round the other and is terminated by the
awn, is called the palea inferior, and the other the
palea superior.

Open the Flower and Remove the Palea Inferior.
—The organs of the flower will then be observed
lying within the fold of the palea superior. These

consist of :—
1 &
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(@) An ovary. (The female organ.)

(b) Three pollen-bearing anthers, each supported
on a hair-like filament. (The male organs.)

(¢) Two minute transparent leaflets called lodz-
cules which are situated at the base of the ovary and
embrace it. (The lodicules are sometimes regarded
as abortive petals of the flower.)

Fig. 3.—Ovary of Barley
Flower.

Fig. 1.—Barley Flower
with Palea Inferior
removed exposing the
Ovary and Anthers.

Remove the Ovary with a Dissecting Needle and
Examine it under a low Microscopic Power,.—It is
roughly heart-shaped and is surmounted. by two
hairy stigmata adapted for the purpose of retaining
pollen grains. On the inner side of the ovary (the
side nearest to the rachis), a furrow will be seen
which is retained during development into a barley
corn and thus represents the ventral furrow.
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A practical study of the structure of the ovary is too difficult
for the ordinary student to attempt, as it is not easy to cut
sections of it which are suitable for microscopical examination.
The ovary is mainly composed of soft, thin-walled cells, or par-
enchyma, which enclose a single ovule surrounded by double
walls or integuments (see Fig. 4). The interior of the ovule is
occupied by a very large cell called the embryo-sac. Note that
the ovule lies free within the ovary except at one point called
the funicle, where it is attached to the inner walls of the ovary.
The thick walls of the ovary are almost colourless with the

F1g. 4,—Diagram of a Transverse Section through the Ovary of a Barley
Flower. (a) Embryo-sac; (b) Integuments of Ovule; (¢) Layer of Cells
Containing Chlorophyll ; (d) Point of Attachment of Ovule.

exception of one layer of cells coloured bright green by chloro-
phyll; this layer may be easily seen in a transverse section of
a fresh ovary.

Remove an Anther from the Flower.—Mount it
on a slide with water and cover with a thin glass.
Observe under the microscope the pollen grains con-
tained within the anther.

Dissect out the Lodicules at the Base of the
Ovary.—Note their exact position within the palez
with a view to tracing them subsequently in the
ripe barley corn.

Mount the Lodicules in Water,—Examine them
under the microscope, noting their structure and
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the thin transparent hairs with which they are
covered.

Again Examine the Spike of Barley in Flower,
Observe that on either side of a fully developed
flower, and springing from the same internode, is
an undeveloped flower sheath about one-third of
an inch in length. Close examination will show
that this sheath consists of two incompletely de-
veloped palee. They enclose merely an abortive
trace of an ovary, but occasionally fully developed
anthers and lodicules are found within the flower
sheath.

Examine a Spike of Barley collected a few days
after Fertilisation,—Note how rapidly the ovaries
are increasing in size and tending to fill the space
enclosed by the flower sheaths.

Fertilisation of the barley flower is effected when pollen
grains shed by the anthers come into contact with the stigmata
of the ovary. A minute tube carrying a nucleus is extended
from a pollen grain into the conducting tissue of the ovary, and
after finding its way through the micropyle of the ovule to the
embryo-sac, pierces it, leading to fusion of the nuclei of the
embryo-sac and pollen grain. After fertilisation has been effected
in this manner, the cells within the embryo-sac commence to
divide and subdivide, eventually producing the embryo and en-
dosperm of the barley corn to be referred to later on. Fig. 6 1is
a micro-photograph of a fertilised and developing ovary; note
the enlargement of the embryo-sac and the compression of the
surrounding walls of the ovule and ovary. Eventually these
walls become the thin skins of the barley corn.

Compare a Spike of Ripe Two-rowed Barley.
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with a Spike of Ripe Wheat,—Observe in the case
of barley that the ovary has increased in size until
it has completely filled the space enclosed by the
palez, and that the latter adhere firmly to the grain,
forming the outer covering or false skin of the
grain. In the case of wheat, note that the palea
enclosing the grain do not adhere, and that the
seed is therefore naked after threshing, the paleee
being separated as chaff.

F1a. 7.—(a) Six-rowed Barley; (b) Two-rowed Barley.

Compare a Spike of Ripe Six-rowed Barley (Hor-
deum vulgare)with a Spike of Two-rowed Chevalier
Barley (H. distichum).—In the two-rowed barley
it will be noticed that on either side of each corn
there is an undeveloped flower, but in the six-rowed
barley all the flowers have developed into corns,
thus making three rows of corns on each side of
the spike. The difference between six-rowed and
two-rowed barley consists therefore in all three
flowers of the six-rowed barley being fully developed
and fertile, whereas in two-rowed barley only the
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central flower of the three is fully developed and
fertile.

Observe as a consequence of the mode of de-
velopment of six-rowed barley that the side corns
on each spikelet have a twisted form. This un-
symmetrical shape is readily observed if the lateral
grains are detached from the spikelet and examined
on the ventral side. If two-rowed barley and the
central corns of six-rowed barley are examined in
a similar manner it will be found that the corns
are developed symmetrically. After making these
observations it is easy for a student to determine
whether a sample of threshed barley belongs to the
two-rowed or six-rowed class.

The student has now studied the more conspicu-
ous characteristics of the barley corn, the develop-
ment of the barley corn from the barley flower, and
the leading features which distinguish the two-rowed
from the six-rowed barleys. It is now desirable
that he should study the distinguishing character-
istics of the four leading types or sub-species of
barley which are met with in ordinary technical
experience. He should commence by making him-
self familiar with the different varieties of culti-
vated barley mentioned in the following table. Six
sub-species are described in the table, but the two
sub-species, Hordeum intermedivm and H. decipiens,
are not met with in commerce and do not demand
special study :—



9

A STUDY OF THE BARLEY CORN

*LFC “THA ‘ToT ‘burmaug Jo spnpysur ayi fo jousnop 99g

*19J9d PINOYS juepnjs oy Yoiga o3 , ‘Lepreg

jo 8811918 A ,, Po[jiue aeded juestodur) uw Ul meawed 'S 'H Lq poysefFns s1 e[qe) sty ul pajdops WOIBOISER[0 0T, 4"y

*@0IeTITIOD UL [IIA
jomn qou — seweds uvruIssiqy

‘BJaT ‘.‘

* o[exds W

1o J0mop suo A[uO—"sA3]Jeg PIMoI-0M T,

-mI00 Ul YA jet ATIIRUIPIO ON *'mk_m?n.ﬂ [e10)9] 6y} Jnq ‘9[rae] 01w jo[eyds

wWnYsvTaYy "H
an[q pus 93gMm jo L[e8re[ sys1s
-uoo Ko[Ivg pPoOMOI-XIg UBIIYD

‘auvbma
jo A3oueA u OS[8 ST PUT]}00F
jo . 881q, 10 ,e8l18q,, O}
fauplpna ‘Ff eonjq pue ojIgm
JO eInjxIw ® SI AS[Ivg pemol
-x1g ,, uSeiog 1481 4, SO

("edroyspron
JO BONMSIISOBIBYD [VUINIS By}
ssossod Jnq ‘spLiqAy 818 o]qOUIA
-u] pue [empuwg) -edioy)
-p[on pus As[ivg UEJ I0 }200
-g9J : 048 SONOLIBA UMOUWY-[[OM

0BYOnQ
¥oe[g puB oYM ‘euusq
‘Ioyoay ‘pe[[eH ‘IeAury] ‘I01[e
-AQY() : X8 SOIJOLIBA UMOUN-T[OA\

{ g40ys Aeaneiedmon y

10 SI0MO[ 0] [[V—'SA9[1eg PIMOI-XIS

-gredmos ¥ tapum avy ‘eqnae) aaw jeexids
1o S10MOf 8011} [[V— SA3[Jeg PamoI-XIS

b

A— "STWI00 Y} U00MIaq @ouBISIp 7401s K[0AN Hv

*STI00
ofy uweemjaq eouwysip fuo) Apeanwind
SO0 Y ‘MO44DU T8 'O[11a9] o1 je[eyids
U0 8I0MOf 9911} [[V—'SAS[JBY PIMOI-XIS
4

-

‘Suop sfem[e op3staq [eseq )
'SUI0D BY} USIMIS( O0UBISIP
‘gpm JBE[  O[1346]
-Ul SIOMOJ [RI0JB] OM] Oy * o[i3ae] je[eyds
| 1o F0MOp OTPPIJY — 'SA3]Teg PIMOI-OM ]

uo SUBE

{ ‘SI97}0 Ul Suoy
‘gerelIBA OUWIOS Ul JI0YS O[ISLIq [es®q U0

| sy -suzoo oyy ueemjeq eouwysp fuop

Aaneiedwoo y  ‘mosivi I8F  O[1)9]

-UI SIOMO[J [U0)U] OM] O | O[}40] jo[exds
\ 10 J9MOP O[PPIY — 'SA3]Jeqg paMmol-om] -

*ATUO $ULOD J]DULS TLIO] “'

suardioap
WNIPLOFT

“UWNAPIULLD UL
WNIPLOFT

“WNYOLSDTIY
WNIPLOFT

‘ganfima
UMAPIOTT

odA],

W &H.uﬂ_“_. ._“G.m 1)
o} Jo shepreg
"UOJILD0DZ
umopiog

odAT,
 BT[BARY]) 5,
oy Jo shapreg
"Wyt
WNIPLOFT

3

%

shalavg perBRAIR)

“UNAIDS WNIPLOF] —"STILIAL)

F




10 STUDIES FOR BREWING STUDENTS

Compare Heads of Ripe Barley of Chevalier
and Goldthorpe Types.—A marked difference will
be perceived. The head of the Chevalier barley is
much narrower than that of the Goldthorpe. This
is due to the corns on the head of the Chevalier

Fi1a. 9.—(a) Rachis of Gold-
tho ley ; (b) Rachis
of Chevalier Barley.

Fi1a. 8.—(a) Hordeum distichum, or Chevalier
Type of Barley; (b) Hordeum zeocrifom, or
Goldthorpe Type of Barley.

barley forming a more acute angle with the stem
or rachis than is the case with the Goldthorpe.
Another distinction is that the corns on the head
of the Chevalier are situated on the rachis at a
greater distance apart than those of the Gold-
thorpe. This is rendered more apparent by strip-
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ping the heads and examining the bare rachis.
The internodes, or joints, from which the corns
spring are thus exposed, and it will be noticed that
there are from six to seven internodes in one inch
of the rachis of the Chevalier, and in the Goldthorpe
from nine to ten.!

Remove the Basal Bristle from a Corn of Gold-
thorpe Barley and Examine it with a Pocket Lens
or a low Microscopic Power.—It will be found to
be covered with long hairs, a characteristic which
all barleys of the Goldthorpe type possess. On
the other hand, the basal bristle of a barley of the
Chevalier type (. distichum) may be covered with
either very short hairs or long ones. This depends
on the variety of the type. The true Chevalier
variety possesses very short hairs; on the other
hand the Archer variety and some others possess
long hairs somewhat resembling those of the Gold-
thorpe type (H. zeocriton).

Compare a Sample of Threshed Goldthorpe
Barley with a Sample of Chevalier Barley,—The
skin of the Goldthorpe is somewhat “greasy” in
appearance, and does not adhere so closely to the
corn as in the Chevalier.

Examine the Lower Ends of Goldthorpe Corns
on the Dorsal Side,—A small dimple or transverse
furrow may be noticed in the skin near the ex-

1 Samples of threshed barley frequently contain portions of
rachis, and these fragments will often assist the observer in
determining the nature of the samples.
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tremity of the lower end of some of the corns.
This dimple is characteristic of the Goldthorpe
type of barley, but is not always observed owing
to fracture of the corn during the threshing process
at the point where the dimple is situated.

Fig. 11.—Hordeum vulgare. Fic. 12.—Hordeum hexastichum,

Compare a Head of H. vulgare with H.
hexastichum. — Both are six-rowed barleys, but
the head of H. wvulgare is narrower than that
of H. hexastichum. It will be noticed that the
internodes from which the corns spring are more
widely separated in H. vulgare than in H. hexa-
stichum. Note that the general appearance of
the head of H. hexastichum is somewhat square
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in appearance, hence the name ¢ square-headed
barley ” sometimes applied to it. (See Figs. 11
and 12.)

Remove the side rows of corns from heads of H. vulgare
and H. hexastichum, leaving the middle rows undisturbed,
thus converting the six-rowed heads into two-rowed heads.

Compare the two artificially produced two-rowed heads
with heads of Chevalier and Goldthorpe barley.

It will be noticed that the general features of the head of
H. vulgare are markedly similar to those of the Chevalier, and
that the head of H. hexastichum bears a strong resemblance to
that of the Goldthorpe. It is believed that these resemblances
may indicate a near kinship in species of Chevalier and H.
vulgare, and of Goldthorpe and H. hewastichum. (See Munro
and Beaven, Journal of the Royal Agricultural Society, 1900,
p. 185.)

PART IL

ANATOMY OF THE BARLEY CORN.

Bisect a soaked barley corn longitudinally
through the ventral furrow with a knife. Observe
that the greater bulk of the grain is composed of
a white, starchy mass, called the endosperm, and
that at the base of the corn there is a small,
yellowish bud. The bud is the embryo, or living
germ of the corn, which eventually grows into the
young barley plant. Carefully remove the thick
outer skin from another well-soaked corn, and note
that below the thick false skin there is an extremely
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thin skin, which completely envelops both the em-
bryo and the endosperm of the grain. This is the
true skin of the corn, and consists of several layers,
these being the remains of the walls of the ovary
and ovule, which contained the embryo-sac from
which the corn has developed. (See Figs. 4
and 6.)

Note also that at the base, or germ end, of the
corn, the two lodicules previously observed in the
barley flower at the base of the ovary are now
found compressed between the thick palez and the
thin true skin of the corn, thus further demonstrat-
ing the relation of the barley corn to the barley
flower.

Remove the Thin Skins enveloping the Embryo
and Endosperm of a Barley Corn, and Observe that
the Embryo may be Easily Detached from the Endo-
sperm without Injury,—This indicates that there
is no direct connection between the embryo and
endosperm, but that they merely adhere together.
This observation is of much importance in con-
nection with the germination changes of the barley
corn which will be studied later on.

HISTOLOGY OF THE BARLEY CORN.

Cut thin Longitudinal Sections of a Batley Corn
which has been Soaked in Water for about twenty-
four hours, in the Plane of the Ventral Furrow of
the Corn.—This may be done with a sharp razor,
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the grain being held in a piece of cork or in a
hand microtome ; it is, however, difficult to obtain
good sections without a considerable amount of
practice. Sections for permanent mounting are
best obtained by employing a freezing microtome,

o

oy o

Fia. 18.—Diagram of a Longitudinal Section through the Germ End of a
Barley Corn. (a) Palea Superior; (b) Palea Inferior; (¢) Pericarp; (d)
Testa; (e) Plamule; (f) Ba.g.icla; (g) Root-cap; (i) Scutellum ; (i) Ab-
sorptive Epithelinm of Scutellum ; (k) Emptied and Compressed Cells
of Endosperm; (m) Aleurone Cells of Endosperm; (n) Funicle; (o)
Starch-containing Cells of Endosperm ; (p) Basal Bristle.

the barley having been previously soaked in gum
and water.

In order to render sections of barley transparent
for examination with the microscope, they should
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be dehydrated by means of absolute alcohol, and
cleared by transferring to clove oil. They can then
be examined in the latter medium, or mounted
permanently in xylol and Canada balsam.

Examine the prepared sections under the micro-
scope, first with a low-power objective (1 or 2
inch), and afterwards with a higher power of § or
1 inch.

[N.B.—It is very desirable when a student is
commencing the microscopic examination of an
object which is new to him, that he should first
employ a low-power objective in order to famili-
arise himself with the general features of the object
before proceeding to study its more minute features
with high power lenses. |

First note that the thick outer covering of the
paleze of the grain and the two thin true skins,
called the pericarp and testa, enclose both the em-
bryo and endosperm. Then study the embryo of
the barley corn, which is the future young plant
lying dormant in the seed, using Fig. 13 as a guide.
Observe the appearance and position of the plum-
ules, which eventually develop into the leaves of
the young plant. Note the position and appear-
ance of the radicles or undeveloped roots, and also
the root-caps situated at the ends of the radicles.
Identify and study the part of the embryo called

196e H. Brown and Morris, ‘‘ Researches on the Germina-
tion of some of the Gramines " (Structure of a Grain of Barley),

Journ. Chem. Soe., 1890, lvii., p. 461.
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the scutellum, and specially note that part which
is known as the absorptive epithelial layer. It
is the layer of elongated cells which bounds
the scutellum on the side which is pressed
against the starchy endosperm of the barley
corn. The cells of this layer, sometimes called
the palisade cells, have most important functions
and play a leading part in the feeding of the
young embryo when it commences to develop into
a young plant.

Study the Endosperm.—It will be noticed that
it is composed of two distinct types of cells.
Nearest the skin will be observed a triple layer
of thick-walled, square-shaped cells. These are
called the aleurone cells, The rest of the endo-
sperm is composed of much larger cells of irre-
gular shape bounded by very thin walls. These
are the starch-containing cells, and under a high
power and proper illumination the starch granules
will be observed lying closely packed within
the cell walls. Later on, when the student ex-
amines stained and specially prepared transverse
sections of barley, he will learn more regarding
both the starch-containing cells and the aleurone
cells.

Attention should also be given to a layer of
compressed and empty cells which lie between the
scutellum and the endosperm, but which form an
integral portion of the latter. During the early

development of the corn they contained starch
2
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granules, but during its later development the starch
was absorbed by the embryo.
Cut Transverse Sections of a Barley Corn in

a Similar Manner to the Longitudinal Sections al-
ready made.—These sections should be cut as thin
as possible, and it is desirable to prepare a dozen
or so and preserve them in chloroform water for
future use.

F1g. 14.—Diagram of a Transverse Section through a Barley Corn. (a)
Palea Superior; (b) Palea Inferior; (c) Pericarp ; (d) Testa; (¢) Funicle;
(f) Aleurone Cells; (g) Starch-containing Cells.

Dehydrate a Section in Alcohol and Examine
it under the Microscope in Clove Oil or when
mounted in Balsam,—The thick outer coverings, or
palez, enclosing the grain will now be seen in cross
section. The points at which the palea on the
dorsal side of the grain overlaps the palea on the
ventral side will be recognised. The five little
ridges which run along the dorsal side of a barley
corn and give it a slightly angular appearance will
also be noticed as being due to five vascular bundles,






-
L

Fia. 15.—Photomicrograph of Transverse Section through a Barley Corn,
showing the Funicle.

-5

Fig. 16.—Photomicrograph of Section of Skins and Endosperm of Barley
Corn (highly magnified).
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or veins, in the palea inferior, which is now seen
in cross-section.

The two true skins, the pericarp and testa, are
also very clearly shown in the transverse section.
Note how they continue round the grain until they
arrive at the ventral furrow where they appear to
be merged together and lost in a conspicuous dark
brown spot called the funicle. This spot represents
the point where the ovule was originally attached
to the ovary of the barley flower before it developed
into a corn (see Fig. 4, p. 5).

Within the thin skins of the transverse section,
the triple layer of aleurone cells already noticed in
the longitudinal section will be again observed.
Within these lie the thin-walled starch-containing
cells, forming the greater bulk of the endosperm.
In general arrangement these cells will now be
seen to radiate from near the centre of the grain.

Cut a Transverse Section of one of the Green Corns
which are usually abundant in Samples of Six-rowed
Barley.—Dehydrate the section, mount it in clove oil or bal-
sam, and examine it under the microscope. Observe that the
contents of the aleurone cells are coloured blue. The colour of
the aleurone cells seen through the yellow outer skin of the
corn is the cause of the green appearance of the corn originally
observed. A green colour is a natural characteristic of certain
varieties of two-rowed and six-rowed barleys and is not an in-
dication of unripeness.

The student, after working through the studies

described above, which should have given him a
0 *
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good general knowledge of the structure of the
barley corn, must now proceed to study some special
points in the anatomy of the corn.

Note the Position in which Starch Granules
occut in the Endosperm of Barley.—Transfer a thin
transverse section of barley to a very dilute solution
of iodine in a watch-glass, and allow it to remain
in the liquid until the section is stained a distinct
blue colour. Mount the section in water on a
glass slide, cover with a thin glass, and examine
first with a low and afterwards with a high power.
The position of the blue-stained starch granules is
now distinctly seen. It will be noticed that the
aleurone cells contain no starch granules, and that
these occur only within the thin-walled cells which
compose the larger part of the endosperm. In
these cells the starch granules lie very closely
packed together.

Show that the Starch-containing Cells contain
Protoplasmic Matter enveloping the Starch Gran-
ules.—In order to demonstrate this clearly, the
starch granules must be removed without disturbing
the protoplasm. This can be done by means of
the action of saliva, as this secretion contamns an
enzyme—ptyalin—which is able to dissolve starch,
but has no action on protoplasmic matter. Prepare
3 or 4 c.c. of saliva by washing out the mouth with
a very little water. (As the secretion appears to
be more active before meals it is better to obtain
it then.) Filter the solution into a test-tube, place
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several thin transverse sections of barley in the
liquid, and keep it at a temperature of 46° C. for
three or four hours by immersing it in a vessel of
water maintained at the desired temperature. (If
the solution is kept for more than a few hours,
which may be necessary, a little chloroform water
should be added to prevent the growth of micro-
organisms.) When the action of the ptyalin is
complete the original white appearance of the sec-
tion, due to the presence of starch granules, will
have disappeared. Now, place one of the starch-
freed sections in a very dilute solution of eosine to
stain the protoplasm, transfer the section to a slide,
and examine it under the microscope. It will be
noticed that the thin-walled cells are filled with a
network of red-stained protoplasmic matter which
originally enclosed the starch granules. The
cavities in which the starch granules formerly lay
will be clearly seen. A permanent mounting of
the section in balsam should be made after first
very gradually dehydrating the section with alcohol
of increasing concentration.
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PART III.

EXPERIMENTS CONNECTED WITH THE TECHNICAL
STUDY OF BARLEY AND OTHER CEREALS.

Study the Microscopic Appearance of Some of
the Commoner Kinds of Starch,—The starches of
barley, wheat, potato, rice and maize are suitable
for this study.

Transfer a little of the starch to a drop of water
on a glass slide, cover with a thin glass and exa-
mine with a high power. Observe the charac-
teristic appearance of the different kinds of starch
granules and make a drawing to scale of each. If
the starch used has been obtained direct from the
grainit is desirable, after examining in water alone,
to stain with a little iodine solution ; as the starch
granules alone are stained blue, this differentiates
them from other organic matter which may be
present, By this means also the mixture of very
small granules of starch with much larger ones, as
in the case of barley starch, will become more
evident.

Prepare a Sample of Starch from Barley or
Other Grain,—Grind about 100 grms. of the grain
to a very fine powder and mix with cold water.
Separate the starch from the husk and tissue of
the grain as far as possible by filtering the milky
liquid through very fine muslin. Allow the starch
to subside from the filtrate, pour off the liquid, and
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purify further by repeated washing with cold water
and decantation. Digest the starch with 05 per
cent. caustic potash solution for twenty-four hours,
wash well, and drain the starch on a filter. Trans-
fer to an unglazed porcelain plate and air-dry at
the temperature of the room.

Determination of the Moisture in Barley and
Other Cereals.—This determination must be con-
ducted on a ground sample of the corn. First clean
the mill by grinding through it some of the corn
to be tested. Reject this sample. Then grind
from 3 to 5 grms. of the corn and transfer the
whole to a stoppered drying-tube the weight of
which has been previously ascertained. Weigh the
tube and its contents, transfer to a water-oven,
remove the stopper and dry at 100" for four or five
hours. Replace the stopper, transfer to a desiccator
until cool and weigh. Return the tube to the
water-oven for an hour or two, cool and weigh
again, as before. These operations must be re-
peated until the weight remains constant within
one or two milligrams. Now calculate from the
weights obtained the percentage of moisture lost.

A more rapid estimation of the moisture may be obtained
by drying in a hot-air oven kept at a constant temperature of
102° C., but care must be taken that this temperature is not
exceeded.

The student should determine the moisture in
kiln-dried as well as undried samples of barley, in
order to demonstrate that an apparently perfectly
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dry barley contains from 10 to 12 per cent. of
moisture. It is important that he should recognise
that this amount of moisture is natural to a barley
in perfect “condition,” and that it is the presence
of moisture in excess of this amount which pro-
duces the different degrees of “want of condition ”
in barley.

Determination of the “ Vitality ” or Germinative
Power of Barley,—The student should experiment
with Coldewe’s, or other form of germinator, on
various samples of barley. The germinative power
of barley is often regarded from two points of view
—its germinative “energy” and its germinative
‘“capacity ”. (Germinative energy is expressed by
the percentage number of corns which vegetate
in a definite time, generally taken as three days.
Grerminative capacity is expressed by the per-
centage number found capable of germinating,
irrespective of time.

Determination of the “ Weight” of Barley.—
In this country the term ‘ weight” as applied
technically to barley is understood to refer to the
weight in pounds of a bushel measure of the grain.
The student can gain some experience in the
laboratory of the bushel weights of different kinds
of barley by weighing them in the miniature bushel
of the instrument known as the ¢ chondrometer ”.
But the results obtained must be regarded more
as comparative values than reliable determinations
of the actual bushel weight of the corn,
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Another meaning of the expression “weight ”
as applied to barley refers to the weight of a
certain number (usually 1,000) of corns. This
method of comparing the weight of different bar-
leys, is employed more frequently on the Continent
than in this country, and has the merit of giving
the true average weight of the corns, which is not
expressed accurately by the bushel weight. The
latter is much influenced by the shape of the corns,
and, consequently, by the different manner in which
they arrange themselves in the measure.

Count out 200 average corns from several
samples of different barleys, including English
Chevalier and Smyrna, or other *light foreign”
barley, and weigh them. Express the results as
weights in grams of 1,000 corns. Compare the
weights of the English and Smyrna barleys, and
note that the relation they bear to each other
differs very considerably from the relation of their
bushel weights found by the chondrometer.

Determination of the Specific Gravity of Barley.—In
a well-matured, mealy barley its white friable endosperm is
permeated with minute spaces containing air, which diminish its
specific gravity. In a badly matured, steely barley the hard en-
dosperm contains fewer air-spaces, and consequently its specifie
gravity is greater than that of the mealy endosperm. A com-
parison of the specific gravities of the endosperms of different
barleys is therefore a measure of their relative tenderness. But
in technical work it is not practicable to obtain a sufficient num-
ber of skinless endosperms in order to determine their specific
graﬁtjr, and recourse must therefore be had to a determination
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of the specific gravity of the whole barley corns. This may be
effected by observing their displacement-volume in a liquid like
toluene which does not readily penetrate the interior of the corn.

Weigh out accurately about 50 grms. of the barley, and after
noting the exact weight, transfer the corns to a dry 100 c.c. flask.
From an accurately graduated burette run toluene slowly into
the flask, shaking it to disentangle any air which may be con-
fined in the mass of barley corns. When the toluene reaches
the 100 c.c. mark, note the volume of toluene which has been
run into the flask. If the temperature of the toluene in the flask
and in the burette is kept constant, the difference between the
volume of toluene run into the flask and 100 c.c. represents the
displacement volume of the barley. Divide the weight of this
volume, considered as water, into the weight of the barley taken,
and the specific gravity of the barley will be obtained. But it
should be noticed that the specific gravity of the barley obtained
in this manner is influenced by the air confined within the skins
of the barley and that the proportion in volume of this air is
liable to vary in different types of barley. Hence the above
method of experiment is not reliable if used for comparing diffe-
rent types of barley, and can only be used with advantage for the
purpose of comparing the relative mealiness of samples of barley
of the same type.

As toluene is a volatile, easily inflammable liquid, experi-
ments with it must not be conducted near a flame.

Technical Examination and Valuation of Barley
for Malting Purposes.—This is a convenient time
for the student to gain some experience in the
valuation of barley for malting purposes. Personal
instruction by an expert is absolutely necessary.
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PART IV.
THE CHANGES IN BARLEY DURING GERMINATION.

Steep about 100 grms. of English barley in
water for forty-eight hours, and change the steep
water twice each day.

Keep the first highly coloured steep water in a
beaker, and note how rapidly it commences to de-
compose on standing. Water extracts from barley
matter which readily putrefies, and hence arises the
necessity to change the steep water in the malt-
house frequently.

After the barley has been steeped for about two
days, examine the corns, If they are moistened
throughout, but not saturated with water, the
barley is sufficiently well steeped.

Determination of Moisture in the Steeped Barley.
—Weigh about 10 grms. of the steeped barley in a
drying bottle. Place in a water-oven and dry very
slowly with the door of the oven open until most of
the moisture is evaporated. Finally dry at 100°
until the weight is constant. Calculate the per-
centage of water lost. This will give some idea
of the amount of water retained by barley when
steeped in the malt-house.

Study of the Changes in Barley during Ger-
mination,—Spread the rest of the steeped barley
(see above) in a thin layer in some suitable form
of germinator to start it into growth. Proper
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attention must be given in order to keep it under
conditions of temperature and moisture which
favour regular and slow growth.

Observe from day to day the appearance of the
growing corn and make a series of sketches show-
ing the gradual development of the rootlets and the
acrospire. Note also how the starchy part of the
endosperm is modified in character as the growth
of the embryo proceeds, and observe that this mo-
dification commences in the part of the endosperm
which is nearest to the embryo, and gradually
spreads towards the far end of the grain,

At intervals during the germination of the bar-
ley make longitudinal sections of a corn for micro-
scopical examination. A freezing microtome should
be employed, if possible, for making the sections.
Prepare the sections for examination in the manner
already described for preparing sections of barley
(p. 14).

Note that the first sign of the action of the
growing embryo on the endosperm is the solution
of the compressed layer of emptied cells adjacent to
the scutellum (Fig. 13). This action is produced by
the enzyme cytase which is secreted by the scutellum
of the growing embryo. Cytase transforms the in-
soluble cellulose of the cell-walls into a soluble sugar.

1 See H. Brown and Morris, * Researches on the Germina-
tion of some of the Graminese ™ (The Visible Changes which
occur in the Embryo and Endosperm during Germination),
Journ. Chem. Soc., 1890, lvii., p. 466.
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As the development of the embryo proceeds,
note the disappearance of the cell-walls of the
starch-containing cells of the endosperm which are
nearest to the embryo, and the consequent libera-
tion of the starch granules. Observe how the ac-
tion spreads through the endosperm as the growth
of the embryo proceeds. Note that it is this action
which transforms the hard barley corn into the
friable grain of malt.

Remove with the point of a needle a trace of
the starch nearest to the scutellum of a partially
grown barley corn, and examine it in water with a
high-power lens. Note that many of the starch
granules are  pitted "—i.c., show signs of being
partially dissolved. This is due to the action of
the enzyme diastase, secreted by the scutellum of
the growing embryo. Diastase converts the in-
soluble starch granules into soluble sugar, and it
is mainly by its action that the growing embryo
obtains its necessary carbo-hydrate food from the
endosperm.

Remove carefully the thick and thin skins from a well-grown
barley corn, and note that the layer of aleurone cells can be
readily detached from the rest of the endosperm. In a non-
germinated barley corn this is not the case. The readiness with
which the aleurone cells separate in a germinated corn is due to
the fact that the aleurone cells, as well as the scutellum of the
embryo,! secrete cytase, and the action of this enzyme dissolves

1See H. Brown and Escombe, * On the Depletion of the
Endosperm of Hordewm vulgare during Germination,” Proc. of
Royal Sec., vol. Ixiii., 1898,
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the walls of the starch-containing cells adjacent to the aleurone
layer, and so ruptures the connections between it and the starch-
containing cells of the endosperm. Hence the aleurone cells, as
well as the cells of the epithelial layer of the scutellum, contribute
towards the modification of the endosperm.

Demonstrate that the Embryo will Grow to a
Limited Extent when Separated from its Endo-
sperm and Supplied with Water only, and that it
will Grow Freely under the Same Circumstances
if it is Supplied with Suitable Food.!—Soak some
barley corns (preferably six-rowed Chilian or
Smyrna)® in water for twenty-four hours, and re-
move the embryos from about a dozen of the corns
without injuring them. This may be easily done
by turning back the skin of the corn at the germ
end and lifting the exposed embryo with the point
of a blunt knife.

Sterilise two small Petri dishes, each containing
a flat piece of porous unglazed porcelain, about 2
square inches in area. Also prepare some sterilised
water, and a sterilised 3 per cent. solution of cane-
sugar. Pour sufficient sterilised water into one of
the dishes to cover the bottom and thoroughly
moisten the unglazed porcelain. Repeat this opera-
tion with the other dish, using the cane-sugar
solution. Now place four or five of the excised

1 See H, Brown and Morris,  Researches on the Germination
of some of the Gramines " (Culture of Embryos of Barley on

Water), Journ. Chem. Soc., 1890, lvii., p. 482.
?The embryos of these barleys are not so tender as those of

two-rowed barleys.
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barley embryos on the flat surface of each of the
pieces of porcelain with the scutella of the embryos
resting on the moistened surface of the porcelain.
The embryos are then in a position to obtain the
moisture they require in order to start them into
growth. Place the covers on the dishes, and keep
them in a moderately cool place. In about twenty-
four hours signs of growth in the embryos will be
noticed in both experiments. Protrusion of the
roots is first observed, and shortly afterwards the
plumules commence to elongate. During the first
two or three days the growth of the embryos pro-
ceeds in both experiments at about the same rate,
showing that water alone, as well as cane-sugar
solution, stimulates germination. But by-and-bye
the growth of the water-fed embryos ceases owing
to lack of food, whilst the sugar-fed embryos con-
tinue to increase to a considerable size, and the
young plants commence to develop chlorophyll

If the cane-sugar solution contains suitable
mineral nutriment and a little nitrate of potash,
perfect plants can sometimes be reared.

When conducting the above experiments note
that every precaution must be adopted to prevent
the growth of moulds and bacteria, which readily
attack the exposed embryos and check their de-
velopment.

Demonstrate that the Embryo of the Barley
Corn secretes Diastase during its Development.—
Prepare 100 c.c. of a 1 per cent. solution of soluble
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starch in water. Add to the solution when cold
7 grms, of gelatin, and heat gently in a water-bath
until the gelatin is dissolved. Sterilise the solution
in a steam steriliser, and when it is still hot pour
it into a sterilised Petri dish, which is sufficiently
deep to hold easily 4 to # an inch of the liquid.
Place the cover on the dish and allow the gelatin
solution to cool until it commences to show signs
of setting. Now take several excised barley em-
bryos which have been previously prepared, and
place them on the surface of the setting jelly so
that their scutella are in perfect contact with it.

Fi1a. 17.—Experiment Demonstrating the Secretion of Diastase by the
Growing Embryo of a Barley Corn.

Put the covered dish in a cool place, and in three
or four days the embryos will have developed con-
siderably. Remove the cover from the dish, and
with a knife make two long parallel cuts in the
jelly, one on each side of an embryo almost touch-
ing it, and place the thin slice of jelly obtained in
this manner on a white porcelain plate, and brush
over it a solution of iodine in iodide of potassium.
The iodine will stain most of the gelatin a deep
blue colour, owing to the soluble starch present,
but in the portion of the jelly situated immediately
below the scutellum of the embryo a cup-shaped
colourless part will be noticed. This is due to the
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soluble starch originally contained in this portion
of the jelly having been converted into sugar by
the action of the diastase secreted by the scutellum
of the embryo.

If the jelly below another embryo is examined
in a similar manner, but at a later date, it will be
noticed that the action of the diastase gradually
extends as the embryo develops.

The growth of liquefying bacteria must be
guarded against as far as possible in this experi-
ment, or the success of the experiment may be
interfered with.

Demonstrate that Carbon Dioxide is Generated
during the Growth of the Barley Corn.—Arrange
four flasks as in the accompanying illustration so

F1g. 18.—Apparatus for Demonstrating that Carbon Dioxide is Generated
during the Respiration of Germinating Barley.

that the first contains a solution of caustic soda,
the second a solution of barium hydrate, the third
some germinating barley corns, and the fourth a
solution of barium hydrate. Connect an aspirator
to the fourth flask, and draw a current of air slowly

through the flasks. As the air enters the first flask
3
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it is deprived of the carbon dioxide it contains, and
this is shown by the solution of barium hydrate
in the second flask remaining clear. But as the
current of air passes through the flask containing
the germinating barley, it mixes with the carbon
dioxide generated by the respiration of the growing
corn and conveys it to the fourth flask, where its
presence is indicated by the formation of a copious
white precipitate of barium carbonate.

Demonstrate that Oxygen is Absorbed during
the Growth of the Barley Corn,—Introduce a quan-
tity of actively germinating barley into a large,
wide-mouthed stoppered bottle, and place in the
bottle a small dish containing a strong solution of
caustic soda in order to absorb the carbon dioxide
generated by the respiration of the growing corn.
Close the bottle with the stopper and allow it to
remain overnight in a warm room. Remove the
stopper and introduce a lighted taper into the
bottle. Observe that the taper is extinguished,
owing to the oxygen originally present in the bottle
having been removed by the respiration of the ger-
minating barley.

Preparation of Malt Diastase.—Digest 100
grms. of air-dried or pale-dried malt with 250 c.c.
of 20 per cent. alcohol for four hours and then
filter. Add strong alcohol to the filtrate so long
as a flocculent precipitate of diastase is formed.
Allow the precipitate to subside and pour off the
supernatant liquid. Wash the precipitated diastase
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by decantation with a little strong alcohol, and
afterwards transfer the precipitate to a hardened
filter. Wash the precipitate on the filter repeatedly
with small quantities of absolute alcohol and trans-
fer both the filter and precipitate to a vacuum
desiccator. By dehydrating the diastase in this
manner it may be obtained as a light granular
powder.

In order to test the activity of the prepared
diastase dissolve about 0'1 grm. of it by rubbing it
in a small mortar with about 5 c.c. of water, and
transfer the mixture to 50 c.c. of a 1 per cent.
solution of soluble starch. Keep the mixture at
a temperature of 60° (140° F.). The activity of
the diastase will be shown by the gradual disap-
pearance of the iodine starch reaction, due to the
transformation of the starch into sugar.

When preparing diastase it is desirable to carry
on the process as rapidly as possible, since prolonged
contact of the diastase with alcohol tends to destroy
its activity, The first precipitate of diastase may
be redissolved in water and reprecipitated by al-
cohol if a purer preparation is desired.

Action of the Enzyme Cytase.—Prepare an extract of
air-dried malt, or of cats, by digesting 25 grms. when finely
ground with about 70 c.c. of cold water for three or four hours.
Filter the extract, which contains the enzyme cytase. Im-
merse in the extract several very thin transverse sections of a
barley corn, and place the vessel containing the solution in an
incubator at a temperature of 25° to 30°. In four or five hours
examine one of the sections with a microscope, and it will be

3*
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observed that the walls of the starch-containing cells are swell-
ing and gradually dissolving away. A complete disintegration
of the cell walls should be obtained in about twelve hours, but
if the experiment is continued for this length of fime it is advis-
able to add a little chloroform water to the cytase extract in
order to prevent the growth of micro-organisms.

If malt is employed for the purpose of preparing the exiract
used in this experiment, it is essential that it should not have
been kiln-dried, for cytase is destroyed by the heat of the kiln.
For a similar reason kiln-dried oats should not be used.

An Experiment to Determine the Loss in Weight
occurring during the Conversion of Barley into
Malt.—The loss in weight which occurs in the
malting of any special steeping of barley is often
difficult to determine in the ordinary routine of
malt-house work, as it entails the weighing-up of
the finished malt under conditions which are
usually inconvenient. A measure of the loss may,
however, be made in the laboratory in the follow-
ing manner :i—

Average samples of the barley, as steeped, and
of the screened malt made from the barley, are
required.

Count out 1,000 corns from each sample, and
weigh them accurately. The figures thus obtained
express the weight of the barley and the weight
of the malt obtained from a similar weight of bar-
ley. Calculate from these figures the yield of malt
from 448 lbs. (or 1 qr.) of the barley. Calculate
also from the same figures the percentage loss in
weight of the barley when malted.
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Note that the loss determined is only in part
due to a loss of solid matter during malting, be-
cause barley always contains considerably more
moisture than finished malt. In order to estimate
the true loss of solid matter due to root-growth,
respiration, and extraction by steeping water dur-
ing the malting process, determine the moisture
in the samples of barley and malt. From the
figures thus obtained and those previously deter-
mined, the amount of solid matter lost is readily
calculated.

TECHNICAL EXAMINATION OF MALT.

This is a convenient time to study the ordinary
technical methods of examining and valuing malt.
Practical experience under the guidance of an ex-
pert is essential. As a general guide to the student
his attention is directed to the following points : —

1. The general appearance of the sample, and
the kind and character of the barley from which
the malt has been made.

2. The “ modification ” or relative tenderness of
the sample.

3. The “condition” or relative dryness of the
sample.

4. The flavour of the sample.

5. The regularity of growth. (In order to prac-
tise the eye in judging this character it is useful to
separate 200 corns from a sample of malt into four
classes of “still corns,” half-grown, three-quarters
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grown and “grown out,” and express the results as
percentages.)

6. The broken corns present.

7. The mouldy corns present.

The “ Sinker ” Test.—This test is extensively
used in the technical examination of malts, and gives
valuable information when employed intelligently.

Count out 200 corns and place them in a glass
full of water at a temperature of about 15° (60° F.).
After moistening the corns by gentle agitation, re-
move at once all the corns which float. Note the
position of the corns which have sunk ; some will
probably rest upright, indicating that the corns are
steely ended ; others may lie flat, which usually
indicates dead or very steely corns. Remove the
“ sinkers,” count them and examine each corn
separately after dividing it longitudinally with a
knife. Class the corns as (1) dead ; (2) steely ; (3)
steely-tipped ; (4) vitreous; (5) corns which have
sunk through damage to skin, ete.

In cases of importance it is desirable to take 500 or 1,000
corns for this test, as 200 is too small a number on which to base
a satisfactory judgment. It is very important that the malt
should be in good condition when subjected to the * sinker ™
test, as the specific gravity of malt is raised very considerably
when it becomes “ slack ",

Determination of the Specific Gravity of Malt.—The
specific gravity of malt may be determined by the toluene
method, as already described for barley (see p. 25). Some
idea may be gained of the relative tenderness of malts of similar
nature by this means, but the results are not very reliable.
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PART V.

THE CHEMICAL ANALYSIS OF MALT.

Determination of the Moisture in Malt,—This
determination is carried out in a similar manner to
the determination of moisture in barley, described
on p. 23. As malt takes up moisture from the
air very rapidly it should be exposed as little as
possible, particularly after grinding. Subject to
the complete drying of the malt, the drying process
should be carried on for as short a time as possible,
as after prolonged heating malt is inclined to gain
slightly in weight.

Determination of the Ash of Malt.—Place about 5
grms, of the ground malt in a weighed platinum dish, and
re-weigh in order to determine the quantity of malt taken.
Heat the dish gently with a Bunsen flame until the malt is
completely charred. Transfer the dish to a muffle furnace, and
heat until the ash is colourless. Weigh and calculate the
percentage of ash obtained. The ash should be examined quali-
tatively for potassium, phosphoric acid and silica, of which it
principally consists.

Determination of the Extract of Malt.—Before
this very important determination is attempted the
student must make himself familiar with the or-
dinary method of determining the specific gravity
of liquids by means of the specific gravity bottle
and the balance.
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Determination of the Specific Gravity of Liquids.
—A 50 c.c. specific gravity bottle with a perforated
stopper and a counterpoise are required.

Clean the bottle thoroughly, and after washing
with distilled water, rinse it out with a little strong
alcohol. Warm the bottle gently over a flame and
suck air through it by means of a glass tube until
it is quite dry. Allow it to cool in a desiccator.
Ascertain by means of a balance which turns dis-
tinctly with ‘0005 grm., if the bottle together with
its stopper is of the same weight as the counter-
poise. If not, the counterpoise must be accurately
adjusted by adding to, or subtracting from, its
weight.

The capacity of the bottle must now be deter-
mined by filling it with distilled water at the
standard temperature of 15'5° (60° F.), and weigh-
ing. The following is a convenient and rapid way
of carrying out this operation :—

Take about 70 to 80 c.c. of distilled water in a
100 c.c. flask, introduce a thermometer with a wide
degree-scale into the water, and bring the water
exactly to the temperature of 15°5° (60° F). Pour
the water rapidly into the specific gravity bottle,
which must be held by the neck during this and
the following operations. Close the bottle with its
stopper, so as not to include any air bubbles, and
at once wipe the top of the stopper, which must
not afterwards be touched. Dry the bottle with a
soft cloth as quickly as possible, and place it at
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once on the pan of the balance and weigh quickly.
In order to obtain manipulative skill in this process,
the student should repeat the operations of filling
the bottle with water, and weighing until he can
obtain consecutive weights varying by not more
than '001 grm.

If it is found that the bottle contains exactly
50 grms. of water, the specific gravity of any other
liquid may now be obtained by multiplying by
20 the weight of the liquid it will contain, for the
capacity of the bottle is equal to that of 50 grms,
of water at 15°5°, and 50 x 20 = 1,000, the usual
standard to which the specific gravity of liquids is
referred. It rarely happens, however, that a specific
gravity bottle contains exactly 50 grms. of water.
Although it is possible to make a bottle correct
by grinding the stopper, this operation is very
tedious, and it is preferable, if the error of a
bottle does not exceed ‘02 grm., to use the error
as a constant correction and, as the case may be,
either add it to or subtract it from every weighing
of the bottle.! The specific gravities of the solu-
tions likely to be met with by the student do not
differ sufficiently from that of water to introduce

1The error should be redetermined at frequent intervals,
Also the student should be careful to employ the same ther-
mometer in all his determinations, as ordinary laboratory
thermometers are often very inaccurately graduated. If the
same instrument is always used, even considerable inaccuracy in
graduation will not introduce any appreciable error,



42 STUDIES FOR BREWING STUDENTS

an appreciable error when adopting this convenient
plan,

If the error exceeds ‘02 grm. the bottle should
be exchanged for a more accurate one, or, if pre-
ferred, the weight of the water contained by the
bottle may be used as a divisor for the weight of
the contents of the bottle when filled with any
other liquid whose specific gravity is required.
This method gives accurate results with a bottle of
any capacity, but the calculation involved becomes
troublesome when many specific gravity deter-
minations have to be made.

The method of determining specific gravities recommended
above is sufficiently accurate for ordinary purposes of technical
analysis, but for special work it is desirable to use a Sprengel

tube, or a pyknometer with a thermometer stopper and side
tube.

Preparation of the Malt Mash (Heron's Method).
—Weigh out roughly about 55 grms. of malt and
grind it through a mill to a moderately fine meal.
Transfer the whole of the ground malt to a balance,
and weigh 50 grms. accurately. (This method of
weighing ground malt should always be adopted
in order to obtain an average sample. The weigh-
ing must be done rapidly, as ground malt is very
hygroscopic.)

Transfer the 50 grms, of malt to a 500 c.c.
copper beaker, and mash it with 350 c.c. of water at
a temperature of 69° (156" F.). Cover the beaker
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with a clock-glass and place it in a water-bath
regulated by a thermostat, so that the mash is kept
at a constant temperature of 66° (151" F.). After
one hour transfer the whole of the mash to a 515 c.c.
graduated flask by means of a wide-necked copper
funnel, taking care that the water used for washing-
in the ‘““grains” does not raise the volume above
the 515 c.c. mark. Cool the contents of the flask
to 15-5° (60° F.), and make up the volume to the
515 c.c. mark by the addition of water. Mix the
solution thoroughly by agitation, and filter about
250 c.c. of the wort through a dry filter into a dry
vessel.

Determine the specific gravity of the filtered
wort by the method already described, and cal-
culate the pounds of extract derived from 1 qr.
(336 1b.) of the malt.

The calculation is made in the following man-
ner : The total volume of the mash is made up to
515 c.c. on the assumption that the volume dis-
placement of the residue of ““grains” is 15 c.c., and
therefore that the total volume of the wort is 500
c.c. As 50 grms. of malt were mashed, the extract
from this weight of malt is contained in 500 c.c. of
the wort. Hence the extract from 10 grms. of malt
is present in 100 c.c. of the wort. Assuming that
a specific gravity of 10275 has been found for
a wort, it is evident that 100 c.c. of this wort
weighs 10275 grms. Now, this volume of wort
contains the extract from 10 grms. of malt, and
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therefore the solution weight of the extract, .e,
the “wet” extract from 10 grms. of malt, amounts
to 102:75 - 100, or 275 grms. It is obvious that
the extract from 10 lb. of malt must be 2:75 1b.,
therefore the proportion 10 : 275 :: 836 : 924
indicates that 92-4 lb. extract has been obtained
from 336 1b. or 1 qr. of the malt.

Extract Determined on the Boiled Wort.—
Measure accurately 100 c.c. of the filtered wort
already prepared, in a 100 c.c. flask, and transfer it
to a beaker. Rinse the flask with a little water
and add the rinsings to the beaker, Boil and note
the “ breaking ” of the wort due to the coagulation
of the precipitated albuminous matter. After the
volume of the liquid is reduced by boiling to about
70 c.c., pour it back into the 100 c.c. measure,
washing the beaker carefully and transferring the
washings to the flask. Take care that the wash-
ings do not raise the volume above the 100 c.c.
mark. Cool the liquid to 155° (60° F.), make up
to 100 c.c. and filter through a dry filter. Take
the specific gravity of the wort and calculate the
extract as before. Compare the extract found
with that of the unboiled extract and note the
small difference caused by the removal of the co-
agulable albuminous matter.

Calculation of the Dry Extract from the observed
“ Wet” Extract.—One hundred c.c. of a solution
containing 1 grm. of dry malt extract weighs
100°40 grms., indicating that 1 grm. of malt extract
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weighs 04 grm. when in solution. If, therefore,
the weight of 100 c.c. of a wort minus 100 grms.
is divided by 04, the weight of dry malt extract
present in 100 c.c. of the wort is obtained.! For
instance, the specific gravity of the unboiled malt
extract already referred to was 1027'5, and there-
fore 100 c.c. weighs 10275 grms. If the weight
of the extract when in solution, #iz., 2:75 is divided
by 04, the quotient 6:875 is the weight of dry
extract present in 100 c.c. of the wort. As the
dry extract was derived from 10 grms. of malt it
follows that the malt yielded 68:75 per cent. of
dry extract when mashed.

Calculation of weight of Dry “ Grains”.—From
the calculated dry extract it is possible to calculate
the amount of dry “grains” left after mashing
the malt. 100 grms. of malt have been shown to
yield 68:75 grms. of soluble dry extract, there-
fore 100 grms. - 6875 grms. = 31'25 grms. not
accounted for. This weight represents the insoluble
“ grains,” and the moisture in the malt previous to
mashing. If the moisture amounted to 3 per cent.,
the approximate amount of dry grains left after
mashing 100 grms. of malt would be 3125 - 3 =
28-25 per cent. of dry grains. The weight of
“grains ” produced during the mashing of 1 quarter
(336 1b.) of malt can then be calculated if desired.

1The divisor for wort solids varies slightly with the specific
gravity and nature of the wort; but a constant factor of 0-4 is
sufficiently accurate for the purposes of the experiment.
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It should be observed, however, that the above method of
calculating the weight of dry * grains ”’ yields a result which is
a little too low, because a small fraction of the weight of the
dry extract used in the caleulation is not derived from the mals,
but is due to fixation of water during the hydrolysis of the starch
of the malt.

Influence of Fine and Coarse Grinding on Ez-
tract.—In order to study this effect two samples of
the same malt, one ground to a coarse meal, and
the other as finely as possible, should be mashed
under similar conditions, and the extracts of both
determined. The finely ground sample will be found
to yield the higher extract, and the difference will
be greater with a hard “steely” malt than with
a tender sample, This experiment indicates the
desirability of establishing standard conditions of
grinding for the purpose of systematic malt ex-
amination.'

Criticism of the Method of Determining Extracts
described abore.—The method just described is the
one most commonly employed in this country for
determining extracts, but although it is a very use-
ful method it is open to the objection that the
means by which the measure of the volume of the
wort is obtained is not very accurate. It has
already been mentioned that it is based on the
assumption that the insoluble “grains” from 50
grms. of malt occupy a volume of 15 c.c., and,
therefore, if the total volume of the mash is made

1 A thoroughly satisfactory malt mill has yet to be introduced.



THE CHEMICAL ANALYSIS OF MALT 47

up to 515 c.c. the volume of the wort is 500 c.c.
But the displacement volume of the dry grains
from all malts is not the same, because the propor-
tion of the insoluble husk and cellular tissue to the
soluble matter in malts varies. The difference is
not great, and has little or no influence on the
result when the method is used for comparing the
relative yield of extract from malts of a similar
type, but when the extracts of malts of widely
differing types, such as Smyrna and English, are
compared, the results may be affected appreciably.
No doubt also a more accurate volume than 15 c.c.
might be selected with advantage to represent the
average displacement of the ¢ grains” from 50
grms. of malt, but at present it is advisable to
follow the plan most commonly adopted, as uni-
formity of method in the determination of malt
extracts for ordinary technical purposes is very
desirable.

Determination of Extract by Weighing the
Mash.—The method of mashing employed is similar
to that used in the previous process, but the volume
of the wort obtained is calculated from the weight
of the water used in mashing and the specific
gravity of the wort obtained.

Weigh the empty beaker in which the mash is
to be made, and then mash in it 50 grms. of the
ground malt with about 350 c.c. of water at the
same temperature and for the same time as before.
Cool the mash and ascertain the total weight of
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The accuracy of this method of determining the
extract of a malt turns mainly' on the degree of
accuracy with which the factor 0'4 represents the
solution weight of 1 grm. of dry malt extract.

This factor is not uite correct in all cases, as
the true factor varies slightly for malt worts of
different gravities and of varying composition, but
the error introduced by its use is very small, and
may be ignored in technical analysis.

A method of determining the percentage of dry
extract yielded by a malt which is very generally
employed on the Continent is based on the process
just described.

Two methods of determining extracts of malts other than
those already desecribed are sometimes used. One consists in
mashing the malt in the usual way, filtering and washing out
the extract to a known volume. A description of this process
will be found in L. Briant’s Laboratory Text-Book for Brewers,
second edition, p. 123. The second process, advocated by Dr. A.
L. Stern, is described in the Jowrnal of the Federated Institutes of
Brewing, vol. i, p. 448.

Determination of the *“ Full Theoretical ” Extract.—
Those methods already described are employed to determine the
extracts of malts when mashed under conditions approximating
to those in a brewery ; but the whole of the possible extract is
not obtained by such means, because even in the case of tender
malts a small amount of the starch present is not hydrolysed,
whilst with hard malts a large amount often escapes conversion.

A method frequently employed to obtain the total available,
or “full theorefical ” extract consists in treating the ground

1 Probably a small error is introduced when attempting to

correct for the moisture in the malt.
i 4
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malt previous to mashing with a cold water infusion of oats.
Ripe oats (not kiln-dried) contain a considerable amount of the
enzyme cytase, and a cold water infusion containing this enzyme
is employed to act on the malt for the purpose of liberating
the starch contained in the unmodified portions of the malt by
dissolving the cell walls enclosing the starch granules.

Digest 50 grms. of oats, rather finely ground, with 250 e.c.
of cold water, for three or four hours, and filter. Mix 100 c.c.
of the filtrate with 50 grms. of the ground malt experimented
with, and allow the mixture to stand at the room temperature for
from eighteen to twenty-four hours. Mash with 250 c.c. hot
water, so as to obtain an initial heat of 66° (151° F.), and keep at
this temperature for one hour. Transfer the mash to a 515 c.c.
flask, and after cooling, make up to the mark and filter, and
proceed to determine the specific gravity of the wort in the
usual manner. Before calculating the extract a correction must,
however, be made for the specific gravity of the oat extract used
in the experiment. Determine the specific gravity of the oat
extract used, and subtract one-fifth of its excess gravity above
1,000 from the specific gravity of the malt extract. The extract
derived from the malt can then be caleulated in the usual manner.

If the ordinary laboratory extract of the same malt has
been determined, the difference between the two extracts is a
measure of the modification of the malt. The so-called * co-
efficient of modification” may be obtained by calculating the
ordinary extract as a percentage on the * full theoretical
extract. For instance, if the ordinary extract of a malt is
87+6, and the ¢ full theoretical *’ extract 95-7,

87'6 x 100
then —r 91-5,

the “ co-efficient of modification " of the malt, and the value is
comparable with the * co-efficient of modification "’ of any other
malt found in a similar manner,

Determination of the Extract of “Flaked” and
Prepared Grain,—A determination of the extract
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of “flaked” or other forms of grain, prepared for
use in the mash tun without previous conversion,
may be made in the following manner :—

Mash 1666 grms. of the prepared grain with
33:33 grms. of pale malt in the usual manner. Also
mash 50 grms. of the pale malt alone. Determine in
the usual manner the extract obtained from 336 1b.
of the malt alone, and from 336 1b. of the mixture
of malt and prepared grain. Now subtract two-
thirds of the extract derived from the malt alone
from the extract of the mixed malt and grain, and
it is obvious that the remaining extract is derived
from one-third of a quarter (112 Ib.) of the grain.!
Multiply the amount by 3 to obtain the extract
derived from 336 lb. of the grain.

Determination of the Extracts of Black and Brown
Malts.—The extracts of these kinds of malt may be obtained by
the same method as the one used for prepared grain. The colour
of the malt should be measured by means of the Lovibond
« tintometer,” in accord with some determined standard of
dilution,

Determination of the Extract of Raw Grain.—
Weigh out 16:66 grms. of the finely ground grain,
and 3333 grms. of ground pale malt of which the
extract is known, and put the grain and the malt

1The extract of the malt alone must be determined very
carefully, for any error accumulates on the determination of the
extract of the prepared grain. This remark also applies to the
calculation of brewery extracts when mixed mashing materials

have been used.
4 *
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into separate beakers. Add 250 c.c. of cold water
to the raw grain, slowly raise the heat of the mash
in a water bath to 100° (212° F.), and keep at this
temperature for thirty minutes. Cool the contents
of the beaker to 70° (158" F.), and add about 5 grms.
of the ground malt. Stir the mixture well and
allow it to stand for ten minutes in order that the
gelatinised starch may be liquefied by the diastase
of the malt. Raise the heat of the mash slowly
over a gas flame to the boiling point, and boil for
one hour with frequent stirring. Add 100 c.c. cold
water to the boiled mash, reduce its temperature
to 69° (156° F.), and mash in the rest of the malt.
Keep the temperature at 66° (151" F.) for one hour
and then proceed as before (p. 51) to determine the
extract yielded by the raw grain.

It is desirable to use a beaker of Jena glass for
boiling the mash in the above experiment.

When determining the extract of very hard grain it is some-
times advantageous, in place of boiling the mash, to digest it in
an autoclave at a pressure of 7 to 10 Ib. The operation should
be conducted in a wide-mouthed stoppered bottle, with the
stopper tied down in order to prevent loss of the mash during
cooling in the autoclave, which is otherwise likely to oceur.

Determination of the Acidity of Malt,—Digest
50 grms. of the ground malt with 300 c.c. of cold
distilled water for three hours, stirring the mash
occasionally. Filter, and estimate the acidity in

150 c.c. of the filtrate by means of % ammonia.
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solution, using litmus-paper as an indicator. Cal-
culate the acidity as lactic acid, and express the
result as acid found in 100 grms. of malt.

This method is the one usually adopted in malt
analysis, but it is a very unsatisfactory one, as the
acid reaction of most malts is not due to free acid
but chiefly to acid phosphates for which litmus is a
very insufficient indicator,

KH,PO, isacid to litmus until about half the salt is changed
to K,;HPO,, when the mixture is acid to blue and alkaline to red
litmus; 4.e., its action is amphoteric. Consequently, as malt
contains both acid and secondary phosphates, titration with
litmus as an indicator gives no reliable measure of any form
of acidity, and the value of the determination, if it possesses
any, 1s solely empirical.

The acidity of malt due to acid phosphates (and free acid,
if it contains any) may be determined in a fairly satisfactory
manner with caustic soda, using phenolphthalein as indicator.
(See Fernbach, ** Phosphoric Acid in Barley and Malt,” Journal
of the Federated Imstitutes of Brewing, vol. ii., 1896, p. 128.)

Determination of the Diastatic Power of Malt
(Lintner’s Method),—

(1) Digest 25 grms. of the ground malt with
500 c.c. of distilled water for four hours at 18°
(65° F.), stirring every half-hour. Filter about 50
c.c. of the malt extract perfectly bright.

(2) Prepare 100 c.c. of a 2 per cent. solution
of soluble starch (see p. 65) in distilled water.
Measure 10 c.c. of this solution into each one of a
series of eight test-tubes which have been recently
washed and well drained.
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(3) Measure by means of a pipette exactly 0-1
c.c. malt extract into the first of the tubes. Into
the second tube measure 02 c.c., into the third
0'3 c.c., and so on, until all eight tubes of starch
solution contain malt extract in regularly increas-
ing amounts. Note the exact time when the malt
extract is added, and place the tubes in a water
bath kept at 21° (70" F.), having previously shaken
them in order to thoroughly mix the added malt
extract with the starch solution. Allow the tubes
to stand for exzactly ome howr, during which time
~ the amount of the soluble starch transformed is
directly proportional to the quantity of malt extract
present. Now add to each tube 5 c.c. of Fehling’s
solution (see p. 78), mix by shaking, and then heat
the tubes in a boiling water bath for ten minutes.
Remove the tubes and allow them to stand until
the precipitated cuprous oxide has settled. Ex-
amine the tubes and ascertain by means of their
colour the amount of malt extract which has pro-
duced enough sugar in one hour to exactly reduce
all the copper in 5 c.c. of Fehling’s solution. Then,
assuming that 0°1 c.c. malt extract corresponds to
a diastatic power of 100, and # equals the quantity
of extract determined by experiment,

01 x 100

. = the diastatic power of the malt.

But a correction for the reducing sugars present in
the malt extract must be made. If this is not
determined directly (which is rarely necessary), 1'5
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should be subtracted from the diastatic power
found.

When pale malts are examined, the malt ex-
tract should be added in quantities of ‘10, 15, ‘2,
25 e.c., ete., as subdivision into the larger amounts
mentioned above is not sufficiently accurate for
malts of high diastatic power.

When the student is learning this process he
should always make his experiments in duplicate,
as the manipulation necessary to obtain good re-
sults requires a considerable amount of practice.
Special attention must be given to the cleansing of
the test-tubes, which should be treated shortly
before use with a little strong nitric acid and then
thoroughly washed with water. The tubes should
be drained by inverting them in a clean beaker;
they must not be placed on pegs, which are always
liable to be dirty. The soluble starch used must
be perfectly free from acid. All the minor details
in connection with this process must receive very
careful attention, or reliable results will not be

obtained.

Determination of the Diastatic Power of Barley.—
Ungerminated barley contains a form of diastase which hydro-
lyses soluble starch, but, unlike malt diastase, acts very slowly
on ordinary starch paste. The diastatic power of barley is
determined in a similar manner to that of malt, and experiments
should be made with two or three different kinds of barley.
(See Baker, Journ. Chem. Soc., 1902, 1xxxi., p. 1177.)

Determination of the *“ Non-coagulable Albu-
minoids ” in Malt.—The Kjeldahl method of esti-



56 STUDIES FOR BREWING STUDENTS

mating nitrogen in organic substances is employed
in this determination, and if the student is not
already familiar with the process he must practise
it before proceeding with the analysis of malt.

The method consists first in converting the
nitrogen of the substance under examination into
ammonia by treatment with strong sulphuric acid,
and then in estimating the ammonia formed by
distilling it into a known volume of standard acid.

Standard solutions of % sulphuric acid and am-

monia are required. Prepare a normal solution of
sulphuric acid in the usual manner. Dilute 25 c.c.
of this solution to 500 c.c. with ammonia-free water,

thus making a % sulphuric acid. To prepare a %
ammonia solution add 3 c.c. strong ammonia to

500 c.c. water, titrate the solution with 5 acid and
dilute until correct. Methyl orange should be used
as indicator.

Determine the Nitrogen in Asparagin.—Dissolve
030 grms. of finely powdered crystals of asparagin,
dried by pressing between layers of filter-paper, in
a little water, and make up the volume of the solu-
tion to 50 c.c. Measure 5 c.c. of the solution into
a 100 c.c. Jena glass flask or beaker, and evaporate
it to dryness on a water bath. Add 10 c.c. pure
strong sulphuric acid and 5 grms. potassium sul-
phate to the dried residue, and heat the mixture
very strongly until the solution is decolourised.
Transfer to the distilling flask of a Kjeldahl dis-
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tilling apparatus with 200 c.c. ammonia-free water.
Add as rapidly as possible a strong solution of
caustic soda (sp. gr. 1300°) to the solution until it
is distinctly alkaline, and at once connect the dis-
tilling flask with the distilling apparatus. Proceed
to distil the solution into a flask containing 25 c.c.

o sulphuric acid. When about half the volume of
the solution has distilled over the operation is
complete, The contents of the flask containing the
-21% sulphuric acid must now be titrated with ;‘,.—b{; am-
monia solution, using methyl orange as an indicator.
The difference of the volume of the 3; ammonia

solution used, from the original 25 c.c. 3 acid taken,

represents the volume of ?—D acid neutralised by the
ammonia distilled over from the mixture in the
flask. Before attempting to calculate the amount
of nitrogen in the asparagin originally taken, it is
necessary to make a correction for the ammonia
which may have been present in the reagents used.
An experiment with the reagents alone is made in
a similar manner to the one already described, and
the amount of % acid neutralised by the ammonia
present in the reagents is used as a correction.
When fresh reagents are employed it is always
necessary to re-determine the correction.

To calculate the amount of nitrogen found in

the asparagin taken, the number of c.c. of = acid
neutralised, less the correction for materials, is
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multiplied by 0007, the nitrogen equivalent of 1
0.0, f—ﬂ sulphuric acid. As 003 grm. of asparagin
was taken, the percentage of nitrogen obtained is
readily found. The known amount of nitrogen
in crystallised asparagin is 18'67 per cent., and
the result obtained by experiment should be within
02 per cent. If the result is not satisfactory the
experiment should be repeated until accuracy is
obtained.

Determination of the “ Non-coagulable Albumin-
oids” in Malt. — Digest 25 grms. of the finely
ground malt in 250 c.c. distilled water for three
hours at about 15'5° (60" F.), stirring the mixture
occasionally. Filter, and measure 100 c.c. of the
filtrate into a suitable beaker or flask, and boil for
about twenty minutes to throw out of solution all
the coagulable nitrogenous bodies. Transfer the
solution and precipitate to a 100 c.c. measuring
flask and, after cooling, make up to the original
volume of 100 c.c. Filter, and measure 10 c.c.
of the filtrate into a Jena glass flask or beaker.
Evaporate to dryness on the water bath, and add
10 c.c. sulphuric acid and 5 grms. potassium sul-
phate. Heat the mixture, at first gently, until the
first violent action is over, and afterwards strongly,
until it is decolourised. Transfer to a distilling
apparatus, and proceed as already described in
the analysis of asparagin. The nitrogen found,
after making the necessary correction, is the
amount of nitrogen from 1 grm. of malt; from



THE CHEMICAL ANALYSIS OF MALT 59

this the amount from 100 grms. of the malt is at
once obtained. On the assumption that all the
nitrogen found is combined as albuminoids, this
number should then be multiplied by the factor
6°3.

The factor 6°3 is based on the consideration that the average
amount of nitrogen contained in proteids is about 16 per cent. ;
but the use of the factor 6:3 should be considered as a conven-
tional arrangement, for the nitrogen in proteids varies very
considerably, and, moreover, much of the soluble nitrogen of
malt exists in combination as amides and bodies other than
proteids, concerning which we have very little exact knowledge
at present. This, however, does not detract from the value of
the determination of * non-coagulable albuminoids " when used
comparatively in the analytical examination of malts.

When the student is learning the process de-
scribed above he should conduct his experiments
in duplicate in order to check the accuracy of his
manipulation.

Determination of the “ Ready-formed Carbo-
hydrates” of Malt.—Digest 25 grms. of the finely-
ground malt with 250 c.c. distilled water for three
hours at 15° to 18° (60° to 65° F.). Filter, and
measure 100 c.c. of the filtrate into a suitable
beaker or flask, and boil it for about twenty
minutes to throw out of solution all the coagulable
bodies. Transfer the solution and precipitate to a
100 c.c. measuring flask, and after cooling make
up to the original volume of 100 c.c. Filter, and
determine the specific gravity of the filtrate. Cal-
culate the amount of dry solids in 100 c.c. of the
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filtrate by using the factor 0:386, which is assumed
to represent the weight of 1 grm. of these solids
when in solution.' The amount of dry solids ob-
tained is derived from 10 grms. of malt, and there-
fore ten times the amount represents the total
solids derived from 100 grms. of malt.

The method usually adopted to determine the
amount of “ready-formed carbo-hydrates ” present
in the total solids is as follows : It is assumed that
the total solids are a mixture of ‘ non-coagulable
albuminoids,” soluble ash, acid, and “ ready-formed
carbo-hydrates”. Then, if the albuminoids, ash,
and acid have been determined experimentally, the
sum of the quantities found is subtracted from
the total solids, and the difference is supposed
to represent the * ready-formed carbo-hydrates”
of the malt.

If the albuminoids, ash, and acid are not de-
termined experimentally, an average correction for
these constituents of the total solids may be made
in the following manner: If the total solids are
18'5 per cent.,, 3'5 is subtracted, and for each
variation of 07 per cent. of solids from this
amount 01 is added to, or subtracted from, 3-5
previous to its employment as a correction.

The results of determinations of ‘* ready-formed carbo-

hydrates ” obtained by this method must not be regarded as
accurate measures of quantity, but they are of value in malt

10°386 is the factor for cane-sugar, but a portion only of the
“ready-formed earbo-hydrates "’ of malt is cane-sugar.
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analysis for purposes of comparison. The same purposes would,
however, be attained equally well and by simpler means if the
“total solids’ only were determined, but as the method of
estimating the *‘ ready-formed carbo-hydrates™ just deseribed is
very generally adopted, it is better at present to conform to
common usage for the sake of uniformity.

It should also be noticed that in the preparation of the cold
water extract of malt for the above process it is assumed that
diastase has no action on starch during the three hours in which
the malt is soaking in cold water. This is not quite accurate,
for a slight but perceptible action on the starch takes place. If
the cold water mash is made feebly alkaline the action of the
diastase is arrested, and a more accurate measure of the ¢ total
solids " is obtained, but it is not usual to employ alkali.

Determination of the Soluble Ash and the
Colour of Malt.—Both these determinations may
be made on the 10 per cent. cold water extract
prepared for the determination of the *ready-
formed carbo-hydrates ”.

1. Determination of the Soluble Ash.—Evapo-

rate in a weighed platinum dish 25 c.c. of the boiled
“and filtered solution prepared for the ¢ ready-
formed carbo-hydrate” determination. Ignite the
dry residue gently with an ordinary Bunsen flame
until it is thoroughly carbonised, and afterwards
heat in a muffle furnace until the residual ash is
quite white. Cool in a desiccator and weigh.
Calculate the amount of ash found as a percentage
on the original malt.

2. Determination of the Colour of the Malt.—
Determine the colour in the one-inch cell of a
Lovibond ¢ tintometer ” by means of the series of



62 STUDIES FOR BREWING STUDENTS

yellowish-brown tinted glasses known as Series No.
52. Reflected light from the porcelain reflector of
the tintometer should be employed.

Some analysts prefer to determine the colour of malt in an

ordinary hot mash of known specific gravity, and refer it by
caleulation to a standard gravity of 1055'5° (20 1b.).

Analyse the colour of the malt by means of the
standard red and yellow glasses of the tintometer,
and express the result in terms of red and yellow.

The “ Saccharification ” Test.—This test is intended to

measure the time in which complete saccharification of a malt
mash takes place when the mash is made under normal con-
ditions. :
Ten grms. of the ground malt are mixed with 100 c.c. of
water at 68° (154° F.) and kept in a water bath at 66° (151° F.),
the mash being stirred occasionally. In fifteen minutes about
5 c.c. of the mash are withdrawn and filtered through a small
filter, and the filtrate, after cooling, is tested with iodine solu-
tion for the presence of starch. If starch is found the test is
repeated at intervals of five minutes until the reaction of iodine
with starch is no longer observed. The time taken for the
complete saccharification of the mash is then noted.

When the student is familiar with the methods
of malt analysis described above he should analyse
several samples of malt of different character, mak-
ing the following determinations :—

Extract.

Moisture.

Diastatic power.
Non-coagulable albuminoids.
Acidity.
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Boil the starch paste and note that it still re-
mains viscid. Cool the paste, and its viscosity is
much increased,

Boil 1 or 2 c.c. of the starch paste with 5 c.c.
of Fehling’s solution. No red precipitate of sub-
oxide of copper is formed, showing that starch
paste does not reduce cupric oxide.

Preparation of Soluble Starch,—Introduce about
50 grms. of potato starch into a 500 c.c. flask, and
half fill the flask with a 75 per cent. solution of
hydrochloric acid made by diluting 125 c.c. of the
concentrated acid to 500 c.c. with distilled water.
Allow the starch to digest with the dilute acid at
the ordinary room temperature for seven or eight
days. The acid should then be poured off and
the starch washed repeatedly with distilled water
by decantation until the granules no longer give
an acid reaction when placed on blue litmus-paper.
One or two drops of dilute ammonia should then
be added, and the starch again washed until every
trace of ammonia is removed. Drain the starch
thoroughly on a filter, and spread it on filter-paper
to air-dry at a temperature of about 25° (77° F.).

Examine the starch granules under the micro-
scope, and note that in general appearance they
are very similar to granules not treated by acid.
Dissolve about 3 or 4 grms. in 100 c.c. of boiling
water, and note that the solution differs from an
ordinary starch paste in being limpid.

Study the Action of E]’Dilute Sulphuric Acid on
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Starch,—Prepare 200 c.c. of a 3 per cent. starch
paste. When preparing starch paste note that the
starch must not be introduced into boiling water
as a dry powder, for under these conditions it
forms lumps which do not gelatinise properly.
The dry starch should first be mixed with a little
cold water to form a thin cream, and the mixture
should then be run slowly into boiling water with
constant stirring until gelatinisation is complete.

When the starch paste is boiling gently, add
2 grms. of strong sulphuric acid diluted with about
5 c.c. of water, and continue heating the mixture.
The first noticeable change is the very rapid lique-
faction of the starch paste owing to its conversion
into ““soluble starch ”.

At intervals of five minutes from the addition
of the acid to the starch paste transfer two quan-
tities of 5 c.c. each into two test-tubes. Cool one
tube and add just enough of a dilute solution of
iodine to develop its full colour. Add 10 c.c. of
Fehling’s solution to the other tube and heat it in
a boiling water bath for ten minutes. Arrange
the tubes in consecutive series, and note that, as
the hydrolytic action of the sulphuric acid on the
starch paste proceeds, the iodine-blue reaction of
the original starch gives place to purple, reddish-
purple, red, and finally to no colour; at the same
time the precipitate of red oxide of copper in the
series of tubes containing Fehling’s solution in-
creases rapidly in amount.
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This experiment indicates that the hydrolytic
action of sulphuric acid on starch paste is first to
change it into a more soluble form (soluble starch),
and afterwards to form a compound which gives a
red reaction with iodine (erythro-dextrin), which
is subsequently changed to a body which gives no
colour with iodine. The increasing amount of red
oxide of copper in the tubes containing Fehling’s
solution indicates the gradual production of a re-
ducing substance (dextrose) as the starch is hydro-
lysed to its final point.

Prepare the Sugar, Dextrose, which is the Final
Product of the Acid Hydrolysis of Starch.—Mix
100 grms. of potato starch with a little cold water
to a thin cream and pour it slowly into 1,000 c.c.
of boiling water in which 50 grms. of oxalic acid
have been previously dissolved. When the starch
is poured slowly into the boiling aecid solution it is
rapidly converted into soluble starch, and there is
no difficulty in preparing a 10 per cent. solution in
this manner.

Digest the solution for ten hours at 100° (212°
F.) in a steam steriliser to completely hydrolyse
the starch to dextrose. Neutralise the hot acid
solution by adding an excess of calcium carbonate,
and so remove the oxalic acid from the solution
as insoluble oxalate of calcium. Filter, and con-
centrate the filtrate to a thick syrup on a water
bath. Dissolve the syrup in twice its volume of

93 per cent. alcohol and allow the solution to cool
H®
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slowly. If a syrup falls out of solution on cooling,
the alecohol is too strong, and a few drops of water
should be added and the solution again heated to
redissolve it. When the cooled solution no longer
deposits any syrup add a crystal of dextrose and
set aside to crystallise.

After crystallisation is complete, which may
take six or seven days, drain the crystals of dex-
trose and dry by spreading them on a porous
earthenware plate. To recrystallise the dextrose,
dissolve the dried crystals in half their weight of
water and add to the resulting syrup twice its
volume of boiling 93 per cent. alcohol. Set the
alcoholic solution aside to crystallise and dry the
resulting crystals as before.
 Study the Hydrolysis of Starch by Acid quan-
titatively, and show that 100 parts of Starch yield
1114 parts of Dextrose when completely Hydro-
lysed, according to the Equation, C;H,,0; + H,O =
CeH,;0s.—Dry 6 grms. of pure potato starch in a
weighing bottle at a temperature of 80° (176° F.),
oradually rising to 110° (230" F.), until the weight
is constant. Mix the known weight of dry starch
with a little water to a thin cream, and carefully
transfer the whole of the mixture to a beaker con-
taining 70 c.c. of boiling water in which 25 grms.
of oxalic acid have been dissolved. Boil gently
until solution of the starch is complete. Then
wash the whole of the solution into a flask, taking
care that the total volume of the solution closely
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approximates to 100 c.c., thus ensuring that the
solution contains the proper strength of acid, »iz,,
2'5 per cent.

Digest the solution in a steam-steriliser at 100°
(212° F.) for fourteen hours. When the digestion
is completed, neutralise the hot solution with
calcium carbonate, filter, and wash the precipitate
thoroughly. Evaporate the filtrate and washings
to about 70 ec.c., transfer to a 100 c.c. flask, cool
and make up to 100 c.c.

Determine the specific gravity of the solution,
and its opticity in the 100 mm. tube of a polari-
meter. Calculate from each of the above deter-
minations separately the amount of dextrose which
has been obtained from 100 parts of dry starch.

(At present the methods of quantitatively de-
termining carbo-hydrates by means of their solution
density and optical activity have not been studied,
but they are described in the following pages, and
the student should have had time to become familiar
with them before the termination of the experiment
just described.)

Determination and Use of the * Solution
Weights ” of Carbo-Hydrates.—In the ordinary
course of experimental work with carbo-hydrates
it is often necessary to ascertain the amount of
substance present in a solution: but the usual
chemical method of evaporating a known volume of
the solution to dryness and weighing the residue
can rarely be employed, owing to the obstinate
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manner in which most carbo-hydrates retain water,
and to their liability to decompose on long-con-
tinued heating. In order to dry them without
decomposition they must be submitted to very
special and lengthy processes.'

To avoid these difficulties, the specific gravity
of a solution of a carbo-hydrate may be used
to determine the weight of substance present,
if the solution weight of the carbo-hydrate is
known.

Ezperiment.—Dry some pure cane-sugar in a
water-oven at 100° (212° F.). Weigh out exactly
10 grms. of the sugar, and dissolve it in about 50
c.c. of water in a small beaker. Transfer the solu-
tion to a 100 c.c. flask, and after cooling to 155°
(60° F.), make up the volume to the mark with
water.

Determine the specific gravity of the solution
(which should prove to be 1038:64). The weight
of the solution in excess of 1,000, »iz., 38°64, is the
solution weight of 10 grms. of sugar, and therefore
the solution weight of 1 grm. is 3-864. It is ob-
vious, therefore, that the use of the factor 3:864 as
a divisor for the specific gravity of the solution
less 1,000, determines the weight of dry cane-sugar
in 100 c.c. of the solution. It should be noted,
however, that different carbo-hydrates possess dif-

1 Spe Brown, Morris and Millar, ¢ Examination of the Pro-
ducts of Starch-Hydrolysis by Diastase,” Journ. Chem. Soc.,
1897, Ixxi., p. 76.
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ferent solution factors, and that the solution factors
vary slightly with the concentration of the sugar
solutions. The factors for different concentrations
of well-known carbo-hydrates met with in ordinary
technical work will be found on referring to Table
L 18T

As an exercise, dissolve a known weight (4 or
5 grms.) of pure dry cane-sugar in about 50 c.c. of
water, and make up the volume of the solution to
100 c.c. at 15°5° (60° F.). Determine the specific
gravity of the solution, and, after referring to the
table for the correct solution factor for the specific
gravity found, calculate the amount of cane-sugar
in 100 c.c. of the solution, and compare with the
known weight of cane-sugar originally taken.

Determine the Solution Density of Dextrose.—This
sugar cannot be dried in the oven in the ordinary manner, as it
does not part with the whole of its water of crystallisation under
such conditions. Special means for drying in a vacuum must be
employed.

Introduce 10 grms. of the pure sugar into the tared flask of
a ‘“ Lobry de Bruyn '’ apparatus.! Dry in a vacuum, first at a
temperature of 70° (158° F.) until it has lost most of its moisture,
and then raise the heat slowly to 105° (221° F.). When the
weight has become constant, dissolve the sugar in the flask in
about 90 c.c. of water. Note the weight of the solution in the
flask, and after determining its specific gravity, calculate its
volume. As the volume of the solution and the weight of the
dry dextrose it contains are now known, calculate the weight of
dexfrose in 100 c.c.

1 See note, p. 70,
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Sp. gr. — 1,000 :
Then Eﬂ?-lﬁfﬂﬂ_mc. = the solution factor of &thrﬂ'ﬂﬂ for

the concentration of the solution experimented with. Compare
the result with the solution factor given in Table I. for a dex-
trose solution of similar specific gravity.

Introduction to the Use of the Polarimeter in
Carbo-Hydrate Work,—The student should have at
his disposal a Laurent sodium-light polarimeter,
and a Schmidt and Haensch half-shadow polari-
meter.

The specific rotation of an optically active carbo-
hydrate is the angle through which a ray of po-
larised light of definite refrangibility is rotated
when it traverses a column 1,000 mm. in length of
a solution of the carbo-hydrate containing 10 grms.
in 100 c.c. of solution. But although a column of
1,000 mm. is adopted as the standard of length to
which specific rotations are referred, such a length
is very rarely used experimentally; columns of
100 and 200 mm. in length are generally em-
ployed, for which the proper corrections are
readily made, since the rotation of a ray of polar-
ised light varies directly with the length of the
column through which the ray passes.

Moreover it is unnecessary to observe the rota-
tion of a 10 per cent. solution of a carbo-hydrate
in order to determine its specific rotation, for the
rotation of a ray of polarised light varies directly
with the concentration of the solution through
which it passes. Therefore, if the rotatory power
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of a column of any known length of a solution
containing any known amount of substance is ascer-
tained, the specific rotation of the substance may
be calculated in the following manner :—

Ezample.—A solution known to contain 550
grms. of cane-sugar in 100 c.c. is observed in a
sodium-light polarimeter in a column of 100 mm.,
and its rotation is found to be 3-66".

Then 366 x 10 = 36'6° rotation in 1,000 mm. Therefore
366" x 10 grms.

55 grms. = 66'6° = the specific rotation of cane-sugar,

The rotation of a ray of polarised light by an
optically active substance varies with the refrangi-
bility or colour of the ray ; it is therefore necessary
to indicate the character of the light used when
expressing the specific rotation of a substance.
The standard light employed is the yellow light
derived from the D lines of the sodium spectrum,
and specific rotations determined by this light are
denoted by the sign [a]y.

When the light employed is the so - called
“medium yellow ” of the spectrum, specific ro-
tations are denoted by the sign [a].

The relation of [a], to [a], is in the ratio of
1:1:111; therefore to convert [a], into [a]; the
expression [al, x 1'111 is employed; to convert
[a]; into [a], the expression [2U applies. Specific
rotations should always be expressed as [a],, but
it is necessary to grasp the relation of [a}, to [a];
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in order to understand the at one time frequent
use of [a], in literature concerning the carbo-
hydrates.

The scale of the Laurent sodium-light polarimeter
is graduated in degrees of arc, and therefore read-
ings with this instrument can be used directly for
the purpose of determining [a],, as described above.
But the Schmidt and Haensch half-shadow instru-
ment differs from the Laurent inasmuch as the
scale is subdivided into divisions of an arbitrary
character. The full scale of 100 divisions with
which it is furnished expresses the rotation of a
solution of cane-sugar of a specific gravity of 1,100
in a column 200 mm. in length—such a solution
containing 26048 grms. of cane-sugar per 100 c.c.
at 17'5° (635" F.). When using the instrument
there is, however, no necessity to take any ac-
count of this, for the divisions of the scale of the
instrument bear a fixed relation to the degrees of
a sodium-light polarimeter. Each single division
15 equal to 03459 of a degree of the Laurent
mstrument for the ordinary carbo-hydrates, except-
ing cane-sugar, for which each division of the scale
1s equal to 03469 of a degree. When, therefore,
the half-shade instrument is employed to determine
the specific rotation of a carbo-hydrate, multiply
by 03459 for all carbo-hydrates other than cane-
sugar, in order to convert the observed scale

! See Brown, Morris and Millar, Journ. Chem. Seec., 1897,
Ixxi.,, pp. 84 et seq.
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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-shade instrument
into degrees [«], multiply by 0-3843 for all carbo-hydrates other
than cane-sugar ; in the case of cane-sugar multiply by 0-3854.

Determine the Specific Rotation, or [alp, of
Dextrose by means of the Laurent Sodium-light
Polarimeter,—Dissolve 7 or 8 grms. of dextrose in
about 100 c.c. of water, and boil the solution for
a few minutes. Cool the solution, determine its
specific gravity, and calculate by means of the
proper solution factor (see Table I.) the weight
of dextrose in 100 c.c. of the solution. Now ob-
serve the rotatory power of the solution in the
200 mm. tube of the Laurent instrument, and
calculate the [a], of dextrose from the observed
angle of rotation, and the known amount of dextrose
in the solution. Compare with the known specific
rotation of dextrose, [a], = 528,

Determine the Specitic Rotation, or [a],, of
Dextrose by means of the Half-shadow Instru-
ment.—Transfer the 200 mm. tube of dextrose
solution used in the previous experiment to the
half-shadow instrument, and observe the number
of divisions of the scale expressing the rotation of
the sugar solution.

Compare the observed reading in divisions with
the reading in degrees found when using the Laurent
instrument, and calculate the value of a division
expressed as the fraction of a degree. Compare
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the result with the known value—one division —
0-3459".

Convert the observed number of divisions into
degrees by means of the factor 0:3459, and calculate
the [a], of dextrose as in the previous experiment.
Compare the results of the two determinations,
which should be in close agreement,

The Use of a Factor other than the True So-
lution Factor in Determinations of the Specific
Rotations of Carbo-Hydrates,—In the previous
experiments on the determination of the specific
rotation of dextrose, the true solution factor has
been employed in the calculations. Occasionally,
however, when calculating specific rotations of the
carbo-hydrates, it is desirable to employ factors
which differ to some extent from the true solution
factors. If specific rotation is determined in this
manner the solution factor employed should be
expressed after the sign [a], or [a], Thus
[a]psse indicates that 3:86 is the solution factor
which has been employed in determining the par-
ticular specific rotation to which the sign refers.

Lzxperiment. — Calculate the [alpss and the
[a]sss of dextrose from the results of the pre-
vious experiment.

Determine by means of the Polarimeter the
Amount of Sugar present in a Solution when the
[a]p of the Dissolved Sugar is Known,—Prepare
a solution of pure cane-sugar of unknown strength
(5 to 15 grms. in 100 c.c.), and determine its rota-
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tory power in the 100 or 200 mm. tube of the
Laurent polarimeter.

From the result obtained and the known speci-
fic rotation of cane-sugar [ap]| 66°6°, calculate the
amount of cane-sugar present in 100 c.c. of the
solution. Check the result by means of the solu-
tion density method.

‘“ Mutarotation” of Dextrose.—When the optical activity
of a freshly prepared solution of dextrose in cold water is deter-
mined, it is found that the [a], of the dissolved sugar is much
higher than 52-8, the recognised [a], of dextrose; but on stand-
ing at room temperature the optical activity of the solution
slowly decreases, until after ten or twelve hours the value [a];,
528 is finally reached. The explanation of this phenomenon
lies in the fact that dextrose, when first dissolved in cold water,
exists temporarily as a modification which possesses about twice
the rotatory power of the ordinary stable form of dextrose. This
bi-rotatory or ““ a” form is, however, rapidly converted into the
stable ““ 8" form on raising its solution to the boiling point.

Hzperiment.—Dissolve 6 or 7 grms. of dextrose in 100 c.c.
of cold water and divide the solution into two portions. Allow
one portion to remain at the ordinary temperature. Raise the
other portion to the boiling point for two or three minutes and
cool it again. Observe the difference in rotatory power of the
two solutions when examined in the polarimeter. Allow the
solutions to stand for two or three hours and examine them
again. Note that the rotatory power of the boiled solution
remains constant, but that the rotatory power of the other has
decreased.

This experiment demonstrates that a freshly prepared solu-
tion of dextrose must be raised to the boiling point, or its bi-
rotation otherwise destroyed, before determining its optical
activity.

The phenomenon of mutarotation is exhibited by other
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sugars than dextrose. Among these, maltose and levulose are
sugars with which the student will frequently be brought into
contact in the course of his experiments. A freshly prepared
solution of maltose containing the * o' modification has a lower
specific rotation than that of the stable “ 8" modification. On
the other hand, the *“‘a” modification of levulose, like that of
dextrose, has a higher specific rotation than the “ 8" or stable
modification. It will be evident from these remarks that freshly
prepared solutions of both maltose and levulose must be treated
in a similar manner to those of dextrose previous to examination
in the polarimeter.!

The Cupric Oxide Reducing Power of Dextrose,
Introducing the Cupric Oxide Reducing Method of
Estimating Sugars.

Preparation of Fehling’s solution. Two solu-
tions are required :— |

(1) Copper Sulphate Solution, prepared by dis-
solving 692 grms. of the pure salt in distilled
water and making up the volume of the solution
to 1,000 c.c.

(2) Alkaline Tartrate Solution, prepared by dis-
solving 346 grms. of Rochelle salt (sodium potassium
tartrate) and 130 grms. of anhydrous sodium hy-
drate in distilled water and making up the volume
of the solution to 1,000 c.c.

The solutions must be stored in separate bottles,
and when required for use must be mixed in equal
volumes.

1 For recent views concerning the mutarotation of dextrose,
see H. E. Armstrong, ** Studies on Enzyme Action,” Jowrn.
Chem. Soc., 1903, lxxxiii., p. 1310.
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Determination of the Reducing Power of Deax-
trose]—Weigh out about 5 grms. of dextrose,
dissolve it in 100 c.c. of water, and determine
the concentration of the solution from its specific
gravity. (See Table I. for divisor.)

Prepare the Fehling’s solution required by mix-
ing 25 c.c. of the copper sulphate solution with
25 c.c. of the alkaline tartrate solution in a No. 5
spout beaker, and dilute the mixed solution with
such a quantity of water that, with the dextrose
solution, to be added subsequently, the total
volume is 100 c.c. In other words, the Fehling’s
solution used is diluted with its own volume of
liquid.

Cover the beaker containing the diluted Fehling’s
solution with a clock-glass, and heat in a boiling
water-bath. After a few minutes, add to the
Fehling’s solution an accurately measured or weighed
volume of the dextrose solution, and continue the
heating of the solution for exactly twelve minutes.
Filter off the red precipitate of cuprous oxide
which is formed through a Soxhlet tube connected
with a water pump, and wash it with at least 200
c.c. of boiling water, and afterwards with about
10 c.c. of strong alcohol. Place the Soxhlet tube
in a water or hot-air oven and dry at 100° (212° F.).
When dry, reduce the cuprous oxide in the tube
to metallic copper by gently heating the tube with

1 The standard method proposed by H. Brown, Morris and
Millar is adopted. (See Journ. Chem. Soc., 1897, Ixxi., p. 278.)
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a gas flame in a current of dry hydrogen. Allow
the tube to cool in a desiccator and weigh.

Refer to Table IIL. to ascertain the amount of
dextrose corresponding to the weight of copper
found, and compare the weight found with the
known weight of dextrose used in the experiment.
Calculate the weight of dextrose found as a per-
centage on the weight of dextrose taken.

When judging the proper amount of dextrose
to be taken for the reduction experiment just de-
scribed, some points must be borne in mind :—

(1) The amount of copper weighed should be
not less than 0°15 grm., and not more than 0'35 grm.
As dextrose reduces approximately twice its weight
of copper, the weight of dextrose taken should be
from 007 to 017 grm. Two c.c. of a 5 per cent,
solution would therefore be about the right amount
to take.

(2) When it is necessary to use less than 2 c.c. of
a sugar solution, the experimental error of measure-
ment from a pipette has an appreciable influence
on the accuracy of the result. In such case it
is advisable to weigh the desired amount of solu-
tion accurately, and calculate the volume of the
solution used from its weight and specific gravity.

(3) As Fehling’s solution almost always gives a
slight precipitate on heating due to spontaneous
reduction, it is necessary to make a blank deter-
mination upon every fresh quantity of Fehling’s
solution prepared, and correct for this in all experi-



PRINCIPLES OF THE MASHING PROCESS 81

ments in which the solution is used. The amount
usually varies from 1 to 3 milligrams of copper.
Preparation and Properties of Phenyl-Gluco-
sazone.—Dissolve 1 grm. of dextrose in 50 c.c. of
water, and add to the solution 2 grms. of phenyl-
hydrazine dissolved in 2 grms. of 50 per cent.
acetic acid. Heat the mixture in a boiling water
bath, and observe that the glucosazone slowly
separates from the hot solution as a dense yellow
precipitate. The action is complete in one hour.
Examine the precipitate under the microscope
with a }-inch lens, and note that it is composed
of needle-shaped crystals, some of which may occur
in fan-shaped aggregates. Make a drawing of
the crystals. Filter off the precipitated osazone,
wash with hot water, and dry at 100° (212° F.).
Note that glucosazone is very insoluble in boil-
ing water ; this characteristic assists in its identi-
fication.
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,.0OH(CH.0H),.CH + H,0

But if two molecules of phenyl-hydrazine are used, an
osazone is obtained :—
CH,.0OH(CH.OH),.C - CH=N - NH.C,H,
I
|
NH.CH,

Glucosazone.
6
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Cane-Sugar or Saccharose.— An experiment
has been made (p. 73) on the optical activity of
cane-sugar.

Solution Density of Cane-Sugar,—The solution
factors for cane-sugar in solutions of varying con-
centration are given in Table L

Cane-Sugar does not possess Cupric Oxide
Reducing Power,—Dissolve about 1 grm. of pure
cane-sugar in a little water, and mix the solution
with Fehling’s solution under the standard condi-
tions already described (p. 79). Heat the solu-
tion for twelve minutes. No reduction takes
place.

Cane-Sugar does not Combine with Phenyl-
Hydrazine to Form an Osazone.—Dissolve 1 grm.
of cane-sugar in 50 c.c. of water and treat the
solution with phenyl - hydrazine as described for
dextrose (p. 81). Note that no osazone is formed
until after prolonged heating, when a little glucos-
azone may be formed owing to slight inversion of
the cane-sugar by the acetic acid in the solution.

Inversion of Cane-Sugar. — Cane-sugar is a
disaccharide, and when hydrolysed (inverted) by
the action of dilute acids or that of the enzyme
invertase, is resolved into a mixture of equal parts
of dextrose and levulose (invert-sugar), according
to the equation :—

CyyHy,0,, + OH; = G;H,,0; + CH .0,
Cane-sugar. Dextrose. Levulose.

The change may be demonstrated quantitatively
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by both the optical and the reducing properties of
the invert-sugar formed.

Inversion of Cane-Sugar with Acid.—Dissolve
an accurately weighed quantity of about 10 grms,
of dry cane-sugar in 50 c.c. of water, and transfer
the solution without loss to a 100 c.c. flask, taking
care that the volume of the solution and wash
water does not exceed 90 c.c. Add 5 c.c. of strong
hydrochloric acid, and make up the volume of the
solution mnearly to the 100 c.c. mark. Heat the
flask in a boiling water-bath for thirty minutes,
when inversion of the cane-sugar should be com-
plete. Cool the solution, and make up the volume
to 100 c.c.

(1) Determine the rotatory power of the solu-
tion at a temperature of 20° (68" F.), and calculate
the amount of invert-sugar present in 100 c.c. of
the solution from the known specific rotation of
invert-sugar, [a], - 19'6° (at 20°).

(2) Determine the cupric oxide reducing power
of the solution, using about 1°5 c.c. for reduction,
and calculate the amount of invert-sugar present
in 100 c.c. of the solution from the weight of re-
duced copper obtained.

Acid inversion of cane-sugar does not give such satisfactory
quantitative results as inversion with yeast (described below), as
the levulose formed is slowly acted upon and decomposed by
the acid employed.

Inversion of Cane-Sugar with Yeast.—The in-

verting power of yeast is due to the enzyme inver-
6 *
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tase contained in the yeast cells. Two methods of
experiment may be adopted when yeast is employed
as an inverting agent :—

(1) Prepare a solution of a known weight of
cane-sugar in a 100 c.c. flask as in the previous ex-
periment, but in place of hydrochloric acid, add 1
grm. of washed pressed yeast, and digest the solution
in a water-bath at 50° (122° F.) for six hours. A
temperature of 50° is employed because the fer-
mentative power of yeast is arrested at this tem-
perature, but its power of inversion is still retained.
When the digestion is completed, raise the solution
to the boiling point and cool to 155" (60° E.).
Add a little alumina cream to facilitate clarifica-
tion, make up to 100 c.c., and filter. Determine
‘the rotatory power of the solution as in the previous
experiment, and calculate the percentage yield of
invert-sugar from cane-sugar which has been ob-
tained. Compare with the calculated amount
according to the equation for the inversion of cane-
sugar (p. 82).

(2) Measure 50 c.c. of a solution of cane-sugar of
known concentration into a flask doubly graduated
to 50 and 55 c.c. and add 05 grm. of pressed yeast
and three or four drops of chloroform. Cork the
flask tightly, place it in an incubator at a tem-
perature of about 30° (86" F.), and allow it to
remain overnight. Chloroform is added because
it arrests the fermentative power of yeast but
does not influence its power of inversion. Remove
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the cork, place the flask in a boiling water-bath and
allow it to stand there until free from the smell of
chloroform. Removal of the chloroform is neces-
sary, as it reduces Fehling's solution and would
affect the estimation of the invert-sugar by the
reduction method if it was allowed to remain in
the solution. Cool the solution, add a little
alumina cream to facilitate clarification, and make
up the volume to the 55 c.c. mark with water.
Filter, and determine the reducing power and
rotatory power of the solution, as before. When
making the requisite calculations, note that a
correction for the dilution of the solution from
50 c.c. to 55 c.c. is necessary.

Determine the Amount of Cane-Sugar present
in Malt by Inversion with Yeast.—Weigh out 50
grms, of finely ground malt, introduce it into a flask,
and add 200 c.c. of water. Make the mixture very
faintly alkaline with caustic soda, and allow it to
stand over night. The solution is made slightly
alkaline in order to prevent the invertase which may
be present in the malt from acting on the cane-
sugar during the process of extraction, Filter 100
c.c. of the solution and render it very faintly acid
with dilute acetic acid. This is done in order to
restore the solution to a condition in which invertase
is active. Observe the reading of the solution in
the 100 mm. tube of the polarimeter. Now place
50 c.c. of the solution in a 50-55 c.c. flask, add
05 grm. pressed yeast and a few drops of chloro-
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form, and proceed according to the second yeast-
inversion method described above. Make a second
reading of the solution in the 100 mm. tube, and
after correcting for the dilution of the solution
(50 c.c. to 55 c.c.), calculate from the readings
made before and after inversion the amount of
cane-sugar in 100 grms. of the malt.

Levulose (C,H,,0,).—Pure levulose may be obtained from
Schering’s levulose (originally prepared from invert-sugar by
means of the insoluble calcium compound of levulose), by re-
crystallisation from absolute alcohol. Pure levulose may also
be obtained by the hydrolysis of inulin with dilute acid. (For
method of preparation see abstract of paper by A. Wohl in
Jowrn. Chem. Soc., 1890, vol. lviii., p. 1087.)

Specific Rotation of Levulose.—[«], — 92:0° at 20° (68
F.). Dissolve about 5 grms. of pure levulose in 80 to 100 c.c.
water, heat to boiling (see p. T8), cool and determine the con-
‘centration of the solution by means of its specific gravity. (See
Table I. for solution factors for levulose.) Determine the rotatory
power of the solution in the 200 mm. tube at the different tem-
peratures of 15-5° (60° F.), 20° (68° F.) and 30" (86" F.), and
calculate the [a], of levulose for the three temperatures.
These observations will demonstrate that the optical activity of
levulose is very sensitive to alterations of temperature, and that
it is necessary when determining the rotatory power of solutions
of levulose and invert-sugar to take special care with regard
to the temperature of the solutions at the time of observation.

Determination of the Cupric Oxide Reducing Power
of Levulose.—Determine the reducing power of about 2 e.c. of
the solution of levulose according to standard conditions, and
compare the result with the reduction figures for pure levulose
given in Table IIL

Preparation of the Osazone of Levulose.—Dilute about
90 e.c. of the levulose solution to 50 c.c. with water, and heat in
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the usual way with 2 grms. of phenyl-hydrazine and acetic acid
(p. 81). An osazone separates during heating with/the charac-
teristics of glucosazone, Under the microscope the crystals
appear similar to those of glucosazone, and in fact the osazone
of levulose is identical with glucosazone. Study the constitution
of levulose and dextrose with regard to the formation of the
same osazone from both.

PART LL

The Following Course of Experiments Constitutes a
Study of the Hydrolysis of Starch by Diastase,
and of the Products of Hydrolysis.

Preparation of Cold-water Malt Extract.—A
cold-water malt extract supplies a solution of
active diastase for the experiments described below.
Mix one part by weight of finely ground pale
dried malt with two and a half parts of cold water,
allow the mixture to stand four or five hours, and
filter. When cold-water malt extract is referred to
in the following studies it is intended to be pre-
pared by this method unless otherwise stated.

Study the Hydrolysing Action of Diastase on
Starch,—Prepare 200 c.c. of a 3 per cent. starch
paste (see p. 66). Cool to 60° (140" F.), and add 10
c.c. of cold-water malt extract, the temperature of
the starch paste being kept constant. Observe the
rapid liquefaction of the starch paste due to its
conversion into soluble starch.
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At intervals of five minutes from the addition

of the malt extract to the starch paste, remove two
quantities of 5 c.c. each of the solution to two
test-tubes, and immerse them at once in boiling
water for a few minutes to stop further action of
the diastase. Proceed to treat the solutions in
the tubes with iodine and with Fehling’s solution,
in the manner described for the acid conversion of
starch on p. 66. Changes similar to those observed
during the acid hydrolysis of starch will be noticed.
But although the earlier chemical changes of starch
hydrolysis by acid and by diastase are very similar,
the final reducing sugar produced by the action of
acid is dextrose, and that produced by the action
of diastase is maltose.
- Show that the Hydrolysing Action of Diastase
is Destroyed at 100° (212° F.).—Boil 10 c.c. of malt
extract for a few minutes, cool the solution, and
add it to 50 c.c. of starch paste at a temperature of
60° (140° F.). Observe that neither liquefaction nor
hydrolysis of the starch paste takes place.

Preparation of Maltose (C;.H,0y,), the Reducing
Sugar formed by the Action of Diastase on Starch,
—Weigh out 200 grms. of potato starch, and divide
it into three approximately equal portions. Gela-
tinise one portion in about 1,200 c.c. of boiling
water in the usual manner. (If a beaker is em-
ployed for this experiment it should be of Jena
glass.) Cool the starch paste to 60° (140" F.), and
liquefy it by the addition of 1 c.c. of malt extract.



PRINCIPLES OF THE MASHING PROCESS 89

Raise the liquefied starch solution to the boiling
point by immersing the vessel containing it in
boiling water, and gelatinise the second portion of
starch, as before.

Cool again to 60°, and liquefy a second time by
the addition of 1 c.c. of malt extract. Raise the
solution again to the boiling point and gelatinise
the final portion of starch. A solution containing
about 15 per cent. of soluble starch is thus pro-
cured.

Cool the solution to 55° (131° F.), add 40 c.c.
of malt extract, and allow the mixture to stand
over night in order to obtain the maximum conver-
sion of the starch into maltose and dextrin. Boil,
filter, and evaporate the filtrate in a porcelain dish
on a water-bath until a fairly thick skin forms on
the surface of the syrupy solution. Pour the syrup
while hot into a flask containing 500 c.c. of boiling
93 to 95 per cent. alcohol. Part of the syrup—
maltose—dissolves, and part—dextrin mixed with
maltose—is precipitated. Connect the flask con-
taining the mixture with an inverted condenser,
and keep the alcohol boiling gently in a water-bath
for five or six hours in order to dissolve out as
much of the maltose from the dextrin as possible.
Repeated agitation at this stage of the process aids
the solution of the maltose.

Allow the mixture to cool and then decant
the alcoholic solution of maltose from the gummy
residue of dextrin into another flask. Reserve the
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flask containing the residue for future experiment
(see p. 93).

Proceed to connect the flask containing the
alcoholic solution of maltose with a distilling ap-
paratus, and remove the alcohol as completely as
possible from the solution by heating the flask in
a water-bath. Pour the thin syrupy residue into
a beaker, and when cold add a little crystallised
maltose. In twenty-four hours the syrup should
set to a semi-solid crystalline mass of impure
maltose which should then be spread on a plate of
porous earthenware to dry. In order to purify the
crude product by recrystallisation, ascertain its
weight, and for every 100 grms. found, add 25 c.c.
of water and heat until a syrup is obtained. Dis-
solve the syrup in 250 c.c. of hot 88 per cent.
alcohol (sp. gr. 0'828) and note that at this point
it may be necessary to boil the alcoholic solution
with animal charcoal in order to remove colouring
matter. Add a little crystallised maltose to the
filtered alcoholic solution and allow it to stand.
Drain the maltose which crystallises out from the
alcoholic solution, wash on a filter with 95 per
cent. alcohol, and dry on a porous earthenware
plate.

The amount of maltose obtained may be in-
creased by again extracting the original dextrinous
residue with boiling 85 per cent. alcohol, and pro-
ceeding as described above.

Specific Rotation of Maltose [a], 138:0°.—Dis-
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solve about 10 grms. of pure maltose in 100 c.c. of
water, and boil the solution for a few minutes.
(See p. 78 on the mutarotation of maltose.) Deter-
mine the strength of the solution by means of its
specific gravity. (See Table L, for solution fac-
tors for maltose.) Determine the rotatory power
of the solution and calculate from the observed
angle the [a], of maltose. Compare with the known
[a]p of maltose.

Determination of the Cupric Oxide reducing
Power of Maltose.—Determine the reducing power
of a known volume of the solution of maltose by
the standard method previously employed (p. 79).
Maltose reduces about its own weight of copper, so
that a suitable quantity of the solution for the ex-
periment is readily determined. Compare the result
of the reduction experiment with the results for
maltose given in Table IV.

Preparation and Properties of Phenyl-Maltos-
azone.— Dissolve 2 grms. of maltose in 50 c.c. of
water, and add to the solution 2 grms. of phenyl-
hydrazine dissolved in 2 grms. of 50 per cent.
acetic acid. Heat the mixture for one hour in a
boiling water-bath.

Observe that the solution, when hot, remains
clear in a manner very different from a solution of
glucose under similar conditions (see p. 81), but on
allowing the solution to cool, a yellow precipitate
of an osazone is formed. Examine the precipitate
under the microscope and note that the crystals
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of the osazone are in the form of long flat plates.
Compare with the crystalline form of glucosazone,

(p- 81).
Filter off the maltosazone precipitate, wash

with cold water, and dry.

Hydrolysis of Maltose by Acid.—Maltose is a di-
saccharide which yields dextrose on hydrolysis. (Compare
with the acid hydrolysis of the disaccharide eane sugar which
yields a mixture of dextrose and levulose, p. 83.)

Dissolve about 10 grms. of pure maltose in 150 e.c. of water,
and determine the concentration of the solution by the specific
gravity method. Measure exactly 100 c.c. of the solution into &
suitable flask and add 2'5 grms. of oxalic acid. Heat the solu-
tion for fourteen hours in a steam steriliser. When digestion
is complete, neutralise the hot solution with calcium carbonate,
filter, and wash the precipitate thoroughly. Evaporate the filtrate
and washings to about 70 c.c. ; transfer to a 100 c.c. flask, cool
and make up to 100 e.c. Determine the amount of dextrose
from its rotatory power. Note that 100 parts of maltose yield
10526 grms. of dextrose on hydrolysis, according to the equa-
tion :—

Cy,Hy,0y, + HyO = 2GH,,0,.

Maltose. Dextrose.
Confirm the presence of dextrose by the preparation of its
0sazone,

Maltose is not Hydrolysed by the Action of In-
vertase.—Prepare a solution of maltose of known conecentration
and proceed according to the second method described for the
inversion of ecane-sugar by yeast (see p. 84). Observe by means
of the polarimeter that the maltose in the solution has not been
hydrolysed by the invertase of the yeast.

Although this experiment demonstrates that the invertase
of yeast has no action on maltose, since cane-sugar is inverted
under similar conditions, it will be found later on when study-
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ing yeast (p. 142), that the cells contain another enzyme, maltase,
which under certain conditions hydrolyses maltose to dextrose.

Dextrin: Preparation of Dextrin.—The residue
insoluble in alcohol which was left during the pre-
paration of maltose (see p. 90) is employed.

Dissolve the residue in about half its weight of
hot water, and add boiling alcohol of 90 per cent.
strength to the solution until a permanent precipi-
tate of dextrin is formed. Allow the solution to
cool, pour off the mother-liquor, and extract the
precipitate with boiling 80 per cent. alcohol to
remove as much of the remaining maltose as
possible. The precipitate now consists mainly of
dextrin, but it will still retain some maltose. This
can only be removed completely by a tedious pro-
cess which includes fermentation and fractional
precipitation ; the process is too lengthy for the
student to attempt.!

Specific Rotation of Dextrin,—This is usually
considered to be [a], 202"

Non-reducing Property of Dextrin, — Dextrin
is generally considered to be a non-reducing carbo-
hydrate.

Although it is usual to consider that the [a], of dextrin is
202° and that it has no reducing power, there is good reason to
believe that stable 'dextrin possesses a feeble reducing power,
or R, of about 5'5, compared with the reducing power of maltose

18ee H. Brown and Millar, “ The Stable Dextrin of Starch
Transformations,"” Journ. Chem. Soc., 1899, Ixxv., p. 317.
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reckoned as 100, and that its specific rotation is [«], 197-198°
These results have been obtained by H. Brown and Millar (see
““ The Stable Dextrin of Starch Transformations,” Journal of the
Chemical Society, 1899, Ixxv., pp. 331 et seq.), who consider that
the molecule of stable dextrin is probably represented empirically

by the formula {GC“E-:[HL_“D@)E“}, and that its reducing power is due

G128
to the single C,H,,O, or glucose group, in the molecule. In

analytical work connected with the carbo-hydrates the very
small reducing power of dextrin is, however, generally ignored,
and an [a], of 202° employed. This course is adopted in the
following studies.

Preparation and Quantitative Examination of a
Low Starch Conversion,—Starch paste when acted
upon by diastase under the most favourable condi-
tions for conversion is hydrolysed to a mixture of
maltose and stable dextrin, the carbo -hydrates
recently studied.

Prepare 100 c.c. of a 5 per cent. starch paste
in a small beaker, cool to 55" (131" F.), and add
10 c.c. of malt extract (for preparation, see p. 87).
Heat the solution in a water-bath to 55° (131" F.),
for thirty minutes, when conversion will be com-
plete if the malt extract used is sufficiently active.

While the starch conversion is in course of
preparation, measure 10 c.c. of the malt extract
used for the conversion into a 100 c.c. flask, dilute
with water nearly to the mark, and heat the solu-
tion to 55° (131" F.) in the same water-bath as the
starch conversion, and for a similar length of time,
The solution is made in order to correct the specific
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gravity, rotatory power, and reducing power of the
starch conversion for the malt extract used in the
conversion. It is treated in a similar manner to
the starch conversion as it is liable to undergo
change, which renders it desirable that the con-
ditions of experiment should be similar in both
cases.

Both the starch conversion and the check solu-
tion should now be boiled, and the reduced volume
of each made up to 100 c.c. after cooling to 155"
(60" F.). After filtration, determine the specific
gravity, rotatory power and reducing power of the
two solutions by the methods already described.
(The reducing power is determined on 5 c.c. of
each solution.) Now correct the different experi-
mental values found for the starch conversion by
subtracting the corresponding experimental values
found for the check solution.

After making the required corrections, proceed
to calculate the weight of starch conversion pro-
duets present in 100 c.c. of the solution from the
specific gravity of the solution by employing the
appropriate solution factor for “Low Starch Con-
versions,” which will be found on referring to
Table IL

Then calculate the [a], of the conversion pro-
ducts in the usual manner from the weight of
starch conversion products found and the observed
rotatory power of the solution. The value found
should approximate closely to [a], 150°3°, the value
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for a complete conversion of starch into maltose
and dextrin.

From the reducing power of the solution cal-
culate the R, or percentage weight of maltose in
the conversion products, which should approxi-
mate closely to 808, the value of R for a complete
conversion.

Also calculate from the [a]p found the per-
centage weight of maltose and dextrin present in
the starch conversion, employing the values [a]p
138° for maltose and [a], 202" for dextrin. Com-
pare the amount of maltose found in this manner
with the amount found by the copper reduction
experiment. The two amounts should be in close
agreement.

The transformation products in a starch con-
version possessing an [al], 150'3° consist of i—

Maltose - - - 808 per cent.
Dextrin - L] . 19-2 I M
1000

The optical activity of a starch transformation
effected by unrestricted diastase falls rapidly from
[a]p 202°, representing the original soluble starch, to
[«]p 150°3° representing a (so-called) complete con-
version, and when it reaches this stage the velocity
of the transformation change is checked. [a]p
150°3°, therefore, represents a well-defined point in
the hydrolysis of starch.

An equation representing this change, and com-
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monly called the “ No. 8 ” equation, is given
below :—

[6(Cy.H,,0y)] + 4H,0 = 4C,,H,,0,, + C,,H,, 0.
Starch. Maltose. Stable Dextrin.

It will be noticed that 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 of course four-fifths the weight of
these products, owing to fixation of water during
hydrolysis, hence the proportion 808 maltose to
192 dextrin, in the products of a complete con-
version,

The equation representing the transformation of starch given
above expresses the action in its simplest form, but the starch
molecule is probably much larger than [5(C,,H,,0,,)].

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 may be represented as follows :—

(C12H 36010)20-
{Glﬂﬂ:ﬂﬂolﬂ}ﬂﬂ‘
(C1aH30019)p0 + 80H,0 = 80C,,H,,0;; + [20(C,,H,,0,)].
{Umgmgm}gu. Maltose. Stable dextrin.
B st

The so-called * stable ' dextrin of a starch conversion,
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

1 See reference to Brown and Millar, p. 93.
7
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slow as compared with the velocity of hydrolysis of starch to mal-
tose and dextrin.

Influence of Heat on the Hydrolysis of Starch
by Diastase.—When starch paste is acted on by
diastase under the most favourable conditions for
conversion it has been shown that the mixed pro-
ducts of hydrolysis possess an [a], 150'3°, corres-
ponding to a mixture of 808 per cent. maltose
and 192 per cent. dextrin. If, however, the action
of diastase on starch is restricted by heat, the [a]y
of the transformation products does not fall so low
as 150°3°, indicating the presence of less maltose
and more dextrin in the conversion products.

Prepare 100 c.c. of a 5 per cent. starch paste, as
in the previous experiment, but instead of cooling
to 55° (131° F.), cool only to 68° (1545° F.). Add
10 c.c. of malt extract previously heated to 68°, and
keep the mixture in a water-bath at 68" for thirty
minutes.

At the same time prepare a check solution of
malt extract as in the previous experiment and
submit it to the same conditions as the starch
conversion.

Boil the starch conversion and check solution,
cool and make up the reduced volume of each to
100 c.c. Filter, and determine, as in the previous
experiment, the specific gravities, rotatory powers
and reducing powers of the two solutions. Correct
for the check solution, and after determining the
solids present in the starch conversion by means
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of the appropriate divisor, calculate the [a], of
the transformation products.

From the observed [a], calculate the relative
amounts of maltose and dextrin present, and check
the result by means of a cupric oxide reducing

determination.

It will be found that the [«],, and therefore
the apparent amount of dextrin, in this experiment
is much higher than in the experiment conducted at
the lower temperature of 55° (131" F.).

Experiment Showing that the Influence of Heat in
restricting Starch Transformation is Due to Modifica-
tion of the Diastase.—Digest about 50 c.c. of malt extract in
a water bath at a temperature of 68° (154:5° F.) for thirty minutes.
Note that the solution becomes turbid owing to matter being
thrown out of solution. Cool the solution.

Prepare 100 c.c. of a 6 per cent. starch paste, cool to 55°
(131° F.), as in the *“low” starch conversion experiment, and
add 10 c.c. of the previously heated malt extract. Proceed with
the conversion exactly as in the ‘““low" starch conversion ex-
periment, making a check solution, as before. Determine the
[a]p of the solution, and compare with the [a], of the low starch
transformation (p. 95). It will be observed that although both
transformations have been carried on at the same temperature
favouring complete hydrolysis (55°), the [a], of the transformation
with malt extract previously heated indicates that its activity has
been permanently restricted by this treatment.

Experiment Showing that although a Restricted
Starch Transformation may be Represented as a
Mixture of Maltose and Dextrin, much of the
apparent Maltose cannot be Fermented by Ordinary

Yeast and Exists as Malto-Dextrin,—This experi-
T #
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ment also introduces a method of analysing high
starch transformation products.

Prepare 500 c.c. of a 5 per cent. starch paste,
and after cooling it to 66° (151° F.), add 50 c.c. of
malt extract previously heated to 66°. Keep the
solution in a water-bath at 66° (151° F.) until it is
found on testing that the iodine blue reaction of
starch has disappeared but a red erythro-dextrin
reaction remains. Then check the action of the
diastase by rapidly heating the solution to the boil-
ing point. Boil until the solution is reduced In
volume to less than 500 c.c., and after cooling
make up the volume again to 500 c.c. and filter.

At the same time prepare a check solution by
diluting 25 c.c. of malt extract to 250 c.c. with
water, and proceed as with the starch conversion.

Determine the specific gravities, reducing powers
and rotatory powers of the two solutions. From
the results obtained calculate : —

(1) The total solids per 100 c.c., using the ap-
propriate divisor for high starch transformations.

(2) The [c]p of the solids of the starch conversion.

(3) The weight of maltose present in 100 c.c. of
the conversion on the assumption that the whole of
the reducing power is due to maltose.

From the results of the experiment at this
stage, it will be noticed that a high starch con-
version has been obtained, and that the amount
of the reducing matter of the transformation cal-
culated as maltose is known ; but at present there
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is no means of determining how much of the re-
ducing matter is free maltose and how much is
“apparent ” maltose, existing as malto-dextrin or
reducing dextrin.

Demonstrate qualitatively the presence of free maltose by
heating 25 c.c. of the conversion for one hour with 1 grm. of
phenyl-hydrazine dissolved in 1 grm. of 50 per cent. acetic acid.
Note the formation of erystals of maltosazone when the solution
cools, Malto-dextrins do not form erystalline osazones.

Determine the Amount of Free Maltose present
in the Conversion.—Measure 350 c.c. of the con-
version into a large flask, add about 3 grms. of
washed pressed yeast, in order to ferment the
maltose, and keep the solution at a temperature of
about 26° (79" F.), until fermentation is complete.
(This part of the experiment usually takes about
forty-eight hours.) As a correction, ferment at
the same time 100 c.c. of the check solution of
diluted malt extract (see p. 100).

When fermentation 1s complete, boil the two
solutions in order to expel the alcohol formed, and
make them up to their original volumes with water
and a little alumina cream.' Filter and determine
the reducing power of each solution. Calculate
the amount of ‘““apparent ” maltose present in 100
c.c. of the fermented conversion after correcting
for the check solution.

Note that during fermentation of the starch
conversion the free maltose it contained is de-

1 The alumina eream is employed to aid clarification.
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composed, and the ‘“apparent” maltose existing
as malto-dextrin is not fermented; hence the
difference between the amounts of maltose found
before and after fermentation represents the free
maltose present in the original conversion. Cal-
culate the amount of free maltose in 100 c.c. of
the original conversion.

Demonstrate iqualitatively that free maltose is no longer
present in the fermented conversion by treating 25 c.c. with

phenyl-hydrazine, as before. Note that no crystalline maltos-
azone is formed.

Caleulate the Amount of  Apparent” Maltose
in the Starch Conversion which exists as Malto-
dextrin.—It has already been shown that the free
maltose originally present in the conversion has
been removed during fermentation, therefore the
reducing power of the fermented conversion, after
correcting for the malt extract used, is due to
«apparent” maltose existing as malto - dextrin.
Calculate the amount of ¢apparent” maltose
found in 100 c.c. of the conversion.

Determine the Amount of “ Apparent” Dextrin
existing as Malto-dextrin. — It has already been
shown that the stable dextrin of a low starch
conversion is not hydrolysed (or is only hydro-
lysed with extreme slowness) by malt extract (p.
96), but a marked property of the “apparent ”
dextrin of a high starch transformation is the
readiness with which it is hydrolysed to maltose
by unrestricted diastase ; or, expressed in another
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manner, a high starch transformation produced by
restricted diastase is readily hydrolysed to the low
starch transformation (No. 8 equation), containing
maltose and stable dextrin only, by the further
action of active diastase.

The following example explains the general character of the

action during a restrieted conversion :(—
Soluble Starch. Maltose.

o e — pr— |
Malto-dextrin.  Stable Dextrin,

"W

BHE0
+ 204 A2 A1 4+ 20(C 0y0)-
LG E0™ + 20(CsH 0y

On the further addition of unrestricted diastase to the restricted
conversion the malto-dextrin only is acted on :—

Malto-dextrin. Maltose.
 {0,.H,,0; :
m{ﬂizﬂiiﬂﬁ + 20H,0 = 40C,,H,,0,,.

As a final result, therefore, the original restricted conversion is
brought down to the low starch transformation, [a], 150°3°, repre-
sented by :—
80C,,H,,0y; + 20(C,,H,,0,)
Maltose. Stable Dextrin.

To 200 c.c. of the fermented conversion, add
10 c.c. of malt extract and digest the mixture in
a water-bath at 55° (131° F.) for one hour. The
malto-dextrins present will thus be converted into
free maltose.

Make a check solution by adding 5 c.c. of malt
extract to 100 c.c. of water, and treat in a similar
manner to the conversion.

Boil, cool, and make up the two solutions to
200 c.c. and 100 c.c. respectively with water.
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Filter and determine the reducing power of both
solutions. The reducing power of the degraded
solution corrected for the malt extract used, less
the reducing power of the solution previous to
degrading (not corrected for malt extract), is due
to maltose derived from the “apparent” dextrin
which existed as malto-dextrin.

Calculate the amount per 100 c.c., first as mal-
tose, and afterwards as the equivalent amount of
dextrin, according to the equation :—

Dextrin. Maltose.
C.Hy0, + H,O = G, H,,0y,

Constitution of the Malto-Dextrin Found.—As
the amounts of “apparent” maltose and dextrin
existing as malto-dextrin in 100 c.c. of the starch
conversion have now been determined, it is now
possible to express in a simple form the proportion
in which they appear to be combined (e.g., 15 mal-
tose, 1 dextrin). The proportion is sometimes re-
garded as indicating the type of malto-dextrin found.

Note that the proportion of * apparent” maltose to ““ap-
parent "’ dextrin found by the above method of experiment may

only express the proportion of a mixture of malto-dextrins of
varying reducing power.

Determine the Amount of Stable Dextrin present
in the Conversion.—Measure 150 c.c. of the degraded
conversion (see above) into a flask, add about 15
grms. of washed pressed yeast, and allow the solution
to ferment at a temperature of 26° (79° F.), until the
whole of the maltose present is decomposed. Boil
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the solution to expel the alcohol formed, cool and
make up to the original volume of 150 c.c. Filter
and determine the rotatory power of the solution.

Measure 100 c.c. of the fermented solution into
a small flask, add 5 c.c. of malt extract and about
1 grm. of pressed yeast, and keep the flask at a
temperature of 26° (79° F.) until all signs of fer-
mentation have disappeared. Also make a check
solution of 100 c.e. water, 5 c.c. malt extract and
1 grm. pressed yeast, and ferment as above.

Note that in this experiment stable dextrin, which
s mot fermented by yeast under ordinary conditions,
has been submitted to the joint action of diastase and
yeast. Neither of these agents alone is able to hy-
drolyse stable dextrin, the resisting power of which is
howerer overcome by the joint action of the two, with
the result that the dextrin is fermented.

Boil the fermented conversion and the check
solution to expel the alcohol formed, cool and
make both up to the original volume of 100 c.c.
Filter, determine the rotatory power of both solu-
tions, and correet the starch conversion result for
the malt extract used. The stable dextrin may
now be calculated from the loss in rotatory power
of the conversion during fermentation in the pre-
sence of malt extract.

When the analysis of the high starch trans-
formation is completed, express the results as
amounts of maltose, malto-dextrin, and stable
dextrin in 100 c.c. of the conversion.
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PART III.

Studies Bearing Directly on the Technology of
Brewing.

A Study of the Influence of the Mashing Tem-
perature on the Optical Activity of Malt Worts.—
Take two beakers, each containing 250 c.c. of water
heated to 148° F. and 161° F. respectively, and
mash into each beaker 50 grms. of ground pale
malt (from the same sample). The mashes should
then have ““initial ” heats of 144° F. and 157° F.,
and they must be kept at these temperatures for
one hour by being placed in separate water baths
heated to the required temperatures. Cool, filter,
and determine the specific gravities and rotatory
powers of the two worts. Use the 386 factor to
determine the weight of solids present, and cal-
culate the [a], of the two worts.

Note that the specific rotation of the wort from
the high temperature mash is higher than that from
the low, indicating the presence of more dextrin in
the former than in the latter. The reason for this
will be found on considering the results of the ex-
periments already made with high and low starch
transformations.

Measure 100 c.c. of each of the two worts into
separate flasks, boil for twenty minutes to destroy
the diastase present, cool, and make up the volumes
again to 100 c.c. Add about 05 grm. of pressed
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yeast to each solution and ferment in a warm place.
When fermentation is complete, filter, and deter-
mine the specific gravity or “attenuation” of the
fermented worts. Note that the specific gravity
increases with the mashing temperature and [a]p
of the original wort, indicating that the high
temperature mash contains a larger amount of
unfermentable matter than the low temperature
one. Consider this in the light of the experiment
made with a high starch conversion.

The divisor 3'86 is employed in the above experiments as it
is customary to use it in determinations of the [a], of brewery
worts. The divisor (3'86) was originally obtained from experi-
ments with cane sugar and the divisor 4'00 is more accurate for
malt wort solids, but custom at present decides in favour of 386,
and it is employed here for this reason. As the chief value of
determinations of the [«], of worts lies in their use for purposes

of comparison, the employment of the incorrect 3-86 factor is of
little moment so long as its use is indicated in the proper manner,

e.g., [a]pgge:

The student is often surprised to find, on first determining
the [a], of a malt wort, that it is much lower than the [a], of a
low starch transformation (150°3°), although it represents a con-
version restricted by heat. The low [a], is occasioned by the
presence in malt wort of bodies other than starch transformation
products which, as a whole, possess little or no rotatory power.

Experiments on the Fermentation of Boiled and
Unboiled Worts, Illustrating the Different Methods
of the Brewer and the Distiller or Vinegar Maker.
—Mash 100 grms. of ground pale malt in a beaker
with 500 c.c. of water at a temperature of 154" F.
and keep the mash at a temperature of 150" I, for
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one hour. Filter, and measure out two samples of
100 c.c. of the wort into two flasks. Boil one
sample for twenty minutes to destroy the activity
of the diastase present ; cool, and make up to the
original volume of 100 c.c. Add 0°5 grm. of pressed
yeast to both the boiled and unboiled worts, and
keep them at a temperature of about 26° (79° F.)
until fermentation is complete. 1In the case of the
unboiled wort the fermentation may take three or
four days. TFilter the fermented worts and de-
termine their specific gravities (“attenuations ”).

Note that the specific gravity of the boiled and
fermented wort is much higher than that of the
unboiled one. It has already been shown by a
previous experiment (p. 105) that the malto-dex-
trins and stable dextrin are fermented by yeast in
the presence of active diastase ; during the fermen-
tation of the unboiled wort this action has gone on,
leading to the fermentation of a larger proportion
of malt wort solids than in the boiled wort in which
the malto-dextrins and stable dextrin remain un-
fermented. Fermentation of an unboiled wort,
therefore, tends to yield the highest possible
amount of alcohol—the object of the distiller and
vinegar maker. Fermentation of a boiled wort,
on the other hand, yields a smaller amount of
alcohol, but a liquid containing malto-dextrin and
dextrin—the object of the brewer.

A Study of the Rise in Temperature observed
when mixing Dry Malt with Cold Water,—Weigh
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25 grms. of finely ground, well-dried malt in a dry
100 c.c. beaker, and cover the beaker with a watch-
glass. At the same time measure 60 c.c. of cold
water into another beaker of similar size. Place
the two beakers side by side, and allow them to
remain so for about an hour in order that the con-
tents of both may attain the temperature of the
laboratory,

Note that the quantities of malt and water
taken are in the same proportion as those com-
monly employed in technical mashing operations,
and that the malt and the water before mixing are
at the same temperature.

Ascertain the temperature of the water with
a chemical thermometer, and then pour the water
into the beaker containing the dry malt and mix
thoroughly, using the thermometer for stirring. As
the mixing proceeds notice the rise of temperature
taking place in the mash, and continue stirring the
mash until the maximum temperature is reached,
which will probably be observed in two or three
minutes.

If the sample of malt experimented on is very
dry, the observed rise in temperature may be as
much as 8" F.; if the malt is very slack the rise
may possibly not exceed 4° F. The rise in tem-
perature is due to a loose molecular combination
of the water with the starch and other constituents
of the malt. Note that the evolution of heat ob-
served mm a cold mash must take place equally
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during the preparation of a hot mash in the
brewery, and therefore that the relative dryness
of malts must exert a marked influence on the
“initial ” heats obtained in brewery mashing
operations.

Analysis of a Fermented Wort or Beer.—The
operations involved in an analysis of a fermented
wort or beer may be subdivided into two parts :—

1. A determination of the ‘“original gravity,
and the amount of alcohol present in the sample.

2. An analysis of the unfermented matter in the
sample.

L]

- L. The term “original gravity ” as applied to a
fermented wort or beer means the specific gravity
of the original wort before fermentation,

The method very generally employed in this
country for the purpose of determining the original
gravity of fermented liquids is one originated by
the excise authorities and recognised by the excise
laws. The method is based on the following con-
siderations :—

During the fermentation of a wort the ferment-
able matter it contains is decomposed into alcohol
and carbon dioxide, the former remaining in the
fermented liquid, the latter being evolved as a gas.
As a consequence, the specific gravity (or original
gravity) of the liquid diminishes during fermenta-
tion, for not only does the liquid lose matter which
originally contributed towards its weight, but this
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matter is replaced by alcohol—a liquid having a
less density than water—which further tends to
diminish the specific gravity of the fermented wort.
The specific gravity of a fermented wort represents
therefore the weight in solution of neither the
unfermented matter present nor the alcohol, for,
since the density of the one is greater than water
and that of the other is less, the joint influence
of the two tends to obscure the weight of both.
If, however, the alcohol in a measured volume of
the solution is separated by distillation from the
non-fermented matter and the volumes of both the
distillate and the non-volatile residue are made
up to the original volume, then the specific gravity
of the distillate expresses the weight in solution of

. the alcohol present, and that of the residue ex-
presses the weight in solution of the unfermented
matter present,

It will now be evident that if the solution
weight of the fermented matter can be deter-
mined from the weight of the alcohol, this weight
added to the solution weight of the unfermented
matter found will express the original gravity of
the wort before fermentation. Although the solu-
tion weight of the fermented matter cannot be
determined satisfactorily from the alcohol by direct
calculation, it may be arrived at by means of a
special table based on the results of a series of
direct experiments on fermenting wort in which
the solution weights of fermented matter corres-
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ponding to varying amounts of alcohol have been
determined (see Table V.).

Determination of the Original Gravity of a Fer-
mented Wort or Beer.—If the beer contains car-
bon dioxide, remove it by agitation or filtration.
Measure 100 c.c. of the beer in a graduated flask
at the standard temperature of 60° F. Pour the
measured volume into the distilling flask of an
original gravity distilling apparatus, and afterwards
rinse the measure with about 40 c.c. of water and
transfer the washings to the distilling flask. Distil
the fermented wort, collecting the distillate in a
100 c.c. measure until 80 to 90 c.c. have passed
over, when the whole of the aleohol will be present
in the distillate. Make up the distillate with water
to 100 c.c. Cool the residue in the distilling flask
and transfer it together with the washings of the
flask to a 100 c.c. measure, and make up the volume
with water to 100 c.c. Determine accurately the
specific gravity of the two solutions at 60° F.

The specific gravity of the residue represents
the weight in solution of the unfermentable matter
in the original wort. The specific gravity of the
distillate represents the fermented matter expressed
as the weight of a mixture of alcohol and water.
In order to find the amount of fermented matter,
subtract the specific gravity of the alcoholic distil-
late from 1,000 and the difference is the so-called
“gpirit indication” number. Refer to Table V.,
and find by means of the “ spirit indication ” num-
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ber the number of “degrees” of specific gravity
lost during fermentation. Add this number to the
- specific gravity of the unfermented matter, and the
sum is supposed to represent the original gravity of
the fermented wort.

It should be noted, however, that this method
requires correction if the acidity of the beer ex-
perimented on exceeds 0°1 per cent. calculated as
acetic acid. It is assumed, somewhat incorrectly,
that any excess of acidity over 01 per cent. is
formed at the expense of the alcohol in the beer,
and that consequently the original gravity will ap-
pear too low if the excess of acid is not allowed for.

To correct for the acidity of a beer, determine
the amount of acid present by titration with deci-
normal ammonia solution and litmus-paper, and
calculate as acetic acid. Subtract 01 per cent.,
which is allowed for in the ordinary spirit indication
table, and refer the difference to Table V1., which has
been constructed for the purpose of indicating the
correction due to the excess acid found. Add the
number found to the spirit indication figure, and
proceed with the calculation as before.

The method of determining original gravities
just described, although adopted officially as the
standard method for this country, is not very accu-
rate. When it is employed for the purpose of
ascertaining the original gravities of finished beers
of medium gravity the results obtained are usually

about two degrees too low, and a correction for
8
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the error should be employed. With fermenting
worts containing yeast and little alcohol the re-
sults are, however, fairly accurate.

Determination of the Amount of Alcohol i w
Fermented Wort or Beer. —Refer the specific
gravity of the distillate (p. 112) to alcohol tables
showing the weight of alcohol corresponding to
varying specific gravities of aqueous spirit, and from
the weight found calculate the weight of alcohol
present in 100 c.c. of the original beer.

9. Analysis of the Matter remaining Unfer-
mented in a Fermented Wort or Beer. — The
analysis is conducted in a similar manner to that
‘of a high starch conversion (p. 99), but is subject
to correction for the optical activity and reducing
power of certain constituents other than maltose,
malto-dextrin and dextrin.

Boil 500 c.c. of the fermented wort until its
volume is reduced to about one-half in order to
expel the alcohol present. Cool, and make up the
residue to its original volume with water. Deter-
mine the specific gravity of the solution, and cal-
culate the grms. of solid matter present in 100 c.c.,
using the 4'0 factor.

Determine the rotatory power (in 100 mm.) and
reducing power of the solution, and express the
reducing power as grms. maltose in 100 c.c.

Determine the Amount of Free Maltose in the
Solution.—Ferment 250 c.c. of the solution with
2 grms. of pressed yeast. Boil the solution to



PRINCIPLES OF THE MASHING PROCESS 115

expel alcohol, and make up to the original volume
with water and a little alumina cream. Filter,
and determine the reducing power of the solution.
Calculate the reducing power as maltose, and ex-
press as grms. maltose in 100 c.c.

The difference in the amount of maltose found
in 100 c.c. of the solution before and after fermen-
tation represents the free maltose in 100 c.c. of the
solution. (Note that possibly some of the maltose
found may have existed as low type, easily fer-
mentable, malto-dextrin.)

Determine the Amount of “ Apparent” Maltose
ecombined as Malto- Dextrin.—The reducing power of
the fermented solution, less the correction jfor the
reducing bodies other than sugar, is due to “appa-
rent ” maltose combined as malto-dextrin. Express
as grms. combined maltose in 100 c.c. (Note that
the correction for the reducing bodies other than
combined maltose is determined at a later stage of
the experiment.)

Determine the Amount of “ Apparent” Dextrin
combined as Malto-Dextrin.—Treat 200 c.c. of the
fermented solution with 10 c.c. malt extract at 50°
(122° F.) for one hour. Also make a check solu-
tion of 5 c.c. malt extract with 100 c.c. water,
and treat in a similar manner to the fermented
solution. Proceed as in the analysis of a high
starch conversion (see p. 102), and calculate the
amount of “apparent” dextrin as malto-dextrin in

100 c.c. of the solution.
8#‘
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Also calculate the constitution of the malto-
dextrin found (see p. 104).

Determine the Amount of Stable Dextrin.—Yer-
ment 150 c.c. of the degraded conversion in order
to remove the free maltose present ; boil, cool and
make up to the original volume.

Determine the rotatory power of the solution in
a 100 mm. tube.

To 100 c.c. of the solution, add 5 c.c. of malt
extract, and ferment with about 1 grm. of freshly
pressed yeast to decompose the stable dextrin
present. Also prepare a check solution with 5 c.c.
of malt extract in 100 c.c. water, and ferment as
above. When fermentation is complete in both
solutions, boil to expel the alcohol present, and
make up in each case to 100 c.c. after adding a
little alumina cream. Filter, and determine the
rotatory powers (in 100 mm.) and reducing powers
of both solutions. Correct the rotatory power and
reducing power of the fermented solution for those
of the malt extract used.

Note that the remaining reducing power is due
to constituents other than maltose and must be
used as a correction in the determination of the.
« gpparent” maltose combined as malto-dextrin
(see p. 102).

The stable dextrin may now be determined from
the difference in rotatory power of the solution
before and after fermentation in the presence of
malt extract.
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Express the results of the analysis in grms. per
100 c.c., the difference between the weight of total
solids and the sum of the weights of maltose,
malto-dextrin and stable dextrin found being ex-
pressed as “undetermined matter ”.

PART IV.
Analysis of Brewing Sugars.

The most satisfactory method at present avail-
able for the purpose of analysing brewing sugars is
one suggested by Dr. G. H. Morris (Journal of the
Federated Institutes of Brewing, 1898, vol. iv., p.
162). The method is described below, but the
student is recommended to consult Dr. Morris’s
original paper for full information.

Analysis of Invert-Sugars.—The analysis in-
cludes determinations of the ash, albuminoids,
water, dextrose, levulose, cane-sugar, unferment-
able matter and the brewer’s extract.

Ash.—Weigh out about 5 grms. of the sample
in a 50 c.c. platinum dish, add 2 c.c. of strong
sulphuric acid, and heat gently over a Bunsen
burner ; when the first violent intumescence has
subsided, place the dish with its charred contents
in a muffle furnace, and heat until the residue is
quite white. Cool in a desiccator, and weigh.
Calculate the percentage amount of sulphated ash

found.
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Albuminoids.—Weigh about 2 grms. of the
sample in a 100 c.c. Jena glass beaker or flask, and
treat with 20 c.c. concentrated sulphuric acid.
Add 5 grms. of potassium sulphate and heat the
mixture, at first very gently, and afterwards
strongly, until decolourisation is complete. Pro-
ceed subsequently to determine the nitrogen pres-
ent according to the usual Kjeldahl method, and
calculate the percentage of albuminoids found,
using the 63 factor (see p. 59).

Brewer’s Extract and Water.—Dissolve 25 grms.
of the sugar in boiling water, cool the solution and
make up to 250 c.c. at 15°5° (60° F.). Determine
the specific gravity of the 10 per cent. solution thus
obtained.

Calewlate the Brewer's Extract.—The specific
gravity, by the removal of the decimal point one
place to the left, indicates the weight of 100 c.c.
of the solution, and the excess weight of this volume
above 100 grms. indicates the weight in solution of
10 grms. of the sugar.

From the amount found calculate the weight in
solution of 224 grms. of the sugar, and express the
result as pounds of brewer’s extract derived from
224 1b. (or 2 cwt.) of the sugar.

Calculate the Water. — Determine the solid
matter present in 100 c.c. of the 10 per cent. solu-
tion from its specific gravity by means of the 3-86
divisor. The amount of solids found requires,
however, to be corrected for the high solution



ANALYSIS OF BREWING SUGARS 119

density of the ash present, for the ash of sugars has
a solution density rather more than twice that of
the carbo-hydrates, i.e.,, the divisor for the ash is
about 8. The most convenient way of correcting
for the ash is to multiply the solid matter found in
100 c.c. by 10, in order to convert it into a per-
centage, and then to deduct from the amount the
percentage of ash already found. The percentage
weight of solid matter obtained in this manner, de-
ducted from 100, gives the percentage weight of
water in the sugar.

Reducing Sugars.—Dilute 10 c.c. of the 10 per
cent. sugar solution used in the above experiment
to 50 c.c., and take 10 c.c. of the diluted solution
for an estimation of the reducing power, the opera-
tion being conducted in accordance with the usual
standard conditions (see p. 79). In this way the
amount of copper reduced by 0-2 grms. of the sugar
is obtained. Calculate from the amount found the
quantity reduced by 100 grms. of the sugar by
multiplying by 500. This value then requires cor-
recting for the reducing power possessed by the
unfermentable residue of the sugar, which is subse-
quently determined ; it then expresses the reducing
power of the dextrose and levulose in 100 grms. of
the sugar,

The rotatory power of the 10 per cent. sugar
solution is then determined in the half-shadow
instrument at a temperature of 20° (68" F.), and
is expressed in divisions, care being taken that the
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bi-rotation of the sugar solution has been previously
destroyed. But the value found requires correcting
for the opticity of the cane-sugar and that of the
unfermentable matter present in the sugar, which
are subsequently determined. The corrected value
in divisions of the half-shadow instrument is then
employed to calculate the [a]p of the sugar on the
basis that the solution contains 10 grms. in 100 c.c.
The percentages of the dextrose and levulose
in the sugar are now calculated by ‘means of a
pair of simultaneous equations in which:—

D = the gram. value of dextrose expressed as Cu.
xLi = the gram. value of levulose expressed as Cu.
a = the Cu. reduced by 100 grms. of the sugar.

b = the specific rotatory power ([a]y).

The equations then are :—

2D + zL =a
[a]pD + [a]pL = & x 100.

Cane-Sugar.—In order to determine the amount
of uninverted cane-sugar, if any, present in the
invert-sugar, 50 c.c. of the 10 per cent. solution are
measured into a double-marked 50 to 55 c.c. flask
at 155° (60° F.), and digested with 05 grm. of
pressed yeast for six hours at 50° (122" F.). The
solution is then cooled to 15'5° (60° F.), a little
alumina cream added, made up to 55 c.c. and
filtered. The rotation of the solution in the 200
mm. tube is then determined at 20° (68" F.), in
divisions of the half-shadow polarimeter., The
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reading is increased in the proportion of 55 to 50
in order to correct for the dilution of the solution,
and is then subtracted from the original reading of
the solution (in a 200 mm. tube) before inversion.
The difference, divided by 502, gives the cane-
sugar ; and this, multiplied by 10, gives the per-
centage of cane-sugar in the sugar analysed.

The divisor 5'02 used in the above experiment is the num-
" ber of divisions of the half-shadow polarimeter which a solution

of 1 grm. of cane-sugar in 100 c.c. of water, read in a 200 mm.
tube, loses on being converted into invert-sugar.

Unfermentable Matter.—50 c.c. of the 10 per
cent. solution of the sugar are placed in a 100 c.c.
flask, and sterilised by boiling for a few minutes.
After cooling, 2 grms. of washed and pressed yeast
are added, and the mixture is allowed to ferment
at about 24° (75° F.). When fermentation is com-
plete, which will probably be in about forty-eight
hours, a little alumina is added to the fermented
liquid and its volume is made up to 100 c.c. at 15°5°
(60° F.).

After filtration, the reducing power is deter-
mined on 25 c.c. of the solution, and the rotation
read in the 200 mm. tube. The values so obtained
are then expressed in the same manner as those of
the original solution for the purpose of correcting
the reducing sugar values as already described (see
p. 119).

The percentage weight of the unfermentable
matter in the invert-sugar is usually obtained by
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difference ; i.e., by subtracting from 100 the total
weight of the sugars, ash, albuminoids and water
found.

The following example illustrates the method of
analysing an invert-sugar described above :—

Analysis of an Invert-Sugar.

Ash.—A direct estimation showed the presence
of 1'54 per cent. of ash.

Albuminoids.—A  determination by Kjeldahl’s
method, as described (p. 118), gave 024 per cent.
of albuminoids.

Water.—The specific gravity of the 10 per cent.
solution of the sugar was 103106, which indicates,
by the use of 3'86 as a divisor, the presence of 8046
grms. of solids per 100 c.c. Multiplying this by 10
gives 80'46 as the percentage weight of solid mat-
ter in the sugar. But this amount has to be
corrected for the solution density of the ash (see
p. 119). To do so, the percentage weight found,
1-54, is subtracted from 8046, leaving 7892 as
the corrected percentage weight of solids in the
sugar. Then 100 - 7892 = 2108, the percentage
weight of water in the sugar.

Cane-Sugar.—The 10 per cent. sugar solution
before inversion gave a reading of - 525 divisions
of the half-shadow polarimeter in the 200 mm. tube.
After inversion and treatment as described above,
the reading corrected for dilution was - 577 divi-
sions in the 200 mm. tube. Hence the difference
in the readings before and after inversion is 052
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division, due to the conversion of cane-sugar into
invert-sugar. Then—
052 x 10
502

Unfermentable Residue.—After fermentation of
the 10 per cent. sugar solution and treatment as
described above (p. 121), the reading in the 200
mm. tube was - 010 division, and 25 c.c. reduced
0032 grm. of Cu. .

Reducing Sugars.—Ten c.c. of the 10 per cent.
solution of the invert-sugar were diluted to 50 c.c.,
and 10 c.c. of the diluted solution reduced 02759
grm, Cu. The rotation in the 200 mm. tube of the
10 per cent. solution was - 525 divisions.

The reduced copper, 0:2759 grm., multiplied by
500 gives the amount of copper which would be re-
duced by 100 grms. of the original invert-sugar,
iz., 137'95 grms. Cu. But this amount has to be
corrected for the amount of copper reduced by the
unfermentable residue. Twenty-five c.c. of the
half-diluted fermented solution reduced 0032 grm.
Cu. Therefore 0032 x 80 = 2°56 grms. Cu. re-
duced by the unfermentable matter in 100 grms.
of the sugar.

Hence 13795 - 2:56 = 13539 grms. Cu. reduced
by the dextrose and levulose in 100 grms. of the
ivert-sugar.

The observed rotatory power of the 10 per cent.
solution in the 200 mm. tube has now to be corrected

! See p. 121.

= 1'03 per cent. cane-sugar.!
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for the rotatory power of the cane-sugar and the
unfermentable matter present. 0103 grm. of cane-
sugar were found in 100 c.c. of the solution, and
the calculated rotation for this amount in the 200
mm. tube is 039 division ; the corrected reading
found for the unfermentable residue was - 0°2 divi-
sion in the 200 mm. tube. Hence the rotation due
to the cane-sugar is added to, and that of the
unfermentable residue is subtracted from, the ori-
ginal reading (- 5'25), leaving a corrected reading
of - 544 divisions, which gives on calculation an
[a]p - 944",

On referring to Table IIL, it is found that with
a reduction of 0-2759 grm. of Cu. the grm. value of
dextrose is 1'975, and that of levulose 1814 ; the
simultaneous equations for calculating the per-
centages of dextrose and levulose in the original

invert-sugar then become : —

1975 D + 1:814 L =135:39 Dextrose, 3865 p.c.
528D + ( —92:0L) = — 944 x mu} {Lmloae, 32-44

The result of the complete analysis of the invert-
sugar is therefore :—

Dextrose - - - - - 38:65 per cent.
Levulose - - - - - 3244
Cane-sugar - - - = 10850y
Ash - - - - - - 164 04,
Albuminoids - - - - - Q4 e
Water - - - - - - 1S

Unfermentable matter (by difference) et
10000 ,,
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Analysis of Glucose or Starch Sugar.—The
analysis is carried out in the same manner as the
analysis of invert-sugar described above, but the
determination of the cane-sugar is omitted as this
sugar does not occur in sugars prepared from
starch.  When calculating the reducing sugars
present the constant for maltose is substituted for
that of levulose.

Thus, in an analysis of a glucose, in which 145
per cent. of ash, 097 per cent. of albuminoids and
1570 per cent. of water were obtained, the Cu.
reduced by 100 grms. of the glucose was found to
be, after due correction, 121'97 grms., and the cor-
rected opticity [«]p 41:35. The simultaneous equa-
tions for calculating the percentage amounts of
dextrose and maltose then become :—

1979 D + 1:089 M = 121-97 Dextrose, 57°16 p.c.
528D + 1380 M = 4135 x 10'0} 5 {Maltﬂse. 809 ,,

The result of {the complete analysis of the
glucose is therefore :—

Dextrose - - - - - 5716 per cent.
Maltose - - - - - - Bingieest
Ash - - - - - 148 . -,
Albuminoids - - - - - BT 5
Water - - - - - - 1

Unfermentable matter (by difference) 1663 ,,

—_——

100-00

e ———



SECTION IIL

FERMENTATION.

INTRODUCTION.

THE following studies are divided into two parts—
one concerned more especially with the physiologi-
cal aspect of fermentation, and the other with the
morphology and life history of the more important
micro-organisms of fermentation and with the
special methods employed in their examination ;
but the division is a somewhat arbitrary one, and
many points relating to the first part are of neces-
sity studied in the second.

In the earlier courses of study described in this
book it was found necessary to enter into detail
regarding much of the experimental work, as
there was no text-book covering the whole of the
required ground to which the student could be
referred for information; but there are several
text-books on fermentation available, and in the
following studies it is proposed to refer to these
whenever possible in order to avoid enlarging the
present work unnecessarily. For this reason the

space devoted to the study of fermentation may
126
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appear limited when compared to that devoted to
other studies, but the student must not be misled
by this and underrate the length of time required
for his fermentation work, for he will perhaps find
it necessary to devote more time to it than to any
of his previous studies.

PART I
The Physiological Aspect of Fermentation,

It is not practicable for a student in the time
usually at his disposal to study the physiological
aspect of fermentation in the laboratory in any-
thing like a systematic manner, for the subject is
a very large one, and experiments connected with
it take up much time. The following short course
of experiments must therefore be regarded as merely
an introduction to the experimental side of the
subject. It is expected that the student will have
become familiar by means of lectures and books
with the modern views of fermentation and the life
history of fermentation organisms before com-
mencing the experiments described ; following on
this, the short course of experimental work will
then put him in touch practically with the general
bearings of the subject.

Determination of the Amount of Alcohol and
Carbon Dioxide produced during the Fermentation
of Sugar by Yeast.—Prepare a small, light flask
of about 200 c.c. capacity with a perforated rubber
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stopper furnished with a chloride of calcium tube
and a side tube as represented in the annexed
figure, and provide the side tube with a removable
stopper made with rubber tu-
bing and a small piece of glass
rod. When constructing the
apparatus, note that it must
be made of such a size as to
admit of it being placed on
the pan of a chemical balance.
Weigh the apparatus accu-
rately on the balance, and
then introduce about 8 grms.
of powdered pure dry cane-
: Tk sugar into the flask and re-
Fic. 19.—Apparatus for the 1 . <
Determination of Carbon W&lgh to ascertamn thEWElght of
Dioxide and Aleohol Gen-
erated during Aleoholic sugar taken. Introduce about
e 90 c.c. of yeast water (for pre-
paration of yeast water, see p. 145), and shake the
flask gently until the sugar is dissolved. Add to the
solution about 05 grm. of pressed yeast rendered
liquid with a little yeast water, and re-weigh the
apparatus immediately. After weighing, place the
apparatus in an incubator kept at a temperature of
about 24° (75° F.). Active fermentation will com-
mence in a few hours, and it is advisable in the
earlier stage of fermentation to note if there is any
danger of the frothy “head ” rising into the neck
of the flask. If it appears likely for this to occur
the apparatus should be removed to a cooler place
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until the more active stage of fermentation is past.
When fermentation of the sugar in the flask is com-
plete, which is usually the case in about sixty hours,
remove the cap from the side tube and attach some

form of aspirator to the drying tube of the apparatus
by means of rubber tubing, and draw a current of

air slowly through the liquid in the flask in order
to expel the carbon dioxide present. Disconnect
the aspirator and weigh the apparatus. Again draw
more air through the flask and again weigh, and,
if required, repeat the operation until a constant
weight is obtained, showing that all the carbon
dioxide has been removed. When this operation
is complete, the difference between the weight of
the apparatus before and after fermentation rep-
resents the weight of carbon dioxide liberated
during the fermentation of the cane-sugar origin-
ally taken.

In order to determine the amount of alcohol
formed during fermentation, transfer the fermented
solution and rinsings of the flask to the flask of an
original gravity still, and distil over about 90 c.c.
into a 100 c.c. flask. Make up the volume of the
distillate to 100 c.c. at 155" and determine its
specific gravity accurately. Refer the specific
gravity found to a table’ giving the densities of
mixtures of alcohol and water, and calculate the
weight of alcohol present in the distillate. The
weight found represents the amount of alcohol

1 See Hehner's alcohol tables.
9
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formed during fermentation of the cane-sugar
originally taken.

Calculate the percentage weights of carbon
dioxide and alcohol obtained from cane-sugar, and
compare with those obtained by Pasteur:—

Carbon dioxide - - - 49-42 per cent.
Aleohol - - = = BLI G,

The amounts found by the method of experi-
ment described above usually agree with Pasteur’s
figures within 05 per cent.

The student should now calculate the percentage
amounts of carbon dioxide and alcohol which would
be obtained from cane-sugar if it fermented com-
- pletely according to the equation :—

O H,,0,, + H,0 = 4C0, + 4C,H,HO.

Determination of Glycerin as a Secondary Product
of Alcoholic Fermentation.—The residual liquid obtained in
the previous experiment after removal of the aleohol may be
used for this determination, but the result obtained with such
a small volume of liquid is not usually very satisfactory. I
is better to ferment 25 grms. of cane-sugar dissolved in about
250 c.c. of yeast water for the special purpose of the determina-
tion.

Evaporate the fermented solution in a porcelain dish on a
water bath to a volume of about 50 c.c. Add 20 grms. of pow-
dered animal charcoal to the liquid, mix well and evaporate the
mixture to dryness at a temperature of about 70° C. Transfer
the whole of the dried residue to a mortar, add 20 grms. of
quicklime, and triturate the mixture until it is reduced to a fine
grey powder. The object of adding the lime is to thoroughly
dry the mixture, and also to neutralise and render insoluble the
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sueeinic acid present, Transfer the whole of the powder to a
small dry flask, and add about 80 c.c. of specially dried ethyl acetate
free from aleohol. Shake the mixture well for several minutes,
and after allowing the precipitate to settle, decant off the clear
supernatant liquid and pass it through a filter. Add another
80 c.c. of ethyl acetate to the residue, repeat the shaking and
transfer the whole of the mixture to the filter. After the liquid
has drained through, wash the precipitate with a little more
ethyl acetate. The mixed filtrates now contain all the glycerin,
Transfer to a small flask and distil off the ethyl acetate by heating
in a water bath until about 30 e.e. of solution are left. Transfer
to a small tared porcelain dish, and evaporate in an air bath at
60° C., until the weight is constant. The residue, glycerin, should
be of a light yellow eolour, and possess a pure sweet taste.

Caleulate the percentage weight of glycerin formed during
the fermentation of cane-sugar.

Chemical Composition of Yeast.— Freshly
pressed brewer’s yeast, if it is sufficiently dry
to crumble, may be used for the following experi-
ments ; but if ordinary pressed yeast in good
condition is not obtainable, liquid yeast may be
strained on a cloth filter, and the filter and pasty
yeast placed in the folds of a strong cloth and
submitted to pressure by twisting the ends of the
cloth in opposite directions with considerable force.
By this means yeast may be obtained as a dry
crumbly mass. Pressed yeast may be regarded as
a mass of yeast cells separated from the liquid in
which they were originally contained.

1. Determination of Water in Yeast.—Weigh
about 0:75 grm. of finely crumbled pressed yeast

in a drying tube. Transfer the tube to a drying
g =
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oven, raise the temperature very slowly to 1007
and continue drying at this temperature until the
weight is constant. From the weights obtained
before and after drying calculate the percentage
weight of water in the yeast.

2. Determination of the Ash of Yeast—Weigh
10 grms. of pressed finely crumbled yeast in a
platinum dish, and dry it slowly on a water-bath.
When dry, ignite the yeast gently with a Bunsen
flame until the residue is thoroughly carbonised,
and afterwards ignite more strongly in a muftle
furnace until a very light grey ash is obfained.
Weigh, and calculate the percentage weight of ash
in the pressed yeast taken. Also calculate the
percentage weight of ash in dried yeast, employing
for this purpose the result obtained in the previous
experiment.

Test portions of the ash qualitatively for the
presence of phosphoric acid, potash and magnesia,
of which it is principally composed.

3. Determination of Nitrogen in Yeast (Kjel-
dahl’s method, see p. 55).—Weigh very accurately
about 025 grm. of pressed yeast in a suitable Jena
beaker or flask. Heat with sulphuric acid and
potassium sulphate, and proceed in the usual
manner of a Kjeldahl determination. From the
amount of nitrogen obtained calculate the percent-
age weight present in the yeast both in the pressed.
state and also when dried. Note that nitrogen is
an important constituent of yeast, which must,
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therefore, require a considerable amount of nitro-
genous food during its growth.

The Nature of the Food Requirements of the
Yeast Cell.—Before commencing this study it is
necessary for the student to learn the use of the
haemacytometer for the purpose of counting yeast
cells.

1. Use of the Hwemacytometer.—The form of
haemacytometer recommended is the one known as
Thoma’s (Fig. 20).

Fia. 20.—Figure of Thoma's Hemacytometer.

A 1s a thick glass microscope slide on which a
square of glass (z) 02 mm. thick with a circular
hole in the middle is cemented. A circular glass
(¢) 01 mm. thick is cemented centrally in this hole,
leaving an annular space (d) between (&) and ().
In the middle of (¢) two sets of equi-distant parallel
lines are etched, cutting each other at right angles.
There is thus formed a large square with a side of
1 mm, subdivided into 400 small squares each
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having a side of 0:05 mm. If a drop of liquid is
placed on the square and enclosed by the cover
glass (0), the depth of the layer of liquid thus
formed is 01 mm. As the large square has an
area of 1 square mm. and the column of liquid
above it is 01 mm. in depth, the volume of the
liquid prism above the large square is thus 0°1
cubic mm. ; and as the large square is subdivided
into 400 small squares, the prism of liquid above
each small square is zoos, or ‘00025, of a cubic mm.

If now a liquid placed in the cell contains
yeast cells, these after standing a short time will
settle on the surface of (¢), and the cells in the
prism of liquid over the large etched square will
settle on the square. If the cells resting on the
large square are then counted under the micro-
scope the number found will represent the number
contained in 0°1 cubic mm. of the original liquid.
The same remarks apply also to the small squares,
each of which represents zoos of a cubic mm, of
liquid.

The above description indicates very briefly the
nature of Thoma's heemacytometer and the manner
in which it is used ; for fuller information the
student is referred to Klicker's Fermentation Or-
ganisms, p. 126. But it should be understood that
when the student is learning the use of the he-
macytometer and other special operations con-
nected with fermentation work referred to later on,
he must work under the direction of a competent
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instructor, for personal guidance in the details of
such work is necessary for all but the most ex-
perienced students.

Experiment. — Weigh out 1 grm. of pressed
yeast in a small beaker, and mix it with a little
water to a thin liquid. Transfer the liquid yeast
and the washings of the beaker to a 100 c.c. flask,
and dilute with water to a volume of 100 c.c.

Shake the flask violently to disseminate the
yeast cells evenly throughout the liquid. If this
cannot be done sufficiently well owing to the
limited capacity of the 100 c.c. flask, transfer the
liquid to a dry flask of larger capacity. Imme-
diately after shaking the flask, transfer 50 c.c. of
the liquid by means of a pipette into another flask
and dilute with 50 c.c. of water. Again shake
violently and remove as rapidly as possible a small
drop with a capillary glass tube or pointed glass
rod to the hemacytometer, and cover it at once
with the glass (4). Note that the drop taken must
be of sufficient size to touch the lower surface of
the glass (#), but must not be so large as to
run into the annular space (d). If the size of the
drop does not conform to these conditions, it must
be wiped off, and the experiment repeated. When
a satisfactory drop is obtained, transfer the haema-
cytometer to the stage of a microscope placed in an
upright position, and allow a few minutes for the
yeast cells to settle. Then proceed to count the
cells under a }-inch objective. It will usually be
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found convenient to count the number of cells in a
perpendicular column of twenty of the smaller
squares ; but before commencing to do so it is
necessary of course to decide with regard to those
cells which may happen to touch the lines bound-
ing the column of squares. If all those touching
the lines bounding the left hand and top of the
column are counted, those touching the right hand
and bottom lines must be omitted ; either this or
a reverse method must be adopted, or a correct
number will not be obtained. The cells in at least
five columns of the smaller squares, (100 squares),
must be counted in order to obtain a fair average.
After making one count of the cells, the haema-
cytometer should be cleaned and the cells counted
in a fresh drop. If the numbers obtained agree
closely, the determinations may be regarded as
satisfactory ; if not, further countings of other
preparations must be made until close agreement
is obtained.

The average number of cells obtained for a
small square represents the number present in ﬁ
or ‘00025 of a cubic mm. of the liquid. Calculate
the number of cells present in the original 1 grm.
of pressed yeast taken, bearing in mind that the
original preparation was diluted to one-half its
volume before counting.

In order to assist in realising the vast number
of cells obtained, calculate the distance a single
row of the cells would cover if placed in a straight
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line with the cells just touching each other, assum-
ing that the average diameter of a cell is 6p. A p,

or micro millimeter, equals ﬁ or ‘001 of a milli-

meter, and is the unit employed in microscopic
measurement.

9 The Nature of the Food Requirements of the
Yeast Cell—Three flasks, of similar shape, with a
capacity of about 250 c.c. are required for this
study.

Introduce into flask (@) 100 c.c. of a 10 per cent.
solution of pure cane-sugar in distilled water.

Introduce into flask (4) 100 c.c. of a 10 per cent.
solution of cane-sugar in Pasteur’s nutritive mineral
solution. This solution is prepared by dissolving
the following constituents in 1000 c.c. of water :—

K.HPO,- - STl 2:0 grms.
MgSO, - - - - - L 8 S
Ammonium tartrate SRl (U
Caleium phosphate - s S e R

Introduce into flagk (¢) 100 c.c. of a 10 per cent.
solution of eane-sugar in yeast water.

Weigh out 5 grms. of pressed yeast, and after
mixing it thoroughly with a little water, dilute to
100 c.c. with more water, and agitate the mixture
violently. Now add 5 c.c. of the diluted yeast to
each of the flasks (a), () and (c), so that the con-
tained solutions are yeasted with an equal number
of cells in an equal volume of liquid. Close the
flasks with cotton-wool stoppers, and place them
in an incubator at a temperature of about 20°. At
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the same time add 5 c.c. of the diluted yeast used
in the above experiments to 100 c.c. of water, and
after agitation count the cells in the hemacyto-
meter. Note that the number thus obtained for

the standard volume of ;55 cubic mm. is the number
of cells present in the same volume of the different
solutions in the three flasks at the commencement
of the experiment. Allow the three flasks to re-
main in the incubator for about forty-eight hours
to admit of cell multiplication being complete, and
then count the yeast cells present in each solution
in the usual manner. The solutions (b) and (¢)
may require dilution before counting (see Klocker,
p. 127). Compare the new numbers found for the
standard volume of ;55 cubic mm. in each experi-
ment with those originally obtained, and note that
yeast supplied with cane-sugar as its only food
supply exhibits little or no signs of multiplication,
but that yeast supplied with cane-sugar and Pasteur’s
mineral solution, or cane-sugar and yeast water
multiplies freely.

The Maximum Number to which Yeast Cells
Multiply in a Nutritive Solution is not Directly De-
pendent on the Number of Cells Originally Introduced.
—Two flasks (a) and (b), of 250 e.c. capacity, each containing
100 e.c. of a boiled and filtered malt wort of a specific gravity of
about 1055°, are prepared ; a mixture of 5 grms. of pressed yeast
in 100 e.c. water is also prepared as in the previous experiment.
Add 5 c.c. of the diluted yeast and 5 e.c. of water to flask (a), and
10 c.c. of the diluted yeast to flask (). It will be noticed that
flask (b) then contains twice as many yeast cells in a given volume
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as are present in flask (a). Place the flasks in an incubator heated
to about 20°, after shaking them to mix the yeast. As a check
experiment add 10 e.c. of the diluted yeast to 100 c.c. of water, and
count the number of cells present.

When yeast multiplication is complete (usually in forty-eight
hours), proceed to count the yeast cells present in (a) and (b), noting
that the number of cells present will probably necessitate dilution
of the wort with water to four or five times its volume previous to
counting. After correcting for dilution, compare the number of
oells found per standard volume in both flasks, and note that the
numbers found are very similar, although the number of cells with
which (a) was yeasted was only half that of (b).

From the counting experiment made as a check at the com-
mencement of the study, the number of yeast cells per standard
volume present in (@) and (b) when the experiments were started
may be ascertained. Compare the numbers with the numbers
found for (a) and (b) at the close of the experiment, and note
that the multiplication of each original cell in (a) has been about
twice as great as in ().

The Maximum Number to which Yeast Cells
Multiply in a Nutritive Solution is not Directly De-
pendent on the Amount of Yeast Food Present.—Prepare
two flasks (a) and (b) of 250 c.c. capacity, (a) containing 100 c.c.
of a malt wort of specific gravity 1075°, and (b) 100 c.c. of the same
malt wort diluted with water to a specific gravity of 1050°. Add
to (a) and (b) 10 c.c. of a mixture of yeast and water, prepared as
in the previous experiment, and, after shaking the flasks well,
place them in an incubator heated to about 20°. When yeast
growth is complete, remove the flasks from the incubator and
count the number of cells present in the usual manner. Observe
that although the amount of fermentable matter and yeast food
present in (a) exceeds the amount in (b) to the extent of 50 per
cent., the numbers of yeast cells found in (a) and (&) are very
similar,

The student’s attention is specially called to the technical
bearing of the last two studies.
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Removal of Nitrogen from Malt Wort during
Fermentation,—Prepare a boiled, hopped malt wort
of specific gravity 1055°. Measure 100 c.c. of the
wort into a 250 c.c. flask, and add about 025 grms.
pressed yeast. Close the flask with a cotton-wool
plug, and place it in an incubator at 20° to ferment.

Evaporate 10 c.c. of the same wort and proceed
to determine the amount of nitrogen it contains,
using Kjeldahl’s method.

As soon as the fermentation in the flask is
complete, filter some of the fermented wort until
it is quite bright. Evaporate 10 c.c. and determine
its nitrogen contents.

Compare the amount of nitrogen found in 100
c.c. of the wort before and after fermentation, and
note that the amount which has disappeared has
been assimilated during yeast growth. Compare
this result with the determination of nitrogen in
yeast made previously (p. 132).

Influence of Temperature on the Development
and Fermentative Power of Yeast,—Prepare three
flasks (@), (¢) and (¢) of 250 c.c. capacity, each
containing 100 c.c. of malt wort of a specific
gravity of about 1055°, and add to each flask 5 c.c.
of a mixture of yeast and water containing 5 grms.
pressed yeast in 100 c.c.

Put (#) in a cool cellar at a temperature of
about 12° (564" F.), and (J) in an incubator at a
temperature of about 30° (86° F.). Raise the tem-
perature of (¢) to 60° (140° F.) in a water-bath for
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fifteen minutes, and afterwards place it in the incu-
bator with (4). At the same time add 5 c.c. of the
diluted yeast to 100 c.c. of water, and count the
number of cells present in the standard volume of
2055 cubic mm.

In eighteen to twenty-four hours add 01 grm.
of salicylic acid to each of the flasks to arrest fer-
mentation, and, after shaking violently, count the

number of cells present in ;5 cubic mm. of each
solution. Filter about 70 c.c. of the wort in
each flask and determine its specific gravity or
“ attenuation ”.

Compare the number of cells found with the
number originally introduced, and note that the in-
crease in (b) is much greater than in («), thus indi-
cating that a temperature of 30° is much more
favourable to yeast multiplication than a tempera-
ture of 12°. Observe also that the “ attenuation ”
of (6) is much lower than («), showing that fer-
mentation has proceeded more rapidly at the higher
temperature,

On the other hand, the number of yeast cells
in (¢), and the “attenuation” of the wort have
remained unaltered from the commencement of the
experiment, indicating that the short period of
heating to 60° has destroyed the multiplying power
and the fermentative power of the yeast originally
introduced. Note that this experiment illustrates
the principle of the technical process known as
“ Pasteurisation ”,
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Actions of Some of the Enzymes Present in the
Yeast Cell.

1. The power possessed by the yeast cell of
breaking down or fermenting sugar into alcohol
and carbon dioxide has been shown to be effected
by an enzyme, zymase, but the experimental diffi-
culties associated with a demonstration of this
prevent it at present from becoming a student’s
laboratory experiment.

9. Invertase.—The student has already become
acquainted with the actions of this enzyme when
studying the inversion of cane-sugar (see p. 83).

3. Maltase.—The presence of this enzyme in the
yeast cell, unlike invertase, cannot be demonstrated
without special preparation of the yeast.

Spread a very thin layer of about 20 grms. of
finely crumbled, well-pressed yeast on a porous
plate, and dry it in a vacuum dessicator over
sulphuric acid for two or three days. Powder the
dry mass very finely in a mortar and transfer to
an air-bath, the temperature of which must be
raised very slowly (in about two hours) to 50°, at
which point it must be kept for one hour.

To demonstrate the presence of maltase in the
prepared yeast, add about 0'5 grm. of the powder
to 100 c.c. of a solution of about 5 per cent. of
maltose of known rotatory power containing 0°5
c.c. of toluene as an antiseptic (chloroform must not
be used as it prevents the action of maltase). Cork
the flask containing the solution and keep it at a
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temperature of 35°. In three or four hours filter
and examine the filtered solution in the polarimeter.
A considerable fall in the rotation of the solution
will be observed, indicating the conversion of maltose
into dextrose. From the fall in rotation calculate
the amount of maltose converted into dextrose.
Confirm the presence of dextrose by preparing its
osazone (see p. 81).

Auto-Digestion of Yeast,—Crumble about 1 1b.
of freshly pressed yeast as finely as possible, and
after heaping it together on a sheet of filter-paper,
introduce the bulb of a chemical thermometer into
the centre of the mass. Observe the temperature
of the mass from time to time, and note that it
tends to increase owing to the respiration of
oxygen by the yeast cells and the combustion of
reserve material.

Pack into a broad-mouthed 10 or 20 oz. bottle
some freshly pressed brewer’s yeast, as firmly as
possible, until the bottle is about three-parts filled.
Close the bottle by tying a piece of filter-paper
over its mouth, and put it aside in some place
where it will be kept at a temperature of 20° to 25°.
Observe from day to day that the mass of yeast
gradually liquefies until in the course of several
weeks it consists of a dark muddy liquid. Note
that the change is not due to putrefaction, for the
liquid has no unpleasant smell and few or no living
organisms are to be found in it. The change may
be regarded as an auto-digestion of the yeast by its
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own proteolytic enzymes. If the liquefied yeast is
kept for some months small concretions of tyrosine
will usually be found in the deposit which have
resulted from the breaking down of the proteids of
the yeast.

The liquid expressed from the auto-digested
yeast may be utilised as a source of invertase if re-
quired.’

PART 11.

The Following Course of Experiments Constitutes a
Study of the Morphology and Life History of
Some of the More Important Micro-Organisms
of Fermentation, and Introduces the Student
to the Special Methods Employed in the Study
of Fermentation Organisms.

In the following studies description of detail
has been avoided as far as possible, for the student
can obtain much of the information he will require
from the books to which references are given in
the text. But books alone are an insufficient guide
for a beginner, and it is essential that he should
carry on his studies under the supervision of an
instructor who is able to assist him in many details
of his work which require personal demonstration.

Tt is assumed that the student is able to work

1S8ee C. O'Sullivan and Tompson, Journ. Chem. Soc., 1890,
lvii., p. 869.
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in a laboratory properly equipped for the special
character of his studies, and that he already pos-
sesses some knowledge of the principles and methods
of bacteriology.

Preparation of the Culture Media Commonly
Employed in the Study of Fermentation Organisms,
—It is desirable for the student to prepare stocks
of culture media when commencing the following
studies, in order to acquire a practical knowledge
of the methods of preparation and sterilisation
usually adopted. Subsequently it will save much
time if he is supplied with the media ready pre-
pared.

Hopped Malt Wort (see Klicker, p. 71).—Boiled
hopped wort from a brewer’s copper may be used
with advantage. The wort should be diluted with
water to a specific gravity of about 1050. The wort
must be filtered until it is quite bright, and should
remain free from deposit after sterilisation. The
wort may be stored in flasks, closed with cotton-
wool plugs.

Prepare 2 liters of wort and store in four flasks
after sterilising in the usual manner.

Yeast Water.—Heat a liter of tap water in a
2 liter flask over a gas flame, and when it is boiling
briskly add gradually about 70 grms. of pressed
yeast. Boil the mixture for fifteen minutes, and
afterwards allow it to digest on a boiling water
bat