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nmtoDUCTioN 

A. Starch

Starch belongs to that class of carbohydrates known as 
polysaccharides. Next to cellulose it is the most widely 
distributed glucose condensation product found in the plant . 
kingdom (1). It belongs to that type of polysaccharide 
known as storage polysaccharide. It occurs alone or with 
sugars as storage materials in seeds, tubers, roots, unripe 
fruits, and leaves (2). In the leaves, starch appears along 
with glucose, fructose and sucrose as a result of the photo
synthetic process. According to Harvey (3), starch forms 
fifty to seventy per cent of the dry weight of grains and 
fifteen to thirty per cent of the dry weight of potatoes. 
Pringsheim (4) has concluded that the occurrence of starch 
in plants is evidence that the carbohydrate supply was in 
excess of sugar requirements of the plant at the time of the 
formation of the starch. He also states that the starch con
tent in any part of the plant is not constant, but that the 
amount of starch found at any time depends upon the physio
logical activity of the tissue. At one time a particular 
tissue may be entirely free of starch and at another time an 
abundance of starch may be present. The amount of starch in 
leaves varies with the day and night (5). Starch is stored 
temporarily in the leaves during the day, then re-converted
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to glucose during the night and translocated to other parts 
of the plant. During the day translocation is taking place 
normally, but the rate of synthesis of starch by the plant 
is in excess of the amount translocated,

Sehorger (6) reports that starch in small amounts ap
pears to be found locally throughout the entire trunk of 
the tree. He reports (?) that the best available data in
dicates that the starch content of wood does not exceed three 
to four per cent, . Recently Campbell (8) has extracted starch 
from oak sapwood and the outer sapwood of the walnut. He ob
tained a yield of 1.38 per cent from the oak wood end 0.43 
per cent yield from the walnut wood. This does not give the 
absolute content of starch present in the wood, but does give 
an idea as to the magnitude of the amount of the starch. 
Bechmann (9) much earlier had determined the amount of starch 
in various woods and reported the following results:

Species Starch
per cent

Maple 2.65
Birch 0.95
Alder 1.54
Elm 5.90
Sweet chestnut 2.65

This starch was determined by exhausting the finely powdered 
wood with water at 108 to 110 degrees for eight hours and then 
heating 100 cubic centimeters of the filtrate with 10 cubic 
centimeters of twenty-five per cent hydrochloric acid and sub
sequently determining the reducing sugars. It has been reported 
(10) that starch is most abundant in the winter in the thick-
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walled, well-llgnifled cells removed from the centers of for
mation. Starch is reported by Steele (11) to be present in 
trees to the extent of five per cent or more and that carbo
hydrates are converted into fat in many trees such as the 
birches, plums, walnut, and pines. As starch disappears in 
trees the fat accumulates and such a change is important as 
part of the plant defence mechanism against low temperatures.

Photosynthesis is the name given to the process whereby 
plants, through utilizing solar energy absorbed by the chloro
phyll which is situated in the chloroplasts, build up from 
carbon dioxide and water various complex organic compounds (12), 
In the young developing leaves starch makes its first appearance 
in these chloroplasts, which is a definite protoplasmic struc
ture. In these plastids the starch first appears as minute 
specks, which grow larger upon continued exposure to the light 
and under those conditions which favor photosynthesis (13)•
Sachs (14) showed that starch was only produced in the plastids 
of the leaf upon exposure to the light.

Attempts have been made by a number of investigators (15) 
(16) to determine the first product of photosynthesis. It 
is not generally believed that starch is the first product of 
photosynthesis. In the leaf, starch is present only as a 
storage product, and the first product of the process is a 
sugar (17). In the experiments some investigators used whole 
plants and others used detached leaves, which were floated 
upon the surface of an aqueous solution of the substance to
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be tested. The general idea was that the leaves might absorb 
the organic compound and thus starch might be formed from it. 
It was noted that starch could be formed in such experiments 
from a variety of substances, particularly sugars, but starch 
was also found to be formed under these conditions from or
ganic acids and glycerol (18). Pringsheim (13) concludes 
that it is the general opinion at the present time that 
starch is probably produced from glucose. Whether glucose 
or some other sugar is the first carbohydrate produced in 
photosynthesis and the course which the synthetic process 
takes are still unsolved problems.

Pure starch, which has not been subjected to heat or to 
strong chemical treatment, occurs in the form of white micro
scopic granules varying in size from 0.002 mm to 0.2 mm in 
diameter (19). Reichert (20) has shown that the shape and 
structure of the starch granules are characteristic of the 
different species of plants. This might offer a means of 
identifying certain varieties of some plant species.

Air dry starch contains water which can be removed by 
drying at 100 degrees. If starch is heated to 200 degrees 
it is converted to a sticky soluble substance commonly known 
as British gum or dextrin (21). Starch is insoluble in cold 
water, but if heated in boiling water the granules burst and 
a slimy opalescent substance known as “starch paste" is 
formed. This is said by Thatcher (22) to be undoubtedly a 
colloidal solution of staroh in water. If starch is treated
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by various chemical means such as treatment with acids, ace
tone, or other organic solvents, it is converted into "soluble 
starch", which shows properties similar to ordinary starch 
and is thus suitable for most uses.

The most characteristic reaction of starch is the for
mation of the blue color with iodine. This reaction of iodine 
has been the subject of much investigation for a number of 
years. Such men as l^rlius (23) and Bonvier (24) have main
tained that the starch iodine reaction is a combination of 
the starch and the iodine. It has, however, been shown 
rather convincingly that starch iodide is an adsorption com
pound, a solid solution of iodine in starch, and thus obeys 
the laws of adsorption (25). Pringsheim (26) concludes that 
starch acts as a protective colloid toward iodine and for 
this reason alkalies and organic solvents of iodine, which 
bring iodine into true oolution, tend to hinder the starch 
iodine reaction. Also, an influence such as heating tends 
to decrease the limit of the protective action of the starch. 
In accordance with the above theory it is a well known fact 
that if starch is treated with iodine, the characteristic 
blue color is obtained. If this mixture is heated the blue 
color will disappear, but it will reappear when the mixture 
cools. The deep blue color usually given by iodine and or
dinary starch, such as the starch from potato and maize, is 
not always given by a starch and iodine. Haworth and his co
workers (27) investigated the starch from the waxy maize.
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This variety of starch dees not give the deep "blue color 
usually obtained with starch and iodine , but a red-violet 
coloration is produced, which, according to these investi
gators, is not unlike the red-brown color given by glycogen.

Similar to glycogen and other complex polysaccharides, 
starch is very resistant toward alkalies, even to hot cor
rosive solutions of these (28). However, boiling starch with 
dilute acids hydrolyzes it through the intermediate products 
of dextrine, maltose tm glucose. This hydrolysis of ordinary 
starch can be traced with the iodine color reaction; starch 
will give a deep blue color, dextrin a purple or rose-red 
color, and maltose and glucose will give no color at all with 
iodine (22). This is not a clear-cut hydrolysis, but mix
tures of all the intermediate products are present at all 
times; glucose, however, is the final product on prolonged 
boiling (29). Spoehr (30) and his eo-worker have stated that 
continued action of acid on starch results in the destruction 
of the glucose produced upon hydrolysis. Therefore, in a so
lution of the hydrolyzed starch even after complete hydrolysis 
of the intermediates other materials resulting from the de
gradation of the glucose might be present.

Enzymes also hydrolyze starch. The degree to which the 
hydrolysis takes place will depend upon the enzyme and upon 
the Conditions of the hydrolysis. The enzymes, diastase 
from Aspergillus oryzae, and the ptyalin from saliva, hydro
lyze starch through a number of intermediate products to
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maltose. If the enzyme maltase is present, the hydrolysis 
will continue until only glucose is present (29). In papers 
presented by Davis (31), Daish (32), and Blake (33), there 
are excellent discussions of the enzymes in relation to starch 
and sugar. An excellent discussion is included by Pringsheim 
(34) on the enzymatic degradation of starch.

Many workers have reported the specific rotation of 
various starches, bat there is not much agreement as to the 
specific rotation of the starches obtained from different 
sources. Haworth (27) and his co-workers have investigated 
the specific rotation of the waxy maize starch. This starch 
was difficult to put into solution, so they need a "prepared* 
waxy maize starch. This "prepared" starch was obtained by 
putting the starch into an aqueous solution and then preci
pitating it with alcohol. The preoipitated starch was ground 
under alcohol, washed with ether, and dried in vacuum. This 
starch in water solution gave&c^«+212*, and in a four per cent 
sodium hydroxide solution it gave M #**+153°. Campbell (8) 
extracted the starch from oak sapwood and found the M #*+164.30 
in water solution. This rotation was obtained by dissolving 
as much of a weighed amount of starch as possible in water, 
filtering through a weighed crucible, and determining the 
amount of undissolved starch. By difference the concentra
tion of the dissolved starch could be obtained. He also ob
tained -+128.8* for this same starch in a two per cent sodium 
hydroxide solution. More recently Spoehr (30) has obtained
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starch from the leaves of different species of plants by ex- . 
tracting the starch with water and freezing It from solution. 
He prepared a solution of the leaf starches by heating starch 
to 120° with water. The insoluble material was removed at 
the centrifuge. The amount of starch In such a solution was 
determined on the basis of the reducing power after hydro
lysis with acid. The starch obtained from potato (tuber) 
gave 194.6°, and from corn (seed) 1X1^+190.0°. The
starches from the ten different sources had specific rota
tions which varied from 170.2° to 237.5°. Spoehr admits 
that the optical ro tat ion of starch solutions Is not a very 
satisfactory property to use for identification and does not 
give much weight to the values obtained.

It was pointed out by Nageli (35) in 1858 that starch in 
the form of granules consists of more than one substance.
Mayer (36) called tiro of these substances alpha-amylose and 
beta-amyloae, while Ma%uenne and Houx (37) called the two 
constituents amylopectin and amylose. Haworth and his co- 
workers (27) adhere to the nomenclature of Maquenne and 
Houx. It is generally conceded that starch granules do con
tain at least these two substances (38) (39) (40) (41). The 
term amylopectin applies to the wall material of the granules. 
It is less soluble and not as readily hydrolyzed as the amy
lose, which forms the content of the starch granules. It is 
reported (38) that both of these substances give the same 
ultimate product, glucose, %@on hydrolysis with dilute acids.
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Anylose dissolves readily in ©old water to give mobile so
lutions, but amylopectin is insoluble in cold water, but 
forms pastes with hot water (41). Steele (39) reports that 
the paste-forming properties of starch are entirely due to 
the presence of amylopectin. According to Maquenne (37) the 
only constituent which gives the blue color with iodine is 
the amylose, while the amylopectin remains uncolored. Ling 
and Nanji (38) however, noted that amylopectin, when made 
into a paste with hot water, gives a bluish-black coloration 
and a precipitate with iodine, while amylose gives a clear 
bright blue solution and no precipitate. The specific rota
tion for amylopectin is given by Ling and Nanji (38) as +221®, 
and Same© and Meyer (42) give 189® as the specific rotation 
for amylose.

Harvey (40) also postulates that all starch contains 
amylopectin and various amyloses in different proportions. 
Some values for the composition of starches are given by:

Starch Amylose Amylopectin
Oats 71.5* 28.5*
Wheat 67.5 32.5
Barley 73. 27.Potato 73# 27.
Rice 68.5 3JL.6
Apple 76.

Pringsheim (43) has stated that the inner component of stareh, 
amylose, does occur independently of the envelope.

The separation of amylose and amylopectin is not a simple 
procedure. A convenient method, however, fbr preparing amy
lose and amylopectin (38) is to keep a five per cent starch-
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paste at zero degrees for ten to twelve hours. The amylose 
Is precipitated as a fibrous mass. If the mass is then 
thawed and the mixture kept below the gelatinizing point of 
starch, the amylose passes into solution, leaving the in
soluble amylopectin. After the removal of the amylopectin, 
the amylose can be precipitated as a white material which 
will dry as a white powder. If starch paste is treated with 
one molecular proportion of calcium hydroxide, strontium 
hydroxide or barium hydroxide the starch is precipitated. The 
amylose will gradually pass into solution thus leaving the 
amylopectin.

Samec (44) has concluded that amylopectin is different 
from amylose in regard to the phosphorous content • He be
lieves that the viscosity, or paste-forming properties of 
amylopectin, is due to a phosphoric acid ester of the starch 
carbohydrate. In support of his view, Samec prepared a phos
phoric acid ester of amylose (45). The amylose before ester- 
float ion had no phosphorous pentoxide content and a one per 
cent solution had a relative viscosity of 1.008. After ester- 
fication, the phosphorous pentoxide content was 2.06 per cent 
and the relative viscosity was 43.1. Samec concludes that 
this increase in viscosity supports his views. Also indica
tive that phosphorous is present is the fact that if starch 
is treated with seven per cent hydroohlorlo acid for a week, 
the liquid will contain phosphoric acid (39), Nanji and his 
co-workers also conclude that the phosphoric acid appears to
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be associated with the amylopectin. Pringsheim (46) re
ports that starch contains a definite amount of ash which can 
not be removed without altering the properties of the etareh#
He reports that potato starch contains 0,14 to 0,23 grains of 
phosphorous pentoxide per one hundred grams.

In contrast to Samee's (44) view that the soluble amy- 
lose portion of starch is free from phosphorous and that the 
paste-forming properties of amylopectin is due to the phos
phorous content of the latter, Hirst (41) and his co-workers 
have prepared a soluble amylose fraction which retained the 
full phosphorous content of the original starch. The amylo- 
pdctin, which has the same phosphorous content, differed greatly 
in solubility and paste formation from the amylose. Steele 
(39) also reports that amylose contains no mineral matter, 
but that amylopectin contains small amounts of phosphoric 
acid. He claims that it is not known whether this phosphoric 
acid is present as an ester or merely adsorbed. If the phos
phorous is removed from the amylopectin the polysaccharide 
thus produced is still different from the amylose, Janicki 
(47) concludes that a large part of the phosphorous pentoxide 
is held by adsorption on the starch as colloidal phosphates 
of calcium, magnesium, lion, potassium, end sodium, the re
mainder being present as an ester. He believes that whether 
starch is a homogenous or a heterogeneous substance is still 
an unsolved problem.

Other substances have been found present in starches
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by various Investigators, besides the three constituents men
tioned above. Ling and Hanjl (38) have found in starches, 
especially those of barley, wheat, and rice, another carbo
hydrate other than amylose and amylopectin. # o n  general 
examination they have concluded that this appears to be of 
the nature of hemieelluloses. In support of this, Schryver 
(48) reports that he isolated a hemlcellulose from wheat 
starch. The presence of silica in the ash from starch has 
been reported by various workers. Ling (39) and his co
workers have reported that two to six per cent of silica has 
been found by them in the ash of starch. Spoehr (30) also 
reports that he found an insoluble material present in the 
solution after hydrolysis of the starch from certain leaves. 
This material amounted to five per cent of the star eh from 
certain species of plant. In some cases this material was 
largely silica, but Spoehr attributes its presence to the 
fact that the leaf material was ground in a pebble mill be
fore extraction.

The determination of the structure of starch has held 
the attention of many investigators, but Ling (38) and his co
workers believe that there is less precise knowledge of starch 
than of all the compounds in the realm of organic chemistry. 
They attribute this lack of knowledge to the fact that starch, 
one of the polysaccharides, usually occurs in nature in the 
colloidal state and thus does not respond to chemical treat
ment as do simpler compounds. It is evident that the deter
mination of the structure of polysaccharides, which exists as



a complex molecule, whose molecular weight is not known, is 
a very difficult task (49). Starch belongs to such a class 
of substances. The structure has been studied by various 
means, but great weight has been placed upon the production 
and study of the degradation products, which result from the 
action of enzymes and acid upon starch, and upon the me thy* 
lation of starch and the study of methylated hydrolytic 
products.

Ling and Nanji (38) studied the effect of enzymes upon 
the two constituents of star oh and conclude that an alpha- 
hexa-amylose should be regarded as the basal unit of poly
merized amylose• They conclude that amylopeetin is a phos- 
horic acid ester of a polysaccharide, which is believed to 
be an alpha-beta-hexa-emylose in which two of the hydroxyl 
groups adjacent to the beta-linkage are ester fled. The basal 
unit of amylopeetin is thus considered to be alpha-beta-hexa- 
emylose. That there are a great nuafcer of substances formed 
when starch is treated with enzymes is evident from Prings- 
heim's (34) discussion of the enzymatic degradation of starch 
and much confusion might result in this type of investigation 
In the degradation of starch by enzymes the change in the 
starch molecule might be represented by a gradual breakdown 
of the long chain in starch into smaller units and finally 
into the simpler glucose residue. Stewart (50) believes 
that the problem is not as simple as this, but concludes that 
enzyme action may be synthetic as well as analytic; and that
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possibly some of the imtermediate products are not truly 
hydrolytic products of starch but synthetic compounds formed 
by the union of t m  simpler fragments of the starch molecule.

Upon the acid hydrolysis of starch under suitable condi
tions a yield of maltose amounting to eighty per cent of the 
starch can be obtained. This fact thus seems to lead to the 
assumption that starch consists entirely of maltose molecules 
linked together. In order to establish the molecular con
stitution methylation of the starch was undertaken, Irvine 
and MacDonald (61) treated starch with dimethyl sulphate 
three times and followed this with methyl iodide end silver 
oxide and found that the methylation proceeded in definite 
stages. The first stage of methylation was arrested when a 
dimethyl starch was obtained. On further methylation with 
dimethyl sulphate a methylated starch was obtained, in which 
seven of nine hydroxyl groups were methylated. After twenty- 
four methylations a substance was obtained ishich gave 43.7 
per cent methoxyl. This value agrees closely with the methoxyl 
content of a trimethyl starch. All three of these materials 
were hydrolyzed, but the trimethyl derivative can furnish the 
most information. On hydrolysis of this, 2:3:6 trimethyl- 
glucose was obtained and no trace of any other sugar was 
found, starch, then, contains in each glucose unit three 
hydroxyl groups in the 2:3:6 positions.

The production of the 2:3:6 trlmethylglueose does not 
give any information as to the type of linkage In the starch
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molecule. Haworth (52) and his co-worker agree that no in
ference can be drawn from the type of linkage while the hy
dro zyl groups are unprotected. According to these workers 
there are the two competing formulas, the furanose formula 
and the pyranose formula. In order to attack this problem, 
these workers have developed a procedure by which the con
stitution of two contiguous glucose units of starch was es
tablished. Trimethylamylose was treated with acetyl bromide 
in chloroform and derivatives of the monosaccharide, disac- 
eharide, and trisacoharide were obtained. They claim that 
the disacoharide was a derivative of the bromide and mone- 
acetyl derivative of a hexa-methylbiose. The bromine was re
moved by taking the material with silver carbonate in ethyl 
alcohol; the resulting compound was oxidized with bromine in 
the presence of barium benzoate. The derived bionic acid 
was further methylated and esterfied, giving 22.4 per cent 
of a methyl-oetamethylmaltobionate. This compound was hydro
lyzed with hydrochloric acid, and 2:3:4:6 tetramethyl-glueo- 
pyranose and 2:3:5:6 tetramethyl-gamma-gluconolaetone was 
obtained. They conclude that these products indicate that 
only the four position is involved in the union of the glu
conic acid with the adjoining residue, tetramethyl-glueo- 
pyranose, in the bionic ester. They cite as evidence the 
fact that if hydrolysis is undertaken before oxidation,
2:3:6 trimethylglucose is obtained. Therefore, the five po
sition must have been liberated as a hydroxyl group during 
the oxidation of the biose derivative. They report that the
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one position of the tetramethyl-glucopyranose could only have 
been involved in union with the four position of the gluconic 
acid component. Therefore, the conclusion is that the ori
ginal polysaccharide is composed of conjugated maltose re
sidues comprising a chain of alpha-glucopyrsnose units.

The length of the chain in the starch molecule was also 
determined by methylation experiments. Hirst, Plant and 
Wilkinson (41) agree that it has been reported that starch 
reacts as if it consisted entirely of amyloee. They conclude 
that there is good evidence that both amyloee and amylopect in 
consist of glycopyranose units, which are linked together as 
in maltose, and that the number of glucose units in the chain 
is twenty-four for both methylated amylose and amylopect in.
These investigators therefore believe that the unmethylated 
compounds as they exist in the starch molecule are present in 
chains, with a molecular magnitude little, if any, greater 
than twenty-four glucose units. This estimation of the length 
of the chain can be obtained by completely methylating and 
hydrolyzing the starch. Upon hydrolyzing, large amounts of 
2:3:6 trimethylglueose will be produced along with a definite 
amount of tetramethylgluco se. If the structure of a long 
chain of methylated units is examined it will be seen that 
only the terminal unit will give a tetramethylglucose. If a 
quantitative assay of the amount of the tetramethylglucose 
is made, an estimation of the chain length can be obtained. 
Haworth (27) and his co-workers prepared the fully methylated 
derivatives of the waxy maize starch and found that it resembled

L



in all respects the methylated smylose fraction of potato 
starch. The gravimetric assay of the end group after hydro
lysis of methylated waxy maize starch gave 4.5 per cent of 
tetramethylglucose which, according to these workers, corres
ponds to a chain length of twenty-six to thirty" alpha-gluco- 
pyranose units. This is similar to the result obtained from 
methylated amylose and methylated amylopectin.

It is a known fact that starch does not reduce Fehling*a 
solution (41) and consideration is being given to the fact 
that the terminal group is not a reducing group, but a car
boxyl group. Haworth (53) much earlier, however, had sug
gested that a reducing group on the terminal end of a long 
chain might not reveal its reducing properties. He also 
suggested that the two ends of the chain might unite and thus 
the reducing action of a terminal group could not be effective.

Campbell (8) has recently isolated starch from the walnut 
sapwood and oak sap wood and has subjected the starch from the 
oak sapwood to a detailed chemical study. %  concludes that 
the starch from the parenchymatous cells of certain woods re
sembles the known starch in some physical properties and 
differs from it in other properties. He concludes that for 
the present it appears that in all probability the starch from 
the oak sapwood is composed of approximately ninety per cent 
of anhydroglucose residues, and that the remainder consists of 
an aldoblonic acid anhydride. This aldobionic acid may or 
may not be methylated. His conclusions are based on experi
mental results. He hydrolyzed the starch from oak sapwood

17
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with two per cent sulphuric acid, neutralized with barium hy
droxide, and concentrated the sugars in vacuo. The sugars 
were crystallized from alcohol and their specific rotation 
was 57*. He therefore concludes that glucose predominates.
As further proof of the presence of glucose he obtained the 
glucosazone. Campbell*s starch gave a methoxyl content of 
0.69 per cent and on distillation with hydrochloric acid 
carbon dioxide was evolved, which, when calculated as the 
uronlo acid anhydride, gave a result of 4.65 per cent. He 
reported that the Tollen *s naptbore soreinol test for hexuronic 
acids gave a faint but positive result. The investigation 
of the starch from woods will require much attention before 
any definite conclusion can be drawn as to its constitution 
and its relation to ordinary starch.

The isolation of starch is a comparatively simple matter. 
Starch can readily be obtained from potato tubers (54). The 
potatoes are peeled, macerated, and the pulp thoroughly mixed 
with an excess of water. The mixture is filtered. The fil
trate is allowed to stand so that the starch can settle.
After settling the supernatant liquid is decanted and the 
starch is washed with distilled water. The starch is then 
dried at room temperature. The extraction of starch from 
wood is a different situation. Hot water extraction of the 
starch is of no value (8) because it is contaminated with 
coloring matter, tannins, sugars and other substances. Camp
bell converted wood to sawdust and dried it as rapidly as 
possible in air. When the moisture content reached twelve

I
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per cent, the material was screened. The sawdust was then 
extracted for three hours at sixty degrees with twelve times 
its weight of water. The wood was allowed to settle and the 
liquid was siphoned off. This process was repeated until 
the final extract gave no tannin reaction with ferrous am
monium sulphate • The sawdust was extracted with twelve times 
its weight of water for three hours at 100®. This extract 
was concentrated in vacuo at 25° to 30° to one half its ori
ginal volume. The resulting solution was heated to seventy 
degrees on a boiling water bath and 20 ml of glacial acetic 
acid was added per liter of concentrated extract. An excess 
of hot 97 per cent ethanol was added. The precipitate was 
allowed to settle and the supernatant alcoholic liquor was 
siphoned off. The precipitate was taken up in 750 ml of hot 
water, to which 30 ml of acetic acid and further hot ethanol 
were added. This operation was repeated four to six times. 
The solid material was washed by decantation with alcohol. 
After being washed, the starch was then subjected to a six 
hour extraction with absolute alcohol-dry benzene (1:2), 
absolute alcohol, and finally to dry ether. The starch was 
finally dried at 105 degrees.

The method of Spoehr (30) for the removal of starch from 
leaves of plants offers a much simpler method. Dry leaf 
material was ground, sifted, and then ground extremely fine 
in a pebble mill. The material was then extracted at room 
temperature for five to fifteen hours with ethanol. Ethanol



and petroleum ether were used alternately In the last three 
or four extract Iona. The leaf powder was them extracted with 
water at room temperature by shaking the leaf material with 
ten times Its weight of water for one-half hour. The solid 
material was removed at the centrifuge. This extraction was 
repeated until the wash water was almost colorless. The 
starch was extracted from the leaves by heating them with 
ten times their weight of water for one how on a boiling 
water bath and for one hour at 120®♦ After cooling, the mix
ture was centrifuged and filtered through paper supported by 
a sheet of silk on a Buchner funnel* Most of the starch 
could be precipitated by keeping the solution at -8° for three 
or four days. If a lower temperature is used the starch is 
precipitated from solution in a denser mass. The starch thus 
precipitated was separated from the liquid at the centrifuge 
and finally filtered on silk, dried in vacuo and over calcium 
chloride. Spoehr admits that the two smylose constituents 
may not be precipitated in exactly the same proportions as 
they existed in the original starch and this rould affect the 
composition of the product prepared in this manner. By this 
method of these investigators, starch was obtained from to
bacco leaf which had a lower nitrogen and ash content, and 
gave less carbon dioxide upon distillation with twelve per 
cent hydrochloric acid than did the same starch when preci
pitated with ethanol. Steele (29) also reports that basic 
lead acetate precipitates starch from solution. Starch may 
also be precipitated from solution with ammonium sulphate (55).
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Many methods have been given for the determination of 
starch in various materials, Sehorger (7) concludes that 
the available data on the starch content of wood is meager 
and misleading. He attributes this lack of knowledge to the 
faulty methods of analysis. He believes that methods based 
upon the acid hydrolysis of starch in the wood and the de
termination of the starch from the increase in reducing power 
of the hydrolyzed material is grossly in error, this error 
being due to the fact that other substances such as the pen
tosans and hemicelluloses are hydrolyzed simultaneously with 
the starch, and thus enters into the reduction. He believes 
that any correction for pentoses does not provide for hexosan 
hemic elluloses. However, an estimation of the amount of 
starch present in different materials may be obtained by the 
acid hydrolysis of starch if other materials, which give re
ducing substances upon hydrolysis, are not present. Leach 
(56) gives a method for the determination of starch in dif
ferent materials which involves the hydrolysis of the starch 
with 2.5 per cent hydrochloric acid and the titration of the 
reducing sugars by some reliable method. The result is found 
in grams of glucose. To convert grams of gluoo se to grams of 
starch, the former must be multiplied by the factor 0.90.

In order to overcome the error introduced by acid hydro
lysis of the starch, as above, various methods have been de
vised. Some methods depend upon the coloration produced 
when starch is treated with iodine. Paloheimo (57) has de
veloped a method for the determination of starch which depends

!
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upon the visibility of light through a column of iodine so
lution, the height of the column being the relative visibility 
The relative visibility varies in a definite manner with the 
quantity of starch in solution. The comparison of the known 
and the unknown is made in glass cylinders of definite dia
meter. Gruenman (58) has determined the starch present in 
paper by a similar method. In his method the starch is solu
bilized with acetic acid, diluted to a known volume, and an 
aliquot is treated with sufficient iodine solution to develop 
the maximum color Intensity. The unknown starch solution is 
compared with a standard starch solution, which has been 
similarly treated. Various investigators (54) (59) (60) (61) 
have worked out methods for the determination of starch which 
involve the use of takadiastase to hydrolyze the starch and 
the subsequent determination of the increase in reducing power 
by some standard method. Denny (62) has modified the taka
diastase method for the determination of starch in plant 
tissues. In one procedure the tissue is digested with the 
enzyme at a definite hydrogen ion concentration, and the 
starch determined by the increase in copper reducing power.
In another procedure he extracted the starch with calcium 
chloride, precipitated it as starch iodide, and then treated 
the starch with the enzyme. Denny found that the calcium 
chloride method gave low results and he concludes that this 
might indicate that digesting the plant material directly 
with the enzyme, as in the first procedure, produces some



non-starch material which is hydrolyzed and estimated as 
starch.

The estimation of fermentable sugars by the volume of 
carbon dioxide evolved has long been known, and many investi
gators have made use of this method. Van der Hear (63) has 
determined the volume of carbon dioxide produced when glucose, 
fructose or mannose is treated with baker’s yeast. Nanji and 
Beazeley (64) used pure cultures of yeasts in the analysis 
of mixtures of starch sugars. HcLaehlan (65) concluded that 
the method of selective fermentation by pure cultures c£ 
yeasts was the most satisfactory for the determination of 
sugars in starch degradation products. Slator (66) used the 
fermentation reaction for the estimation of the sugars by 
measuring the amount of carbon dioxide evolved. Schultz and 
Kirby (6,7) have adopted a biological method for the deter
mination of the different sugars in starch degradation pro
ducts. These workers have an excellent discussion of the 
conditions to be followed and experimental results obtained 
by them. They have used both pure cultures and baker’s yeast 
in their determinations. This method might lead to a ready 
means of determining starch in different materials. Most 
workers, as do Schultz and Kirby, agree that the estimation 
of sugars or starch degradation products by fermentation 
experiments is not sifflciently accurate in all respects, but 
an excellent field of investigation lies in the perfection of 
such a method.
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B. Beetle Substances

Pectin, the jellying principle of fruits, was found in 
1831 by Braconnot (68). Beetle substances, which Include 
pectin, represent a class of naturally occurring plant com
pounds that are found as widely distributed as cellulose* 
Similar to cellulose they are essential constituents of cell 
walls and are the main constituents of the middle lamella 
(69). They are generally described as gelatinous substances 
of carbohydrate nature, widely distributed in varying mounts 
in the tissues of plants, especially in fruits and vegetables, 
and are constituents of gums and mucilages (70)*

The pectic compounds can be separated from the cellu
lose and hemicelluloses of the different plant tissues by 
their differential solubility in solvents (71). By the use 
of various solvents the pectic compounds have been isolated 
from numerous sources. They have been found in raw cotton 
(72), flax (73), sugar beets (74), cane juices, syrups and 
molasses (75), and sugar cane fibers (76). The pectic sub
stances are found to be more prevalent in the succulent 
tissues in currants, apples, pears, strawberries, oranges, 
onions, rhubarb, turnips, peapods, and in many other fruits 
and vegetables (71). Hanji and Herman (77) report that 
pectic substances have been found in the leaves of the syca
more, alder, potato, lilac, ivy, and a small amount in the



oereal grains of barley, malt, wheat, and rye. Yon Fellenberg 
(78) obtained about 0.05 per cent of methyl alcohol by the 
alkaline hydrolysis of fir wood, from, which he concluded that 
0.5 per cent of pectin was present. Schwalbe and Becker (79), 
using the method of von Fellenberg, concluded that three per 
cent of pectin is present in alder wood. In 1926, 0fDwyer (80) 
isolated a small amount of pectic substance from beech wood. 
More recently, Anderson (81) isolated pectic substances from 
the wood of the black locust and estimated the yield of pectic 
material as being less than three per cent from the sapwood 
and less than thirteen per cent from the cambium phlorem.

Since Braeonnot*s discovery of pectin in 1831 the pectic 
compounds have been recognized and studied by botanists end 
chemists. The work of the early investigators brought forth 
much data that was contradictory and inexplicable. It is 
known that various pectic substances occur in nature. Some 
authors (82) (83) believe that a great deal of confusion has 
resulted from the nomenclature adopted by the various workers 
for these different substances. According to Ahmann and 
Hooker (83) there are three types of pectic compounds: pectic
acid, its salts, and its esters. The esters of pectic acid 
are of two types: pectin, which is a soluble ester; and pro
topectin, which is an insoluble ester.

The following table is an extract from the one taken 
from their publication. It shows the wide variety of nernes 
applied to the various pectic substances.



TABLE OF NAMES OF PEG TIC MATERIAL 
AS REPORTED BY TAR 10US INVESTIGATORS

(Extracted from Ahmann and Hooker Publication)
— ---------------

Pectic acid Ca, Mg salts Pectin ProtopectinInvestigator slightly sol. insoluble in water esters insol.in water water soluble in water

Freay (84) pectic acid pectose pectin an 
isomer of 
pectic acid

pectose

pectin protopeotin
metapeetin Ca-pectinate pectosic acidparapeotin parapectin

Hangin (69) pectose protopeotin
Ehrlich (85) tetra galac- 

turonic acid pectic acid
Troop de Haas -
and Tollene (86) pectin pectin pectin pectin
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After a thorough study of the literature, Branfoot (87) 
has adopted the nomenclature for the pectic substances given 
below. This nomenclature is also used by Doree (88).

Peotose ---------- the Insoluble modification present in
association with cellulose in cell- 
walls of tissues, which is the pre* 
cursor of the soluble form.

Pectin-------- —  (pectinogen) the soluble form, now
recognized to be a methoxylated form 
of pectic acid.

Peotinic acid-- - the primary hydrolysis products of
pectin with varying methoxy content.

Pectic acid -----  completely de-methoxylated pectin.
Meta-peot 1c acid - the final stable product of hydroly

tic decomposition of pectin.
More recent workers, E. F. Armstrong and K. F. Armstrong 

(89), recognize three pectic substances ifaich they give as:
(a) Protopectin —  the middle lamella of the cell walls

of unripe fruits and other parts of 
plants, which is insoluble and gives 
rise to the other forms. It is a 
combination of pectin and cellulose, 
the two substances being liberated 
in equal proportions upon hydrolysis. 
(Doree (88) uses the term pectose and protopectin synonymously)

(b) Pectin--- -—  which occurs in ripe fruits and issoluble.
(c) Pectic acid -- present in over-ripe fruits, which

is a product of the hydrolysis of 
pectin.

It is evident from the above discussion that even up to 
a recent date the different investigators have been unable 
to agree on the names to be applied to the various pectic 
substances. The general trend at the present time is to use
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the nomenclature of Branfoot.
Since the nature of pectic substances depends upon the 

presence or absence of certain groups combined with a basal 
unit, it is important to establish as accurately as possible 
the structure of this basal unit. Ehrlich (85) working with 
beet residues, was the first to show that galaeturenio acid 
is the main constituent of pectic substances and Suarez (90) 
showed that it is d-galaoturonic acid by preparing the barium 
salt of galacturonio acid from the pectin from lemon pulp. 
Supporting the work of Ehrlich and Suarez, Link and Dickson 
(91) also report that d-galacturanic acid is the basic consti
tuent of lemon pectin and arrive at the conclusion that d-galao
turonic acid is the basic constituent of all pectic substances. 
Ehrlich concluded from his analysis that the pectic complex 
consists of four molecules of galacturonio acid, one of ara- 
binose, one of galactose, and three of acetic acid. Von 
Fellenberg (78) isolated from beet residues a substance, which 
from his analysis he concluded to be eight molecules of galae- 
turonie acid, two of arabinose, one of methyl pentose minus 
eight molecules of water. Morrell, Baur and Link (92) consider 
that the structural unit of citrus pectin is a polymerized 
galacturonio acid anhydride with a minimum size of eight to 
ten units, but they do not draw any conclusion as to the 
actual size of the polygalaeturonate as it exists in the 
pectin molecule. Anderson (81) in his work on black locust» 
wood, supports the view of these workers in their estimation 
of the size of the polygalacturonate. Ahmann and Hooker (83),
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from titration curves for pectie acid, concluded that eleven 
carboxyl groups are present, but they have evidence which 
shows that saponification was not complete and that the mole
cule contains more than eleven carboxyl groups.

The presence of sugar units in the pectic complex has 
been reported by various waiters. Gaertner (93) reported 
that he isolated an araban pectic complex from sugar beet 
marc, which, tq>on hydrolysis with oxalic acid and neutrali
zation with lime, gave crystalline arabinose, methyl alcohol, 
and a calcium salt of pectic acid. Upon heating the pectic 
acid with sulphuric acid under pressure he obtained a small 
quantity of galactose and galacturonic acid. The English 
chemists, Nanji, Paton and Ling (94), from their data and 
that obtained by the earlier workers, have proposed a closed 
six membered ring for pectic acid. This ring is composed of 
four molecules of galacturonic acid, one of galactose, and 
one of arabinose. In this formula the carboxyl groups are 
outside the ring and thus capable of showing acidic properties.

Henderson (73) obtained galactose-tetra-galacturonie 
acid upon hydrolyzing pectin obtained from flax. The cal
culated amount of carbon dioxide which can be obtained from 
galactose tetra-galaoturonio acid is 20.7 per cent. On the 
other hand, 17*6 per cent carbon dioxide can be obtained from 
the formula suggested by Nanji, Paton and Ling. Upon re
peated purification of the pectin from flax the carbon dioxide 
Value rose steadily to 20.9 per cent. From this result
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Henderson believes that these workers did not complete the 
separation of the peotio gel from adsorbed carbohydrates.
His hydrolysis of the peotio material, besides giving an 
almost insoluble polygalacturonic acid, also gave a small 
amount of a soluble acid, a syrup containing arabinoee, galac
tose, and a little fermentable hexose of unknown origin. He 
believes that the arabinose might arise from adsorbed pen
toses or from partial decarboxylation of galaeturonle re
sidues. Henderson thus rejects the f ormula of gjmji. Pa ton 
and Ling for the simpler galaotose-galacturonio acid formula. 
Norris (95) investigated the peetic material removed by am
monium oxalate from flax. He considers that there is no 
evidence for accepting the formula suggested by Henderson, 
From the values Norris obtained for furfural, carbon dioxide 
and methoxyl, he concluded that the pectin from flax corres
ponded to pectin having the formula suggested by Nanjl, Paton 
and Ling.

Norris and Schryver (82) claim that pentoses or acids 
of the glycuronic acid type are present in pectinogen, a 
pectic compound. They claim that this is evident from the 
fact that it yields furfural when treated with twelve per 
cent hydrochloric acid. Mueic acid also is produced when 
pectinogen is oxidized with nitric acid, indicating the 
presence of galactose or galactans. It is known that galae
turonle acid also gives mueic acid when oxidized with nitric 
acid, hence this test is not reliable in the presence of the
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uronie acid. According to Spoehr (96), pentoses are not the 
only substances which yield furfural on treatment with mineral 
aoids, but furfural-like substances are also obtained from 
heroses, cane sugar, starch, and cellulose, as well as glu
curonic acid. Therefore, this test for pentoses is not re
liable except in the absence of the other furfural-giving 
substances.

MoKinnis (97) stated that galacturonio acid was an es
sential constituent of all pectin substances, but that the 
di-galacturonic acid is the nuclear unit of the pectin mole
cule. He concluded that there was no pentose in the pectin 
obtained from apples. He believes that Ehrlich’s 1-arabinose 
was probably produced by the decarboxylation of gal act bromic 
acid when boiled with dilute mineral acids, and furfural was 
obtained on treatment with stronger acid. More recently 
Bowman and MoKinnis (98) found arabinose in the hydrolytic 
products of the pectin from the orange albedo and arrived 
at the conclusion that arabino-galacturonic acid or a polymer 
is the nuclear unit of the orange albedo pectin. They also 
believe that since dl-galaeturonlc acid was found in apple 
pectin, it is probable that some pectin contains both dl- 
galaoturonie acid and arabino-galacturonic acid in varying 
proportions. Their results indicate that pectin varies in 
composition and the hydrolytic products cause the confusion 
in regard to its composition.

The work on the pectic complex indicates rather definitely 
that galacturonio acid is contained in all pectic substances
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thus far investigated. The presence of other units is postu
lated by some workers and disputed by others. However, pectin 
acid itself contains acidic groups capable of forming salts, 
yields music acid when oxidized with nitric acid, gives fur
fural when distilled with twelve per cent hydrochloric acid, 
and carbon dioxide when heated with the same concentration 
of acid. The formula pf Nanji, Baton and Ling 1 s considered 
by Onslow (71) to be the most satisfactory. The properties 
of pectic acid, according to Onslow, are: it is insoluble
in water; its salts of alkali metals are soluble in water, 
but from this solution strong inorganic acids throw down 
pectic acid as a gelatinous precipitate. Pectic acid forms 
insoluble salts with alkaline earth metals, and this fact 
offers a ready means for the precipitation of these substan
ces.

Pectin, or soluble pectin as Onslow (71) calls it, is 
present in ripe fruits, in the cell sap of many tissues, 
and probably constitutes the greater portion of the pectic 
material in the cell wall. It includes derivatives of 
pectic acid in which some or all of the carboxyl groups of 
the pectic acid molecule are esterfied. Pectins, which is 
pectic acid partially or completely esterfied, are soluble 
in water, from which they can be precipitated with alcohol 
as gelatinous precipitates. If free carboxyl groups are 
present, they can form soluble salts of the alkalies, which 
can be thrown down as gelatinous precipitates with alcohol.
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Yon FeUenberg (99} was the first to observe that pee tin 
gives nathyl alcohol on treatment with dilute alkalies. He 
considered pectin to be the methyl ester of pectic acid and 
that the methyl alcohol was very loosely held, since it was 
quantitatively split off by cold dilute alkalies. The final 
product contained no methyl alcohol and seemed to be identic 
cal with pectic acid, since the pectic complex assumed acid 
properties. Von Fellenberg also showed that no other alcohol 
was present in the numerous samples of pectin examined by 
him. Von Fellenberg* s result is supported by the compara
tively recent work of Boston and Nanji(lOO). These workers 
prepared soluble methyl esters of pectic acid by treating 
silver pectate with methyl iodide under slight pressure.
The methyl ester obtained was found to resemble the natural 
soluble pectin in every respect. They concluded that no red
action other than the hydrolysis of the methyl esters is in
volved in the formation of pectic acid from soluble pectin.
An attempt was made, by these wo risers, to prepare ethyl esters 
of pectic acid by this same method, but this was unsuccessful. 
The introduction of the heavier ethyl group resulted in the 
instability of the pectin ring and the subsequent breakdown 
into simpler substances. It thus appears that the methyl 
esters of pectic acid are the only stable esters. Buston 
and his co-worker agree that the naturally occurring water 
soluble pectins are methyl esters of pectic acid. Pectic 
acid is regarded as containing four galaoturonle anhydride, 
units, whose carboxyl groups are involved in the formation



of methyl esters.
Norris and Schryver (82) also showed that pectin (pec* 

tinogen) contained methoxyl groups as shown by the method 
of Zeisel. These workers adopted the formula given by Nanjl 
and his co-workers for poetic acid and determined the methyl 
alcohol content of the pectin in turnips, onions, and pea- 
pods. They found that the values were variable, but that 
the value obtained was never greater than that corresponding 
to the methylation of three of the carboxyl groups. Thus, 
one of the carboxyl groups would still be free to form salts. 
The work of Norris (101) on the pectin of the juice and pulp 
of the orange also indicated the esterfication of only three 
of the carboxyl groups. Branfoot (102) considers pectin as 
being a neutral methoxyl ester of peotic acid containing 
11.76 per cent of methyl alcohol. Between pectin, the fully 
methylated form, and pectie acid, the completely de-methy- 
lated form, there are Interned!ate forms which show increasing 
acid properties as the number of methoxyl groups present are 
diminished. The intermediate forms, according to her, are 
called pectinio acids, thus distinguishing them from the. 
fully methylated pectin.

Norman (103) has concluded from his analysis that soluble 
pectin, as it exists in the juice and cell wall, is completely 
esterfied and forms a tetra methyl ester which gives 11.76 
per cent methoxyl in agreement with the formula of Nanji.
Baton and Ling. Very few pectins give a methoxyl value which
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is in close agreement with this calculated value. This 
discrepancy is probably due to the rare occurrence of pectin 
of definite composition, a mixture of pectins with a varying 
methoxyl value being obtained in most cases (104). Norman
(105) , however, has found that the methoxyl value of the 
pectin from the lemon, after a series of purifications, cor
responded to that given by a completely methylated pectic 
acid. Fruit pectins give about ten per cent of methyl alco
hol and the pectin from peapods gives only 1,9 per cent (105), 
It has been observed that the pectin from flax gives varying 
methoxyl values, depending upon the part of the plant from 
which the pectin is removed and the treatment it has received
(106) . Tut in (107) concluded that acetone was obtained by 
treating pectin with 0,1 N sodium hydroxide at room tem
perature. He reported the ratio of acetone to methyl alco
hol was 1:2. Tutin considered that the acetone was united 
to the pectic acid complex and that the acetone existed in 
its enolle form; thus, pectin would probably be represented 
as the dimethylisopropenyl ester of pectic acid. This ob
servation has not been confirmed by such workers as Parnell 
(105) (76) (75), Suoharipa (108), and others. Acetic acid 
has been reported as being liberated from sugar beet pectin 
on treatment with cold alkali and more slowly with mineral 
acids (109),

It thus appears that the constitution of soluble pectin 
is uncertain. Therd is little doubt that the ester groups
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are hydrolyzed off during the course of extraction. Also, 
when pectin preparations are taken through a series of re*> 
precipitations for the purpose of purification, the pectin 
loses substances which are associated with it (110)* Most 
authors agree that the constitution of soluble pectin is 
still in doubt and is open to further investigation. Some 
of the confusion is due to the fact that the various Inves
tigators are working with pectin prepared by different methods 
and thus it might be of variable constitution and properties..

Another type of poetic substance to be considered is 
that of insoluble pectin, also known as pectose or protopectin 
(110), which is present in the cell walls. Pectose was first 
recognized by Fremy about 1840 (111) (112). He described 
this compound as being associated with cellulose in the cell 
walls, but as having properties entirely different from 
cellulose, except that similar to cellulose it is an alcohol 
and water insoluble substance. He concluded that pectose 
was an insoluble salt of calcium or potassium. Fremy (113) 
(114) also showed that pectose could be isolated from cellu
lose by dissolving away the cellulose with Schweitzer?s 
reagent, thus leaving the pectose in an insoluble condition 
united with copper. When this copper compound was treated 
with dilute acids, free copper and pectic acid were obtained. 
Von Fellenberg (78) considers pectose as being formed by the 
union of one or more of the carboxyl groups with cellulose 
residues by condensation with the removal of water. He cites 
as evidence of this fact the insolubility of pectose and its



removal from the cell wall only by hydrolysis.
In 1924, Sueharipa (108) presented results in support 

of the view given by von Fellenberg. He claims to have ex
tracted from the cell wall, by solvents, complexes which 
gave on analysis the methoxyl and cellulose values which cor
responded somewhat to the theoretical values presented by 
von Fellenberg for his pectin-cellulose substance. Anderson 
(81) attempted to dissolve all the cellulose from the wood 
of the black locust by means of Schweitzer’s reagent and 
leave the pec tic material undissolved. This was not ac
complished, but considerable cellulose remained undissolved. 
Anderson believes that this might indicate a union between 
the pectie material and the cellulose, or that the undis
solved cellulose might have been surrounded by insoluble 
pectic material instead of being a compound of cellulose 
and pectin.

The view of the union of pectin with cellulose has been 
upheld by Carre (115)• She found that soluble pectin could 
be extracted with water and then the insoluble pectin could 
be hydrolyzed with dllute acid to the soluble form. However, 
Tut in (116) disputes the very existence of pectose or proto- 
pectin and claims that no direct evidence has ever been ob
tained for the existence of protopee tin. Soluble pectic 
material is usually obtained from fruits by treatment with 
water. The pectic material which remains with the marc is 
removed by boiling the marc with dilute hydrochloric acid.

37
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The material remaining in the marc after treatment with 
water is supposedly pectose or protopectin, which on sab* 
sequent treatment with acid is changed to the soluble pectin. 
Tutin claims that the failure of the water treatment to re
move all of the pectic material is due to the retention of 
this material by the unripe plant tissues. In support of 
his view Tutin worked with unripe apples, and thoroughly 
disintegrated the tissue by grinding it with sand. He then 
removed the soluble pectin by twenty-five extractions with 
cold water after treating the tissues repeatedly with alcohol. 
After such treatment the tissue was extracted with N/20 hy
drochloric acid, but the amount of pectin obtained was so 
small that it was scarcely detectable. From this work Tutin 
concluded that no such substance as "protopectin" exists, 
but that the failure to remove all pectic material from plant 
tissue is due to inefficient mechanical disintegration before 
extraction is applied.

In 1925, Carre (117) showed that different types of 
filters did not hold back appreciable amounts of pectic ma
terial if the concentrations of the solution of pectic ma
terial was not too concentrated. She concluded that since 
Tutin extracted his disintegrated material with water for a 
period of forty days that the insoluble pectic material was 
hydrolyzed during this time to the soluble form. She there
fore refutes Tutin* s views on the non-existence of proto- 
pectin (pectose), and maintains that in the apple tissue 
there is an insoluble constituent which is referred to as
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peetose. Bigelow and his co-workers (118) bad much earlier 
shown that all the pectin from apple pulp could not be com
pletely removed by six hours boiling under a reflux with a 
change of water every hour. This showed that the pectin was 
held in the tissues by some means.

Norris and Sehryver (82) regard pectinogen (peetose) in 
situ as consisting of a methylated pectic acid in which three 
of the carboxyl groups are esterfled, thus leaving one still 
free to account for the definitely acidic nature of pectino
gen. This substance is in loose combination with a material 
similar to the hemicelluloses. They agree that pectinogen 
appears to exist in the cell wall in combination with cal
cium. There is strong evidence that calcium is in combina
tion with the pectin complex since pectinogen is usually 
extracted with substances which form an insoluble salt with 
calcium. Solutions of ammonium oxalate and oxalic acid are 
familiar extracting agents, and carbon dioxide is said to 
be capable of liberating appreciable amounts of pectinogen, 
while salts which do not form an insoluble substance with 
calcium have no effect in the removal of pectinogen.

Nanji, Baton and Ling (94) agree that there is little 
precise knowledge of the state in which pectinogen exists in 
the plant. They find that it has been regarded as an in
soluble calcium-magnesium salt of galaetoarabinomethoxy- 
tetra-galacturonle acid. It can be decomposed by acids and 
oxalates into a soluble form, but they were not successful
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In converting this soluble form into an insoluble form by 
the addition of calcium or magnesium salts. The ash of the 
pectinogen material, which they prepared, was high in iron 
content. Therefore, they consider iron as a more important 
constituent than calcium and magnesium, and that pectinogen, 
existing in the insoluble condition in the plant, occurs not 
as a calcium-magnesium salt, but as an iron or perhaps an 
iron-calcium salt. They do not consider any difference be
tween protopectin and pectinogen, but consider the former is 
pectinogen in loose combination with metallic ions such as 
iron. HO matter in which form the peotose or pro topee tin 
occurs in the plant, the significant item is the fact that 
the pectin complex can be removed from the plant and that the 
final form obtained will depend upon the method of extraction 
and the source of the material.

The method used for the extraction of pectin depends en
tirely upon the type of pectic material which is to be re
moved. The work of Carre and Tut in shows that water soluble 
pectin can be removed by water extraction of the material. 
Morrow (119) extracts pectin from grapefruit by boiling the 
prepared inner rind with distilled water for two hours, fil** 
taring, and subsequently precipitating the pectin with 95 
per cent alcohol. According to Morrow, the addition of a 
small amount of a weak organic acid such as citric acid will 
cause a more rapid removal of the pectin. The removal of 
pectose can not be accomplished without changing its form.
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while the insoluble peetie acid can be removed from the 
tissues by treatment with dilute sodium hydroxide, which 
converts the pectio acid into a soluble sodium salt (120). 
Parnell (105) extracted pectic substances from sugar cane 
with .05 per cent ammonium oxalate at 80° to 90*. He has 
substituted oxalic acid for the ammonium salt, since it re
mains in solution when the extracted pectic material is pre«- 
cipitated with alcohol, while the ammonium oxalate is strongly 
adsorbed by the gel. Anderson (81) isolated the pectic sub
stances from black locust wood by boiling the sawdust with 
.05 N hydrochloric acid. He believes that this treatment re
moves the calcium from the calcium pectate in the wood, and 
thus leaves most of the pectio acid to be removed with a five 
per cent solution of ammonium hydroxide during a later ex
traction. Both of these extracts were neutralized and than 
made acid with acetic acid. A ten per cent solution of 
calcium chloride was added and the material precipitated with 
alcohol. Several of the above methods or modifications of 
these methods have been used for the quantitative estima- ■ 
tion of pectio materials in plant tissues, but the accuracy 
of these methods is questionable and will not be considered.

Several explanations have been given for the formation 
of pectic substances and the relation between the formation 
of pectic substances, hemicelluloses, and lignin. Candlln 
and Schryver (121) suggest that the hemicelluloses are formed 
from pectin. O'Dwyer (122) found that in unlignified tissues



48

containing pectin the hemicellulose content is low, but in 
lignified tissues it is considerably higher, and pectin is 
absent or practically so. She suggests (123) that one stage 
in the process of lignification is the conversion of pectin 
to hemicellulose. Buston (124) concludes that the peetie 
substances, hemieelluloses and lignin are not formed from 
each other. The work of Anderson (81) supports the conclu
sions of Buston. Anderson (185) arrives at the conclusion 
that the pectic materials and the hemieelluloses do not ori
ginate from each other, but from some of the simpler sugars 
or polysaccharides, probably from starch or glucose by oxi
dation as the cells are forming.
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EXPERIMENTAL
PRELIMINARY TREAUffiNT OF THE WOOD

Source of the lemon wood « The lemon wood used as the 
source of the material to be examined was procured from the 
vicinity of Santa Paula, California. The tree from which 
the wood was obtained was felled during March, 1932.x

Conversion of the wood to sawdust - Four logs of about 
ten centimeters in diameter by 100 centimeters in length 
were peeled. The bark was discarded. The wood was scraped 
in order to remove the inner bark, thus leaving the yellow 
portion exposed. The scraped logs were converted to shavings 
and ground to sawdust in a Wiley mill. This sawdust was 
dried by spreading it on a large piece of paper exposed to 
the open air for three or four days. In this manner, prac
tically all of the moisture was expelled. A small portion 
of this air-dry sawdust was sieved and the part which would 
pass through a 60 mesh, but not through an 80 mesh, sieve was 
saved for analysis.

Analysis of the lemon wood sawdust - The analytical 
methods described by Schorger (126) were used. The results 
obtained are given in Table I. Corrections have been made 
for moisture, but not for ash in the solubility determina
tions.

^The writer wishes to thank Mr. C. A. Jensen, General Su
perintendent of the Limoneira Company, Santa Paula, Califor
nia, for furnishing the lemon wood used in this investigation.



TABLE I
Analysis of lemon wood sawdust

per cent
Moisture 4.95
Ash ■ - ’ 1.46
Cold water solubility 6.69
Hot water solubility 9.55
Hot water solubility corrected 

for sold water solubility 2.86
1 per cent NaOH solubility 21.99
1 per cent NaOH solubility corrected 

for hot water solubility 12.44
10 per cent KDH solubility 31.68
10 per cent EOT solubility

corrected for NaOH solubility 9.69
Ether solubility 1.05
Total solubility in the above solvents 32.?3*

%Tha preliminary treatment of the wood and the analysis of the 
sawdust were carried out by J. C. Fruin in 1952.
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Extraction of sawdust with organic solvents « A total 
of 4,800 grams of the air-dry sawdust were used to obtain 
the various substances. This amount of sawdust was divided 
into three smaller lots— one of 800 grams, and two of 2,000 
grams each. For convenience in identifying these different 
lots later the 800 gram lot is designated as (a) and the 
2,000 grain lots as (b) and (c) respectively. The 800 gram 
lot of sawdust was extracted as nearly quantitatively as 
possible in order to obtain a close approximation of the yield 
of the various substances.

In the following extractions the sawdust was so distri
buted that never more than 500 grams of it were contained in 
a 6-liter flask. By working with small amounts of the saw
dust in this manner, the extraction was more rapid and the 
products were obtained in small amounts which could be readily 
washed and dried.

In order to free the sawdust of lipins, terpenes, and 
other substances, and to make it more porous to solvents, it 
was extracted three times with acetone at room temperature 
for periods .varying from twenty-four to forty-eight hours. 
After standing for the length of time indicated the acetone 
was removed by filtering on a filter paper in a Buchner 
funnel. The first filtrate thus obtained was a deep yellow 
color. Each successive filtrate became lighter in color, the 
last being only pale yellow. After the last extraction with 
acetone the sawdust was allowed to dry by placing it in large
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evaporating dishes exposed to the sun.
The sawdust was next extracted three times with a boiling 

solution of ethanol for periods varying from two to three hours. 
The material was filtered as before. The first alcoholic fil
trate was yellow in color, but successive filtrates became 
lighter. The last filtrate, however, was still a definite 
yellow color. Following the final extraction the sawdust was 
allowed to dry as before.
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ISOLATION OF THE STARCH

Extraction of starch - Starch was removed from the saw
dust with hot water. Water, equivalent to five to seven 
times the weight of the dry sawdust after extraction with the 
organic solvents, was added to the sawdust and the mixture 
heated in a hath of boiling water for two to four hour periods. 
While the mixture was still hot it was filtered in a Buchner 
funnel on a double thickness of cloth. In order to remove as 
much of the sawdust as possible the filtrate was re-filtered. 
The sawdust was sucked as dry as possible. It was necessary 
that the filtrate be hot at this point. If the filtrate was 
cool it was heated in a bath of boiling water and then fil
tered through a paper filter in a Buchner funnel to remove 
the last trace of dirt and sawdust. In general, only one 
liter of the extract could be filtered before the filter 
paper became clogged and had to be changed. The sawdust was 
extracted a second time in a similar manner, but the amount 
of starch removed was negligible; therefore, this extract was 
discarded.

A small amount of the wood was mixed with seven times 
its weight of water and heated in a bath of boiling water for 
four hours. It was then filtered through a Buchner funnel.
The extraction was repeated four times more, making a total 
of twenty hours. The last filtrate still gave a distinct
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test for starch when treated with iodine solution. This pro
cedure indicates that all of the starch can not he removed 
from the sawdust by boiling with water for a period of twenty 
hours.

Precipitation of starch - Starch was precipitated from 
the extract of lot (a) of the sawdust by the addition of al
cohol as described by Campbell (8), Ten cubic centimeters 
of glacial acetic acid were added per liter of extract. This 
was followed by the addition of approximately a volume of 80 
per cent ethanol equal to four times the volume of the ex
tract. The starch was thiom down as a white flocoulent ma
terial. After the starch had conpletely settled, the clear 
supernatant alcoholic liquid was siphoned off and the rest 
of the liquid removed at the centrifuge. The starch was 
poured onto a filter paper in a Buchner funnel, washed with 
80 per cent ethanol repeatedly, with 95 per cent ethanol, and 
finally with dry ether. The material was rubbed in a clay 
plate and finally dried over calcium chloride in vacuum.

Starches (b) and (c), from lots (b) and (c) of the sawdust, 
were precipitated by the method of Spoehr and Milner (30),
The hot water extracts from the two lots of sawdust were 
allowed to cool, placed in a refrigerator, and kept at ap
proximately -28* for four days. At the end of this time the 
material was removed from the freezing unit and the ice 
allowed to thaw at room temperature. After the ice had melted 
the starch settled as a white fibrous mass to the bottom of



the vessel. The supernatant liquid was siphoned off and the 
rest of the liquid removed at the centrifuge. The solid ma
terial was washed in the centrifuge tubes one time, by shaking 
it with cold water and centrifuging. The wash water was 
opalescent and no doubt some of the starch dissolved, but 
this was discarded in order to obtain as pure a product as 
possible. The starch thus obtained was not dried.

The starch was then placed into approximately thirty times 
its weight of boiling water. All of the material seemed to 
dissolve. While the solution was still boiling it was fil
tered through a paper filter in order to remove traces of 
dirt and other undissolved material. The clear filtrate was 
made acid with acetic acid and the starch repreoipitated as 
a white fibrous mass by the addition of 80 per cent ethanol.
The solid starch was removed at the centrifuge, washed, and 
dried.
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ISOLATION OF THE HEMICELLOLOSES

Extraction and precipitation of hamlcelluloses - In order 
to remove the substances termed "hemicelluloses" by Schulze 
(127) the sawdust was extracted two times, for between twenty- 
four and seventy-two hour periods, with a cold five per cent 
solution of sodium hydroxide. The hemicelluloses were pre
cipitated by acidifying the solution and adding one volume 
of acetone. The supernatant liquid was siphoned off and the 
solid centrifuged out, washed, and dried.
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ISOLATION OF PEOTIC SUBSTANCES

Extraction aad preeipitatIon of Pectin A - The sawdust, 
after the extraction of the hemic el luloses, was washed with 
water and dilute hydrochloric acid to neutralize the alkali• 
The method employed by Anderson (81) was used to remove the 
pectic materials. The sawdust was extracted two times with 
0*05 N hydrochloric acid In a bath of boiling water for two 
to three hour periods. According to Anderson, this treat
ment removes the calcium from calcium pectate and leaves 
most of the pectic acid to be dissolved by a later extrac
tion with ammonium hydroxide. The hydro chloric acid extracts 
were neutralized with ammonium hydroxide, made slightly acid 
with acetic acid, and a ten per cent solution of calcium 
chloride was added. Pectin A was precipitated by the addi
tion of three to four volumes of ethanol. The supernatant 
liquid was siphoned off and the solid centrifuged out and 
washed.

Extraction and precipitation of Pectin B - The sawdust 
was next extracted at room temperature with a five per cent 
solution of ammonium hydroxide for periods varying from three 
days to a month• There was no significant reason for such a 
long period of extraction, except that other determinations 
had to be carried out and handling of this material could not 
be accomplished. These extracts were made slightly acid with
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acetic acid. Pectin B was precipitated by the addition of 
three to four volumes of ethanol and treated as in the case 
of Pectin A. In one particular case a small amount of an 
ammonium hydroxide extract was made acid with acetic acid and 
a ten per cent solution of calcium chloride was added. The 
material was precipitated, by the addition of ethanol} centri
fuged, and washed. Attempts to purify the resulting material 
indicated that the addition of calcium chloride to the am
monium hydroxide extract made purification extremely difficult. 
This method of precipitating Pectin B is therefore not re
commended. The yield of the various substances is given in 
Table II. The yield of all the material except that of the 
starches (b) and (c) and the hemieelluloses are considerably 
high.

Extraction of peetic material from wood treated with 
wmmnn jum oxalate — A large amount of sawdust was on hand which 
had previously been extracted two times with a 0.5 per cent 
solution of ammonium oxalate before the hemieelluloses had 
been removed.2- Such an extraction supposedly removed the 
pectic material from the wood (80)• Two lots of 8,000 grams 
each of this sawdust were extraoted with 0*05 N hydrochloric 
acid and with five per cent ammonium hydroxide as with the 
preceding three lots of sawdust. The yield of pectic material 
from this sawdust is given in Table III. For convenience,

Sphls treatment had been given a large amount of the lemon 
wood by J. C. Fruin in 1932.
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the two lots of wood are designated as lot (d) and lot (e)» 
It is evident from the yields obtained that the ammonium 
oxalate treatment of the wood does not remove all of the 
pee tic material from the wood.

TABLE II
Yield of starch, hemicellulose, and 

pec tic material from lemon wood

1 Source of 
| material Starch

Hemi
cellulose Pectin A Pectin B

Residual1 sawdust |
Lot (a) 1.0596 10.10% 2.82% 2.82% 59.00%
Lot (b) 0.53 10.90 1.04 0.70
Lot (c) 0.39 1.85

TABLE III
Yield of the pectic material from lemon wood 
previously extracted with ammonium oxalate

Source of material Pectin A Pectin B
Lot (d) 5.00% 1.40%
Lot (e) 1.41 0.22 1
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ANALYSIS AND PURIFICATION OF STARCH

Properties of starch - Samples (a), (b), and (c) of 
starch were available for analysis. The dry samples (b) and 
(c) were white in color, but starch (a) was a light tan color. 
In each case the starch was insoluble in cold water but dis
solved to the extent of about 68 per cent in boiling water.
It gave the oharaeteristic blue color when heated in boiling 
water, cooled, and treated with a dilute solution of iodine 
in potassium iodide. The Fehling’s qualitative test showed 
the presence of a very slight trace of reducing groups, in
sufficient for an exact quantitative determination.

Analysis of the starch - The moisture content was de
termined by drying the samples to constant weight at IOC* 
to 105* in an electric oven or over boiling toulene in an 
Abderhalden vacuum drier. The ash was determined by igniting 
samples with a blast burner. The carbon dioxide determina
tions were made by the method of Lefevre and Tolls ns (128) 
and the methoxyl content by the method of Zeisel (129).

The amount of starch present was determined by the 
method given by Leach (56). Approximately three grams of the 
starch were mixed with 220 cubic centimeters of 2.5 per cent 
hydrochloric acid solution and heated under a reflux con
denser for four hours. Some insoluble material was filtered 
off through a weighed Gooch crucible and its weight deter
mined. The original sample was then corrected for the weight
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of this insoluble material* The filtered solution was neu
tralized with sodium hydroxide and the sugar determined by 
the Schaffer-Hartman method (130). The amount of glucose 
equivalent to the copper reduced was obtained from a Munson- 
Walker table (131), and this weight, multiplied by 0.9, gave 
the weight of starch present.

The spec if ic ro tat ion of the starch was determined by 
dissolving it in a five per cent solution of sodium hydroxide. 
In order to obtain a clear solution the weighed amount of 
starch was moistened with the sodium hydroxide solution and 
gradually more of the basic solution was added. When most 
of the starch had dissolved, after being vigorously stirred, 
it was transferred to a volumetric flask and allowed to stand 
with frequent shaking. In some cases it was necessary to 
let the solution stand for twenty-four hours before it was 
clear.

The data recorded in Table IV gives the analysis of 
the three unpurified starches.
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TABLE IV
Analysis of the unpurified staroh 

as obtained from the wood

Starch (a) (b) (o)
Moisture dried dried 6.56$
Ash 1.07
Carbon dioxide 0.90$ 0.42$ 0.17
Methoxyl 1.58
Per cent accounted for by 
hydrolysis and titration ‘ 92.

in 5 per cent NaOH ♦166.0* +167.3°

Examination of the above table shows that an appreciable amount 
of carbon dioxide is obtained from starch (a), as compared 
with that obtained from the other two samples. It thus ap
pears that the starch (a) is contaminated with polyuronide 
material.

Purification of Starch (a) - Starch (a) was purified in 
the following manner. It was added gradually to one hundred 
times its weight of boiling water and shaken. All of the 
solid did not dissolve. The insoluble material was removed 
at the centrifuge and the liquid heated to boiling and fil
tered through a paper in a Buchner funnel. The filtrate was 
cooled, placed in a refrigerator, and allowed to remain for 
four days. At the end of this time the mixture was thawed 
and the starch centrifuged out and washed. The analysis of 
this purified starch is given in Table V.



Analysis of purified Staroh (a)
TABLE V

Moisture dried
Carbon dioxide 0.15#
Per cent accounted for by 
hydrolysis and titration 89.3
t5d0 in 556 NaOH +146.0°

The results in Table V indicate that purified Starch (a), on 
the basis of the carbon dioxide evolved, resembles Starches 
(b) and (c). It is thus evident that freezing the starch 
from solution by the method of Spoehr and Milner (30) removes 
some substances that evolve carbon dioxide when treated with 
twelve per cent hydrochloric acid. No attempt was made to 
purify Starches (b) and (c)•

Identification of sugar from staroh «* In order to iden
tify the sugar resulting from the hydrolysis of the starch, 
the solution remaining from the hydrolysis with hydrochloric 
acid was filtered and concentrated in vacuum to a stage where 
the sodium chloride crystallized out. The sugar syrup was 
taken up in ninety-five per cent ethanol and concentrated to 
the same stage again. This procedure was repeated until no 
more sodium chloride crystallized out. The method recommended 
by Anderson and Sands (132) was used to crystallize the sugars 
from solution. A large amount of crystals was obtained in a 
very short time, but the yield of the sugar could not be de
termined due to the fact that considerable amount of it was
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lost in eliminating the sodium chloride, The crystals were 
dried on a clay plate and in vacuum over calclum chloride. 
They had [cx]p =+50.8* (in water). The specific rotation 
thus indicates that d-glucose is present.
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CONCLUSIONS ON STANCE

Starch can he partially removed from lemon wood by 
heating the sawdust with boiling water, but it is very diffi
cult to remove the starch completely by this method. On the 
basis of the carbon dioxide evolved when treated with twelve 
per cent hydrochloric acid, this starch resembles closely 
the starch prepared from the leaves of different plants by 
Spoehr and Milner (30), However, its specific rotation is 
much less than that of the starch obtained from the leaves 
of plants. This may be due to the fact that the rotation was 
made in two entirely different solvents. The specific rota
tion of starch from lemon wood in five per cent sodium hy
droxide agrees remarkably well with the value of +153* found 
by Haworth and his co-workers (27) for the specific rotation 
of waxy maize starch in a four per cent solution of sodium 
hydroxide.

The small per cent of carbon dioxide evolved from starch 
does not indicate that uronlc acid groups are present. It 
has been shown by Anderson (133) that even the sugars evolve 
carbon dioxide when heated with twelve per cent hydrochloric 
acid. The amount of carbon dioxide evolved from d-glucose is 
given by Anderson as 0.18 per cent. Therefore, it is probable 
that the carbon dioxide produced by the starch arises from 
the glucose, YJhich results from the hydrolysis of the starch.
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By the method of Zeisel, Starch (b) gave 1.58 per cent 
methoxyl. The qualitative test for bethoxyl groups, by the 
method of von Fellenberg and Beniges (134), horaver, was ne
gative, Apparently no methoxyl is present in this starch.
The methoxyl value obtained by the method of Zeisel was 
probably due to ethanol taken up during purification. The 
starch had been previously dried for about 100 hours over 
boiling toulene in an Abderhalden dryer. It thus appears 
that the ethanol can not be removed by this method in the 
length of time indicatSd.

Glucose was the only sugar obtained by the hydrolysis of 
starch from lemon wood. Titration of a solution of the hy
drolyzed starch indicates that it consists of approximately 
ninety per cent anhydro-glueose units. When pure potato 
starch was hydrolyzed in the same way and its glucose deter
mined by the Shaffer-Hartman method, a yield of 103 per cent 
of anhydro-gluoose was obtained. Apparently the starch from 
lemon wood contained some foreign material.

As a result of this investigation, it appears that the 
best method for isolating the starch from wood is to heat 
the sawdust with boiling water. The sawdust can be filtered 
out and the starch precipitated by freezing. After the ice 
has thawed, the starch is centrifuged out and poured into 
boiling water and the solution filtered. The starch can be 
precipitated from this solution by the addition of ethanol. 
There is danger that the ethanol is not completely removed.
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In this ease the Zeisel methoxyl test will he positive. When 
this occurs, a qualitative test for icethoxyl groups should 
he made.
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THE CRUDE PECTIC SUBSTANCES

Analysis of the pectic material - The pectic material 
extracted and precipitated as previously described was ana
lyzed for moisture, ash, and carbon dioxide by methods al
ready mentioned. The furfural was determined by the phlo- 
roglucide method (135) (136). The total furfural obtained 
is given uncorrected for the furfural obtained from the 
uronic acid. Table VI gives the analysis of the various ex
tracts before purification. In some cases the second extract 
was kept separate from the first and analyzed in order to de
termine the difference in composition.

Designation of the various materials - For convenience 
in identifying the various pectic materials they are desig
nated as follows. The first extract of Pectin A from lot (a) 
of the sawdust is indicated as Pectin Aal, while the first 
extract of Pectin B from lot (a) of the sawdust is indicated 
as Pectin Bal. The first letter thus indicates the type of 
pectin, the small letter the lot of wood, and the number the 
extract. The pectic material from lots (a), (b), and (c) is 
from original wood and that from lots (dj and (e) is from 
wood previously treated with ammonium oxalate.



TABLE VI
Analysis of crude pectic materials 

as obtained from lemon weed

Pectin Moisture Ash Carbon dioxide Furfural
Aal 8.6556 10.74$ 5.91$ 32.16$
Bal 8.99 9.84 8.35 42.11
Abl 11.85
Bbl 10.10 38.18
Bb2 9.73
Aol 4.66
Bel 8.51
Adi 39.00 4.50
Bdl 10.68
Aal 10.70
Ae2 7.40
Bel . 5.68
Be2 3.28 -------------1

Examination of Table VI shows that the crude peetic materials 
gave percentages of carbon dioxide varying from 3,38 per cent 
to 11,85 per cent. Evidently the pectic substances are mixed 
with non-pectic materials. The iodine test showed that one 
of these other materials was starch.
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PURIFICATION AND ANALYSIS OF THE PEC TIC SUBSTANCES

Purification and analysis of Pectin Aal - Pectin Ml, 
which came from sawdust not previously treated with ammonium 
oxalate, was shaken with eighty times its weight of a 0.1 per 
cent solution of hydrochloric acid. All of the material did 
not dissolve. The solid material was removed at the centri
fuge. The clear liquid was neutralized and the pectio ma
terial precipitated by acidifying the solution, and by the 
addition of calclum chloride and ethanol. Analysis of this 
material gave 6.40 per cent carbon dioxide. This is an in
crease of only 0,49 per cent carbon dioxide over the original 
material. Evidently this treatment did not purify the ma
terial appreciably.

Proof of presence of the oxalate ion in Pectin Aal - The 
solid material which did not dissolve in 0.1 per cent hydro
chloric acid was dissolved in a strong solution of hydro
chloric acid and the resulting solution filtered. To this 
solution was added a ten per cent solution of calcium chloride. 
A fine white precipitate formed. The solution was made al
kaline with ammonium hydroxide and the precipitate allowed 
to settle. The solid material, was removed at the centri
fuge, washed with water, and dried. On ignition it gave 
thirty-eight per cent ash or 27.86 per cent calcium. This 
suggested that the material was largely calcium oxalate,
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which contains 31,20 per cent calcium or calcium citrate, 
which contains 24,2 per cent calcium.

Another sample of this material was titrated with potas
sium permanganate according to the method of Willard and 
Furman (137). From the titration the per cent of calcium in 
the sample was calculated on the basis that the calcium was 
present as calcium oxalate. On this basis 27,17 per cent of 
calcium was found. This is in close agreement with the pre
vious value of 27.26 per cent as found by the ash determina
tion. Therefore, the oxalate ion is probably present in the 
lemon wood and is one of the substances thrown down with the 
pectic material.

Purification and analysis of Pectin Bal - Pectin Bal was 
treated with 100 times its weight of a strong solution of am
monium hydroxide. All of the solid which did not dissolve 
was centrifuged out. The solid material was then treated 
with approximately 100 times its weight of a three per cent 
solution of hydrochloric acid and shaken. This treatment 
with acid was intended to remove any calcium or magnesium 
which might be present. The material which did not dissolve 
in the hydrochloric acid was centrifuged out and dissolved 
in a strong ammonium hydroxide solution. In this manner all 
of the material was placed in solution. The solution obtained 
was filtered, made acid with acetic acid, and the material 
precipitated by the addition of three volumes of ethanol.
The supernatant liquid was siphoned off and the solid removed
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at the centrifuge. All of the solid material thus obtained 
was combined, dissolved in a strong solution of ammonium 
hydroxide, and filtered. The filtrate was made strongly acid 
with hydrochloric acid. A precipitate formed which was re
moved at the centrifuge and dried to constant weight. This 
material gave 19,62 per cent carbon dioxide. This agrees 
well with the values of 18.15 and 18.11 obtained by Dickson 
(138) and his co-workers from purified lemon pectin and with
the values of 19.81 per cent found by Norris (139) in Pectin*
B from sugar beets.

Purification and analysis of Pectin Abl - Pectin Abl was 
treated with a very dilute solution of acetic aeid. All of 
it did not dissolve. The material which did not dissolve 
was removed at the centrifuge. The solution was neutralized 
with ammonium hydroxide, made slightly acid with acetic acid, 
and a ten per cent solution of calcium chloride was added.
The pectic material was precipitated by the addition of 
ethanol, removed at the centrifuge, and dried. The re
sulting material gave 13.28 per cent carbon dioxide. This is 
an increase of 1.43 per cent of carbon dioxide over that given 
by the original material.

Purification and analysis of Pectin Bbl and Bb2 - The 
pectic materials Bbl and Bb2 were treated alike. This material 
was dissolved in approximately forty times its weight of a 
dilute ammonium hydroxide solution and f iltered several times 
to remove all foreign matter. The solution was made acid
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with hydrochloric acid and a precipitate formed. This solid 
was removed at the centrifuge and washed. The analysis of 
this material is given in Table VII* For comparison the 
analysis of pectie acid from flax, as determined by Norris 
(159), is also given.

TABLE VII
Analysis of the pec tic material from lemon wood 

and of Beetle acid from flax

Moisture Ash § # Furfural
Pectic material pre
pared from lemon wood 3.1756 0,46)6 19.80$ 28.23%

Pectic acid from flax 17.80 20.16

The analysis of pestle material obtained from lemon wood agrees 
closely with the analysis of pec tic acid from flax. Apparently 
the material obtained by such a method of purification is pec- 
tic acid. It is significant that during each process of puri
fication, when mineral acids are used, deereasing amounts of 
furfural are obtained. It seems that during the process of 
purification some pentosan material is split from the pectic 
molecule.

Purification and analysis of Pectin Acl « The pectic 
material Ac 1 was unusually low in the amount of carbon dioxide 
evolved. An attempt was made to remove some of the inter
fering material by a series of fractionations. The material 
was dissolved in hydrochloric acid, filtered, neutralized, 
and made acid with acetic acid. It was precipitated by the
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addition of ethanol and analyzed. One small lot was preci
pitated in an alkaline solution. In both eases the yield of 
carbon dioxide never amounted to more than 8.05 per cent. 
These methods of purification are not recommended.

Purification and analysis of Pectin Bel - Pectin Bel 
was found to contain starch. Therefore a small amount of 
it was dissolved in boiling water and filtered. The filtrate 
was cooled and tak&diastas® was added. The mixture was al
lowed to stand at room temperature until free of starch. It 
was then made acid with acetic acid and the pectic material 
precipitated by the addition of three volumes of ethanol.
The solid was centrifuged out and washed. Upon analysis 
this material gave 10,72 per cent carbon dioxide. This is an 
increase of 2.21 per cent over that given by the original 
material. It appears that some non-pectic material is pre
sent along with pectic material in this case.

From another portion of Pectin Bel, pectic acid was 
prepared as described under Pectin Bbl. The acid so pre
pared gave 18.92 per cent carbon dioxide. This acid was con
verted to the calcium salt as follows. It was dissolved in 
100 times its weight of five per cent ammonium hydroxide, 
and the resulting solution was filtered. The filtrate was 
made acid with acetic acid and a ten per cent solution of 
calcium chloride was added. The gelatinous precipitate was 
removed at the centrifuge. On analysis it gave 9.33 per 
cent calcium and 17.47 per cent carbon dioxide, and was
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found to be free of starch.
The reminder of Pectin Bel was converted to the cal

cium salt as described above. The analysis of this material 
is given in Table VIII. For comparison, the analysis of 
calcium peetate from Pectin B from the cambium ef the black 
locust, as prepared by Anderson (81) in a slightly different 
manner, is also given.

TABLE VIII
Analysis of calcium pectatee from lemon wood 

and from locust wood

Material Calcium GO, Methoxyl
Calcium peetate from 
Pectin B from lemon wood ?.20f0 19.14% 0.00%
Calcium peetate from 
Pectin B from locust wood 9.00 18.90

This table shows that calcium peetate prepared from pectin B 
from lemon wood approximates in composition very closely the 
same salt prepared from the Pectin B from locust wood.

Purification and analysis of Pectin Adi - Pectin Adi was 
dissolved in a two per cent solution of hydrochloric acid.
The solution was filtered from any undissolved material and 
neutralized with ammonium hydroxide and made slightly acid 
with acetic acid. A solution of calcium chloride was added 
and the material precipitated by the addition of ethanol.
This process was repeated three times. A small amount of 
material was finally obtained which gave 18.7 per cent carbon
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dioxide. This method is not recommended due to the loss of 
a great amount of the pectin substances.

Purification and analysis of Pectin Bdl and a part of 
Ael - Calcium pectate was prepared from a mixture of Pectin 
Bdl and a part of Ael by treatment with a five per cent so
lution of sodium hydroxide by the method of Anderson (81).
The above dry materials were treated with twenty parts of 
warm 0.1 N sodium hydroxide solution and allowed to stand 
one hour. The solution was centrifuged and the solid washed 
with a small amount of water. This wash water was treated 
as described later. The solid residue, presumably the so* 
dium salt of pectic acid, was acidified with hydrochloric 
acid. The resulting pectic acid did not dissolve in the 
hydroohloric acid but did dissolve in ammonium hydroxide.
This solution was filtered, acidified with acetic acid, and 
a ten per cent solution of calcium chloride was added. The 
calcium pectate was filtered from the hot solution and washed 
with boiling water until free from chlorides. On analysis 
this material gave 9.65 per cent calcium, 19.51 per cent 
carbon dioxide, and 20.14 per cent furfural. Calcium pectate 
prepared by Anderson (81) from commercial citrus pectin by 
this same method gave 8.60 per cent calcium, 19.10 per cent 
carbon dioxide, and 19.5 per cent furfural. It thus appears 
that the calcium pectate prepared from lemon wood pectin is 
practically identical with that prepared from commercial 
citrus pectin.
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The wash water obtained from the above sodium peetate 
was acidified with acetic me id and the solid material preci
pitated by the addition of three volumes of ethanol# The 
solid was centrifuged out, washed, and dried. On analysis 
this material gave 3.59 per cent carbon dioxide and 46.69 
per cent furfural. It is important to notice that the carbon 
dioxide is low and that the furfural content is high. The 
composition of this material indicates that some of the con
taminating material in the different pectic extracts is 
similar to the hemicelluloses.

Purification of Pectin Ael and Ae3 - Pectin Ael and AeS 
were shaken with 100 times their weight of hydrochloric acid. 
The material which did not dissolve was centrifuged out, dis
solved in a dilute ammonium hydroxide solution, m d  centri
fuged again. It was acidified with hydrochloric acid and 
the pectic material precipitated by the addition of three 
volumes of ethanol, centrifuged out, and washed. This pro
cess was repeated a second time. The analysis of this ma
terial is given in Table H .  For comparison the analysis 
of the pec tin prepared from grapefruit rinds by the method 
of Morrow (119) is included. Pectin was dissolved from 
the rinds with water and Pectin Qg was dissolved from the 
rinds with 0,05 N hydrochloric acid. The theoretical com
position of monomethyl pectinic acid, as calculated from 
the formula of Nanji, Paton, and Ling (94), is also included.
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TABLET IX
Analysis of Pectin A from lemon wood, 
and two pectins from grapefruit rinds

Ash #oo Furfural Methoxyl
Pectin A from lemon wood 0.44% 16.50% 28.40% 1.29%
Pectin Gj, from grapefruit 5.86 16.34 22.14
Pectin Gg from grapefruit 1.78 17.97 19.70
Theory for monomethyl 
peotinic acid 17.40 20.00 3.06

From this table it appears that Pectin A from lemon wood 
approximates closely the pectins extracted from grapefruit 
rinds. The furfural per cent of the lemon wood pectin is 
high as compared with the other values. However, it is known 
that when the different pectins are treated repeatedly with 
mineral acids or with alkalies, the pentose content decreases. 
This is borne out by the fact that Pectin which was ex
tracted from grapefruit rinds by water, has a higher per 
cent furfural than Pectin Gg, which was removed by 0.05 N 
hydrochloric aoid. This indicates that pentoses have been 
hydrolyzed off.

Identification of the uronlc acid - The presence of 
galacturonic acid in the purified Pectin Ael was proven by 
the method Heidelberger and Goebel (140) developed. The 
purified pectic material was mixed with hydrobromie acid and 
bromine and heated under a reflux. Mucio acid, which melted 
at 215*, was isolated from the solution.



Identification of the sugars from pectic material - A 
mixture, consisting of sixty grams of impure pectic materials 
was placed in one liter of five per sent sulphuric acid and 
heated in a bath of boiling water for a short time. It was 
then heated in an autoclave at 116° for five hours and then 
in a bath of boiling water for two additional hours. The 
hot solution was filtered, neutralized with calcium carbo
nate, and re-filtered. The filtrate was again heated with 
calcium carbonate, filtered, and concentrated in vacuum.
This was repeated in order to remove as much of the calcium 
sulphate as possible. The calcium salt was precipitated by 
the addition of ethanol. The filtrate was concentrated to 
a syrup and a sugar was crystallized out by the method of 
Anderson and Sands (132). This had an IsO^ *+80.4*. The 
specific rotation indicates that the sugar might be galactose 
but upon oxidizing it with nitric acid no mucic acid was 
obtained, nor could the methyl phenyl hydrozone be obtained. 
The syrup above was tested for arabinose by the di-phenyl 
hydro zone method, but this was also negative.
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CONCLUSIONS ON THE PEC TIC SUBSTANCES

By extracting lemon wood with 0.05 N hydrochloric acid 
and with a five per cent solution of ammonium hydroxide, 
pectic material can be removed. Analysis of these materials 
shows that they approximate closely the peotic materials ob
tained from the cambium of the black locust, from grapefruit, 
and the pectic material prepared by various investigators from 
different sources.

Other materials besides the pectic materials are re
moved from the lemon wood by the use of the two solvents. One 
of these materials is starch. The oxalate ion was also found 
present, it precipitates when Pectin A is precipitated by 
the addition of calcium chloride. Another contaminating ma
terial has been shown to be of a polyuronide material, similar 
to the hemicelluloses.

The material obtained from the hydrochloric acid ex
tract is more difficult to purify than that obtained from the 
ammonium hydroxide extract. It is especially easy to obtain 
a pectic acid material, which can be readily converted to 
calcium pectate, from the ammonium hydroxide extract.

As a result of this Investigation it appears that the 
hydrochloric acid extract contains the oxalate ion which la 
thrown down as calcium oxalate when calcium chloride is 
added. Apparently Pectin A can best be isolated by neutra
lizing the hydrochloric acid extract with ammonium hydroxide
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end then acidifying with acetic acid without the addition 
of calcium chloride. The peotic material can be precipi
tated by the addition of ethanol. It is also suggested that 
the material be dissolved in dilute hydrochloric acid and 
the precipitation carried out as before. After several such 
purification processes the material can be analyzed as it is 
or converted to the calcium salt»

Pectin B should be precipitated from the ammonium hydro
xide extract by neutralizing, making it acid with acetic acid, 
and the material precipitated by the addition of ethanol. 
Calcium chloride should not be added to this material at 
this point. The material so obtained can be dissolved in a 
dilute solution of ammonium hydroxide. This solution is 
filtered and made strongly acid with hydrochloric acid. Pec- 
tic acid will precipitate as a gelatinous precipitate and 
can be analyzed as such or converted to the calcium salt by 
the addition of calcium chloride to a neutral solution. 
Procedures similar to the above were carried out in the 
cases of Pectin Bal, Bbl, BbS, and Bel, and highly satisfac
tory results obtained.

The method of Anderson (81) for the preparation of 
calcium pectate was found highly satisfactory as illustrated 
by the purification of Pectin Bdl and Ael. In this method 
the material, after precipitation from the ammonium hydroxide 
as described above, is treated with warm 0.1 N sodium hy
droxide and the solution allowed to staid one hour. The
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solid sodium peotate can be centrifuged out. This solid 
material is then acidified with hydrochloric acid, dissolved 
in ammonium hydroxide, and the solution filtered. The solu
tion is neutralized, made acid with acetic acid, and a solu
tion of calcium chloride is added. The calcium peotate will 
precipitate as a gelatinous mass*
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SUMMARY

The results of this investigation may he summarized 
as follows:

1. Lemon wood contains starch which may be partially 
removed by heating the wood in boiling water,

2. The starch is best precipitated from solution by- 
freezing,

3. The properties of the starch are similar to starch 
obtained from other sources,

4. By hydrolyzing this material and determining the 
copper reduction number, it appears that the starch contains 
approximately ninety per cent anhydro-gluoose units,

5. A foreign material is present with the starch,
6. The starch does not contain a uronic acid group,
7. The starch is not methylated.
8. Lemon wood contains peotio material which may be 

obtained from the wood by extraction with 0.05 N hydro
chloric acid followed by a five per cent solution of ammonium 
hydroxide.

9. The best methods for precipitating the peotio ma
terials are given.

10, In composition, the pectic material approximates 
similar material obtained from other sources.

11, The oxalate ion is one of the contaminating ma
terials in Pectin A.
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12# A material similar to the hemicelluloses is also 
present with some of the pectic material,

13, Galacturonic acid is a constituent of the pectic 
material isolated from lemon wood,

14, A sugar was obtained, which gave approximately the 
same specific rotation as galactose, but which did not give 
mucic acid nor the me thy 1-phenyl hydras© ne ,

15, The d 1-phenyl hydrazone test for arabinose on the 
sugar syrup obtained from the hydrolysis of some of the pec
tic material was negative.
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