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. THE CHEMICAL CHANGES AND PRODUCTS

RESULTING FRCM

FERMENTATIONS

INTRODUCTION.

Tae majority of the chemical changes which are the
result of fermentation occur in two large classes of
compounds—~the carbohydrates and the albvmins. These
are the materials used by young plants and animals as food-
stuffs ; as such, however, they cannot be assimilated, but
must first undergo the changes which will be deseribed
in the following pages, in order that they may be made
assimilable and really serviceable as food-stuffs.

The changes, so far as they are known, generally consist
in a splitting up of a complex molecule into simpler ones,
but, at present, only in a few cases can the stages in the
transformation be followed. The reverse changes, or
synthetic processes, no doubt, also take place both in
plants and animals, and they consist in the building up
of a complex molecule from simpler ones ; at the present
tifhe, however, we have no knowledge as to how they
are produced, but during the last few years experimental
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2 FERMENTATIONS.

gynthetic fermentation processes with the ferments maltase
(Hill, Emmerling), lipase (Kastle and Loevenhart, Hanriot),
lactase, and emulsin (Fischer and Armstrong), have been
carried out in the laboratory, and it is very possible that -
processes of this kind take place in nature on similar
lines.

All these changes are brought about either directly or
indirectly by means of living organisms. In the latter
case the change is caused by a soluble ferment, or enzyme,
which is secreted by the organism, and which can be
employed in the laboratory as a reagent; similar changes
to those which occur in nature can thus be produced, and
the different products which result at the various stages
of the process can be obtained. In the former case, so
far as is at present known, these changes are produced by
the living organism as the result of its metabolism, though,
in all probability, an enzyme is secreted, not excreted,
which produces these metabolic changes in the interior of
their constituting cells. The researches of recent times
upon this subject have made this supposition very prob-
able; for example, a soluble ferment, or enzyme, has been
extracted by Buchner from yeast, which can cause the
alcoholic fermentation of saccharine liquids—a change
which until then had been regarded solely as the result
of the life of the yeast-cells.

The chemical changes which occur as results of fermen-
tation are generally brought about by hydrolysis; but
oxidation, as well as reduction, also takes place. All
enzymes, as pointed out by Schonbein, are capable of de-
composing hydrogen peroxide with the evolution of oxyg&y,
and of producing a blue colouration with guaiacum tincture,
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beer yeasts only being except.ioné with regard to the latter
test. It has lately been shown that the blue colouration
produced in guaiacum tincture is due to the action of
a separate enzyme, belonging to the class of oxydases, and
Loew has still more recently made experiments showing
that the power of decomposing hydrogen peroxide is due
to the action of another separate enzyme of general -
occurrence, termed Dy him catalase.

The changes which the carbohydrates undergo are by
far the most itnportant, on account of the fact that the
products obtained from them have been the substances .-
upon which most investigation and research have been
expended, and many of them are of commercial importance.
¢.g. the production of alcohol from starch. It will, there-
fore, be more advantageous to describe firstly the changes
which these undergo.

- The carbohydrates are generally divided into four
classes: (1) the Polysaccharides; (2) the Trisaccharides,
or Saccharotrioses; (3) the Disaccharides, or Saccharo-
bioses; (4) the Monosaccharides, or Monoses.

To the monosaccharides, the glucosides, most of which
are derivatives of glucose, are very closely allied, and the
chemical changes which these undergo as the result of
fermentation are best considered before those which take
place in the monosaccharides, especially glucose, and
which result in the formation of products other than
alcohol, ¢g. the production of lactic acid. Hydrolytic
changes also occur in the fats and oils, and in urea, and
these are best reviewed before the changes caused by
oxlation, the most important of which is the production
of acetic acid from alcohol; we shall then come to
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reduction-changes and the processes of nitrification and
denitrification, and finally to the changes occurring in
the albumins, which are of a much more complicated
- nature, but no whit less interesting or important than
those occurring in the carbohydrates.



CHAPTER L
CHANGES IN THE POLYSACCHARIDES.

Or the polysaccharides, starch is by far the most important,
not only on account of the great rdle which it plays in
nature as a reserve material in plants, but also on account -
of the numerous investigations which have been carried
out by various observers, in order to elucidate the chemical
changes which it undergoes in plants gs the result of the
action of the ferment, or enzyme, known as diastase, upon
it. These investigations have been made with the ultimate
view of determining its constitution, as well as the con-
stitution of the several decomposition products obtained
from it during the process.

As is well known, a thin starch paste, containing about
one or two per cent. of starch, to which a little diastase
has been added, gradually becomes clear and the starch
dissolves. This solution now is found to possess the
power of reducing Fehling’s solution, a property which it
did not possess before the addition of the diastase, and, if
it be tested at intervals, during the process of this trans-
formation, with a solution of iodine in potassium iodide,
a series of colour-changes will be observed: at first a
blue colour is formed, showing still the presence of starch,
But quickly this colour changes to purple, and then
gradually to reddish-brown, until finally no colour-change
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at all is seen. The purple colour is due to a mixture of
starch and dextrin, the reddish-brown to a dextrin, and
the cessation of cclour-change indicates the presence of
another dextrin and maltose. These changes, then, are
the result of the hydrolysis of the starch through a series
of dextrins to a reducing sugar, now known to be maltose.

Payen and Persoz, who, in 1833, first prepared diastase,
were the first to examine the products resulting from this
change in starch, and they found that a reducing sugar
was not the only product obtained, but that a dextrin, not
coloured by iodine and soluble in dilute alcohol, was also
formed.

In 1860 Musculus observed that the dextrin and the
sugar were formed simultaneously, and that the dextrin
‘was not further altered. Independently of each other,
about ten years later, Griessmayer, O’Sullivan, and Briicke
ascertained that at least two dextrins were formed in this
change, one of which was coloured brown by iodine,
whilst the other was not visibly affected. Briicke named
these respectively erythrodextrin and achroodextrin.
O’Sullivan considered them to be identical, and said that
they were convertible into maltose by malt extract.

Further investigations were made by Musculus and
Gruber in 1878, who came to the conclusion that at least
three achroodextrins were produced, the starch molecule
breaking down by a series of hydrations and decomposi-
tions, maltose being obtained at each stage, together with
a dextrin of decreasing, or lower, molecular weight.

In 1879 Brown and Heron published the results of
the work which they had done upon the decomposition ol
starch by the action of diastase. Their conclusions, which
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do not differ on the whole from the theories put forward
by Musculus and Gruber in the previous year, are to
the following effect: Starch has a formula of at least
10C1eHxO4o; in the hydrolysis by diastase, groups of
C12H010 are gradual\ly split off, a dextrin of lower mole-
cular weight being left at each stage, and eight of these
dextrins are possible; the group of CiaHyOy, which is
split off, is hydrolysed to maltose, C;3Ha011, the elements
of a molecule of water being taken up.

In the same year O’Sullivan stated that four dextrins
were formed, one of them being erythrodextrin and the
other three achroodextrins.

About the same time Herzfeld brought forward still
another view of the changes produced in starch, as the
result of his own experiments. He observed that the
products obtained were different when the hydrolysis
was carried out below or above 65° C.; at the lower
temperature maltose and achroodextrin were formed, and
the latter was subsequently converted into a body, which
he called maltodextrin, and maltose ; at the higher tem-
perature, in addition to these products, dextrin and erythro-
dextrin were formed. He concluded, therefore, that there
was consecutively a conversion of the starch into soluble
starch, erythrodextrin, and achroodextrin, and that the
latter was then transformed into maltodextrin and
maltose. For maltodextrin he suggested the composition
of two dextrin groups united to a sugar group of the

CﬁHmosl
formula CgH1.06 ; thus: { CgHy005 1.
) {CeHmoJ

In 1885 the results of a very therough investigation
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by Brown and Morris of the products obtained from starch
by the action of diastase were published. These in-
vestigators found that 81 per cent. of maltose and 19
per cent. of dextrin were formed as end products, and
that the dextrin was further hydrolysed only with great
difficulty. They obtained also an intermediate product
which they called maltodextrin, and this was found to
be produced in varying amounts; this product was
different to that of the same name obtained by
Herzfeld, which they considered to be impure. The
following theory was framed to account for these facts:
Since only four-fifths of the starch is readily con-
verted into maltose, the formula of starch is at least
5(CyoHogO10)s, and consists of five amylin or dextrin-
like groups, four of which are arranged symmetrically
round the fifth, which is changed with greater difficulty,
and finally remains as dextrin. At each stage a group of
(C12HoO10)s is split off before complete hydration takes
place, and a dextrin-like residue is left. The group which
is split off is hydrolysed and forms maltodextrin
{ CrHeOn ]
L(CraHoO10): S
It is then further changed into maltose by the assimila-

, one molecule of water being taken up.

tion of two molecules of water.

That maltodextrin is a definite chemical? compound,
and not a mixture of maltose and dextrin, is shown by
the following properties: (1) it cannot be separated into
maltose and dextrin by dialysis; (2) it is completely
converted into maltose by the action of diastase, whereas
a mixture would leave a residue of dextrin; (3) it is not
fermentable by yeast directly. !
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In 1874 Naegeli obtained, by the action of dilute
acids upon starch, a substance which he called amylo-
dextrin. This substance formed the subject“ of a paper
by Brown and Morris in 1889 ; they found it to be a
definite chemical compound, and not a mixture of maltose
and dextrin, although its composition could be expressed
in the terms of maltose and dextrin, and that it was
analogous to maltodextrin in composition. They repre-
{ CrHw0n 1
1 (CisHnOr0)e §
as consisting of six amylin or dextrin groups, and one
amylon or maltose group. It was converted, by the
action of diastase, immediately and completely into
maltose, and could not therefore contain the stable amylin
group. It was also quite different from soluble starch,
with which it was supposed by Naegeli and others to be

sented it by the formula , 9.e. constituted

identical.

In the same year the same investigators published
their further views upon the constitution of starch, \qnd
the hydrolytic action of diastase upon it. The starch
molecule was still supposed to consist of four complex
amylin groups arranged symmetrically round a fifth
similar group, which constituted a molecular nucleus;
each of the five amylin groups lad a formula of
(C1oH20010028 and a molecular weight of 6480 (from
results obtained by Raoult’s method), which was con
siderably greater than they had originally supposed.
The entire starch molecule, or, more correctly speaking,
that of soluble starch, was represented by the formula
5(C12H20010)20, with a molecular weight of 32,400. The
first action of hydrolysis by diastase was to break up this
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molecular complex, thereby liberating all the five amylin
groups ; four of these, by successive hydrolysations through
maltodextrins, were completely converted into maltose,
whilst the central amylin nucleus, by a closing up of the
molecule, withstood hydrolysis, and constituted the stable
dextrin which is so slowly acted upon. The four readily
hydrolysable amylin groups were regarded as of equal
value, which is in accordance with the view put forward
by O’Sullivan in 1879, which stated that the dextrin
molecules do not become smaller at each step, and that
“the difference in their behaviour must be accounted
for by a difference of relation in the arrangement of the
molecules to one another, probably in solution alone.”
This hypothesis, they maintain, provided for intermediate
maltodextrins or amylodextrins, whose number was only
limited by the size of the original amylin group.

In 1890 Emil Fischer synthesised a new disaccharide
from glucose, which he termed isomaltose; and Lintner,
in 1891, who had been investigating the diastatic hydro-
lysis of starch, obtained a sugar of which he made the
osazone, which corresponded in its properties with the
osazone obtained by Fischer from his sugar: he therefore
concluded that isomaltose was a product of the hydrolysis
of starch, and not maltose, as had been previously
supposed. Two years later, together with Dull, he
criticised Brown and Morris’s theory, and suggested that
the various amyloins were mixtures of dextrin and
isomaltose. At the same time, they brought forward their
theory upon the action of diastase on starch, which is
as follows: In the hydrolysis of starch five compounds
are formed-—isomaltose, maltose, and three dextrins, viz.
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amylodextrin, erythrodextrin, and achroodextrin, of which
they made molecular weight geterminations. The first
product is amylodextrin (CioHagOr)ss, Which is the chief
constituent of amidulin, or soluble starch ; then erythro-
dextrin  (Ci9H20010)17.C12H22011 \is formed; and subse-
quently achroodextrin (CioHsO10)5.C1oHgpOr1, isomaltose,
and maltose. They give the following equations to
represent the formation of these substances:—
(C12Hg0010)54 + 3H,0 = 3[(012H20010)17-012H22011]

Amidulin, ' Erythrodextrin,
or amylodextrin, '

3[(C1aHg0010)17.C1oH2011 | + 6H0

Erythrodextrin. = 9[(012H20010)5.012H22011]
Achroodextrin.
9[ (Cr2H20010)5.C10H29011 | + 45H,0 = 54C1oHpO11
Achroodextrin, Isomaltose.
= 54012H2‘2011
Maltose.

All these changes are supposed to occur simultane-
ously.

Schiffer also considered that isomaltose occurs
amongst the transformation-products of starch. About
the same time (1893), Scheibler and Mittelmeier evolved
another theory, as they did not agree with that of Lintner
and Dill. Scheibler and Mittelmeier thought that there
was no real difference between the constitution of starch,
dextrin, and the bioses, etc., except in the difference of
the number of glucose residues in the molecule. The
glucose molecules are capable of combining in two ways,
either one or both of the carbonyl groups taking part; in
the former case an aldehyde is formed, but not in the
latter; thus there are monocarbonyl and dicarbonyl link-
ings. In starch the glucose residues are combined by
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dicarbonyl linkings since starch cannot reduce Fehling’s
solution ; hydrolysis by acids or by diastase takes place
at the carbonyl linkings, two molecules, each contain-
ing an aldehyde group, being formed, and the particular
glucose residue is connected with the remainder of the
molecule by a monocarbonyl linking. These intermediate
substances form dextrins, and as hydrolysis takes place
probably simultaneously at several of the dicarbonyl
linkings, a number of dextrins are simultaneously formed;
by the further action of diastase, dextring of smaller
molecular weight, and finally maltose, are obtained.

Brown and Morris, in 1895, noticed that maltose,
when liberated from starch by diastase, was in the state
of half-rotation, and that on standing, or on heating, it
acquired the normal rotatory power; O’Sullivan and
Tompson have observed this same peculiarity with
dextrose when obtained by the inversion of cane sugar.
~ In the same year, Ling and Baker, and Brown and
Morris investigated Lintner’s isomaltose, and concluded
that the sugar obtained by Lintner was not identical with
that obtained by E. Fischer, as it could be separated by
fractionation with alcohol into maltose and dextrins of
the maltodextrin type. Further, that maltose is the only
sugar obtained in the hydrolysis of starch which can give
a crystalline osazone.

In 1895 Ulrich repeated Lintner’s work, and found
that maltose and not isomaltose was formed; Jalowetz
obtained the same result as Ulrich, and considered that
maltose was the only sugar obtained. Ost, in 1896,
again confirmed the presence of maltose, and Pottevin,
in 1899, also came to the same conclusion. These various
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observations definitely prove that maltose is the sugar
resulting from the hydrolysis of starch by the action of
diastase. |

Mittelmeier, in 1895, promulgated a still different view
~ upon the diastatic resolution of starch. According to him
there are two stages: in the first stage, a small portion
of the starch is rapidly converted into amylo-, achroo-,
and erythro- dextrins, and sugar ; these are not identical
with those formed later; and he calls them, according to
the stage, primary and secondary dextrins. From the
primary dextrins maltose, and from the secondary a new
sugar, which he terms metamaltose, are obtained. This
view he modified two years later (1897), thus: the first
action of diastase on starch results in the formation of
equal quantities of two different amylodextring, one of
which is more easily attacked by diastase than the other ;
thus, while the one is in the erythrodextrin stage, the
other has passed from dextrin to sugar; the existence
of a sugar molecule and a dextrin molecule in one
molecular complex was thus said to have been made
intelligible.

In 1898 Pottevin described a number of experiments
which tended to show (1) that the conversion of starch
into maltose took place in two stages, dextrin being
the intermediate product; (2) that the various dextrins
differed only in their physical states; (3) that the
different parts of the starch granule differed in the
ease with which they were converted into dextrin, and
the dextrin then into maltose. Thus, the conversion
of starch proceeds with unequal rapidity in the different
portions of the mass. In the next year he stated that
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the dextrins could be divided into three groups: (1)
achroodextrins not coloured ; (2) amylodextrins coloured
blue ; (3) erythrodextrins coloured red, by iodine. Amylo-
dextrin, he considered, was not a definite substance, as it
gave a- and [3- amylodextrins; the formation of dextrin
was independent and distinct from the formation of
maltose from dextrin, Brown and Morris’s maltodextrin
he considered to be a mixture, as he had separated it
into maltose and dextrin.

In 1899 Brown and Millar published two very
important papers upon maltodextrin and dextrin. To

C1aHeeOyy } was

(C1aH20n)2
assigned by Brown and Morris in 1885.

maltodextrin the empirical formula {

When this was prepared in a pure state—a very
laborious process—and oxidised with mercuric oxide and
barium hydroxide until it no longer had any reducing
power, a definite and complex carboxylic acid, called
maltodextrinic acid A, was obtained. By the hydrolytic
action of diastase 40 per cent. of maltose and 60 per
centk of another carboxylic acid—maltodextrinic acid B—
were formed ; dilute acids gave 85'8 per cent. of d-glucose
and a simpler acid containing five carbon atoms, which
is a quite different result. The B acid gave the same
products, on hydrolysis, as the A acid. The five carbon
atom acid appeared to be a normal acid derived from
a pentose, and had properties in common with those
of xylonic acidd. From these results they conceived an
idea of the constrtution of maltodextrin and the derived
acids which is as follows: maltodextrin is made up of a
number of Cys- or maltose residues, since it is completely
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hydrolysable to maltose, but still retains a terminal CHO
group owing to its possessing reducing properties; oxida-
tion goes further than the conversion of this CHO group
into a COOH group, since it splits up the terminal Cy,-
group into a Cj- acid resi({ue, which remains attached to
the hydrolysable portion of the polysaccharide. If now
Fischer's constitutional formula for maltose—

CH,0H—CHOH—CH—~CHOH),—CH —0—CH,—(CHOH),—CHO
~0

be accepted, the polysaccharide maltodextrin may be

regarded as made up of three such molecules, with the

elimination of two molecules of Wéter, and may be
represented as follows :—

CH,0H ——CH, CH,
(l}HOH (IJHOH (]JHOH
o\ (<|JHOH)2 0 (([JHOH)g Q (EHOH),,
“CH (IJH H
(i) 0] (l) o ° (‘)
bm, i, or,
(]]HOH (‘JHOH ((‘3HOH)4
ClH | (lJH CHO
¢ ((L,HOH)2 0 (|CHOH)2
b1 N\im
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or abbreviated thus—
/ CI2H21010

CisHuOs
q

the sign -~ Deing used to denote the open termina
carbonyl group, as suggested by Scheibler and Mittel
meier.

The Cya- groups and the Cg- groups are linked to on
another through oxygen atoms, and at these points th
molecule breaks down in hydrolysis.

The difference between acid and diastatic hydrolysis
in that glucose is only formed by the former, may b
accounted for by spatial relations between the adjacent
Cre- groups, which may determine the differential action o
diastase, or by the relative size or mass of the Cg- or Cigp
groups. This resembles the selective action of maltase o
gl\icase, and emulsin, which was shown by E. Fische
to exist in their behaviour to glucosides.

The constitution of maltodextrinic acid A can only
be explained by assuming that the terminal Cie~ group of
the maltodextrin is attacked in such a way that by
simultaneous or successive oxidation C;H;30; is removed,
and C;HyOg is left still in combination with the poly-
saccharide residue. The following is thus the only formula
which it can possess :—

_C1zH2010
Q

“>CiHuOy
0
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the reducing Cio- group of maltodextrin having become
—O0—CHy—(CHOH)3—COOH —the residue of a normal
Cs- carboxylic acid.

The hydrolytic decompositions of maltodextrinic acid A
can be expressed hy the equations :—|

1. Diastatic— \ 3
/012H21010 L
0\ e CiaH2:010
/012H2009 +H0=0 + C1oH20n
0] CsHy05
\05H905 Maltodextrinic acid B.  Maltose.
Maltodextrinic acid A.
i l
2. Acids— ‘\
_~CioHaO10 A
O
S CHuOy + 4H,0 = 4CeH0; + CoHio0s
O d-glucose. Pentose acid.
\C5Hy05

Maltodextrinic acid A.

The dextrin, which is formed together with maltose in
the diastatic hydrolysis of starch, was obtained in the
purest possible state by fractionation with alcohol and
occasional fermentation, and was found to possess a feeble
reducing power. On oxidation with mercuric oxide and
baryta, it gave a complex carboxylic acid, called dextrinic
acid. By hydrolysis with acids it was resolved into
d-glucose and a C;- acid identical with that obtained from
maltodextrin, but diastatic hydrolysis gave maltose and
glucose, which are also obtained in almost equal quantities
from dextrin itself by the action of diastase. Here there
is no selective action of diastase to split off maltose rather
than glucose, and the difference in linkings or spatial
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relations between the Cjo- groups and their constituent Ceg-
groups cannot account for these results. The stable
dextrin must therefore be made up of Cg- complexes, or as
a combination of 39 groups of CgHypO; and one CgHipOg
group, or as 40(CeH100;5) + H:0.

Its constitution may be regarded as a condensation of
40 glucose molecules with the elimination of 39 molecules
of water, expressed by the formula :—

OH,0H [ CH, ———$H2
| l
LHOH CHOH (CHOH),
|
// 0 CH 0 CHO
A
g (CHOH% Q\iCHOHh
|
P H——
OH C =

The constitution of dextrinic acid will then be given by
converting the right-hand group into—

—CH,
l
(CHOH),
COOH

the residue of a Cs- acid given by complete hydrolysis.
These formul® can be abbreviated thus :—

/ CsHmO4 . o / CGHIOO4
N (CsHi004)50.08 “N\(CgH1004)50.08
o o
~
NOeHp0g | CsHo0

Stable dextrm Dextrinic acid.
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The size and constitution of the starch molecule are
suggested from the total results which Brown has ob-
tained with his various co-workers. The stable dextrin
obtained with maltose canrot have a simpler formula than
40 CgH 1005 + Ha0, and the 2quation representing its forma-
tion from starch together with maltose in the proportion
of 1 to 4 becomes :— '

(CGH1005)39
CsH1205

The starch molecule cannot be less than five times that

100 CoHgpOyo + 81 Hy0 = 30 C1aHp204; +‘{

of stable dextrin, on account of this result, and dextrin
from molecular weight determinations has a formula of
39 (CeH1905).CeH1206, giving a molecular weight of
6498.

Its molecular weight cannot be less than 32,400, and
its empirical formula can be represented by : —

100 ClgHmOm,. or (80 012H20010 .40 CGHmOs)

Starch also does not possess a cafbonyl group, as it is
a non-reducing polysaccharide, and its\constitution can be
expressed most simply as made up of 80 maltose groups
and 40 dextrin groups, linked in ring form through oxygen
atoms, thus :—
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A
CeH 10
//76104
O

O>(CGH1004)38
CHuO,
0] ' 0
B &
0/012H2009 . O/CI2H2009
\( 012H2009)18.017 >(012H2009)18-01‘?
0~ ‘ 'Q
CuHx0g c]mHzoog
L o
B 2 |
/ClgHzoOQ g /CmHzoOg
) >(C 12H2009) 13.0 17 >(C 12H2009)18-01'1

Q

0]
\0\121{2009 - /CmHmOs
T TT——o0

On hydrolysis with diastase, the dextrin complex A
is split off, forming stable dextrin, 39 CgHypO5.Cet 120,
whilst the maltose portion B of the ring is attacked at the
oxygen linkings of the Cjo- groups, forming, by successive
stages of hydrolysis, maltodextrins or reducing dextrins,
and finally maltose.

Alsoin 1899 W. Syniewski obtained from starch by
the action of water, alkalies, and sodium peroxide, a number
of substances which he termed amylodextrins, of which

\)
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the simplest was amylogen. Starch and the amylo-
dextrins are therefore considered to be made up of a
number of these amylogen molecules associated together
in the form of anhydrides, by loss of water. The amylo-
gen obtained by the action of sodium peroxide has the
formula Cs5sHggOys, from molecular weight determinations,
and consists of three maltose residues combined with a
dextrin residue of eighteen carbon atoms ; and the dextrin
consists of three glucose residues, two of which are com-
bined together in the form of isomaltose.

Diastase hydrolysis was performed with the amylo-
dextrin obtained by the action of boiling water under
pressure, and the process is supposed to be a gradual
splitting off of maltose groups leaving a maltodextrin,
until & dextrin remains which does not contain maltose,
and is called “(Grenzdextrin,” a glucodextrin. This is
then converted into simpler glucodextrins and glucose,
then into isomaltose and glucose, and finally into glucose.
The final result, which isa mixture of dextrin ar\xd maltose,
is explained by supposing that the maltose is not so easily
removed from some of the intermediate dextrins as it is
from others.

By the action of malt extract, previously heated to 78°,
upon amylodextrin, Syniewski has recently obtained a
substance, which he has termed Grenzdextrin II.; it
differs from Grenzdextrin I., which he formerly obtained
by the action of fresh unheated malt extract, and is
identical with Brown and Morris’s maltodextrin. To
account for these results he supposes that the amylogen
residue contains three kinds of carbonyl linkings; he
denotes them by a, 3, v, and the glucose residue by (Ce);
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and the following schematic formula is given to the
amylogen residue :—

(Ce)—7—(06)—01—((‘36)—{3—(?6)-—a—(Os)—7—(06)
B—(Co—p

«L—(Ce)——v—(ce)

When fresh malt extract acts upon the amylogen
residues of amylodextrin, the « linkings are attacked,
maltose (Cg)—y—(Cs) and Grenzdextrin 1., made up of
the residues— :

(Ce)—B— (?6)
' B—(Ce)—3

being obtained ; when heated malt extract acts upon the
amylogen residues, the (3 linkings are attacked, and Grenz-
dextrin II., made up of the residues—
(Co)—y—(Ce)—a—(Cy)

is obtained. He has previously shown that Grenz-
dextrin I. has the formula CqH;9Og, and consequently
it contains four of these residues; amylogen, which has
the formula C5HggO4s, can only give one of these residues,
so that starch must contain at least four amylogen
residues ; if (C,) and (Cis) represent glucose and maltose
residues respectively, the following formule are then
obtained :—
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(Ce)—(Cr2) : (Cp) ===
/ / L
(Cig)—(Ce)—(Ce)—(Cig) (Cis)—(Cs)
o '(0/) \(0 )
1) SR il *
18) = CIS
(Cie)—(C1s) " ()= \)
Amylogen, : (018) (018)
v \ /
\ (i) —(Cs)
./
(Crs)
Starch,

where the single 1iries between the (Cys)- residues represent
(3-carbonyl linkings, and the double lines two carbinol
linkings.

H. Brown’s last publication, with Glendinning, is upon
the velocity of diastase hydrolysis, and he finds that it
does not follow the law of mass action. A. J. Brown
has obtained a similar result in the ease of invertin.

Before passing to the next polysaccharide, the other
sugars which have been said by different investigators to
be products of diastase hydrolysis might be' enumerated.
Some observers have supposed glucose to be a product,
but the conditions of the experiment were probably the
cause of this observation, other enzymes being present in
the diastase solution. Nasse has obtained a sugar which
he calls ptyalose, differing from both glucose and maltose,
by the action of ptyalin upon starch.

The action of diastase upon starch is considered by
Arthur Meyer as catalytic, the amylose taking up the
elements of water and breaking up into two or more
molecules of amylodextrin, which subsequently forms

-



24 ’ FERMENTATIONS.

dextrin and isomaltose; maltose is formed by intra-
molecular rearrangement from isomaltose as well as from
dextrin.

From the foregoing it will be seen that very many
theories have been advanced by many workers to explain
the hydrolysis of starch by diastase. Two facts, however,
stand out clearly from the mass of complicated results:
firstly, the production of maltose; and secondly, the pro-
duction of a dextrin much more difficult to convert into
maltose, but eventually convertible. Intermediate between
the starch and maltose many dextrins, no doubt, are
formed, and they have been named with the various terms
enumerated above. Of these, Brown’s maltodextrin only
has been prepared in anything like a state of purity; but
this may possibly be the simplest of them, as its constitu-
tion has been determined : the other dextrins are no doubt
mixtures of several of the intermediate ones, and have
not yet been prepared in such a state of purity that their
properties could be established. Opposite is a table
showing schematically the various results which have
been chtained.
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CHAPTER 1L
CHANGES IN THE POLYSACCHARIDES.~—Continued.

THE next polysaccharide, inulin, which is also found as
a reserve material in certain plants, undergoes hydrolysis
by the action of the ferment known as inulase, discovered
by Reynolds Green in 1887, The formula C;2H200:0.2H,0
is usually given to this polysaccharide, which, according
to Bourquelot, is converted by fermentation into leevulose
or fructose.

Kiliani, from results of combustion, gave the formula
CyHeOs or 6CgH;005 + HyO to this carbohydrate ; but
Brown and Morris, in 1889, from determinations made by
Raoult’s method, considered the formula to be 2C3HgOg;.
They also stated that inulin resembled amylodextrin in
its properties very closely, and they gave the following
formula to express its constitution :—

(CraH22011)2 |

(012H20010)4 ’
which is closely analogous to that of amylodextrin. The
ultimate products of hydrolysis of inulin are different,
and they therefore thought that the amylin and amylon
groups in its molecule were different to those in amylo-
dextrin, because levulose is obtained, whereas in the
latter case maltose is obtained. Also, that it is a product
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of the hydrolysis of an unknown carbohydrate, and stands
in the same relation to this body ag amylodextrin does to
starch.

According to Diill, the molecular weight of inulin is
2950, which agrees with the formula (CeH;gOs)is or
(CeH1005)6 + H2O ; this observer has found that the
Jeevulins obtained from inulin by acid hydrolysis are
really reversion products of levulose, and therefore they
are not hydrolytic decomposition products.

In animals, carbohydrates are stored up in the form
of glycogen; this reserve material is found in greatest
amount in the liver, where it is converted into maltose
and glucose when required for use by the animal.

The chemical changes which this body undergoes by
the action of diastase have been investigated by Miss
Tebb, who has compared this hydrolysis with that pro-
duced by acids. The former method gives achroodextrin
and another dextrin named dystropodextrin, whilst dilute
acids give soluble glycogen, erythrodextrin, and achroo-
dextrin. The sugar formed is supposed to be maltose,
from which, by the action of glucase, glucose is produced
in the liver. Miss Tebb has identified her dystropodextrin
with the product of the same name obtained from glycogen
by Seegen.

As regards the molecular weight of glycogen, the most
recent determinations have been made by Jackson, who
used carefully purified glycogen, and found that the
amount of lowering of the freezing-point corresponded to
a molecular weight of 9500-10,000.

Caroubin, a polysaccharide of the formula CgH;90;5, has
been obtained by Effront from the seeds of the carob-bean

y -
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(Ceratonia siligua); it is hydrolysed by the enzyme,
caroubinase, obtained from the germinating seeds, to a non-
crystallisable reducing sugar, which is a hexose. This
hexose is fermentable with yeast, and gives an osazone
melting at 183° C; its reducing power is the same as
that of glucose, but its specific rotatory power of [a],
= 4 24° is different. Effront called this sugar carou-
binose, but Marliere considers it to be a mixture of
glucose, fructose, and galactose; Von Ekenstein has since
identified it as d-mannose.

Bourquelot and Hérissey have found that the so-called
horn-albumin, which occurs in the fruit of the carob-tree
in the species of Medicago sativa and Trigonella fenum
grgcum, is a manno-galactan ; this is hydrolysed by the
enzyme seminase, which ‘can be extracted from the
germinating seeds, and converted into mannose and
galactose.

The albumin of the seeds of Pheniz canariensis con-
tains mannans; these are decomposed by a soluble
ferment present in the germinating seeds into mannose
(Bourquelot and Hérissey). Mannose, according to
Hérissey, is also the product of the mannan of orchid
tubers when they are acted upon by a soluble ferment
present in them,

The cell-walls of plants consist of cellulose and certain
bodies closely allied to, and found together with it, termed
pectoses.  The changes which these undergo when acted
upon by the enzyme cytase, are probably very compli-
cated, like those of starch; the ultimate products being
a reducing sugar from cellulose and metapectic acid from
the pectose; metapectic acid is probably identical with
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arabic acid, which is found in gum arabic, and which can
be hydrolysed to galactose and arabinose.

Cross and Bevan, who have investigated the hydrolytic
decomposition products of the various celluloses, state that
glucose and mannose are formed from oxycelluloses; in
addition to these two sugars, galactose, arabinose, and
xylose are formed from pectocelluloses. Tollens and Ganz
state that they have obtained a sugar—seminose—from
cellulose by acid hydrolysis ; and Reiss has also found the
same carbohydrate.

According to Omeliansky, cellulose is fermented by
Bacillus fermentationis ccllilosse, with the result that 70
per cent. fatty acids, chiefly acetic and butyric acids,
together with 30 per cent. of gases (carbon dioxide,
hydrogen, and in the last phases methane), are formed.

Besides cellulose, lignin, the woody sﬁbstance, is con-
tained in the cell-walls of plants. Czapek has observed
that this is dissolved by an enzyme, which he has termed
hadromase. The woody substance is regarded as an ester
—a compound of cellulose and hadromal—and it is decom-
posed by the soluble ferment into its constituents.
Hadromal has the properties of a phenol and of an alde-
hyde, and is probably a para-compound. The cellulose
formed in this decomposition is then acted upon by cytase,
which is also secreted by the mould fungi from which the
hadromase was obtained.

The transformation, which many fruit juices undergo,
into a jJelly, is, according to Frémy, due to an enzyme
called pectase. The substance so changed is the pectose
which is found with the cellulose. Frémy states that pectine
is formed from pectose by the action of acids, and that

1
Y
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the conversion by the enzyme takes place in two stages,
resulting in the successive formation of pectosic and
pectic acids, which are gelatinous bodies.

The most recent investigations have been carried out
by Bertrand and Mallevre, who have found that calcium
is contained in the jelly, which consists of calcium pectate,
and not of free pectic acid, and that gelatinisation depends
upon the presence of calcium ; this can, however, be
replaced by barium or strontium. Free mineral acids, and
even malic, citric, or oxalic acids, hinder the formation of
this coagulum, but the effect of acids is decreased by
excess of pectase or calcium salts. Coagulation, therefore,
depends on the proportion of pectase, calcium salts, and
free acid.

The power of gelatinising possessed by pectine under .
the influence of pectase, is, according to Bourguelot and
Hérissey, destroyed by the action of the soluble ferment
pectinase, which converts it into a reducing sugar.  This
change can take place even when the pectine has been
coagulated, but coagulation by pectase cannot occur after
the decomposition produced by pectinase.



CHAPTER IIIL

CHANGES IN THE TRISACCHARIDES AND DISACCHARIDES.

CHEMICAL changes as the result of fermentation are
produced in the trisaccharides raffinose, melizitose, and
gentianose.

Raffinose, melitose, or melitriose, CisHgO14, was dis-
covered in 1876 by Loiseau, and identified with melitose
by Tollens. It is hydrolysed by an extract of yeast or of
Aspergillus niger (Bourquelot) into fructose, glucose, and
galactose, thus—

CisHg016 + 2H0 = CgH1206 + C¢H1206 + CeH1204

Raffinose. Fructose, Glucose, Galactose.

This change occurs in reality in two stages, in the first
of which fructose is split off, and melibiose, a disaccharide,
is left ; this substance is then hydrolysed into glucose and
galactose, and the following two equations represent these

changes :—
(1) CisHpOy6 + HoO = CeH1206 + CroHeeOn
Raffinose. Fructose. Melibioge.
(2) C12Ho201 + HaO = CgHyp06 4+ CeHypo0p
Melibiose. Glucose. Galactose.

This hydrolysis was formerly attributed to the action
of the enzyme invertin, but Fischer and Niebel state that
an extract of the small intestines of the horse or dog,
which contain invertin, cannot produce this conversion.

-
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The enzyme which produces this change has been termed
raffinase, and it occurs in bottom fermentation yeasts.
Fischer and Lindner have extracted an enzyme from
these, which hydrolyses melibiose, as also has Bau, who
attributes the first stage in the conversion to invertin,
and the second stage to this enzyme, which he terms
melibiase. Scheibler states that these two changes can
also be produced by very dilute acids at a low temperature.

Melizitose, discovered by Berthelot in 1859, in
Brangon manna, is resolved, according to Bourquelot, by
an extract of _Aspergillus niger into glucose and a
disaccharide, touranose :—

CisHg016 + HoO = CgH190s + CroHaOn

Melizitose. Glucose. Touranose.

Touranose is. isomeric with maltose; its products of
hydrolysis by dilute acids being two molecules of glucose.
The enzyme termed melizitase, which produces the change,
apparently is unable to produce this latter conversion.

Gentianose, a trisaccharide extracted from the fresh
gentian root by Bourquelot and Hérissey, is converted by
invertin into fructose, and a new disaccharide, gentio-

biose :—
CisHg055 + Ho0 = CsH1206 + Ci1oH22014

Gentianose, Fructose. Gentiobiose.

An extract of Aspergillus niger is capable of completely
hydrolysing this trisaccharide into one molecule of
fructose and two molecules of glucose:—

CisHg2015 + 2H20 = CgH1204 + 2CsH 1204

Gentianose. Fructose. Glucose.
The changes which the disaccharides undergo as the
result of fermentation have been very thoroughly

“



CHANGES IN THE DISACCHARIDES. 33

investigated ; they are hydrolytie in their character, one
molecule of water being always taken up.

Cane sugar is the oldest known representative of this
group of compounds, on account of the fact that the
products obtained from it sﬁbsequently undergo alcoholic
fermentation. The change which it undergoes in the
process of fermentation was shown by Berthelot, in 1860,
to be due to the action of the enzyme invertin. This
ferment converts cane sugar into d-glucose and d-fructose,
and the change can be demonstrated in two ways:
(1) the solution before the action of the ferment is
dextro-rotatory, but it becomes levo-rotatory when
the change is completed ; (2) it is origirally unable to
reduce Fehling’s solution, but afterwards it becomes
capable of doing so. The products formed, d-glucose and
d-fructose, are both capable of reducing cupric oxide
in solution; the levo-rotation of the solution is due to
the fact that d-fructose has a stronger rotatory power to
the left than d-glucose to the right.

The equation which represents this change is :—

CreHuOn + Hz0 = CoH10 4+ CeH 05
Cane sugar. d-glucese, d-fractase.

The rate of this change is at first very rapid, but as the
~ hydrolysis proceeds, it gradually diminishes; according to
O’Sullivan and Tompson, this change follows Harcourt’s
rule, .e. the conditions remaining the same, the rate of
change is proportional to the amount of the substance
undergoing the change, and is represented by the
equation :—
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where C is a constant, @ the time in minutes, and 2 the
quantity changed in unit time.

The rate of the change is influenced by the reaction of
the solution, the temperature (optimum at 55°), and the
concentration of the cane sugar, 20 per cent. being the
most favourable strength. O’Sullivan and Tompson state
that the products of the reaction exert no influence, but
acéording to Miiller they are inhibitory. Quite recently
A. J. Brown has taken up this subject, and he finds
that the change does not follow the law of mass action,
and that the products have an inhibitory effect. He
considers that time is a factor in this change, on account
of molecular combination of the enzyme with the cane
sugar, the combination having a resistance for a definite
period of time before final disruption and change take
place. Molecular combination between the invertin and
the cane sugar was shown to be very probable, since a
solution of invertin and cane sugar can withstand a higher
temperature than a solution of invertin alone (0'Sullivan
and Tompson).

Henri has also found that the products of the
hydrolysis of cane sugar lessen the rapidity of its inversion
by invertin, and that if more cane sugar be added during
the process, acceleration is produced.

Brown and Pickering, in 1897, worked upon the
thermo-chemistry of carbohydrates ; both in the hydrolysis
of cane sugar by invertin, and of starch by diastase, it was
found that heat was evolved.

According to Schardinger, cane sugar is decomposed by
a mucus-forming bacillus, with the result that hydrogen,
aleohol, acetie, succinic, and lactic acids are formed, the

2’
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last acid being the principal product. A carbohydrate of
the compdsition CgH;00; was isolated from the mucus
formed ; this is a galactan, and yields on oxidation oxalic
and muecic acids.

Maltose, which has been seen to be a product of the
diastatic hydrolysis of starch, becomes changed, under the
influence of the ferment maltase or glucase, into two

molecules of glucose :—
012H22011 + HQO = ZOGHHO(')

Maltose. Glucose.

This hydrolysis has been investigated lately by Croft
Hill, whose results are very important; he found that
when maltase acts on maltose, the hydrolysis proceeds up
to a certain point and then ceases, and that this point
depends on the temperature, and on the concentration of
the maltose. If the glucose be now removed from the
solution, further hydrolysis of the remaining maltose
takes place until the same point is again reached. If,
however, at this point more glucose be added, a re-
conversion into maltose takes place. It appears, there-
fore, as if a state of equilibrium were set up during the
process, just as in the case of esterification, which can be
represented by the equation ;—

CH, COOH + CH,OH = CH, COOCH, + Hy0
<
That for maltose would be :—

%
Ci2H22011 + H20 zCGHmOs + CgH 204

From these experiments it appears that the enzyme
maltase can exert a synthetical action as well as an

analytical.
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Emmerling has lately confirmed these results of Croft
Hill’s, as regards the synthetic action of maltake, but he
states that isomaltose, not maltose, is the synthetical
product. Hill has denied this, saying that the conditions
of the experiments were different in the two cases, and
that the osazone of Emmerling’s was probably impure,
and, as has already been shown, it is very difficult to
purify. Emmerling has replied, saying that isomaltose
was the sugar obtained in his experiments,

Croft Hill has since notified another case of reversed,
or synthetical, ferment action. A 60 per cent. solution
of glucose, when treated with taka-diastase containing
maltase, was changed into a solution containing 58 per
cent. of glucose and 2 per cent. of maltose hydrate; he
had observed, before making this experiment, that
equilibrium was obtained in a solution of glucose and
maltose in the presence of taka-diastase and maltase,
when the solution contained 2 per cent. of maltose :
he thinks that other polysaccharides are also formed
under the same conditions. Using pancreatic ferment
and dextrose, he has also found that a reversible reaction
occurs. Similar results of synthetic action by ferments
have been lately observed in the case of lipase, lactase, and
emulsin.

Lactose, another member of this group, has also been
known for a long time. It is owing to its presence in
milk that the transformation known as lactic acid fermenta-
tion is due. This change takes place in two stages; in the
first stage a molecule of water is taken up under the
action of the enzyme called lactase, and two sugars,
glucose and galactose, are the products :—

)
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CieHeeOn + HyO = CegHy205 + CeH1aOs

Lactose. Glucose. Galactose.

These sugars can then undergo the second stage in the
transformation into lactic acid.

Bourquelot has stated that lactose gan be converted
into lactic acid without previous hydrolysis into glucose
and galactose, but von Freudénreich has shown that the
lactic acid bacteria can produce these two sugars, which
are then converted further into lactic acid.

The disaccharides lactose and maltose are acted upon
by the enzymes maltase and emulsin in a way similar to
the a- and 3- glucosides. They can therefore be regarded
as glucosides: lactose as the [3-galactoside of glucose,
and maltose as the a-glucoside of glucose, The follow-
ing formulz demonstrate the above facts : —

H HOHH H )
CH;OH—C— C—C—C—( glucose rest

OH \Hoy

(0]

F maltose

Ty
HO H HO HO ’
OHC—C—C—C—C—CH, glucose rest \\

HOHH H /

AN w

=)
=
o=
=
)
=

| lactose

HOHH H J
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Trehalose, or mycose, a disaccharide occurring in Syrian
manna, is decomposed by trehalase into two molecules of
glucose :(—

C1oH22011.2H30 = 2CH 106 + H.O0

Trehalose, Glucose.

The enzyme trehalase, which produces this decom-
position, was "discovered by Bourquelot in Aspergillus
ntger and other moulds.

Melibiose, obtained from melitriose as already
mentioned, is converted, according to Fischer and Lindner,
and Bau, by a bottom fermentation yeast extract, but
not by a top fermentation yeast extract, which contains
the enzyme melibiase, into glucose and galactose :—

CieH2011 + Hy0 = CeHpoOp + CsHi206

Melibiose. Glucose. Galactose. ;o

It is also hydrolysed by lactase (Fischer and Arm-
strong).

Gentiobiose was lately obtained from gentianose by
Bourquelot and Hérissey, but not in a crystalline form ;
according tp these observers, it is a definite compound
- resembling maltose, and is hydrolysed by an extract
of Aspergillus niger into two molecules of glucose :~—

CioHOn + Hy0 = 2CsH1,04
Gentiobiose. Glucose.

The osones of the disaccharides maltose and melibiose
have quite recently been shown by Fischer and Arm-
strong to be capable of undergeing hydrolysis by ferments
in the same way as these disaccharides themselves, with
the formation of the same products; these compounds can
thus be used in the place of their disaccharides for testing
their behaviour with regard to the action of ferments.
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These investigators have also synthesised three new
disaccharides, which have been called glucosidogalactose,
galactosidoglucose, and galactosidogalactose, since they
think that their constitution is very similar to that of the
glucosides. These three disaccharides are decomposed by
emulsin into their constituents, but only two of them—
galactosidoglucose and glucosidogalactose—are fermented
by bottom yeasts; top yeasts have no action on them
at all. Galactosidoglucose in properties very closely
resembles melibiose, and it is very probable that these
two disaccharides are identical.

Fischer and Armstrong have further obtained a fourth
diasccharide, isolactose, by the action of lactase upon a
.mixture of glucose and galactose. This is another case of
synthetical ferment action. As regards its behaviour to
ferments, this disaccharide occupies a position between
lactose and melibiose. Another disaccharide was formed
when lactase acted upon a solution of glucose alone, the
synthesising power of this enzyme being here again
shown. :

These investigators have show\rn that emulsin also
is capable of exerting a synthetic action, since they
obtained a disaccharide as the result of its action upon
a mixture of glucose and galactase, as in the case of

lactase.



CHAPTER 1V.

CHANGES IN THE ZMONOSACCHARIDES.

THE members of the first group of monosaccharides
undergo various changes as the result of fermentation.
The oldest known change is that called alcoholic fermen-
tation, which glucose especially undergoes, together with
fructose, both of which are formed, as before stated, by
fermentation from cane sugar. The history of this fer-
mentation process is very interesting, as the whole subject
begins with it.

From the very earliest times it has been known that
sweet liquids, if exposed to the air and allowed to stand,
become cloudy and turbid, and bubbles of gas rise to the
surface, which give the appearance of boiling to the liquid.
The term “ fermentation ” was first applied to this change, on
account of this appearance of boiling, but it was soon also
applied to all changes where any effervescence took place,
especially to the process of putrefaction, the terms
putrefactio and fermentatio being used synonymously.
A froth forms on the liquid, and a sediment, or * lees,” in
it; later, the whole settles to the bottom, leaving the
liquid clear. After the process of apparent boiling is
over, the liquid will no longer be sweet, but will have a
spirituous smell and taste, owing to the presence of the
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substance now known as alcohol. The earliest idea of the
nature of this process is found in the writings of Basil
Valentine, about the end of the fifteenth century, and was
to the following effect : The scum, which is formed in the
process, imparted an internal inflammation to the liquid,
so that a purification was thereby determined ; from this
it is seen that he supposed that the alcohol was present
in the liquid before the fermentation began. The gas
evolved, which gives the boiling appearance, was thought
to be the same as ordinary air; but van Helmont, in the
following century, pointed out that this gas resembled that
sometimes found in caves and wells, and he termed it
“gas sylvestre.” In 1682 Becher observed that this
change occurred only in saccharine liquids, and he con-
sidered the alcohol to be a product of the reaction. He
thought that the presence of air was necessary to start the
process, which, in his opinion, was analogous to com-
bustion ; a distinction was also made between fermenta-~
tion and putrefaction, and between true alcoholic fermen-
tation and acid fermentation, e.g. the produgtion of lactic
acid. Some twenty years before this observation, Willis
had put forward a new view of this change. It had already
been found that the scum was necessary for the process,
and this scum had been called a ferment; this ferment
was supposed to be possessed of a motion peculiar to
itself, which it transmitted to the fermentable matter.
Stahl, a little later, also held this view, but considered, in
addition, that the fermentable matter consisted of an
unstable union of salt, oil, and earth; by the internal
motion caused by the ferment, these particles were
separated from one another, only to combine together

)
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again to form more stable molecules, consisting of the
same principles, but in other proportions.

Another century elapsed before any real light was cast
upon the nature of this process; then Lavoisier took up
the investigation of the changes, which was the first work
of a really scientific character upon the subject. Instead
of using the juices of fruits which had been employed
before, he worked with a solution of cane sugar. This
substance he regarded as a vegetable oxide made up of
two bases, carbon and hydrogen, brought into the state of
an oxide by a certain proportion of oxygen; these three
elements were in such a feeble state of equilibrium that
only a slight force was necessary to destroy their
connection. He made analyses of the sugar, the aleohol,
and the carbon dioxide, the results of which are to be
found in his “ Elements of Chemistry.” The change is
explained as a mere separation of the elements into two
portions, the one being oxygenated at the expense of the
other, in order to form carbon dioxide, whilst the other is
deoxygenated and converted into the combustible sub-
stance called alcohol. The conclnsion is that, if it were
possible to reunite the alcohol and the carbon dioxide,
sugar- would be again formed. Though his analyses were
far from correct, yet he approached very nearly to the truth.

Twenty years later, Gay Lussac and Thénard, and De
Saussure, made more accurate analyses of cane sugar,
which supported Lavoisier’s view. The formula C;oH19019
was given to sugar, and the following equation expressed
the change :—

C1eH13012 = 2CHg0e + 4CO,
It was pointed out in 1828, by Dumas and Boullay,
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that Gay Lussac’s results were not quite accurate; this
was acknowledged by Gay Lussac, who stated that he
- modified them to agree with the equation. If, however, it
was considered that a molecule of water took part in the
process, the results would bel accurate, and so Dumas and
Boullay rewrote Gay Lussac’s equation thus:—

C1eH11041 4+ HO = 2C,H¢0, + 4CO,

In 1832 Dubrunfaut discovered that cane sugar,
before it could undergo fermentation, was transformed
into an uncrystallisable sugaf. Berthelot showed that
this change is produced by a soluble ferment which is
present in yeast, and that alcoholic fermentation takes
place only after the transformation; he also stated that
the above equation is experimentally realised.

In 1847 Schmidt discovered that succinic acid was
also a product of this fermentation; but this fact was
scarcely noted at the time, and became practically forgotten.

The most important work upon the subject is that of
Pasteur, who, about 1860, published the results of his
early work on the question, and showed that succinic acid
and glycerine, besides alcohol and carbon dioxide, are
products of this fermentation; that the glycerine and
succinic acid are formed at the expense of the sugar; and
that a portion of the sugar is used up by the ferment:
the amounts of succinic acid and glycerine produced
varied slightly, according to the temperature, the acidity,
and the rate of the fermentation. He gave the following
equation to represent the formation of sucecinic acid,
glycerine, and carbon dioxide :—

4:9(012H11011 + HO) or 4:9(}121‘112012 + 60HO
= 1263H603 -I- 7ZCGHBOG + 60002

Suceinie acid. Glycerine,
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but considered it to be only a very approximate expression
of the numerical results which he obtained by analysis.

Acetic acid is another product of alcoholic fermenta-~
tion. It was first noticed by Béchamp, and attributed by
Pasteur to a subsequent fermentation; its production will
be considered later.

Higher alcohols, collectively known as fusel oil, are
formed also in aleoholic fermentation, but the process of
their formation is not yet known. This fusel oil consists
of a mixture of propyl, isobutyl, amyl, caproyl, cenanthyl,
and capryl aleohols in various proportions; amyl alcohol
occurs sometimes in somewhat large quantities.

It is upon the exciting cause of fermentation that the
most varied and interesting theories have been held. In
1680 Lcewenhoek examined the scum on fermenting
liguids with his microscope, and found that it consisted
of small spherical or ovoid globules. Fabroni, in 1787,
considered these particles to be what he called a “ vegeto-

i3

animal ” substance ; and Thénard, three years later, thought
that the substance was of an animal nature from its
nitrogenous chemical composition, but as to its organisa-
tion, he made noallusion. Astier,in 1813, still considered
these particles to be of animal origin, and thonght that
they could only live at the expense of the sugar.
Desmazieres, in 1826, stated the same view. In 1810
Gay Lussac concluded from his experiments that oxygen
was necessary to start fermentation, but was not required
for its continuation ; in his “ Mémoire sur la Fermenta-
tion ” he alludes to Appert’s method of preserving articles
of food for an indefinite time by boiling the vessel in
which they are contained, and then closing it up; if air
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were allowed to enter, fermentation was set up, and
hence his idea that oxygen was the cause of fermentation.

In 1837 Cagniard de Latour discovered the true
nature of yeast, that it was composed of living organised
cells, consisting of a cell envelope and granular contents ;
this discovery was made about the same time by two
other investigators, Schwann and Kitzing, independently
of one another. XKiitzing further discovered the cause of
the acetic acid fermentation which takes place at the
same time in alcoholic solutioms. Each of these investi-
gators put forward a theory, which was formulated in
very much the same words—that the process of aleoholic
fermentation depended upon the presence of the ‘yeast, or
sugar fungus, which extracted from the sugar and the
nitrogenous matter also present the materials necessary
for its nutrition, and that the elements not taken up in
this way united together to form alcohol.

This theory was strongly opposed by Liebig, whose
views were not essentially different from those put forward
by Willis and Stahl; the yeast, as well as all animal and
vegetable matter, was supposed to be in state of internal
motion, which was transmitted to the bodies with which it
was in contact. Pasteur, on the other hand, by a long
series of experiments, definitely proved that the process
of fermentation was dependent on the life of the yeast-
cell, and that all fermentation was dependent upon life.
Pasteur’s results have been summed up by Professor
Frankland as follows: “No fermentation without
organisms ; for each kind of fermentation a particular
organism.”

Besides this and similar fermentations, other changes

)
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were known which took place without the presence of
living organisms, such as the conversion of starch into
sugar, and of amygdalin into benzaldehyde, prussic acid,
and glucose by emulsin. Liebig thought that the yeast
contained a ferment which brought about the decomposi-
tion of the sugar, but would not acknowledge that the
fermentation was brought about by the life-processes of
the yeast-cell. Quite recently this has been shown to be
the case by Buchner, who has been able to extract from
yeast a liquid which can set up alcoholic fermentation.
Liebig’s idea was expounded in a slightly different manner
by Traube in 1858. Fermentation, according to him, is
instigated by the enzymes or soluble ferments formed by
the vitality of organisms, which are either excreted by
them or retained within them to effect intracellular
digestion. This view was accepted by Berthelot and
" Hoppe-Seyler, and it is the one which is most generaily
held at the present time. Traube’s theory thus combines
both the vitalistic theory of Latour, Schwann, and
Kiitzing, and the mechanical theory of Liebig.

Another view was suggested by Berzelius, that, namely,
of catalytic forces; the process being due to an act of
contact, and yeast being considered to be an amorphous’
principle.  Mitscherlich supported this view, but he .
recognised the organised nature of yeast. ‘

Naegeli was an advocate of Liebig’s mechanical theory,
holding that the molecules in the enzyme pdssessed a
considerable vibration ; these had the power of giving up
part of their movement to the slower movement of the
other molecules, and thus caused a decomposition.

Since Pasteur, no further important investigations

»
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have been ‘made upon the chemical changes which sugar
undergoes as the result of fermentation; Buchner’s
extract containing zymase is the only recent discovery
of any importance. This discovery of Buchner’s is
challenged by Schunck and Manassein; the former
observer showed, in 1854, that erythrozyme, the enzyme
of madder, could set up alcoholic fermentation; and the
latter, in 1871, found that the presence of yeast cells was
not necessary for the process of fermentation, which must
therefore be regarded as due to an enzyme.

In 1892 O’Sullivan showed that the hydrolytic
functions of yeast followed the same course as a simple
chemical interchange, the time curve being like that
for invertin, and a straight line; in the case of maltose
and dextrose, the rate of alcoholic fermentation was found
to be proportional to the amount of these sugars, and
different to the rate of the hydrolytic action of yeast
upon cane sugar. A. J. Brown has found that there
is no direct proportion between the weight of yeast
formed and the amount of sugar fermented, and that the
fermentation proceeds better With“oxygen than without.
This is the reverse of the view held by Pasteur, that fer-
mentation was a starvation phenomenon, 7.c. a phenomenon
of life without air.

Quantitative experiments upon the fermentation of
mixtures of dextrose and levulose, and of maltose and
dextrose, have been made by Prior and Schulze, who
find that the process takes place within the yeast-cell, and
is dependent on the diffusion of the sugar solution
through the cell-wall ; the rate of diffusion varies for the
different species of yeast, and the amount of each sugar
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fermented varies with its osmotic pressure. Knecht has -
found that two varieties of yeast ferment dextrose more
quickly than levulose, and he concludes that the rapidity
of the fermentation of the different sugars is dependent
on physical laws as stated by Prior.

During the process of alcoholic fermentation heat is
evolved; its amount has been measured by Bouffard, who
found that for 180 grams of sugar 23'5 Cals. were evolved,
whereas the calculated amount is 3207 Cals.

By the far-reaching investigations of K. Fischer, the
number of sugars belonging to the monosaccharides has
been very largely increased; these contain three, four,
five, six, seven, eight, or nine atoms of carbon in their
molecules, but only those containing carbon atoms which
are a multiple of three, the hexoses and the nonoses, have
been shown by him to be capable of undergoing alcoholic
fermentation. A mixture of the trioses glyceraldehyde
and dihydroxyacetone, which are obtained from glycerol
by oxidation, was stated by some authors to be fermented,
but Emmerling hag shown that the pure substances are
not acted upon, and he suggested that during the oxida-
tion with platinum black the glycerose is converted into
acrose, or d- -+ l-fructose. Of the aldohexoses, twelve
out of a possible sixteen of which have been synthesised,
only three can be fermented, and of the ketohexoses only
one. These are d-glucose, d-mannose, d-galactose from
the first ; and d-fructose from the last. The corresponding
levo- compounds are not attacked, and d-galactose is
fermented only with difficulty. From these facts Fischer
concluded that the structure of these bodies played a
very important part with regard to their capability of

»
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fermentation ; if the configuration of these four sugars be
written down side by side, the small differences in their
configurations can be readily seen :—

3
i

CHO CHO | oH,0H CHO
&on HO.(.I).H \éo H.COH

wodHE  HOlH  Hobm HO.CH

HGOH  HGOH  HGOH  HOLE
mdom  mbom © mlom - mboH-
C|3H20H Eom SH,OH bmom
d-glacose. d-mannose. d-fructose. d-galactose.

d-glucose, d-mannose, and d-fructose are thus very
similar in their structure, at least three of their asym-
metric carbon atoms having the same configuration; bub
d-galactose has only two asymmetric carbon atoms with
a configuration like that in the other three sugars, which
corresponds with the greater difficulty of fermentation.
If the structure of the sugar is still further removed, as in
d-talose, only one carbon atom having the sa{me configura-
tion, no fermentation at all takes place :— )

CHO

HO‘(llH
HO.(|).H
/ HO.(%.H
H.(,‘J.OH
CHy0H

d-talose,
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That structural differences are, in all probability, the
cause of the behaviour of these sugars with regard to
fermentation, is seen again amongst the class of bodies
known as glucosides, which behave in a very similar
manner towards the enzymes maltase and emulsin.



CHAPTER V.
CHANGES IN THE GLUCOSIDES.

SivcE the majority of the substances mentioned at the end -
of Chapter IV. are derivatives of glucose, the changes
which take place in them as the result of fermentation
are most appropriately deseribed here, before those which
take place in the monosaccharides themselves, and which
result in the formation of various products.

The glucosides are very widely distributed in nature,
and a large number, which have not been found as
naturally occurring, have been prepared artificially. These
latter compounds have been very thoroughly investigated
by Fischer, who has found that some verf interesting
relations exist with regard to their decomposition by the
ferments known as emulsin and maltase, thus emphasis-
ing his theory of the importance of configuration as being
a factor of chemical change by. fermentation.

The glucoside amygdalin was the first to be prepared
in a crystalline form by Robiquet and Boutron in 1830,
from the seeds of the bitter almond. The change which
it undergoes was found by Liebig and Woehler to be due
to the action of the enzyme emulsin, which exists in
the kernel of “the almond, and was termed synaptase by
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Robiquet. These observers discovered that prussic acid
and sugar were amongst the products. It is now known
that benzaldehyde, prussic acid, and glucose are the pro-
ducts of this change, which is brought about by emulsin,
and the following equation shows their formation :—

CooHNOyi + 2H0 = CeH;.CHO + HCN + 2CsH 206

It has been discovered by Fischer that amygdalin
undergoes a different transformation when it is acted upon
by the ferment maltase; in this reaction only one mole-
cule of glucose is split off, and a new glucoside is formed
which may be regarded as an artificial product. Fischer
named this new compound “mandelnitrilglucosid,” and.
gave it the formula :—

CeH;—CH—CN
| .
0—CH—CHOH—CHOH—CH—CHOH—CH;0H
0

Prussic acid does not appear in this transformation,
but if this new glucoside be treated with emulsin, prussic
acid, benzaldehyde, and glucose are formed :—
CeH;—CH—CN

| + Hy0 = HCN + Ce¢H;.CHO +C¢H;204
O'—_CGHIIOS

From these results Fischer concluded that the sugar
group in amygdalin was present in the form of maltose,
and amygdalin is therefore a maltoside.

Emmerling has quite recently obtained amygdalin
from mandelnitrilglucosid and glucose, by the action of
yeast maltase, which is another instance of synthetic
action by enzymes; he obtained, however, only a small

>
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quantity of amygdalin, but it was analysed, and it agreed
in every respect with the natural product.

Many other natural glucosides are also decomposed by
emulsin. These are—

1. Salicin into glucose a,gd saligenin, or salicylic
alcohol :—

CsH,05—O0—CgH,—CH,0H + H,0
; = C¢H105 + HO—CsH,—CH,0H

2. Helicin into glucose and salicylic aldehyde :—

C6H1105—O—06H4——CH0 + H:0
= C¢H,;:06 + HO—CsH,—CHO
3. Phloridzin into glucose and phloretin, or the .-
phloroglucin ester of p-oxyhydratropic acid, by the emulsin
of Aspergillus niger (Hérissey) :—
CgH1:05,—0—CsH;—COH — CO—O0—CgH3(OH), +H0

|
CH,

= O(;ngos + HO—CSH4—CH—CO——O—06H3(OH)g

|
CH,

4. Arbutin into glucose and hydroquihone —
'CeH105—0—CsHy—OH ++ Ho0 = CgH 1,04+ CsH(OH),
5. Aisculin into glucose and wmsculetin, or 4, 5-di-

oxycoumarin :—
CeH105—O0—CHy(OH)—CH = CH.3H;0
| + 3H;0
b ————0—CO
(HO),.CeHo—CH = CH
= CgH1205 + | |
b -0——CO0

6. Coniferin into glucose and coniferyl aleohol :—
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CeHy05—O0—CeH,—CH = CH—CH,0H.2H0

OCH;,
HO—CH;—CH = CH—CH,OH
= CeH1:06 + | + H,0
OCH,
7. Populin into glucose and benzoylsaligenin, only,
however, by certain extracts which most probably contain

]

emulsin, e.g. of Aspergillus niger (Hérissey) :—

CisHy7 (C;H;0)04.2H,0
= CeH10¢ + CqH7(CyH;0)0, + H0

8. Glucovanillin into glucose and vanillin :—

/OHO CHO
CﬁHg—OCH;; + Hzo - CGleoﬁ + CGH3—OCH3
™ 0.C¢Hu0s NOH.

and glucovanillic acid into glucose and vanillic acid.

9. Indican, the glucoside of indigo, is converted by a
soluble ferment, according to Bréaudat, into indigo white
and indiglucin ; the latter, especially in alkaline solution,
is oxidised by another ferment to indigotin ; in woad, how-
ever, according to Beyerinck, isatan is present, which is
decomposed by isatase into free indoxyl, which was
formerly thought to be present. Indoxyl is considered by
Hazewinkel to be an intermediate product in the forma-
tion of indigo, and this explains how in some processes
indigo red is formed.

10. Daphnin is converted into daphnetin, and picein
into piceol, and in each case glucose. '

Hérissey states that the emulsin of almonds
decomposes gentiopicrin from Gentia Iytea, syringin
and phyllirin, and has a slight action upon ononin and

2
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helleborein ; the emulsin from aspergillus, however, acts
easily upon these two last glucosides.

Among other glucosides which are chemically changed
by ferments other than emulsin, the following may be
mentioned :—

1. Sinigrin, or potassium myronate, the constituent of
~ black mustard seeds, is converted by the enzyme myrosin
into glucose, potassium hydrogen sulphate, and allyl sul-
phocyanate, or mustard oil :—

CioH1NS006K = OgHiu05 + KHSO, + C,H,NCS

Apparently a molecule of water is not required for
this change, but Gadamer states that the glucoside
contains a molecule of water with which it crystallises
and loses at 100° in a vacuum. This observer finds that
allylsulphide, allylcyanide, and carbon bisulphide are
produced as secondary products in the fermentation. He
considers that sinigrin is the potassium salt of an ethereal
sulphate derived from the hypothetical imidoxythio-
carbonic acid, in which the three hydrogenm&oms are

replaced by SO:0K, CsHy;05, and CgHj, thus :—
CgH5.N H C(SCGHnOf,)OSOaK
2. Sinalbin, contained in white mustard, is decom-

posed also by myrosin into glucose, sinapin hydrogen
sulphate, and oxybenzyl mustard oil :—

© C3oHuaNS3016= CsH1206 + C16HoNO5. HSO4 + CrH,0.NCS

Gadamer gives the formula CypHaeNaS:0:5 4 5H20 to

this glucoside, and the change is hydrolytic as in the case
of sinigrin.

3. Rubian, discovered by Schunck in 1852, is said by
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him to be converted into alizarin and other compounds
by an enzyme which he has called erythrozyme.

This observer thinks that three molecules break down,
one giving alizarin ; the second giving rubiretin, verantin,
and water; whilst the third gives glucose, rubiafin, and
rubiagin.

4. Xanthorhamnin is, according to Marshall Ward and
Dunlop, decomposed by the enzyme rhamnase into
rhamnose, probably also galactose and rhamnin or rham-
netin—

CyHegeO29 + 5H20 = 4CsH106 4 2C19H1005

C. and G. Tapret have obtained a trisaccharide,
rhamninose, by the action of rhamnase on xanthorbamnin.
This carbohydrate yields, on hydrolysis with acids, two
molecules of rhamnose and one molecule of galactose, and
the glucoside therefore app%rently does not contain glucose
in its molecule.

5. Gaultherin is hydrolysed by gaultherase, or betulase,
into glucose and methylsalicylic acid :—

C14H140s + Hy0 = CgH 206 + CeHy(OH)COOCH;,

6. Tannin is hydrolysed by tannase into glucose and
gallic acid : —

CarHgoO17 + 4H,0 = CyH130¢ 4 3CHO;

The compound of taennin with gelatine, tannates,
methyl- and phenyl- salicylates, are also said to be changed
by this enzyme.

7. A glucoside in Ecballium elaterium is, according to
Berg, decomposed by an enzyme (which he has named
elaterase) into elaterin. "

8. Lotusin, a glucoside obtained by Dunstan and
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Henry in 1900, is said by these observers to be transformed
by an enzyme, lotase, into glucose, hydrogen cyanide, and
lotoflavin. Acids convert it into two molecules of glucose,
one molecule of hydrogen cyanide, and one molecule of
lotoflavin.

Lotusin is a lotoflavin ester of maltose cyanohydrin :—
0—C—CsHy(OH),

il

CuuHn Oy, CH(CN).CoH;0(OH)
' CO—CH

[OH = 4:2": 4]

and the observers point out that amygdalin and lotusin
are the only glucosides which yield hydrogen cyanide on
hydrolysis,

9. Kolanin, the glucoside of caffeine, yields under the
action of a ferment, glucose, caffeine, theobromine, and
kola-red; the same products are given by cacaonin.
These glucosides are considered by Schweitzer as made
up of: (@) kolanin : one molecule of kola-red, three mole-
cules of glucose, and one molecule of caffeine with the
elimination of four molecules of water, with the formula
CyoH3N4Oqz ; (b) cacaonin: one molecule! of cacao-red,
CuyH12(OH)y, six molecules of glucose, and one molecule
of theobromine, with the loss of eight molecules of water,
with the formula CgyHggO15Ny.

Knox and Prescott, however, do not think that caffeine
and kola red are products of one glucoside.

We now come to the artificial glucosides, with regard
to which so many important facts have been discovered
by Emil Fischer. By this investigator not only have
derivatives of glucose been prepared, but also of mannose,
galactose, maltose, etc. In general, two derivatives are
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obtained by the action of hydrochloric acid upon the
sugar and alcohol, and these are termed a- and (3-glucosides.
It is among the methyl-glucosides that the majority of
observations have been made with regard to their
bebaviour towards ferments, especially emulsin and
maltase.

It has been found that the a- compounds are only
hydrolysed by maltase, and not at all by emulsin, which
attacks only the (3- compounds. The ease with which
these compounds are attacked also varies; whereas the
glucosides are easily hydrolysed, the galactosides are
attacked with difficulty, and the mannosides not at all.
Fischer, noting these differences, concluded that the
structure of these compounds played a very important
part with regard to their behaviour to these enzymes,
and that the enzymes themselves must be built up in
a manner correlative to that of these glucosides, like lock
and key.

If the formule of these compounds be written down,
it is easily seen that one of the asymmetric carbon atoms
is different in the a- and @3- compounds :—

H—('?—OR RO—C—H
HCOH | H(%OH
| 0] I 0
Ho?f/ HOCH
|
| H(f HC
HCOH | nbor
CHzOH . (l}HQOH

a- aud‘- glucosides.
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. “-—b"—OR RO--C—H
ACOH A(I)OH
0 l 0 |
W}CH HOCH
l [ |

CH CH
l
HCIOH H(I)OH\\
CH,0H CH,0H

a- and 8- galactosides.

This difference in all probability accounts for the
different action of these enzymes.

Very remarkable evidence of this configurative
difference, as being the cause of the enzyme action, exists
in the case of the xylosides, whose structure is so very
similar to that of the glucosides : —

0) 0
OR OR
|OHH | OH | ~OHH
¢—C—C—0—*C—CH,;0H (—C—C—C—CH;0H
H HOH H H H H OHH !
d-gluccside. d-xyloside. \

N

From the formule it will be seen that one of the
asymmetric carbon atoms fails in the d-xyloside, and
apparently it is this carbon atom in the d-gluceside
(which is marked with an asterisk) which defines the
action of the enzyme, and which influences the entire
configuration of the d-glucosides.

The disaccharides maltose and lactose, as already
mentioned, algo show similar differences in their
susceptibility to these enzymes, and the idea of
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configuration therefore gains further support from these
examples.

Quite lately Fischer and Armstrong have shown that
the (3-methyl-, 3-ethyl-, and [3-phenyl-galactosides are
also hydrolysed by kefir-lactase.
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CHAPTER VI
CHANGES IN THE MONOSACCHARIDES.—Oontinued.

TuE chief of the chemical changes other than alcoholic
fermentation, which occurs in the monosaccharides, is
known as lactic acid fermentation, and it takes place
principally in the hexoses, glucose, fructose, and galactose,

Pastenr was the first to definitely show that this
fermentation was produced by micro-organisms, though
Blondeau, in 1847, first observed them without discover-
ing their significance. It is very probable that an enzyme
is the cause of this change, but as yet it has not been
isolated from these micro-organisms. In the organs of
animals, especially in muscles, lactic acid is always
present, and Nasse has pointed out the ‘analogy of its
formation to enzyme actions. Oppenheimer has recently
investigated the subject with regard to the presence of
a lactic acid-forming enzyme, but his experiments are not
conclusive as to its existence.

It was formerly supposed that lactose and other
polysaccharides could be directly converted into lactic
acid, sometimes, perhaps, with difficulty; but it is now
known that hydrolysis of these substances into mono-
saccharides, as already described, takes place before lactic
acid can be preduced.
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This change can be expressed by the equation :—
CgH 1206 = 2C3H0;
Apparently no water is required for this process, but,
as in the case of alcoholic fermentation, Baeyer considers
that two molecules of water may take part in the

transformation, thus :—

CH.O0H C=(OH); COOH + H;0
([3HOH + He,O (I)HOH ‘ éHOH
(IJHOH ICH3 ‘ (|JH3

(E‘HOH - CH; B CH,4

(l,‘HOH + H,0 (|3HOH (JlHOH

éHO (‘J = (OH)3 (’JOOH + H,0

The reaction, however, is not so simple as expressed
in the equation, as acetic acid and other products are also
generally formed at the same time.

This method of producing lactic acid has been known
for a very long time, in fact, it is probably the oldest acid
known, and was first prepared in this way by Scheele.
In order to prepare it, calcium carbonate must be added
to the solution to neutralise the free acid as fast as it is
formed, as the specific micro-organisms cannot grow in an
acid medium, and the production of lactic acid, therefore,
necessarily would cease. If the acidity is confined to
0-02—0°5 per cent., so a3 to prevent the secondary forma-
tion of butyric acid, 98 per cent. of sugar can be converted
into lactic acid (Claflin).

The lactic acid produced in this way is generally in-
- active, but certain micro-organisms form dslactic acid, and’
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Schardinger has obtained 1-lactic acid in one instance. It
is very probable that the inactive lactic acid is formed
first, and is then converted into one of its active varieties,
as shown by Frankland and MacGregor in the case of
the formation of d-lactic acid.
~ B-hydroxypropionic acid, CH;OH—CH,—COOH, the
jsomer of ordinary lactic acid or e-hydroxypropionic acid,
was obtained by Hilger, by the fermentation of inosite; it
wag identified by oxidation to malomic acid. Vohl has
- repeated this experiment, but he obtained a-hydroxypro-
pionic acid; this acid (generally termed lactic acid of
fermentation) is thus always produced in fermentation.

Lactic acid is also a product of the fermentation of
certain polyhydric alcohols, e.g. sorbite, inosite, mannite,
and dulecite ; also of rhamnose (Tate) and other pentoses ;
it can also be formed by fermentation from malic acid,
carbon dioxide being evolved during the process :—

G H0;5 = CsHgOs + CO,

Wehmer, in 1892, showed that certain monosaccharides,
but especially glucose, could undergo yet another change
as the result of fermentation, citric acid being the
product formed. Two species of micro-organisms were
found capable of producing this result, carbon dioxide
being evolved during the process. The ecitric acid
obtained is identical with that found in lemon juice, and
is the principal product. For this process air is a
necessity, the carbon dioxide evolved during the fermenta-
tion even hindering the action of these micro-organisms,
and consequently it must be allowed to escape. Over 50
per cent. of the glucose can be transformed into citric
acid ; but if the acidity of the solution reaches 20 per
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cent., it becomes deleterious fo these micro-organisms, and
must be removed by neutralisation, in order that the total
quantity can be obtained; if the fermentation is allowed
to go too far, the citric acid itself is decomposed. Wehmer
has since obtained three other micro-organisms which can
produce this fermentation.

Oxalic acid is another product obtained by the fermen-
tation of sugar solutions, which may consist of glucose,
galactose, cane sugar, lactose, maltose, duleitol, mannitol ;
glycerol can also be converted into oxalic acid in the
same way. The micro-organisms which produce this
change are hindered in their action by excess of the acid,
and a good yield of oxalic acid is only obtained when it
is neutralised as fast as it is formed by calcium carbonate,
. which can be added to the solution. According to
Banning, fifteen species of micro-organisms are now
known which can produce oxalic acid, all of them from
¢glucose, and the majority from arabinose; glycerol and
erythritol by about half of them, as also pyrotartaric acid
and glycollic acid. This investigator gives a list of what
substances and by how many of these micro-organisms
each of the substances is converted into oxalic acid.

The curious phenomenon, observed in wines and
saccharine liquids, known as “ropiness,” is the result of
a fermentation, and is due, according to Pasteur, to a
particular organism. It is observed sometimes in the
manufacture of cane sugar, and the result is a peculiar
viscosity. The change that occurs is probably caused by
two organisms, since Pasteur has observed larger and
smaller particles of a different kind in the liquid ; one of
these produces the peculiar gum which resembles dextrin,
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as on oxidation it yields oxalic, not mucic acid, and the
other produces manunite. During the process, carbon
dioxide is evolved; that the process is in all probability
due to two organisms is further seen by the varying
quantities of gum and mannite produced, that of the gum
being very often much larger. Monoyer has proposed the
following equations for these two changes :—

13C1eH2049 + 12H0 = 24CH 14,06 - 12004

12C;pH5404 = 12C:9H201 + 24H,0

The gelatinous mattér, called by Scheibler dextran, is
probably a derivative of cellulose, and it can be formed by
several micro-organisms, e.g. Streptococcus hornensis, which
produces it from media containing 20 per cent. of glucose
(Boekhout). A gum, resembling in properties a galactan,
since it yields mucic acid on oxidation, is produced by
Bacillus lactis aérogenes in solutions of lactose or galactose,
but not glucose (Emmerling).

These changes, which sugar can undergo, are thus very
various. Nef has compared the action of enzymes with
the action of those reagents which cause the decomposi-
tion of methylene compounds, and regards the enzymes
as substances exerting a directive influence on the decom-
position of the sugars. Very many other theories have
been advanced to explain the processes of the metamor-
phosis of sugar into alcohol and carbon dioxide, but the
suggestion brought forward by Baeyer, in 1870, that
water is the active agent, seems to be the most reasonable.
He considered that addition of the elements of water took
place at certain points, and that by alternate separation
and addition in a different order, an accumulation of
oxygen afoms at certain parts of the molecule might take

F
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place; at these points there would be weakness, and dls-

ruption would oceur.

The following formule of Baeyer's make this clear—

CH,0H CH,....OH
| |

CHOH COH ....H

l |

CHOH C...OH.

| - | '
CHOH COH....H

| | :
CHOH COH....H

| ]

CH(OH), CH . ... (OH)

. H
—

CH,

l
CHOH

(IJ(OH)2
SR,
C’(dH)2
o,

where the separating elements are indicated by dots.

In 1895 Armstrong drew attention to the fact that

accumulation of oxygen atoms might take place at non- "
contiguous carbon atoms, and he considers that this is a;:,

special feature; different effects wonld thus be produced
by different enzymes, since they would affect different
systems, and the direction of the attack would depend on
the asymmetry of both hydrolyte and hydrolyst.
accounts for the different action of enzymes, as in the case

of the glucosides.

This



CHAPTER VIL

CHANGES RESULTING IN THE FORMATION OF OPTICALLY
ACTIVE PRODUCTS.

As has already been pointed out, enzymes and living
ferments are very selective in their action upon the carbo-
hydrates and organic acids. Pasteur, in his classical
experiments upon the tartrates and racemates, in 1848-
1853, was the first to point out the selective action of
micro-organisms. He grew a penicillium upon the
ammonium salt of racemic acid, and obtained levo-
tartaric acid, the dextro- variety being assimilated by the
organism,

This method of Pasteur’s has been employed in many
cases for the separation of optically active compounds ;
the separation of inactive mandelic acid by, Lewkowitsch,
in 1882, into its constituents, and the resolution of
glyceric acid by Frankland and Frew, in 1891, by the
Bacillus ethaceticus, which was grown upon its calcdium
" salts, are two very good examples of this selective
action. -

Frankland has investigated the action of his Bacillus
cthaceticus, and of the pneumococcus of Friedlinder,
upon several carbohydrates, ¢.g. maltose, lactose, raffinose,
dextrin, mannitol, glycerol, glucose, and arabinose; the
chief products were alcohol and acetic acid. Upon

3



68 FERMENTATIONS.

erythritol, glycol, and dulcitol, Bacillus ethaceticus had
no action ; the author emphasises this curious behaviour
with regard to mannitol and dulcitol, and considers this to
be a case of the selective action of these organisms. He
has obtained only one organism which can ferment both
mannitol and duleitol ; the same products are obtained by
the action of this Bacillus ethacetosuccinus, but rather
more suceinic acid is formed.

Grimbert has shown that, by the action of Fried-
linder’s pneumococcus, mannitol gives lactic acid, and
dulcitol gives succinic acid. In conjunction with Ficquet,
he has found that Bacillus tartricus acts upon mannitol,
and not duleitol.

Lactic acid of fermentation is inactive, but by some
organisms, e.g. Bacillus acidi levolactici, the leevo-acid is
produced from dextrose, cane sugar, lactose, and glycerine.
Schardinger has shown that alcohol, acetic acid, and levo-
lactic acid are the principal products.

Tate has obtained leevo-lactic acid from dextrose and
mannitol, but rhamnose gave inactive lactic acid when
acted upon by the levo-lactic ferment.

Linossier has resolved inactive lactic acid .by FPeni-
cillium ,glawcum, and has obtained dextro-lactic “acid
similar to that obtained from muscles,

Frankland and MacGregor have also obtained d-lactic
acid from calcium lactate, by the action of a particular
organism.

In fermentation, the inactive and the two active
varieties of lactic acid are therefore produced; according
to some observers the variety obtained depends on the
micro-organism, but according to Kayser, the medium
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upon which the micro-organism is cultivated is also
concerned. Péré’s results show that the levo variety is
in most cases produced by two colon bacteria from
various carbohydrates ; and Harden has obtained the same
result with the Bacillus coli communis, which attacks
mannitol, but not dulcitol. The amount of alcohol
produced from mannitol is twice as great as from glucose,
and this result is ascribed by Harden to the presence of
the group CH,OH—CHOH, which is contained once in
glucose, CH20H—(CHOH)4—CHQ, but twice in mannitol,
CH;0H — (CHOH), — CH,OH. This view, that the
alcohol produced originates from this particular group,
is confirmed by the action of this organism on glycerol,
CH,OH—CHOH—CH.0H, the chief products of this
action being alcohol and formic acid. As regards the
formation of the lactic acid, two molecules of mannitol
or glucose break down in the fermentation, and the middle
groups of CHOH—CHOH—CHOH are supposed to give
rise to it by the interchange of a hydrogen and an oxygen
atom between the two terminal radicles of one group or
between those of the two groups, derived from the two
molecules of the sugar. The unaltered asymn\letric group,
—CHOH—, in the centre would remain asymmetric in
the new molecule of lactic acid, but the change, being
brought about in the presence of the asymmetric agent—
whether the organism itself or possibly an enzyme—
would take place entirely in one direction or more rapidly
in one direction than the other, and an active acid, in-
dependent of the previous configuration of the group, but
dependent on the nature of the organism, would result.
This view is» based upon the theories of Fischer and of



70 FERMENTATIONS.

- Marckwald regarding the influence of configuration of the
agent causing the fermentation.

In 1892 Buchner investigated the action of Penicillium
glaucwm and Aspergillus niger on fumaric and maleic acids.
Although these acids are so closely allied to each other,
only the acid ammonium salt of fumaric acid was
affected, that of maleic acid being entirely unaffected.

In the same year Purdie and Walker grew Penicillium
glavcum upon the acid ammonium salt of inactive
ethoxysuceinic acid obtained by the action of alcohol on
fumaric acid, and found that the levo- variety was con-

sumed, the dextro- variety being left unaltered.

These are two other cases of selective fermentation by
these moulds which were first shown by Pasteur to have
this selective action.

Emmerling has very recently investigated certain of
the amino-acids with regard to their use as food-material by
micro-organisms, and he has found that only the a-amino-
acids can be employed, and only by certain moulds;
vy-aminobutyric acid was assimilated by all, whereas
a-aminobutyric acid was of little value. Most remarkable
was the action upon serin and isoserin; the former
was very good, and the latter useless as a food-material.

Carbon compounds, as food-material for bacteria, have
been studied by Bokorny, and his results are of interest with
regard to the assimilation of various alcohols; whereas
methyl, ethyl, and amyl alcohols could be employed,
propyl alcohol was good for fungi, but not for bacteria,
and benzyl alcohol was a strong poison. Acids were
also investigated ; of these acetic, lactic, succinic, tartaric
were good, and oxalic, and valerianic acids were of no use.



CHAPTER VIIL.

CHANGES IN ESTERS.
L
THE decomposition of fats and oils by the enzyme known

as lipase or steapsin, is another hydrolytic process ; it may
conveniently be described here before the other processes
produced by oxidation, ete., are considered.

It was discovered by Claude Bernard that fats taken
as food by animals were not assimilated in that form, but
that they were transformed, by an enzyme present in
pancreatic juice, into free fatty acid and glycerine. This
change that the fats, or the esters of glycerine with
palmitic, stearic, and oleic acids, generally known as
palmitin, stearin, olein, undergo, may be represented by
the equation :—

CH0.CO(CHy)14.CH, CH,OH

| |

CHO. CO(CHg)14.CH3+3HyO =CHOH

| | +3CH;(CHy),.COOH

CH20.CO(CH3)14.CH;y CH.,O0H )
Palmitin. Glycerine. Palmitic acid.

An enzyme of this nature is also present in plants,
which can produce a similar change in oils. These are
transformed by the plant into starch, and were in 1859
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considered by Sachs to be converted directly. In 1871
Miintz showed that free fatty acid was formed from the
oil ; and in 1876 Schiitzenberger proved that glycerine
was a product of this change as well as fatty acid. It
was then supposed by Detmer, in 1880, that fatty acid gave
rise to starch, and he suggested the equation—
CiH505 + 270 = 2CeH;005 + 6CO2 4+ TH,O

to represent this change. .

It was then supposed that the glycerine gave rise to -
the starch, but it has been since shown by Mazé that
sugar can be formed from the oil, and that this is
consequently the antecedent of starch. These changes
are probably all produced by the action of ferments in
the plants.

The rancidity of butter, caused by the action of micro-
organisms, is a common example of this decomposition,
and an enzyme has been obtained by Laxa from moulds
which produces this change; it also decomposes mono-
butyrin and glycerides of inscluble acids, those of the
highest molecular weight being first attacked.

Recent work upon the action of the enzyme known as
lipase shows that it is also capable of hydrolysing esters
other than those of glycerine; eg. acetic ester, succinic
ester, benzoic ester, salicylic ester.  This power of lipase
of being able to hydrolyse esters was in 1900 confirmed
by Kastle and Loevenhart, who have also shown that the
higher the molecular weight of the acid (in the acetic
series), the more readily is it hydrolysed by lipase. The
rate of the hydrolysis was shown to be dependent on
the concentration of the enzyme, but independent of that
of the ester; the velocity was not constant, but gradually
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diminished as the hydrolysis proceeded. ~The hydrolysis
has been shown by these observers to be an incomplete
and a reversible action, as they have obtained butyric
ester from butyric acid and alcohol. Butyric ester
was also used to determine the activity of solutions of
lipase. ‘

Kastle has also investigated the action of lipase upon
the salts of certain acid esters, and has found that they are
not hydrolysed, whereas the neutral esters are hydrolysed ;
e.g. diethylfumarate, die’thyloxalate, diethylphthalate are
hydrolysed, but not sodium ethylfumarate, potassinm
ethyloxalate, barium ethylphthalate. Apparently, there-
fore, there is no hydrolysis when the ester is electro-
lytically dissociated, and he assumes that hydrolysis is
preceded by combination of the ester with the enzyme,
‘and that combination cannot take place with ions, but
only with undissociated molecules.

Hanriot has also found that the lipase of horse’s serum
can exert a synthetical action, and he has also shown that
the acids of higher molecular weight are hydrolysed more
quickly than those of lower, Excess of acid was found
to arrest the hydrolysis, and Hanriot supposes that an
unstable compound of the enzyme with the acid is
formed, as the enzyme can be regenerated when attenu-
ated by chemical action, and can return to its former
activity.  The hydrolysis is explained by the supposition
that the ferment is a weak base which combines with the
fatty acid to form a readily dissociated salt, comparable to
ferric oxide and alumina, which also form unstable salts
with organic acids, and can promote a slight hydrolysis of
glyceryl esters:
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Together with Camus, Hanriot has invented a method
of quantitatively estimating lipase; monobutyrin, which
wags first shown by Berthelot to be hydrolysed by this
enzyme, is used, and the butyric .acid liberated is
titrated.



ChAPTER IX.
i
CHANGES IN UREA AND URIC ACID.

THE last of the changes resulting from fermentation, in
which the process is hydrolytic and the products are
definitely known, is the conversion of urea into ammonium
carbonate.

This change has been known for many years, and
was recognised by van Helmont as a process of fermenta-
tion, but the cause of the change has only of late years
been determined. It is a process which takes place
whenever urine is allowed to stand; the acid reaction
disappears, and it then becomes alkaline, and smells
strongly of ammonia.

The equation CO(NH,); + 2H,0 = (NH,)eCO; repre-
sents this change, which was first explained by Dumas
in 1830. \

Micro-organisms were shown ’By Pasteur to be the
cause, and van Tieghem succeeded in isolating a particular
one, known as Bacterium wrec. Since then many other
bacteria have been found to possess this power.

Miquel supposed that an enzyme was the cause of
this change, and Musculus has obtained an extract from
certain bacteria which can produce this conversion. It
has been termed urease by Miquel; the enzyme, accord-
ing to Lea, is excreted at the death of the microbe.
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Uric acid is stated to be changed by the same
organisms into the same product, with the evolution of
carbon dioxide. F. and L. Sestini have suggested the
following equation—

C;H,N,0; 4+ 8H0 + 30 = 4NH)CO3 + CO,

to represent the result which they obtained.

E. Gérard, in 1896, found that wuric acid, when
dissolved in a solution of disodium phosphate, was
converted by micro-organisms into urea and ammonium
carbonate; he suggested that the ammonium carbonate
was a secondary product resulting from the urea by the
action of a urophagic micro-organism, the urea being the
trae product of the fermentation of uric acid. This, a
little later, he was able to prove, and he gave the following
equation to represent this change :—

C5H4N403 + 4:H20 = 2CO(NH2)2 + CgH405

It was shown by Magnier de la Source that when uric
acid was boiled with water, dialuric acid was formed,
which on hydrolysis gave urea and tartronic acid, and
hence its up to the present hypothetical formation in the
fermentation of uric acid.

According to Burri, hippuric acid in the form of its
calcium salt is fermented, but with greater difficulty than
uric acid, into the same product, namely, ammonium
carbonate. Van Tieghem states that Bacterium wrew
converts hippuric acid into its constituents, benzoic
acid and glycocoll, thus :—

CsH;.CO.NH.CH,.COOH + H,0
' = (H;CO0H + CHx(NH,).COOH
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This acid and also taurocholic acid can be hydrolysed
by a ferment excreted by many bacteria. That the de-
composition is caused by a ferment is shown by the fact
that the same hydrolysis occurs when the bacteria are
destroyed with ether (Hoppe-Seyler),



CHAPTER X.
CHANGES OCCURRING AS THE RESULT OF OXIDATION.

Tae formation of acetic acid by fermentation is a process
differing from those changes already described, by not
being hydrolytic, but produced by oxidation. This
process is used on the large scale for the production of
vinegar, and has been known for a long time. Acetic
acid, the principal constituent, was one of the first acids
known.

Before the time of Lavoisier, it was not known that
oxygen was necessary for this conversion of alcohol into
acetic acid, which takes place in wines when they are
allowed to stand in the air; it was, however, generally
supposed that air was necessary. Lavoisier showed that
the oxygen of the air was absorbed in the process.

In 1821 Davy discovered that alcohol could be con-
verted into acetic acid when platinum black was
moistened with alcohol; it was subsequently shown, in
1823, by Débereiner, that oxygen was used up in this
change, and that the aleohol was converted into acetic
acid and water,

In this process a skin is formed on the surface of the
liquid, which was named Mycoderma acetg, or, mother-
of-vinegar, by Persoon, in 1822. Kiitzing, in 1837,

-
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re-investigated this -scum, and concluded that it was of a
living nature. This mycoderma was held by TLiebig to
be non-living, and porous like platinum black; its
action depended on the pores in its substance, in which
oxygen was mechanically contained; the formation of
acetic acid was due to the movement set up by the
decomposing matter, oxidation being thus caused.

The "subject was carefully investigated by Pasteur,
but he did not at once recognise the rdle played by the
mycoderma, which was supposed to act like platinum
black ; he found that the change was only effected during
the life of the organism, and that if the action were
continued, carbon dioxide and water were produced from
the acetic acid. In 1873 it was shown by von Knieriem
and Ad. Mayer that these two processes of producing
acetic acid were not comparable, since the mycoderma
could only decompose weak alcoholic solutions at a
temperature not above 40°; the platinum black could
effect the transformation of strong aleochol, even at a high
temperature. It\is now generally supposed that the
change is due to the direct action of living organisms,
since no enzyme as yet capable of producing this change
has been obtained from them.

The most recent and careful observations were carried
out by A. J. Brown, in 1886, with two particular organisms
which he had isolated. He has confirmed the older
observation of Pasteur’s, that if the process be continued
beyond the complete oxidation of the alcohol to acetic
acid, carbon dioxide and water are formed from the
latter. ,

In this process Brown has shown that the alcohol



8o FERMENTATIONS.
passes through two stages: aldehyde is formed first, and
is subsequently converted into acetic acid, thus :—

20H,.CHO 4 Oy = 2CH,.COOH

Brown has made several other investigations upon the .

oxidising action of these two micro-organisms; propyl
alcohol was converted into propionic acid, but the
oxidation of methyl, isoprimary butyl, and amyl alcohols
could not be effected. Henneberg has also shown that
propylaleohol can be oxidised to propionic acid by the
acetic acid micro-organisms.

Glucose was oxidised to gluconic acid in the presence
of calcium carbonate, added to neutralise the free acid
formed,—-a confirmation of Boutroux’s result of 1880.

The following equation is given by Brown to represent
this change— ~
2CH,0H.(CHOH),.CHO + O, =2CH;0H.(CHOH),.COOH

the oxidation thus affecting the aldehyde group.

Further, mannitol is oxidised to leevulose; since
mannitol can be obtained from d-glucose by reduetion
with sodium amalgam, and mannitol can be converted by
the DBacterium acett into laevulose, a new method of
converting d-glucose into levulose has been discovered
by Brown.

In the vinegar plant, a membrane is formed which
contains cellulose, and Brown shows that this can be
formed from dextrose, mannitol, and levulose, but not
from cane sugar, starch, or aleohol. He proposes the
name of Bacterium xylinwm for this microorganism.

The oxidation of sorbitol to sorbose by the sorbose
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. bacterium, which is probably identical with Bacteriumn
xzylinum, has been described by Bertrand, who has also
shown that it can oxidise mannitol to levulose, and
'gly‘cerol to dihydroxyacetone. Here the carbon atoms
in the molecules are a multiple of 3; but this is not
a necessity, since the micro-organism can also oxidise
erythritol, arabitol, and perseitol; in each case two
hydrogen atoms are removed. Bertrand states that only
those alcohols seem to be oxidised whiech contain a
CHOH chain where no hydrogen atom exists on the same
gide as the hydroxyl group, which is attacked in the
oxidation. He has also shown that xylose can be oxidised
to xylonic acid, aldose to a monobasic acid, arabinose to
arabonic acid, glucose to gluconic acid, and galactose to
galactonic acid.

Vincent and Délachanal obtained Bertrand’s results
with regard to the oxidation of mannitol to levulose a
year earlier, and Emmerling has recently confirmed the
oxidations of sorbitol and glycerol by the sorbose
bacterium.

Boutroux has obtained a hydroxygluconic acid by the
oxidation of gluconic acid in the presence of calcium
carbonate, and he gives the formula—

H OHH

| 1]
CH0H—CO—C—C—C—COOH
[ L]
OHH OH
to this acid from the results which he obtained by
oxidising it with dilute nitric acid.

©



CHAPTER XI.

CHANGES OCCURRING AS THE RESULT OF
OXIDATION — Continued.

Ix nature, both in the animal and the vegetable kingdom,
changes are produced by enzymes, known collectively now
as oxydases, which are the result of oxidation.

Yoshida, in 1883, noticed that the juice of the lac tree
of South-Eastern Asia underwent the peculiar changes of
turning black and setting hard, producing the material
used in lacquer varnish. He thought that this was due
to an enzyme, and he investigated the change from this
point of view. The juice was found to consist of four
substances—urushic acid, to which he gave the formula
C14Hg0s, gum, water, and a nitrogenous body which
contained an enzyme. The change caused by this enzyme
is produced in the urushic acid, which is oxidised, forming
oxyurushic acid, C;4H1503. That oxidation was the cause
of the change was shown by the transformation of urushic
acid into oxyurushic acid by chromic acid. Some ten years
later Bertrand reinvestigated this change, and confirmed
Yoshida’s result. He gave the name laccase to the
enzyme, but he called urushic acid laccol, as it resembles
in many of its properties the polyatomic phenols. This
observer found that an alcoholic solution of laccol turned
brown at once, and ultimately became black under the

Pl
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influence of the ferment. .Bertrand has also investigated
the action of this enzyme upon various phenols, but
especially hydroquinone and pyrogallol. The hydro-
quinone became rose-red and green crystalline scales,
with a metallic lustre separated out, consisting of quin-
hydrone, the odour of quinone being apparent. When
performed in a sealed tube, it was found that oxygen had
been absorbed.

The change may be expressed by the equation :—

2CeH4(OH)y + Op = 2H;0 + 2C¢H,0,

The pyrogallol was converted into purpurogalline,
which sublimed on heating, giving orange-red needles,
soluble in alcohol and acetic acid.

An aleoholic solution of gum guaiacum becomes blue
in the presence of air and a very small quantity of
laccase, but if the proportion of laccase is large, the blue
colour becomes green and then yellow; this solution
serves as a convenient test for laccase, which has been
found to be of very general occurrence in vegetables and
fungi, and probably plays a part\\ in the respiration of
plants. \

Bertrand has investigated the action of laccase upon
dihydric and trihydric phenols, amidophenols and
diamidobenzenes, and he has found that the ortho- and
para- derivatives are readily oxidised by oxygen or air in
the presence of laccase, whilst the meta- compounds are not
affected, or only with difficulty. The rate of oxidation
seems to depend upon the tendency of the compound to
form a quinone. The author concludes that laccase acts
- most readily, ifi not exclusively, upon compounds of the
benzene series which contain not fewer than twa
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hydroxyl or amidogen groups in the ortho- or para-
Ppositions.

Other compounds oxidised by laccase are pyrocatechuic
acid, gallic acid, tannin, and hexahydric phenol, C4(OH)s;
carbon dioxide is liberated in the cases of gallic acid and
tannin. The simple monatomic phenols are not acted
upon.

The activity of this enzyme is curiously associated
with the presence of manganese, and Bertrand states that
the activity is proportional to the amount of manganese,
since the absorption of oxygen in the presence of man-
ganese was found to be considerably greater than when
no manganese was present. He has also found that the
manganese cannot be replaced by other metals.

Bertrand has suggested that the oxydase may be a
special combination of certain proteids containing acid
groups with manganese, the proteid group varying for
each enzyme. Under such conditions, the manganese
can be kept in solution, the oxygen being conveyed
by the manganese, and the proteid constituting the
enzyme,

Bourquelot and Bertrand have further shown that the
blue colours produced in fungi when they are cut open,
are formed by the action of an oxidising enzyme, which
acts only when the air has direct access to the part; in
all probability laccase is the enzyme which produces this
colouration. Schénbein considered that the colouration
was due to the action of ozone upon a chromogen in the
fungus, and that the fungus contained a substance capable
of forming ozone from the air. That a definite chromogen
is present in fungi was shown by Lrldwig, in 1872,

4



CHANGES AS THE RESULT OF OXIDATION. 8s

who has thus confirmed Schénbein’s supposition of its
existence.

Certain other fungi, e.g. Russula nigricans, produce a
red and finally a black colour. This change has also been
investigated by Bertrand, who has been able to isolate
tyrosine from the juice of this fungus and from the root of
the beet, and he has shown that the red colour is produced
_from this body by another enzyme, isolated from the
fungus, which he has called tyrosinase ; it is not brought
" about by laccase nor by oxidising agents. A solution of
tyrosine, when acted upon by this ferment, becomes red
and then black, and finally an amorphous precipitate is
formed in the solution.

Bourquelot has investigated the changes produced by
the oxidising enzymes in the extracts of mushrooms, and
he has found that all the cresols, resorcinol, guaiacol, and
eugenol, which gives a white precipitate of vanillin, are
acted upon ; also m-toluidine, xylidine, and aniline “for
red,” which is converted into a colouring matter like
magenta. \

Even in solutions contéining 50 per cent. of methyl or
ethyl alcohol, these extracts are able to readily oxidise
tyrosine. He has, therefore, tried the oxidising power of
these extracts upon insoluble phenols, with the result that
the o-, p-, and m-xylenols, thymol, carvacrol, a- and (3-
naphthol, are all acted upon; e-naphthol becomes blue-
violet, and a dull blue precipitate is formed, whereas
3-naphthol gives a white precipitate which turns yellow ;
phenolic esters are also oxidised.

Since laccase and tyrosinase exist together in the
extracts of certain fungi, it is not quite certain whether
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the above oxidations are produced by tyrosinase, though
in all probability it is this enzyme which is the cause of
these changes; this oxydase is also said to occur in
animals and in bacteria (Roux, Von Fiirth and Schneider,
Lehmann),

Sarthou states that the latex of Schinus Molle, which
is a milky fluid, becomes blue when it is exposed to the
air, and that this change is effected by an enzyme termed
schinoxydase. This ferment can oxidise quinol, resoreinol,
pyrogallol, in the presence of atmospheric oxygen; the
ash of the enzyme, which was isolated, contained iron, and
its oxidising power is almost proportional to the amount
of iron. He supposes that iron plays a part in this
change like manganese in the changes produced by
laccase.

Certain wines undergo a peculiar disorder known as
“casse” or “cassure.” This has now been proved to be
due to the presence of an oxydase enzyme named cen-
oxydase by Cazeneuve, which can decolourise the wine
and produce a red-brown precipitate. Bouffard, who has
studied this disorder, has found that a temperature of 60°
prevents it, and that it can also be prevented by a small
amount of sulphurous acid. It is probably upon the
tannins in the wine that this enzyme acts, as the change
does not take place if they are extracted with ether;
perhaps the cenoxydase is removed together with the
tannin,

This enzyme has also been found in the juices of
apples, pears, etc., and is the cause of their browning when
they are cut open; according to Lindet, it is the tannin in
the apple-juice which is oxidised by this enZyme.

“
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The “bouquet” of wines is stated by Tolomei to be
caused by an oxidising enzyme in the yeast, and he
showed its existence in several species; an oxydase also
exists in beer yeasts, and is the cause of an extract
becoming brown. According to Griiss, the oxydase of
yeast oxidises tetramethyl-p-phenylenediamine, but not
guaiacol, and he proposes t¢ divide oxydases into guaiacol-
oxydases and amino-oxydases, as he has found oxidising
enzymes, similar to that in yeast, in plants.

The odour of valerian is another change caused by an
_ oxydase enzyme (Charles).

In the manufacture of indigo, indigo-white is the
product obtained, which on exposure to the air becomes
blue; an enzyme present in the original glucoside has,
according to Dréaudat, this oxidising action upon the
indigo-white.

In the animal organism, several oxidation processes
occur as the result of oxidation by fermentation; for
instance, phenol and benzoic acid or hippuric acid are the
products obtained when benzene and toluene are taken as
food.

An alkaline solution of p-phenylenediamine mixed
with a-naphthol, is coloured blue when extracts of organs
are added to it. Ehrlich first showed that this was due to
the formation of indophenol. It serves as a test for the
presence of oxidising ferments together with the other
colour reactions, with guaiacum tincture and guaiacol.
Salicylic aldehyde and benzylalcohol have been used by
Schmiedeberg as a means of quantitatively estimating the
ferment, the amounts of salicylic acid and benzoic acid
produced being ‘determined. Formaldehyde was used by
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Pohl, and arsenious acid by Spitzer, for the same purpose.
The most important of the oxydases of the animal
organism is the one named salicylase by Abelous, which
oxidises salicylic aldehyde to salicylic acid, and it occurs
in most of the organs of the animal body.

Medvedeff, who has investigated the oxidising action
of liver extracts on salicylaldehyde, states that the amount
of oxidation is proportional to the square root of the con-
centration of the aldehyde, since this is the proportion of
thé substance dissociated in solution, but directly pro-
portional to the concentration of the ferment.

According to Abelous and Biarnés, oxygen is con-
sumed and carbon dioxide is liberated when salicylic
aldehyde is oxidised to salicylic acid by liver extracts.

Spitzer has been able to convert the nuclein bases into
uric acid by extracts of the liver and the spleen in the
presence of air which was bubbled through the solution,
putrefaction being carefully excluded; xanthine and
hypoxanthine were almost quantitatively converted into
uric acid ; adenine and guanine, however, were oxidised to
a lesser extent.

A third oxidising ferment, according to Abelous and
Biarnes, has no action on salicylic aldehyde, but turns
guaiacum tincture blue.

Cavazzani infers the existence of an oxidising ferment
—ecerebro-spinase—in the cerebro-spinal fluid, as it gives
with pyrogallol and sulphuric -acid a crystalline deposit of
purpurogalline ; with tannic acid it gives a brown, with
quinol a rose colouration, and with o-toluidine a rose- |
violet precipitate.

The disappearance of sugar from bloodswhich has been
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shed, is another case of oxidation in animal tissues.
Seegen has shown that it is not caused by micro-organisms,
as the same process takes place in the presence of chloro-
form; it is due to’ a glycolytic ferment produced by the
leucocytes, or white blood corpuscles, and it exists not only
in blood, but in various organs. It is not yet definitely
known what change the sugar undergoes : the experiments
of Oppenheimer have led to no definite conclusions, since
he could not detect alcohol or acetone, though he obtained
traces of iodoform ; nor as yet has he been able to prove
the formation of lactic acid, which is very probably
produced in the process.

The light-producing organs and the eggs in the ovary
of the female glowworm give a blue colour with guaiacum
tineture. Dubois considers that the active agent in the
production of light is an enzyme which he has named
luciferase, but he believes it is not a result of oxidation.

Waters rich in iron in the form of ferrous hydrogen
carbonate, contain several species of micro-organisms,
which are able to oxidise this compound after it has
passed by osmosis through' their cell-walls, and convert it
into ferric hydroxide with the evolution of carbon dioxide,
thus :—

2FeH3(C03)s + Hs0 + O = Fex(OH)g + 4CO:2

This change can be followed in the deposited layers
in the sheaths of these microbes. At first they are pale
yellow, and can be decolourised by water containing
carbon dioxide ; but later on they become Lrown-red, and
are only decolourised by dilute hydrochloric acid ; finally
this reagent cannot decolourise them. We have to thank
Winogradsky for the majority of the investigations upon
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these iron bacteria, which can only grow when ferrous
carbonate is present, ferric oxide even being useless as a
form of iron. Molisch states that manganese can replace
the iron. The deposits of ferruginous ochre and bog iron
ore are said to be the result of the action of these
bacteria.

Hydrogen sulphide in well-waters is oxidised by the
sulphur bacteria to sulphur, in accordance with the
equation— '

LS+ 0=H0+8

oxygen being mnecessary for this transformation. This
change was definitely shown in 1886 by Winogradsky,
and further investigations were carried out by Jegunow,
who has shown that the sulphur in a higher level of the
bacterial cell is oxidised to sulphuric acid, which is
excreted. The reverse process of reduction of sulphates
will be described in the next chapter.



CHAPTER XIL
CHANGES OCCURRING A8 THE RESULT OF REDUCTION.

DE REv-PAILHADE, in 1889, observed that hydrogen
sulphide was formed from sulphur, when it was mixed
with yeast, and he attributed this change to the action of
a reducing enzyme, which he termed philothion. Sostegni
and Sannino have obtained the same result; they added
flowers of sulphur to a solution of sugar, which was
fermented with a pure cultivation of yeast, and found
that hydrogen sulphide was evolved. Salkowski has
noticed the production of hydrogen sulphide in wine, but
he attributes its formation to the action of bacteria on
the sulphur compounds present in it.

Philothion, sometimes alone and sometimes with lac-
case, has been found by De Rey-Pailhade to be contained
in germinating seeds; he has shown that it contains a
proteid radicle which can enter into loose combination
with manganese or hydrogen in the same way as Bertrand
showed in the case of laccase.

The power possessed by philothion, of forming hydro-
gen sulphide from sulphur, is stated by Cossettini to be
lost when it is filtered through a Chamberland filter, and
Pozzi-Escot finds that philothion does not give the blue
colour with guaiacum tincture and hydrogen peroxide,
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which is the usnal test for these enzymes. Hydrogen
peroxide, however, is decomposed with the evolution of
oxygen.

This observer identifies philothion with catalase, an
enzyme stated by Loew to be of universal occurrence, and

to whose presence the power of decomposing hydrogen
' peroxide, possessed by all enzymes, is due ; this observer
states that catalase exists in an insoluble and a soluble
form, termed a- and f3-catalase respectively.

Pozzi-Escot finds that philothion can also cause the
hydrogenation of selenium and phaosphorus, but not, or
only very slightly, of tellurium and arsenic.

The production of hydrogen sulphide by micro-organ-
isms has been investigated by Zelinsky, who isolated a
bacterium— Bacterium  hydrosulfureum  ponticum—irom
the ooze at the bottom of the Black Sea; it can produce
hydrogen sulphide not only from proteid matter, but
also from inorganic salts, such as sulphates, sulphites,
thiosulphates, and even ammonium thiodiglycollate when
they are added to the nutrient medium. Vzbrio hydrosul-
Jfureus is shown to be active in the same way.  Beyerinck
has also obtained a micro-organism which transforms
sulphates into hydrogen sulphide; but Saltet finds that
this Bacillus desulfuricans only partially reduces sul-
phates to sulphites or other oxygenated sulphur com-
pounds which are then reduced by other bacteria to
hydrogen sulphide. The cycle which sulphur compounds
undergo in nature is thus completed; for in the previous
chapter (Chapter XI.) the oxidation changes which sulphur
underwent were briefly described.

Compounds of arsenic, in wall-paperse especially, are
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acted upon by moulds, and arsenical vapours, formerly
thought to be arseniuretted hydrogen, though this was
denied by some investigators, are evolved. Biginelli has
recently shown that the vapours consist of diethylarsine.
Arsenious oxide in small quantities is completely volati-
lised by Penwcilliwm Dbrevicaule, which produces the
arsenical odour even from 001 and often from 0-001
milligram of arsenic; this mould serves as a good
biological test for arsenic.

These various investigations have been carried out
by Gosio, Emmerling, Abel and Buttenberg, and by
Galli-Valerio and Strzyzowski.

Konig has shown that tartaric acid is reduced to
succinic acid by Bacterium termo, and Emmerling that
malic acid is converted into succinic acid almost quantita-
tively by Bacillus lactis aérogenes.

Basile states that glucose is reduced to mannitol in
certain Sicilian wines, and thus confirms Malbot, who
thinks that it may be caused by the butyric ferment
which liberates hydrogen. Gayon and Dubourg find that
an enzyme can reduce levulose to mannitol.  This
mannitol ferment decomposes the sugars not fermented
by yeast, and thus affords a means of detecting leevulose
in the presence of fermentable carbohydrates.

Certain colouring matters, ¢g. indigo-carmine, are
bleached by micro-organisms when they are cultivated in
solutions to which the colours have been added; this
reduction is said not to be due to the action of nascent
hydrogen.

In the animal organism processes of reduction, as well
as oxidation, also occur.  Abelous and Gérard have made
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extracts of various organs of the animal body, and have
found that nitrates can be reduced to nitrites, butyric
acid to butyric aldehyde, and methylene blue decolour-
ised by these extracts; further, nitrobenzene can be
reduced to aniline. Pozzi-Escot states that fibrin
contains a reducing enzyme, or reductase ; and that there
is also one present in urine ; he uses hydrogen peroxide for

detecting their presence. !



' CHAPTER XIIL
NITR[FICA?'ION AND DENITRIFICATION.

ProcessEs of oxidation and reduction are continually
taking place in the soil: these are now known to be
the result of the action of several micro-organisms, which
are able to bring about these changes.

Formerly it was thought that the change of ammonium
salts into nitrates in the soil was a purely chemical
process, analogous to that which takes place when air and
ammonia are heated together in the presence of spongy
platinum ; by the porosity of the soil, which mechanically
contained the oxygen of the air, the change was supposed
to take place—a kind of catalytic action, similar to that
of platinum black. In 1877 it was pointed out by
Schloesing and Miintz that the proecess took place very
slowly at 0°C., that it had an optimum temperature at
37°C. and that above 60°C. the change no longer took
place. These results strongly suggested the action of
micro-organisms, the above observers holding that only one
of these was necessary. In 1890 researches were under-
taken by several investigators, among whom may be
mentioned Frankland, Warington, and especially Wino-

3

gradsky.
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From the results obtained, it is now known that the
change takes place in two stages. In the first stage the
ammonium salts are converted into nitrites by the action
of the nitrous organisms, or nitrose bacteria; only two
types of bacteria, of each of which there are several
species, are able to bring about this oxidation, and they
are known as Nitrosomonas (Europe, Asia, Africa) and
Nitrosococei (South America and Australia). They have
no further action upon nitrites which can be produced
in solutions of asparagine, urea, etc. In the second
stage nitrites are converted into nitrates by the action
of the nitric organisms, or nitro-bacteria, of which there
is only one genus; this process does not take place
in the presence of ammonia, and not until all the
ammonium salts are converted into nitrites. Stutzer
and Hartleb state that 89-93 per cent. of the nitrogen
as nitrites can be converted into nitrates by the nitrate
bacteria.

Experiments by Omeliansky show that the nitrogen of
organic compounds is not attacked, but must be first
converfed into ammonia; substituted amines, however,
are attacked, according to Demoussy; monomethylamine
sulphate is converted into ammonia, and then into nitrite
and nitrate; trimethylamine is attacked more slowly;
there is no intermediate formation of monomethylamine,
the three methyl groups being all attacked at the same
time. Aniline, pyridine, and quinoline are attacked still
more slowly, and the oxidation takes place apparently
with greater difficulty when the molecule is more
complex.

These bacteria derive their carbon from darbon dioxide ;
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they will not grow on gelatine, nor on the ordinary culture
* media, but require a mineral solution for their cultivation.
~ The reverse process of reduction of these substances—
called denitrification—also takes place; in some cases
nitrogen can be liberated from both nitrates and nitrites,
¢.g. by Bacterium denitrificans II. (Burri and Stutzer); in
other cases nitrates are converted only into nitrites, and
Maasen states that eighty-five micro-organisms are able to
convert potassium nitrate into potassium nitrite. Loew
has observed reduction as far as ammonia.

Ampola and Ulpiani, from the results of their experi-
ments on denitrification by means of Bacteria denitrificans
V.and VI, conclude that the process can be expressed by
the equation :(—

5CsH1006+ 24K N O3 = 24KHCO3+6C0,+18H,0+ 12N,

Asparagine and nitromethane are not attacked, and
ethyl nitrate only very slowly, and the authors conclude
that denitrification only takes place with oxygen com-
pounds of nitrogen, and in those which are electrolytes
and therefore dissociated in solution, The various micro-
organisms are also divided into three classes: (1) those
which destroy nitrites, but not nitrates; (2) those which
destroy nitrates, but not nitrites ; (3) those which destroy
both nitrites and nitrates. Denitrification was also found
to take place more rapidly with salts in which the metal
is more electropositive and of lower atomic weight.

In this way free nitrogen is liberated, but it can again
be assimilated by another set of bacteria occurring in the
roots of the leguminose, and converted into albuminous
bodies.

The cycle of changes which nitrogen passes through is,

H
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as we have seen, very complicated : albuminous substances
are converted into urea by animals ; urea is converted into
ammonium carbonate, which in turn becomes nitrite and
nitrate ; finally nitrogen is liberated, and this is assimilated
and converted into albuminous substances.



CHAPTER XTIV,

'VARIOUS OHANGES OCCURRING AS THE RESULT OF
FERMENTA 2{1 ONS.

Lacric acid, which itself is a product of fermentation.
can undergo two changes in the same way. The first of
these—butyric acid fermentation—has been known, per-
haps, aslong as that of lactic acid, since it takes place at the
same time. Special organisms, e.g. Bacillus amylobacter,
are the cause of this fermentation, and the change of lactic
acid into butyric acid can be expressed by the equation :—

2(3H¢0; = CHgOy + 2C0, + Hy

Carbon dioxide and hydrogen are generally produced
in the process, and the hydrogen may cause the reduction
of other organic substances which are 2c‘;enerally present
during the fermentation. ‘

Not only, however, can butyric acid be produced from
lactic acid, but also from the substances which can give
rige to lactic acid ; these have already been enumerated,
and, in addition, higher acids, such as malic, tartarie, citric,
and mucic, can be fermented with the formation of butyrie
acid as a product. From mucic acid, butyric acid is only
slowly formed, and it ought to be considered as a secondary
product. .

The homologues of butyric acid, e.g. propionic,
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valerianic, and acetic acids, and also succinic acid, are
often produced at the same time ; they are, perhaps, formed
by the action of the nascent hydrogen.

Mannite, quercite, and glycerine are decomposed by
various micro-organisms, with the production of butyric
acid; from glycerine, methylalcohol, acetic acid and
traces of formic acid are also formed in the presence of
calcium carbonate.

Schattenfroh and Grassberger have described two
very similar micro-organisms which form lactic acid as
well as butyric acid, with the evolution of carbon dioxide
and hydrogen. One of these micro-organisms is mobile,
and almost completely converts lactose into butyric acid;
dextrose, cane sugar, and starch are not so completely con-
verted. The other micro-organism is non-mobile, and

produces both butyric and lactic acids. The lactic acid
~ formed is sometimes inactive and sometimes dextro-
rotatory.

The second of these changes—propionic acid fermen-
tation—takes place in the calcium salt of lactic acid; the
principal product is propionic acid, but acetic and
valerianic acids have also been found. Strecker first
noticed this change in 1854, but the most careful study
has been made by Fitz, who has isolated the micro-
organism which produces it.

The lactic acid splits up into two parts of propionic
acid and one of dcetic acid, together with carbon dioxide
and water. No hydrogen is evolved, and it thus differs
from butyric acid fermentation. This change can be
represented by the equation :—

3C,H 05 = 2CsHOs + CoH,05 + CO, + H,0
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Malic acid, according to Fitz, is decomposed by another
bacillus, with the production of propionic acid in rather
larger quantities ; butyric acid and alcohol are formed at
the same time, but only in traces.

The production of butyl alcohol is another very
important chemical change resulting from fermentation,
It can be obtained from glycerol and manmitol by the
action of the ZBacillus dutylicus obtained by Fitz; and
Emmerling, who has investigated this change, finds that
butyl alcohol is not obtained from' dextrose, but that the
products are ethyl alcobol and a solid fatty aeid, probably
palmitic acid.  Beyerinck’s Grpnulobacter butylicum,
however, forms butyl alcohol from dextrose, but not from
glycerol.

Calcium formate is converted into calcium carbonate

‘and bhydrogen by certain bacteria, though probably an
enzyme is the cause of this change, since it continues after
the micro-organisms have been destroyed. The following
equation represents this change :—

H.COO~_
H.COO—

Pakes and Jollyman have recently investigated the
products obtained from sodium formate by the action
of certain bacteria, and they express the reaction as

Ca + Hy0 = CaCO4 4 CO; 4 2H,

follows :—

HCO;Na + Hy0 = NaHCO; + H,
or HCO:H = CO; + Hy
the total amount of carbon dioxide, evolved as gas and in

combination, being equal in volume to the amount of
hydrogen evolved.

’
-
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Gonnermann has quite recently investigated the
hydrolysis of acid amides and anilides by ferments; e.g.
pepsin, trypsin, and emulsin, and by extracts of organs;
and he finds that acetamide, acetanilide, formanilide, and
others are hydrolysed ; ptyalin, invertin, and maltase had
no action.

E. Gérard has described the formation of creatine from
creatinine by a kidney extract, and he refers to a similar
dehydrating effect obtained by Abelous and Ribaut in the
formation of hippuric acid by kidney extract.

Grimbert has obtained acetylmethylcarbinol from
dextrose by the action of Bacillus tartricus; it was
identified by its osazone and osotetrazone; it was also
obtained from other sugars.

Various compounds have been obtained by the action
of bacteria; eg. esters by Bacillus esterificans fluorescens
(Maasen); quinone by Streptothriz chromogena (Beyerinck).
Went describes the formation of carbon disulphide by
Schizophyllum lobatum,

In this chapter it will be convenient to shortly describe
the colouring matters produced by bacteria.

The best known is that produced by Bacillus cyano-
genus. The result of its action is the production of a blue
pigment often seen in milk, especially in warm weather.
Erdmann considered this colouring matter to belong to
the aniline group, and it is probably triphenylrosaniline.
The blue colouration in cheese is due to another micro-
organism, named Bacillus cyaneo-fuscus by Beyerinck
This organism also gives rise to black glue.

The blue pigment formed by Bacillus pyocyaneus has
been termed pyocyanine C; H;N3O. It can be extracted
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by chloroform, and was first obtained crystalline by
Fordos. According to Boland, a reddish-brown colouring
‘matter is found with the pyocyanine, which is insoluble in
chloroform but can be extracted by alkalies; this is
supposed to be formed from the pyocyanine in the culture
of the bacillus. A green fluorescent colouring matter is
produced by this microbe when it is cultivated in bouillon.

The oldest known chromogenié micro-organism is
Micrococeus prodigiosus or Bacterium prodigioswm, which
is the cause of the so-called “bleeding bread,” “red
snow,” etc. The red pigment, termed prodigiosin, is in-
soluble in water, but is soluble in algohol, chloroform, and
carbon bisulphide.  Griffiths gave it the formula
C33H56NO5, but Scheurlen has obtained analyses which
do not agree with this. It has been suggested that this
colouring matter is identical with fuchsine, but this
statement has been contradicted by Helm and Bordoni-
Uffreduzzi.

The red, yellow, and rose-coloured pigments were
termed lipochromes by Zopf, the red being termed
liporhodines, and the yellow lipoxanthines. They are
converted by sulphuric acid into deep blue crystals of
lipocyanine. They are closely related to the lipo-
chromes of fat, yolk of egg, etc., and to the carotine of
carrots, \

A violet colouring matter is produced by Bacteriwm
violacewm, and an indigo blue one by Bacterium indigo-
naceum. Lankester has named a bacterial colouring
matter bacterio-purpurin, which pigment is also found in
the sulphur bacteria.

Lastly, gretn fluorescent pigments are produced by
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bacteria, eg. by Bacilli fluorescens liquefaciens and non-
liguefaciens: it has been termed Dbacterio-fluorescein.
Jordan has found that phosphorus and sulphur are
essential for its formation, and he has arranged a number
of organic compounds in the order of their fluorescegenic
value: asparagine, succinic, lactic, citric, tartaric acids,
etc. ; and he points out that the presence of a methylene
group is favourable to fluorescence, but not coincident with
dibasicity, nor with the presence of two methylene groups
as asserted by Lepierre.

In conclusion, phosphorescence and heat can bhe pro-
duced by bacteria.



CHAPTER! XV.

\
CHANGES IN BLOOD.

AyoNG the albumins and allied lsubstances, the transfor-
mation which blood undergoes when it is shed, is un-
doubtedly the change which has been known for the
longest time. This change is commonly called coagula-
tion, or “clotting,” and it is the result of the action of a -
ferment.

When blood is drawn and allowed to stand, it quickly
becomes gelatinous, but after some hours it is found to
consist of a yellowish liquid containing a fibrinous
substance, which is red in colour, owing to the mechanical
entanglement in it of the red blood corpuscles. If diluted
blood be looked at under the microscope, these corpuscles
are seen to run together, forming rouldaux, and it was
formerly ’choughﬁ that coagulation consisted in the run-
ning together of these bodies. In 1772 Hewson showed
that these red blood corpuscles toock no part in the
process, and that the fibrinous substance was formed
from the blood plasma, or liguor sanguinis. This
observer isolated from the plasma “coagulable lymph,”
which is now termed “fibrinogen.”” Buchanan, in 1835,
made several observations upon coagulation; he found
that hydrocelé fluid and pericardial fluid could not
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coagulate of themselves, but if he added to them a
solution which he obtained from lymphatic glands or
from blood clot, coagulation at once set in. He compared
this action to that of a ferment, and was therefore the
first to suggest that this process was due to a ferment.
- Denis, in 1859, obtained by another method a substance
which he called plasmine, and which on solution could
undergo coagulation; this substance was no doubt
identical with Hewson’s coagulable lymph, or fibrinogen,
as it is now called.

Much more complete investigations were carried out
by Alexander Schmidt of Dorpat, who rediscovered the
facts observed by Buchanan, which had been forgotten.
From hydrocele fluid he prepared fibrinogen; and from
serum, fibrinoplastin. Of themselves these two substances
would not coagulate, but on adding one to the other
coagulation resulted. He found that fibrinoplastin con-
tained another substance, whose presence was necessary
for the coagulation, but only in 1872 was he able to
isolate this by precipitation with alcohol; he called it
fibrin ferment, and considered that coagulation was caused
by the action of fibrinoplastin on fibrinogen under the
influence of fibrin ferment. Fibrinoplastin was subse-
quently named serum-globulin.

The next experiments were performed by Hammarsten,
who showed that fibrin could be formed from fibrinogen
and fibrin ferment without the presence of serum-globulin,
which had no effect when pure, but contained a factor,
when impure, which was necessary for the process;
this could be replaced by impure casein or by calcium
salts, The fibrinogen is split up durirg the change,
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and does not combine with serum-globulin, as was
formerly supposed.

Subsequently, Green found that fibrin ferment con-
tained calcium sulphate, and that calcium sulphate was
necessary for the change. Ringer and Sainsbury have
shown that any calcium salt can replace the sulphate,
and that barium and strontium salts can also be used.
Experiments by Horne, in 1896, show that these salts, in
the proportion of 05 per cent. and upwards, retard the
coagulation, barium salts being the most powerful, and
calcium salts the least; their influence is overcome by
dilution with distilled water, or by the addition of a suitable
amount of potassium oxalate; solutiens of sodium and
potassium chloride of 0:07 per cent. and upwards also
retarded coagulation.

Calcium salts are therefore necessary for coagulation;
this factor is often made use of when blood is wanted
in an uncoagulated condition, by precipitating them as
oxalates.

Fibrinogen and calcium salts will not coagulate by
themselves, but fibrin ferment must elso be present as
a third factor, in order that coagulation may take place.

Fibrin ferment is a nucleoproteid ; and Pekelharing
and Halliburton, who have extracted nucleoproteids from
various organs, have shown that these can cause the
coagulation of fibrinogen in the presence of calcium
salts. The former has therefore suggested that the
nucleoproteid transfers calcium with which it combines
to fibrinogen, whose calcium salt is insoluble, and
constitutes fibrin; the nucleoproteid then combines with
more calcium and transfers it again to fibrinogen. This
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view is urged by Frederikse, who finds that the presence
or absence of serum-globulin in such mixtures makes no
difference in the amount of fibrin formed. He also
confirms Hammarsten’s statement, that fibrinogen is split
up into fibrin or coagulated proteid and a soluble globulin
by the action of fibrin ferment; the same decomposition
is said to be brought about by the action of dilute acetic
acid.

Lilienfeld regards the active agent in coagulation as
a nucleo-albuminous substance, named nucleohiston, which
arises from the leucocytes, especially from their nuclei,
and from platelets. In this substance the nuclein hastens
while the histon hinders the coagulation, the separation
into nuclein and histon being effected by calcium salts,
From fibrinogen he has obtained a substance, thrombosin,
by precipitation with acetic acid and nuclein, or rather
nucleic acid, which acts in the same way; thrombosin is
coagulated by calcium salts, and the fibrin so formed
is regarded as a calcium compound of thrombosin.
Schiéfer lLas criticised these assertions of Lilienfeld’s,
stating that further evidence is necessary to show that
thrombosin and fibrinogen are different substances; also
that Lilienfeld does not prove that nucleo-albumin does
pot enter into the reaction, for it is impossible to prepare
fibrinogen quite free from nucleo-albumin.

Hammarsten and Cramer also consider that throm-
bosin is the same as fibrinogen. In the same publication,
Hammarsten shows that calcium salts are not essential
for the formation of fibrin from fibrinogen, since they
both contain the same amount of calcium, and he
confirms Pekelharing, that calcium salts act’in the genesis
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of fibrin ferment, <.e. in the change of prothrombin, the
precursor of fibrin ferment, into thrombin, the fibrin
ferment.

The formation of fibrin from fibrinogen is usually
regarded as a process of hydrolysis, the fibrinogen being
converted into fibrin and fibrinoglobulin (Arthus). Ham-
marsten has found that the elémentary composition of
these substances is very similar, and he brings forward
the view that the change may consist in an intramolecular
rearrangement in the fibrinogen, part of it appearing
as fibrin, and part remaining in solution as fibrinoglobulin.

Under several other conditions, besides that of the
removal of calcium salts, blood can be prevented from
clotting, e.g. by leech extract, albumoses, peptones; and
many experiments have been made in order to elucidate
the manner in which fibrin is formed, but these do not
throw any more light upon this important change.

The following facts, however, still remain proved:
nucleoproteid (or prothrombin) combines with calcium to
form fibrin ferment, which then acts upon fibrinogen,
and causes the formation of fibrin, which constitutes the
coagulum.

The facts can be tabulated thus:—

Fibrinogen
Nucleoproteid = fibrin

Caloium salg | = fbrin ferment



CHAPTER XVI.

CHANGES IN MILK, MUSCLE, AND IN THE LIQUID OF
THE PROSTATE GLAND.

A TRANSFORMATION, very similar in many ways to the
coagulation of blood, is carried out.daily in the manu-
facture of cheese from milk. This change is produced by
the action of rennin, a soluble ferment or enzyme con-
tained in calves’ stomachs, from which it can be extracted
to form rennet.

Milk contains three proteids— caseinogen, lactalbumin,
lactoglobulin, the two latter only in small quantities ;
also milk, sugar, fat, calcium phosphate, and other salts.
Cheese is obtained from the caseinogen, which forms the
curd, which contains the fat mechanically; the other
proteids, the sugar, and the salts are contained in the
liquid which constitutes the whey.

The action of the rennin was supposed in 1859, by
Liebig, to be the conversion of lactose into lactic acid;
this neutralised the alkali which kept the caseinogen in
solution, thus causing its precipitation. Thisidea evidently
arose from the fact that acids, when added to milk, produce
a precipitation of the caseinogen. Soxhlet held a very
similar view, but he took into account the presence of the
calcium phosphate ; this was converted by the lactic acid,
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obtained from lactose by the action of rennin, into acid
calcium phosphate, which precipitated the caseinogen.

The most important work upon the coagulation of
milk is that of Hammarsten, who has shown that the
lactose takes no part in the change, and that the clot
can even be formed in an alkaline medium, as first pointed
out by Selmi, The presence of calcium was found
essential for the conversion, and Ringer states also
that other calcium salts than the phosphate can be
used.

The production of casein is a double process; in the
first instance the caseinogen is converted into soluble
casein by the rennin, and secondly the casein is pre-
cipitated by calcium, probably as calcium salt or caseate
of lime (Halliburton).

Hammarsten considers that in the process the casein-
ogen is split into two parts—the insoluble casein and the
whey proteid, which is soluble.

This change can be tabulated thus—

Caseinogen .
. ]( = soluble casein
Rennin :

Caleium salt

= casein

and is therefore slightly different from that which occurs
in blood, where the calcium takes part in the first stage
of the change.

The similarity between the formation of fibrin in the
clotting of blood and the production of rigor mortis in
- muscle, was first pointed out by Kiihne, and he made
the first investigations upon this change, about the year
1860. From ffog’s muscle at a temperature of 0°C., he
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obtained a plasma which possessed the power of coagula-
tion ; in very much the same way as in blood and milk,
this clot contracted and gave a serum, but, instead of being
fibrinous, this coagulum remained gelatinous and soft.
The term “myosin” was given to it.

Halliburton has obtained the same results with plasma
obtained from the muscles of rabbits and other animals,
and he has shown that the myosin obtained, if redissolved
after coagulation, could be made to clot even three or four
times. He states that a ferment, which he has isolated,
is the cause of this change, and he has called it myosin
ferment. From the plasma he has obtained four proteids,
which he has named paramyosinogen, myosinogen, myo-
globulin, and myoalbumin; and he has shown that the
coagulation is caused in the myosinogen, which carries
down with it on coagulation the paramyosinogen. He
congiders that the myosinogen does not split up into
two proteids, as is supposed to happen in the case of
fibrinogen ; in the coagulation, however, sarcolactic acid
is formed and carbon dioxide is evolved, thus :—

Aosmogen 1 nyosin 4 00,+ CHy—CHOH—COOH
yosin ferment

Von Fiirth has also carried out investigations upon the
subject, and has  obtained two proteids from muscle
plasma:—(1) Paramyosinogen, constituting 17-22 per
cent., and (2) myosinogen or myogen, constituting 77-83
per cent. of the plasma; this latter corresponds to
Halliburton’s myosinogen. These two proteids enter into
the formation of the clot; paramyosinogen passes directly
into myosin fibrin, but myosinogen or ‘myogen passes
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through an intermediate soluble stage into myogen fibrin,
thus :—

Paramyosinogen myosin fibrin

Myosinogen —> soluble myogen -(9 myogen fibrin

He thus confirms Halliburton, that two proteids enter
into the formation of the clot, and he regards Halliburton’s
myoglobulin as part of the myosinogen which is not
coagulated.

Stewart and Sollman have obtainéd the same results,
but they regard Von Fiirth’s soluble myogen as part of
the paramyosinogen. Both the proteids are converted into
insoluble myosin, the myosinogen pe\zssing first into a
modification similar or identical to paramyosinogen,
thus :—

Paramyosinogen myosin
Myosinogen —> paramyosinogen —> myosin
They confirm Halliburton also, that coagulation is
accompanied by an increase of acidity.

Another case of coagulation is said b\y Camus and
Gley to take place in the fluid of the vesicule seminales,
which is somewhat viscid. If a drop of the liquid from
the prostate gland of the same animal, guinea-pig, rat, or
hedgehog, is added to the first liquid, coagulation sets in.
This change is stated by the observers to be due to an
enzyme which they have named vesiculase, on account
of the fact that the property is lost when the prostatic
liquid is heated to 70° C. for fifteen minutes. Beyond these
observations nothing further is known of this trans-
formation.



CHAPTER XVII.

CHANGES OCCURRING IN ALBUMINS AS THE RESULT OF
THE ACTION OF PEPSIN.

By far the most important changes which albumins and
allied substances undergo as the result of fermentation are
those produced by the digestive ferments of the animal
organism, pepsin and trypsin. In plants similar ferments,
bromelin and papain, have been found, which resemble
trypsin in their action very closely.

The change which takes place in the albumins is
known as proteolysis, and it consists in a breaking up of
the very complex albumin molecule into smaller ones,
the size and constitution of some of which, especially
those obtained from trypsin digestion, are known.
Since some of these later changes are known to take
place by hydrolysis, it is very probable that the complex
molecule is broken up in a similar way; especially so
as the same results can be obtained with mineral acids
or superheated steam. The changes are thus quite com-
parable to those produced in the carbohydrates, smaller
molecules being obtained at each stage; here, however,
the end-products are very much more various, and
.congist chiefly of amino-acids. °
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In the animal organism, albumins taken as food are
first acted upon by the gastric juice of the stomach,
which contains pepsin; and it is therefore most con-
“venient to describe the changes prodyced by this ferment
before going on to those produced by:trypsin.

Pepsin, in order to produce prote(*lyt-ic changes, must
always be accompanied by an acid; in the gastric juice
hydrochloric acid is always present in about 02-05
per cent. In this connection, observations have of late
years been made by Mayer, Hahn, and Wroblewsky in
particular, upon which acids are the most favourable to
peptic action; and it has been found that oxalic acid
produces the most speedy solution of the albumin. Nexs
in order comes hydrochloric acid, then nitric, phosphoric,
tartaric, lactic, citric, malic, sarcolactic or d-lactic,
sulphuric, and acetic acids, in the order mentioned. A
dilution of 0°01-0'5 per cent. was the most favourable ;
pepsin will not act in an alkaline solution, and even
neutral salts retard its action.

Very many investigations have been mad\q upon the
products of the action of pepsin upon alburﬁins, fibrin
and egg-albumin especially. The earliest were those of
Meissner and his pupils, in 1859-62, who obtained the
following substances: parapeptone, metapeptone, dys-
peptone, a-peptone, [3-peptone, y-peptone. Briicke, who
made a determination of the products about the same time,
could, however, only obtain two products, which corre-
sponded to parapeptone and +y-peptone,

Kihne, some years later, studied the action both of
pepsin and trypsin, and found that the only real difference
was- that trypsin produced a more complete hydrolysis.



116 FERMENTATIONS.

He obtained, by wusing pepsin, albumose and peptone;
this he called amphopeptone on account of the fact that
trypsin only converts half the peptone further into amino-
acids. He considered the albumin molecule to be split
. up into two halves, antialbumose and hemialbumose,
and devised the following diagram to represent these
changes :—

Albumin

antialbumose hemialbumose
Pepsin ¥
antipeptone (+) hemipeptone (= ampho- | trypsin
N peptone)
amino-acids

Frinkel and Langstein have recently shown that
Kiihne’s amphopeptone consists of two substances; (1) a
peptone ; (2) a substance identical with the carbohydrate
complex of albumin—albamin,

Chittenden, Neumeister, and others have somewhat
recently studied the products of pepsin digestion very
carefully, and they have come to the following con-
clusions : fibrin or egg-albumin is converted firstly into
syntonin, chiefly by the action of the acid, and then this
is split up into two primary albumoses, which are called
protoalbumose and heteroalbumose. Heteroalbumose,
on standing under water, or on drying, is converted into
dysalbumose, which can be reconverted by acids into
heteroalbumose. These two albumoses then give deutero-
albumose, and subsequently peptone. The diagram shows
these results more plainly :—
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Albumin
Vo
Syntonin
Protoalbumose heteroalbumose 2. dysalbumose
Deuteroalbumose  deuteroalbumose =~ .
\
Peptone peptone

Some interesting conclusions from ' the results of
molecular weight determinations of peptone and proto-
albumose by Sabanejeff as given by Neumeister seem
appropriate here. DPeptone was found to possess a
molecular weight of about 400, and protoalbumose of
2400; thus on decomposition six peptone molecules
would be obtained from one protoalbumose. Taking the
albumin molecule as 15,000, then albumin would give
altogether 40, and heteroalbumose would give 84
molecules of peptone.

The other albumins, when subjected to pepsin
digestion, give very similar products; these. may be
tabulated as follows :— ‘\\

Vitellin \(from hemp seeds) \

Protovitellose heterovitellose r
Deuterovitellose deuterovitellose

¥
Peptone peptone

Chittenden and Mendel, who have investigated the
changes produced in this substance, find that there is a
gradual falling off of carbon in the percentage composition
of these substances formed in the digestion ; they suppose
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that the four substances above named are only the main
steps in the hydration process, and that there are still
other links in the chain which cannot as yet be separated,
and which show the same general chemical behaviour.
Globulin —> globuloses  ~> peptone
Egg-albumin ~» ovalbumoses —> peptone
Myosin —> myosinoses ~> peptone

The compound proteids are firstly split up into their
constituent parts, one of which only undergoes peptic
transformation.

The behaviour of casein in peptic digestion, especially
with regard to the phosphorus, has been studied carefully
by Salkowsky; though frequently stated that the
phosphorus is not dissolved, but is separated as insoluble
paranuclein, he finds that much of it is dissolved, only
about 15 per cent. being contained in the paranuclein ;
the more favourable the conditions of digestion, the less
paranuclein is obtained, and paranucleic acid is obtained
from the paranuclein. The phosphorus in solution is in
the form of a phosphorised albumose, in which it is not
combined, however, as phosphoric acid; if dry hard
lumps of casein are avoided, it is completely dissolved, and
this is done by making a solution of casein before adding
the digestive fluid, which acts best in the proportion of
500 to 1 of casein. Lindemann confirms this, and states
that caseinogen is more digestible than casein. The first
product of the digestion of casein is caseoproteose, which
contains all the phosphorus of the original proteid;
paranucleic acid, together with paranuclein, are formed
in the digestion, and Salkowski has prepared the iron
salt of this acid ; thus:— )
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. lein —> paranucleic acid.
Casein > ose 77 Paranuc P
caseose peptone R
Oxyhamoglobin =7 hazmat.m

~» albumin - albumoses > peptone
~7 carbohydrate

1 .
Glucoproteids => albumin - albumoses —> peptone

The decomposition of the albuminoidsf’ has been care-
fully studied by Chittenden, with the following results :—

Collagen Elastin
Hydrate = gluten or gelatine Protoelastose
Protogelatose Deﬁteroelastose
Deuterogelatose ‘
Gelaglinpeptone \

No peptone is formed from elastin, and keratin is not
attacked at all.

Umber has obtained from crystallised egg-albumin
and serum-albumin, the primary proteoses, three deutero-
proteoses, A, B, C, and peptone; and Zunz finds, as
primary products of peptic proteolysis, acid albumin,
proto- and heteroproteose, and deuteroproteose B; as
secondary products three other deuteroproteoses, two
peptones, and unknown substances which do not give
the biuret reaction, ammonia and amino-substances.

Pick has investigated the proto- and hetero- albumose
obtained from fibrin, and finds that they differ from one
another in solubility and in the amount of nitrogen in a
basic form which they contain, heteroalbumose containing
39 per cent. and protoalbumose 25 per cent.; hetero-
albumose yields a large quantity of leucine and glycocoll,
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whereas protoalbumose yields only a little leucine and
no gycocoll. They arise together from fibrin, but not
from one another, and they both yield, on further peptic
digestion, deuteroalbumoses A and B and peptone B.
This confirms the results of Zunz.

As regards the nature of the end-products of gastric
digestion, a great deal of work has lately been done.
Pfaundler obtained from serum-albumin leucine and a
diamino-acid, probably histidine, but from fibrin there
was no leucine; he finds that the principal end-products
are apparently substances intermediate between peptone
and amino-acids; they do not give the biuret reaction,
and contain more than one carbon nucleus, in the case of
serum-albumin at least there being a leucine and diamino-
nucleus present. Langstein has obtained from crystallised
egg-albumin the following substances: leucine, tyrosine,
glutamic acid, aspartic acid, cystine, lysine (in small
amount), pentamethylenediamine, hydroxyphenylethyl-
amine, and “a polymeric carbohydrate containing
nitrogen;” also a hase giving skatole and two unknown
acids which give the biuret reaction ; he did not find the
intermediate substances of Pfaundler, perhaps because
the digestion had gone too far. Malfatti has found that
tryptophane is formed by the prolonged action of pepsin-
hydrochloric acid on Witte's peptone, and also small
quantities of leucine, tyrosine, and hexone bases.

V. Harlay has found a very interesting substance
among the products of pepsin digestion : it is a chromogen,
as it gives, on treatment with the enzyme tyrosinase, a red
colour ; on decomposition with trypsin it yields tyrosine
and tryptophane, a body first observed by Neumeister
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among the products of trypsin digestion. According to
Lawroff, pepsin breaks up proteids as much as trypsin does.

Sawjaloff has recently advanced the theory that
peptonisation of proteid matter is not to make it more
easy for absorption, as there is a Teyerse process of build-
ing up of proteids of larger molecular weight from the
products of peptonisation, and this action is attributed
to the rennet ferment; a substance termed plastein is
thus synthesised, which appears to be the same, whatever
the proteid may be which is digasted. It resembles
Kiihne’s anti-albumid in properties; Kriiger’s results, that
the digestive products inhibit the action of pepsin, help
to support this view.



CHAPTER XVIII.

CHANGES OCCURRING IN ALBUMINS AS THE RESULT
OF THE ACTION OF TRYPSIN.

CrauDE BERNARD, and in 1857 Corvisart, who refers to
Purkinje and Pappenheim as having made experiments
with pancreatic juice in 1836, were really the first to
begin the scientific study of the digestion of albumins
with pancreatic juice. The former considered bile to be
necessary, but Corvisart showed that the juice by itself
could dissolve albumins; and that they were converted
into substances similar to those of gastric digestion.
These results were at first denied, but later they were
confirmed by Meissner, Danilewsky, and Kiihne; this
last observer showed that the action was due to an
enzyme to which he gave the name of trypsin. Until
Kolbe discovered that disinfectants could prevent the
action of those micro-organisms which are always present
in the intestine, the products of digestion by trypsin were
very much confused and complicated; Kiihne, in his
" experiments, made use of this fact, and was therefore
the first to investigate the real products of trypsin
digestion. .

Kiihne discovered that the peptone which is formed is
only partially further broken up by trypsin, and he gave
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the name of amphopeptone to the total quantity, anti-
peptone to that part not attacked, and hemipeptone to
that part which was further broken down. He surmised
that the splitting of the albumin madlecule took place
earlier in the process, and he made attempts to isolate
intermediate substances, which he called amphoalbumoses.
That part of the albumin not attacked was called
antialbumid ; very strong trypsin conveyts it into anti-
' peptone, as was observed by Schiitzenberger in 1875,
It is really, however, converted into ahtialbumose or
deuteroalbumose, and Kihne gave the following diagram

to show these results :— !

Albumin
¥ !
Antialbumose Hemialbumose
Antipeptone Hemipeptone

Amino-acids

Now, however, it is known that no antialbumose is
formed, but only antipeptone. \}l

The characteristic changes produced by trypsin have
been more carefully studied with fibrin. As with pepsin,
this substance has also the property of taking up the
ferment, and a method of obtaining trypsin in a relatively
pure condition is thus obtained.

The fibrin first dissolves, but does not swell up as it
does in peptic digestion, being rather eroded from the
outside. The solution has the property of a globulin, but
no globulin is formed from serum-albumin, ete., also no
syntonin nor a product corresponding to that formed in
peptic digestioh., Primary albumoses are not formed, but
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deuteroalbumose is obtained directly, then amphopeptone,
and finally antipeptone and hemipeptone, of which the
former constitutes rather more than half of the total
quantity of the peptone. The further action of trypsin
consists in the conversion of hemipeptone only into amino-
acids, and a chromogen, which was first observed by
Tiedemann and Gmelin in 1831, and called tryptophane
by Neumeister. This chromogen forms a very suitable
substance for determining the progress of tryptic digestion.

According to Nencki, tryptophane, called proteinchro-
mogen by Stadelmann, can be brominated, when it gives
rise to two substances. These, on removal of the bromine,
have similarities on the one hand to h@matoporphyrin
and to bilirubin, and on the other hand to melanin; he
therefore considers them the mother substances of the
animal colouring matters, even of haeemoglobin.

Hopkins and Cole have quite recently isolated
tryptophane, and have given it the formula CyH;202N2;
it gives the Adamkiewiez reaction, and yields skatole and
indole when heated ; it is probably indoleaminopropionic
acid or skatoleaminoacetic acid.

The chief acids obtained are leucine, tyrosine or
p-oxyphenylaminopropionic acid, aspartic acid, and
glutamie acid; besides these, Drechsel and Hedin have
found lysine or g, :-diaminocaproic acid, and lysatinine,
which is now known to be a mixture of lysine and
arginine or 8-guanidine-a-aminovalerianic acid ; Kutscher
has obtained histidine, CgHyO3N3.

Glycocoll, long known as a decomposition product of
gelatine, has been found by Spiro among the decomposition
products of albumins. .
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Emerson has obtained p-hydroxyphenylethylamine,
which is formed from the tyrosine, which loses carbon
dioxide, its amount decreasing as the quantity of this
substance increases. l

Ammonia, according to Hirschler and Stadelmann, is
given off in small quantities when trypsin acts upon
albumins. Its amount has been determined by Dziergowski
and Salaskin, who obtained it both in peptic and tryptic
digestion. For the different albumins its amount varies,
but in every case it is greater than that liberated by dilute
acid or alkali, and it never corresponds to the total amino-
nitrogen of the albumin.

Lea states that the removal of the products has an
influence upon the digestion by trypsin, which is more
| rapid and complete than that of pepsin.

Nencki has stated that he has obtained xanthine,
guanine, hypoxanthine, and adenine in the digestion of
fibrin by trypsin; but Kossel denies this, saying that
they are products of nucleins resulting from the entangle-
ment of leucocytes in the fibrin. \

The following diagram shows the fodmation of the
principal products :—

Albumin

Deuteroalbumose

Ampﬁopeptone
Antipeptone %Iemipeptone

Amino-acids

leucine, tyrosine, aspartic acid, glutamic
acid, lysine, arginine, histidine, ammonia.
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Lately, investigations have been carried out as to the
nature of antipeptone. Siegfried and Balke considered it
to be a chemical individual, and the former investigator
regarded it as identical with his carnic acid, CioH1505Ns.
Kutscher, on the other hand, maintains that antipeptone
is not a chemical entity, because he has obtained from it a
mixture of substances which can be separated by phospho-
tungstic acid into an acid part and a basic part; the basic
part consists of histidine, arginine, and another unknown
base, and from the acid part aspartic acid was obtained.
Siegfried states that antipeptone can be obtained pure
from impure antipeptone by precipitation with alcohol,
and he has since isolated two acids from antipeptone
which he designates a-antipeptone, CyHi;O5N; and:
3-antipeptone, C1iH1905N; ; they were not equal in amount,
and they do mot give quite the same products on-
hydrolysis with stannous chloride and hydrochloric acid ;
neither of them is identical with his carnic acid; he thus
shows that antipeptone is not a mixture of substances, as
stated by Kutscher, though his two acids can give those
substances on hydrolysis.

The proteids are generally quickly decomposed by
trypsin into their components, and the albumin digested
like fibrin; eg. casein is almost completely digested,
giving tyrosine, casein albumose, and casein antipeptone,
Biffi, who investigated this decomposition, found that the
phosphorus was partially converted into phosphoric acid,
and partially into another compound not precipitated by
magnesia mixture, :

The nuclein of nucleoproteids is peptonised with the
separation of nucleic acids, and then of rfuclein bases,
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which Bokay states resist the action of trypsin, though
Kutscher, as above mentioned, found xanthine, hypo-
xanthine, and guanine.

Of the albuminoids, only collagen and elastin are
attacked by trypsin ; the native collagen, _ﬁowever, is only
changed when it has been first transformed into gelatine,
or gluten, by the action of steam or acids, by the latter
of which it is changed in peptic digestion. -

Chittenden and Solley state that gelatine is converted
into protogelatose and deuterogelatose, and that no gelatine
peptone is formed when putrefactive changes are very
carefully prevented from occurring. Chittenden and
Hart state that no peptone is formed from elastin,
but that protoelastose and deuterogelatose are both
formed.

From gelatine Nencki states that he has obtained
gelatine peptone, leucine, glycocoll, and ammonia; and
from elastin Wialchi has obtained glycocoll, leucine,
aminovalerianic acid, and ammonia.,

The lecithines are also decomposed by pancreatic juice
like fats, and are converted into their constituents, viz.
choline, glycerophosphoric acid, and fatty acid. The
choline, according to Hasebroek, is converted into carbon
dioxide, marsh gas, and ammonia, the same products being
also produced by bacteria when no oxygen is allowed to
be present.

Kossel and Matthews have investigated the action of
pepsin and trypsin on protamines (salmine and sturine),
and have found that they are only attacked by trypsin,
which converts them firstly into protones, and then
partially only into hexome bases (lysine, arginine, and
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histidine) ; the existence of an anti-group is said by them
to be present on account of this fact, and also an inter-
mediate stage between protones and hexones is probable.

Gulewitsch finds that only p-diacetylamidopheno],
among many other less complex chemical compounds, is
acted upon by trypsin, with the formation of acetic acid.
He cannot confirm Nencki and Blank, who stated
that hippuric acid was decomposed, and considers that
their trypsin contained the fat-splitting ferment of the
pancreas.

Baldwin and Levene find that the diphtheria and
tetanus toxines are digested by trypsin, and thus rendered
inert; the activity of tuberculine is only destroyed by the
prolonged action of trypsin.

According to Cohnheim, the passage of peptone
through the intestinal wall depends on its further decom-
position into simpler compounds caused by a ferment
which he has termed erepsin; it acts rapidly on proteoses
and peptones, producing ammonia, leucine, tyrosine,
lysine, histidine, arginine; it acts feebly upon histones,
and not upon proteids except caseinogen; protamines are,
however, acted upon,

Matthews even suggests that the centrosome in the
unfertilized eggs of Arbacia plays the part of a proteolytic
enzyme, as he has observed localized areas of liquefaction
in the protoplasm.

.



CHAPTER XIX.

PROTEOLYSIS BY FERMENTS OTHER THAN FREPSIN
AND TRYPSIN.

A PROTEOLYTIC ferment has been discovered by Babcock
and Russell in the ripening of cheese, which they have
named galactase. It has an action like trypsin, alkaline
media being the best, but it is not identical with it, and
it is found in the milk of all animals. Albumoses,
peptones, amino-acids, and ammonia are formed, these
nitrogen compounds being fairly evenly divided. It
readily decomposes hydrogen peroxide, and it liquefies
gelatine. These results have been confirmed by von
Freudenreich. -

A phenomenon, first described by Salkowski and
termed autodigestion, occurs in the organs after death;
it is not due to putrefaction, as it takes place in the
presence of chloroform and sodium fluoride. Biondi has
confirmed Salkowski in bis observations, and shows that
the enzyme which produces this action is not trypsin, as
considered by Neumeister, in the following way: (1)
xanthine-like substances are formed which in tryptic
digestion are present in a latent condition; (2) autodigestion
is not inhibited by an acid medium; (3) tryptophane is
not a product, svhereas it occurs in tryptic digestions.

K

b
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Magnus-Levy has obtained i-lactic acid, d-lactic acid, and:
succinic acid; also formic, acetic, and butyric acids,
hydrogen, carbon dioxide, and hydrogen sulphide from
livers which were subjected to autolysis ; further, glycocoll
was obtained by Jacoby in autodigestion of the liver.

In yeast there is also a proteolytic enzyme, as Hahn
found that an appreciable quantity of gelatine was dissolved
in twenty-four hours by it, and he thus confirms Will as
regards its presence in yeast; in conjunction with Geret
he has shown that the albumin in yeast extract is
decomposed with the formation of tyrosine and leucine.
These investigators have further shown that it can digest
added albumin in addition to that in the extract, with the
formation of the same produects; hypoxanthine is also
found, its amount increasing during the digestion. They
have termed this enzyme endotrypsin, and it resembles
pepsin in requiring an acid medium, and trypsin in the
nature of its products. In addition to the above products,
Kutscher has isolated histidine, arginine, lysine, aspartic
acid, and a compound CsHgONy.

A similar ferment has also been found in Aspergilius
niger and other fungi by Bourquelot and Hérissey ; this
enzyme of Aspergillus niger has been found by Malfitano
to act upon gelatine, nucleo-proteids, globulins, and
albuminates, but not on egg-albumin. Emmerling and
Reiser have investigated the action of Bacillus fluorescens
liquefaciens on gelatine. Twenty-five per cent. of the
nitrogen was eliminated as ammonia; and methylamine,
trimethylamine, choline, and betaine were identified in
the solution. Fibrin gave peptone, arginine, leucine and
aspartic acid when acted upon by this mcro-organism.
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Peptonising bacteria are also found in milk which
produce an enzyme very similar to trypsin; in the
fermentation of easein aromatic acids are formed as well
as peptone, leucine, and tyrosine ; and cane sugar can be
inverted, bub not lactose (Kalischer). !

Proteolytic enzymes are also probably the cause of
bacteriolysis, the term used for their autodigestion.

The vegetable ferment bromelin was discovered by
Marcano in 1891, and the products of its action have
been examined by Chittenden and his pupils. Except
for a small residue, fibrin is completely dissolved, and is
converted into the various albumoses and peptones, and
finally into amino-acids. The small residue is called anti-
albumid. The other albumins behave similarly.

Papain, the proteolytic enzyme of the papaw tree, was
first investigated by Wurtz in 1879, who said it converted
albumins into peptones and leucine, Then, in 1883 and
1884, Martin made a complete examination, and found
a milk-curdling ferment as well as a proteolytic one in
the juice of this tree. The products of the digestion of
fibrin were a globulin-like body, peptone, leucine, and
tyrosine, more of the former than of the latter beixig
formed.

Vegetable proteids are converted in a similar way, a
small anti-albumid residue being left. Halliburton states
that no peptone is formed from vegetable albumins by
this enzyme, the process stopping short at the proteoses.

Harlay considers it intermediate in power between
pepsin and trypsin, and he has obtained the same
chromogen by its use as he obtained with pepsin.

Chittenden, *who made very complete observations,
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states that the nitrogen in the albumoses produced by
vegetable ferments is less than in those produced by
trypsin.

Emmerling has quite recently published the results
he has obtained by the digestion of fibrin with papain;
the fibrin dissolved giving peptone, which, by prolonged
action, was converted into tyrosine, arginine, glycocoll,
alanine, leucine, aspartic acid, and phenylalanine.
Mendel and Underhill find that papain can act in both
alkaline and slightly acid media, giving products corre-
sponding closely to those obtained with pepsin; leucine,
tyrosine, and tryptophane do not occur if bacteria are
excluded; bromelin, however, readily forms leucine,
tyrosine, and tryptophane, even in acid media.

A proteolytic ferment is also contained in the
germinating seeds of the Lupin and other plants; it acts
upon conglutin, giving leucine and tyrosine, but not
asparagine, which is not regarded by Schulze as a primary
product of the decomposition of albumin; Bokorny has
observed the same decomposition by malt enzymes.

A theory to account for the action of these enzymes,
especially papain, was published by Wurtz in 1881; he
has compared the process with that which takes place in
the formation of ether from alcohol and sulphuric acid.
In this process, ethylsulphuric acid is first formed; this
is then acted upon by alcohol, giving ether and sulphuric
acid ; a small quantity of sulphuric acid can thus trans-
form large quantities of alcohol into ether. The enzyme
is supposed to have the property of combining with the
albumin, forming a compound which is decomposed by a

»

further quantity of albumin, thus:— .
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02H5OH + HZSO4 = CgHs.HSO4 + HgO
C.H;. HSO, + CH;,OH = (02H5)20 + H,S0,

This theory evidently arose from the fact that pepsin,
trypsin, etc., can be taken up by fibrin as before

\

mentioned.



CHAPTER XX.

THE CHANGES AND PRODUCTS OCCURRING A8 THE
RESULT OF PUTREFACTION.

THE last of the changes resulting from fermentation is
known as putrefaction; here several different changes
are without doubt taking place, but only in a very few
instances have they been definitely determined.

Putrefaction is a process which has been known from
early times to take place in organic substances when
they are exposed to the air, and it was considered by
the earliest observers to be a kind of fermentation, similar
to the production of alcohol from sugar solutions. It
was Pasteur, again, who showed that micro-organisms
were the cause of these changes, and he found that air
was not necessary for the majority of the organisms
producing putrefaction, which are now known to be
aneerobic; it is mow thought to be very probable that
enzymes are secreted by those organisms which produce
many of these changes. )

Analogous processes also take place in the intestines of
animals both normally and abnormally, and the products
resulting are very similar to those occurring in putrefac-
tion; it is, therefore, convenient to describe the changes
occurring in the intestines and in the air together. '
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The first stages in the decomposition of albumins con-
sist in their solution and conversion into peptone; this,
according to Salkowski, is an enzyme action; but Kihne
has denied that this ehzyme is trypsin. The quantity
of albumoses and peptémes obtained is always small, as -
they are immediately :further broken down. In this
connection Neumeister has made some very interesting
experiments; he finds that native albumins are not
attacked -until peptone is no longer present, or until it
is completely removed from the mass of decomposing
matter ; but gelatine is an exception, as he has found
peptone to be formed from it under the same conditions
of putrefaction, the quantity increasing instead of de-
creasing as in the former cases. In the intestine it is
found that bacteria are not necessary for digestion, but
also that they do no harm (Nuttall and Thierfelder).

In tryptic digestion, the aromatic radicles in the
albumin molecule yield chiefly tyrosine, but in putre-
faction various aromatic bodies are formed. These are
produced partly by the action of bacteria on the tyrosine,
and partly by their action on the albumin directly.

The chief aromatic compounds obtained by putre-
faction are :—

(@) Tyrosine and its derivatives—

i

. Hydroparacumaric acid, or p-oxyphenylpro-
pionic acid.

. p-oxyphenylacetic acid.

. Phenylpropionic acid.

. Phenylacetic acid.

5. p-cresol,

6. Pltenol.

AR ]
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According to Baumann, these are produced from
tyrosine in the following way :—

1. Reduction of the tyrosine with nascent hydrogen—

OH OH
/ /
GH, +2H= GH, + NH,
- CH,.CH(NH;).COOH S OH,.CH,COOH
Tyrosine. Hydroparacumaric acid.

2. Oxidation of the hydroparacumaric acid—

_oH _ oH
CGH4 + 30 = 06H4 + 002 + HEO
. CH,CH, COOH S CH,—COOH

p-oxyphenylacetic acid.

3. Splitting off of carbon dioxide—

_OH __OH
C;H, = C.H, + CO,
SSCH,CO0H  CH;,
p-cresol.

4. Oxidation of the p-cresol—

CeH,(OH)CH, + 30 = CGyH;.0H + CO; + HyO
Phenol.

(b) Those produced from albumin directly—
1. Indole (Nencki and Kiihne).
. 2. Skatole.
3. Skatole-carboxylic acid (Salkowski).
4, Skatole-acetic acid (Nencki, Salkowski).
These produets, according to Baumann, are not
primary products of bacterial action on albumin, but
they are formed in the decomposition of an intermediate
substance which is not known. ,
From these products it is seen that there must be
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several aromatic nuclei in the albumin molecule, the
majority of which are split off as tyrosine by fermentation.

From the fatty series no aromatic body as yet has
been found as a product of bacterial action, although
this would, according to Neumeister, be quite possible,
since it gs not known why bacteria give indole and
skatole, and other decomposing agents only tyrosine, and
Proteus vulgaris practically only indole. But the selective
action of these organisms, on the other hand, as has been
shown in several other cases, may be sufficient to account
for these results.

In the body these various products combine chiefly with
sulphuric acid, and are excreted as sulphuric acid esters;
hippuric acid is formed from phenylpropionic acid and
glycocoll, the phenylpropionic acid first undergoing oxida-
tion ; phenaceturic acid C¢gH;—CH,CO—NH—CH,COOH
is formed from phenylacetic acid and glycocoll.

The aliphatic products of intestinal putrefaction are
leucine, aspartic, and glutamic acids, also 6#-amino-
valerianic acid (Salkowski); the ammonium salts of
caproic, valerianic, and butyric acids; marsh gas and
hydrogen; in addition to these succinic and glutaric
acids, probably from the aspartic and glutamic acids.
From the sulphur in the albumin molecule, sulphuretted
hydrogen and methylmercaptan are formed.

Elastin and gelatine give the same products, but in
addition glycocoll.

These changes are very probably hydrolytic in
character.

Besides these products, outside the organism certain
basic substances are formed, which in their reactions
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closely resemble the vegetable alkaloids; they belong
chiefly to the fatty series, whereas the true plant alkaloids
are pyridine derivatives. In the living body these bases
are seldom formed, oxygen being necessary for their
formation. Dupré and Bence Jones in 1866, and Selmi in
1873, who suggested the name of Ptomaine for the whole
group, first hinted at their existence, but they were unable
to isolate them.

The recognition of these substances has heen chiefly
studied by Brieger, who has isolated the following bases:—

1. Monamines: methylamine, ethylamine, dimethyl-
amine, diethylamine, trimethylamine, triethylamine,

2. Diamines : putrescine, cadaverine.

A diamine of the constitution Ce¢HygNs, which is -
probably hexamethylenediamine, was obtained by Garcia
in 1893 from putrefying horseflesh ; also saprine, CsHgNs,
and peuridine, CsH;4N, (Ehrenberg).

According to Baumann and Udransky, the dlammes
are produced synthetically from monamines, thus :—

CH,—CH,—NH,
2CH; NHy + O = Ho0 + |
CH,—CH,—NH,

Collidine, CgH,;N, has been obta;ined by Nencki from
gelatine; and hydrocollidine, CsHisN, and parvoline,
CoHy3N, are generally produced from horse and cattle
flesh which are undergoing putrefaction.

Choline also is found, which most probably originates
from lecithine, and from which, perhaps, dimethyl-, tri-
methyl-, and triethylamine are formed.

Mydatoxine and mydine have been obtained by Brieger
from putrefying human corpses. °



CHANGES AS THE RESULT OF PUTREFACTION. 139

All these substances are not poisonous, or only
poisonous in large'doses, and for the following bases,
which are very poisonous, Brieger suggested the name
Toxine. ’

1. Peptotoxine, found by Bx‘ieger in many peptones.

2. Neurine, C;H1:NO, found in putrefying flesh.

3. Muscarine, CsH3NO,, found by Brieger in putre-
fying fish ; the poison of the fly agaric.

These two bodies very probably originate from choline,
thus :—

%/(CHQ-} / ((’H3)3 /(CH3)"3
N—CH2 = CH; <~ N—CH, CH30H - N—CHg—CHO
NOH ™~ OH "S0H
Neurine. Choline. Muscarine.

‘ 4. A base, CoHy(NH.,),, isomeric with ethylenediamine,
found in putrefying fish.
5. Mydaleine, from human corpses (Brieger).
6. Mytilotoxine, C¢H1sNO,, obtained by Brieger from
edible mussels.
7. Tyrotoxicone, found in miik and cheese by
- Vaughan, \
8. Tyrotoxine, found in cheese by Dokkum
9. Methylguanidine, obtained by Brieger from putre-
fying horseflesh ; it is probably produced by oxidation
from the creatine of muscles, thus :—

= NHZ / NH2
C=NH +30=C=NH +Hy,04CO,
" N(CH,).CHy.COOH ™ NH.CH,

The creatinine group of compounds (xanthocreatinine,
Cs;H1oN O, crus:)creatinine, C;HgN,O, and amphocreatinine,
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CoHyN;0,) and the uric acid group of compounds
(adenine, xanthine, hypoxanthine) were called Leucomaines
by Gautier in 1888; they are poisons produced from
lecithine, or proteids, by the metabolic activity of the
body.

Brieger has also investigated the poisonous substances
produced in certain diseases; in cystinuria, cystine is
formed in the organism; and in cholera, typhoid, tetanus,
ete., several poisonous substances are formed. Using pure
cultures of the micro-organisms of these latter diseases,
Brieger isolated from cholera, putrescine, cadaverine,
methylguanidine, indole, and nitrites; from typhoid,
typhotoxine, CyH;7NO,, and the non-poisonous neuridine ;
and from tetanus, tetanine, Cy3HaaN20,, putrescine, tetano-
toxine, spasmotoxine, and an unknown base.

Oméliansky has found that their toxines can be
produced from amino-acids by the bacteria of cholera and
diphtheria.

The real poisbns in these diseases, however, are bodies
of albumose properties, the constitution of which is not
yet known ; similar bodies constitute the deadly poisons
of snakes, fishes, spiders, insects, plants, from which, eg.,
abrine, ricine, lupinotoxine have been obtained.



THE principal deductions from the mass of work on the
chemical changes occurring ’l in fermentation, which has
been summarised above are as follows :—

1. That the active agent in all cases is a living
organism.

2. That this organism sets up either by its own
metabolism, or by bodies secreted by, or excreted from it,
changes in substances of different constitution, e.g., carbo-
hydrates and albumins.

3. That these changes are principally hydrolytic, and
that some are oxidative, and a few reductive.

4, That the results of these changes are generally
simplifications of the original body.

5. In certain cases synthesis odcurs.

LoNDON, October, 1902.
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Acetic acid, 78
Achroodextrin, 6, ff.
Acids, acetic, 78, ff.
——, amino, 70, 114
——-, butyrie, 99, ff.
—-, citric, 63

-, formic, 101

, gluconic, 80

———-, Tactic, 61-63, 68, ff.
——, malic, 101

——-, mucie, 99

——, oxalie, 64

———, pectic, 30

——-, pectosic, 30

———-~, propionie, 99, fi.
——~, urushic, 82

Acid amides, hydrolysis of, 102
Acid fermentation, 41, 61, 78, 99
Asculin, 53

Albumin, 114-133
Albumoses, 116, ff.
Alcoholic fermentavion, 41-48
Amidulin, 11
Annino-acids, 70, 114, ff.
Amino-oxydases, 87
Amphopeptone, 116, ff.
Amygdalin, 51-53
Amylodextrin, 9, ff.
‘Amylogen, 21, ff.
Anzrobic organisms, 134
Antipeptone, 116, ff,, 126
Arabic acid, 29

Arabinose, 29, 64, 67, 81
Arbutin, 53

Aromatic compounds, 135
Arsgenic compounds, 92, 93

Aspergillus niger, 31, 52, 38, 53,

54, 70, 130
Autodigestion, 129

Bacillus acidi lzwlactici, 68

A\

A
* “Bacillus amylobacter, 99

———- butylicus, 101
———— coli communis, 69

! s———- cyanofuscus, 102
. ~—— cyanogenus, 102

———~ desulfuricans, 92

———- esterificans fluorescens, 102

————- ethaceticus, 67

———-— ethacetosuccinus, 63

—— —- fluorescens liquefuciens,
104, 130

———4—--— Jiuorescens non-liguefaciens,
10

~ lactis aérogenes, 93
———— pyocyancus, 102
——-—~ tartricus, 68, 102
Bacteriofluorescin, 104 .
Bacteriolysis, 131 P
Bacteriopurpurin, 10
Bacterium acett, 80
denitrificans, 97

' ———— hydrosulfureum ponticun,

i

!
|
|
|
4
|

92

L idigonaceum, 103
. ———— of iron, 89

———— prodigiosum, 103
~———— of sorbose, 81

| ———— termo, 93
| ——— yrez, 15

———— wiolaceum, 103
zylinum, 80

Betulase, 56

Blood-clotting, 105-10¢

Bromelin, 131

Butyl aleohol, 101

! Butyric acid, 99, ff.

ferment, 93
——— ester, 72,73

Cacaonin, 57
Caleium formate, 101
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Cane sugar, 33, 42, 131

Caroubin, 27

Caroubinase, 28

Casein, 110, 118, 126, 131

Casse, 86

Catalase, 92

Cellulose, 28, 30

Cerebrospinase, 88

Chromogenic micro-organisms, 84,
102 .

Coagulation, 105-183

Coniferin, 53

Creatine, 102

Cytase, 28

Daphnin, 54
Denitrification, 97
Dextran, 65
Dextrin, 6-27, 64
Dextrinic acid, 17
Diastase, 5-25, 34
Diastase  hydrolysis.
results of, 25
—, velocity of, 23
Dihydroxyacetone, 48, 81
Disaccharides, 31-39
Dystropodextrin, 27

tabulated ]

Elaterasc, 56

Bmulsin, 16, 36-40, 51- 53

Endotrypsin, 130

Erepsin, 128

Erythrodextrin, ¢, ff.

Erythrozyme, 47, 56
Esters, 71-74

Fats, 71

Ferments, butyric, 93
——-——, caroubinase, 28
————, ccrebro-spinasc, 88
————, cytase, 28
————, diastase, 5-27
————, elaterase, 56

~— ——, emulsin, 16, 36, 39, 51, 54
, erythrozyme, 47, 56
———, fibrin, 94, 105-109
————, galactase, 129

, gautherase, 56
————, glucase, 16, 35
—————, glycolytic, 89
—————, hadromase, 29
————, inulase, 26
————, invertin, 31
————, isatase, 54

—— ——, laceasc, 82-86, 91
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Ferments, lactase, 36, 38, 39

————, lipase, 36, 71, 72

————, luciferase, 89

, maltase, 16, 35

, mannitol, 80

, melibiase, 32, 38

————, melizitase, 32

~—————, myosin, 112

————, myrosin, 55

————, enoxydase, 86

————, pectase, 29

, pectinase, 30

————, philothion, 91

—————, raffinase, 32

———, reductase, 34

————, rennin, 110

————, schinoxydase, 86

, Seminase, 28

—————, steapsin, 71

————, sypaptase, 51

————, tannase, 56

, trehalase, 38

, tyrosinase, 85

—————, urease, 79

—————, vesiculase, 113

——————, yeast, 44-50

—————, zymase, 47

—————, chromogenic action of.
84, 102

————, reducing, 91-04

————, selective actiou of, §7-70

Fermentation, acid, 41, 61, 99

, acid and alcoholic, 41

———————, alcoholic, 41-48

—— -, proteolytic, 114-133

—————— and putrefaction, 40

—————, synthetic, 35, 36

Fibrin, 116, 119

Fibrinogen, 105-109

Fusel oil, 44

Galactase, 129

Galactose, 29, 31, 36, ff., 48, 49
Galactosides, 58
Galactosidogalactose, 39
Galactosidoglucose, 39

Gastric digestion, 114-121

. Gaultherin, 56
Gaultherase, 56

Gelatine, 127, 130
Gentianose, 32, 38
Gentiobiose, 32, 38 .
Gentiopierin, 54
Glucase, 16, 35
Glucodextrin, 21925
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Gluconic acid, 80

Glueose, 21, ff., 63

Glucosides, 51-58; artificial, 57
Glucosidogalactose, 39
Glucovanillin, 54

Glyceric acid, 67

Glycogen, 27

Glycolytic ferment, 89
Granulobacter butylicum, 101
Grenzdextrin, 21, 25

Hadromal, 29
Hadromase, 29

‘Helicin, 53
_ Hydroquinone, 83

Indican, 54
Indigo, 87
Indophenol, 87
Indoxyl, 54
Tnosite, 63
Inulase, 26.
Inulin, 26 .
Invertin, 31, ff.
Iron bacteria, 90
Isatase, 54
Isolactuse, 39
Isomaltose, 10, ff.

Kolanin, 57

Laccase, 82-86
Laceol, 82, ff.
Lactase, 36, 38, 39
Lactic acid, 61-63, 68, ff.
Lactose, 36
Lecithines, 127
Leucomaines, 140
Lignin, 29
Lipase, 36, 71-7+
Lotase, 57
Lotusin, 56
Luciferase, 89

Malic acid, 100

Maltase, 16, 35-37, 52
Maltodextrin, 7, 8, 14, 24
Maltodextrinic acid, 14
Maltose, 6-25, 35, 36, 52
Maundelnitrilglucosid, 52
Mannitol, 8¢

Mannose, 28
Mannosides, 58
Melibiase, 32, 38
Melibiose, 31, 38 *

Melitriose, 31

Melizitose, 32

Metamaltose, 13

Metapectic acid, 28
Microgoccus prodigiosus, 103
Milk, 110-113

Molecnlar weight, starch, 19
Monobutyrin, 72-74
Monosaccharides, 40-66
Mucice acid, 99
Muscle-clotting, 111-113
Mycoderma aceli, 78
Mycose, 38

Myosin ferment, 112
Myrosin, 55

Nitrification and denitrification,
95-98

Nitro-bacteria, 96

Nitrosococéi, 96

Nitrosomonas, 96

Nucleoproteids, 126

(Enoxydase, 8t

Olein, 71

Oxalie acid, 64

Oxidation products, 78-90
Oxydases, 82-89

Palmitin, 71

Pancreatic digestion, 122-128

Papain, 131

Pectase, 29 g

Pectic acid. 30

Pectinase, 30

Pectine, 29

Pectose, 28

Pectosic acid, 30

Penicillivm brevicaule, 93

Penicillium glaucum, 68, 70

Pepsin, 114-121

Peptic digestion, 114-121

Peptone, 115

Philothion, 91

Phloridzin, 53

Phosphorescent bacteria, 104

Pigments due to bacterial action,
102-104

Polysaccharides, 5-30

Populin, 54

Propionic acid, 99, ff.

Prostate gland, 113

Protamines, 127

Proteolytic fermentation, 114133

Ptomaines, 13
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Ptyalose, 23 Synthetic action of ferments, 2, 35,
Putrefaction, 41, 134-140 36

Raffinase, 3¢ - Takadiastase, 36
Raffinose, 31 . | Tannase, 56

Reductase, 94 ' Tannin, 56

Reduction products, 91-94 Touranose, 52

Rennin, 110 Toxincs, 128, 1:39
Rhambase, 56 Trehalase, 38

Rhamnose, 56 | Trehalose, 38

Rhawmnin, 36 { Trisaccharides, 31-39
Rhamninose, 56 Trypsin, 114

Rubian, 55 Tryptic digestion, 122-128

Tyrosinase, 85

Salicin, 53

Salicylase, 88 Urea, 75-77
Schinoxydase, 86 Urease, 75

Schizophyllum lobatum, 102 Urie acid, 75-77

Seminal vesicles, 113 U'rushie acid, 82
Seminase, 28

Seminose, 29 Valerian, 87
" 8inalbin, 55 Vauillin, 54

Binigrin, 55 Velocity of diastase hydrolysis, 23
Sorbitol, 80 Vesiculase, 113

Sorbose, 80

Starch, 5-25, 71

—— molecole, 9, 19
Streptococcus hornensis, 65

Vibrio hydrosulfureus, 92

Xanthorhamnin, 56
Xylose, 81

Streptothriz chromogena, 102 . Xylosides, 59
Sulphates, oxidation of, 90 '
, reduction of, 91, 92 . Yeast ferment, 44-48, 130
Sulphur bacteria, 90 - | :
Synaptase, 51 * Zymase, 47
THE END.
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dency College, Caleutta. With 117 Illustrations. 8vo., ros. 6d.

* X This volume describes experimental investigations on animal, vegetable and
mormmc substances regarding their vesponse fo stimulus.  These researches show that
the ch: of fatigue, stimulants, depressants and z)zwm are alike in the organic and
inorganic, and demon:/mte that the response phénomena in the ' living’ have been
\farcrhadowed in the * non-living’.

GANOT.—Works by PROFESSOR GANOT. Translated and
Edited by E. ArkinsoN, Ph.D,, F.C.S., and A. W. REINOLD,
M.A,, F.R.S.

ELE MENTARY TREATISE ON PHYSICS, Experimental
and Applied. With g Coloured Plates and Maps, and 1048 Woodcuts, and
Appendix of Problems and Examples with Answers. Crown 8vo., 15s

NATURAL PHILOSOPHY FOR GENERAL REA DERS
AND YOUNG PEOPLE. With 7 Plates, 632 Woodcuts, and an Appendix
of Questions. Crown 8vo. 7s. 64.

GLAZEBROOK avp SHAW.—PRACTICAL PHYSICS. By
R. T. GLAzEBROOK, M.A., F.R.S., and W. N. SAw, M.A. With 134
Ilustrations. Fcep. 8vo., 7s. 64.

GUTHRIE.—MOLECULAR PHYSICS AND SOUND. By
F. GUTHRIE, Ph.D. With gt Diagrams. Fcp. 8vo., 1s. 6d.

HELMHOLTZ—POPULAR LECTURES ON SCIENTIFIC
SUBJECTS. By HERMANN VON HELMHOLTZ. Translated by E. ATKINSON,
Ph.D., F.C.S.. formerly Professor of Experimental Scxencet\Staﬁ College. With

. 68 Tlustrations. 2 vols., crown 8vo., 3s. 6d. each.

HENVDERSON —ELEMENTARY PHYSICS. By Joun
HENDERSON, D.Sc. (Edin.), A.LE.E., Physics Department, Borough Road
Polytechnic. Crown 8vo., 2s. 64.

MACLEAN—~EXERCISES IN NATURAL PHILOSOPHY.

By MAGNUS MACLEAN, D.Sc., Professor of Electrical Engineering at the
Glasgow and West of Scotland Techmcal College. Crown 8vo., 45. 64.

MEYER—THE KINETIC THEORY OF GASES. Elemen-
tary Treatise, with Mathematical Appendices. By Dr. OskArR EMIL
MEYER, Professor of Physics at the University of Breslaun. Second Revised
Edition. Translated by ROBERT E. BAYNES, M.A,, Student of Christ Church,
Oxford, and Dr. Lee’'s Reader in Physics. 8vo., 1 5:. net.

VAN 'tHOFF—THE ARRANGEMENT OF ATOMS IN
SPACE. By ]. H. vaN T'HOFF. Second, Revised, and Enlarged Edition.
With a Preface by JOHANNES WISLICENUS, Professor of Chemistry at the
University of Leipzig; and an Appendix ‘Stereo-chemistry among Inorganic
Substances,” by ALFRED WERNER, Professor of Chemistry at the University of
Ziirich. Translated and Edited by ARNOLD EILOART. Crown 8vo., 6s. 6d.
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PHYSICS, ETC.—Conlinued.
WATSON.—Works by W. WATSON, A.R.C.S.,, F.R.S,, D.Sc,,’
Assistant Professor of Physics at the Royal College of Science,
London.

ELEMENTARY PRACTICAL PHYSICS: a Laboratory
Manual for Use in Organised Science Schools, With 120 Illustrations and
193 Exercises. Crown 8vo., 2s. 6d.

A TEXT-BOOK OF PHYSICS. With 564 Diagrams and

Ilustrations. Large crown 8vo., 105. 64,

. WORTHINGTON.—A FIRST COURSE OF PHYSICAL
LABORATORY PRACTICE. Containing 264 Experiments. By A. M.
WORTHINGTON, M.A., F.R.S. With Illustrations. Crown 8vo., 4s. 6d.

WRIGHT—ELEMENTARY PHYSICS. - By Marx R.
WRIGHT, M.A., Professor of Normal Education, Durham College of Science.
‘With 242 llustrations. Crown 8vo., 2s. 6d.

MECHANICS, DYNAMICS, STATICS, HYDRO-
STATICS, ETC.

BALL—A CLASS-BOOK OF MECHANICS. By Sir R. S.
BALL, LL.D. 8g Diagrams. Fcp. 8vo., Is. 64.

GOODEVE.—Works by T. M. GOODEVE, M.A., formerly
Professor of Mechanics at the Normal School of Science, and
the Royal School of Mines.

THE ELEMENTS OF MECHANISM. With 357 Illustra-

tions, Crown 8vo., 6s.

PRINCIPLES OF MECHANICS. With 253 Illustrations and

numerous Examples. Crown 8vo., 6s.

A MANUAL OF MECHANICS: an Elementary Text-Book
for Students of Applied Mechanics. With 138 Illustrations and Diagrams
and 188 Examples taken from the Science Department Examma\xon Papers,
with Answers. Fep. 8vo., 2s. 64.

GOODMAN —~MECHANICS APPLIED TO ENGINEERING.
By JoHN GOODMAN, Wh.Sch., A M.1.C.E., M.1. M. E., Professor of Engineering
in the Yorkshire (,ollege Leeds (Victoria Um\ersnty) With 620 Illustrations
and numerous examples, Crown 8vo., 7s. 64. net.

GRIEVE.—LESSONS IN ELEMENTARY MECHANICS.
By W. H. GRIEVE, late Engineer, R.N., Science Demonstrator for the London
Schoo!l Board, etc.

Stage 1. 6g/'ith 165 Illustrations and a large number of Examples, Fcp. 8vo.,
15, 6d.

Stage 2. With 122 Illustrations, Fcp, 8vo., 15, 6d.

Stape 2. With 1oz Illustrations. Fen. 8vo.. 15. 64.
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WMECHANICS, DYNAMICS, STATICS, HYDRO%TATICS- ETC.—
Conlinued.

MAGNUS—Works by SIR PHILIP MAGNUS, B.Sc., B.A.
LESSONS IN ELEMENTARY MECHANICS. Introductory

to the study of Physical Science. Designed for the Use of Schools, and of
Candidates for the London Matriculation and other Examinations. With
numerous Exercises, Examples, Examination Questions, and Solutions, etc.,
from 1870-1895. With Answers, and 131 Woodcuts. Fcp. 8vo., 35. 64.

Key for the use of Teachers only, price 5s5. 334.
HYDROSTATICS AND PNEUMATICS. Fcp. 8vo., 1s. 64.;
or, with Answers, 2s. The Worked Solutions of the Problems, 2s.
\

PULLEN—MECHANICS : Theoretical, Applied, and Experi-
mental. By W. W. F. PULLEN, WH. SC. M.IL.M.E., AM.LC.E. With
318 Diagrams and numerous Examples. Crown 8vo., 4s. 6d.

ROBINSON—ELEMENTS OF DYNAMICS (Kinetics and

Statics). With numerous Exercises. A Text-book for Junior Students.
By the Rev. J. L. RoBINSON, M.A. Crown 8vo., 6s.

SMITH —Works by J. HAMBLIN SMITH, M.A.
ELEMENTARY STATICS. Crown 8vo., 3s.
ELEMENTARY HYDROSTATICS. Crown 8vo., 35. \
KEY TO STATICS AND HYDROSTATICS. Crown 8vo.,\gc.

TARLETON—AN INTRODUCTION TO THE MATHE-
MATICAL THEORY OF ATTRACTION, By FraNcis A. TARLETON,
LL.D., Sc.D., Fellow of Trinity College, and Professor of Natural Philosophy
in the University of Dublin. Crown 8vo., 10s. 64.

TAYLOR.—Works by J. E. TAYLOR, M.A., B.Sc. (Lond.).
THEORETICAL MECHANICS, including Hydrostatics and

Pneumatics. With 175 Diagrams and Illustrations, and 522 Examination
Questions and Answers. Crown 8vo., 25. 6d.

THEORETICAL MECHANICS—SOLIDS. With 163 Illus-

trations, 120 Worked Examples and over 500 Examples from Examination
Papers, etc. Crown 8vo., 2s5. 6d.

THEORETICAL MECHANICS.—FLUIDS. With 122 Illus

trations, numerous Worked Examples, and about 500 Examples from Ex
amination Papers, etc, Crown 8vo., 25, 6d.

THORNTON.—THEORETICAL. MECHANICS—SOLIDS.
Including Kinematics, Statics and Kinetics. By ARTHUR THORNTON, M.A.,
F.R.A.S. With 200 Illustrations, 130 Worked Examples, and over goo

Examples from Examination Papers, ete. Crown 8vo., 45. 64,
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MECHANICS, DYNAMICS, STATICS, HYDROSTATICS, ETC.— '
Conldinued.

TWISDEN.—Works by the Rev. JOHN F. TWISDEN, M.A.

PRACTICAL MECHANICS; an Elementary Introduction to

their Study. With 855 Exercises, and 184 Figures and Diagrams. Crown
8vo., 10s. 64.

THEORETICAL MECHANICS. With 17z Examples,

numerous Exercises, and 154 Diagrams. Crown 8vo., 8s. 64.

WILLIAMSON~—INTRODUCTION TO THE MATHE-
MATICAL THEORY OF THE STRESS AND STRAIN OF ELASTIC
SOLIDS. By BenyaMin Wirriamson, D.Sc., F.R.S. Crown 8vo., 5s.

WILLIAMSON anp TARLETON.—AN ELEMENTARY
TREATISE ON DYNAMICS. Containing Applications to Thermodynamics,
with numerous Examples. By BENjAMIN WiLLIAMSON, D.Sc., F.R.S., and
FrANCIS A. TARLETON, LL.D. Crown 8vo., 10s. 6d.

WORTHINGTON.—DYNAMICS OF ROTATION: an Ele-
mentary Introduction to Rigid Dynamics. Bv A. M. WORTHINGTON, M.A.,
F.R.S. Crown 8vo., 4s. 64.

MENSURATION, SURVEYING, ETC.

BRABANT—THE ELEMENTS OF PLANE AND SOLID
MENSURATION. With Copious Examples and Answers. By F. G.
BRrRABANT, M.A. Crown 8vo., 3s. 64. :

GRIBBLE.—PRELIMINARY SURVEY AND ESTIMATES.

By THEODORE GRAHAM GRIBBLE, Civil Engineer. Including Elementary
Astronomy, Route Surveying, Tacheometry, Curve Ranging, Graphic Mensura-
tion, Estimates, Hydrography and Instruments. With 133 Tilustrations,
Quantity Diagrams, and a Manual of the Slide-Rule. Fep. 8vo., 7s. 6d.

LODGE.—MENSURATION FOR SENIOR STUDENTS. By
ALFRED LoDGE, M.A., late Fereday Fellow of St. John’s College, Oxford;
Professor of Pure Mathematics at the Royal Indian Engineering College,
Cooper's Hill. With Answers. Crown 8vo., 4s. 6d.

LUPTON.—A PRACTICAL TREATISE ON MINE SURVEY-

ING. By ArNoLD LUPTON, Mining Engineer, Certificated Colliery Manager,
Surveyor, Member of the Institution of Civil Engineers, etc. With 216 Illus-
trations. Medium 8vo., 125. net.

NESBIT—Works by A. NESBIT.
PRACTICAL MENSURATION. Illustrated by 700 Practical

Examples and 700 Woodcuts. rz2mo., 35. 6¢. KEY, 55

PRACTICAL LAND-SURVEYING, for the Use of Schools

and Private Students. Edited by W. BURNESS, F.R.A.S. With 14 Plates,
221 Figures, and a Field-Book. 8vo., 125 »

SMITH—CIRCULAR SLIDE RULE. By G. L. Swmitu.

Fcp. 8vo., 1s. net.
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ALGEBRA, ETC.

* X For other Books, see Longmans & Co.'s Catalogue of Educational and School Books.
ANNALS OF MATHEMATICS. (PUsLISHED UNDER THE

Auspices oF HarvARD UNIVERSITY.) Tssued Quarterlyf 4to., 2. net.

BURNSIDE anp PANTON.—Works by WILLIAM SNOW
BURNSIDE, M.A., Fellow of Trinity College, {Dublin ; and
ARTHUR WIL LIAM PANTON, M.A., Fellow'and Tutor of

, Trinity College, Dublin.

‘7 THE THEORY OF EQUATIONS. With an Introduction to

i the Theory of Binary Algebraic Forms. =2 vols. 8vo., gs. 6. seach.

AN INTRODUCTION TO DETERMINANTS: being a

Chapter from the Theory of Equations (being the First Chapter of the
Second Volume of ‘ The Theory of Equations’). 8vo., sewed, 2s. 64.

. CRACKNELL —PRACTICAL MATHEMATICS. By A. G.
CRACKNELL, M.A,, B.Sc., Sixth Wrangler, etc. With Answers to the
Examples. Crown 8vo., 35 6d. '

GRIFFIN —Works by Rev. WILLIAM NATHANIEL GRIFFIN,
B.D., sometime Fellow of St. John’s College, Cambridge.

THE ELEMENTS OF ALGEBRA AND TRIGONOMETRY.
Fep. 8vo., 3s. 6d.

NOTES ON THE ELEMENTS OF ALGEBRA AND
TRIGONOMETRY. With Solutions of the more Difficult Questions.
Fep. 8vo., as. 6d.

MELLOR—HIGHER MATHEMATICS FOR STUDENTS
OF CHEMISTRY AND PHYSICS. With special reference to Practical
Work. By J. W. MELLOR, D.Sc., Research Fellow, The Owens College,
Manchester. With 142 Diagrams. 8vo., 12s. 6d. net. \

\
WELSFORD anp MAYO.—ELEMENTARY ALGEBRA. By:
J- W. WeLsrorRD, M.A., formerly Fellow of Gonville and Caius College,
Cambridge, and C. H. P. MAayo, M.A,, formerly Scholar of St. Peter’s College,
Cambridge ; Assistant Masters at Harrow School. Crown 8vo., 35. 64., or
with Answers, 45. 6d.

CONIC SECTIONS, ETC.

CASEY—A TREATISE ON THE ANALYTICAL GEO-
METRY OF THE POINT, LINE, CIRCLE, AND CONIC SECTIONS.
By Joun Casey, LL.D., F.R.S. Crown 8vo., 12s.

RICHARDSON —GEOMETRICAL CONIC SECTIONS. By
G. RICHARDSON, M.A, Crown 8vo., 4s. 6d.

SALMON.—A TREATISE ON CONIC SECTIONS, containing

an Account of some of the most Important Modern Algebraic and Geometric
Methods. By G. SALMoN, D.D., F.R.S. 8vo., 125

SMITH—GEOMETRICAL CONIC SECTIONS. By J.

HaMBLIN SMiTH, M.A. Crown 8vo., 35. 6d.
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THE CALCULUS, LOGARITHMS, ETC.

BARKER. —GRAPHICAL CALCULUS. By ArtHUR H.
BARKER, B.A., B.Sc. With an Introduction by JoHN GoopMAN, A.M.I.C.E.
With 61 Diagrams. Crown 8vo., 45. 6d.

MURRAY. — AN INTRODUCTORY COURSE IN DIF-
FERENTIAL EQUATIONS. By DANIEL ALEXANDER MURRAY, Ph.D.
Crown 8vo., 4s. 6d.

* TATE.—PRINCIPLES OF THE DIFFERENTIAL AND
INTEGRAL CALCULUS. Applied to the Solution of Useful Problems in
Mathematics and Mechanics. By THOMAS TATE. 12mo, 4s. 6d.

TAYLOR—Works by F. GLANVILLE TAYLOR.

AN INTRODUCTION TO THE DIFFERENTIAL AND
INTEGRAL CALCULUS AND DIFFERENTIAL EQUATIONS.
Crown 8vo., gs.

AN INTRODUCTION TO THE PRACTICAL USE OF
LOGARITHMS, WITH EXAMPLES IN MENSURATION. With
Answers to Exercises. Crown 8vo., 1s. 6d.

WILLIAMSON —Works by BENJAMIN WILLIAMSON, D.Sc.

AN ELEMENTARY TREATISE ON THE DIFFERENTIAL
CALCULUS; containing the Theory of Plane Curves, with numerous
Examples. Crown 8vo., 105 6d.

AN ELEMENTARY TREATISE ON THE INTEGRAL
CALCULUS; containing Applications to Plane Curves and Surfaces, and
also a Chapter on the Calculus of Variations, with numerous Examples.
Crown 8vo., 10s5. 64.

GEOMETRY AND EUCLID.

* X For other Works, see Longmans & Co.’s Catalogue of Educational and School Books.

ALLMAN. —GREEK GEOMETRY FROM THALES TO
EUCLID. By G. J. ALLMAN., 8vo., 105 6d.

CASEY—Works by JOHN CASEY, LL.D., F.R.S.

THE ELEMENTS OF EUCLID, BOOKS I.-VI. and Pro-
positions, 1.-XXT. of Book XI., and an Appendix of the Cylinder, Sphere,
Cone, etc. With Copious Annotations and numerous Exercises. Fep. 8vo.,
4s. 6d. KEY to Exercises. Fep. 8vo., 6s.

A SEQUEL TO THE ELEMENTS OF EUCLID. Part I.
Books 1.-VI. With numerous Examples. Fecp. 8vo., 3s. 64.

A TREATISE ON THE ANALYTICAL GEGMETRY OF
THE POINT, LINE, CIRCLE AND CONIC SECTIONS. Containing
an Account of its most recent Extension. Crown 8vo., 12s.
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GEOMETRY AND EUCLID—Continued.
HAMILTON.—ELEMENTS OF QUATERNIONS. By the

late Sir WILLIAM RowaN HAMILTON, LL.D., M.R.I.A. ‘Edited by CHARLES
Jasper Jory, M.A., Fellow of Trinity College, Dublin. jz2.vols. 4to. 21s
net each. [

HIME.—THE OUTLINES OF QUATERNIO&S. By Lieut.-
Colonel H. W. L. HiME, late Royal Artillery. Crown 8vo., 10s.

LOW —TEXT-BOOK ON PRACTICAL, SOLID, AND DE-
SCRIPTIVE GEOMETRY. By DAvVID ALLAN Low, Professor of Engineer-
ing, East London Technical College. Crown 8vo. \

Part I. With 114 Figures, 2s. “
Part II. With 64 Figures, 3s. ‘ |

q

MORRIS~—Works by . HAMMOND MORRIS. ¢

PRACTICAL PLANE AND SOLID GEOMETRY, including

Graphic Arithmetic fully Illustrated with Drawings prepared specially by the
Author. Crown 8vo., 2s. 6d.

GEOMETRICAL DRAWING FOR ART STUDENTS.

Embracing Plane Geometry and its Applications, the Use of Scales, and the
Plans and Elevations of Solids as required in Section I. of Science Subjects.
Crown 8vo., 2s. :

SM/TH—ELEMENTS OF GEOMETRY. By J. HaMBLIN

SMITH, M.A. Containing Books 1 to 6, and portions of Books 11 apd 12, of
Euclid, with Exercises and Notes. Crown 8vo., 35. 64. KEY, crown 8vo.,
8s. 6d.

Books 1 and 2, limp cloth, 1s5. 64., may be had separately.

N

SPOONER.~—THE ELEMENTS OF GEOMETRICAL DRAW-

ING : an Elementary Text-book on Practical Plane Geometry, including an
Introduction to Solid Geometry. Written to include the requirements of the
Syllabus of the Board of Education in Geometrical Drawing and for the use of
Students preparing for the Military Entrance Examinations. By HENRY J.
SPOONER, C.E., M.Inst. M.E. ; Director of the Polytechnic School of Engineer-
ing, etc. Crown 8vo., 3s5. 6d.

WATSON.—ELEMENTS OF PLANE AND SOLID GEO-
METRY. By H. W. WaTtsoN, M.A. Fcp. 8vo., 3s. 6d‘.

WILSON.—GEOMETRICAL DRAWING. For the use of
Candidates for Army Examinations, and as an Introduction to Mechanical
Drawing. By W. N. WiLsON, M A, PartsI. and II. Crown 8vo., 4s. 6d. each.

WINTER.— ELEMENTARY GEOMETRICAIL DRAWING.
By S. H. WINTER.

Part I. Incltding Practical Plane Geometry, the Construction of
Scales, the Use of the Sector, the Marquois Scales, and the Protractor.
With 3 Plates and 10co Exercises and Examination Papers. Post 8vo., 5s.
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TRIGONOMETRY,

CASEY.— A TREATISE ON ELEMENTARY TRIGONO-
METRY. By JouN Casgy, LL.D., F.R.S,, late Fellow of the Royal University
of Ireland. With numerous Examples and Questions for Examination. 12mo,
35,

CLARKE ~—PLANE TRIGONOMETRY. Containing the more
advanced Propositions, Solution of Problems and a complete Summary of For-
mulae, Bookwork, etc., together with recent Examination Papers for the Army,
Woolwich, etc. With Answers. By the Rev. A. DawsoN CLARKE, M.A,, St.
John's College, Cambridge. Crown 8vo., 5s.

GOODWIN—Works by H. B. GOODWIN, M.A.
PLANE AND SPHERICAL TRIGONOMETRY. In Three

Parts, comprising those portions of the subjects, theoretical and practical,
which are required in the Final Examination for Rank of Lieutenant at
Greenwich. §&vo., 8s5. 6d.

ELEMENTARY PLANE TRIGONOMETRY. With numerous

Examples and Examination Papers set at the Royal Naval College in recent
years. With Answers. 8vo., §s.

JONES—THE BEGINNINGS OF TRIGONOMETRY. By

A. CLEMENT JoNES, M.A., Ph.D., late Open Scholar and Senior Hulme
Exhibitioner of Brasenose College, Oxford ; Senior Mathematical Master of
Bradford Grammar School. Crown 8vo., 2s

MURRAY—PLANE TRIGONOMETRY FOR COLLEGES
AND SECONDARY SCHOOLS. By DaxiEL A, MurRray, B.A,, Ph.D.,
Instructor in Mathematics in Cornell University. Crown 8vo., 35. 6. With
Logarithmic and Trigonometric Tables. Crown 8vo., gs.

SMITH—ELEMENTARY TRIGONOMETRY. By J. HaMsLIN
Smite, M.A. Crown 8vo., 4s. 64. Key, 75. 64,

OPTICS, PHOTOGRAPHY, ETC.
ABNEY.—ATREATISE ON PHOTOGRAPHY. By SirWiLLiam

DE WIVELESLIE ABNEY, K.C.B., F.R.S., Principal Assistant Secretary of the
Secondary Department of the Board of Education. With 134 Illustrations.
Fep. 8vo., gs. .

DRUDE—THE THEORY OF OPTICS. By PauL DrUDE,
Professor of Physics at the University of Giessen. Translated from the German
by C. RisorG MANN and ROBERT A. MILLIKAN, Assistant Professors of
Physics at the University of Chicago. With 110 Diagrams. 8vo., 154 net.

GLAZEBROOK —PHYSICAL OPTICS. By R. T. Giraze-
BROOK, M.A., F.R.S,, Principal of University College, Liverpool. With 183
Woaodcuts of Apparatus, etc. Fcp. 8vo., 65,

VANDERPOEL~—COLOR PROBLEMS: a Practical Manual
for the Lay Student of Color. By EMILY NOYES VANDRRPOEL, With 117
Plates in Color. Square 8vo., 21s. net,

WRIGHT —OPTICAL PROJECTION : a Treatise on the Use
of the Lantern in Exhibition and Scientific Demonstration, B}y LEWIS WRIGHT,
Author of ‘Light: a Course of Experimental Optics’. With 232 Illustrations.
Crown 8vo., 6s. N
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SOUND, LIGHT, HEAT, AND THERMODYNAMICS.

DEXTER—ELEMENTARY PRACTICAL SOUND, LIGHT
AND HEAT. By Josepn S. DEXTER, B.Sc. {Lond.), Physics Master,
Technical Day School, The Polytechnic Institute, Regent Street. With 152
Husteations.  Crown 8vo., 2s. 6d.

i
1

EMTAGE—LIGHT. By W.T. A. Esxtace, M.A., Director of
Education, Mauritins. With 232 Illustrationg. Crown 8vo., 65
Vo
HEILMHAHOLTZ—ON THE SENSATIONS OF TONE AS A

PHYSIOLOGICAL BASIS FOR THE THEORY OF MUSIC. By HER-
MANN VON HELMHOLTZ Royal 8vo., 28s, .

MAXWELL —THEORY OF HEAT. By J. CLERK MAXWELL

M.A., F.R.SS,, L. and E. With Corrections and Additions by Lord Ray
LEIGH. With 38 Ulustrations. Fcp. 8vo., 4s. 64.

SMITH.—THE STUDY OF HEAT. By J. HaMmBLIN SMITH,
M.A., of Gonville and Caius College, Cambridge. Crown 8vo., 3s.

TYNDALL—Works by JOHN TYNDALL, D.C.L, F.R.S.
See p. 36. -

WORMELL—A CLASS-BOOK OF THERMODYNAMICS.
By RICHARD WORMELL, B,Sc., M.A. Fcp. 8vo., 15. 64, '

WRIGHT —Works by MARK R. WRIGHT, M.A.
SOUND, LIGHT, AND HEAT. With 160 Diagrams and

Illustrations. Crown 8vo., 2r, 64 \

ADVANCED HEAT. With 136 Diagrams and numerous

Examples and Examination Papers. Crown 8vo., 4s. 64,

STEAM, OIL, AND GAS ENGINES.
BALE.—A HAND-BOOK FOR STEAM USERS; being Rules

for Engine Drivers and Boiler Attendants, with Notes on Stearn Engine and
Boiler Management and Steam Boiler Explosions. By M. Powis BALE,
M.LLM.E., AM.LC.E. Fcp. 8vo., 25. 6d.

CLERK.—THE GAS AND OIL ENGINE. By DucaLp
CLERK, Mgmber of the Institution of Civil Engineers, Fellow of the Chemical
Society, Member of the Royal Institution, Fellow of the Institute of Patent
Aoents  With oof Tnstrations.  8vo.. 1gs.
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STEAM, OIL, AND GAS ENGINES—Coniinued.
HOLMES.—THE STEAM ENGINE. By Georce C. V.

HoLMEs, Chairman of the Board of Works, Ireland. ~ With 212 Illustrations.
Fep. 8vo., 6s.

NEILSON.—THE STEAM TURBINE. By RoBerT M.
NEILSON, Whitworth Exhibitioner, Associate Member of the Institute of
Mechanical Engineers, Lecturer on Steam and the Steam Engine at the
Heginbottom Technical School, Ashton-under-Lyne. With 145 Illustrations.
8vo., 75. 6d. net. .

NORRIS—A PRACTICAL TREATISE ON THE ‘OTTO’
CYCLE GAS ENGINE. By WILLIAM NORRIS, M.I.Mech.E. With 207
Illustrations. 8vo., xos. 6d.

RIPPER.—Works by WILLIAM RIPPER, Professor of Mechani-
cal Engineering in the Sheffield Technical School.

STEAM. With 185 lllustrations. Crown 8vo., 2s. 64.
STEAM ENGINE THEQORY AND PRACTICE. With 438

Illustrations. 8vo., gs.

SENNETT avp ORAM.—THE MARINE STEAM ENGINE:
A Treatise for Engineering Students, Young Engineers and Officers of the
Royal Navy and Mercantile Marine. By the late RICHARD SENNETT,
Engineer-in-Chief of the Navy, etc.; and HENRY ]J. ORAM, Senior Engineer
Inspector at the Admiralty, Inspector of Machinery in H.M. Fleet, etc.
With 414 Diagrams. 8vo., 21s.

STROME YER.—MARINE BOILER MANAGEMENT AND
CONSTRUCTION. Being a Treatise on Boiler Troubles and Repairs,
Corrosion, Fuels, and Heat, on the properties of Iron and Steel, on Boiler
Mechanics, Workshop Practices, and Boiler Design. By C. E. STROMEYER,
Chief Engineer of the Manchester Steam Users’ Association, Member of
Council of the Institution of Naval Architects, etc. With 452 Diagrams, etc.
8vo., 125, net.

ARCHITECTURE, BUILDING CONSTRUCTION, ETC.
ADVANCED BUILDING CONSTRUCTION. By the Author

of ‘Rivingtons’ Notes on Building Construction’. With 385 Illustrations.
Crown 8vo., 4s. 6d.

BURRELL.—BUILDING CONSTRUCTION. By Epwarbp ]J.
BURRELL, Second Master of the People’s Palace Technical School, London.
With 303 Working Drawings. Crown 8vo., 2s. 64.

GWILT—AN ENCYCLOPADIA OF ARCHITECTURE.
By JosePH GWILT, F.S.A. Revised (1888), with Alterations and Considerable
Additions by WYATT PAPWORTH. With 1700 Engravings. 8vo., 21s. net.

PARKER anvp UNWIN—THE ART OF BUILDING A
HOME: A Collection of Lectures and Illustrations. By BARRY PARKER and
RayMoND UNWIN. With 68 Full-page Plates. 8vo, ros. 64. net.

RICHARDS.—BRICKLAYING AND BRICKCUTTING. By
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SEDDON.—BUILDER’'S WORK AND THE BUILDING
TRADES. By Col. H. C. SEppON, R.E., late Superintending Engineer,
H.M.'s Dockyard, Portsmouth; Examiner. in Building Construction, Science
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RIVINCTONS’ COURSE OF BUILDING CONSTRUCTION.
NOTES ON BUILDING CONSTRUCTION. Arranged to meet
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ARRHEN/US—A TEXT-BOOK OF ELECTROCHEMIS-
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Ilustrations. 8vo., gs. 6d. net.
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CARUS-WILSON—ELECTRO-DYNAMICS : ‘the Direct-
Current Motor. By CHARLES ASHLEY CARUS-WILSON)\M.A, Cantab. With
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CUMMING—ELECTRICITY TREATED EXPERIMEN-
TALLY. By LINN&US CUMMING, M. A, With 242 Hlustrations. Cr. 8vo., 4+. 64.

DAY.—EXERCISES IN ELECTRICAL AND MAGNETIC
MEASUREMENTS, with Answers. By R. E. Day. 12mo., 3s5. 6d.
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LATE GEORGE FRANCIS FITZGERALD, Sc.D., F.R.S., F.R.S.E,,
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Introduction, by JosEPH L.ARMOR, Sec.R.S., Fellow of St. John's College,
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GORE.—THE ART OF ELECTRO-METALLURGY, including
all known Processes of Electro-Deposition. By G. GORg, LL.D., F.R.S. With
56 Illustrations. Fcp. 8vo., 6s. '

HENDERSON~—WorksbyJOHN HENDERSON,D.Sc.,F.R.S.E.
PRACTICAL ELECTRICITY AND MAGNETISM. With'

159 Illustrations and Diagrams. Crown 8vo., 6s. 6d.

" PRELIMINARY PRACTICAL MAGNETISM AND ELEC-
TRICITY. Crown 8vo., 1s
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ELECTRICITY AND MAGNETISM— Conlinued.

JENKIN.—ELECTRICITY AND MAGNETISM. By FLEEMING
JENKIN, F.R.S., M.I.C.E. With 177 Illustrations. Fcp. 8vo., 3s. 6d.

JOUBERT—ELEMENTARY TREATISE ON ELECTRICITY
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trations. Crown 8vo. [New Edition in the Press.

JOYCE.—EXAMPLES IN ELECTRICAL ENGINEERING.
By SaMUEL Jovcg, A.LLE.E. Crown 8vo., 5s.

MACLEAN avp MARCHANT—ELEMENTARY QUES-
TIONS IN ELECTRICITY AND MAGNETISM. With Answers. Com-
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MERRIFIELD—MAGNETISM AND DEVIATION OF THE
COMPASS. By JOHN MERRIFIELD, LL.D., F.R.A.S., 18mo., 25. 6d.
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POYSER.—Works by A. W. POYSER, M.A.
MAGNETISM AND ELECTRICITY. With 235 Illustrations.

Crown 8vo., 2s. 6d.

ADVANCED ELECTRICITY AND MAGNETISM. With
317 Illustrations. Crown 8vo., 4s. 6d.

RAODES.—AN ELEMENTARY TREATISE ON ALTER-
NATING CURRENTS. By W. G, RHODEs, M.Sc. (Vict.), Consulting
Engineer. With 8o Diagrams. 8vo., 7s. 6d. net.
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BROOKER.

ELECTRICAL ENGINEERING FOR ELECTRIC LIGHT
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PROBLEMS AND SOLUTIONS IN ELEMENTARY
ELECTRICITY AND MAGNETISM. With 98 Illustrations. Cr. 8vo., 2s.

TYNDALL—Worksby JOHN TYNDALL,D.C.L., F.R.S. Seep.36.

TELEGRAPHY AND THE TELEPHONE.

HOPKINS. — TELEPHONE LINES AND THEIR PRO-
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Institute, Philadeiphia. Crown 8vo., 6s.

PREECE anvp SIVEWRIGHT.—TELEGRAPHY. By Sir W.
H. PReeCE, K.C.B,, F.R.S., V.P.Inst., C.E., etc., Consulting Engineer and
Electrician, Post Office Telegraphs ; and Sir J. SIVEWRIGHT, K.C.M.G., General
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ENGINEERING, STRENGTH OF MATERIALS, ETC.

ANDERSON~—THE STRENGTH OF MATERIALS AND
STRUCTURES: the Strength of Materials as depending on their Quality and
as ascertained by Testing Apparatus. By Sir J. AnpeERsoN, C.E., LL.D.,
F.R.S.E. With 66 Illustrations. Fcp. 8vo., 3s5. 6d.

BARRY.—RAILWAY APPLIANCES: a Description of Details
of Railway Construction subsequent to the completion of the Earthworks and
Structures. By Sir JoHN WoOLFE BARrRY, K.C.B., F.R.S,, M.LC.E. With
218 Illustrations. Fcp. 8vo., 4s5. 64.
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DIPLOCK.—A NEW SYSTEM OF HEAVY GOODS TRANS-
PORT ON COMMON ROADS. By DRaAHAM JosePH DIrLOCK. With
27 Illustrations. 8vo. '

GOODMAN.—MECHANICS APPLIED TO ENGINEERING.
By JoHN GoobMAN, Wh.Sch., A.M.I.C.E., M.I)MLE., Professor of Engineering
in the Vorkshire College, Leeds (Victoria University). With 620 Illustrations
and numerous Examples, Crown 8vo., 7s. 6d. met. o

LOW.— A POCKET-BOOK FOR MECHANICAL EN-
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PARKINSON.—LIGHT RAILWAY CONSTRUCTION. By
RICHARD MARION PARKINSON, Assoc.M.Inst.C.E. With 85 Diagrams.
8vo., 10s5. 6d. net,

SMITH.—GRAPHICS, or the Art of Calculation by Drawing

Lines, applied especially to Mechanical Engineering. By ROBERT H. SMITH,
Professor of Engineering, Mason College, Birmingham. Part . With
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STONEY—THE THEORY OF STRESSES IN GIRDERS
AND SIMILAR STRUCTURES; with Practical Observations on the
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UNWIN.-—Works by W. CAWTHORNE UNWIN, F.R.S., B.Sc.
THE TESTING OF MATERIALS OF CONSTRUCTION.
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ON THE DEVELOPMENT AND TRANSMISSION OF

POWER FROM CENTRAL STATIONS: being the Howard Lectures
delivered at the Society of Arts in 1893. With 81 Diagrams. 8vo., 10s. net.

WARREN.—ENGINEERING CONSTRUCTION IN IRON,
STEEL, AND TIMBER. By WiLLiaM HENRY WARREN, Challis Professor
of Civil and Mechanical Engineering, University of Sydney. With 13 Folding
Plates and 375 Diagrams. Royal 8vo., 16s. net.

WHEELER-—THE SEA COAST: Destruction, Littoral Drift,.
Protection. By W. H. WHEELER, M.Inst. C.E. With 38 Illustrations and
Diagram. Medium 8vo., 1os. 64. net.



18 Scientific Works published by Longmans, Green, & Co.

LONGMANS’ CIVIL ENGINEERING SERIES.

CIVIL ENGINEERING AS APPLIED TO CONSTRUCTION.
By LEVEsoN FraANcCIS VERNON-HARCOURT, M.A., M.Inst.C.E. With 368
Illustrations. Medium 8vo., 14s. net.

ConTENTS.—Materials, Preliminary Works, Foundations and Roads—Railway Bridge and
Tunnel Engineering—River and Canal Engineering—Irrigation Works—Dock Works and
Maritime Engineering—Sanitary Engineering.

NOTES ON DOCKS AND DOCK CONSTRUCTION. By C.
CoLsoN, C.B., M.Inst.C.E. With 365 [llustrations. Medium 8vo., 21s. net.

CALCULATIONS IN HYDRAULIC ENGINEERING: a

Practical Text-Book for the use of Students. Draughtsmen and Engineers. By
T. CraxToN FIDLER, M.Inst.C.E.
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RAILWAY CONSTRUCTION. By W. H. Miuis, M.I.C.E,,

Engineer-in-Chief of the Great Northern Railway of Ireland. With 516 Illus-
trations and Diagrams. 8vo., 18s, net,

PRINCIPLES AND PRACTICE OF HARBOUR CON-
STRUCTION. By WILLIAM SHIELD, F.R.S.E., M.Inst.C.E. With g7 Illus-
trations, Medium 8vo., 155, net.

TIDAL RIVERS: their (1) Hydraulics, (2) Improvement, (3)
Navigation. By W. H. WHEELER, M.Inst.C.E. With 75 Illustrations.
Medium 8vo., 16s. net,

MACHINE DRAWING AND DESIGN.

LOW.—Works by DAVID ALLAN LOW, Professor of Engineer-
ing, East London Technical College (People’s Palace).

IMPROVED DRAWING SCALES. 64. in case.

AN INTRODUCTION TO MACHINE DRAWING AND
DESIGN. With 153 Illustrations and Diagrams. Crown 8vo, 2s. 64.

LOW anvp BEVIS.—A MANUAL OF MACHINE DRAWING
AND DESIGN. By DAviD ALLAN Low and ALFRED WILLIAM Bgvis,
M.I.Mech.E. With 7oo Illustrations. 8vo., 7s. 6d.

UNWIN—THE ELEMENTS OF MACHINE DESIGN. By

W. CAWTHORNE UNwWIN, F.R.S.
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Machinery. With 345 Diagrams, etc. Fcp. 8vo., 75. 6d. ®

Part II. Chiefly on Engine Details. Witk 259 Illustrations.
Fcp. 8vo., 6s.
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NAVAL ARCHITECTURE.

ATTWOOD.~TEXT-BOOK OF THEORETICAL NAVAL
ARCHITECTURE : a Manual for Students of Science Classes and Draughts-
men Engaged in Shipbuilders’ and Naval Architects’ Drawing Offices. By
EpwARD LEWIS ATTWOOD, Assistant Constructor, Boyal Navy. With 114
Diagrams. Crown 8vo., 7s. 6d.

WATSON—NAVAL ARCHITECTURE : A Manual of Laying-
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With numerous Illustrations, Royal 8vo., 155 net.

WORKSHOP / APPLIANCES ETC.
NORTHCOTT.—LATHES AND TURNING, Simple, Mecha-
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SHELLEY —WORKSHOP APPLIANCES, including Descrip-
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R. LISTER. With 323 Illustrations. Fcp. 8vo., 5s.

MINERALOGY, MINING, METALLURGY, ETC.
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SYSTEMATIC MINERALOGY. With 373 Illustrations.
Fep. 8vo., 6s.

DESCRIP TIVE MINERALOGY. With 236 lllustrations.
Fcp. 8vo., 6s.

BREARLEY awp IBBOTSON. — THE ANALYSIS OF
STEEL-WORKS MATERIALS. By HARRY BREARLEY and FRED
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GORE.—THE ART OF ELECTRO-METALLURGY. By G.
Gorge, LL.D,, F.R.S. With 56 Illustrations. Fcp. 8vo., 65.

HUNTINGTON avp M MILLAN. —-METALS: thelr‘Propertles
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With 2og Illustrations. 8vo., 12s. net.
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RHEAD anp SEXTON—ASSAYING AND METALLUR-
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and West of Scotland Technical (,ollege 8vo. , 10s. 64. net,
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ASTRONOMY, NAVIGATION, ETC.
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MERRIFIELD.—A TREATISE ON NAVIGATION. For
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WORKS BY RICHARD A. PROCTOR.
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OTHER WORLDS THAN OURS: the Plurality of Worlds
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on Scientific Subjects, Natural Phenomena, etc. ~ Crown 8vo., 3s. 64.

THE ORBS AROUND US; Essays on the Moon and Planets,
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HALF-HOURS WITH THE TELESCOPE: a Popular Guide
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LARGER STAR ATLAS FOR OBSERVERS AND STUDENTS.

In Twelve Circular Maps, showing 6oco Stars, 1500 Double Stars, Nebulae, etc.
With 2 Index-Plates. Folio, 15s.

- NnYvED



22 Scentific Works published by Longmans, Green, & Co.

WORKS BY RICHARD A. PROCTOR—Conlinued.
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ADVANCED GEOLOGY. A Manual for Students in Advanced
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GREEN—PHYSICAL GEOLOGY FOR STUDENTS AND
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MORGAN.—Works by ALEX. MORGAN, M.A,, D.Sc., F.R.S.E.

ELEMENTARY PHYSIOGRAPHY. Treated Experimentally.
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ADVANCED PHYSIOGRAPHY. With 215 Illustrations.
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ELEMENTARY PHYSIOGRAPHY: an Introduction to the
Study of Nature, With 13 Maps and 295 Illustrations. With Appendix on
Astronomical Instruments and Measurements., Crown 8vo,, 25. 64.
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NATURAL HISTORY AND GENERAL SCIENCE.

BEDDARD.—THE STRUCTURE AND CLASSIFICATION
OF BIRDS. By FrRaNk E. BEDDARD, M.A., F.R.S., Prosector and Vice-
Secretary of the Zoological Society of London. With 252 Illus. 8vo., 21s. net.
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of Cape Flora and its Neighbourhood—Fossil Plants from Franz Josef Land—An Account of
the Birds—Crustacea.

Volume II. With 2 Charts and 17 Plates. Demy g4to., 30s. net.

CoNTENTS : Astronomical Observations—Terrestrial Magnetism—Results of the Pendulum

—Observations and some Remarks on the Constitution of the Earth's Crust.
Volume I11.  With 33 Plates. Demy 4to., 325. net, Y

ConTeENTS: The Oceanography of the North Polar Basin—On Hydrom?ters and the
Surface Tension of Liquids. \
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RESEARCHES ON CELLULOSE, 18g5-rg00. Crown 8vo.,-
65, net.
*



24  Scientific Works published by Longmans, Green, & Co.

MANUFACTURES, TECHNOLOGY, ETC.—-Continued.
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H. W. RICIIARDS, Examiner in Brickwork and Masonry to the City and Guilds
of London Institute, Head of Building Trades Department, Northern Poly-
technic Institute, London, N. With over 200 Illustrations. Med. 8vo., 3s5. 64.

TAVLOR—COTTON WEAVING AND DESIGNING. By
JoHN T. TavLor. With 373 Diagrams. Crown 8vo., 5. 6d. net.

WATTS.—AN INTRODUCTORY MANUAL FOR SUGAR
GROWERS. By Francis WartTs, F.C.S., F.L.C. With 20 Illustrations.
Crown 8vo., 65,

HEALTH AND HYGIENE.

ASHBY~—HEALTH IN THE NURSERY. By HENRY ASHBY,
’ M.D., F.R.C.P. With 25 [llustrations. Crown 8vo., 3s. net,

BUCKTON —HEALTH IN THE HOUSE. By Mrs. C. M.

BuckToN. With 41 Woodcuts and Diagrams. Crown 8vo., 2s.

CORFIELD.—THE LAWS OF HEALTH. By W. H. Cor-
FIELD, M.A., M.D. Fcp. 8vo., 1s. 6. -

FURNEAUX —ELEMLENTARY PRACTICAL HYGIENE.—

Section 1. By WILLIAM S, FURNEAUX. With 146 Illustrations, Cr. 8vo., 2s. 64,

NOTTER avp FIRTH—Works by J. L. NOTTER, M.A,, M.D,,
and R. H. FIRTH, F.R.C.S.

HYGIENE. With g5 Illustrations. Crown 8vo., 3s. 6d.
PRACTICAL DOMESTIC HYGIENE. With 83 Illustrations.

Crown 8vo., 2s. 6d.

POORE.—Works by GEORGE VIVIAN POORE, M.D.
ESSAYS ON RURAL HYGIENE. Crown 8vo., 6s. 6d.

THE DWELLING-HOUSE. With 36 Illustrations. Crown
8vo., 3s. 6d.

"THE EARTH' IN RELATION TO THE PRESERVATION
AND DESTRUCTION OF CONTAGIA: being the Milroy Lectures

delivered at the Royal College of Physicians in 1899, together with other
Papers on Sanitation. With 13 Illustrations. Crown 8vo., ss.

WILSON—A MANUAL OF HEALTH-SCIENCE. By
ANDREwW WiLsoN, F.R.S.E., F.L.S., etc. With 74 Illustrations. Crown
8vo., 2s. 64.
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ASHBY anp WRIGHT.—THE DISEASES OF CHILDREN,
MEDICAL AND SURGICAL. By HENRY ASHBY, M.D., Lond., F.R.C.P.,
Physician to the General Hospital for Sick Children, Manchester; and G. A.
WRIGHT, B.A., M.B. Oxon., F.R.C.S,, E\l.g., Assistant-Surgeon to the Man-
chester Royal Infirmary, and Surgeon to the Children’s Hospital. Enlarged
and Improved Edition. With 192 Illustrations, 8vo., 25s.

BENNETT—Works by Sir WILLIAM BENNETT, K.C.V.O,
F.R.C.S., Surgeon to St. George’s Hospital; Member of the
Board of Examiners, Royal College qf Surgeons of England.

CLINICAL LECTURES ON VARICOSE VEINS OF THE
LOWER EXTREMITIES. With 3 Plates. 8vo., 6s.

ON VARICOCELE; A PRACTICAL TREATISE. With 4

Tables and a Diagram. 8vo., 5s.

CLINICAL LECTURES ON ABDOMINAL HERNIA:
chiefly in relation to Treatment, including the Radical Cure. With 12 Dia-
grams in the Text. 8vo., 8s. 64.

‘ON VARIX, ITS CAUSES AND TREATMENT, WITH
ESPECIAL REFERENCE TO THROMBOSIS. 8vo,, 3s. 64.

‘'THE PRESENT POSITION OF THE TREATMENT OF
SIMPLE FRACTURES OF THE LIMBS. 8vo., 2s. 64.

LECTURES ON THE USE OF MASSAGE AND EARLY
PASSIVE MOVEMENTS IN RECENT FRACTURES AND OTHER
COMMON SURGICAL INJURIES: The Treatment of Internal Derange-
ments of the Knee Joint and Management of Stiff Joints. With 17
Illustrations. 8vo., 6s. g

Al
BENTLEY—A TEXT-BOOK OF ORGANIC MATERIA
MEDICA. Comprising a Description of the Vegetable and Animal Drugs of
the British Pharmacopceia, with some others in common use. Arranged
Systematically, and Especially Designed for Students. By ROBERT BENTLEY,
M.R.C.S. Eng., F.L.S. With 62 Illustrations on Wood. Crown 8vo., 7s. 6d.

CABOT.—A GUIDE TO THE CLINICAL EXAMINATION

OF THE BLOOD FOR DIAGNOSTIC PURPOSES. By RIicHARD C.
CaBor, M.D., Physician to Out-patients, Massachusetts General Hospital.
‘With 3 Coloured Plates and 28 Illustrations in the Text. 8vo., 16s.

CARR, PICK, DORAN, anp DUNCAN.—THE PRACTI-
TIONER’S GUIDE. By J. WALTER CARR, M.D, (Lond.), F.R.C.P.;
T. PICKERING PicK, F.R.C.S. ; ALBAN H. G. DORAN, F.R.C.S.; ANDREW
DuNcaN, M.D., B.Sc. (Lond.), F.R.C.S., M.R.C.P. 8vo., 21s. net.

CELL/—MALARIA, ACCORDING TO THE NEW RE-
SEARCHES. By Prof. ANGELO CELLI, Director of the Institute of Hygiene,
University .of Rome. Translated from the Second Italian Edition by JoHN
JoseEpH E¥rE, M.R.C.P., L.R.C.S. Ireland, D.P.H. Cambridge. With an
Introduction by Dr. PATRICK MANSON, Medical Adviser to the Colonial Office.
8vo., 105, 6d.
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CHEYNE avp BURGHARD.—A MANUAL OF SURGIGAL.
TREATMENT. By W. WATsoN CHEYNE, C.B.. M.B,, F.R.C.8., F.R.S,,
Professor of Surgery in King’s College, London, Surgeon to King's College -
Hospital, etc. ; and F. F. BURGHARD, M.D. and M.S., F.R.C.S., Teacher of
Practical Surgery in King’s College, London, Surgeon to King’s College,
Hospital {Lond.), etc.

Part I. The Treatment of General Surgical Diseases, including
Inflammation, Suppuration, Ulceration, Gangrene, Wounds and their Compli-
cations, Infective Diseases and Tumcurs; the Administration of Anzesthetics,
With 66 Illustrations. Royal 8vo., 10s. 6d.

Part II. The Treatment of the Surgical Affections of the Tissues,.
including the Skin and Subcutaneous Tissues, the Nails, the Lymphatic -
Vessels and Glands, the Fasciee, Burse, Muscles, Tendons and Tendon-
sheaths, Nerves, Arteries and Veins. Deformities, With 141 Illustrations.
Royal 8vo., 145.

Part ITI. The Treatment of the Surgical Affections of the Bones.
Amputations. With roo Illustrations. Royal 8vo., 125.

Part IV. The Treatment of the Surgical Affections of the Joints.
(including Excisions) and the Spine. With 138 Illustrations. Royal 8vo., 14s.

Part V. The Treatment of the Surgical Affections of the Head,
Face, Jaws, Lips, Larnyx and Trachea; and the Intrinsic Diseases of the -
Nose, Ear and Larynx, by H. LAMBERT Lack, M.D. (Lond.}, F.R.C.S.,
Surgeon to the Hospital for Diseases of the Throat, Golden Square, and to -
the Throat and Ear Department, The Children’s Hospital, Paddington
Green. With 145 Illustrations. Royal 8vo., 18s.

Part VI. Section I. The Treatment of the Surgical Affections of

' the Tongue and Floor of the Mouth, the Pharynx, Neck, (Esophagus, Stomach.
and Intestines. With 124 Illustrations. Royal 8vo., 18s.

Section II. The Treatment of the Surgical Affections of -

the Rectum, Liver, Spleen, Pancreas, Throat, Breast and Genito-urinary
Organs. With Illustrations. Royal 8vo. [In preparation.

CLARKE.—POST-MORTEM EXAMINATIONS IN MEDICO-
LEGAL AND ORDINARY CASES. With Special Chapters on the Legal:
Aspects of Post-mortems, and on Certificates of Death. By J. JACkSsoN
CLARKE, M.B. Lond., F.R.C.S., Assistant Surgeon at the North-west London-
and City Orthopaedic Hospitals, ete. Fep. 8vo., 25. 64,

COATS—A MANUAL OF PATHOLOGY. By JoserH
CoATs, M.D., late Professor of Pathology in the University of Glasgow.
Fourth Edition. Revised throughout and Edited by LLEW1S R. SUTHERLAND,
M.D., Professor of Pathology, University of St. Andrews. With 490 Illustra- -
tions. 8vo,, 3Is. N

COOKE.—Works by THOMAS COOKE, F.R.C.S. Eng, B.A.,.
B.Sc., M.D., Paris.

TABLETS OF ANATOMY. Being a Synopsis of Demonstra-

tions given in the Westminster Hospital Medical School. Eleventh Edition.
in Three Parts, thoroughly brought up to date, and with over 7oo Illustra--
tions from all the best Sources, British and Foreign. Post gto.

Part I. The Bones. 7s. 64. net.
Part II. Limbs, Abdomen, Pelvis. ‘1o0s. 6. net’
Part ITI. Head and Neck, Thorax, Brain. 710s5. 6. net.
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COOKE.—Works by THOMAS COOKE (continued).

APHORISMS IN APPLIED ANATOMY AND OPERATIVE
SURGERY. Including oo Typical vivd voce Questions on Surface Marking,
etc. Crown 8vo., 3s. 6c

DAKIN —A HANDBOOK OF MIDWIFERY. By WILLIAM
RADFORD DaKIN, M.D., F.R.C.P., Obstetric Physician and Lecturer on
Midwifery at St. Georges Hospltal etc. With 394 Illustrations. Large

- crown 8vo., 18s, :

y

. \ .

DICKINSON.—Works by W. HOWSHIP DICKINSON, M.D.
Cantab., F.R.C.P.

ON RENAL AND URINARY AFFECTIONS. With 12
Plates and 122 Woodcuts. Three Parts. 8vo., £3 45. 6d.

THE TONGUE AS AN INDICATION OF DISEASE:
being the Lumleian Lectures delivered March, 1888. 8vo., 7. 6d. .

OCCASIONAL PAPERS ON MEDICAL SUBJECTS, 1855-
18g6. 8va., 128

MEDICINE OLD AND NEW. An Address Delivered on
the Occasion of the Opening of the Winter Session, 1899-1goo, at St. George’s
Hospital Medical School, on 2nd October, 18g9. Crown 8vo., 2s. 6d.

DUCKWORTH.—Works by Sir DYCE DUCKWORTH, M.D,,
LL.D., Fellow and Treasurer of tl\e Royal College of Phy-
sicians, etc. N

THE SEQUELS OF DISEASE: being the Lumleian Lectures,
1896. 8vo., 10s. 6d.

THE INFLUENCE OF CHARACTER AND RIGHT
_[UDL?MENT IN MEDICINE : the Harveian Oration, 1898. Post 4to.
25, 6d. )

ERICHASEN.—THE SCIENCE AND ART OF SURGERY;
a Treatise on Surgical Injuries, Diseases, and Operations. By Sir JOHN ERIC
ERICHSEN, Bart., F.R.S., LL.D. Edin., Hon. M.Ch. and F.R.C.S. Ireland.
Illustrated by nearly 1000 Engravings on Wood. 2 vols. Royal 8vo., 48s.

FOWLER avp GODLEE—THE DISEASES OF THE
' LUNGS. By JaMes KINGSTON FOWLER, M.A., M.D,, F.R.C.P., Physician
to the Middlesex Hospital and to the Hospital for Consumptxon and Diseases

of the Chast, Brompton, etc. ; and RICKMAN JOHN GODLEE, Honorary Surgeon

in Ordinary to His Majesty, M.S. , F.R.C.S,, Fellow and Professor of Clinical
Surgery, University College, London etc. With 160 Illustrations. 8vo., 25s.
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GARROD.—Works by Sik ALFRED BARING GARROD,
M.D,, F.R.S., etc.

A TREATISE ON GOUT AND RHEUMATIC GOUT
(RHEUMATOID ARTHRITIS). With 6 Plates, comprising 21 Figures
{14 Coloured), and 27 [llustrations engraved on Wood. 8vo., 21s.

THE ESSENTIALS OF MATERIA MEDICA AND THERA-
PEUTICS. Crown 8vo., 125. 64.

GOADBY —THE MYCOLOGY OF THE MOUTH : a Text-
Book of Oral Bacteria. By KgNNETH W. GoaADpsy, L.D.S. (Eng.),
D.P.H. (Camb.}, L.R.C.R, M.R.C.S., Bacteriologist and Lecturer on Bacteri--
ology, National Dental Hospital, etc. With numercus Illustrations. 8vo.

GOODSALL avp MILES.—DISEASES OF THE ANUS AND
RECTUM, By D. H. GoopbsaLL, F.R.C.S., Senior Surgeon, Metropolitan
Hospital ; Senior Surgeon, St. Mark’s Hospital; and W. ERNEST MILES,
F.R.C.S., Assistant Surgeon to the Cancer Hospital, Surgeon (out-patients),.
to the Gordon Hospital, etc. {In Two Parts,}) Part I. With g1 Illustrations.
8vo., 75. 6d. net.

GRAY.—ANATOMY, DESCRIPTIVE AND SURGICAL. By
HENRY GRAY, F.R.S., late Lecturer on Anatomy at St. George’s Hospital:
Medical School. The Fifteenth Edition Enlarged, edited by T. PICKERING
Pick, F.R.C.S., Consulting Surgeon to St. George's Hospital, etc., and by
ROBERT HOWDEN, M.A., M.B., C.M., Professor of Anatomy in the University of
Durham, etc. 'With 772 Illustrations, a large proportion of which are Coloured,
the Arteries being coloured red, the Veins blue, and the Nerves yellow. The
attachments of the muscles to the bones, in the section on Osteology, are
also shown in coloured outline. Royal 8vo., 32s. net.

HALLIBURTON.—Works by W. D. HALLIBURTON, M.D,,
F.R.S,, Professor of Physiology in King's College, London.

A TEXT-BOOK OF CHEMICAIL PHYSIOLOGY AND
PATHOLOGY. With 104 Illustrations. 8vo., 285,

ESSENTIALS OF CHEMICAL PHYSIOLOGY. With 77

Illustrations. 8vo., gs.

LANG.—THE METHODICAL EXAMINATION OF THE
EYE. Being Part I. of a Guide to the Practice of Ophthalmology for Students.
and Practitioners. By WiLL1AM LANG, F.R.C.S. Eng., Surgeon to the Royal.
London Ophthalmic Hospital, Moorfields, etc. ~With 15 Illustrations.
Crown 8vo., 35. 64

LUFF—TEXT-BOOK OF FORENSIC MEDICINE AND-
TOXICOLOGY. By ARTHUR P. Lurr, M.D., B.Sc. (Lond.), Physician:
in Charge of Out-Patients and Lecturer on Medical Jwrisprudence and.
Toxicology in St. Mary’s Hospital. With 13 full-page Plates (1 in colours) and:
33 Illustrations in the Text. 2vols. Crown 8vo., 245.
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LIVERPOOL UNIVERSITY PRESS PUBLICATIONS, THE.

The Thomson Yates Laboratories Reports. Physiology; Path-
ology ; Bacteriology; Tropical Medicine; Hygiene. Edited by RUPERT
BoyceE and C. S. SHERRINGTON, With Plates and Illustrations in the text.
Demy 4to. Vol L., 1898-9, 10s. 6i¢. ; Vol. IL, 1898-9, 25, ; Vol. IIL, Part L.,
1900, 75. 6d.; Vol. IIL., Part I1., tgox, 125. 64. ; Vol. IV., Part 1., 1go1, 20s. ;
Vol. IV., Part I1., 1902 215, !

THE LIVERPOOL SDHDGL OF TBGPIGAI. MEDIGINE MEMOIRS.
. With Plates and Illustrations in the text. Demy 4to.

I. Malarial Fever: Its Cause, Prevention and Treatment. Con-
taining full details for the use of Travellers, Sportsmen, Soldiers, and Residents
in Malarious Places. By RoNALD Ross, C.B., F.R.S., F.R.C.S. Ninth
Edition, Revised and Enlarged. With Frontlsplece 8v0 25, 6d.

II. Report of the Malaria Expedition to West Africa, August, 1899.
By RonaLp Ross, C.B., F.R.S,, F.R.C.5,, H. E. ANNETT, M.D., D.P.H.
and E. E. AusTEN. With Supplementary Reports by Major G. M. GILES,
M,B. and R. FIELDING-OULD, M.B. 21s.

III. Report of the Malaria Expedition to Nigeria. Part I. Ma-
larial Fever, etc. By H. E. ANnETT, M.D,, J. EVERETT DUTTON, M.B.
and J. H. ELL1iOoTT, M.D. 105 6d. .

IV. Report of the Malaria Expedition to Nigeria. Part II.
Filariasis. By H. E. ANNETT, M.D,, J. EVERETT DUTTON, M.B. and J. H.
ELrLiOoTT, M.D. 1558

V. Part 1.  First Progress Report of the Campaign against
Mosquitoes in Sierra Leone (1901). By RoNaLD Ross, C.B., F.R.C.S.,
F.R.S. 8vo., 1s .

VII. Report of the Yellow Fever Expedition to Pard (1goco). By
H. E. DuroaM, M.B., F.R.C.S., and the late WALTER MYERS, M,B,
4to., 75. 6d.

MISCELLANEOUS.

Notes on Sanitary Conditions obtaining in Pard. By the MEMBERS

OF THE YELLOW FEVER EXPEDITION. 8vo., ¥s.

PAGET—Edited by STEPHEN PAGET.

SELECTED ESSAYS AND ADDRESSES. By Sir JAMES
PAGET. 8vo., 125 6d. net. .

MEMOIRS AND LETTERS OF SIR JAMES PAGET, Barr.,
F.R.S., D.C.L., late Sergeant-Surgeon to Her Majesty Queen Victoria. With
6 Portraits (3 Photogravures) and 4 other Illustrations. 8vo., 12s. 6d. net.

PICK.—SURGERY : a Treatise for Students and Practitioners.
By T. PICKERING PICK, Consulting Surgeon to St, George’s Hospital ; Senior
Surgeon to the Victoria Hospital for Children; H.M. lnspector ot Anatomy in
England and Wales. With 441 Illustrations. Medium 8vo., 25s.

POOLE.—COOKERY FOR THE DIABETIC. By W. H. and
Mrs. POOLE. With Preface by Dr. PAvy. Fcap. 8vo., 25, 64.

PROBYN-WILLIAMS.—A PRACTICAL GUIDE TO THE
ADMINISTRATION OF ANASTHETICS. By R. J. PROBYN-WILLIAMS,
M.D., Arkesthetist and Instructor in Aneesthetics at the London Hospital ;
Lecturer in Anzesthetics at the London Hospital Medical College, etc. With
34 Illustrations. Crown 8vo., 45. 64. net.



30 Scientific Works published by Longmans, Green, & Co.

MEDICINE AND SURGERY—Conlinued.

QUAIN.—QUAIN’S (Sir Ricaarp) DICTIONARY OF MEDI-
CINE. By Various Writers. Third Edition. Edited by H. MONTAGUE
MURRAY, M.D., F.R.C.P., Joint Lecturer on Medicine, Charing Cross Medical
School, and Physician to Out-Patients, Charing Cross Hospital ; assisted by
JouN HAROLD, M.B., B.Ch., B.A.O., Physician to St. John’s and St. Eliza-
beth’s Hospital; and W. CeciL BosaNQuer, M.A., M.D., M.R.C.P.,
Physician to Out-Patients, Victoria Hospital for Children, Chelsea. With
21 Plates (14 in Colour) and numerous Illustrations in the Text. 8vo., 21s.
net, buckram ; or 3os. net, half-morocco.

QUAIN.—QUAIN’S (JONES) ELEMENTS OF ANATOMY.
The Tenth Edition. Edited by EDWARD ALBERT SCHAFER, F.R.S., Professor
of Physiology in the University of Edinburgh ; and GEORGE DANCER THANE,
Professor of Anatomy in University College, London.

EMBRYOLOGY. | Vor. IIl., ParT II. THE NERVES.

VoL. I, PART L

By E. A. SCHAFER, F.R.S. With By G. D. THaNE. With 102
200 Ilustrations. Royal 8vo., g5. Tllustrations. Royal 8vo., os.

VoL, 1., PART II. GENERAL ANA- . III I11. HE OR
TOMY OR RISTOLOGY. BYE.| “*“OF i SENSES, gy AN
A, SCHAFER, F.R.S. With 201 ScHXPER, F.R.S. With 178 Illus-
Illustrations. Royal 8vo., 125, 6d. trations. Royal 8vo., gs

VoL. 1L, P . TE — ) v

oL IL, ParT I OSTEOLOGY—| yoL. II, Part IV. SPLANCH-

ARTHROLOGY. ByG. D. THANE.
With 224 Illus. Royal 8vo., 11s.

Vor. II., ParT II. MYOLOGY—
ANGEIOLOGY. By G.D. THANE,
With 199 Illustrations. Royal 8vo.,
16s.

Vor. III., Part I. THE SPINAL
CORD AND BRAIN. By E. A,
SCHAFER, F.R.S. With 139 Illus-
trations. Royal 8vo., 125 6d.

NOLQOGY. By E. A. SCHAFER,
F.R.S.,and JOHNSON SYMINGTON,
M.D. With 337 Illustrations. Royal
8vo., 16s.

ApPPENDIX. SUPERFICIAL AND
SURGICAL ANATOMY. By
Professor G. D. THANE and Pro-
fessor R. J. GODLEE, M.S. With
29 Illustrations. Royal 8vo., 6s. 64.

SCHAFER.—Works by E. A. SCHAFER, F.R.S., Professor of
Physiology in the University of Edinburgh.

THE ESSENTIALS OF HISTOLOGY. Descriptive and

Practical. For the Use of Students, With 463 Illustrations. 8vo., gs. net.

DIRECTIONS FOR CLASS WORK IN PRACTICAL
PHYSIOLOGY : Elementary Physiology of Muscle and Nerve and of the
Vascular and Nervous Systems. With 48 Diagrams and 24 pages of plain
paper at end for Notes. 8vo., 3s. net.

SMALE 4vp COLYER.—DISEASES AND INJURIES OF
THE TEETH, including Pathology and Treatment. By MORTON SMALE,
M.R.C.S., L.S.A., L.D.S., Dental Surgeon to St. Mary’s Hospital, Dean of
the School, Dental Hospital of London, etc. ; and J. F. CoLYER, L.R.C.P.,
M.R.C.S., L.D.S., Dental Surgeon to Charing Cross Ho#pital and to the
Dental Hospital of London. Second Edition Revised and Enlarged by J. F.
COLYER., With 640 Illustrations. Large crown 8vo., 2Is. net.
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SMITH (H. F).—THE HANDBOOK FOR MIDWIVES. By
HENRY FLY SMITH, B.A., M.B. Oxon., M.R.C.S., 41 Woodcuts, Cr. 8vo., 5s.

STEVENSON—WOUNDS IN WAR : the Mechanism of their
Production and their Treatment. By Surgeon-Colonel W. F. STEVENSON
{Army Medical Staff), A.B., M.B., M,Ch. Dublin University, Professor of
Military Surgery, Army Medical School, Netley. With 86 Illustrations. 8vo.,18s.

TAPPEINER. — INTRODUCTION TO CHEMICAL
METHODS OF CLINICAL DIAGNOSIS. By Dr. H. TAPPEINER,
Professor of Pharmacology end Principal of the Pharmacological Institute of
the University of Munich. Tyanslated by EDMOND J. MCWEENEY, M.A,, M.D.
(Royal Univ. of Ireland), L.I{.C.P.I., etc. Crown 8vo., 35 6d.

WALLER—Works by AUGUSTUS D. WALLER, M.D.,
Lecturer on Physiology at St. Mary’s Hospital Medical School,
London; late External Examiner at the Victorian University.

AN INTRODUCTION TO HUMAN PHYSIOLOGY. Third

Edition, Revised. With 314 Illustrations. 8vo., 18s.

. LECTURES ON PHYSIOLOGY. First Series. On Animal

Electricity. 8vo., 5s. net.

VETERINARY MEDICINE, ETC.
FITZW YGRAM —HORSES AND STABLES. By Lieut.-General

Sir F. FITZWYGRAM, Bart. With 56 pages of Illustrations. 8vo., 3s. net.

STEEL.—Works by JOHN HENRY STEEL, F.R.C.V.S,,F.ZS.,
A.V.D., late Professor of Veterinary Science and Principal of
Bombay Veterinary College.

A TREATISE ON THE DISEASES OF THE DOG; being

a Manual of Canine Pathology. Especially adapted for the use of Veterinary
Practitioners and Students, With 88 Illustrations. 8vo., 105 6d.

A TREATISE ON THE DISEASES OF THE OX; being a

Manual of Bovine Pathology. Especially adapted for the use of Veterinary
Practitioners and Students. With 2 Plates and 117 Woodcuts. 8vo, 135

A TREATISE ON THE DISEASES OF THE SHEEP ; being

a Manual of Ovine Pathology for the use of Veterinary Practitioners and
Students. With Coloured Plate and g9 Woodcuts. 8vo., 125

YOUATT.—Works by WILLIAM YOUATT.
THE HORSE. With 52 Wood Engravings. 8vo., 7s. 6d.
THE DOG. With 33 Wood Engravings. 8vo., 6s.
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ASHBY.—NOTES ON PHYSIOLOGY FOR THE USE OF
STUDENTS PREPARING FOR EXAMINATION. By HENRY ASHBY,
M.D. Lond., F.R.C.P., Physician to the General Hospital for Sick Children,
Manchester; formerly Demonstrator of Physiology, Liverpool School of
Medicine. With 148 Illustrations. 18mo., §s.

BARNETT.—THE MAKING OF THE BODY: a Children’s
Book on Anatomy and Physiology. By Mrs. S. A, BARNETT. With 113 Illus-
trations. Crown 8vo., 15, 9.

BEDDARD.—Works by FRANK E. BEDDARD, M.A. Oxon.
ELEMENTARY PRACTICAL ZOOLOGY. With g3 Illustra-

tions. Crown 8vo., 2s5. 6d.

THE STRUCTURE AND CLASSIFICATION OF BIRDS.

With 252 Illustrations. 8vo., 21s. net.

BIDGOOD.—A COURSE OF PRACTICAIL ELEMENTARY
BIOLOGY. By JoHN BibGoop, B.Sc., F.L.S. With 226 Illustrations.
Crown 8vo., 4s. 6d.

BOSE—RESPONSE IN THE LIVING AND NON-LIVING.

By jacADIs CHUNDER BosE, M. A. (Cantab.), D.Sc. (Lond.), Professor, Presi-
dency College, Calcutta, With 117 Illustrations. 8vo., 10s. 64.

* ¥ This volume describes experimental investigations on animal, vegelable and
dnorganic substances regarding theiy response to stimulus. These researches show that
the effects of fatigue, stimulants, depressants and pcisons are alike in the organic and
inorganic, and demonstrale that the response phenomena in the ‘ living’' have been
Joreshadowed in the * non-living'.

CHAPMAN—THE FORAMINIFERA : An Introduction to the
Study of the Protozoa. By FREDERICK CHAPMAN, A.L.S., F.R.M.S.
With 14 Plates and 42 Illustrations in the Text. 8vo., gs. net.

FURNEAUX.—HUMAN PHYSIOLOGY. By W. FURNEAUX,
F.R.G.S. With 218 Illustrations. Crown 8vo., 2s. 6d.

HUDSON anp GOSSE.—THE ROTIFERA, or ‘WHEEL-
ANIMACULES’. By C. T. HupsoN, LL.D., and P. H. Gossg, F.R.S.
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