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P R E F A C E

THIS book is intended primarily for students of Botany. Such a

student's knowledge* of plant products is usually obtained, on the

one hand, from Organic Chemistry, on the other hand, from Plant

Physiology; "between these two standpoints there is a gap, which, it Ts

hoped, the following pages may help to fill. .1% is essentially a text-book

for practical work,an aspect of Plant Biochemistry which has received up

to the* present tame very little consideration in teaching. A number of

experiments have been deviled and have been actually tested in practical

classes. These experiments should enable a student to extract from the

plant ithetf the chemical eom{M>unds of which it in constituted, and to learn

something of their pro|>ertieH. An elementary knowledge of Organic

Chemistry on the part of the student tuts been assumed, as it appeared

superfluous to incorporate the material which htin already been so amply

preHented in innumerable text-books.

My sineere.sk thanks are due to I >r F. F. Blac|<man, F. R.S., for criticism

and many HiiggentioiiH throughout the writing of the book. I am further

indebted to Mr H. Itnintrick, M.A., for help in various ways, <especially in

reading the* proof-nh^ta I winh, in addition, to express my gral/itude to

Profi*Hf4or F. (i. HopkiriH, F.R.S., for the great interest he has always shown

in the nubjeet ami for bin kind and stimulating advice in connexion with

the whom*! of teaching presented in the following pages.

M. W. 0 .
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C H A P T E R 1

INTRODUCTION

This chapter should I Hi re-read after the remaining chapters have, boon ntudied.

ALL plants are made up of a complex organized mixture of chemical
substances, both organic and inorganic. As a preliminary to the study
of plant chemistry, the* student should realize that the chemical
compound** which make up the living plant may be approximately
grouped into the four following classes. Thus, in later chapters, when
reference in made to any plant product, it will be understood, broadly
speaking, to which class it belongs, and what relationship it bears to
other chemical compounds.

The main classes may be enumerated as follows :
(1) (Jarboht/drateH. These contain only carbon, hydrogen and oxygen.

The simplest members are the sugars, which are aldehydes and
ketones of polyhydrie alcohols of the methane series of hydrocarbons.
The more complex carlx>hydrates, such as starch, cellulose, dextrins,
gums and inucilagt»H, am condensation products of the simpler sugars.
The sugars are found in solution in the cell-sap of living cells throughout
the plant. Cellulose, in the form of cell-walls, constitutes an important
jrnrt of the ntructure of the plant, and starch is one of the most widely
distributed solid "reserve materials/'

(2) Fats. These also contain only carbon, hydrogen and oxygen.
Chemically they art) glycerides, that is glycerol esters of fatty acids.
These acids are derived from two series of hydrocarbons, i.e. the
methane series and the define series, and they usually contain a large
number of carbon atoms. The fats occur as globules deposited in the
cells, especially in the tisanes of seeds where they form reserve materials,
though they abo occur in other parts of plants. The acid components of
the fats arc also found in the free state.

The carbohydrates and the fats both belong to the aliphatic series of
organic compounds, that is to the series in which the carbon atoms are
united in chains.

(8) AromaMc compounds. These are characterized by having the
carbon atoms united in m ring, as in benzene. They may contain more
than am carbon ring, and, moreover, aliphatic groupings may be attached

o. 1 .
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I] INTRODUCTION 8

substances in the plant, some of which may IK.- included with the abow.
while others form add it it trial small classes, as for instance, the
alkaloids: others, again, bear no close relationship to any das*, such a>
the all-important pigment, chlorophyll

In order to appreciate the subject of plant chemistry, the plant,
whirh is familiar as a botanical entity, must be interpreted in chemical
terms. The principal classes of the more essential and widely distri-
buted compounds found in plants have already been indicated on the
broadest basis, so that? they may now be referred to without additional
comment.

From the botanical point of view, the plant may be regarded as a
structure composed of many living protoplasmic units enclosed in eell-
walls and combined together to form tissues. There are also certain
tissues, known as dead tissues, which assist in giving rigidity to the
plant. All these structural elements cam be translated into terms of
chemical compounds.

One of the chemical processes most frequently met with in the plant
is that of synthesis by condensation, with elimination of water, of large
complex molecules from smaller and simpler molecules. The formation
of cellulose, for instance, is a case in point. Cellulose has the composition
(C»H,0Oft)tt and, on hydrolysis with dilute acids, it yields glucose as a Mnal
product. Hence it is concluded that the complex molecule of cellulose is
built up from the simpler carbohydrate by condensation. The synthesis
of proteins from ammo-acids affords another example. These acids
contain either an aliphatic or aromatic nucleus (let it be jR), and oxm or
more carboxyl and ainino groups. Condensation takes place in the plant,
with elimination of water, according to the following scheme :

Rl RU RMi R*
I ! !

NH2 CH—CO OH H NHCH-COOH HjNH CH—CO OH .KjNH-CH—COOH
The products of such condensation, the proteins, vary among them-

selves according to the number and kind of amino-acids which lake part
in the synthesis.

Two important results arise from this process* First, the substances
formed by condensation have molecule® of a very large sixe; secondly,
whereas the simple compounds, sugars and amino-acids, are soluble,
crystalline and diffusible, the condensation products are either insoluble,
e.g. cellulose, 6r exist in the colloidal state, as is the case of many proteins
mid other ptopt crastttwiitiL As these tmy large molecules do not dWy»,
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ilml tkty eihibit M>IIH* uf the pht>QiMmtt<iia of
riwunge, ^te., ««mici»toi with iiMlt^r ia mmm,

to he ii Hmmkhmhh impt^rtattoe, when we ccjt»ikl#r h k
by m*tt<er in this stete ia oofupartsoii will
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protoplasm throughout thr cell, and sine*1 many of thrsr react i.»n> ean
take place both simultaneously and independent lv, th*> pr»>t«»pla>iu must
have some form of organized structure.1. Though many phenomena of **lite'
way be accounted for by the physical and chemical pi»]**rties of such
substances as proteins, it is iin|K38sibIe t«>Kiyf with «.>ur present knowledge,
how far all uliving" phenomena may yet l.v explained in this way.

Some of the main lines of metabolic .syntheses which take place in.
the plant will next be consider**!. A fundamental fact vhich should be
home in mind is that the green plant synthesizes all the complex
materials of which it is composed from the simple compounds, carbon
dioxide, water and certain inorganic salts. The niu&t important iactor,
perhaps, which figures in plant metabolism, is chlorophyll The green
pigments of chlorophyll are esters of complex organic acids containing
the elements carbon, hydrogen, oxygen, nitrogen and magnesium. They
have the remarkable power of absorbing the radiant energy of the suns
rays antl of transforming it Into chemical energy, by means of which
carbon dioxide and water are combined to form some organic compound,
jiossibly formaldehyde, from which a simple carbohydrate is readily
synthesized.

If now the initial and final products of carbon assimilation be
considered in detail, it will be seen that the process is one of reduction:

This is confirmed by the fact that oxygen is evolved in the process.
Moreover, the plant accumulates a store of energy, since the Snal
product, the carbohydrate, has a higher potential energy than the system,
water and carbon dioxide. Hence carbon assimilation, in addition to
providing a basis of organic material as a starting-point for all the main
metabolic functions, also provides a source of chemical energy by means
of which reactions in other directions are brought about.

Th« setting tree of this aceuinukted energy constitutes the process
of respiration, which is, in reality, an oxidation of carbohydrate taking
place in tffsuas throughout the plant. It is the converse of carbon
assimilation, in that oxygen is absorbed and carbon dioxide and water
are formed. Thus these two piwesses, both so fundamental and essential
ID the metabolism of the gireen plant, are constantly taking place side
If sick in the same cell.

The first-forrned carbohydrate, which is probably a hexose, is
eoadens^ in the pknt, on the general lines we have previously indicate,
to form mate complex d isaceharides and pc*lysaecharides, such as
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cane-sugar, starch, cellulose, etc. Some of these products, such as the
disaccharides, form true solutions and may be present in the cell-sajj;
others, such as cellulose and starch, are present in the solid state, though
they contain considerable quantities of water. Others, again, such as
dextrin and gum, are present in the colloidal state. Thus, given an
initial carbohydrate and a source of energy, we may proceed to indicate
the other main lines of syntheses in the plant.

The next most important line of syntheses is probably that which
gives rise to the nitrogen-containing constituents of the plant. Nitrogen
is absorbed by the green plant in the form of nitrates and ammonium
salts, but the processes which lead to the synthesis of some of the
simplest nitrogen-containing compounds, such as the amino-acids, are still
very obscure. Aliphatic and aromatic acids of various kinds are
abundantly present in the tissues, but the reactions by which the NH2

groups are introduced are by no means clear. There is little doubt,
however, that once the amino-acids are formed, condensation takes place
as already indicated, and more complex molecules, termed polypeptides,
arise. Such polypeptides have now been synthesized artificially by the
condensation of amino-acids. From the polypeptides, by further stages
of condensation, the albumoses, peptones, and finally proteins are
produced.

Another line of syntheses is that which leads to the production of
the fats and allied substances. The fats are mainly glycerides of acids
of the methane and olefine series, such as butyric, palmitic and oleic
acids. Like all other plant products the fats must either directly or
indirectly arise from the carbohydrates. There is evidence that the
origin is fairly direct, as, for instance, in fatty seeds when the fats take
the place of sugars in ripening. The sugars, as we' know, are aldehydes
of the polyhydric alcohols of the methane series. I t has been suggested,
though the actual stages have not been ascertained, that by various
oxidation and reduction processes, the sugars yield fatty acid residues
which then condense to form the fatty acids of high molecular weights
present in fats. By a converse process, the fats, especially when, they
are stored as reserve materials in seeds, are broken up, and sugars are
again formed which pass to other parts of the germinating seedling, and
are there used in other synthetic processes.

A third main line of syntheses is that which gives rise to the
aromatics of the plant. Since no ring compound is absorbed by the green
plant, it follows that by -some process the aliphatic structure must be
transformed into the aromatic. Thus, for instance, the trihydric phenol,



i ] I N T R O D U C T I O N 7

p h l o r o g l u c i n , m i g h t a t s o m e s t a g e b e f o r m e d f r o m a h e x o s e b y c o n v e r s i o n

o f t h e a l i p h a t i c c h a i n i n t o a c l o s e d r i n g :

OH H OH OH
OHC—C—C~~C—C—CHJJOH — 3H2O = CO—CH.,—CO—CH.,—CO—CH.,

H O H H H I I "
(Jlucose

/ \ / \
OC CO HOC COH

! I - II I
H2C CHB HC CH

O OH
Phlorog luc in

T h e r e i s e v i d e n c e t h a t a r o m a t i c c o m p o u n d s , s u c h a s p h l o r o g l u c i n ,

t a n n i n s , flavones a n d a n t h o c y a n i n s a r e s y n t h e s i z e d i n t h e l e a v e s , a n d

t h a t s u g a r - f e e d i n g , b y floating l e a v e s i n s u g a r s o l u t i o n s , l e a d s t o t h e

i n c r e a s e o f a r o m a t i c s i n t h e t i s s u e s . W h e n t h e r i n g s t r u c t u r e h a s b e e n

o n c e s y n t h e s i z e d , f u r t h e r c h a n g e s c a n t a k e p l a c e e i t h e r b y t h e a d d i t i o n

o f s i d e - c h a i n s t o t h e r i n g o r b y t h e c o n d e n s a t i o n o f t w o o r m o r e r i n g s .

I n t h i s w a y t h e g r e a t m u l t i t u d e o f a r o m a t i c p r o d u c t s p r e s e n t i n t h e

h i g h e r p l a n t s m a y a r i s e .

T h u s t h e c e l l c a n b e p i c t u r e d a s a c o l l o i d a l s o l u t i o n o f p r o t e i n s

e n d o w e d w i t h t h e p r o p e r t i e s o f m a t t e r i n m a s s a n d s u r r o u n d e d b y a

p e r m e a b l e c e l l - w a l l o f c e l l u l o s e . T h e c o l l o i d a l s o l u t i o n c o n t a i n s l i q u i d

a n d s o l i d p a r t i c l e s o f v e r y v a r i e d c h e m i c a l c o m p o s i t i o n . I n t h e p r o t o p l a s m

a r e s p a c e s , v a c u o l e H , filled w i t h c e l l - s a p a l s o c o n t a i n i n g m a n y a n d

v a r i o u s s u b s t a n c e s i n s o l u t i o n . T h r o u g h o u t t h e p r o t o p l a s m , w h i c h

p r o b a b l y h a s a n o r g a n i z e d s t r u c t u r e , m a n y k i n d s o f c h e m i c a l r e a c t i o n s

a r e c o n t i n u a l l y i n p r o g r e s s , s o m e b e i n g t h e c o n v e r s e o f o t h e r s , a s f o r

i n s t a n c e t h o s e o f o x i d a t i o n a n d r e d u c t i o n w h i c h c a n t a k e p l a c e s i d e b y

s i d e i n t h e s a m e c e l l .

N e x t w i l l b e c o n s i d e r e d t h e c h e m i c a l r e a c t i o n s b y w h i c h t h e v a r i o u s

m e t a b o l i c c h a n g e s i n t h e p l a n t a r e b r o u g h t a b o u t . H o w a r e t h e s e

p r o c e s s e s c o n t r o l l e d a n d h o w d o t h e y t a k e p l a c e ?

T h e r e i s a l a r g e g r o u p o f o r g a n i c s u b s t a n c e s , t e r m e d e n z y m e s , m a n y

o f w h i c h a r e p r e s e n t i n e v e r y p l a n t . T h e y h a v e a c e r t a i n c h a r a c t e r i s t i c i n

c o m m o n , i . e . t h e y b r i n g a b o u t c h e m i c a l r e a c t i o n s i n t h e p l a n t w i t h o u t

u n d e r g o i n g a n y p e r m a n e n t c h a n g e : i n o t h e r w o r d s t h e y a r e o r g a n i c

c a t a l y s t s . M a n y o f t h e s e r e a c t i o n s , w h i c h t a k e p l a c e i n t h e c e l l a t

o r d i n a r y t e m p e r a t u r e s w i t h c o n s i d e r a b l e r a p i d i t y , n e e d p r o l o n g e d h e a t i n g

a t h i g h t e m p e r a t u r e s w h e n b r o u g h t a b o u t b y a r t i f i c i a l m e a n s . E n z y m e s



8 INTRODUCTION [CH.

can generally be extracted from the plant by water, especially if the
tissues are thoroughly disintegrated. Their chemical constitution is
at present unknown, and they are usually destroyed by temperatures
greater than 60°C Moreover, many of the processes which they control
in the plant can be brought about by them in vitro under suitable
conditions, and it is by means of such experiments t h a t information as
to their role in plant metabolism has been ascertained. The majority of
known enzymes control both hydrolysis and its converse, synthesis by
condensation with elimination of water, but under artificial conditions
hydrolysis most frequently occurs. The enzyme, diastase, for instance,
found in all starch-containing plants hydrolyzes in vitro starch to dextrin
and maltose. Similarly the enzyme, maltase, hydrolyzes maltose into
glucose. Other enzymes hydrolyze proteins into amino-acids, and others,
again, hydrolyze fats into fatty acids and glycerol.

Until fairly recently the fact escaped notice that such reactions are
reversible, and that these enzymes in situ in the plant may, according
to the conditions, control not only the hydrolytic b u t also the cor-
responding synthetic process. The latter may also be brought about,
though not readily, in vitro. This, and other evidence, leads us to
believe that enzymes in the plant control the reactions in both directions.

Hydrolysis, and synthesis with elimination of water are not however
the only processes catalyzed by enzymes. There is another type of these
catalysts, the oxidizing enzymes, which bring about oxidation of sub-
stances in the plant, notably of aromatics. In addition, there is the
enzyme, zymase, which decomposes sugar with the production of alcohol
and carbon dioxide.

The question which now arises is—How many reactions in the plant
are catalyzed by enzymes ? I t is conceivable that a greater number of
enzymes may exist than are at present known, but tha t they are unable
to be extracted by our present methods of isolation. A certain number
of reactions probably take place in the cell-sap between the substances
in solution; others are catalyzed by enzymes which are supposed to be
intimately connected with the protoplasm, but there are an enormous
number to which there is at present no clue as to how they are brought
about, such, for instance, as the synthesis of carbohydrates from carbon
dioxide and water, and the formation of the benzene r ing from the open
carbon chain. Such processes are usually said to be controlled by the
"living protoplasm," but what exactly is the significance of this
expression is at present beyond our knowledge.

Finally, also, little is known of the question as to how thf various
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lines of metabolic syntheses in different parts of plants are regulated
and correlated with each other. Some of the phenomena involved are
shortly outlined as follows. There is undoubtedly, under suitable
conditions, a constant synthesis of sugars in the leaves. In all pro-
bability aromatic substances are also synthesized in the same organs,
for there is evidence that there is an increase of these compounds in the
leaf if translocation through the petiole is prevented. I t is possible that
amino-acids also are formed in the leaf. The above products are
constantly translocated to the growing organs as material for growth.
They may, nevertheless, be temporarily stored in the tissues where they
have been synthesized, and of this there is evidence in at least one case,
e.g. starch in the leaf. But, apart from the immediate use for growth,
there is in practically every plant, some tissue where, owing to some
unknown stimulus (catising probably changes in permeability of the
cell-membranes), accumulation of compounds occurs. This accumulation
is characteristic of organs from which growth will take place when it is
impossible for the plant to obtain fresh supplies by carbon assimilation,
as, for example, of bulbs, rhizomes, tubers, buds, seeds, fruits and woody
tissues. In these cases, in due time, the products stored supply the
growing shoots.

During storage, simple sugars, ammo-acids, etc. have been condensed
to form insoluble, colloidal, or large molecules of starch, fats, aleurone,
cane-sugar, etc. These will remain until they are hydrolyzed by enzymes
when they can supply the growing shoots. Such stores are termed
"reserve materials." The actual stimuli involved in bringing about and
regulating this storage are unknown, but they are probably connected
with the life cycle of the particular plant under consideration and its
adaptation to external conditions.
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THE COLLOIDAL STATE

M A N Y of the substances of which the plant is built up exist in the living
cell in the colloidal state, and it is therefore important that some account
should be given of this condition of matter.

There are many organic products found in the plant (and also in the
animal) , such as starch, various proteins, gums, etc., that apparently dis-
solve in water, giving a solution which, as a rule, only differs from an
ordinary solution by being opalescent. In addition, it has been known
for a long time that various inorganic substances, such as sulphides of
arsenic and antimony, hydroxide of iron, and also certain metals (gold,
si lver), can, by special methods, be obtained in "solution," though in
ordinary circumstances they are quite insoluble. The above examples
a r e representative of colloidal solutions.

A property which all the above solutions possess is that the substance
dissolved will not pass through a parchment membrane, i.e. will not
dialyze, whereas if a solution of sodium chloride in water is separated
from pure water by a parchment membrane, the salt will pass through
t h e membrane until the concentration of the sodium chloride is equal
on either side of it.

The conclusion drawn from investigations of various kinds is that in
t h e colloidal solutions the substances dissolved exist in the state, either
of aggregates of molecules, or of very large molecules, and hence are
u n a b l e to pass through the pores of the parchment.

Moreover, certain distinctions can be drawn between colloidal solu-
t i o n s : some, like those of gold, silver, metallic sulphides, hydroxides and
i n fact most inorganic substances, are very sensitive to the presence of
sma l l amounts of inorganic salts, i.e. electrolytes, and are precipitated
b y them, but will not as a rule go into solution again. Also such col-
lo ida l solutions are very little more viscous than pure water. The organic
substances, on the other hand, are only precipitated from colloidal solu-
t i o n s by comparatively large quantities of electrolytes. The viscosity,
moreover, of these solutions is greater than that of water, and is, in fact,
considerable, even if the percentage of dissolved matter is small
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Hence two terms have been employed for the above-mentioned
types of colloidal solutions: those of gold, silver, etc., are termed suspen-
soids (suspensoid sols): those of starch, proteins, etc., emulsoids (emul-
soid sols).

The essential feature of both forms is that they are systems consisting
of two phases, or conditions of matter, known respectively as the "dis-
persed " phase and the " continuous " phase.

A suspensoid may be defined as having a dispersed phase composed
of ultramicroscopic particles or aggregates of molecules suspended in a
continuous phase composed of a liquid.

An emulsoid may be defined as having a dispersed phase composed
of ultramicroscopic drops of a highly concentrated solution of the sub-
stance suspended in a continuous phase composed of a dilute solution of
the same substance.

As a rule, therefore, the difference between a suspensoid and an
emulsoid is that, whereas in the former the liquid is restricted to the
continuous phase, and the solid to the dispersed phase, in an emulsoid
both phases are liquid, though containing different proportions of the
dissolved substance.

The terms suspensoid and emulsoid are used on account of the re-
semblance of these states of matter respectively to suspensions and
emulsions. If microscopic particles of a solid are shaken up in water,
what is known as a suspension is obtained; in time, however, the solid
particles, if heavy enough, will settle and separate from the water, and
the whole process can be repeated. Thus a suspension differs from a
suspensoid solution in that the latter is stable, though, if precipitated,
the reaction is usually not reversible.

If two liquids which are insoluble in each other, such as oil and
water, are shaken up together, finely divided drops of oil in water are
obtained. This is known as an emulsion. In time, however, the oil
separates from the water, because the tension pn the films of water
separating the oil drops, when in contact, is too great, and they break,
with the result that the oil drops coalesce. But if, instead of water, a
solution of soap, saponins, or certain other substances is used, the surface
tension of the water is so lowered that the films of soap solution separating
the oil drops are permanent, and a system is obtained consisting of minute
drops of oil separated by soap solution. This system resembles an organic
colloidal solution, as, for instance, that of protein in which we suppose
a concentrated solution of protein exists in drops separated by a dilute
solution of protein. Milk and latex constitute natural emulsions.
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Expt. 1. Formation of a suspension. Precipitate a solution of barium chloride
with some sulphuric acid and shake up well the fine precipitate of barium sulphate.
Note the gradual settling of the precipitate.

Expt. 2. Formation of an emulsion. Take a drpp of olive oil in a, tent-tube and
half fill the tube with alcohol. Shake well and pour into a beaker of water. A fine
white emulsion of oil in water will be formed from which the oil will not separate.
By this method the oil is obtained in such small drops that stability is ensured.

Take about equal quantities of olive oil in two test-tubes and add an equal
quantity of water to each. To one tube add a drop or two of 10% caustic alkali
solution. Shake both test-tubes well. An emulsion is formed in l>oth, but. in the
tube without alkali the oil will separate out on standing. In the other tu\nt the
emulsion is permanent. This is due to the fact that the olive oil (unless .sfxtcially
purified) contains some free fatty acid. The latter forms soap with the alkali (see
p. 82) and renders the emulsion permanent.

Expt 3. Preparation of smpensoid sols, (a) Gold. Take two 100c.a measuring
cylinders and thoroughly clean them with nitric acid, and afterwards wash well with
freshly distilled water. In one make a 0#r>(y0 solution of tannicaeid (using the purest
sample obtainable) in water. In the other, 2 c.c. of commercial 1 % gold chloride? are
made up to 100c.c. with water. IT.sc freshly distilled water in both eases. Mix equal
portions of the two solutions in a clean beaker. A purple colloidal solution of ĵ old
will be formed. If three parts of the chloride solution are mixed with one part, of the
tannin solution, and both solutions heated l>efore mixing, a m i colloidal solution is
obtained, (b) Silver. Take 5 c.c. of a 1 °/o solution of silver nitrate and add dilute am-
monia solution until the precipitate first formed just disappears, and then dilute with
100 c.c. of water. Mix equal volumes of this solution and the tannic acid prepared
for (a). A colloidal solution of silver will be formed which is clear brown by trans-
mitted light, but has a green fluorescence by reflected light, (c) Ferric hydroxide.
Take 5 c.c. of a filtered 33% solution of ferric chloride and ]>our into 500 e.e* of
boiling distilled water in a beaker. A colloidal ferric hydroxide sol is formed and the
colour changes to a deep brown-red. The yellow solution of ferric chloride is de-
composed by excess of water with the production of a soluble colloidal form of ferric
hydroxide, and hydrochloric acid is set free, (d) Arsenic trixulphide. Taku £ grns.
of arsenious acid and boil with 150 c.c. of distilled water, filter and cool. Then \mm
sulphuretted hydrogen through the solution. A colloidal solution of the sulphide is
formed which is orange, with a greenish surface.

The above sols should %l>e kept for further experiment [see Expt. 8].

Expt. 4L Preparation of emuhoid $oh. (a) Starch. Weigh out 2 gum. of dry starch,
and mix well with a little cold distilled water. Boil 100 c.e, of distills! water in it
flask, and, when boiling, pour in the starch paste and boil for a few mimtteH longer,
stirring well all the time. A colloidal solution of starch is obtained which is faintly
opalescent. It is not affected by heating and does not change its state on cooling.
(b) Gum arabic. Make a 5 «/0 solution of gum arabic by boiling 5 gms. with 100 c.e.
of distilled water. Note that a sticky or viscous solution is formed which froths on
shaking, (c) Protein. Weigh out 10 gma of white flour and add 100 c.o. of distilled
water. Let the mixture stand for 2 or 3 hours and then filter. The extract contains
protein. Note that the solution froths on shaking, (d) Soap. Make a 5-10% solution
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of .soap in distilled water. It is opaleseent ami froths .strongly. (/•; <"///< >A >/*/-////.
|See. Kxpt. 32. |

Tim HIMIVO sols .should \>c k<'j>t f«»r further experiment |.s<«e Kxpt. U\.
I'J.i'pt. r>. DhihfMx <>t xtttrrh atid &tlt anluthui. Make ;i -'V» .solution of March in

water, as in Kxpt. L\ and mix it with an <*<pia! volume of a -J, ",„ .solution of 7i<»It*titi
chloride in water. Pour the* mixture into a p;irehtneut diuh/.er and dinh/e in a
heaker of distilled water. ;Th«* diah/er .should tivst he earefully tested to a*ci<r<aiu
if there he u ieak.j Test the liquid in the heuker with .-solution* of tmth iodine and
silver nit rate. Koine precipitate of ehl«>ri<le will l>e ^iven, hut. no hlue colour with
iodine. After 'I \ Itotiis, test the liquid a^uiu. There will he an int'ivaned aiM»uiit of
silver ehloride fanned, hut a negative p'̂ ult. with iodine. < in addition of iodine t»»
the li«(uid in thi» diaU/.er, n hhie culimr in oht.tined. Henee we may at̂ uune that the
colloidal starch doen not pum through the lui'tnhraue.

Some substances, such as gelatitH* (animal) and a^ar (vi^flaldi*), urr
only in tht* Pinulsoid conditi<»n at a raised teiujHTatun*. When n»Id
they set to form a "#el," in which the purtieles of tin* disjHTHed phase are
no longer separat** Imt unite<l to make a solid. Silieie acid, f he bent known
inorganic emulsoid, also sets to a #el on .standing, either sj^ontaneuUHly
or on addition of electrolytes. It is of classical interest, since it, was the
substance largely used by (trahait), the first worker on colloids.

l&r.fit. (i, /Wftrlfrttinti »/ tf*'l*. (ft} Affrtf, Wliitfll out 2 %tlM, of n^HV iUul |»Uf it
to soak in HMhv. of distilli'd wutttr for an l»«»ur or two. Then boil ; the ngar ^wr* a-
thick opaleMceiit M»luti«*H :'n**\) whieh twin to a gel on cooling. On wantiili^, the ^el
again lM*coiuf*H n *<*!, $un\, on «'<#oling, npiiu witn to n gel. Thun the t:fiuti^ i* u
ruverwihle one, Agur in a iiiitala^c which in obtained front cftrfjitti genern of the
HhmlophyeivM* IWI* p. -is*,*. (?*) tSiftrit* ttft'tf, \\fei%U out ^o^ni*. <»f rnunuvrvinl *4 waft*r-
glaHH1' Mvntj* fa concentrated tiolntiim of Hodttuii silicate} and dilute with lUOe.r, of
freshly Uiiltrtl diHtill̂ d witt4»r fri>«» from enrboti dioxide;. Pour 7*»c..c;, of thin evolution
into a titi.xtun* of *2f» «•.«?, *if ec»nc<?ntmt«td h)'droehlf»ric at id and Itn^v. of water.
I)ialyzi! tht! mixture in n. \»nn'\iutvuiti'm\yu*v ti^tmiHt rnnnim; wnU*r for «1 i hour,,
W to the* dhilyti'il U*[niil a JittJt? vwy dibtie atunwttiti i« mUhnl^ «. %<*l will \n* frtruml
in the coum* t»( A ft*w hoitrn. In thin «JIM», how«*v«?r, the \mmmn in trrcver«ibl*% Mutt
in thr* gd cannot, b«* ri*cotiveiteii itgiuu into th»? w>l.

An interesting {K»int in conneximt with the culloiftal Htiiti* in that
(kmphnHisccif! by Ostwald, i.«*. that this a>nditioit is a ntttU'> not n tt/jwt

of matter. Furthfir, stilmtanc^s in th« i?oiloi<ial stat«* do rtot cotiNiittUe
a definite clnHH. It in reimmablc* t*> «up{Kmit that all NttliMUiri<.WM whieh
uxiHt in the colloidal HtaU* can, tinder mutable condit»ior*N, nim t*x\nt in
the crystal lines ntatt*v arid wee fierw/. Further; the cotitiniKitm jihn«e i«
not always water. Hmlitnii chlorid«% which in a very definite vryntittttritl,
can be obtairuKl in the a>tli>idnl Mtatc; in ji«*trcjli*um ether. Mont mHidw,
uvctri the alkali metals* haw* bc^n obteined in colloidal Hfilutton: nl*w» n
great nrmny metallic oxidet, hydroxides and Httlphiil<*if.
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The colloidal phases so far dealt with can be tabulated as follows1:
disperse. continuous
liquid solid gels
Holid liquid HUHpcnuoids
liquid liquid csinulnoidH

Some of the properties of colloidal solutions may now be considered.
A point that has already been emphasized in the previous chapter is
that the surface of particles in the colloidal state is very gn»at in pro-
portion to their mass. Such particles, moreover, unlike ions and small
molecules in true solution, possess the properties of the surfaces of matter
in mass, as, for instance, those connected with" .surface* tension, electrical
charge, etc., and these are especially marked on account of the. propor-
tionately large surfaces involved. Other properties are their inability,
as a rule, to exert an osmotic pressure, to raise the boiling point, and to
lower the freezing point of water. Some of the metallic HUspennoidH are
characterized by their colour, this being red, purple or blue as in the case
of gold sols.

An apparatus, by means of which the colloidal state can be demon-
strated ocularly, is the ultramicroscope. This is a special form of micro-
scope in which a powerful beam of light is directed upon a colloidal solution,
which is then seen to contain a number of particles in rapid motion.
When analyzed by special methods, this motion has been found to be
identical with that shown by much larger, though still microscopic,
particles, which has been termed Brownian movement.

Expt. 7. Demonstration of Brownian moxwrnmt of mwroticopie jmHidvu. Mount n
little gamboge in water and examine under the high |K>w«r of a mkjrom:op<\ The
particles will be seen to be in rapid motion.

It has been shown that Brownian movement is the outcome of the
movement of the molecules of the liquid in which the* particles are
suspended. This movement is one of the factors which keeps the sol
stable and prevents the particles from "settling" aa in the cane of a
true suspension.

Another factor tending to keep the sol stable is the electrical charge
borne by the particles. I t is commonly known that there is usually a
difference of potential between the contact "surfaces of phases. If the

1 There are also the following combination* (Bayliag, 1):
disperse con tinuoux
gas liquid foam
liquid gas fog
solid gas tobaoco smoke
solid .. solid ruby glass (colloidal sol of gold in ghm}.
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particles in a colloidal solution all have the same charge, then they will
tend to repulse one another mutually. It. is found Mint the particles
are charged, but th<t origin of the charge is not always clear. Sometimes
if the substance in colloidal state is capable of electrolytic dissociation,
the chary*1 may ari.se in this way. Substances, however, an already men
tinned, which an* not dissociated may also bear a charge, and most
frequently it is a negative one. It, follows, then, that, when an electro*
lyte is added to a colloidal solution, the charges on the colloidal particles
are neutralized by the oppositely charged ions of the electrolyte, and
they coalesce together and are precipitated.

As regards their behaviour* to electrolytes the two classes, suspen-
soids and enmlsoids, are very different. The suspensoids are very sensi-
tive to traces of electrolytes, and, as they usually have a negative, charge,
it is the cation of the electrolyte which is the active ion; and of such,
less of a divalent ion, than of a monovalent ion, is needed for precipita-
tion and still less of a trivalent inn.

The emulnoids are far less sensitive to electrolyt.es in solution than
the suspensoids; in fact, electrolytes, such as neutral alkali Halts, must
be added in very large quantities to emulsoidn before precipitation takes
place. Also, as a rule, whereas the precipitation of HUHpensoidn is irre-
versible, that of emulsoidH in reversible, that is, they pass into solution
again on addition of water. In the case of an emuhoid in neutral solu-
tion this form of precipitation, unlike that of the suHpennoidn, tuny be
regarded as consisting of two processes. First, a process analogous to
that of "salting out M of soaps, enters, e tc , in organic chemistry, which
is> in effect, a withdrawal of water from one phase into another. Secondly,
the? precipitation in also affected to some extent, by the valency of the
ions of the Halt used in precipitation.

When, however, a neutral solution of such an ctnulsoid HK protein in
made, either slightly acid or alkaline, its behaviour towards neutral Halts
becomes altered. The precipitating power of Hfiltn in acid or alkaline
medium in now in accordance with that on fiiiHpennoidH. In alkaline
solution the coagulating power of a Halt dejjends on the valency of the
cation; in an acid solution it depend* on the valency of the union.

The behaviour of proteins in acid and alkaline media is undoubtedly
due to the fact that they nn* built up of amino-aeidn containing both
amino and curboxyl gnm\m. Such molecules may Iwhave either m an
acid or a base with the formation of miltn. These are subject to electro*
lytic dissociation and hence acquire m e!«*etric charge. Such
have been, termed " Httiphotoric eleetrolyten M (mw p. 120).



16 THE COLLOIDAL STATE [<:n. n

Expt. 8. Precipitdtiou of suspensoid sola by electrolytes. The .sols of #old, silver
and arscnious sulphide carry an electro-negative charge: hence they are most readily
}>recipitated by <li- or tri-valont positive ions, such as IW or Al"'. Add a few drops
of barium chloride solution to the throe HOIH (Kxpt. 3) respectively, and note that
they are precipitated, though some time may elapse before the precipitation i«
complete. The ferric hydroxide sol, on the contrary, carries a, poaiti ve. charge. Hence
it is most readily precipitated by a sulphate, or phosphate. If a drop of .sodium
sulphate solution is added while the sol is hot, it is immediately precipitated.

Expt. 9. Precipitation, of emuhoid solx by electrolytes. Saturate the starch, protein
and soap solutions prepared in Kxpt. 4 with .solid ammonium sulphate. Precipitation
takes place in each case, and it in seen how largo a quantity of electrolyte i,s needed
for the "salting out5; of etnulsoid sols. Filter off the protein precipitate and .sunpend
in distilled water. It will go into solution again, showing that the reaction \H
reversible.
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ENZYME ACTION

SOME indication has been given in the previous chapter of the large
number of complex processes which take place in the plant, and it has
been mentioned that many of these are controlled by enzymes.

The most remarkable feature in connexion with the chemical pro-
cesses of plant metabolism is the ease and rapidity with which, at
ordinary temperatures, chemical reactions take place, when under artificial
conditions they need a much longer time and higher temperatures.

It has been found that many of the chemical reactions in the plant
can be brought about in vitro on addition of certain substances which
can be extracted from the plant. These substances are known as enzymes.
It is the property of enzymes that they are able to accelerate reactions
which, in their absence, would only take place very slowly. The enzyme
cannot initiate these reactions and does not form part of their final
products.

Some inorganic substances have the same property of accelerating
reactions, and such substances are termed catalysts. For example, when
water is added to ethyl acetate, the latter begins to be decomposed slowly
into ethyl alcohol and acetic acid:

ethyl acetate 4- water —>- ethyl alcohol 4- acetic acid,

but if, in addition, some hydrochloric acid is added, hydrolysis takes place
with much greater rapidity, and at the end of the reaction the hydrochloric
acid is found unchanged. Hence in this case hydrochloric acid is an
inorganic catalyst. Many other similar instances are known as, for
example, the catalyzing effect of a small quantity of manganese
dioxide which brings about the liberation -of oxygen from potassium
chlorate at a much lower temperature than by heat alone.

By analogy, therefore, an enzyme may be defined as an organic
catalyst produced by the plant.

Another point in connexion with the above-mentioned reaction of
water with ethyl acetate, is the fact of its being representative of the
type known as reversible. After a certain amount of acetic acid and
ethyl alcohol has been formed, these recombine to form ethyl acetate
until in time a certain point of equilibrium is reached. Since the same

o. 2
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point of equilibrium is reached whether hydrochloric acid is used or not,
it is obvious that the hydrochloric acid accelerates the reaction in both
directions:

ethyl acetate. + water 5±: ethyl alcohol -f acetic acid.
Such a reaction is termed a reversible one. Many of the processes

accelerated by enzymes in the plant arc reversible, and there is reason
to believe that the enzyme, accelerates the reaction in both direct ions.

The substance upon which the enzyme acts is termed the substrate,
and it is supposed that some kind of loose? combination occurs }><«t ween
these two substances. The enzyme is unaltered when the reaction is
complete, unless it is affected by the products formed.

The enzymes are very widely distributed and form const-it units of
all living cells, though all tissues do not necessarily contain the saint*
enzymes.

There is no doubt that many enzymes an; specific, in which case
an enzyme can only accelerate one reaction, or one class of reaction.
We cannot be sure that any enzyme is specific and different from all
others, until it has been proved that it accelerates one process which is
incapable of being accelerated by any other enzyme. It is possible
that some enzymes, to which separate names have been given, an* really
identical.

Most of the plant enzymes an.; soluble in water and dilute glyecrol
and sometimes in dilute alcohol. Some can be extracted by simply
macerating the tissues with water; others are more intimately connected
with the protoplasm, and are only extracted if the protoplasm is killed
by certain reagents, of which those most frequently employe! ar<? toluol
and chloroform. These substances kill the protoplasm and do not, in
many cases, affect the enzyme. After the death of the protoplasm, the
enzymes are more readily extracted front the cell. From q
solutions enzymes can usually be precipitated by adding strong alc

The majority of enzymes are destroyed by raising the temperature
above 60°C. In vitro their reactions are; generally carried out mewt
rapidly between the temperatures of 35-43r ' C.

In performing experiments with enzymes in vitro, ifc in always
necessary to add an antiseptic, otherwise the reaction to be studied will
be masked or entirely superseded by the action of bacteria unavoidably
present. Toluol and chloroform mentioned above, m well m thymol,
may be used. These reagents prevent any bacterial action from taking
place. Some enzymes, however, are susceptible to chloroform, a*, for
instance, maltase.
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The chemical nature of enzymes is at present unknown, because it
is difficult to purify them without destroying them, and hence to obtain
them of sufficient purity for chemical analysis. They were originally
thought to be proteins, but with the improvements in methods for
purification, it has been found that the protein reactions disappear,
although the enzyme activity does not decrease. In solution they exist
in the colloidal condition.

The questions as to their origin and their relation to the protoplasm
cannot yet be answered with any certainty. I t is also impossible to say
whether the majority of chemical processes in the plant are catalyzed by
enzymes.

A feature of enzyme action which is of considerable interest and
which has already been mentioned is the question as to whether enzymes
catalyze the synthetic as well as the hydrolytic reaction. There is
evidence that this is so, since, in many cases, the hydrolysis is not
complete. If the enzyme were a catalyst in one direction only, the
reaction would be complete. Further evidence is supplied by the fact
that, under suitable conditions, i.e. strong concentration of the substances
from which synthesis is to take place, certain syntheses have been carried
out in vitro. As an example may be quoted the synthesis of maltose
from a concentrated solution of glucose by maltase (Bayliss, 2).

In the living cell it is supposed that the hydrolysis and synthesis
are balanced. On the " death " of the protoplasm, which may be caused
by mechanical injury, vapour of chloroform or toluol, etc. (Armstrong, 7,8),
the reactions catalyzed by enzymes cease to be balanced and proceed almost
always in the direction of hydrolysis and the splitting up of more complex
into simpler substances. This phenomenon is obvious when any of the
products can be recognized by smell or colour, as, for instance, the smell
of benzaldehyde on injuring leaves of plants containing cyanogenetic
glucosides (see p. 146), or the production of coloured oxidation products .
when some of the aromatic glucosides are decomposed (see p. 113).

If plant tissues are disintegrated, and the mass is kept at a temperature
of about 38° C, the above-mentioned hydrolytic processes continue to be
catalyzed by the enzymes present until equilibrium is reached, which will
be near complete hydrolysis, especially if water has been added. Such
a process is termed "autolysis."

The chief plant enzymes may be classified under the following
headings:

A. Hydrolytic enzymes. These constitute by far the greater number
of known enzymes. In their activity they either add or eliminate water.
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According to the substances upon which they act, (the substrates)
they may be further sub-classified as follows:

(1) Fat-splitting enzymes, which hydrolyze fats into fatty acids

and glycerol: lipase.

(2) Carbohydrate-splitting enzymes:
Diastase, which hydrolyzes starch into dextrin and maltose.
Invertase, which hydrolyzes cane-sugar into dextrose and luevulose.
Maltase, which hydrolyzes maltose into dextrose.
Inulase, which hydrolyzes inulin into laevulo.se.
Cytase, which hydrolyzes hemicellulose into inannose and gu lactose.
Pectinase, which hydrolyzes poetic compounds into arabinose.

(3) Glucoside-splitting enzymes:
Emulsin, which hydrolyzes amygdalin into ben/aldehyde, prunsie

acid and glucose.
Myrosin, which hydrolyzes sinigrin into allylisothiocyanate, potassium

hydrogen sulphate and glucose.

(4) Protein-splitting enzymes (proteases):
Pepsin-like enzymes, which hydrolyze proteins into allmmoses and

peptones.
Erepsin-like enzymes, which hydrolyze peptones into polyjjeptides

and ammo-acids.

B. Oxidizing enzymes:
Peroxidases, which decompose peroxides and set free oxygen in

the active state, probably as atomic oxygen.
Catalases, which decompose hydrogen jxjroxicie and set free oxygen

in the molecular condition.

C. Fermenting enzymes: Zymasc of yeast and also of higher plants,
which brings about the decomposition of certain hexoncn, such tw glucose,
with the formation of alcohol and carbon dioxide. Probably a series of
reactions including oxidation, reduction and hydrolysis are involved

D. Coagulating enzymes: Pectane, which coagulates soluble poetic
compounds.

E. Reducing enzymes: Reductase. The precise function of these
enzymes is unknown.

Most of these various classes of enzymes will be dealt with in detail
in connexion with the chemical substances on which they react.

An excellent demonstration of the fact that a single call may contain
all the various enzymes connected with the processes of metabolism m
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afforded by the unicellular Fungus, Yeast (Saccharomyces), of which many
species and varieties are known. The feature of special interest in
connexion with the Yeast plant is its power of fermenting hexoses, with
the formation of alcohol and carbon dioxide, the process being carried
out by means of an enzyme, zymase. The reaction is generally
represented as follows, though there is little doubt that several stages
are involved:

CoH^Oo = 2CO2 + 2C2H6OH.

I n addi t ion t o z y m a s e , y e a s t conta ins t h e enzymes , invertase , protease ,

peroxidase , cata lase , reductase , g l y c o g e n a s e , carboxylase, a g lucos ide-

s p l i t t i n g e n z y m e , a n d s o m e form of d ias ta t i c e n z y m e . T h e carboxylase

decomposes a large n u m b e r of ke to -ac ids , of w h i c h t h e m o s t impor-

tant i s pyruv ic ac id C H 8 * C O * C O O H . T h e react ion i n v o l v e s the

formation of t h e corresponding a l d e h y d e w i t h t h e evo lu t ion of carbon

dioxide . Y e a s t a l so stores, a s a reserve material , t h e polysaccharide,

g lycogen , w h i c h occurs in a n i m a l t i s s u e s t h o u g h i t is rarely found in

p lant s : th i s i s hydro lyzed b y g l y c o g e n a s e in to a monosaccharide . F inal ly ,

y e a s t conta ins inver tase , a n d m o s t spec ies , in addi t ion, mal tase , b u t from

a few spec ies t h e la t ter e n z y m e i s absent . H e n c e y e a s t s are ab le to

ferment t h e d isaccharides , c a n e - s u g a r a n d mal tose , s ince t h e y can first

hydrolyze t h e m t o monosacchar ides .

A s in t h e case of t h e e n z y m e s o f o t h e r t i s sues , those of y e a s t can b e

m a d e t o carry out the ir funct ions after t h e d e a t h of t h e l i v ing protoplasm.

T h e m e t h o d of d e m o n s t r a t i n g t h i s i s t o "kil l" t h e cel ls b y m e a n s of

d r y i n g a t 2 5 - 3 0 ° C , b y t r e a t m e n t w i t h a m i x t u r e of alcohol and ether,

or b y t r e a t m e n t w i t h ace tone a n d e ther . I n th i s w a y t h e protoplasm is

des troyed , b u t t h e e n z y m e s r e m a i n uninjured. Y e a s t t rea ted t h u s has

b e e n t e r m e d " zymin ."

F r o m z y m i n s o m e of t h e e n z y m e s , e.g. invertase and t h e g lucos ide-

s p l i t t i n g e n z y m e , can be e x t r a c t e d w i t h water : o ther enzymes , e.g. z y m a s e

a n d maltase , are n o t so readi ly ex trac ted . F r o m t h e l iv ing ce l l s t h e

e n z y m e s are only o b t a i n e d w i t h difficulty, t h e ex trac t ion of y e a s t ju ice ,

c o n t a i n i n g z y m a s e and o ther e n z y m e s , n e e d i n g , b y Buchner ' s method ,

a pressure as g r e a t sis 5 0 0 a t m o s p h e r e s .

I n c o n n e x i o n w i t h a lcohol ic f e r m e n t a t i o n b y zymase , t h e fo l lowing

po in t is of spec ia l in teres t . F o r carry ing out th i s process , two other

s u b s t a n c e s are n e c e s s a r y i n a d d i t i o n to t h e e n z y m e , i.e. a c o - e n z y m e of

u n k n o w n na ture a n d a p h o s p h a t e . T h e separat ion of z y m a s e from t h e

c o - e n z y m e h a s b e e n a c c o m p l i s h e d b y filtering expressed ( B u c h n e r ) y e a s t

j u i c e t h r o u g h a spec ia l form of g e l a t i n e filter under a pressure of 5 0
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atmospheres. The phosphate and co-enzyme can also be removed from
zymin by washing with water. The washed residue is then found to be
incapable of fermentation, as also are the washings. If, however, the
boiled washings are added to the washed residue, the system is synthesized
and can now carry out fermentation again. The chemical nature of the
co-enzyme, which is thermostable, and the precise part played by it in
the process, are as yet unknown (Harden, 4).

Expt. 10. Preparation of zymin. (a) By alcohol and ether. For the following
experiments fresh yeast should be used which has been washed several times with
distilled water and dried on a filter-pump. Weigh out 25 gms. of yeast and stir
it up well in- a mixture of 300 c.c. of absolute alcohol and 100 c.c. of ether for 4-5
minutes, and then filter on a filter-pump. Next wash the yeast with 50 c.c. of
ether. Then spread it out on a piece of filter-paper and allow it to dry for one hour.
(b) By acetone and ether. Take 50 gms. of yeast and stir it into 300 c.c. of acetone.
Continue stirring for 10 minutes, and filter on a filter-pump. The mass is then
mixed with 100 c.c. of acetone for 2 minutes and again filtered. The residue is
roughly powdered, well-kneaded with 25 c.c. of ether for 3 minutes, filtered, drained
and spread on filter-paper for an hour in the air. It can be finally dried at 45" C. for
24 hours.

Expt. 11. Action of zymase. Fill a small test-tube with 40% glucose solution.
Add 2 gms. of the zymin (from Expt. 10) for each 10 c.c. of solution and a little
toluol, and shake. Then fit a slightly larger test-tube over the mouth of the first
tube. Now invert. A small quantity of air will rise to the top of the first tube
which, however, will remain filled with the sugar solution. Place the tubes either in
an incubator or water-bath at 22-25° C. A control set of tubes should also be arranged
containing sugar solution and zymin which has been previously well boiled in a little
water. Bubbles of carbon dioxide will be evolved from the unboiled zymin.

Expt. 12. Action of maZtase. (Harden and Zilva, 12.) Into two test-tuben, (a) and
(6), put the following:

(a) 20 c.c. of a 2% solution of maltose -f- 0*5 gm. of zymin.
(b) 20 c.c. of the same solution of maltose + 0*5 gm. of zymin which has boon

well boiled in distilled water.
Plug both tubes with cotton-wool, after adding a few drops of toluol, and place

in an incubator at 38° C. for 12-24 hrs. Test the liquid in both tubes by making the
osazone (see p. 49). Glucosazone will crystallize out in tube (a)y maltosazone in
tube (6).

Expt 13. Action of peroxidase. (Harden and Zilva, 12.) Into four Braall
evaporating dishes, (a), (6), (c) and (d), put the following:

(a) A suspension of 0*5 gm. of fresh yeast in 10 c.c. distilled water -j- 1 c.c. of
benzidine solution (1 % in 50 % alcohol) + 2-3 drops of hydrogen peroxide (20 vols.).

(b) A suspension of 0*5 gm. of zymin in 10 c.c. of distilled water + 1 c.c. of
benzidine solution -f- 2-3 drops of hydrogen peroxide.

(c) A suspension of 0*5 gm. of washed zymin in 10 c.c. of distilled water 4- 1 c.c.
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r,f benzidinesolution } ~; H drops <»f hydrogen peroxide. s'The /.ymin is washed by
putting it on a double fnlded filter paper in a funnel and adding distilled water from
time to time. "»0 <•.«•. of water >bould be u*e«! for <>'•*» #m. of /.ymin.;

(7/) A suspension of (»'.*» j»ni, 4*t" washed /ymin in lOe.e. of wa.shin̂ .s }- 1 <•.<•. of
benzidine. solution •+- ~ >l drop-, of hydrogen j«*ro\ide,

A blue* colour will develop in " ^howin^ that fre;.»h yea 4. eontaiiM a pero.\ida.se
(MO. p. K)i» • A blm- etilour will atao develop in <«-•; but not in f'Aj and (<l). This i.s
explained bv a.v*umiit;4 that the /yiuiu ••'•ntainH an inhibitor, not present in fresh
yeast, but whirh i« developed duntt'.r th»* preparation of the zyruin, and tha,t thin
inhibitor ean be washed away by water. On ,iddin?4 th<- washings to the washed
zsntiu i\i*' reaction !M inhibiter! a^uiti,

Ki'/tt. 11. A*lti<*ti ttj fttttttitxf, U!:mU'K and Zitva, I2,i <'ompl(*tely till a te.st tube
with hydrogen j»*»n»,\ide ^) vi»!:•<. solution whi«*h ban In-en dilufftd with nu eoiuil
volume of water ami add ivU 1 #III. of /ymif». t'laee the thumb firmly ovt»r the
mouth of the tube, invert and pla«*e the mouth under water in a Htimll basin, clHiup
in^ the tube in position. A rapid evolution «»f o^y^eu take?4 place. When the tube
in about three-fourth* full of j»a«*, *-UrM> the mouth with the thumb while; Htill under
water and remove i\n- tube. Tlun̂ *1 a l̂ov/iuw nplint into the ^anand it will re kindle,
t«> a Haine.

Mjpt. \h. A*%ti<tn *>f f*r>*h-njki\ Weigh out Jo Ĵ IIJH. of white Hour, and allow if, to
extract with HH» «•.«•. «if distilled wvtf̂ r̂ for one hour, hlutkiuK from tinm to time.
Thtfn filter on a filter pump. The ettm<t will rontnin the albumin, lmumiu
'nee p. I24>. Into HUUIU t\n*U-* <>t:i *tf»*l if*} ]mt the following:

('*} JO r.e. of the Hour e*lra«!t. 4 1 «iii, of /ytttitt f 1 <•.«•. of toluol.
{//) 10 v,r, of Hour extrai't f i pn> of Innleii /,yuiin 4 I VA\ of ti»liu»l.
Hhnkc both ttt)<«*Mt plug with < otton wo< 1 »tnl j*liu;e them iimti itmuhntc»rHtHK'('.

for 18 hrn, Aft«*r itiritlNkttoiit Itoil the h*|«ti«i tn U*t,h tul»i'Hf in order in van^ihiUi
utiult̂ nHl prot4*iut muf filter. To tf<î  ftltrtiU** of the r*'H|H*i:tive, UI\H*H MUI bromine,
water drop by drop *«ee jt. JIIH;, A |»iuk, or purplish.pink colour, due to the presence
of trypUipliarif\ will iw* ff»rift<«! in tub** Ut), Hi'tu'f* hydrolyHjH of proteirt IIIIH takmt
pliwe. Tnlx* (hi will nhoiv no eo(f»ttr or only t.ft*it <lu#i to bromine, A«i<i t% litth auiyl
alcohol to lioth tuUm ami j»hak*\ The #il*-MIIM! will lm i-olouî il J»ink or purplinh in
the tuiie |fivii*i( the trvpt>»phaiie r*'<Mtiotj

AJ/^. HP. A''tit*t* **f rt'durt<t**% Hardfj* atid Nurrin, II.) Take two muall
(«) and {/;), pr^niifed with %%•*!I fitting «i»rk« lint! |>ut iti tin* following:

(a) 1 gm. of /ymtti 4- 2<* «'.«% ot di«itill$*«l wiiter f of» tM:. of inwthybne blu©
solution (ttwyfin hy dilutm;.' ft *?,#.% of a 4vititrnt«$f] nltsoltoltr wihitioti to <̂K) tt.o. with
dihtil led wtiter j .

(6) I grn, ofltotlml ftytnin -f %$ «.!•, of drilled Wfitiir 4- OfMse, of inethytniiu blua

Cork both tub*** itflifr adding it few drop** of toluol nnil ftWm in #«» in(nil«tt<»r at
38" C. for % hour**. Thu h\m rolour will prm^knUy itinap\Hmr from tul*e (a) but will
remain in tuU? {̂ >.

The otothylfiMi blue IK n*cift<;er! U* & tmimwlmnhwm i:oftijw»uiMl whkh will hiscomu
blue again on
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Expt. 17. Enzyme actions of an aqueous extract of zymin. Weigh out -2 gins, of
zymin and place' them on a double folded filter-paper in a funnel and wimh with
80 c.c. of distilled water. With the nitrate make the following oxj)crinicnts.

(A) Action of' invertase. (Harden and Zilva, 12.) Into two small flasks (a) and (/>)
put the following :

(a) 10 c.c. of *i 2% solution of pure, cane-sugar + 10c.c. of the filtrate from
zymin.

(b) 10 c.c. of the name solution of cano-wigar + 10 c.c. of the boiled filtrate from
zymin.

Put both flasks in an incubator at 38" C. After 30 minutes add equal <niantitioH
(about 1-2 c.c.) of Fehling's solution to both test-tubes and boil (see p. 52;. Tul>o(a)
will show considerable reduction of the Folding. Tube (/>) will show comparatively
little reduction, that which does take place probably being due to the sugar formed
by the action of glycogenaso on stored glycogon.

(B) Action of the (jlucodde-splittincj enzyme. (Caldwoll and Courtauld, 1); Honry
and Auld, 13.) Thin enzyme will act upon the glucoside, amygdalin, which in present
in bitter almonds, with the production of glucose, Ixsnzaldehyde ilnd pruNsic antfl
(see p. 145). Into two small flasks (a) and (6) put the following :

(a) 20 c.c. of a 2% solution of amygdalin -f- 20 c.c. of the. filtrate from jcymin.
(b) 20 c.c. of the same solution of amygdalin •+• 20 c.c. of the boiled filtrate from

zymin.
Add a few drops of toluol to both flasks and then cork, inserting, with the cork,

a strip of paper which has been dipped in solution** of picric: a<:id and sodium
carbonate (see p. 146). Put lx>th flasks in an incubator at 38' 0. for 12 24 hours. The
picrate paper in flask (a) will have reddened. Add a little Folding's solution to Mm
liquid in the same flask and boil. The Folding will lx> reduced. The liquid in HJIHIC
(b) will only reduce Fehling slightly [see Expt. A (/;)] and the pieratc* pajmr will not
be reddened.
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(!A RBON ASSJ MILAT 1 ()X

THE fact has already been emphasized that the plant, synthesizes all the
complex organic substances of which it is built from the simple coin-
pounds, carbon dioxide, water and inorganic salts. • The initial metabolic
process and the one from which all others have their starting-point is
that of a synthesis of a carbohydrate from carbon dioxide arid water.
This synthesis can only be carried out in the light, and only in a green
plant, i.e. a plant containing chlorophyll. Chlorophyll may almost be con-
sidered the chemical substance of primary importance in the organie world,
for upon it depends the life of all plants and animals. Animals de|>end
for their existence on certain complex ammo-acids, some of which they
are unable to synthesize for themselves, and which they derive from
plants. Plants in turn are unable to exist except, by virtue of the pro-
perties of chlorophyll.

The property of chlorophyll which is so imj>ortant in the powi.tr it
possesses of absorbing the radiant energy of the sun's rays and converting
it into chemical energy by means of which a carbohydrate is synthesized.
This summarizes the whole process, which, however, can scarcely be very
simple, and probably consists of several reactions at present undifferen-
tiated. If the formula for carbonic acid is compared with that of a nimple
carbohydrate such as a tetrose, pentose or hexose, the* following relation-
ship is seen:

HgCO3-+- (H2CO)X where ^«s4, f> or «,
that is, in the synthesis of a carbohydrate n reducing reaction rnuKt take
place.

Many hypotheses have been formulated as to the nature of these re-
actions. The one which has most frequently been advanced HUggtmtH
that formaldehyde is the first product of the synthesis from carbon
dioxide and water which takes place in the green plant; that the re-
action involves reduction with elimination of oxygen:

and that this product is later condensed to form a hexose,
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As the- concentration of sugar increases in the cell, further condensation
may take place to form starch:

^(CoH12O f l) = (C,;H10Or,)a! + ^ H 2 0 .

T h e fac t s i n a g r e e m e n t w i t h t h e s e v i e w s a r e : first, i n m o s t p l a n t s a

v o l u m e of o x y g e n is g i v e n off a p p r o x i m a t e l y e q u i v a l e n t t o t h e v o l u m e

of ca rbon d i o x i d e a b s o r b e d ; s econd ly , i n s o m e p l a n t s s t a r c h , i n o t h e r s

s u g a r , is k n o w n t o b e p r o d u c e d d u r i n g p h o t o s y n t h e s i s . T h e d e t e c t i o n

of f o r m a l d e h y d e , e i t h e r i n t h e p l a n t o r i n c e r t a i n s y s t e m s c o n t a i n i n g

ch lo rophy l l , as a p r o o f of i t s f o r m a t i o n d u r i n g p h o t o s y n t h e s i s , h a s b e e n

s h o w n to b e i n v a l i d ( s ee p . 3 6 ) ( J o r g e n s e n a n d K i d d , 2 ) .

T h e v a l u e a n d s ign i f i cance of t h i s r e d u c i n g r e a c t i o n is s e e n w h e n i t

i s r ea l i zed t h a t , b y o x i d a t i o n of t h e c a r b o h y d r a t e s s y n t h e s i z e d , e n e r g y is

p r o d u c e d t o s u p p l y t h e n e e d s of t h e w h o l e m e t a b o l i s m of t h e p l a n t

(see p . 5) .

I n t h e c h e m i c a l t r e a t m e n t of t h e s u b j e c t of c a r b o n a s s i m i l a t i o n , s o m e

of t h e c h e m i c a l p r o p e r t i e s of c h l o r o p h y l l wi l l first b e cons ide r ed , a n d ,

l a t e r , i t s b e h a v i o u r u n d e r c e r t a i n c o n d i t i o n s : t h e c h e m i s t r y , howeve r , of

t h e p h e n o m e n o n i t s e l f i s a s y e t u n k n o w n .

T h e fo l lowing a c c o u n t , a s far a s i t c o n c e r n s ch lo rophy l l , a n d t h e

a c c o m p a n y i n g e x p e r i m e n t s a r e t a k e n from a resume ( J o r g e n s e n a n d

S t i l e s , 3 ) of t h e o r i g i n a l w o r k ( W i l l s t a t t e r u n d S to l l , 1 ) u p o n w h i c h t h e

e n t i r e k n o w l e d g e of t h e s u b j e c t i s b a s e d .

C H L O R O P H Y L L .

O u r k n o w l e d g e of t h e c h e m i s t r y of c h l o r o p h y l l h a s , w i t h i n r e c e n t

y e a r s , b e e n s e t u p o n a firm e x p e r i m e n t a l b a s i s ( W i l l s t a t t e r uncl S to l l , J ) .

T h e r e s u l t s w h i c h h a v e b e e n a r r i v e d a t m a y b r o a d l y b e s u m m a r i z e d a s

fo l lows :

I n a l l p l a n t s e x a m i n e d t h e c h l o r o p l a s t i d s c o n t a i n four p i g m e n t s , of

w h i c h t w o ( t e r m e d r e s p e c t i v e l y c h l o r o p h y l l s a a n d b) a r e g r e e n , a n d

t w o a r e ye l low. T h e y o c c u r i n a b o u t t h e fo l lowing p r o p o r t i o n s i n fresh

l e a v e s :

( C h l o r o p h y l l a . . . CJ&nOJXMg . . . 2 p t s p e r 1 0 0 0

{ C h l o r o p h y l l b . . . C 6 5 H 7 0 O 6 N 4 M g . . . | „

Y e l l o w I C a r o t i n * &«&» . . . . . J „
X e i l 0 W j X a n t h o p h y l l . . . C ^ H ^ O , J „

A p o i n t of g r e a t i n t e r e s t i n c o n n e x i o n w i t h c h l o r o p h y l l i s t h a t i t

c o n t a i n s m a g n e s i u m t o t h e e x t e n t of 2*7 °/o b u t n o o t h e r m e t a l is p r e s e n t .

C h l o r o p h y l l a, w h e n i s o l a t e d , i s a b l u e - b l a c k so l id g i v i n g a g r e e n - b l u e
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solution in the solvents in which it is soluble, i.e. ethyl alcohol, acetone,
chloroform, ether, carbon bisulphide, pyridine and benzene. Chlorophyll
b, when isolated, is a green-black solid giving a pure green solution : it
has much the same solubilities as chlorophyll a. The two chlorophylls,
however, can be -separated by their different solubilities in methyl
alcohol. Both can be obtained in microscopic crystals.

Carotin crystallizes in orange-red crystals, and xanthophyll in yellow
crystals.

In .the chloroplastids these pigments occur mixed with various colour-
less substances, fats, waxes, and salts of fatty acids.

When chlorophyll is spoken of, it will be understood to ivfer to t.h<*
green pigments and not to the yellow.

The pure pigments, when isolated, are readily soluble in uceton<\ ether
and benzene. When very thoroughly dried nettle leaves arc treated'
with pure acetone, no green colour is extracted, but if a few drops of
water are added, the extract becomes green. Also if acetone is jxmred
on to fresh leaves, the pigment is extracted. The explanation offered
for these phenomena is that chlorophyll is present in a colloidal condition
in the cell. This point will be considered again later (sec p. **5).

The Common Nettle (Urtica) is the plant which has been used for
material for the extraction of chlorophyll on a large scale, and it also
forms very useful material for extraction on a small scale.. The pigment
has been found to be unaltered by drying, and, since dried leaves involve?
far less bulk and dilution of solvents, material should be dried before
using. Some leaves (Elder and Conifers) are spoilt by drying. From
dried leaves pure solvents, such as petrol ether, benzene and acetone,
extract very little pigment for reasons which will be mentioned later,
but if the solvents contain a moderate amount of water, the pigment in
readily soluble. About 80% acetone is the best solvent. The nettle*
leaves are removed from the stalks and laid on sheets of paper to dry.
When well air-dried they are finely powdered, and the powder further
dried at 30-40° C. in an incubator. The leaf-powder can be kept for a
considerable time in a well-stoppered bottle.

Expt. 18. Extraction of pigment. Two grama of leaf-powder are auckefl to a filter-
paper on a amall porcelain funnel and 2-3 c.c. of 85% acetone are added Thin i«
allowed to soak into the powder for a few iu muter*. The fluid ia then mic?k«sd through
with the pump. The operation in repeated until 20 ac. of the noivent have been
added, when the powder is Hucked dry. A deep blue-green uolufcion with a md
fluorescence is obtained which contain* all the four pigment* from the. leaf. The
acetone extract thus obtained in then poured into double the quantity of jmtrd <dher
contained in a separating funnel An equal quantity of distilled water is added, thin
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heing poured gently down the .Hide: of the funnel in order to avoid the* formation of
emnlnionH. In the course of a few minutes, the ether layer Hep;truteN out uml now
contains the. pigment*. The lower layer, which Ls .slightly ĵ roen, in run oil'. Tl»«-
addition of diHtilled water and ^uhnequent removal of the lower layer U repented
about four times, in order completely to remove, the acetone from the ether .solution.
If the ether .solution nhould have become at all emulsified, it ean IM» cleared |i\
shaking witli anhydrous <s<»diuin .sulphate and filtering.

The whole proecsH .should hi* repented with another fc2 gins, of leaf powder and the
pigment transferred to etlwr, Mince it .solution in thi.s .solvent i* required for 1 «ter
experiments.

Ej'ftt. li). Jh'HKWHtration <>{' tin* #̂/Vw«/v af rhfnrofilijflh it ittitl /», ( )f the petrol
ether solution from the lant expfiriment, l<>i',c, arc.nhaken with locr, of \)t fV»» iiiethyj
ahtohol. Two layetx are formeti of which t.hn petrol ether layer contain^ (*hlon»pl»yll
«, ami the methyl alcohol layer chlorophyll //. The Moltit.irm of chlorophyll tt J-I l»luc
grewi, while? that of chlorophyll /' î  a purer ^rcen, hut MKM'OIOIU' diflererjce lietvvecn
them is diminished owinjj to the* pr<'Ht»nce n( tlte yc*llow pigments, of which cirntui
m in the petrol ether, and xanthophyll in the, methyl alcohol.

As will be explained lat<*r, l\w ^rvi*n piginonts of fhl(»ruphyll van \»*
saponified by alkalis and an* t.h«»n in.soluhl<* in rt.luTral solutinn. Thin
method can be adopted to separat** the gvw.n from the yellow pigtnenl^,
xaiithophyll and carotin.

Iuvpt. '10. KfjHttuition tif tfWPtt *tnd iftlltHC pitfint'tttH. Shake U c.e, uf an ether
.solution of the jH înentH (Kxpt. IH; with *J.«%«:. of *Jo"/0 caustic potanh ut itMithvl
alcohol (ohtained by i\imo\v"m%'.tt> gtnn, of |M»fiihmiun hvtiroxMln in 1 <Hi cc, of methyl
aleohol *;. After th« $4ret»n colour IMW n»aj>j»ivinul, nlowly n«ld 10 «\c of wnfov ntttl
then add a little more i*t,hi«r. f>n Hlmkitig t\m t*»ht-tuh<% two Inyern are prmiiirfil, i»f
whi<*h t!i<» lower watery alkaline «»n«« roitbiitis t!»« naponified r̂t***i« pî i»ient««, whtj*?
tho carotin and xanthophyll itn* coutainerl in tin* upper «*t herea) Inyw,

Kxptt iJL Ht'pitmtiun t*f lh* lnu tftdluit* pn/tntwt*. The i»ther Inyer obfcnined in
tin* lant e.tjMTinient in wauJntd willi water in a wpJirHtitttt fnuiMil, HIMI twn\Him,\*nl
down to 1 e.c. ft in then diluted with 10 <•,<•, «>f petrol <*t.lt«?t* an«l n««xt tmutt with
lo <:.c. JK)",;, UH?thyl /ilt:ohol, 'flu* ttiothy! u)*;ohi»)m layer i* r*n»ovm| and r,Jn« \t$*ir*t)

layer in a^uin treiitoi with inothyl itl«u»h<itl and tin* methyl alcohol n^im

rmithyl alcohol wmtniuti t)w xmithophyit̂  tlm jM*fcml ether |.lt«i ivirof in.

Further accrotmtH of thtt yî llovv \t\gtmmin are given on p, -II).
Tho btiHt known nwfcionn of chlorophyll are tluwi' whicth take ^Inw

with ?u;ids and alkalirtH rc*Hjw*ctiv*»ly.
Chlorophyll in a neutral malmfcariet% and, on treatment with ulkuli>"*,

it ihnm mltu of tmtln, tho tatter being known an ehlorophytlinn, Them^
are nolnble in wnti.fr forming gr(»f*n nolntion^ whirh tim nofc however

1 Th» mtjthyl nloohol mmt \m v«?ry pun*, oth^rwim tlm ulmUulits itutouU mlnlkm will
bix-ontf brown mid <\im>\m\<n\.
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fluorescent. Chlorophyll a may be represented as thr methyl phytyl
ester of an acid chlorophyllin (phytol is a primary alcohol, sro p. HH):

/COOCH.5 COOH
C:B>H.J0ON4Mg'f C,,H:«)ON.,Mg/

NCOOCa,H:,,, NCOOH
(Chlorophyll a " Chlorophyllin

O n t r e a t m e n t in t h e cold w i t h a lka l i , t h e e s t e r is saponi f ied , a n d tin*

a lka l i s a l t of ch lo rophy l l in is fo rmed . Dur ing 1 saponifieaLioii , t h n v is u

c h a n g e of co lour in t h e p i g m e n t , t h e so-cal led b r o w n p h a s e , followed hy

M r e t u r n to g r e e n .

Expt. 2:2. Saponifieation of a mixture of the green pigmrntx. i 'our a littli* of tin*
ether solution obtained in Expt. 18 into a tot-tube, and in a pipette t a k e n lift If
3 0 % .solution of potash in methyl alcohol. Place the lower end of the pi{H«f te at the
bottom of the te.st-tuhe and allow the potash to run in below the chlorophyll solu-
tion. At the interface between the solutions there appear* innnediately a brown*
coloured layer which dift'useN on .shaking. In alx>ut ten minutes it chan^eM burk
through an olive-green colour to pure green.

The chlorophyll has been saponified t o the potassium Halt of theueid chlorophyl-
lin. This salt is insoluble in ether, so if water is <'ulded to bring about n wpatvitidi
of the two layers, the green colour is no longer present in the ethereal layer.

T h e c h a n g e of co lour on sapon i f i ea t ion i.s d i f fe ren t for tin* t w o

ch lo rophy l l s , t h e b rown plmne p r o d u c e d i n t h e a b o v e m i x t u r e of ch lo ru -

phyl ln b e i n g d u e t o a ye l low p h a s e p r o d u c e d b y c h l o r o p h y l l a, a n d a

b r o w n - r e d p h a s e p r o d u c e d b y c h l o r o p h y l l b. To demonHt rnU ' t h i s tin*

p h a s e t e s t ( E x p t . 22) m a y a l so be c a r r i e d o u t s e p a r a t e l y on t h e t w o

ch lo rophy l l s .

t. 23. Saponifieation of chlorophylls a and b *ep<mtt«ly. The methyl alcohol
solution obtained in Expt. 19 is transferred to ether as in Kxpt. 18. Both tlm Juttm-
and the petrol ether solution of chlorophyll a are saponified tin tit thw ptftvioiiH
experiment.

As already demonstrated the potassium .salts of the chlorophyllum
which are produced by saponifieation of the mixture of green pigments
in the cold are not fluorescent. By saponifieation of chlorophyll with
hot alkali, isochlorophyllins are formed (see Expt. 24 below) which arc*
fluorescent.

On heating chlorophyllins with concentrated alcoholic alkalies, a mrim
of decomposition products, phyllins (alsa acids) are obtiiined by removal
of carboxyl groups. The final phyllin has only one carboxyl group. When
this is removed, a substance, aetiophyllin, C31 H«N4Mg, is obtained which
contains no oxygen (see Scheme I, p. 34).

Another difference between the results of treating chlorophyll with
hot and cold alkali is that in the former process the yellow pigments &r<j
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destroyed. If then water is added after saponification with hot alkali,
and the solution is shaken up with ether, the ether will remain colourless.

When chlorophyll is treated with acids, a different reaction takes
place. The chlorophyll changes in colour to olive-green and loses most
of its fluorescence. The magnesium of the molecule is removed, being
replaced by hydrogen, and the resulting product is termed phaeophytin
(see Scheme 1, p. 34).

From phaeophytin a series of decomposition products have been
obtained, which fall into two groups, the phytochlorins and the phyto-
rhodins. The phytochlorins are olive-green in colour, and are derived
from chlorophyll a; the phytorhodins are red, and are derived from
chlorophyll b. The phaeophytins from the two chlorophylls are indis-
tinguishable until the above decomposition products are obtained.
(The original discovery of two kinds of chlorophyll was brought about
by the differentiation of these decomposition products.)

A number of phytochlorins and phytorhodins have been identified
and are designated by letters a, b, etc. By employing a uniform method
of treatment, however, two of these products, phytochlorin e and phyto-
rhodin g, can be secured.

The phytochlorins and the phytorhodins are of course magnesium-free
compounds and can be obtained by the action of acid on the chlorophyllins
and isochlorophyllins. Phytochlorin e and phytorhodin g, in particular
are obtained by the action of acid on isochlorophyllins, i.e. they are
magnesium-free isochlorophyllins. They are formed by the addition of
acid to the products of saponification with hot alkali."

The separation of the various phytochlorins and phytorhodins can be
brought about by means of their different distribution between ether
and hydrochloric acid: each compound can be extracted from ether
according to the concentration of the acid used.

Expt. 24. The formation of phytochlorin and phytorhodin. f> c.c. of an ether
solution containing both chlorophylls a and b are evaporated to dryness in a tent-
tube in a water-bath, and the residue treated with 3 c.c. of boiling 30 % potash
solution in methyl alcohol, and boiled gently for half a minute. A liquid with a red
fluorescence is produced which consists of a solution of the potassium salts of
isochlorophyllins. The solution is diluted with double its volume of water, and
concentrated hydrochloric acid is added until the solution is just acid. The liquid is
then shaken with ether in a separating funnel : the dissociation products produced
by the previous treatment pass into the ether solution which thus acquires an
olive-brown colour.

The ether solution is shaken twice, each time with 10 c.c. of 4% hydrochloric
acid (sp. gr. 1*02 i.e. 12*9 c.c. strong acid: 87*1 c.c. water), and the green-blue acid
layer is separated and neutralized with ammonia and shaken with more ether, which
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then contains in solution phytochlorin e, the derivative of chlorophyll a. The phyto-
chlorin e gives to the ether an olive-green colour.

The ether layer remaining in the funnel, after the separation o f -the green-blue acid
layer, is now extracted with lOc.c. of 12% hydrochloric acid (up. g r . I-QG i.e. 381 c.c.
strong acid: 61*9 c.c. water). The green acid Holution HO obtained is diluted with
water and shaken with ether which then becomes coloured red a n d contains phyto-
rhodin #, the derivative of chlorophyll b.

If the phyllins are acted upon by mineral acids, they lose their
magnesium in the same way as the chlorophyllins, a,xid the series of
substances obtained in this way are termed porphyrins. T h u s aetiophyllin
will give aetioporphyrin C:flH30N4 (nee Scheme 1, p. *J4).

The derivatives of chlorophyll which are free from magnesium, such
as phaeophytin, phytochlorin, phytorhodin, the var ious porphyrins, e tc .
combine readily with the acetates of some metals s u c h as copper, zinc
and iron,and they form intensely coloured, stable c o m p o u n d s . The change
of colour is so noticeable that the smallest traces of c e r t a i n metals can
be detected in this way. Hence it is very difficult} to prepare t h e
magnesium-free chlorophyll unless the reagents arc po r f ec t l y pure and
all contact with certain metals is avoided.

Expt. 25. Substitution of copper for magnesium. i?i chlorophyll,. 2 c.c. of an ether
solution of chlorophyll are shaken with a little 20% hydrochloric acid («p. gr. 110
i.e. 62*4 c.c. ntrong acid: 37*6 c.c. water), and then wawhed with w a t e r in a separating
funnel. In this way in produced in ether Holution the inagneBiu.in-free chlorophyll
derivative, phaeophytin. The solution ia evaporated down on a* water-bath, and the
residue dissolved in 5 c.c. of alcohol. The solution is olive-grcon in colour. This is
heated and a grain of copper acetate or zinc acetate IH added. The colour changes
back to a brilliant green, but without fluorescence (if all the chlorophyll has been
converted into phaeophytin).

From the results of these recent investigations, it i s now possible t o
write formulae for the two chlorophylls as follow**:

chlorophyll a (C^H^O N4Mg) (COOCH:,) (C0002oH30)
chlorophyll b (CwH88OaN4Mg) (COOCH3) (COOO^H39)

from which it will be seen that the phytol component/ amounts to one-
third of the weight of the chlorophyll.

From the analyses of chlorophylls from different p l a n t s , it was found
that the phytol content varied, and plants which y i o l d e d little phytol
most readily produced "crystalline chlorophyll," a f o r m of the pigment
which has been known for some considerable time to previous workers.
The Cow Parsnip (Heracleum Sphondylium), Hedge Wotxndwor t (Stachys
sylvatica) and Hemp-nettle (Qaleopm Tetrahit) are p l a , n t s which readily
give crystalline chlorophyll. In this connexion it h£ts been suggested
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that the chlorophyll in plants is accompanied by an enzyme, chlorophyl-
lase, which, in alcoholic media, brings about alcoholysis of the chlorophyll,
and replaces the phytyl by the ethyl radicle. The products, formerly
known as crystalline chlorophyll, are now termed cnlorophyllides :

(C32H»)ON4Mg) (COOCH : i) (COOC20H : i0) + C2Hr>OH
= C2oH390H + (C;j2H;50ON4Mg) (COOCH3) (COOa2H r )).

P h y t o l E t h y l c h l o r o p h y l l i d e

S i m i l a r c h l o r o p h y l l i d e s a r e p r o d u c e d 03^ o t h e r a l c o h o l s . I n a q u e o u s

s o l u t i o n s c h l o r o p h y l l a s e b r i n g s a b o u t h y d r o l y s i s a n d t h e free a c i d

c h l o r o p h y l l i d e i s f o r m e d ( s e e S c h e m e 2 , p . 3 4 ) :

(C:{,H3oON4Mg) (COOCH3)

4 g ) ( 0
Ohlorophyllide

Chlorophyllase is a very stable enzyme ; it is not even destroyed by
boiling in alcohol for a short time, but if leaves are boiled in water, the
enzyme is destroyed.

Expt. 26. Microscopic examination of ethyl chlorophyllide. Prepare sections of
fresh Heracleum leaves and mount them in a drop of 90 % alcohol. Leave the slide
under a bell-jar containing a dish of alcohol. The section slowly dries in the course
of half a day or a day. It is then examined under the microscope when there will be
observed the characteristic triangular and hexagonal crystals of ethyl chlorophyllide
(crystalline chlorophyll).

Expt. 27. Production of methyl chlorophyllide in the leaf. Sections may be used
as in the preceding experiment, or a piece of a leaf may be employed. In the latter
case a test-tube with 4 c.c. of 75 % methyl alcohol is taken and 1 gin. of fresh leaf
is added to it. The leaf first becomes a darker green and then during the course of
a few hours becomes yellowish. On holding the leaf to the light there can be
observed with the naked eye a number of black points. If sections of the leaf be cut
and examined under the microscope, these spots appear as aggregates composed of
rhombohedral crystals, occurring in certain cells.

Expt. 28. Extraction of ethyl chlorophyllide. Two grams of dry lleraclewni leaf-
X>owder are left for a day in a test-tube containing 6 c.c. of 90% alcohol. The extract
is then filtered through a small porcelain funnel and the powder on the filter washed
with a little acetone. The filtrate is mixed with an equal quantity of ether, arid then
with some water. The ether solution is transferred to a separating funnel and
thoroughly washed with water, and then concentrated on a water-bath to \ or 1 c.c,
and 3 c.c. of petrol ether are added. On standing, the ethyl chlorophyllide is pre-
cipitated in the form of crystalline aggregates. It is freed from yellow pigments by
shaking with a little ether, and can be further purified by redissolving in ether and
precipitating again with petrol ether.

Expt. 29. The action of chlorophyllase. Fresh leaves of a species rich in chloro-
phyllase, e.g. Heracleum or Galeopsis, are finely divided and put in a 70 °/(> acetone
solution, 3 c.c. of solution being used for every gram of leaf-powder. The chlorophyll,
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by means of the chlorophyllase, is hydrolyzed into phytol and the acid chlorophyllide.
This can be demonstrated after about a quarter of an hour if the solution is diluted
with water, transferred to ether and shaken with 0*05 % sodium hydroxide. The
sodium hydroxide takes up more colouring matter the further the enzyme action
has progressed.

Expt. 30. The destruction oj chloroiphyllase. If fresh leaves of a species rich in
chlorojDhyllase are first steeped in boiling water for a few minutes Kefore they are
placed in the acetone solution, unaltered chlorophyll is extracted which does not
react with dilute alkali.

With acids —>-
(C32H30ON4Mg) (COOCH3) (COOCaoHso) > (CT2H32ON4) (COOCH,) (COOC20H30)

ch lorophyl l a p h a e o p h y t i n a

1
% (C32H30ON4Mg) (COOH) (COOH) — > (C32H32ON4) (COOH) (COOH)

*^ chlorophyl l in a p h y t o c h l o r i n e
£ a n d i soch lo rophy l l in a a n d p h y t o c h l o r i n s / a n d g

interme diate phyllins intermediate porphyrins

3 1 3 4 4 g
aetiophyllin aetioporphyrin

Scheme 1.

chlorophyll a
(MgN4C32H3oO) (COOCH3) (COOC20H30)

m e t h y l ch lo rophy l l i de a fe*
(MgN4C32H3oO) (COOCH3) (COOCH 3 ) g

with

chlorophyllide a
(MgN4C32H30O) (COOCH3)(COOH)

dilute acid

w i t h
>-

d i l u t e acid

with

phaeophytin a
(N4C32H32O) (COOCH3) (CO

dilute acid
Scheme 2.

O
1 6 1

m e t h y l p h a e o p h o r b i d e a
(N4C32H3J2O) (COOCH3) (COOCH3)

a o

phaeophorbide a
(N4C32H32O) (COOCH3) (COOH)

By treatment with acids, magnesium is removed from the chlorophyl-
lides, with the production of the corresponding phaeophorbides. Thus
methyl chlorophyllide a gives methyl phaeophorbide a, etc. (see
Scheme 2, above).

It has been previously mentioned that water-free solvents, such as
acetone, ether and benzene, in which pure extracted chlorophyll is
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soluble, will not extract the pigment from thoroughly dried leaves, but
if a little water is added, it readily goes into solution. From fresh leaves
also these solvents can extract the pigments.

As an explanation of the above phenomena, it has been suggested
that chlorophyll in the chloroplastid is in the colloidal state, and that,
when water is added to the dried leaf, a solution of mineral salfcs in the
leaf is formed which alters the colloidal condition of the chlorophyll and
makes it soluble. This view is supported by the fact that if a colloidal
solution of chlorophyll in water, made from the pure extracted pigment,
is shaken with ether, the ether remains colourless. If, however, a little
salt solution is added and the mixture shaken, the ethereal layer
becomes green. In preparing the colloidal solution the solvent, acetone,
is replaced by the medium, water, in which chlorophyll is insoluble.

The condition of chlorophyll is altered by plunging the leaves into
boiling water. The pigment is then much more readily soluble in ether,
etc., even when the leaves are subsequently dried. I t is supposed that
the chlorophyll has diffused out from the plastids, and is in true solution
in accompanying waxy substances which have become liquid owing to
change of temperature.

Expt. 31. Preparation of a colloidal solution of chlorophyll. Take 10 c.c. of an
acetone extract of chlorophyll (Expt. 18) and pour this acetone solution into a large
volume of distilled water (100 c.c), the liquid being continually stirred. This opera-
tion can be most conveniently done by taking the acetone solution in a pipette and
allowing it to run out of the pipette while the latter is used as a stirring rod in the
water. Note the change in colour to a purer green, and the disappearance of
fluorescence.

Expt. 32. To demonstrate the difference between a true and a colloidal solution of
chlorophyll. Evaporate 10 c.c. of an acetone extract (Expt. 18) to complete dryness
and test its solubility in ether, petrol ether and benzene. It is soluble in all three
solvents. Now add these solvents to some of the colloidal solution prepared in the
last experiment, and note that the chlorophyll does not dissolve in any of these
solvents. If, however, some salt solution, e.g. a little magnesium sulphate, be added,
the chlorophyll is precipitated from its colloidal state and is now soluble in ether
and other solvents.

Expt. 33. To show that chlorophyll in the plant is probably in the colloidal
condition. Some nettle powder is carefully dried, e.g. by keeping it at 30-40° C. in an
oven, and then further drying in a vacuum desiccator over sulphuric acid. Small
quantities of this dry powder are put in test-tubes, and different pure water-free
substances such as acetone, ether, benzene and absolute alcohol are added. Note
that these solvents are not coloured by the chlorophyll. It can be demonstrated that
the extracted pigment is easily soluble in any of these substances. Repeat the experi-
ment with nettle powder moistened with a few drops of water, and note that the
solvents are immediately coloured.
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Expt. 34. Pure solvents are able to extract chlorophyll from fresh leaves. Crush
10 gms. of fresh leaves of nettle, horse-chestnut or elder in a mortar with some clean
sand, and put the crushed material on a filter-paper in a porcelain funnel. Add
20 c.c. of pure acetone and suck it through by means of a water-pump. Repeat this
several times. The pure solvent is here able to extract the pigment.

Expt. 35. Treatment of fresh leaves with boiling water changes the condition of
the chlorophyll. l>y a quantity of leaves which have been put in boiling water and
examine their solubility as in Expt. 33. Note that the chlorophyll in this powder is
soluble in pure solvents.

There is finally another change which chlorophyll can undergo,
namely that of allomerization, which takes place in alcoholic solution.
The characteristic of allomerized chlorophyll is that it does not give the
brown phase when treated with alkali (see Expt. 22). Allomerization is
accelerated in alkaline solution but inhibited by small quantities of acid.

Expt 36. To demonstrate that allomerized chlorophyll does not gi/ve the brown
phase test. Dissolve a little crude chlorophyll, obtained by evaporating an ether
solution,, in absolute alcohol. To a sample of this add a little alkali, and perform the
phase test, from time to time, till at last the brown phase no longer appears.

CONNEXION OF CHLOROPHYLL WITH FORMALDEHYDE.

In addition to the above, another chemical property of chlorophyll
of great interest, is that connected with the production of formaldehyde.
Those investigators, who have sought to confirm the formaldehyde
hypothesis of carbon assimilation, have based their evidence on tests for
formaldehyde both in the plant and in chlorophyll-containing systems
outside the plant. By exposing films, or solutions, of chlorophyll to light
in presence of carbon dioxide, they have detected formaldehyde as a
result (Usher and Priestley, 5).

The most recent investigations (Jorgensen and Kidd, 2) have shown
that the experimental evidence is at present inadequate to support the
.hypothesis, since formaldehyde arises from chlorophyll itself in the
absence of carbon dioxide.

In this later work (Jorgensen and Kidd, 2) on the behaviour of ex-
tracted chlorophyll in light, use has.been made of a colloidal solution (see
p. 35) of pure chlorophyll (chlorophylls a and b) for experimental work.
The solution for this purpose must be prepared from* pure chlorophyll,
which has been tested and shown to be free from yellow pigments, since
the latter absorb oxygen and may confuse the issue of the experiment.
The pure chlorophyll is prepared by extracting dried nettle leaves with
80-85 °/0 acetone in the usual way and transferring to petrol ether (p. 28).
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The petrol ether extract is then washed with 80 % acetone to remove
colourless impurities, and with 80 % methyl alcohol to remove xantho-
phyll. Finally all traces of acetone and methyl alcohol are removed by
washing with water. This renders the chlorophyll insoluble in petrol
ether, since it is only soluble in this solvent if traces of other solvents
are present. Hence the pigment is precipitated out as a fine suspension,
leaving the carotin in solution. The chlorophyll is filtered off through
powdered talc, taken up in ether, reprecipitated by petrol ether and
finally obtained as a blue-black micro-crystalline substance. The col-
loidal solution or sol is made by dissolving 0*4 gm. of pure chlorophyll in
3 c.c, of absolute alcohol and pouring into 300 c.c. of distilled water.

The advantage of using such a solution is that the experimental
conditions, in all probability, approach more nearly to the conditions in
the plant, and reactions with other substances take place more readily
than when the chlorophyll is used as a film. The use of pure, instead of
crude, chlorophyll is also important as by this means it is possible to
determine the changes taking place in chlorophyll itself without complica-
tions arising from the accompanying impurities. The discordant results
of various workers on this subject are doubtless due to the employment
of crude chlorophyll. Ethyl alcohol is the best solvent for preparing
the sol since it does not produce formaldehyde when exposed to light
under ordinary circumstances in glass vessels. Methyl alcohol and
acetone should be avoided as they themselves either contain or give rise
to formaldehyde.

The chlorophyll sol is electro-negative. I t is stabilized by weak
alkalies, but precipitated by weak acids.

Working with such a colloidal solution the results may be summarized
as follows.

When a chlorophyll sol is exposed to light in an atmosphere of
nitrogen in a sealed tube, no apparent change takes place in the chloro-
phyll, and no formaldehyde is produced.

When exposed in an atmosphere of carbon dioxide in a sealed tube,
the chlorophyll rapidly turns yellow- or brown-green. In the case of
sols of high concentration, the colour-change is preceded by precipitation
of the pigment. The same change takes place in the dark, only more
slowly. No formaldehyde is produced, and no absorption of carbon
dioxide could be detected. The yellow product has been shown to be the
magnesium-free derivative, phaeophytin, which is produced from the
pigment by the action of acids. The changes observed are explained by
the fact that the carbon dioxide, acting as a weak acid, first precipitates
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the sol, if concentrated, and then acts, like other weak acids, on the
chlorophyll, producing phaeophytin. If the solution is kept neutral by
addition of sodium bicarbonate, there is no colour change. The identity
of phaeophytin was shown by the spectrum and by the restoration of
colour on adding a trace of copper acetate.

When exposed to light, and the atmosphere in the sealed tube is
replaced by oxygen or air, the chlorophyll turns yellow- or brown-green
as before and then bleaches. The change of colour from green to yellow
or brown is again due to the formation of phaeophytin, this being brought
about by the presence of an acid substance, which is produced during
bleaching, and increases throughout the process. Formaldehyde can be
detected in a very slight amount during bleaching, but is formed in
much greater quantity after bleaching is complete.

I t is suggested that the formaldehyde is produced by the oxidation
and breaking down of the phytol component of the chlorophyll:

CH3—CH—CH— CH—CH—CH— CH— CH— C = C—CH.>OH
I ! I I I I I I I
CH3 CH3 OHj CH3 CH3 CH3 CH3 CH3 CH3

T h e r e i s n o r e a s o n f o r a s c r i b i n g t o a n y o f t h e a b o v e r e a c t i o n s a n y

p a r t i n c a r b o n a s s i m i l a t i o n . T h e r e i s a t p r e s e n t n o h y p o t h e s i s , s u p p o r t e d

b y s a t i s f a c t o r y e v i d e n c e , a s t o t h e p r o c e s s o f c a r b o n a s s i m i l a t i o n .

Expt 37. Detection of formaldehyde cos a product of oxidation of chlorophyll.

E x t r a c t 2 g m s . of dr ied n e t t l e leaf p o w d e r w i t h 2 0 c.c. of 8 0 °/o a c e t o n e a n d t r a n s f e r

i t t o p e t r o l e t h e r a s in E x p t . 18 . T h e n s h a k e t h e p e t r o l e t h e r e x t r a c t f o u r or five

t i m e s w i t h a n e q u a l v o l u m e of 80 % a c e t o n e t o r e m o v e co lou r l e s s i m p u r i t i e s . N e x t

t h e p e t r o l e t h e r e x t r a c t i s s i m i l a r l y s h a k e n u p w i t h 8 0 % m e t h y l a l c o h o l which

r e m o v e s t h e x a n t h o p b y l l . T h i s s h o u l d b e r e p e a t e d u n t i l t h e m e t h y l a l coho l in

colour less . T h e p e t r o l e t h e r is finally w a s h e d r e p e a t e d l y w i t h w a t e r t o r e m o v e traccH

of a c e t o n e a n d m e t h y l a lcohol . T h e c h l o r o p h y l l i s in t i m e p r e c i p i t a t e d a s a fine

suspens ion , b e i n g inso lub le i n p u r e p e t r o l e t h e r . T h i s suspens ion is f i l t e r e d t h r o u g h

e i the r k i e s e l g u h r or powdered t a l c o n a s m a l l po rce l a in filter. T h e c h l o r o p h y l l IN

e x t r a c t e d f rom t h e p o w d e r on t h e filter w i t h a s s m a l l a q u a n t i t y a s |K>H»iblo of

a b s o l u t e a lcohol . T h i s a lcohol ic s o l u t i o n is t h e n p o u r e d , w i t h c o n s t a n t s t i r r i n g , i n to

100 c.c. of d i s t i l l ed w a t e r b y w h i c h m e a n s a col lo idal so lu t i on of c h l o r o p h y l l in

ob ta ined .

T h e t e s t t o b e e m p l o y e d for f o r m a l d e h y d e is a s follows ( S c h r y ver, 4 ) . T o 10 c.c. of

t h e l i qu id t o b e t e s t e d a d d 2 c c . of a 1 % s o l u t i o n (freshly m a d e ) of p h e n y l h y d r a z i n e

hydroch lo r ide , 1 c.c. of a 5 °/0 s o l u t i o n ( f reshly m a d e ) of p o t a s s i u m f e r r i c y a n i d o a n d

5 c.c. of c o n c e n t r a t e d h y d r o c h l o r i c ac id . I f f o r m a l d e h y d e is p r e s e n t a p i n k t o

m a g e n t a co lour i s deve loped , e i t h e r d e e p or pa le , a cco rd ing t o t h e q u a n t i t y of form-

a l d e h y d e . T h e r e a c t i o n i s d u e t o t h e f o r m a t i o n of a c o n d e n s a t i o n p r o d u c t of

f o r m a l d e h y d e a n d p h e n y l h y d r a z i n e , a n d t h i s c o m p o u n d , on o x i d a t i o n , y i e l d s a weak

b a s e f o r m i n g a co loured s a l t w i t h c o n c e n t r a t e d h y d r o c h l o r i c a c i d . T h e s a l t is

r e a d i l y d i s soc i a t ed aga in o n d i l u t i o n of t h e s o l u t i o n .
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Two modifications (Sehryver, 4) can be adopted in applying this test. First, in
testing for formaldehyde in pigmented solutions, the following course can be pursued.
The reaction mixture, after addition of phenylhydrazine, ferricyanide and hydro-
chloric acid, is diluted with water, and ether is added in a separating funnel. The
hydrochloride of the chromatogenic base is dissociated and the base is taken up by
the ether. The aqueous solution is run off, and on addition of strong hydrochlorie
acid to the ether, the base passes into the acid as a coloured hydrochloride again.
By using a small quantity of acid, the sensitiveness of the test is increased, since the
colour is now distributed through a small quantity of liquid only.

The second modification consists in warming the solution to be tested for
a short time with the phenylhydrazine hydrochloride before adding the other
reagents. In this way, formaldehyde can also be detected if it should be in a poly-
merized form.

As a control, 10 c.c. of the colloidal solution of chlorophyll should be tested,
using both the above modifications. The remainder of the solution should be
exposed to sunlight (or the light from cither an arc or mercury vapour lamp) in a
loosely corked vessel, until it is completely bleached. The bleached solution, on
testing, will be found to give a positive test for formaldehyde.

T H E YELLOW PLASTID PIGMENTS.

These have already been mentioned in connexion with the leaf
pigments (pp. 28 and 29). In addition, however, they have a further
significance in that they constitute the pigments, located in plastids,
of most yellow and orange flowers and fruits. Sometimes also they occur
in other organs, i.e. root of Carrot (carotin).

Carotin, C^H^,, is an unsaturated hydrocarbon. I t crystallizes in
lustrous rhombohedra which are orange-red by transmitted and blue by
reflected light. I t is readily soluble in chloroform, b'enzene and carbon
bisulphide, but with difficulty in petrol ether and ether.

One of its most characteristic properties is that it readily undergoes
oxidation in air, and becomes bleached. With concentrated sulphuric
acid it gives a deep blue colour.

Xanthophyll, C^H^Og, also forms yellow crystals with a blue
lustre. I t is soluble in chloroform and ether, but insoluble in petrol
ether. I t is more soluble than carotin in methyl alcohol. I t gives
a blue colour with sulphuric acid, and also oxidizes in air with bleaching.

The separation of the two pigments (see Expt. 21) is based on the
fact that in a mixture of petrol ether and methyl alcohol containing a
little water, the carotin passes entirely into the petrol ether, whereas fche
greater part of the xanthophyll remains in the methyl alcohol layer.
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C H A P T E R V

CARBOHYDRATES AND THEIR HYDROLYZING ENZYMES

THE carbohydrates which occur in plants may be classified as
follows :

jTentoses, CnH10O5—Arabinose, xylose.
Monosaccharides JHexoses, OflHuO«—Glucose, galactose,

I mannose, laevulose.

Disaccharides {Suc/ose, maltose, C12H22OU.

Trisaccharides {Raffinose and others.

fPentosans, (CBH8O4)n—Araban, xylan.
Starches, (CoH1006)n—Starch, dextrin, inulin.

rolysaccharides / Mannans, galactans, gums, mucilages,
pectic substances.

Celluloses, (C6H10O5)n.

The carbohydrates are widely distributed in plants and form most
important parts of their structure. Those most commonly found are1:
cellulose, starch, pentosans, dextrin, glucose, sucrose, laevulose, and
maltose. Other sugars, especially trisaccharides, are known in addition
to those mentioned above, but they are somewhat restricted and specific
in their distribution.

As in the ca ;e of the proteins, so with the carbohydrates, the molecules
of the more simple and soluble crystalline compounds, such as the
monosaccharides, are synthesized into more complex molecules which
exist, either in the colloidal (dextrin), or insoluble state (starch, cellulose).
The last-mentioned build up parts of the solid structure of the plant.
The resolution of the solid complex substances into simple ones is
known in many instances to be brought about in the plant by enzymes,
and it is highly probable that the synthesis of the complex from the
simple is also controlled by these enzymes!

The most commonly occurring sugars in plants are glucose, laevulose,
sucrose and maltose: sucrose is hydrolyzed by the enzyme, invertase,
into one molecule of glucose and one molecule of laevulose: maltose by
the enzyme, maltase, into two molecules of glucose. Both jnvertase and
maltase are widely distributed. The connexion between various sugars
and photosynthesis, and their inter-relationships with each other in the
leaves, are reserved for another section.
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Of the polysaccharidos, cellulose is universally distributed in higher
plants and constitutes the greater part of the cell-walls. The pentosjms,
galactans and marmans also, but to a lesser degree, are components of
their structure. Starch, in addition, is very widely distributed: it is
converted by the enzyme, diastase, into dextrin and maltose, and possibly
the same enzyme also controls its synthesis. In some plants no starch
is formed, and its place in metabolism is taken by inulin or cane-sugar.

The various carbohydrates will first be dealt with in detail, and later
their inter-relationships will be considered.

MONOSACGHA HIDES.

These are termed tetroses, pentoses or hexoses according1 to the
number of carbon atoms in the molecule. They contain primary
( -CH a OH) or secondary (=CHOJH) alcohol groups, and either an
aldehyde (— OHO) group, as in glucose, or a kotone (= C = O) group, as
in laevulose. They are, as a class, white crystalline substances, .soluble
in water and aqueous alcohol, but insoluble in ether, acetone and many
other organic solvents. They are capable of certain characteristic
chemical reactions which form a basis for their detection and estimation.
One of the most important is that connected with the aldehyde and
ketone groups, owing to which they *ict as reducing agents, being them-
selves oxidized. The reducing action usually employed is that, which
takes place with copper salts in hot alkaline solution, whereby cuprous
oxide is formed. Hence they are termed "reducing" sugars. Another
important reaction is the formation of crystalline omzoncs (only in the
case of sugars with aldehyde or ketone groups), which, by virtue of
their melting points and characteristic crystalline forms, constitute, in
several cases, valuable tests for the presence of sugars.

PENTOSEK

These sugars contain five carbon atoms, and have the general formula
C5Hi0Os. They are said to be present in the free state to some extent
in leaves (Davis and Sawyer, 10). In plants they occur chiefly, however,
as condensation products formed with elimination of water. Them*
products are termed the pentosans, and are widely distributed; on
hydrolysis they yield pentoses again. The various gums found in plant**
consist largely of pentosans, and the pectins also contain pentose group**;
both consequently yield pentoses on hydrolysis (me pp. 61 and 64).
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If we examine the structural formula of a pentose, as for example,
arabinose:

H—C = O

HO—C*— H
I

H—-C*— OH
j

H—C*— OH
|

H—6—H

OH

w e s e e t h a t e a c h o f t h e t h r e e c a r b o n a t o m s m a r k e d * i s u n i t e d t o f o u r

d i f f e r e n t a t o m s o r g r o u p s o f a t o m s . E a c h o f t h e s e c a r b o n a t o m s i s t h e r e -

f o r e a s y m m e t r i c , a n d , w i t h r e g a r d t o i t , t h e r e a r e t w o p o s s i b l e i s o m e r s

( s e e p . 9 , C o l e , 3 , f o r s t e r e o i s o m e r i s m ) . I t w i l l b e f o u n d o n e x a m i n a t i o n

t h a t t h e r e a r e e i g h t p o s s i b l e i s o m e r s o f t h e f o r m u l a e g i v e n a b o v e :

CHO
I

HO—C—H
1

HO—C—H
1

HO—C—H

CH2OH
£-Ribose

CHO

H—C—OH
j

HO—C—H

HO—C—H
1
CH8OH

l-Arabinose

CHO
i

H-C—OH
1

H—C—OH

H—C—OH
i

CH2OH
dMtibose

CHO
i

HO—C—H
1

H—C—OH

H—C—-OH
1

CH2OH
d- Arabinose

CHO
1

H—C—OH
1

HO- C—H
i1

H—C—OH
i

CH2OH
^-Xylose

CHO

H—C—OH

H—C—OH
I

HO—C—H

CH.2OH
£-Lyxose
unknown

CHO
1

HO—C—H
1

H—C—OH
I1

HO—-C—H
1

CH2OH
G?-Xylose

CHO
j

HO—C—H
1

HO—C—H

H—C—OH
1

CH3OH
fZ-Lyxose

O f t h e s e o n l y s e v e n h a v e b e e n i s o l a t e d . T h e t w o p e n t o s e s w h i c h

occu r i n p l a n t s a r e i - a r a b i n o s e a n d Z-xylose. T h e s e , h o w e v e r , a r e k n o w n

a l m o s t sole ly a s c o n d e n s a t i o n p r o d u c t s , p e n t o s a n s , i n g u m s , w o o d y t i s s u e ,

e t c . T h e p e n t o s e s fo rm o s a z o n e s ( s e e p . 4 9 for r e a c t i o n s a n d c o m p o s i t i o n ) .

A r a b i n o s e . T h i s s u g a r o c c u r s a s t h e p e n t o s a n , a r a b a n , i n v a r i o u s

g u m s , s u c h a s C h e r r y G u m , G u m A r a b i c , e t c . ( s ee p . 4 5 ) .

S o m e of t h e p r o p e r t i e s a n d r e a c t i o n s of t h e p e n t o s e s a r e d e m o n s t r a t e d

i n t h e fo l lowing e x p e r i m e n t s .
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Ex'pt 38 . Tests for arabinose. F o r r e a c t i o n s a-e u s e a 1 % s o l u t i o n of a r a b i n o s e :

for r e a c t i o n / a 0*2 % so lu t ion .

I f p u r e a r a b i n o s e is n o t ava i l ab le , a so lu t i on for t e s t s a, b a n d r can bo p r e p a r e d

f rom g u m arab io . Boil f> g ins , of t h e g u m in 100 c.c. of w a t e r w i t h i n c.c. of con-

c e n t r a t e d hyd roch lo r i c acid for 5 m i n u t e s a n d t h e n n e u t r a l i z e to l i t m u s w i t h a lka l i .

S u c h a so lu t ion is on ly s u i t a b l e for t h e specific t e s t s for a r a b i n o s e , s i nce it a l so

c o n t a i n s ga lac tose (see p . (H). F o r t e s t s a, b a n d c sma l l p ieces of sol id g u m a r a b i c

m a y even be used .

(a) H e a t a few c.c. of t h e s u g a r so lu t ion in a t e s t - t u b e w i t h a b o u t ha l f i t s volume*

of c o n c e n t r a t e d hyd roch lo r i c acid. In t h e m o u t h of tin* t e s t - t u b e place a p i ece of

f i l t e r -paper soaked wi th an i l ine a c e t a t e ( m a d e by m i x i n g e q u a l q u a n t i t i e s of aniline?,

w a t e r a n d g lac ia l ace t ic ac id) . A p i n k co lour will be p r o d u c e d in t h e pajK-r. T h i s i.s

d u e t o t h e fact t h a t furfural is fo rmed by t h e ac t i on of t h e ac id on t h e p e n t o s e , a n d

t h e furfura l t h e n gives a red co lou r w i t h an i l i ne a c e t a t e so lu t i on :

| | CH=sCH
C H — C H — OH A i i / % |

j I.
;OH H

C H ^ C

H H

A rabi i lose Furft i ra l

T h i s r eac t ion , however , is a l so g iven b y t h e hexoMCH b u t t o a nnu-h IUKS

e x t e n t .

(b) W a r m a few c.c. of t h e s u g a r s o l u t i o n w i t h an e q u a l v o l u m e of ron<rt»ntruted

h y d r o c h l o r i c ac id in a t e s t - t u b e , a n d a d d a s m a l l q u a n t i t y of p h W o g l n e i n . A b r i g h t

r ed co lora t ion is p roduced .

(a) T o a few c.c. of t h e s u g a r so lu t i on in a t e s t - t u b e a d d a n e q u a l q u a n t i t y of

c o n c e n t r a t e d hyd roch lo r i c ac id , a n d t h e n a l i t t l e sol id orc inol . D iv ide t h o s o l u t i o n

i n t o t w o equa l p o r t i o n s . H e a t o n e p o r t i o n . This so lu t i on will b e c o m e red <;hari&in&

t o v io le t a n d finally b lue , b lue -g reen o r g reen . T o t h e o t h e r p o r t i o n , a f t e r hiMtini ; for

a t i m e , a d d a few d rops of 1 0 % fer r ic ch lo r ide so lu t ion . A d e e p ^ r w n co lou r in a t

once p r o d u c e d . In bo th cases , on t h e a d d i t i o n of a l i t t l e a i n y l a lcohol , t h e j j r w n

colour will IKS e x t r a c t e d by t h e a lcohol .

(d) tt-Naphthol r eac t ion . A d d t o a l i t t l e of t h e s u g a r s o l u t i o n a few d r o p * of a

1 % so lu t ion of a - n a p h t h o l in a lcohol . Mix t h e t w o s o l u t i o n s a n d t h e n r u n in nlwiut

5 c.c. of c o n c e n t r a t e d su lphur ic ; a c i d d o w n t h e s i d e of t h e toHt-tuUt. A viole t colora-

t i o n is p r o d u c e d a t t h e j u n c t i o n of t h e t w o l iqu ids . T h e co lo ra t ion ix d u e t o n

condensa t i on p r o d u c t of a - n a p h t h o l w i t h fur fura l , t h e l a t t e r b e i n g fornmti b y tin*

ac t ion of t h e ac id on t h e c a r b o h y d r a t e . T h i s reaction i s l ikewise g i v e n by laevulaNe

a n d c a n e - s u g a r (s ince i t y i e l d s laevulose , see p . 52) , a n d hm s t r o n g l y b y glueomi a n d

maltoHo ; a lso b y some p r o t e i n s w h i c h c o n t a i n a c a r b o h y d r a t e g r o u p .

(e) Boil a l i t t l e of t h e a r a b i n o s e so lu t ion w i t h a few d r o p s of F e h l m g V s o l u t i o n .

R e d u c t i o n will t a k e p lace .

( / ) M a k e t h e osazono of a r a b i n o s e fol lowing t h e i n s t r u c t i o n s g iven

(see p . 49) .
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A solution of arabmose which will jjfivn the ponfose ivnet.ions ran also
be obtained l>y hv< Irolysis of Cherry («um. The »IIIII oo/.cs from the bark
of various species of Pnunix, such as the Oherry ( Primus ('erasus) and
the Bird Cherry (7\ Putins).

Kf/tt. 31 >. Pst'/K/ffttif*/! <>f tmthitmxt'notHtiojt from Chorrji (him. The ^uui \s }i#*;ir#»«!*
on a water-hath in a round-bottomeel flask fitted vvit.Ji a.n air condenser1, with
«1 i111t.is sulphuric aeM (\ pi. by \vt. of gum : 7 pis. bv \vh. of 1" „ .sulphuric nriil.» l'*>v
about"* hours. The solution is then neutralized with calcium eaVbnnate and filtered.
Perform the tests'/, /> and c of Kxpt. .'JMnii the .solution. A positive result is obtained
in each ease. Since the solution contains other .sugars as impurities, it cannot, ntu
dusiveh" be us#*<l for tests </, e and /'. If a e<»ji.siderable <juantity of ^uni \* available,
crystallization uf aral»ino.srt should IM- attempted by (umct'Utratin^ the a«jueouH nu<j;a,r
solution, extracting this with 00" „ aicoh<tl and ujjain <>oucetil rating in a o!<'.Hieeal«»r
(see p. fcl). If a wry small quantity of gum only is available, the tenta ft, t> and #•
should be. perfonneti directly on a small piece of the, ̂ uiu in a. test tube.

A piiHT preparation of aruhitto.si*, wliich may b<* used lor all (,}j<* U*s\s
of Kxpt. rJH, <*an he ohtain<*<l by the hydrolysis of arahan (sec Kxpf. IN).

Xylose. This su^ar ocuturs \*'ty widely distributed in woody (isstiras
the pentosan,xyhin (we p. fV.l). A solution of xylose which will ^ive thr
pentose reactions can be. obtained from the hydrolysis of straw.

ftxpt. 10, f*i't'jnit'ittit*n of .t'tflam* nnliUioti fftnti xti'iiu*. Take about 50 gin1*, of ntraw,
wiiich lias VMHMI cfit up into hirutl! piecen, and put it into a rotnuMKittniitMi! flank
fitted with an air condenser. Adi! sufficient 5 "»» Mtilphuric acid to <'o\er the ntmw
and hiMtt on n water bath for ki 3 hrs. Filter off the Mention, ueMt.mh/c with
calcium carbonate and filter again. Make with t\m Holutiou the U'nt.•<* <t auil c of
Kxpt. 3H. The solution will also retiurt* Fĉ hlitĵ 'n solution Htron l̂y, but tI*IM rt*ducti<n»
may lut partly <!IMJ to other sugar** furtmti in the fjydroly.Hî ,

The? j>n?«fJiic'« of xyhui giving %\w |«*iitrwf* nvtctioiiH can *dxo 1«̂  <i<?ruotiHt,rat,e<l in
straw, bran or Kavvdust hy merely h#*aU?ig filial I pliant itje^ of tUam* mibitaure t rn n.
test-tub<t with the ,I!H*V<5 rrsi^ont^ n«»e Kxpt. M>.

A purer Holution of xylose can be obtained from the hydrolyniM of
xyhtn (nee Kxpt. 51}.

When xylose is oxidized with bromine, it yieldn xyIonic arid which
has a elumu'teri.Hlie cadmium Halt, The formation of this nail î  nwtl nn n
method for i<lentifying the nugnr («r*«? Expl*. 51).

Glucose, Thin Hubhytnee, which in H!HO kuowtt an ̂ nqw-Ntigar, in vi*ry
common and very widely distributed in plnnta It wcum ift the f.i«<H(M's
of leaven, sterns, roots, Howern ariil fruitn. It in pro<lu<'ed an a lenult uf

1 i.it. a wt<k piriie of gIni*H tubing akmi 3 ft. long puling Ihrtnigli thu ctwk,
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t h e h y d r o l y s i s of c a n e - s u g a r a n d m a l t o s e , a n d , in al l p r o b a b i l i t y , is t h e

first s u g a r s y n t h e s i z e d from c a r b o n d i o x i d e a n d w a t e r . I t s s y n t h e s i s a n d

i t s r e l a t i o n s h i p s to o t h e r s u g a r s will b e d i scussed l a t e r ( a re p. (>9). I t is

a w h i t e c ry s t a l l i ne s u b s t a n c e , r e a d i l y so lub le in w a t e r a n d a q u e o u s

alcohol , b u t on ly s l i g h t l y s o l u b l e in a b s o l u t e a lcohol .

If, a s in t h e case of a p e n t o s e , we e x a m i n e t h e s t r u c t u r a l f o r m u l a for

a hexose , s u c h as g l u c o s e :

H—C*—OH

H—-C*—OH

H—C*--OH
I

H—c~ H

OH

w e see t h a t t h e r e a r e four c a r b o n a t o m s m a r k e d * wh ich a r e u n i t e d

t o four d i f fe ren t g r o u p s of a t o m s . I t will b e found in t h i s c a se t h a t t h e r e

a r e s i x t e e n poss ib le i s o m e r s :

CHO

I
H—C—OH
H C—OH

I
HO—C—HI
HO—C—H

CH2OH

CHO

HO— C- H

HO C—H
I

H—C—OH
I

H,~~C-~OH

CH2OH

CHO
]

HO—-C—H

H—C—OH

HO—C—H

HO—C—H

CHaOH

HO

CHO
I

H—C—OH

C H

CIH— C—OH
I
CH-PH

CHO

HO—C—H

H—C—OH

HO—C—H

H—C—OH

CHjjOH
2-Idose

CHO

H—-C—OH

HO—C— H

HO—C—H

CH2OH

CHO

H—C—OH

H—6—OH

H O - C — H

H—-C—OH

CH2OH

CHO

HO—C H
i

HO—C H

H—C—OH
j

HO—O- H

CHaOH

d-Qnhma
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CHO
i1

HO—C—H
i1

H—C—OH
I1

H—C—OH
i1

HO—C—H
1
CH.,OH

/-Galactose

CHO
1

HO—C—H
i1

HO—C—H
i1

HO—C—H

HO—C—H
1
CH2OH

CHO

H—C—OH
i1

HO—C—H
1

HO—C—H
1

H— C—OH
1
CH2OH

o?-Galactose

CHO

H—C—OH
I

H—C—-OH
I1

H—C—OH

H—C—OH

CH2OH

CHO
i

H—C—OH
1

H—C—OH
I1

H—C—OH
i1

HO—C—H
1
CH2OH

J-Talose

CHO
I1

H—C—OH
i1

HO—C—H
i
i

HO—C—H .
1

HO—C—H
j

CH2OH

CHO
1

HO—C—H
I1

HO—C—H
i

HO—C—H
1

H—C—OH
j

CH2OH

d-Talose

CHO
1

HO—C—H
1

H—C—OH
1

H—C—OH
I

H—C—OH
1
CH2OH

These four unknown

T h o u g h m a n y of t h e a b o v e s u g a r s h a v e b e e n s y n t h e s i z e d ar t i f ic ia l ly ,

on ly t h r e e a r e k n o w n t o o c c u r n a t u r a l l y , i.e cZ-glucose ( d e x t r o s e or g r a p e -

s u g a r ) , d - m a n n o s e a n d d - g a l a c t o s e .

S i n c e c o m p o u n d s c o n t a i n i n g a s y m m e t r i c c a r b o n a t o m s a r e op t i ca l l y

ac t ive , i.e. c a n r o t a t e a p l a n e of p o l a r i z e d l i g h t , i t follows t h a t t h e s u g a r s

u n d e r d i s c u s s i o n a r e o p t i c a l l y a c t i v e .

d -g lucose i s d e x t r o - r o t a t o r y .

W h e n e i t h e r d- o r Z-glucose is first d i s s o l v e d i n w a t e r , i t i s c h e m i c a l l y

less a c t i v e t h a n w o u l d b e e x p e c t e d of t h e a l d e h y d e form d e p i c t e d a b o v e .

T h i s is e x p l a i n e d b y a s s u m i n g t h a t g l u c o s e , w h e n first d i s so lved i n w a t e r ,

e x i s t s i n t h e c o n d i t i o n of a 7 - l a c t o n e :
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In the above state the carbon atom marked * is also asymmetric s<i
that two forms of glucose are possible, a- and /

H—C--H

CH.OH
a-(21ucoHO

I n so lu t ion , b o t h t h e above, f o rms ]>ass b y t n u t o m e r i s i n i n t o t h e

a l d e h y d e form.

I n t h e p l a n t t h e r e a r e , a s will b e d e s c r i b e d l a t e r ( p . 142 ) , m a n y a r o m a t i c

a n d o t h e r c o m p o u n d s c o n t a i n i n g o n e or m o r e h y d r o x y l g r o u p s . T h e s e

h y d r o x y l g r o u p s of t h e a r o m a t i c s u b s t a n c e s a r e f r e q u e n t l y r e p l a c e d b y

a g lucose (or o t h e r s u g a r ) m o l e c u l e , a n d s u c h c o m p o u n d s nw t e r m e d

gh icos ides , as , for i n s t a n c e , sa l ic in , t h e g l u c o s i d e of sa l icy l ic a lcohol w h i c h

occur s in Wi l l ow b a r k ( see p . 1 5 2 ) :

HO—C— H

HO—C—OH

CH2OH
Salicin

T h e s e s u b s t a n c e s , m o r e o v e r , m a y b e classified e i t h e r an a - o r $-

gh icos ide s a c c o r d i n g to wh ich of t h e ab o v e a or ft fo rms of g l u c o s e

c o m b i n e w i t h t h e res idua l p a r t of t h e c o m p o u n d . V a r i o u s g luoon ides will

b e d e a l t w i t h in C h a p s , v n a n d i x .

Enupt 41. Tests for glucose. Before dealing with the nugarn actually iHoIatad front
the plant, it is advisable tha t the following tents and reaction* should bo performed
with pure glucose using a O2 % solution.

(a) Moords test. Boil a little of the glucose solution with an equal volume of
caustic soda solution. A yellow colour in develo{>ed which in due to the formation of
a condensation product (caramel) of the sugar.
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(b) Trommer's test. Add a few drops of a 1 % copper sulphate solution to 2-3 c.c.
of 5 % caustic soda solution. A blue precipitate of cupric hydroxide is formed. Add
now 2-3 c.c. of the glucose solution, and the precipitate will dissolve. On boiling,
the blue colour disappears, and a yellow or red precipitate of cuprous oxide is formed.
If only a little sugar is present the blue colour will disappear, but no oxide may
l)e formed.

(c) Fehling's test. Boil a few c.c. of freshly made Fehling's solution in a test-tube
and note that i t is unaltered. Then add an equal quantity of the glucose solution
and boil again. A red precipitate of cuprous oxide is formed.

(d) Osazone test. Take 10 c.c. of a 0*5 % solution of glucose in a test-tube and
add as much solid phenylhydrazine hydrochloride as will lie on a sixpenny piece,
at least twice as much solid sodium acetate and also 1 c.c. of strong acetic acid.
Warm gently unti l the mixture is dissolved and filter into another test-tube. Then
place the tube in a beaker of boiling water for at least -J hour, keeping the water
boiling all the t ime. Let the test- tube cool slowly, and a yellow crystalline deposit
of phenylglucosazone will separate out. Examine this under the microscope and it
will be found to consist of fine yellow needles variously aggregated into sheaves and
rosettes. Glucosazone melts a t 204-205° 0 .

T h e osazone r e a c t i o n t a k e s p l a c e a s follows :

CH2OH(CHOH)4CHO + H2N • NHCoH^CH.pH (CHOH)4CH : N • NHC0Hr, + H2O.
Glucose phenylhydrazone

T h e p h e n y l h y d r a z o n e is v e r y so lub le , b u t if a n excess of p h e n y l -

h y d r a z i n e is u s e d , a s e c o n d h y d r a z i n e c o m p l e x i s i n t r o d u c e d a n d a n

i n s o l u b l e o s a z o n e is f o r m e d :

CH2OH (CHOH)3—C—CH : N • NHC0Hf)

II
N-NHC0Hr>

Glucose r e a c t s i n t h i s w a y b y v i r t u e of i t s a l d e h y d e g r o u p . P h e n y l -

h y d r a z i n e h y d r o c h l o r i d e does r iot g i v e a n osazone w h e n bo i l ed w i t h

g lucose u n l e s s e x c e s s of s o d i u m a c e t a t e b e a d d e d . T h i s a c t s on t h e

h y d r o c h l o r i d e t o f o rm p h e n y l h y d r a z i n e a c e t a t e a n d s o d i u m ch lo r ide .

G a l a c t o s e . G a l a c t o s e r a r e l y , i f ever , occurs free in p l a n t s , t h o u g h i t

is fair ly w i d e l y d i s t r i b u t e d i n t h e form of c o n d e n s a t i o n p r o d u c t s , t h e

g a l a c t a n s , i n c o m b i n a t i o n w i t h o t h e r hexoses a n d w i t h p e n t o s e s ( see p . 60) .

T h e s e g a l a c t a n s fo rm c o n s t i t u e n t s of v a r i o u s g u m s , m u c i l a g e s , e t c .

A g a r - a g a r , w h i c h is a m u c i l a g e o b t a i n e d from c e r t a i n g e n e r a of t h e R e d

S e a w e e d s ( R h o d o p h y c e a e ) , y i e l d s a h i g h p e r c e n t a g e of g a l a c t o s e on

h y d r o l y s i s w i t h a c i d s . G a l a c t o s e a lso occu r s a s a c o n s t i t u e n t of s o m e

g lucos ides f rom w h i c h i t m a y b e d e r i v e d o n h y d r o l y s i s .

O n e of t h e m o s t i m p o r t a n t r e a c t i o n s of g a l a c t o s e is t h e fo rma t ion of

m u c i c ac id o n o x i d a t i o n w i t h n i t r i c ac id . M u c i c a c i d is p r a c t i c a l l y

i n s o l u b l e i n w a t e r a n d s e p a r a t e s o u t a s a c r y s t a l l i n e p r e c i p i t a t e o n

p o u r i n g t h e p r o d u c t s of o x i d a t i o n i n t o exces s of w a t e r .
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Expt. 42. Preparation of'galactose from agar-agar. Weigh out 50 gms. of agar-
agar. Put it into a round-bottomed flask fitted with an air condenser (see p. 45).
Add 500 c.c. of 2 % sulphuric acid and heat on a water-bath for 4 lirs. Neutralize
the solution with calcium carbonate and filter. Concentrate on a water-bath to a
syrup. On standing, crystals of galactose will .separate out. Then add a little 50 -75%
alcohol and warm gently on a water-bath. By this means much of the dark-coloured
product will go into solution and can be poured off leaving the crystalline residue.
Take up this residue in a little hot water, boil well with animal charcoal to decolorize
the solution and filter. Concentrate again on a water-bath. On cooling, colourless
prisms of galactose will separate out.

Expt. 43. Oxidation of galactose to mucic acid. Heat the galactose obtained in
the last experiment with nitric acid (1 gm. galactoso to 12 c.c. of nitric acid of sp. gr.
1*15, i.e. 5 pts. of concentrated acid and 12 pts. of water) on a water-bath, until the
liquid is reduced to one-third of i ts bulk. Then pour t he product into excess of
distilled water. On standing (for a day or two), a white sandy microcrystalline preci-
pitate of mucic acid will separate out.

M a n n o s e . M a n n o s e h a s n o t b e e n d e t e c t e d f ree i n m a n y p l a n t s , b u t

is widely d i s t r i b u t e d a s c o n d e n s a t i o n p r o d u c t s , t h e m a n n a n s , i n c e r t a i n

muci lages a n d in t h e ce l l -wal l s of t h e e n d o s p e r m of v a r i o u s seeds

(see p . 59). F r o m t h e m a n n a n s t h e s u g a r c a n b e o b t a i n e d b y hyd ro ly s i s .

O n a d d i n g p h e n y l h y d r a z i n e h y d r o c h l o r i d e a n d s o d i u m a c e t a t e t o a

so lu t ion of m a n n o s e , t h e p h e n y l h y d r a z o n e , w h i c h is n e a r l y i n s o l u b l e i n

wa te r , is formed a l m o s t i m m e d i a t e l y a n d h e n c e c o n s t i t u t e s a r e a d y

m e t h o d for t h e d e t e c t i o n of t h e s u g a r .

L a e v u l o s e . T h i s s u g a r , w h i c h is a lso t e r m e d f ruc tose , is w ide ly

d i s t r i b u t e d in p l a n t s , i n t h e t i s s u e s of leaves , s t e m s , f ru i t s , e t c . I t is

formed, t o g e t h e r w i t h g lucose , in t h e h y d r o l y s i s b y a c i d s of c a n e - s u g a r .

T h e or iginal c a n e - s u g a r i s d e x t r o - r o t a t o r y , w h e r e a s l a e v u l o s e is m o r e

laevo- ro ta to ry t h a n g lucose is d e x t r o - r o t a t o r y ; h e n c e t h e m i x t u r e from

t h e hydro lys i s i s l a e v o - r o t a t o r y a n d i s k n o w n as i n v e r t s u g a r , t h e c h a n g e

b e i n g t e r m e d inve r s ion . T h e s a m e h y d r o l y s i s is b r o u g h t a b o u t b y t h e

widely d i s t r i b u t e d e n z y m e , i n v e r t a s e . T h e p o l y s a c c h a r i d e , i n u l i n , also

yie lds laevulose on ac id hydro lys i s - L a e v u l o s e i s a w h i t e c r y s t a l l i n e

subs tance , so luble i n w a t e r a n d a l c o h o l U n l i k e g l u c o s e , i t c o n t a i n s a

k e t o n e in s t ead of a n a l d e h y d e g r o u p :

CHaOH

CO
I

HO- -C—H

H~~ C—OH

CHjjOH
d-Fructose
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Laevulose reduces Fehling's and other copper solutions. I t yields
the same osazone as glucose with phenylhydrazine hydrochloride and
sodium acetate. I t also forms an osazone with methylphenylhydrazine
(m.p. 158° G), a reaction which constitutes a distinction from glucose
since the latter gives no osazone with this substance.

Expt. 44. Tests for laevulose. The following tests should be performed with a
0*2% solution of laevulose in the same way as for glucose (see p. 48).

{a) Moore's test. A positive result is obtained.
(b) Trommer's test. A positive result is obtained.
(c) Fehling's test. Reduction takes place.
(d) Osazone test. Note that the crystals are identical with those formed from

glucose.
(e) a-Naphtfiol test (see p. 44). A strong reaction is given.

(/) Seliwanojps test. To 5 c.c. of SeliwanofFs solution (prepared by dissolving
0*05 gm. of resorcinol in 100 c.c. of 1 in 2 hydrochloric acid) add a few drops of
laevulose solution and boil. A red coloration and a red precipitate are formed. Add
a little alcohol and the precipitate forms a red solution.

DLSACCHARIDES.

These sugars are formed from the monosaccharides by condensation
with elimination of water. By boiling with dilute acids, or by the
action of certain enzymes, they are hydrolyzed into monosaccharides.
The two most important disaccharides found in plants are maltose and
cane-sugar.

Maltose. Maltose or malt-sugar, though it probably occurs in smaller
quantities than glucose and laevulose, is widely distributed in plant
tissues. I t is formed in the hydrolysis of starch, and its relationships in
the plant to starch and to other sugars will be considered later. I t is a
white crystalline substance soluble in water and alcohol. In constitution
it is a glucose-a-glucoside :

C0H11O5— 0—

H— C—OH

CH2OH
Maltose

I t reduces F e h l i n g ' s s o l u t i o n ; b u t less readi ly t h a n glucose . W i t h

pheny lhydraz ine hydroch lor ide and s o d i u m ace ta te i t forms an osazone

4—2



52 CAKBOHYDRATES AND THEIR [CH.

(m.p. 206° C), which is more soluble than glucosazone and crystallizes
in broader flatter needles. Maltose is dextro-rotatory.

Expt. 45. Tests for maltose. The tests a, b, e and e should be performed with a
0*2% solution of maltose ; test d with a 2 % solution (see also glucose, p. 48).

(a) Moore's test. A positive reaction is given.
(b) Trommels test. A positive reaction is given.
(c) Feliling's test. Beduction takes place, but less strongly than with glucose.
(d) Osazone test. Take 10 c.c. of the solution and treat as for glucosazone. The

crystals of maltosazone will be found to be much broader than those of glucosazone.
(e) Hydrolysis. Take 20 c.c. of the sugar solution and add 2 c.c. of concentrated

hydrochloric acid. Heat in a boiling water-bath for half an hour. Neutralize and test
for the osazone. Glucosazone will be formed.

Sucrose. Sucrose or cane-sugar is very widely distributed in plants,
in leaves, stems, roots, fruits, etc. I t is a white substance which crystal-
lizes well, and is soluble in water and alcohol. As previously stated it is
hydrolyzed by dilute acids and by invertase into one molecule of glucose
and one molecule of laevulose. I t is formed by the condensation of
glucose and laevulose with the elimination of water. Its constitution is
in all probability as follows:

o

CH.>OH • O • (CHOH)2 ' CH • CH.,OH

V/
CH -(CHOH)2-CH • CHOH • CH2OH

O

so t h a t b o t h t h e k e t o n e a n d a l d e h y d e g r o u p s a r e r e n d e r e d i n a c t i v e . I t

does n o t r e d u c e F e h l i n g ' s s o l u t i o n a n d does n o t form a n osazone. I t i s

d e x t r o - r o t a t o r y .

Expt 46. Tests for cane-sugar. The following tests should be made with a 1 ()/0

solution of pure crystalline cane-sugar (see also glucose, p . 48).
(a) Moore's test. A negative result is obtained.
(b) Fehling's test No reduction takes place.
(c) a-Naphthol test. A positive result is given since sucrose yields laevulose.
(d) Hydrolysis. To a few c.c. of the solution add a drop of strong sulphuric acid

and boil for two minutes. Then neutralize with caustic soda using li tmus as
indicator. Boil again and add Fehling's solution drop by drop. A reduction takes
place owing to the inversion of the cane-sugar by sulphuric acid.

(e) Seliwanofs test. A positive result is [obtained owing to the liberation of
laevulose.



v] HYDROLYZING ENZYMES 53

POLYSACCHARIDES.

These substances are formed by condensation, with elimination of
water, from more than three molecules of monosaccharides.

PENTOSANS.

It has already been mentioned that condensation products of the
pentoses, the pentosans, are widely distributed. The two most frequently
occurring pentosans are xylan and araban. No enzymes are known
which hydrolyze the pentosans. I t is characteristic of xylan and araban
that they form copper compounds in Fehling's solution in presence of
excess of alkali.

Araban. This pentosan may be regarded as a condensation product
of arabinose as already indicated. I t occurs in various gums (Gum
Arabic, Cherry Gum) frequently in combination with otheV substances.
On hydrolysis with acids, araban yields arabinose. (See also gums and
arabinose.)

Expt. 47. Preparation of araban from Gum Arabic. (Salkowski, 27.) Weigh out
20 gms. of gum arabic and dissolve in 500 c.c. of warm water in a large evaporating
dish. Then add 200 c.c. of Fehling's solution and excess of caustic soda solution.
The araban will be precipitated as a white gummy mass which will settle at the
bottom of the dish. Filter off* through muslin. Take up the precipitate in dilute hydro-
chloric acid (1 pt. of acid: 1 pt. of water), and then add alcohol. The araban separates
out as a white precipitate. Wash away the copper chloride with alcohol.

Expt. 48. Hydrolysis of araban. The araban from the last experiment is put
into a round-bottomed flask with about 200 c.c. of 2 °/0 sulphuric acid and heated on
a water-bath for 2 hours, the flask being fitted with an air condenser (see p. 45).
Then neutralize the liquid with calcium carbonate, filter from calcium sulphate, and
concentrate on a water-bath. The sugar is extracted from the syrup with 90 % alcohol.
Arabinose crystallizes with difficulty but the process may be facilitated by sowing
the concentrated alcoholic solution with a few crystals of arabinose. Some of the
solution of arabinose should be tested with all the tests given in Expt. 38.

Xylan. This pentosan occurs in lignified cell-walls, and is the chief
constituent of "wood gum." I t is found in the wood of many trees (not
Coniferae), in bran, in wheat and oat straw, in maize cobs, in the shells
of coconuts and walnuts, in the testa of the cotton (Gossypium) and in
many other tissues: also in some gums. On hydrolysis, xylan yields
xylose; hence wood shavings, bran, straw, etc., will give the pentose reac-
tions on hydrolysis.
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Expt. 49. Detection of pentose from pentosans in bran, sawdust and straw. Take
a small quantity of bran and boil it up several times with 98 % alcohol, filtering off
the alcohol after each treatment. This should remove any sugars or gluco.sides
present. Allow the alcohol to evaporate off from the bran, and then make the
following tests for pentoses (see Expt. 38) :

(a) Heat, for about one minute, a small quantity of the bran in a test-tube, with
sufficient concentrated hydrochloric acid to cover it. Care should be taken not to
char the material. Then add as much solid orcinol as will lie on the tip of a pen-
knife. Heat gently again for a few seconds. Then add one or two drops of strong
ferric chloride solution ; a green coloration will be produced. Add amyl alcohol and
the green colour will pass into the alcohol.

(b) Heat again another portion of the bran with the same quantity of concentrated
hydrochloric acid in a test-tube, but this time heat more strongly. After heating a
few minutes place a piece of filter-paper soaked in a solution of aniline acetate in the
mouth of the test-tube. A cherry-red coloration will denote the formation of
furfural.

The above method and tests with bran may be repeated in exactly the same way
using sawdust or straw.

Expt. 50. Preparation of xylan from sawdust. Extract one kilo of sawdust with
4 litres of 1-2 % ammonia solution for 24 hrs. Then filter off the ammoniacal solution
through muslin and repeat the extraction. The xylan is insoluble in ammoniacal
solution, and in this way colouring matters are removed. Finally wash the sawdust
well with water and press dry from the liquid. Then add to the sawdust sufficient
5% caustic soda solution to make a thick mush (about 1000-1500 c.c.) and allow it
to stand for 24 hrs. in a warm place. The alkaline solution is then pressed out
through calico and filtered through filter-paper. To the clear filtrate add an equal
volume of 96 % alcohol which, will precipitate the xylan as a sodium compound.
Filter off this precipitate, wash with alcohol, and decompose with alcohol to which
a little strong hydrochloric acid has been added to remove the sodium. The free
xylan is again washed with alcohol, and can be dried by washing with absolute
alcohol and ether and finally in a desiccator. It is a dirty-white powder which is
almost insoluble in water. Make the tests for pentoses (see Expt. 38) on a little of
the solid xylan. The reaction will be given in each case.

Expt. 51. Hydrolysis of xylan. Put the xylan obtained in the last experiment
in a round-bottomed flask fitted with an air condenser (see p. 45). Add 100 c.c. of
4 % sulphuric acid and heat on a water-bath for 4 hrs. Neutralize the solution with
calcium carbonate, filter from calcium sulphate and concentrate on a water-bath.
Test a portion for pentoses (see Expt. 38) and a positive reaction will be obtained.
To a small quantity add also a few drops of Fehling's solution and boil. Reduction
will take place.

To the remainder of the xylose solution add bromine (see p. 45) gradually until
there is excess. Then remove the excess of bromine by warming on a water-bath.
Neutralize the solution, which contains xylonic acid, with cadmium carbonate and
evaporate on a water-bath. Extract the residue with alcohol and filter. On concen-
trating the alcoholic extract, white prismatic needles of cadmium xylonate separate
out.
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It has been shown that pentosans, xylan and probably araban, occur
in leaves (Davis, Daish and Sawyer, 15). I t is likely that the xylan is
widely distributed in all tissues since it forms a constituent of lignified
cell-walls.

Expt. 52. Detection of pentoses from pentosans in-leaves. (Davis, Daish and
Sawyer, 15.) Take two large leaves of the Sunflower {Helianthus anmtus). Tear into,
small pieces and drop into boiling 08 ()/0 alcohol in a flask. Boil well and filter off the
alcohol. Repeat until all the green colour is removed. Then dry off the alcohol and
grind up the leaf residue. Perform the test for pentoses (Expt. 38 a and c) on the
dry leaf tissue. It should give the above tests showing the presence of pentosans.

Leaves of the Violet (Viola odorata) and Nasturtium (Tropaeolum majus) may
also be used.

Expt. 53. Method for determination of pentosans in tissues, bran and leaves, etc.
Weigh out 2 gms. of bran, put it into a round-bottomed flask, add 100 c.c. of 12 %
hydrochloric acid and fit the flask with a water condenser. Heat gently over wire
gauze and distil into a solution of phloroglucin in 12 % hydrochloric acid. A green
precipitate of furfural phloroglucide is formed which eventually becomes almost
black. For accurate estimations of pentosans this is filtered off and weighed on a
Gooch crucible. The same method may be used with leaf residue as in Expt. 52.

STARCHES.

Starch. This is a very widely distributed substance in plants. I t
occurs as solid grains throughout the tissues, in leaves, stems, roots,
fruits and seeds. I t is absent, however, from a number of Monocotyle-
dons, e.g. Iris, Snowdrop (Galanthus), Hyacinthus, etc. I t forms one of
the chief reserve materials of plants, that is, it is synthesized from sugar
when carbon assimilation and carbohydrate synthesis are in progress, and
is stored in the solid form in tissues as grains. In other circumstances of
the plant's existence, when material for metabolism is not available
from carbon assimilation, as for instance in germinating seeds or
growing bulbs or rhizomes, the starch is hydrolyzed into dextrin and
soluble sugar, which is translocated and used as a basis for meta-
bolism. During the night in leaves there is also a similar hydrolysis
of the starch which has been temporarily stored from the excess of
sugar synthesized during the day.

Starch has a very large molecule and thus a high molecular weight. I t
is insoluble in cold water. When heated with a little water it gives starch
paste, but on boiling with water it gives an opalescent "solution" which
really contains starch in the colloidal state as an emulsoid. In this con-
dition it does not diffuse through dialyzing membranes and does not
depress the freezing point of water. The " solution" cannot, strictly



56 CARBOHYDRATES AND THEIR [CH.

speaking, be filtered, but generally, when hot, it passes t«t some extent
through ordinary filter-paper. Starch is insoluble in alcohol and is pre-
cipitated by it.

The most characteristic reaction of starch is the blue colour it gives
with iodine solution. This blue colour disappears on heating, but re-
appears again on cooling. Starch is precipitated from "solution" by
half saturation with ammonium sulphate: it does not reduce Fehling's
solution.

By boiling with dilute acids, starch is first converted into " soluble
starch " which still gives a blue colour with iodine. On further boiling,
various dextrins (see dextrins) are obtained which give either purple,
red or no colour with iodine. The final product, after prolonged boiling
with acids, is glucose. Hydrolysis with diastase yields dextrin and
maltose (see diastase, p. 73).

Expt 54. Preparation of starch from Wheat. Starch may be prepared from
a cereal by the following method.

Take 25 gins, of flour and make it up into a dough with a little water. Allow it
to stand for half an hour. Then tie a piece of muslin over the top of a beaker which
is filled with water. Place the dough on the top of the muslin and rub it gently with
a glass rod. The starch will be separated from the gluten, and will be washed
through the muslin and on standing will sink to the bottom of the beaker. Allow
this to stand till the starch has settled, then decant off the bulk of the liquid. Filter
off the starch, and wash well with water, then with alcohol and finally with ether.
Dry in the steam-oven.

For the detection of starch in green leaves, see Expt. 77.

Expt. 55. Tests for starch. Take a small quantity of the starch prepared in the
previous experiment and shake up with a little cold water in a test-tube. Filter, and
test the filtrate with a drop of iodine (in potassium iodide) solution. No blue colour
is obtained. Pour a drop of the iodine solution on the residue in the filter. It tiu*ns
deep blue.

Weigh out 2 gms. of the starch prepared in the last experiment, and mix it into
a thin cream with a little water. Boil rather more than 100 c.c. of water in an evapo-
rating dish, and then gradually add to it the starch paste, keeping the water boiling
all the time. An opalescent u solution " is obtained. With a few c.c. of the solution
in each case make the following tests:

(a) Add 1-2 drops of iodine solution. A Hue colour is obtained. Heat the solu-
tion : the blue colour disappears, but reappears on cooling.

(b) Add an equal volume of alcohol : the starch is precipitated.
(c) Add an equal volume of saturated ammonium sulphate solution : the starch

is precipitated, i.e. by half saturation with this salt.
(d) Add basic lead acetate solution : the starch is precipitated.

Expt 56. Hydrolysis of starch. To 50 c.c. of the starch solution prepared in the
last experiment add 1 c.c. of strong sulphuric acid. Boil for 10-20 minutes in a
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round-bottomed' flask. Test a portion of the solution with iodine from time to time ;
a purple, red or brown colour is formed due to the dextrin produced in hydrolysis.
To the remainder of the solution after neutralization, using litmus as indicator, add
some Fehling's solution and boil. Reduction takes place owing to the glucose formed
in hydrolysis.

DEXTRINS.

These compounds occur in the plant as transitory substances, since
they are formed as intermediate products of the hydrolysis of starch by
diastase. They are also formed on heating starch or by boiling it with
mineral acids (see previous experiment). The hydrolysis of starch to
dextrins is fairly rapid, but the conversion of dextrins into maltose is
a much slower process.

Both starch and dextrins have the same empirical formula. Various
forms of the latter have been identified, such as amylodextrin which gives
a blue colour with iodine, erythrodextrin which gives a brownish-red
colour with iodine, and achroodextrin which gives no colour with iodine.
The dextrins are readily soluble in water; they are precipitated by
alcohol but not by basic lead acetate. On hydrolysis with acids, they
are converted into glucose.

Expt. 57. Preparation of dextrin by hydrolysis of starch, (a) By diastase from
leaves of the Pea (Pisum sativum). Weigh out 10 gins, of commercial potato starch
arid make it into a solution in 250 c.c. of boiling distilled water as in Expt. 55 and
cool. Then weigh out 10-15 gms. of fresh leaflets of the Pea (Pisum sativum) and
pound them well in a mortar. Add to the pounded mass 100 c.c. of distilled water
and a few drops of chloroform (see maltase, p. 75) and filter. The filtrate will contain
diastase (see also Expts. 78-80). Then add the diastase extract to the starch solu-
tion in a flask, plug with cotton-wool and put in an incubator for 48 hrs. If a little
of the liquid is withdrawn from time to time and tested with iodine, it will be found
that the blue colour due to starch gradually disappears and is replaced by the
brownish-red colour due to dextrin. After 48 hrs. there will be no trace of blue
colour; then filter the liquid and concentrate the filtrate on a water-bath to a syrup.
Treat the residue wibh 96-98 °/0 alcohol and filter. A sticky mass of dextrin is left
which should be extracted with a little hot alcohol and then reserved for the next
experiment. To show the presence of maltose, the alcoholic extract is evaporated to
dryness on a water-bath, the residue taken up in a little water and the osazone test
made (see p. 49) with the solution. Crystals of maltosazone will separate out.

(b) By diastase from germinating Barley (Hordeum vulgare). Grind well 25 gxns.
of barley grains in a coffee-mill. Put the flour into a flask and extract with 96-98%
alcohol by heating on a water-bath. This will largely free the grain from sugars.
Make a starch " solution" of the residue by boiling with 500 c.c. of water and filtering
through fine muslin.
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Weigh out another 25 gms. of barley grains and allow them to germinate by
soaking and spreading on damp blotting-paper for 5-7 days. Pound the grains well
in a mortar, add 100 c.c. of water, allow to stand for 2-3 hrs. and filter. Precipitate
the filtrate with alcohol and allow to stand for 24 hrs. Filter off the precipitate,
take up in water and add it to the barley starch " solution," together with a few
drops of chloroform. Proceed as with (a) only the time for hydrolysis may be much
shorter, i.e. 6-12 hrs.

Expt. 58. Tests for dextrin. Make a solution of the dextrin prepared in the last
experiment and note that it is very soluble in water. With the solution make the
following tests :

(a) Add a little iodine solution. A reddish-brown colour is produced. Heat the
solution and the colour will disappear. Cool again and the colour will reappear.

(b) Add an equal volume of strong alcohol. The dextrin is precipitated.
(c) Add an equal volume of saturated ammonium sulphate solution, i.e. half

saturation with ammonium sulphate. The dextrin is not precipitated.
(d) Add some basic lead acetate solution: the dextrin is not precipitated.

INULIN.

Inulin. This substance occurs as- a soluble "reserve material" in the
cell-sap of the underground stems, roots and also leaves of a number of
plants, especially members of the Compositae, e.g. Dahlia (Dahlia
variabilis), Jerusalem Artichoke (Helianthus tube?*osus), Chicory (Cicho-
rium Intybus) and the Dandelion (Taraxacum ojjicinale). I t is said to
occur also in the Campanulaceae, Lobeliaceae, Goodeniaceae, Violaceae
and many Monocotyledons (Hyacinihus, Iris, Muscari and Scilla).

Inulin is a condensation product of laevulose to which it bears much
the same relation as starch to glucose. I t is a white substance, soluble
in water and insoluble in alcohol. I t crystallizes out in the cells, in
which it occurs, in characteristic sphaero-crystals on addition of alcohol
to the tissues. I t is hydrolyzed by mineral acids to laevulose: also by
the enzyme inulase which occurs in the plant.

Exjpt. 59. Extraction oft invlin. Cut off the tubers from two Dahlia (Dahlia
variabilis) plants, wash well, and put them through a mincing machine. Carefully
collect the liquid and the crushed tuber, and boil well with sufficient water to cover
the crushed material. Add also some precipitated calcium carbonate to neutralize
any free acids present. Then filter through fine muslin, and to the filtrate, which
should again be made quite hot, add lead acetate solution until a precipitate
(of mucilaginous substances, etc.) ceases to be formed. Care should be taken to
avoid the addition of a large excess of lead acetate. Filter off the lead precipitate,
and saturate the nitrate with sulphuretted hydrogen till all excess lead is removed.
Filter off the lead sulphide, neutralize the filtrate to phenolphthalein with ammonia,
and evaporate to half bulk or less on a water-bath, when the inulin will probably
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begin to deposit. Then jxnir into an equal volume of alcohol, and allow to stand for
one or two days. The crude precipitate of inulin is filtered off, dissolved in a small
amount of water, and reprecipitated with alcohol. It can be washed with alcohol
and ether and dried over sulphuric acid.

The Artichoke (Helianthus tuberosus) may also be used, about 12 tubers being
necessary.

ExpL 60. Tests for inulin. Make a solution of some of the inulin prepared in
Expt. 59 in hot water. It will readily dissolve giving a clear solution. With the
solution make the following tests :

(a) Make a very dilute solution of iodine and add to it a drop or two of inulin
solution : the brown colour will be unaffected.

(b) Boil some inulin solution with a little Fehliug : no reduction takes place.
If the inulin solution which is being used should reduce Fehling it indicates that

sugar is present as impurity. If this is the case, then a little of the solid inulin
should be washed free from sugar by means of alcohol before proceeding with the
following tests.

(c) To a little inulin solution add some 1 °/0 alcoholic solution of a-naphthol and
a few drops of concentrated sulphuric acid and warm. A deep violet colour is
produced. This is due to the formation of furfural from the laevulose produced in
hydrolysis (see laevulose, p. 51).

(d) To a little inulin solution add about an equal quantity of strong hydrochloric
acid and a few crystals of resorcin. A red coloration is formed. This reaction
(Seliwanoff Js test) is also due to the presence of laevulose (see laevulose, p. 51).

Expt. 61. Hydrolysis ofimdin. Some inulin is dissolved in very dilute hydrochloric
acid (about 0*5 %) and heated on a water-bath for half an hour in a round-bottomed
flask provided with an air condenser (see p. 45). The solution is then neutralized
with sodium carbonate and concentrated on a water-bath. With the concentrated
solution make the following tests :

(a) Boil with a little Fehling : the solution is rapidly reduced.
(6) Make the osazone test (see p. 49). Glucosazone crystals will be found to be

formed on microscopic examination. (Laevulose forms the same osazone as glucose.)
(c) Make the tests (c) and (d) of the last experiment. A positive result will be

given in each case.

M'ANNANS.

The mannans which have already been mentioned (see p. 50) are
condensation products of the hexose, mannose. They occur most fre-
quently, either mixed, or in combination, with the condensation products
of other hexoses and pentoses (glucose, galactose, fructose and arabinose)
as galactomannans, glucomannans, fructomannans, mannocelluloses, etc.
Such mixtures or compounds of which mannans form a constituent are
widely distributed in the seeds of many plants, i.e. Palms (including the
Date-palm), Asparagus (Ruscus), Clover (Trifolium), Coffee Bean (Coffea
arabica), Onion (Allium Oepa) and of members of the Leguminosae,
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Rubiaceae, Coniferae and Umbelliferae. In seeds the mannans may
constitute, together with cellulose, the thickened cell-walls of the endo-
sperm and are included in the term " reserve- or hemi-cellulose " though
they are not strictly celluloses. " Vegetable ivory," which is the endo-
sperm of the Palm, Phytelephas macrocarpa, contains considerable
quantities of a mannan and is used as a source of mannose. Mannans,
in addition, form constituents of certain mucilages, as for instance those
in Lily bulbs (Lilium candidum, L. bulbiferum, L. Martagon and others)
(Parkin, 23) and tubers of various genera of the Orchidaceae: they are
also found in the roots of the Dandelion (Taraaacum), Helianihus and
Chicory, Asparagus and Clover, and in the wood and leaves of various
trees.

Many of the mannans, unlike true celluloses, are readily hydrolyzed
by dilute hydrochloric and sulphuric acids. The mannan in the Coffee
Bean, however, is hydrolyzed with difficulty.

GALACTANS.

These substances bear the same relationship to the hexose, galactose,
as the mannans to mannose, that is, they are condensation products of
galactose (see p. 49). Similarly they frequently occur, together with
the condensation products of other sugars, as galactoaraban, galactoxylan,
galactomannan, etc. As such they form constituents of many gums and
mucilages and of the cell-walls of the reserve tissue of seeds, i.e. the
Coffee Bean (Coffea arabica), the Bean (Faba), the Lupin (Lupinus), the
Paeony (Paeonia), the Kidney Bean (Phaseolus), the Date {Phoenix),
the Pea (Pisum), the Nasturtium (Tropaeolum) and many others (Schulze,
Steiger and Maxwell, 29).

GUMS.

These substances occur widely distributed among plants, especially
trees. Some gums are wholly soluble in water giving sticky colloidal
solutions: others are only partially soluble. They are all insoluble in
alcohol. In the solid state they are translucent and amorphous.

Chemically the gums are varied in nature; they may in general be
regarded as consisting of complex acids in combination with condensa-
tion products of various sugars, such as araban, xylan, galactan, etc.
On hydrolysis they give mixtures of the corresponding sugars, arabinose,
xylose, galactose, etc., in varying proportions, though in some cases one
sugar preponderates.
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Some of the best-known gums are the following:

Gum Arabic (arabin). This substance is obtained from an Acacia
(Acacia Senegal), a native of the Soudan. The gum exudes from the
branches. Other species of Acacia yield inferior gums. Gum arabic is
a mixture of the calcium, magnesium and potassium salts of arabic acid,
a weak acid of which the constitution is unknown, in combination with
araban and galactan.

Gum Tragacanth. This is a product from several Tragacanth shrubs
which are species of Astragalus (Leguminosae), chiefly A. gummifer. It-
is obtained by wounding the stem and allowing the gum to exude and
harden. On hydrolysis it gives a mixture of complex acids and various
sugars such as arabinose, galactose and xylose.

Cherry Gum (cerasin) occurs in the wood of the stems and branches
of the Cherry (Prunus Cerasus), the Bird Cherry (P. Padus), the Plum
(P. domestica), the Almond (P. Amygdalus) and other trees of the
Rosaceae. I t exudes from fissures of the bark. On hydrolysis it yields
almost entirely arabinose.

Expt. 62. Reactions of Gum Arabic. Put a little gum arabic into an evaporating
dish and add a little water. Heat gently and stir. The gum will slowly dissolve,
giving a thick wticky solution which does not solidify or gel on cooling. Make the
following tests, using a little of the gum solution in a test-tube each time.

(a) Add a little alcohol. The gum is precipitated.
(b) Add a little Fehling's solution and boil. No reduction takes place.
The three following experiments show the presence of pentosan complexes in the

gum (see also Expt. 38, p. 44):
(c) Add a little phloroglucin to the gum and then strong hydrochloric acid. No

colour is produced. Now heat, and a cherry-red colour appears.
(d) Heat the gum solution with a little concentrated hydrochloric acid and then

add a trace of orcinol. Warm again and then add one or two drops of strong ferric
chloride solution. A green coloration will be produced.

(e) Heat the gum solution strongly with hydrochloric acid, and, after heating for
a few minutes, place a piece of filter-paper soaked in a solution of aniline acetate in
the mouth of the test-tube. A cherry-red coloration indicative of furfural will be
formed.

Expt. 63. Hydrolysis of Gtcm Arabic. Weigh out 10 gins, of gum arabic. Put it
into a round-bottomed flask and add 100 c.c. of water and 4 c.c. of strong sulphuric
acid. Warm gently until tho gum goes into solution. Then fit the flask with an
air condenser (see p. 45) and heat on a water-bath for about 4 hrs. Cool the
solution, and neutralize with barium carbonate. Filter off the barium sulphate and
concentrate the solution on a water-bath. Boil a drop or two of the syrup with
Eehling's solution and show that reduction takes place. (The original gum either
does not reduce Fehling at all, or, if so, only slightly.) Then add a little nitric acid
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(sp. gr. 1*15, see Expt. 43) to the syrup and heat on a water-bath almost to dryness.
Pour the residue into about 100 c.c. of water and allow to stand. A microcrystalline
precipitate of mucic acid is formed showing the presence of galactose (see p. 50) as
a product of hydrolysis.

MUCILAGES.

The characteristic of these substances is that they swell up in water
and produce colloidal solutions which are slimy.

Mucilages are widely distributed and may occur in any organ of the
plant. Sometimes they are confined to certain cells, mucilage sacs or
canals. They are distinguished from the pectic substances by the fact
that they do not gelatinize. Some of the best known examples of
mucilage-containing tissues are those in the root and flower of the
Hollyhock {Althaea rosed): in succulent plants (Aloe, Euphorbia), in
bulbs (Scilla, Allium) and tubers (Orchis Morio): in seeds of Flax or
Linseed (Linum) and in fruits of Mistletoe (Viscum album).

The mucilages vary in composition. They appear to be largely, if
not wholly, condensation products of various sugars (galactose, mannose,
glucose, xylose, arabinose), similar constituents to those of many gums
and hemicelluloses. On hydrolysis various mixtures of sugars are pro-
duced. Of the mucilages, that from linseed has been thoroughly
investigated. It has been found on hydrolysis to give sugars only, e.g.
arabinose, xylose, glucose and galactose. In this respect mucilages differ
from gums, since the latter have always some other accompanying sub-
stance, in addition to sugars.

Expt. 64. Preparation and properties of mucilage from Linseed (Linum) (Neville,
21). Take about 60 gms. of linseed and let it soak for 24 hrs. in 300 c.c. of water.
Then separate the slime from the seeds by squeezing through muslin, and add to the
liquid about twice its volume of 96-98 % alcohol. The mucilage is precipitated as
a thick slimy precipitate. Filter off the precipitate and wash with alcohol. By
washing with absolute alcohol and ether and finally drying in a desiccator, the
mucilage may be obtained as a powder.

Add water to some of the mucilage. It swells up and finally gives an opalescent
solution. Make with it the following tests:

(a) Add iodine. No colour is given.
(b) Add a little Fehling's solution and boil. No reduction takes place.

Eapt. 65. Kycbrolysis of Linseed mucilage. Put the remainder of the mucilage in
a round-bottomed flask and add 50 c.c. of 4% sulphuric acid. Fit the flask with
an air condenser (see p. 45) and heat for at least four hours on a water-bath.
Cool and neutralize witn barium carbonate. Filter off the barium sulphate, and
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concentrate the filtrate on a water-bath. With the concentrated solution make the
following tests:

(a) Add a few drops to a little boiling Fehling solution. Keduction immediately
takes place.

(b) Make the phloroglucin, orcinol and furfural tests for pentoses, using a small
quantity only of the hydrolysis mixture for the tests. A positive result will be given
in each case. The pentoses, arabinose and xylose, are responsible for these reactions.

(<?) Add to some of the solution phenylhydrazine hydrochloride, sodium acetate
and a little acetic acid, and leave in boiling water for half an hour for the osazone test
[sec Expt. 41 (d)~\. A mixture of osazones will separate out, among which glucosazone
can be identified.

(d) Concentrate the remainder of the solution and then add some nitric acid of
sp. gr. 1*15 (see Expt. 43). Evaporate down.on a water-bath to one-third of the bulk
of the liquid and then pour into about 100 c.c. of water. A white macrocrystalline
precipitate of mucic acid will separate out, either at once or in the course of a day or
two. This demonstrates the presence of galactose.

PECTJO SUBSTANCES.

These substances are considered at this point since they are said to
constitute, in more or less intimate connexion with cellulose, the middle
lamella of cell-walls in many tissues. The pectic substances are fre-
quently found in the juices of succulent fruits in which the tissues have
disintegrated, such as red currants and gooseberries. They have been
isolated chiefly from fleshy roots, stems or fruits, as, for instance, from
turnips, beetroot, rhubarb stems, apples, cherries and strawberries.

Recent work (Schryver and Haynes, 28) points to the fact that in
turnips, strawberries, rhubarb stems and apples, there is the same pectic
material, and it is possible that all such substances may be identical.
The compound isolated in the above case is of an acidic nature and has
been termed pectinogen. When pectinogen is treated with dilute
solutions of caustic alkali at ordinary temperatures, it is rapidly changed
into a second substance termed pectin, which is readily converted into
a gel under certain conditions.

In the case of juicy fruits, such as currants and gooseberries, the
pectinogen can be precipitated as a gelatinous precipitate by adding
alcohol to the expressed juice. In the case of fleshy fruits, stems and
roots, the procedure is as follows. The tissues are thoroughly dis-
integrated in a mincing machine and pressed free from all juice in a
powerful press. The residue is then dried, finely ground, washed with
water and finally extracted with dilute ammonium oxalate solution in
which pectinogen is soluble. The extract is concentrated and the
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pectinogen precipitated by alcohol. I t may be purified by reprecipita-
tion.

Pectinogen is precipitated from aqueous solution by alcohol as a very
bulky gelatinous mass, but when dried it forms an almost colourless granu-
lar powder. Put into water it absorbs large quantities of liquid and dis-
solves slowly, giving an opalescent solution with a distinctly acid reaction.

As mentioned above pectinogen in alkaline solution is rapidly con-
verted into pectin. A solution of pectinogen is not precipitated either
by acid or dilute solutions of calcium salts but, after treatment with
alkali and conversion into pectin, both the aforesaid reagents produce
gelatinous precipitates. A similar precipitate is also formed when lime
water is added in excess to a solution of pectinogen and it is allowed to
stand. There is little doubt that the pectinogen is converted by the
alkali into pectin. Pectin is also an acid substance and it is insoluble
in water, giving an insoluble salt with calcium. After treatment of
pectinogen with alkali the pectin can, as already stated, be precipitated
by adding acid.

Analyses of pectin from various sources have led to the suggestion
of C^H^Oje as its formula. There is also evidence that it contains one
pentose group. This can be detected and estimated by the furfural
phloroglucide method (see Expt. 53).

Expt. 66. Extraction and reactions of pectinogen. Take about half a pound of red
currants and squeeze out the juice through fine muslin into a large beaker. Then add
to the juice about 2-3 times its bulk of 96-98 % alcohol. A bulky gelatinous precipi-
tate of pectinogen will separate out. Allow the precipitate to stand for a time in the
alcohol, and then filter off. Wash with alcohol and finally press free from liquid.
Dissolve the precipitate in as little water as will enable it to go into solution. To two
small portions of the solution add respectively (a) a few drops of strong hydrochloric
acid, (b) an excess of calcium chloride solution. Note that no precipitate is formed in
either case.

Expt. 67. Conversion of pectinogen into pectin, and reactions of pectin. Take about
one-third of the pectinogen solution prepared in Expt. 66, make it alkaline with
caustic soda, and let it stand for about 10-15 minutes. Then divide the solution
into two parts and add respectively (a) sufficient hydrochloric acid to acidify,
(b) excess of calcium chloride solution. In the first case a gel of pectin is formed :
in the second case a gelatinous precipitate of the calcium salt of pectin.

To a further quantity of the pectinogen add excess of lime water and let it stand.
The gelatinous calcium precipitate will separate out in a short time.

Expt. 68. Detection of the pentose group in pectinogen. Filter off the pectin gel
obtained in the last experiment and allow it to dry. Then test for the pentose group
by the orcinol, phloroglucinol and furfural tests (see Expt. 38). All results will be
found to be positive.
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The extraction of peotinogcn, etc. in the above experiments can equally well be
carried out with other material, e.g. ripe gooseberries, raspberries and strawberries,
using exactly the .same methods.

Expt. 69. Preparation of pectinoyeu from Turnip*. Take two full-sized turnips
and mince them finely in a mincing machine. Then wrap the maws in a piece of
strong unbleached calico and press out the juice a« completely as possible in a press.
The juice contains little pectinogen and can be thrown away. The pressed mass is
then thrown into 0*5 °/0 ammonium oxalate solution heated to 80-90° C. on a water-
bath and stirred to make a paste. The liquid is again rapidly pressed out in the press.
To the viscid extract an equal volume of 90 % alcohol is added, and the pectinogen
separates out as a voluminous gelatinous precipitate. This is filtered off and, when
pressed free from alcohol and dried, can be used for tests as in the previous experi-
ments.

The gelatinization of pectinogen can also be brought about by certain
enzymes termed pectases which are found in the juices of various plants,
i.e. root of Carrot (Daucus Garota) and leaves of Lucerne (Medicago
sativa), Lilac {Syringa vulgaris) and Clover (Trifalium pratense).

Expt. 70. Action of pectase on pectinogen. Make an extract of either Lucerne or
Clover leaves by pounding them in a mortar with a little water, and then filter. Add
the nitrate to some of the poctinogen solution prepared in Expt. 66 or 69. On
standing a gelatinous precipitate will bo produced. Should the reaction be slow, it
may be accelerated by placing tho mixture in an incubator.

Celluloses are very important polysaccharides. They form constituents
of the structural part of all the higher plants. The cell-wall of the
young cell consists entirely of cellulose, but in older cells the walls may
be lignified, cuticularized, etc., i.e. the cellulose may be accompanied by
other substances such as lignin, cutin, mucilage, etc. In the light of
these facts the term cellulose in made to include:

1. Normal celluloses.
2. Compound celluloses.

(a) Ligno-colluloses.
( h ) Pec to-ce 11 ul oses.
(c) Adipo- or cuto-celluloses.

3. Pseudo- or Reserve celluloses.

True or normal cellulose. Of this substance, as we have said,
many cell-walls are composed. The most familiar form of cellulose is
cotton, which consists of hairs, each being a very long empty cell, from
the testa or coat of the seed of the Cotton plant (Gossypiurn herbaceum).

o. 5
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Crude cotton (i.e. the hair cell-walls) is not quite pure cellulose, but
contains a small amount of impurity from which it is freed by treatment
first with alkali and subsequently with bromine or chlorine. All kinds
of cotton material, cotton-wool, and.the better forms of paper (including
filter-paper) may be regarded as almost pure cellulose.

Pure cellulose is a white, somewhat hygroscopic, substance. I t is
insoluble in water and all the usual solvents for organic substances. I t
is, however, soluble in a solution of zinc chloride in hydrochloric acid in
the cold, and in a solution of zinc chloride alone on warming. It is also
soluble in ammoniacal cupric oxide (Schweizer's reagent).

In addition cellulose is soluble in concentrated sulphuric acid, which
on standing converts it first into a hydrate and then finally into
glucose. If, however, water is added to the sulphuric acid solution as
soon as it is made, the gelatinous hydrate of cellulose is precipitated.
This substance is termed " amyloid " since it gives a blue colour with
iodine. Concentrated nitric acid converts cellulose into nitrates, of
which one is the substance, gun-cotton. In 1 0 % alkalis cotton fibres
thicken and become more cylindrical. This procedure has been em-
ployed by Mercer to give a silky gloss to cotton, and the resultant
product is called mercerized cotton.

Expt. 71. The colour tests and solubilities of cellulose.
{a) Dip a little cotton-wool into a .solution of iodine in potassium iodide. Then

put the stained wool into an evaporating dish and add a drop or two of concentrated
sulphuric acid. A blue coloration is given. This is due to the formation of the
hydrate tcamyloid3' mentioned above.

(b) Dip some cotton-wool into a calcium chloride iodine solution. (To 10 c.c. of
a saturated solution of calcium chloride add 0*5 grn. of potassium iodide and 0*1 gnu
of iodine. Warm gently and filter through glass-wool.) A rose-red coloration is
produced which eventually turns violet.
'* (c) Heat a strong solution of zinc chloride (6 pts. of zinc chloride to 10 pts. of
water) in an evaporating dish and add 1 part of cotton-wool. The cellulose will in
time become gelatinized, and if a little water is added from time to time, a solution
will eventually be obtained on continuous heating.

(d) Make a solution of zinc chloride in twice its weight of concentrated hydro-
chloric acid and add some cotton-wool. The wool will rapidly go into solution in the
cold.

(e) Add some cotton-wool to an ammoniacal copper oxide solution and note that
it dissolves. (To a strong solution of copper sulphate add some ammonium chloride
and then excess of caustic soda. Filter off the blue precipitate of cupric hydroxide,
wash well, dry thoroughly, and dissolve in strong ammonia.) Add strong hydrochloric
acid and the cellulose is precipitated out again. Then add water and wash the
precipitate until it is colourless. Test the roughly dried precipitate with a little
iodine and strong sulphuric acid. A blue coloration is given.
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All the above tests may be repeated with threads from white cotton material,
with filter-paper and good white writing paper.

Try tests (a) and (b) with newspaper, and note that they are not so distinct as
with writing paper owing to the presence of ligno-cellulose (see Expt. 73).

Expt. 72. Hydrolysis of cellulose by acid. Dissolve as much filter-paper as possible
in 5 c.c. of concentrated sulphxiric acid and when all is in solution pour into 100 c.c.
of distilled water. Boil the solution in a round-bottomed flask fitted with an air
condenser (see p. 45) and use a sand-bath for heating. After boiling for an hour,
cool and neutralize the solution with solid calcium carbonate. Add a little water if
necessary and filter. Test the nitrate with the following tests :

(a) Make the osazone [see Expt. 41 (d)]. Note that crystals of glucosazone are
formed.

(b) Add a little Fehling's solution and boil. Note that reduction takes place.
Instead of using filter-paper, the above experiment may also be carried out with

cotton-wool or threads from white cotton material.

Ligno-cellulose. As the cells in plants.grow older the walls usually
become lignified, that is part of the cellulose becomes converted into
ligno-cellulose. The extreme amount of change is found in wood. The
least amount in such fibres as those from the stem of the Flax (Linum
usitatissimum) which, when freed from such impurities, consist of cellu-
lose only and constitute linen. Other fibres, containing more ligno-
cellulose, are those of the stem of the Hemp plant (Cannalris sativa)
and the Jute plant (Corchorus) from which string, rope, canvas, sacking
and certain carpets are made. The percentages of pure cellulose in
these various lignified tissues are as follows:

Cotton fibre 88*3%
Flax and Hemp fibre ... 72-73 °/o
Jute 54%
Beech and Oak wood ... 35-38 %

The ligno-celluloses are generally regarded as consisting of cellulose
and two other constituents, of which one contains an aromatic nucleus
and the other is of the nature of a pentosan (see xylan, p. 53). Both
are sometimes classed together and termed lignin or lignon. The lignin
reactions (see below) depend on the presence of an aromatic complex.
I t has been suggested that coniferin, vanillin and allied compounds
which are present in wood are probably the substances responsible for
the reaction (Czapek, 6).

Although the best paper is made from cellulose, cheaper forms of
paper are manufactured from ligno-cellulose, and, as a result, they give
reactions for lignin and are also turned yellow by exposure to light.

Expt. 73. Reactions of lignin.
One of the most striking reactions of lignin (due as it is supposed to a furfural
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grouping) is the magenta-red coloration given by phloroglucin in the presence of
concentrated hydrochloric acid.

Soak the tissue to be experimented upon with an alcoholic solution of phloro-
glucin and then add a drop or two of strong hydrochloric acid. The magenta-red
colour will be produced.

As material, practically any lignified tissue may be used. Shavings from twigs
of any tree or shrub, e.g. pith and wood from the Elder (Sambucus nigra), will be
found useful: also shavings from a match ; straw, bran, coarse string, cheap white
paper, such as newspaper or white and pale-coloured papers used for wrappings.

Make the phloroglucin test on good white writing paper. It should not give the
reaction since it is made from cellulose.

Other phenols and their derivatives will also give colour reactions with lignin in
the presence of hydrochloric acid, but the colorations in most cases are not so much
developed as with phlorogiucin (Ozapek, 6). For this reason (though it is also possible
to use any of the lignified tissues suggested above) good results are obtained by using
strips of any cheap newspaper, since the reagents seem to penetrate this material
quickly.

Soak strips of newspaper (or other material) in alcoholic solution of the following
substances, or such of them as are available, and then add a few drops of concen-
trated hydrochloric acid. It is useful to put the material on a white glazed tile or
plate :

Reaction
Phenol ... ... bl ue-groen coloration
Resorcinol ... violet „
Orcinol ... ... red-violet „
Oatechol ... greenish-blue „
Pyrogallol ... blue-green „
Guaiacol ... yellow-green „
Oresol greenish „
a-Naphthol ... greenish „
Thymol ... green „
Indol ... ... cherry-red „
Skatol cherry-red „

It should be noted that strong hydrochloric acid alone will sometimes
give a red colour with woody tissues: this is due to the presence of
phloroglucin in the wood itself (see phloroglucin, p. 88).

74. Destruction of the lignin element in wood. Take some paper which gives
the phloroglucin reaction for lignin strongly and cut it up into pieces about an inch
square. Then boil the paper in some 1 % sodium hydroxide solution for a short time.
After washing well, put it into a flask or large test-tube with a few ex. of bromine-
water and allow it to stand for an hour or two. Then wash again and heat in a
2 °/0 solution of sodium sulphite. Wash free from sulphite, dry and test with
alcoholic phloroglucin solution and strong hydrochloric acid. No red colour, or very
little, will be produced. If a little red coloration is formed, the process should be
repeated until finally all the lignin reaction disappears.
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Pecto-cellulose. The non-cellulose constituents in this case belong
to the class of pectic substances which have already been considered
(see p. 63). Such celluloses occur in the cell-walls of the tissues of
many fleshy roots, stems and fruits.

Adipo- and cuto-celluloses. These products are found in the walls
of corky and cuticularized tissues. Their chemical composition is
obscure but they appear to contain substances of a fatty or wax-like
nature.

Hemi-celluloses. These are not strictly celluloses since they are built
up of mannans, galactans and pentosans on lines which have already been
considered (see pp. 59 and 60), They frequently occur united with each
other, for instance as galacto-, gluco- and fructomannan, galactoaraban,
galactoxylan, etc. They are found in the cell-walls of the tissues of
many seeds.

THE SYNTHESIS AND INTERRELATIONSHIPS OF CARBOHYDRATES

IN THE PLANT.

Now that the properties and characteristics of various carbohydrates
have been dealt with, their synthesis and their relationships, one to
another, may be considered.

In the previous chapter it has been shown how the plant synthesizes
a sugar from carbon dioxide and water by virtue of the chemical energy
obtained from transformation of radiant energy by means of chlorophyll.
When this sugar reaches a certain concentration in the cell, in the
majority of plants, starch is synthesized from it by condensation with
elimination of water. The starch is thus the first visible product of
assimilation and is temporarily " stored " in an insoluble form during the
day, when photosynthesis is active. During the night photosynthesis
ceases but the sugar is still translocated from the leaf, as it was in fact
during the day; thus, since the supply ceases, the concentration in the
cell falls, and the " stored " starch is then hydrolyzed again into sugar,
and the process continues until the leaf is either starch-free, or contains
considerably less starch. During the next day, the starch formation is
repeated and so forth. The process of hydrolysis of starch is carried out
by the enzyme, diastase, with the formation of dextrin and maltose. In
all probability this same enzyme controls the synthesis of starch.

On the other hand, it has been shown that many plants do not form
starch at all in their leaves but only sugar. Examples are the adult
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Mangold plant (Beta vulgaris) and many Monocotyledons (AUntm,

Scilla).
As to the question of which sugars are present in the leaf, there is

only evidence from accurate work on a few plants. Careful investiga-
tions have been made of the sugars in leaves of the Mangold (Beta
vulgaris) (Davis, Daish and Sawyer, 15), Garden Nasturtium (Tropaeo-
lum majus) (Brown and Morris, 5), the Snowdrop (Galanthus nivalix)
(Parkin, 24), the Potato (Solanum tuberosum) (Davis and Sawyer, 17)
and the Vine (Vitis vinifera). The general conclusions drawn from
these investigations are that sucrose, glucose, and laevulose are always
present in leaves: that maltose results from the hydrolysis of starch,
being absent from leaves which do not form starch. Maltose is not pre-
sent in appreciable quantity even in starch-producing leaves because it is
rapidly hydrolyzed into glucose by maltase. (In such cases where it has
been detected it has been due to diastase action during the drying of
leaves before extraction.) Other leaf carbohydrates are the pentoses
which have been found in a good many species examined and may be
widely distributed; the pentosans, their condensation products, also occur
as well as dextrin (Potato).

The next question to be considered is what sugar is first synthesized
in the leaf. Is it glucose, laevulose, sucrose or maltose ? I t is known
that the enzymes, invertase and maltase, are commonly present in leaves
and that these enzymes respectively control the hydrolysis, of cane-
sugar into glucose and laevulose, and of maltose into glucose. I t is also
possible that they respectively control the synthesis of sucrose and
maltose. Laevulose, likewise, as may be supposed, can be obtained from
glucose. Thus all the sugars can be readily converted one into another, but
to ascertain which is the first product of synthesis is not an easy problem.

In addition to the above-mentioned work on the nature of the sugars
present in leaves, a good deal of careful analysis has been made as to the
proportions in which the sugars occur relatively to each other during
stated periods of time, with a view to answering the question as to
which is the first-formed sugar. There are two possibilities: one, that
it is sucrose and that it is hydrolyzed into glucose and fructose: the
other, that it is glucose, from which fructose is derived, and the two are
then synthesized to form sucrose.

Opinion is divided on this point and there is not at present sufficient
experimental evidence to decide the matter. The majority of investi-
gators regard sucrose as the first-formed sugar, and suggest that it is
inverted into hexoses for purposes of translocation, since the smaller
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molecules would diffuse faster. There is experimental evidence that
there is an increase; in hex uses in the conducting tissues. Others favour
the view that glucose is the first,-formed sugar, and bring forward
evidence to this effect. There is however no reason why hexoses should
not be formed first and then converted into cane-sugar and temporarily
stored as such, being again roinverted into hexoses for t rans la t ion .
Nor is there any reason for supposing that the first-formed sugar is
always the same in every plant.

There appears to be very little doubt that maltose is formed in
the hydrolysis of starch, and also that, starch is a temporary reserve
material in the leaves, but whether formed direct from sucrose or from
hexoses cannot be stated.

There is some evidence in favour of the view that glucose is more
readily used in respiration than IaevuloHe, for under circumstances when
neither can be increased, the glucose tends to disappear.

From the leaf the various sugars are translocated to other organs of
the plant, e.g. root, stem, flower, fruit and seed In some cases starch
is synthesized from the sugars and "stored" in roots, tubers, tuberous
stems, fruits and seeds. In other cases the sugars themselves may be
" stored," as, for instance, in the root of the Beet {Beta vulgaris), or they
may have a biological significance, as in sweet fruits. I t must also be
borne in mind that sugars are employed throughout the plant in re-
spiration and in the synthesis of more complex substances, i.e. cellulose,
gums, pentosans, mucilage, aromatic substances, fats and to a certain
extent proteins: in fact they or their precursors constitute the basis
from which all organic coni(K)unds art! synthesized.

The following experiment** can be performed with either the Garden
Beet or the Mangold Wurzel, both of which are varieties of Beta vulgaris,
the Common Beetroot, The sugars in the leaves and petioles of the
Mangold have been investigated (Davis, Daish and Sawyer, 15) and
sucrose, laevulose and glucose have been found. Starch is absent in
the adult plant and also maltose. The opinion is held that sucrose is
the first-formed sugar of photosynthesis and that this is hydrolyzed for
translocation on account of the greater rate of diffusion of the smaller
molecules of glucose and laevuloHe. Thene are again synthesized in the
root to form sucrose where the latter is stored, and hexoses are almost
absent from this organ. Though the facts concerning the distribution
of the sugars stated above are reliable, it is not certain that the deduc-
tions are permissible. The leaf contains the enzymes, in vertase, maltase
and diastase (Robertson, Irvine and Dobson, 25).
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In connexion with the occurrence of various sugars in leaves it is
of interest to note that glucose, fructose and marmose can pass over
into one another in alkaline aqueous solution. This has been explained
by their conversion into the enolic (unsaturated) form common to all
three hexoses:
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ExpU 75. To show tlw prv.mnca of both hexoitcx and mtrnmc in the ttxtf (Davis,
1 )aish and Sawyer, 15). Take about 5 gras. of fresh leaf of either the Bi**t or Mangold.
(Leaves of the Garden Nastur t ium {Tropaeolum majut) and Wild Chervil (UhatTo-
phyllum aylvestre) may also be used.) Tear them into small pioces mid drop thmn
into boiling 90-98 % alcohol in a flask on a water-bath. 1 n this way the enzymes of the?
leaf are killed, and no changes will occur in tho carbohydrates present. After boiling for
a short time, the alcohol is filtered oft' and tho extraction repeated. Kvaporate the
nitrate to dryness in an evaporating dish on a water-bath. The filtrate will contain
chlorophyll and various pigments, sugars, glucosides, aromatic compounds and othi*r
Hiibstarices according to tho plant used. Then add alxmt %0 e.e. of water and a t in-
tervals a few drops of basic lead acetate until it ceases to form a precipitate. By this
means all hexoses combined with aromatic substances as glucoHides fne© p. 142) arc
precipitated as insoluble lead Halts. The precipitate is filtered off and tht* lead in this
titrate removed by sodium carbonate, avoiding OXCCSHH. Filter again and tht* filtrate
will contain the sugars. Boil the latter and add Failing's solution drop by drop till
reduction ceases. Filter of!* tho copper oxide and then boil the solution with dilute
sulphuric acid for a few minutes and make neutral to ph«»nolphthal<*in, Reduction
will occur on adding more Fehling and Wl ing , owing to the invensiutt of tho catns-
sugiir present.

Expt. 76. To mhow the presence of hexose$ in tfm leaf btj metm* of the formation of
gluaosazone. Leaves of Bata, Ckuerophyllum ttylvextre, or TrnjMMolitm may t»e umni.
Extract as in the previous experiment and precipitate t\m glucoHidrw with tho
minimal amount of basic lead acetate. Test for osazone in tho filtrate AH in
E x p t 41 (d).

Expt. 77. To obtain starch from green leavm. Weigh out 25 gina. of lcsaftetM of the
Pea (Puum, sativum). The leaves should have been picked in the evening after a
sunny day, and it does not matter if the cut leavea are left overnight Dip the baf-
lets for a moment into boiling water, remove excens of water and drop them into
2CX) c.c. of 96-98% alcohol and boil till the chlorophyll h extracted: then filter.
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Take the residue of leaves and pound (but not finely) in a mortar and then wash
thoroughly with distilled water. Filter through muslin and press free from water
(this process extracts most of the protein). Boil the residue with 100 c.c. of water and
filter. To the filtrate add iodine. At first the colour may disappear owing to the
presence of protein in solution in addition to the starch. When more iodine is added
a deep blue coloration is formed.

PLANT ENZYMES WHICH HYDROLYZE CARBOHYDRATES.

Diastase. In the plant starch may be regarded as a reserve product.
It is synthesized from sugar, and may be again hydrolyzed into sugar.
It can be shown experimentally that starch is converted into 'glucose by
boiling with acids, but in the plant the hydrolysis of starch is catalyzed
by the enzyme, diastase. Although the reaction is doubtless of con-
siderable complexity, it may, broadly speaking, be represented as
follows:

(C6H10O6)n+H2O >- (CoHwO^+CxsHsaOn
Dextrin Maltose

Thus t h e final product s under t h e s e condi t ions are dex tr in a n d the

disaccharide, m a l t o s e ; a n d n o t g lucose .

I t is reasonable t o a s s u m e t h a t ce l l s which conta in starch also e i ther

contain, or are capab le of produc ing , d iastase . B u t t h e a m o u n t of

diastase presen t , or a t any rate capab le of b e i n g extracted , varies in

different t i s sues . D i a s t a s e , l ike m o s t e n z y m e s , i s so luble in water. I n

m a n y cases, however , a water -ex trac t from fresh crushed t i s sues i n which

diastase occurs, will n o t conta in a n y appreciable a m o u n t of enzyme .

T h i s is s o m e t i m e s d u e to the fact t h a t t h e protoplasm does not readily

y ie ld up t h e e n z y m e unt i l i t has b e e n k i l l ed . I f t h e t i s sues are dried at

a moderate t e m p e r a t u r e ( 8 0 - 4 0 ° C.) b o t h t h e powdered leaves t h e m -

se lves and a w a t e r e x t r a c t are fairly r ich in d i a s t a s e ; or, i f t h e l iv ing

t issues are m a c e r a t e d and ex trac ted w i t h water to wh ich chloroform

has b e e n added , t h e ce l l s d ie more rapid ly and y i e l d u p t h e e n z y m e to

the so lvent . F r o m s u c h a w a t e r ex tract , a crude prec ip i ta te conta in ing

t h e e n z y m e m a y b e o b t a i n e d b y a d d i t i o n of alcohol. F o r ob ta in ing t h e

m a x i m u m resu l t s w i t h diastat ic a c t i v i t y in leaves , a water extract

should b e m a d e after t h e y h a v e b e e n k i l l ed , e i ther b y drying , or by t h e

action of to luol or chloroform.

I t has b e e n shown ( B r o w n a n d Morris, 5) t h a t in leaves which con-

tain tannin , t h e p r e s e n c e of t h e la t ter large ly i n h i b i t s t h e ac t i on of t h e

enzyme a n d m a y b e t h e cause, i n s u c h cases , of an ent ire lack of a c t i v i t y

in the extract .
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The diastatic activity of leaves appears to vary largely in different
genera and species. The subject has been investigated (Brown and
Morris, 5) and a list of their relative activities has been drawn up as
follows.

[The numbers represent the amount of maltose, expressed in grains, which H)
grus. of air-dried loaf will produce from soluble-starch (starch t,n.;ut<»<i with dilate
hydrochloric acid) by hydrolysis in IK hrs. at 30" ('. |

Pisum sativum sJ4()-3<) Udianthus animus :\-*M
Phasoolus multiflorus \U)'-M) II. tuherosus 3'7H
Lathy run odo rat us 100*37 Kunkia sinenniN frfU
L. pratctwiH 34*70 Allium Copa 3'7«»
Trifolium pmtenne 8JH>f> Hemeroeallis fulva :J*<)7
T. oohrolououm 50*21 Populus sp 3*70
Viciasativa 70*55 Syringa vulgaris 2\">:*
V. hirsuta 53*23 Cotyledon Ihnhilieus [ill
Lotus corniculatus 19*48 Humulus Lupulus L'-OI JJ-fJO
LupinuH Hp 3*51 Hymenophylhuu d^missum ... 4*20
Grass with Clover 27*92 Hydroeharis Morsus-runne ... ir±i\l
Tropaeolum majus 3*68 1H>4

From the above table it is seen that the leaves of genera of the
Leguminosae are apparently very rich in diastase. Whether this in HO,
or whether in other plants the diantatic activity is inhibited by other
substances, has not yet been ascertained. AH mentioned above, tanriitm
inhibit the action of diastase, and hence leaves rich in tannin, e.g. Hop
(Humulus), cannot be expected t« yield good results.

The tissues of germinating barley (Horde urn vu Iff are) also contain
large quantities of diastase, and this material can be )WH\ to demon-
strate the solubility, isolation and activity of the enzyme.

The action on starch of diastase from the leaf of the Common Pea
(Pisum sativum) and from germinating barley grains han already been
demonstrated [see Expt. 57 (a) and (b)] in connexion with dextrin. The
following experiments have special reference to the enzyme.

Expt 78. To demonstrate the activity of diartiw. from gerndnatiutj htrU'if. Urind
2-3 gms. of barley grains in a coffee-mill. Boil th« product with KM) <?.c. of water
and filter, first through fines muslin if necessary, than through fHter-|«i|M)r. A ntareh
"solution" will bo obtained.

Pound up 2-3 gins, of germinated Imrloy grain* in a mortar and 4?x tract th© ma**
with 50 c.c. of water. Filter, and take two equal portionn in two test-toilm Hoi I one
tube. To both tubes add an equal quantity of the Htaron nolution pn*|»tr€Hl n.li<.>ve.
Place the tubes in a beaker of water at 38-40" 0. From time to time withdraw a
drop from each tube with a pipette and tent with iodine nolutiim on a white tito. The
starch in the unboiled tube will gradually give the dextrin reactions {mm p. f>7); fclmt
in the boiled tube will remain unchanged.
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This simple method may also be adopted for showing the diastatic activity of
leaves. Instead of germinating barley, a few leaflets of the Pea (Pimm sativum) or
Clover (THfolmm pratense) should be pounded up in a mortar and extracted with
50 c.c. of water and filtered.

Expt. 79. To show that leaf-diastase is still active after drying the leaven at
temperatures not higher than 38° C. Take 10 gms. of fresh Pea leaves and dry by
spreading them in the sun. Then powder and finally dry in an incubator at 38° 0.
Make up 500 c.c. of a 1 % solution of starch (see Expt. 55). To this add the dry leaf
powder together with a few drops of toluol and keep in an incubator at 38° 0. Test
the solution with iodine from time to time and note the hydrolysis of the starch.

Expt. 80. To show that the action of diastase is impaired by contact of the enzyme
with alcohol. Pound up 10 gms. of fresh Pea leaves, add 100 c.c. of water, a few drops
of toluol and allow the mixture to stand for 12 hrs. Filter off the extract, and
add at least an equal bulk of 96-98 °/o alcohol. A white precipitate is produced
which, among other substances, contains crude diastase. Filter, and wash the
precipitate with a little water into 500 c.c. of a 1 % starch .solution. Adda few drops
of toluol, plug with cotton-wool and put in an incubator. Test with iodine from
time to time. It will be found that the hydrolysis takes place much more slowly
than in the previous experiments.

Expt. 81. To shoio that the action of diastase is inhibited by tannic acid. Take
about 0*5-1 gm. of dried powdered Pea leaf. Let it stand for about 12 hrs. in 50 c.c.
of water containing a few drops of toluol. Filter off, and to equal amounts of the
filtrate in two small flasks add about 10 c.c. of a 1 % starch solution. Add also
10 c.c. of a 0*5 % tannic acid solution to one test-tube. Put both tubes into an
incubator. Tent with iodine solution after a few hours. It will be found that the
tannic acid has inhibited the action of the diastase.

Maltase. This enzyme hydrolyzes maltose into two molecules of
glucose:

CwHaaOn + H2O = 2C6H12Ofl.
Investigations upon maltase have, until recently, produced rather

contradictory results, but later work (Davis, 12: Daish, 13,14) has led to
more satisfactory conclusions. The latter show that maltase is most
probably present in all plants in which hydrolysis of starch occurs. I t
has been detected in leaves of the Nasturtium (Tropaeolum), the Potato
(Solanum), the Dahlia, the Turnip (Brassica), the Sunflower (Helianthus)
and the Mangold (Beta), and it is most probably widely distributed in
foliage leaves. Its detection is not easy for various reasons which are
as follows. I t is not readily extracted from the tissues by water: it is
unstable, being easily destroyed by alcohol and chloroform. Its activity
is also limited or even destroyed at temperatures above 50° C. Hence
the extraction of maltase, by merely pounding up tissues with water,
does not yield good results: moreover, as an antiseptic, toluol must be
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used and not chloroform. Finally, if the enzyme is to be extracted from
dried material, this must not be heated at too high a temperature
previous to the extraction.

Maltase occurs in quantity in both germinated and ungerminated
seeds of cereals. If, in kilning, malt has not been heated at too high a
temperature, the maltase may not be destroyed, and, in such cases, malt
extract will contain both diastase and maltase. This would explain the
fact that glucose, insteiid of maltose, has sometimes been obtained by
the action of malt diastase on starch. In other cases, when a higher
temperature has been employed, the maltase will be destroyed. Maltase
itself, of course, does not act directly upon starch but only on maltose.
The use of chloroform, as an antiseptic, by some observers explains how
they came to overlook the presence of maltase, thus obtaining maltose,
and not glucose, as an end product in hydrolysis by malt- extracts. The
optimum temperature for the maltase reaction is W (1

The presence of maltase in leaves is not readily shown for the
following reasons. Since maltase is destroyed by alcohol, the prejwira-
tion of a crude precipitate of the enzyme by precipitating a water
extract of the leaves is not satisfactory. If the water extract is added
directly to maltose, and incubated, hydrolysis may be demonstrated by
determining the reducing power of the sugars formed. A control
experiment must, however, be made by ineulwtting the water extract
alone, and subsequently determining the reducing power of any sugars
present.

Invertase. This enzyme hydrolyzen cane-nugar into one molecule
of glucose and one molecule of laevulose:

CwHjaOu +H2O ~; O«H ,*<>,>+ CaHKO,»-
Invertase is probably very widely distributed in plant*** Its presence

has been demonstrated in the leaven and stem, though not in the? root,
of the Beet (Beta vulgaris) (Robertson, Irvine and Dobnon, 25). Also in
the leaves of a number of other plants (Kantle and Clark, 20). Its de-
tection, by its action on sucrose, is not eany on account of the prencmce
of other enzymes and reducing sugars in loaf extract**.

The absence of invertase from the root of the Beet ni'mm a difficulty
as to how the cane-sugar is synthesized from the hexoses nupplied from
the leaves (see p. 71). Some observer** (Robertson, Irvine and Dobmm,
25) incline to the view that cane-sugar is synthesized in the stems and
travels as such to the roots. Others (Davis, D&ish and Sawyer, IS)
maintain that the cane-sugar m synthesized in the root, even though
invertase is absent.
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C H A P T E R V I

THE FATS AND LIPASES

A FAT may be defined as an ester or glyceride of a fatty acid. Just
as an inorganic salt, such as sodium chloride, is formed by the reaction
of hydrochloric acid with sodium hydroxide, so a fat is formed by the
reaction of the trihydric alcohol, glycerol, and a fatty acid.

The word fat is not a familiar one in botanical literature, the term
oil being more commonly used. I t is generally met with in connexion
with the reserve products of seeds. The oils of seeds are, however, true
fats. The term oil may be misleading to some extent, because a fat
which is liquid at ordinary temperatures is usually spoken of as an oil,
and yet there are also many other substances, of widely differing chemi-
cal composition, which have the physical properties of oils, and which
are known as such.

Most of the vegetable fats are liquid at ordinary temperatures but
some are solids.

The best-known series of acids from which fats are formed is the
series CnH^Oa of which formic acid is the first member. The other
members of the series which occur in fats are :

Acetic acid CH3COOH or C2H4O2

Butyric acid C3H70OOH or C4H9O2

Caproic acid O5HnCOOH or C6H12O2

Caprylic acid C7H15COOH or C8H16O2

Capric acid C9H19COOH or doEkOa
Laurie acid CuH^COOH or C^H^Oa
Myristic acid O^H^COOH or CJBkOa
Palmitic acid C15H31COOH or C^H^A
Sbearic acid C17H35COOH or C18Has09

Arachidic acid C^H^COOH or CJB^Oa
Behenic acid QaEUCOOH or O^H^Os

Another series is the oleic or acrylic series CJE^^aC^ of which the
members are:

Tiglic acid C8H8O2

Oleic acid
Ela'idic acid
Iso-oleic acid
Erucic acid
Brassidic acid C22H42O2
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Of these, oleic acid (as glycmde) is the most widely distributed.
Yet other series are :

The linolic C J W A
The linolenic OMH,.n_fl(>..
The clupanodonic CMH.,W _«().,
The rioinoleic, CMH..w-aO:l

The fat which occurs in an oil-containing seed is not coin posed of
the glyceride of one acid, but is a mixture of the glyeerides of several,
or even a large number of different acids, often members from more
than one of the above series. Thus the fat of the fruit of the Coconut
(Gocos nucifera) consists of a mixture of the glycerides of eaproio, eapry-
lic, capric, lauric, myristic, palmitic and oleic acids. Linseed oil from
the seeds of Linurn usitatixsimnm again is a mixture of the glyeerides
of palmitic, myristic, oleic, linolic, linolenic and isolinolenic acids. Simi-
lar mixtures are found in other fruits and seeds.

Since glycerol is a trihydric alcohol, it would be possible for one or
more of the three hydroxyls to react with the acid to form mono-,di- or
tri-glycerides. All these cases occur and, sometimes, OIK? hydroxyl is
replaced by one acid, and another hydroxyl by a different acid.

When the distribution of fats among the flowering plants in con-
sidered, they are found to be more widely distributed than th<t botanist
is generally led to suppose.

The following is a list of HOMO of the plants especially rich in fats
as reserve material in the fruits or seeds. I t represents only a selection
of the better known genera, since many other plants have fatty needs.
An approximate percentage of oil present in the fruit or seetd is given.

Graminaceae: Maize? (Zea Mays) 4 %.
Palmaceae : Oil Palm (Elaeisguinensw) (>2 °/0: Coconut Palm ((Jocon

nucifera) 65%.
Juglandaceae: Walnut (Juglans regia) 5 2 % .
Betulaceae: Hazel ((hrijlus Avettanu) 55 %,
Moraceae: Hemp (Gannabis mtiva) 33 %•
Papaveraceae: Opium Poppy (Papaver Homnifermii) 47 '*/«•
Cniciferae: Garden Cress (Lepidium sativum) 25 % *. Black Muntard

(Sinapis nigra) 2 0 % : White Mustard (Sinapin alba) 2 5 % : Colza
(Brastica rapa var. oleifera) 3 3 % : Rape (Bra$$ica napm) 42%.

Rosaceae: Almond (Primus Amygdalvs) 4 2 % : Peach (P. Perdca)
3 5 % : Cherry (P. Gerasus) 3 5 % : Plum (P. domedica) 2 7 % .

Linaceae: Flax (Linum utitatwsimum) 20-40 %,
Euphorbiaceae: Castor-oil (Ridnvs communu) 51 %.
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Malvaceae: Cotton (Gossypiwn herbaceum) 24°/0-
Sterculiaceae : Cocoa (Theobroma Cacao) 54°/0-
Lecythidaceae: Brazil Nut (Bertholletia excelsa) 68°/o-
Oleaceae: Olive {Olea europaea) 20-70 °/o- Ash (Fraxinus excelsior)

27 %
Rubiaceae : Coffee (Coffea arabica) 12 %•
Cucurbitaceae: Pumpkin (Cucurbita Pepo) 41 °/0.
Compositae : Sunflower (Helianthus annuus) 38 °/o-
The conclusion must not be drawn from the above list that the

seeds of the plants mentioned have exclusively fats as reserve materials.
In many cases fat may be the chief reserve product, but in others it
may be accompanied by either starch or protein or both.

Some of the best-known examples of fat-containing seeds which
yield " oils " of great importance in commerce, medicine, etc., are Ricinus
(castor oil), Brassica (colza oil), Oossypium (cotton-seed oil), Cocos
(coconut oil), Elaeis (palm oil), Olea (olive oil).

In the plant the fats are present as globules in the cells of the fat-
containing tissues.

Plant fats m<xy vary from liquids, through soft solids, to wax-like
solids which generally have low melting-points. They float upon water
in which they are insoluble. They are soluble in ether, petrol ether,
benzene, chloroform, carbon tetrachloride, carbon bisulphide, etc.: some
are soluble in alcohol. With osmic acid fata give a black colour, and
they turn red with Alkanet pigment which they take into solution.

Expt. 82. Tests for fats. Weigh out 50 gins, of Linseed (Lt?ium usitatissimum)
and grind in a cofiee-mill. Put the linseed meal into a flask, cover with ether, cork
and allow the mixture to stand for 2-12 hrs. Filter off* the ether into a flask, fit
with a condenser and distil off the ether over an electric heater. (If a heater is
not available, distil from a water-bath of boiling water after the flame has been
tunned out.) When the bulk of the ether is distilled off, pour the residue into an
evaporating dish on a water-bath and drive off the rest of the ether. With the residue
make the following tests in teat-tubes :

(a) Try the solubilities of the oil in water, petrol ether, alcohol and chloroform.
It is insoluble in water and alcohol, but soluble in petrol ether and chloroform.

(b) Add a little 1 % solution of osmic acid. A black colour is formed. (This re-
action is employed for the detection of fat in histological sections.)

(c) Add to the oil a small piece of Alkanet (Anckma officinalis) root, and warm
gently on a water-bath. The oil will be coloured red. Divide the oil into two portions
in test-tubes. To one add a little water, to the other alcohol. The coloured oil will
rise to the surface of the water in one case, and sink below the alcohol in the other.
The Alkanet pigment being insoluble in both water and alcohol, these liquids remain
uncoloured.

Keep some of the linseed oil for Expt. 83.
o, 6
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I t i s wel l known that t h e hydrocarbons of t h e u n s a t u r a t e d e t h y l e n e

series C J S m will combine d irect ly w i t h t h e ha logens , chlorine , bromine

and iodine to g i v e add i t ive c o m p o u n d s , t h u s :

2 4 2 2 4 2

ethylene bromide

T h e acids of th i s series also b e h a v e i n t h e same way , a n d s ince m a n y

plant fats contain m e m b e r s of t h e series, the fats wi l l a lso combine w i t h

the halogens.

Expt. 83. To show the presence of unsaturated groups in a fat. To a little of the
linseed extract add bromine water. Note the disappearance of the bromine and the
formation of a solid product.

O ne of t h e mos t impor tant chemica l react ions of fats is that k n o w n

as saponification. W h e n a fat is h e a t e d w i t h an a lkal ine hydroxide t h e

fol lowing reaction t a k e s p l a c e :

C17H35COO—CH2

C17H35CO O—CH +3KOH = 3C17H36COOK + CH2OH • CHOH • CH2OH
I glycerol

C17H35COO—CH2
tristearin

T h e potass ium salt, p o t a s s i u m stearate,. of t h e fa t ty acid, s tearic

acid, i s t ermed a soap. T h e ordinary soaps used for w a s h i n g are m i x -

tures of such alkali sa l t s of t h e various fatty acids occurring in v e g e t a b l e

and animal fats, and are m a n u f a c t u r e d on a large scale b y saponi fy ing

fats w i th alkali. T h e soaps are so luble in water , so t h a t w h e n a fat i s

heated w i t h a so lut ion of caus t i c alkali , t h e final product is a so lut ion of

soap, glycerol and excess of alkali . T h e soap i s inso luble in saturated

salt ( sodium chloride.) so lut ion , a n d w h e n s u c h a so lu t ion is added t o

t h e saponified mix ture , t h e soap separates out and rises to t h e

surface of the l iquid. T h i s process is k n o w n as " s a l t i n g out." I f t h e

saponified mix ture is a l l owed t o cool w i t h o u t s a l t i n g out , i t se ts t o

a j e l ly - l ike substance. W h e n caust ic potash is u s e d for saponif ication

and t h e product is a l lowed to set , a " s o f t " soap is formed. H a r d soaps

are prepared by us ing caust ic soda and sa l t ing out .

T h e properties of soaps in so lut ion are impor tant . W h e n a soap

goes into solution, hydrolys i s t a k e s p lace to a certa in e x t e n t w i t h t h e

formation of free fatty acid and free a l k a l i T h e free fa t ty acid t h e n

forms an acid salt w i t h t h e unhydro lyzed soap. T h i s acid salt g ives r i se

to an opalescent so lut ion and lowers t h e surface t e n s i o n of t h e w a t e r

w i t h t h e result tha t a la ther is readi ly formed.

T h e property of soaps of lower ing surface t ens ion is t h e reason for
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their producing very stable emulsions when added to oil and water (see
chapter on colloids, p. 11).

Expt. 84. Hydrolysis of fat with alkali. Take 12 Brazil nuts, the seeds of Berthol-
letia (Lecythidaceae). Crack the seed coats and pound the kernels in a mortar. Put
the pounded nut in a flask, cover it with, ether, and allow the mixture to stand for
2-12 hrs. Filter into a weighed or counterpoised flask and distil off the ether as in
Expt. 82. Weigh the oil roughly and add 4-5 times its weight of alcoholic caustic
soda (prepared by dissolving caustic soda in about twice its weight of water and
mixing the solution with twice its volume of alcohol). Heat on a water-bath until
no oil can be detected when a drop of the mixture is let fall into a beaker of water.
Then add saturated sodium chloride solution. The soaps will rise to the surface.
Allow the soaps to separate out for a time and then filter. Press the soap dry with
filter-paper, and test a portion to see that it will make a lather. Neutralize the
filtrate from the soap with hydrochloric acid and evaporate as nearly as possible to
dryness on a water-bath. Extract the residue with alcohol and filter. Test the
filtrate for glycerol by means of the following tests:

(a) To a little of the solution add a few drops of copper sulphate solution and
then some sodium hydroxide. A blue solution is obtained owing to the fact that
glycerol prevents the precipitation of cupric hydroxide.

(b) Treat about 5 c.c. of a 0*5 % solution of borax with sufficient of a 1 % solu-
tion of phenolphtbalein to produce a well-marked red colour. Add some of the
glycerol solution (which has first been made neutral by adding acid) drop by drop
until the red colour just disappears. Boil the solution : the colour returns. The re-
action is probably explained thus. Sodium borate is slightly hydrolyzed in solution
and boric acid, being a weak acid, is only feebly ionized, and therefore the solution
is alkaline. On adding glycerol, glyceroboric acid (which is a strong acid) is formed
and so the reaction changes to acid. On heating, î he glyceroboric acid is hydrolyzed
to glycerol and boric acid, and the solution again becomes alkaline.

(c) Heat a drop or two with solid potassium hydrogen sulphate in a dry test-tube;
the pungent odour of acrolein (acrylic aldehyde) should be noted :

In addition to Brazil nuts, the following material can also be used:
endosperm of Coconut, ground linseed, almond kernels and shelled seeds
of the Castor-oil plant (Ricinus): about 50 gms. should be taken in
each case.

Expt. 85. Reactions of soaps, (a) Take some of the soap which has boon filtered
off and shake up with water in a test-tube. A lather should be formed, (b) Make
a solution of a little of the soap in a test-tube and divide it into three parts. To each
add respectively a little barium chloride, calcium chloride and lead acetate solutions.
The insoluble barium, calcium and lead salts will be precipitated. (The curd which
is formed in the case of soap and hard water is the insoluble calcium salt.) Thirdly,
take the remainder of the soap and acidify it with dilute acid in an evaporating dish,
and warm a little on a water-bath. The soap is decomposed and the fatty acids are
set free and rise to the surface.
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Expt, 8(>. Reactions of'fatty acid*, (a) Try the solubilities in ether ami alcohol
of the acids from the previous experiment. They are noluMe. (h) Shake an alcoholic
solution of the fatty acids with dilute bromine water. The colour of the hromiue in
discharged owing to the bromine forming additive compounds with the tm.saturated
acids.

The question of the metabolism of fats in the plant is a very com-
plicated one and has not yet been satisfactorily investigated. All plants
may have the power of synthesizing fats, and a great number, as we have
seen, contain large stores of those compounds in the tissues of the
embryo, or endosperm, or both. The point of interest is that of tracing
the processes by which these fats are synthesized, and are again hydro-
lyzed and decomposed. The products of decomposition may serve for
the synthesis of other more vital compounds as the embryo develops,
and before it is able to synthesize the initial carbohydrates, and to
absorb the salts requisite for general plant metabolism.

One fact seems fairly clear, namely that when fat-containing seeds
germinate, an enzyme is present in the tissues which has the* power of
hydrolyzing fats with the formation of fatty acids and glyeernl. Such
enzymes are termed Upases.

The lipase which has been most investigated is that which occurs in
the seeds of the Castor-oil plant (liidnus comtnunis). It has been shown
that if the germinating seeds are crushed and allowed to autolyze
(p. 19) in the presence of an antiseptic, the amount of fatty acid in-
creases, whereas in a control experiment in which the enzyme has been
destroyed by heat, no such increase takes place (Reynolds Ureen, ih H)).

Investigation has shown the enzyme to be present also in the resting
seed, but in an inactive; condition as a so-caller I zymogen (Armstrong,
4, 5, (>, 7). The zymogen is considered to be a Halt and, after acidifica-
tion with weak acids, the salt is decomjx>sed, and the enzyme becomes
active. After the preliminary treatment with acid, however, the* enzyme
is most active in neutral solution. The effect of acid on the zymogen
may be demonstrated by autolyzing the crushed weed with a little
dilute acetic acid; the increase of acidity will be found to bo much
greater than in the case of a control experiment in which acid has not
been added.

I t has not been found possible to extract the* enzyme from the
resting seed. An active material can be obtained by digesting the
residue, after extraction of the fat, with dilute acetic acid nnd finally
washing with water. This material can then be used for testing the
hydrolytic power of the enzyme on various fats.
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There is little doubt that lipase catalyzes the synthesis of fats as
well as the hydrolysis; the reaction, in fact, has been carried out to a
certain extent in vitro.

Expt. 87. Demonstration of the existence of lipase in ungerminated Ricinus seeds.
A. Remove the testas from about two dozen Ricinus seeds and pound the kernels

up in a mortar. Into three small flasks (a), (b) and (c), put the following :
(a) 2 gms. of pounded seed + 10 c.c. of water.
(b) 2 gms. of pounded seed + 10 c.c. of water + 2 c.c. of N/10 acetic acid.
(c) 2 gms. of pounded seed -f- 10 c.c. of water -+- 2 c.c. of N/10 acetic acid, and

boil well.
Add a few drops of chloroform to all three flasks, plug them with cotton-wool,

and allow them to incubate for 12 hours at 37° C. Then add 2 c.c. of N/10 acetic
acid to flask (a), and 25 c.c. of alcohol to all three flasks. Titrate the fatty acids
present with N/10 alkali, using phenolphthalein as an indicator. A greater amount
of fat should be hydrolyzed in (b) than in (a), and also slightly more in (a) than in
(c). The addition of alcohol checks the hydrolytic dissociation of the soap formed on
titration.

B. Pound up about 15 gms. of Ricinus seeds which have been freed from their
testas, and let the pounded mass stand with ether for 12 h'rs. Then filter, wash with
ether and dry the residue. Weigh out three lots, of 2 gms. each, of the fat-free meal
and treat as follows :

(a) Grind up the 2 gms. of meal in a mortar with 16 c.c. of N/10 acetic acid
(i.e. 8 c.c. of acid to 1 grn. of meal), and let it stand for about 15 minutes. Then
wash well with water to free from acid, and transfer the residue to a small flask.
Add 5 c.c. of castor oil, 2 c.c. of water and a few drops of chloroform.

(b) Treat the 2 gms. of meal as in (a), but, after washing, and before transferring
to the flask, boil well with a little distilled water. Add 5 c.c. of oil, 2 e.c. of water
and a few drops of chloroform.

(c) Put the 2 gms. of meal into the flask without treatment and then add 5 c.c.
of oil, 2 c.c. of water aud a few drops of chloroform.

Incubate all three flasks for 12 hours, and then titrate with N/10 caustic soda,
after addition of alcohol as in A. A certain amount of acetic acid is always retained
by the seed residue, and this is ascertained from the value for flask (b). Flask (c)
will act as the control.

Another question to be considered is the mode of synthesis in the
plant of the complex fatty acids which form the components of the fats.
No conclusive work has been done in this direction, but many investi-
gators have held the view that the fats arise from carbohydrates, notably
the sugars. In fact, it has been shown that in Paeonia and Ricinus, as
the seeds mature, carbohydrates disappear and fats are formed.

The sequence of events, however, in the synthesis of fatty acids
from sugars is very obscure. If we examine the formulae, respectively,
of a hexose:

CH2OH•CHOH•CHOH•CHOH•CHOH•CHO
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and a fatty acid, e.g. myristic acid :
HaC—CH2 * CH. • CHo * CH2 • CH2 * CHa ' CH2 * CH2 • CH2 • CHa " CH2" CH2 * COOH

it is seen that three main changes are concerned in the synthesis of
such a fatty acid from sugar, i.e. reduction of the hydmxyl groups of the
sugar, conversion of the aldehyde group into an acid group, and finally
the condensation or linking together of chains of carbon atoms. An
interesting fact in connexion with this point is that all naturally occur-
ring fatty acids have a straight, and not a branched, earl ton chain. It
has been suggested (Smedley, etc., 11-13) that ae<»taldi?hyde and a
ketonic acid, pyruvic acid, may be formed from sugar. By condensation
of aldehyde and acid, another aldehyde is formed with two more carbon
atoms. By repetition of the process, with final reduction, fatty acids
with straight chains are produced.
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C H A P T E R V I I

AROMATIC COMPOUNDS AND OXIDIZING ENZYMES

THE aromatic compounds may be defined as substances containing
the benzene carbon ring or a similar ring. A very great number occur
among the higher plants but of these many are restricted in distribution,
and may only be found in a few genera or even in one genus: others,
on the other hand, are widely distributed. At present our knowledge of
the part they play in general plant metabolism is obscure.

The more widely distributed aromatic plant products may be grouped
as:

1. The phenols, and their derivatives.
2. The aromatic alcohols, aldehydes and acids (including the tan-

nins), and their derivatives.
3. The flavone, flavonol and xanthone pigments, known as the soluble

yellow colouring matters.
4. The anthocyan pigments, known as the soluble red, purple and

blue colouring matters.
In connexion with the aromatic compounds it should be noted that

many of them contain hydroxyl groups, and one or more of these groups
may be replaced by the glucose residue, C6HUO5—, with elimination of
water and the formation of a glucoside, in the way already described
(see p. 48). The majority of such compounds are sometimes classed
together as a group—the glucosides—regardless of the special nature of
the- substance to which the glucose is attached (this course has been
followed to some extent in Chapter ix with compounds, the chief
interest of. which lies in their glucosidal nature). In treating of the
aromatic substances in the following pages, mention will be made when
they occur as glucosides, this combination being in these cases only a
subsidiary point in their structure.

The various groups of aromatic substances will now be considered
in detail.

PHENOLS.

There are three dihydric phenols, resorcinol, catechol and hydro-
quinone, but of these only the last is known to exist in the free state in
plants. The two former frequently occur as constituents of complex
plant products, and may be obtained on decomposition of such complexes
by fusion with strong alkali, etc.
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OH

OH OH OH
Resorc ino l C a t e c h o l H y d r o q u i n o n e

H y d r o q u i n o n e h a s b e e n f o u n d i n t h e f r e e s t a t e i n t h e l e a v e s a n d

flowers o f t h e C r a n b e r r y (Vaccinium Vitis-Idaea). A s a g l u c o s i d e ,

k n o w n a s a r b u t i n , i t o c c u r s i n m a n y o f t h e E r i c a c e a e ( s e e a l s o p . 1 5 1 ) .

P h l o r o g h i c i n i s t h e o n l y m e m b e r o f t h e t r i h y d r o x y p h e n o l s f o u n d

u n c o m b i n e d i n p l a n t s . I t i s v e r y w i d e l y d i s t r i b u t e d i n t h e c o m b i n e d

s t a t e i n v a r i o u s c o m p l e x s u b s t a n c e s ( W a a g e , 2 7 ) .

HO

OH
P h l o r o g l u c i n

A R O M A T I C A L C O H O L S A N D A L D E H Y D E S .

T h e f o l l o w i n g a r e s o m e o f t h e b e t t e r k n o w n c o m p o u n d s o f t h i s g r o u p :

S a l i g e n i n , o r s a l i c y l i c a l c o h o l , i n t h e f o r m o f t h e g l u c o s i d e , s a l i c i n ,

o c c u r s i n t h e b a r k o f c e r t a i n s p e c i e s o f W i l l o w (Salix), a n d i n t h e

f l o w e r - b u d s o f t h e M e a d o w - s w e e t (Spiraea Vlmaria). S a l i c i n i s h y d r o -

l y z e d b y a n e n z y m e c o n t a i n e d i n t h e p l a n t i n w h i c h i t o c c u r s , i n t o

s a l i g e n i n a n d g l u c o s e ( s e e a l s o p . 1 5 2 ) .

CH2OH

Sa l igen in

S a l i c y l i c a l d e h y d e o c c u r s i n s p e c i e s o f Spiraea a n d o t h e r p l a n t s .

C o n i f e r y l a l c o h o l , a s a g l u c o s i d e , c o n i f e r i n , i s f o u n d i n v a r i o u s

c o n i f e r s a n d a l s o i n A s p a r a g u s (Asparagus officinalis). C o n i f e r i n i s

h y d r o l y z e d b y d i l u t e a c i d s o r b y e n z y m e s ( e m u l s i n ) i n t o c o n i f e r y l a l c o h o l

a n d g l u c o s e ( s e e a l s o p . 1 5 1 ) .
CH = CH—CHnOH

OCH3

Coni fe ry l a l coho l
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Coniferyl alcohol when oxidized yields the aldehyde, vanillin (so
much used for flavouring), which occurs in the fruits of the Orchid
( Vanilla planifolia).

AROMATIC ACIDS.

Of this group the following are some of the best known representa-
tives :

Salicylic acid is a monohydroxybenzoic acid. I t occurs both in
the form of esters and in the free state in various plants.

Protocatechuic acid is a dihydroxybenzoic acid. I t has been found
in the free state in a few plants, but is more widely distributed as a
constituent of many plant products. As will be shown later it forms
the basis of one of the series of tannins.

COOH COOH

OH
Salicylic acid Frotocatechuic acid

G a l l i c a c i d i s a t r i h y d r o x y b e n z o i c a c i d :

COOH

HOli

OH

I t occu r s f ree i n g a l l - n u t s , in tea , w i n e , t h e b a r k of s o m e t r e e s a n d

in v a r i o u s o t h e r p l a n t s . I t f o r m s a c o n s t i t u e n t of m a n y t a n n i n s . I t i s

a c ry s t a l l i ne s u b s t a n c e n o t v e r y r e a d i l y s o l u b l e i n cold b u t m o r e so lub le

in h o t w a t e r . I n a l k a l i n e s o l u t i o n i t r a p i d l y a b s o r b s o x y g e n f rom t h e

a i r a n d b e c o m e s b r o w n i n co lour .

Exjpt. 88. The extraction and reactions of gallic acid. Take 100 gms. of tea, dry
in a steam oven and grind in a mortar. Put the powder into a flask and cover well
with ether. The preliminary drying and grinding can be omitted, but if carried out
will make the extraction more complete. After a t least 24 hrs. filter off the extract,
and either distil or evaporate off the ether. The ether will be coloured deep green
by the chlorophyll present in the dried leaves, and a green residue will be left. Add
about 20 c.c. of distilled water to the residue, heat to boiling and filter. Heating
is necessary because the gallic acid is only sparingly soluble in cold water. Keep the
residue for Expt . 91. Wi th t he filtrate make the following tes t s ; for (a), (6) and (c)
dilute a few drops of the filtrate in a porcelain dish :

(a) Add a drop of ferric chloride solution. A blue-black coloration is given.
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(b) Add a drop or two of iodine notation. A traiiHiont red colour appoarH.
(c) Add a drop or two of lime water. A reddish or blue coloration will bo givon.
(d) To a few c.c. of the filtrate in a porcelain dinh add a little lead acetate solu-

tion. A precipitate in formed which turns red on mldition of caustic potash solution,
and dissolves to a red solution with excess of potash.

(e) To a few c.c. of the filtrate in a test-tube add a little pota-ssium cyanide
solution. A pink colour appears, but disappears on standing. On shaking with air it.
reappears.

(/) To a few c.c. of the filtrate in a test-tube add a few drops of IO"/(, gelatine
solution. J}<> precipitate is formed.

(g) To a few c.c. of the filtrate in a test-tube add a little lead nitrate Nutation.
No precipitate is formed.

TANNINS.

This is a large group of substances, many of which an* of complex
composition. They arise in the plant from simpler compounds, such as
protocatechuic, gallic and ellagie acids. Their formation takes place in
various ways, either by condensation, accompanied by elimination of
water, or by oxidation, or both; there may also be condensation with other
aromatic complexes.

The tannins are widely distributed in the higher plants and, although
no very systematic investigation has been made, it is obvious that some
plants are rich in these substances, others poor, and others, again,
apparently entirely without them. The tannins generally <K:mr in
solution in the cells of tissues of the root, stem, leaf, fruit, seed and
flowers: sometimes they are confined to special cells, tannin-sacs, hut
after the death of the cell, the- cell-walls of the dead tissue become
impregnated with the tannin. In tannin-producing plants, i\w tannin
is generally found throughout the plant, and it probably tends to
accumulate in permanent or dead tissues, such an the bark (dead cortex
and cork), woody tissue, underground stems, etc.

Tannins appear to be more frequent in woody than in herbaceous
plants, though in the latter they naturally only accumulate in the
persistent underground stems and root-stocks. In annuals, also, tannins
seem to be more rare: this may be due to the fact that in a short-lived
plant, comparatively little tannin is formed and m not so readily detected
as in the tissues of a perennial.

In certain plants which are highly tannin-producing and are also
woody perennials, the bark becomes very rich in tannins. These barks
are consequently of considerable commercial importance for tanning of
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leather. As examples may be taken species of Caesalpinia, Spanish
Chestnut (Castanea), Eucalyptus, Oak (Quercus), Mangrove (Rhizophora),
Sumac (Rhus). Tannins also occur in quantity in galls, especially on
species of Quercus.

As a class, the tannins are non-crystalline and exist in the colloidal
state in solution. They have a bitter astringent taste. They have
certain properties and reactions in common, i.e. they precipitate gelatine
from solution, are themselves precipitated from solution by potassium
bichromate, and give either blue or green 'colorations with solutions of
iron salts. Many tannins occur as glucosides but this is by no means
always the case.

It is possible to classify the tannins into two groups according as
to whether they are complexes derived from protocatechuic acid or gallic
acid:

1. The pyrogallol tannins. These give a dark blue colour with
ferric chloride solution, and no precipitate with bromine water.

2. The catechol tannins. These give a greenish-black colour with
iron salts, and a precipitate with bromine water.

Expt. 89. Reactioiis of ta?inins. Take three oak galls (the brown galls formed by
species of Cynips on the Common Oak) and pound them finely in a mortar. Boil up
the powder well with a small amount of water in an evaporating basin and let stand
for a short time. Then filter. The filtrate will contain tannin together with
impurities. Make the following tests with the extract:

(a) Put 2 c.c. of the tannin extract into a small evaporating dish, dilute with
water, and add a drop or two of ferric chloride solution. A deep blue-black colour is
produced.

(b) Put 2 or 3 drops of the tannin extract into a. small evaporating dish, and
dilute with water: add a little dilute ammonia and then a few drops of a dilute
solution of potassium ferricyanide solution. A red coloration will appear.

(c) To 5 c.c. of the tannin solution in a test-tube add some strong potassium
dichromate solution. The tannin will be precipitated.

(d) To about 5 c.c. of the tannin extract in a test-tube add a little lead acetate
solution. The tannin will be precipitated.

(e) Melt a little of a 10 % solution of gelatine by warming gently and then pour
drop by drop into a test-tube half full of tannin extract. The gelatine will be
precipitated.

t For the above tests, in addition to galls, the bark stripped from two to three year
d t̂ rigs of Quercus may also be used, and will give the same reactions. The bark

shoulabe cut into small pieces for extraction.

I t should be noted that although many tannins give the above
reactions, it does not necessarily follow that all tannins will give all the
reactions.
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Expt. 90. To demonstrate th.e cwiatencc of 'pyrogtdlol ttnd wttwhot twin/tat. The
existence of a pyrogallol tannin which gives a blue reaction with iron saltH has
been illustrated in the Last experiment on the Oak galls and the hark from Oak twigs.
The bark of the Sumac (WiuitConaria) and the fruit pericarp, leaves and hark of the
Sweet Chestnut (CaxUc/iea mdgarix) may be used as additional material for pyrogallol
tannins.

For an iron-greening tannin strip off the outer bark from two to three year old
twigs of the Horse Chestnut (Aexndm Ilippocuxtdniim). (hit or tear the hark into
small pieces and boil well with a little water in an evaporating di.sh. Kilter and test
the filtrate with ferric chloride solution as in Expt. HO. A green coloration will be
given. Iron-green ing tannins may also be extracted from the bark of twi«$s of the
Walnut (Juglanx regia) and of the Larch (Laru: europ(tmt).

In the case of both classes of tanniiiH, in addition to the ferric chloride reaction,
the tests of Expt. Hi) (c) and (a) should also be made on the extracts, in order to
confirm the presence of tannin, since othor substances, such as flavours, may give a
green colour with iron salts (see p. 94).

Some of the individual tannins will now be considered.

Gallotannic (or tannic) acid is one of the? most important of the
pyrogallol tannins. I t occurs in Oak galls and Oak wood, in tea, in the
Sumac (Rims Goriaria), etc. According to recent investigations (Fischer
and Freudenberg, 8) tannic acid may be regarded as a compound of one
molecule of glucose with five molecules of digallic acid in which five
hydroxyls of the sugar are esterified by five molecules of acid :

CH2(OX)'CH(OX)-CH -CH(OX)-CH(OX) « CH(OX)
j o '

where X = —CO • C0H2(OH)a ' O • CO • C(JH2(OH};,

Tannic acid is an almost colourless amorphous substance. It has an
astringent taste, is soluble in water and alcohol, only slightly soluble in
ether, arid insoluble in chloroform. I t is decomposed, by boiling with
2°/a hydrochloric acid, into gallic acid.

Ex'pt. 91. Extraction and reactions of tannin {or gallotannic) acid. By a crude
method a solution of gallotannic acid can t>e obtained from tea. About ftgrnn. of the
residue, after the extraction with ether in Expt. 88, i« again extract**] with ether
once or twice which will remove all but traces of gallic? acid. Boil up this residue from
ether with a little water and filter. With the filtrate make the following tent** which
differentiate between gallic and gallotannic acid :

{a) To about 10 c.c. add a little 10% gelatine. The gelatine is precipitated.
(b) To a little of the filtrate add a few drop** of lead nitrate notation. The tannic

acid is precipitated.
The remaining testa are given in common with gallic acid. If tha extract in too

coloured, dilute with water.
(c) Dilute a few drops of the filtrate with water in a porcelain dinh and odd a

drop of ferric chloride solution. A blue-black colour is given.
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(d) Dilute a few drops of the filtrate with water in a porcelain dish and add a
drop or two of iodine solution. A transient red colour is formed.

(e) To a little of the nitrate in a test-tube add a few drops of potassium cyanide
solution. A reddish-brown colour is formed which changes to brown but becomes
red again on shaking with air.

In addition to tannic acid, a great many other tannins are known,
but their constitution is obscure.

Expt. 92. To demonstrate that in tannin-containing plants the tannin may be
also present in the leayes. Take about two dozen leaves of the Common Oak
(Quercus Robur) and pound them in a mortar. Then boil the crushed mass in an
evaporating dish with a little water. Filter, and with the nitrate make the tests for
tannin. Leaves of other trees also may be used, e.g. the Wig Tree {Rims Cotinus),
Sweet Chestnut (Castanea vidgaris).

Expt. 93. To demonstrate that tannins may he present in herbaceous as well as
woody plants. Extract some leaves, as in the last experiment, of Scarlet Geranium
[Pelargonium zonale) and test for tannin.

Expt. 94. To demonstrate that tannins may he present in petals and fruits, in
addition to other parts of the plant. Extract and test for tannins as in the last experi-
ment, using petals of Pelargonium zonale, Common Paeony (Paeonia officinalis) or
Rose (any garden variety), inflorescence of Flowering Currant (Ribes sanguineum)^
flowers of Horse Chestnut (Aesculus Hippocastanum) or pericarp of Sweet Chestnut
{Gastanea).

T H E FLAVONE AND FLAVONOL PIGMENTS.

These yellow colouring matters are very widely distributed in the
higher plants (Shibata, Nagai and Kishida, 26). They are derived from
the mother substances, flavone and flavonol, the latter only differing
from the former in having the hydrogen in the central 7-pyrone ring
substituted by hydroxyl:

Flavonol

The naturally occurring pigments, however, have additional hydro-
gen atoms replaced by hydroxyl groups, that is they are hydroxy-
flavones and flavonols, and the various members differ among each other
in the number and position of these hydroxyl groups. Some of the
members are widely distributed, others less so. Quite often more than
one representative is present in a plant.
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The flavone and flavonol pigments are yellow crystalline substances,
and as members of a class they have similar properties. They occur in
the plant most frequently as glucosides, one or more of the hydroxyl
groups being replaced by glucose, or, sometimes, by some other hexose,
or pentose. In the condition of glucosides, they are much less coloured
than in the free state, and, being present in the cell-sap in very dilute
solution, they do not produce any colour effect, especially in tissues
containing chlorophyll. Occasionally they give a yellow colour to tissues,
as in the rather rare case of some yellow flowers (Antirrhinum) where
colour is due to soluble yellow pigment.

In the glucosidal state, the flavone and flavonol pigments are, as a
rule, readily soluble in water and alcohol, but not in ether. In the non-
glucosidal state they are, as a rule, readily soluble in alcohol, somewhat
soluble in ether, but soluble with difficulty in water.

The flavone and flavonol pigments can be easily detected in any
tissue by the fact that they give an intense yellow colour with alkalies
(Wheldale, 29). If plant tissues be held over ammonia vapour, they turn
bright yellow, showing the presence of flavone or flavonol pigments: this
colour disappears again on neutralization with acids. (The* reaction is
especially well seen in tissues free from chlorophyll, such'as white flowers.)
This reaction will be found to be almost universal, showing how wide is
their distribution. With iron salts, solutions of the pigments give* green or
brown colorations. With lead, insoluble salts are formed. Several of
the members are powerful yellow dyes, and hence Home plants in which
they occur, such as Ling (Erica cinerea), Dyer's Weld or Rocket (Reseda
luteola), have been used for dyeing purposes. The value of these colour-
ing matters as dyes has led to their chemical investigation, and as a
result the constitution, etc., of the hydroxy-flavonen and flavonoln in
well established.

Earpt. 95. Demonstratum of the pretimwe of flavonv or fbtmmnl pii/mant* in ti*Hiwa
without chlorophyll. Take flowers of any of the undermentioned HjmeiOM and put
them in a flask with a few drops of ammonia. They will rapidly turn yellow owing
to the formation of the intensely yellow salt of the flavone or flavonol pigiuente
present in the cell-sap. If the flowers are next treated with acid the yellow colour
will disappear.

Also make an extract of some of the flowers with a Htfcl© boiling water. Filter,
cool and add the following reagents:

(a) A little alkali. A yellow colour is produced.
(b) A little ferric chloride solution. Either a green or brown coloration is

produced.
(a) A little basic lead acetate solution. A yellow precipitate of the lead imlt of

the flavone ©r flavonol pigment is formed.
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The flowers of the following species can be used : Snowdrop (Galanthus nivalis),
Narcissus {Narcissus poeticus), white variety of Lilac {Syringa vidgaris), Hawthorn
{Crataegus Oxyacantha), White Lily (Liliiim candidum), white var. of Phlox, double
white Pink, white Stock {Matthiola) etc., etc., in fact almost any species with white
flowers or a white variety.

Expt. 96. Demonstration of the presence of jiavone or flavonol pigments in tissues
containing chlorophyll. Make a hot water extract of the leaves of any of the under-
mentioned species. Make with it the same tests as in the previous experiment.

The following plants may be used : Snowdrop {Galanthus nivalis\ Dock {Rumex
obtusifolius), Goutweed {Aegopodium Podagraria), Dandelion {Taraxacum officinale),
Violet (Viola odorata), Ribwort Plantain (Plantago lanceolata), Elder {Sambucus
nigra).

The most important flavone pigments are apigenin, chrysin and
luteolin.

Apigenin has not yet been found to be widely distributed. Its
formula is:

OH

I t occur s i n t h e P a r s l e y {Carum Petroselinum) ( P e r k i n , 18 ) a n d i n

t h e flowers of t h e i v o r y - w h i t e v a r i e t y of S n a p d r a g o n (Antirrhinum

majus) ( W h e l d a l e a n d B a s s e t t , 3 0 ) .

Expt 97. Extraction ofapiin, the glucoside of apigenin, from the Parsley (Carum
Petroselinum). Take some Parsley leaves and boil in as little water as possible.
Fil ter off the extract and make the following tes ts for apigenin :

(a) Add alkali. A lemon yellow coloration is given.
(b) Add basic lead acetate solution. A lemon yellow precipitate is formed.
(c) Add ferric chloride solution. A brown colour is produced.
(d) Add ferrous sulphate solution. A reddish-brown colour is produced.

A p i i n f r e q u e n t l y s e p a r a t e s o u t i n a g e l a t i n o u s c o n d i t i o n from a q u e o u s

a n d d i l u t e a l c o h o l i c s o l u t i o n s .

C h r y s i n i s a flavone o c c u r r i n g i n t h e b u d s of v a r i o u s s p e c i e s of

P o p l a r (Populus). I t h a s t h e f o r m u l a :
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Luteolin does not appear to be widely distributed, though possibly
it occurs in many plants in which it has not yet been demonstratocl. I ts
formula is represented as :

OH uC

I t occurs i n t h e D y e r ' s W e l d or W i l d M i g n o n e t t e . {Reseda Inteola)

( P e r k i n , 17) , D y e r ' s G r e e n w e e d or B r o o m {Genista tinctoria) ( P e r k i n , 2 3 )

a n d in t h e ye l low v a r i e t y of f lowers of t h e S n a p d r a g o n {Antirrhinum

majus) ( W h e l d a l e a n d B a s s e t t , 32 ) . I t h a s b e e n m u c h u s e d a s a y e l l o w

d y e : h e n c e t h e n a m e s of t h e first t w o p l a n t s ( P e r k i n a n d H o r s f h l l , 2 0 ) .

T h e m o s t i m p o r t a n t flavonol p i g m e n t s a r e q u o r c e t i n , k a c r r i p f e r o l ,

m y r i c e t i n a n d fisetin.

Q u e r c e t i n i s a p p a r e n t l y o n e of t h e m o s t w i d e l y d i s t r i b u t e d of t h e

whole g r o u p of yel low p i g m e n t s , a n d h a s t h e f o r m u l a :

It occurs, either free, or combined with various sugars (
rhamnose) as glucosides, in many plants, as for instance the following:
in the bark of species of Oak (Quercus), in berries of specien of Buck-
thorn (Rhamnus), in flowers of Wallflower (Oheimnthiis Cheiri), Hawthorn
{Grataegus Oxyacantha) (Perkin and Hummel, 22), Pansy {Viola, tricolor)
(Perkin, 19) and species of Narcissus: in leaves of Ling {Calluna erica)
(Perkin, 23), and the outer scale leaves of Onion bulbs (Perkin and
Hummel, 21).

Expt. 98. Preparation of a glucoside of quercetin from Narcissus flowers. The
species of Narcissus which can be used are iV. Tazetta, N. incomparabilut, and any of
the common yellow trumpet varieties. Pound about 50 flowers in a mortar and then
extract in a flask with boiling alcohol. Filter off the alcoholic extract and evaporate
to dryness; then add a little water and ether and transfer the whole to a aeparating
funnel. The ether takes up the plastid pigments, but at the plane of serration of the
liquids, theglucoside separates out aa a crystalline deposit. This can l>e filtered of!";
with a dilute solution in alcohol make the following tests :

(a) Add a little alkali. The yellow colour is intensified, but the intensification
disappears on adding acid.
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(b) Add a little lead acetate solution. An orange precipitate of the lead salt is
formed.

(c) Add a little ferric chloride solution. A green coloration is produced.
(d) Heat some of the alcoholic solution on a water-bath, acidify with strong

hydrochloric acid and add zinc dust. A magenta colour is produced (see p. 106).

Expt. 99. Preparation of crude quereetin from Onion skins (Perkin, 21). Take
about 50 gms. of the brown outer skins of onions and boil with 900 c.c. of water for
an hour. Then filter and allow the filtrate to stand for 24 hrs. A brownish-yellow
deposit is formed which is crude quereetin. Filter this off and dissolve in 75%
alcohol and allow to evaporate slowly. Quereetin will be deposited. With a solution
in dilute alcohol make the same tests as in the last experiment.

Expt. 100. Preparation of a qiiercetin glucoside from Wallflower (Cheiranthus
Oheiri) flowers (Perkin and Hummel, 22). Take 20 gms. of petals of flowers of either
the brown or yellow variety and drop them into boiling alcohol in a flask. Filter and
evaporate the extract to dryness on a water-bath. Dissolve the residue in water and
add ether. In the case of the yellow variety the yellow plastid pigments are taken
up by the ether, and the quereetin glucoside partly crystallizes out from the water
as in Expt. 98. In the case of the brown variety both quereetin glucoside and
anthocyan pigment are present as well as plastid pigments. The two former go into
solution in the water and the glucoside in time crystallizes out. In either case the
glucoside can be filtered off and tested as in the previous experiment. A positive
result will be given in each case.

Kaempferol occurs in the flowers of a species of Larkspur {Delphi-
nium consolida) (Perkin and Wilkinson, 25) and Prunus (Perkin and
Phipps, 24) and in the leaves or flowers of several other plants. I t has
the formula:

HO

Myricetin and fisetin are two other flavones which have been found
in species of Sumac (Rhus) and other plants. They have respectively
the formulae:

t>H

HO
Myricetin
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T H E ANTHOCYAN PIGMENTS.

These pigments are the substances to which practically all the blue,
purple and red colours of flowers, fruits, leaves and stems are due
{Wheldale, 3). They occur in solution in the cell-sap and are very
widely distributed, it being the exception to find a plant in which they
are not produced. As members of a group, they have similar properties,
but differ somewhat among themselves, the relationships between them
being much the same as those between the various flavone and flavonol
pigments. They occur in solution in the cell-sap but occasionally they
crystallize out in the cell. They are present in the plant in the form of
glucosides, and in this condition they are known as anthocyanins; as
glucosides they are readily soluble in water and as a rule in alcohol
[except blue Columbine {Aquilegia), Cornflower (Centaurea Cy antes) and
some others] but are insoluble in ether and chloroform. The glucosides
are hyHrolyzed by boiling with dilute acids, and the resulting products,
which are non-glucosidal, are termed anthocyunidins (Willstatter and
Everest, 35). The latter, in the form of chlorides, are insoluble in ether,
but are generally soluble in water and alcohol. The anthocyanins can
be distinguished from the anthocyanidins in solution by the addition of
amyl alcohol after acidification with sulphuric acid. The anthocyanidins
pass over into the amyl alcohol, the anthocyanins do not. The antho-
cyanins and anthocyanidins themselves (with one exception) have not
yet been crystallized, but of both classes crystalline derivatives with
acids have been obtained (Willstatter and Everest, 35).

In considering the reactions of anthocyan pigments the difference
between those given by crude extracts and those of the.isolated and
purified substances must be borne in mind. With acids the anthocyan
pigments give a red colour: with alkalies they give, as a rule, a blue or
violet colour when pure, but if flavone or flavonol pigments are present
(as may be the case in a crude extract) they give a green colour, due to
mixture of blue and yellow. In solution in neutral alcohol and water
many anthocyan pigments lose colour, and this is said to be due to the
conversion of the pigment into a colourless isomer which also gives a
yellow colour with alkalies (Willstatter and Everest, 35); hence even a
solution of a pure anthocyan pigment may give a green coloration with
alkali due to mixture of blue and yellow. The isomerization can be
prevented or lessened by addition of acids or of neutral salts which form
protective addition compounds with the pigment. With lead acetate
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anthocyan pigments give insoluble lead salts, blue if the pigment is
pure, or green, as in the case of alkalies, if it is mixed with flavone or
navonol pigments, or the colourless isomer.

When anthocyan pigments are treated with nascent hydrogen, the
colour disappears but returns again on exposure to air. I t is not known
what reaction takes place.

Expt. 101. The reactions of ant/iocyanins and anthocyanidins. Extract petals of
the plants mentioned below with boiling alcohol in a flask. Note that the anthocyan
colour may disappear in the alcoholic extract. Filter off some of the alcoholic extract
and make the following tests (a) and (b) with it :

(a) Add a little acid and note the bright red colour.
(b) Add a little alkali and note the green colour.
The decolorized petals, after filtering off the extract, should be warmed with a

little water in an evaporating dish. The colour is brought back if pigment is still
retained by them.

Evaporate the remainder of the alcoholic extract to dryness and note that the
anthocyan colour returns. Dissolve the residue in water and continue the following
tests, taking a little of the solution in each case :

(c) Add ether and shake. The anthocyan pigment is not soluble in ether.
(d) Add acid. A bright red colour is produced.
(e) Add alkali. A bluish-green or green colour is produced which may pass to

yellow.
(/) Add basic or normal lead acetate .solution. A bluish-green or green precipitate

is produced.
{g) Add a little sulphuric acid and then amyl alcohol and shake : the latter does

not take up any of the red colour, indicating that the pigment is in the anthocyanin
(glucosidal) state.

(A) Heat a little of the solution on a water-bath with dilute sulphuric acid and
then cool and add amyl alcohol. The colour will pass into the amyl alcohol, indicating
that the pigment is now in the anthocyanidin (non-glucosidal) state.

(i) Acidify a little of the solution with hydrochloric acid and add small quantities
of zinc dust. The colour disappears. Filter off the solution and note that the colour
rapidly returns again.

For the above reactions it is suggested that the following flowers be used as
material: magenta Snapdragon (Antirrhinum majus), brown Wallflower (Cheiranthus
Cheiri), crimson Paeony (Paeonia officinalis), magenta " Cabbage" Rose, Violet
(Viola odorata\ but the majority of coloured flowers will serve equally well.

Though the above represent the reactions and solubilities given by
the greater number of'anthocyan pigments, it will be found that all are
not alike in these respects.

Expt 102. Demonstration that anthocyanins may be insoluble in alcohol but soluble
in water. Extract petals of any of the species mentioned below with boiling alcohol
and note that they do not lose their colour. It will be found that the pigments are
either completely or largely insoluble in alcohol, but are soluble in water. Test the
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water extract as in Expt. 101 (<-•)"(*)• Also take oqual quantities of the. watnr extract
in two evaporating dishes. To one add sodium chloride. Note (as mentioned above,
see p. 98) that the colour fades less rapidly from the extract containing tlict wilt. The
flowers of the following species nan be used : blue Larkspur (l)elphiniu///•), Cornflower
(Cantaurea Cj/unn-a), blue Columbine (A<fui/.Mji<i).

Then? is a small group of plants belonging1 to some allied natural
orders, of which the anthocyan pigments #ive chemical reactions still
more different from the general type already described, though they
nevertheless resemble each other. Such, for instance, arc the pigments
of various genera of the Chcnopodiaceae [Beet (Beta), ()ni(.:he {Atriplex)\
Amarantaceae (Amaranthus and other genera), Phytolaceaceae (P/tyto-
lacca) and Portulacaeeae (Portulaca). These anthoeyan pigments an*
insoluble in alcohol but soluble in water: they give a violet colour with
acids, red to yellow with alkalies, and a red precipitate with basic lead
acetate.

Expt. 103. Ittwtwns of the. Beet-root (Beta vulpim) piyment. Take some Beet-
root leaves, tear them into small pieces and put them into alcohol. Allow the leaven
to Htand for some time and note that the chlorophyll is extracted but the vwl pigment
is insoluble. Then pour off the alcohol and add water: the red pigment goes into
solution. Filter off the solution and make the following testw :

(a) Add acid. The pigment turns violet.
(b) Add alkali. The pigment Incomes redder mid finally turns yellow.
(c) Add basic lead acetate. A red precipitate w formed.
(d) Acidify with hydrochloric acid and add zinc dust. TheeolonrdiMHppmrH, but

on filtering off from the zinc it does not return again.

Anthocyan pigments may also occur in leaves, and thin in very obvious
in red-leaved varieties of various species such as the CJopper Beech, the
Red-leaved Hazel, etc.

Expt. 104. Extraction of author, if mi pigment from the Ited-lmcrd Ihtzd. Extract
Home leaven of the Blood Hazel {Goryhut Avdlana var. rubra) with alcohol. Filter off
and evaporate the solution to drynetu*. Add water. Pour a little of the crude mixture
in the dish into a teHt-tul>e and add ether. There* will \m a ftopnmtion into a grcsen
ethereal layer containing chlorophyll, and a lower water layer containing anthoeyan
pigment. Filter the extract remaining in the dinh and with tho filtrates make, tho
teats already given in Expt. 101 (c)-(i).

The leaven of tho Copj>er ISeech (Faguts nylvatim var. purpurm) mn t%\m \m lifted.

In many flowers, the cells of the corolla may contain yellow plaatid
(see p. 39) in addition to anthocyan pigments. The colour of the petal**
is in these cases the result of the combination of the two, and i« usually
some shade of brown, crimson or orange-red, as in the brown-flowered
variety of Wallflower (Cfteirantiius Ckeiri).


