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THE ISOLATION OF POLYURONIDE MATERIALS FROM THE HULL 
OF THE SOY-BEAN, OLYOIIiE SOYA

INTRODUOTIQN

The soy bean is one of the world's oldest food- 
producing plants. Ancient Ohinoso literature contains 
references which indicate that the soy bean m s  cultivated 
centuries before any written records of its existence were 
Bade. The earliest printed information concerning the 
bean is contained in a "materia medioa," a vrark describing 
the plants of China, written by the Emperor Sheng Hung

U) ■ ‘ - " - . ' -in 2838 B.C.
That the soy bean should have had its origin in the 

Orient, and that it should have been cultivated to the 
extent of becoming the backbone of Chinese diet, as well 
as being used extensively throughout Japan, Manchuria, 
Formosa, Sumatra, the Dutch Indies, Siam, India, and the 
Philippine Islands perhaps may be explained by the follow
ing three factors. The Asiatics have long been a race of 
agriculturists. Secondly, the culture of the soy bean is 
relatively simple and the plant, although fairly well 
adapted to a wide rang® of climatic variations, flour
ishes best In temperate regions with fairly humid, warm



2-

summers, such as prevail in the East. Finally, the bean 
contains high percentages of many food essentials, not
ably fats, proteins, minerals, and important vitamins.

The soy bean was introduced into Europe in 1712 by
Engelbert Kaempfer, a German botanist, who had spent two(2)
years studying in Japan. Shortly afterwards, In 1740, 
beans which had been sent to Europe by Chinese missionar
ies were grown in botanic gardens in France and in 
England. The few beans idiloh were cultivated were regard
ed merely as botanical curiosities, rather than as a 
possible crop. Soy bean cultivation in Europe received
its greatest impetus in 1875, through the work of

(2)
Friedrich Haberland of Vienna. It was largely as a re
sult of his work that the soy bean spread throughout 
Europe, nearly every country having at one time or another 
endeavored to cultivate it. European climatic conditions 
have been found favorable only in a few instances, namely, 
in Roum&nle, Czechoslovakia, and parts of Russia.

(3)
In 1804 the soy bean made its appearance in America. 

A Yankee Clipper ship returned from China with several 
bags of the bean as a reserve food supply. It was not 
until 1890, however, that workers began to investigate 
the possibility of adapting the soy bean to the American 
climate and of using it as a crop for seed, hay, and 
pasture, and as a green manure for soil Improvement. In



1698 the United States Department of Agriculture began 
the introduction of a large number of varieties of soy 

beans from Asiatic countries* Previous to that date 

eight varieties of the bean had been grown in the United 
States. In 1907, Dr* C.H. Ball of the United States De
partment of Agriculture described twenty-three varieties, 
all that were known then in the entire country. By 1913» 
four hundred twenty-seven varieties were growing; and in 
192$, over eleven hundred varieties were described. At 
the time of writing the United States Department of Agri
culture has listed over twenty-five hundred distinct types

; (4) ■ ■' ■' - -of soy beans*

Not only was there an increase in the varieties of
beans grown, but the twentieth century also brought about
a tremendous increase in produetion. In 1907 there were
50,000 acres of the bean planted in the United States;
in 1935 nearly five and a half million acres. In 1920

seed production was three million bushels; in 1935, about
(5)

forty million bushels. American farmers could not supply
the increasing demand, as evidenced by the following data
on United States imports of soy beans, soybean oil, and

(6)
soybean cake. In 1920, this country imported three times 
as many soy beans as In 1914, about eight times as much 
soybean oil, and nearly ten times as mue# soybean cake.



This boom in the production of the soy bean v/as due, 
primarily, to discoveries of new uses for the bean in
industry, in farming, and in the manufacture of foods.

. ' 1: ■; .
Soybean oil, comprising about twenty per cent of the bean,
is its most important industrial constituent. It is
classed:as a semi-drying oil and has a well-defined place
in the paint, varnish, and lacquer industries.

According to the authoritative opinion of 
Dr. 0 . Elscnsohinl the proportion of soybean oil 
shall be between ten and fifteen per cent of the 
paint vehicle (in admixture with linseed oil). (7 ) 
When,used in this way the resulting oil film is 
apparently as strong as though the soybean oil 
were not present, but, on the contrary, is more 
elastic and will not turn brittle under condi
tions that would so affect a film of pure linseed
oll-

Its use as a diluent for linseed oil is advocated mainly 
because the two oils amalgamate perfectly, while a mixture 
of linseed oil and corn oil, for example, shows an un
even appearance upon drying.

As a soft soap material, soybean oil has practically 
displaced linseed oil, and with the use of the hydro
genation process it can now serve as well as cottonseed 
oil in the manufacture of hard soaps. Soybean oil is 
especially suitable for soap making because of its low 
content of unsaponlfiable matter. In this respect it has 
proven superior to any of the other fats or oils of com
merce, whether of vegetable or animal origin. When
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properly refined, the oil will yield about ten per cent 
glycerine, equal in purity to that recovered from other 
soap-making fats such as tallow, cottonseed oil, or 
coooanut oil.

Still another use of soybean oil is its conversion
(9)

into artificial petroleum. This process well exemplifies 
the wide variety of uses which have been found for the 
oil. The process consists principally of making the oil 
into a calcium soap, which is then dry distilled. The re
sultant crude oil may be fractionated, yielding products 
similar to those from petroleum. Certain fractions are 
suited for practical use as motor fuel.

Soybean cake, or meal, the material remaining after 
the oil has been extracted, also has a great diversity of 
uses. It is a highly-concentrated feed, very nutritious, 
and is relished by all kinds of livestock. In recent 
years the meal has found an outlet in the soybean glue 
industry. In 1926, the Pacific Coast Plywood Manufac
turers announced that they wished to arrange a series of
competitive demonstrations of all water-resisting plywood

(10)
glues* The results obtained in these tests with soybean 
glues were so outstanding that the glues were almost immed 
lately adopted by all Pacific coast plywood manufacturers, 
and have been in use ever since.



The most outstanding contribution of soybean meal 
to Merloan industry has been its use in plasties. "Mils 
work has been adraneed largely through the efforts of 
Henry Ford, whose River.Rouge plant is now capablo off 
producing one hundred tons of plastic per day, in the 
form of distributor parts, gear shift lever knobs. horn
. ir.: . : .. " ; , .. ■ - . -  : -

buttons, ooil parts, light switches, and window frames#
Mr. Ford,uses about two pounds of soybean plastic in every 
car produced. The plastic is made by working the meal 
with a ten per cent solution of ammonium sulfate. This 
mixture plasticizes quite readily with heat.and pressure. 
The.molded pieces hold their shape well and are hardened 
in forty per cent formaldehyde., A water-proof plastic is 
made by the addition of phenol. ... Since phenol is a good 
solvent for soybean meal, this method makes available both 
the protein for the formaldehyde reaction and the carbo
hydrate for filler, thus cutting the cost far below that 

- - . . ■■■■ ; • -• .; (ii) ' - -
of a straight phenolic plastic. . ;

The American farmer has been a major advocate of the- : .-i....... - - : - - -
soy bean ever since the turn of the century. He has die-

* * ■ •covered that the bean is one of the few annual legumes
which is suitable for hay. production. A considerable 
amount of soy beans has been grown for hay in the United 
States, and since it will grow well in acid soils, it is, 
in that respect, generally conceded, to be equal or even :
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superior to red ©lover or the heat alfalfa. The meal, as
already Mentioned, has been found to be an excellent feed 
for all types of livestock. The bean can be used as a 
protein supplement to replace at least partially the ex
pensive commercial protein concentrates necessary for 
stock feeding and mi." ' action. For soil improvement.
the soy bean is unexcelled. Ifhen turned under for green 
manure, it enriches the soil with nitrogenous compounds 
to a very large degree, and is more beneficial than the 
heaviest application of the best fertilizer. Its value 
in other fields, however, makes its use as a fertilizer 
rather prohibitive.

The food manufacturer has recently become greatly 
interested in the soy bean. The value of the bean as a 
food for human consumption has long been recognized. 
Asiatics have been eating the bean for centuries, espec
ially in the interior of Oriental countries, where sea 
food is not available. High in digestible protein and 
fat, possessing a higher mineral content than many common
legumes and grains, and containing vitamins A, B, E, F,V- (13) .• ■; ■'<: '• . -
and K, the soy bean is well suited for use as a food.
It is low in starch and digestible carbohydrate material 
and is therefore quite extensively used "by diabetics, 
especially in the form of soybean flour and soybean bread. 
Development of the bean for food purposes was slow In this



oountry because of the rather unpleasant beany taste 
associated with both the oil and the meal. Modern pro
cessing, however, renders the beans quite tasteful, and a 
multitude of products has been placed on the market, the 
moat noteworthy being soy sauce, soybean milk, soybean 
coffee, soybean flour, and the bean Itself, either fresh 
or canned.

The soy bean plant Is an erect, bushy, leguminous 
annual, with a woody stem ranging in height from one to

Ilk)
six feet. It is much branched and carries heavy foliage 
and small white or purple flowers. The pods are from two 
to four inches in length and they appear in groups of 
three or four, containing from two to five seeds each, 
the seed varying in shape from round to elliptical, and 
ranging in color from bright straw through shades of green 
and brown to nearly black. Nearly all varieties of the 
bean have the stems, leaves, and pods covered with fine 
hairs. As the pods ripen, the leaves nearly always begin 
to turn yellow, and they usually fall off by the time the 
pods are mature.

The advent of the soy bean from a non-cultivated 
plant to its present high rank in both the fields of agri
culture and industry has been extremely slow. The rate of 
progress of the chemist’s knowledge of.the constituents 
of the soy bean likewise has been slow in its development ■,



the first Intensive chemical analysis of the actual 
molecular constituent a of the bean appearing in. the. work ...— —  ",..— — — - — i "'"' "
of Street and Bailey in 1915. L „ . .
. - — The-following table represents perhaps the best ~ '
available compilation of data on the chemical analysis of 

. > ; ■ :: :
! the soy bean, the data having been obtained from hundreds 

' i ^ j
1 of analyses on many varieties of the bean.! The work was
done by the Bureau of Chemistry of the Baited States De~

I : - : .. (16) ; :V, '-V i 'V V ' i
; partment of Agriculture.
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Chemioal Composition of Soy Beans

Per cent
Maximum Minimum Average

Moisture 9.42 5.02 8.0
Ash - ■ : 6.35 3.30 4«6
Fat -■ : . 24.20 13.50 18.0
Fiber 6.27 2.84 3-5
Protein 50.30 29.60 ' 40.0
Pentosan 5.45 3.77 4.4
Sugars : 9.46 5.65 7.0
Starch-like substance by diastase 8.97 4.65 5.6
p2°5 2.18 1.50 • . 1.7

k 2° 2.64 2.01 2.3
OaO P.63 0.49 0.5
% o  ■ 0.55 0.46 0.5
Weight per 1000 seeds 248 g. 40 g. 150 g.

The composition of the soy bean lo, of course, depen
dent on the soil, the climatic conditions, and also on
the variety. The following table gives average oozsposi-

(17)
tions of the component parts of the bean.



Peroantage Composition of the Oeepeaent P&ris
 ̂: . ... ■ . °? SO' BO"" . . .... ....
\  Propor- 
\  tion 
\  of 
A  Seed

Mois
ture Protein

Carbohy
drate Fat Ash

Cotyledons 90 10.57 41.33 14.60 20.75 4.38
Embryo . . 2 12.01 36.93 17.32 10.45 4.08
Seed coat 8 12.53 . 7.00 21.02 0.60 3.83

Prior to 1915 the composition of the carbohydrate 
materials of the soy bean was well nigh unknown. Analyses 
of the bean always included a nitrogen-free fraction, 
usually determined by difference, after protein, fat, ash, 
and moisture content had been ascertained. In 1890,

V (18) •/ --r: f
W. Maxwell of the Harvard College Laboratory, investigated 
this fraction and reported the presence of d-galaotose.
He extracted finely-ground beams with ether, potassium 
hydroxide, diastase, and alcohol to remove fatty material, 
proteid bodies, amyloids, and the so-called nitrogen-free 
material, respectively. Upon examination of the alcohol 
extract, he was eventually able to bring about the 
crystallization of d-galaotose.

Schulze and Levallols have also been aeoreditod 
with the discovery of d-galaotose in the soy bean, 
Levallols having found from nine to eleven per cent.



12

(19)
Pentosan material had also been reported, Bor^iesanl 
found from 2 .8 6 to 3 .8 6 per cent in five different varie
ties. ' " - - : '

(19)
In 1915» J.P. Street and l.M. Bailey extracted finely 

ground soybean meal with boiling ninety-five per cent 
alcohol, cold vrater, malt extract, one per oent hydro
chloric acid, and 1 .2 5 per cent sodium hydroxide with 
the following results. The alcoholic extract yielded a 
syrup which had a reducing power equivalent to .07 per 
cent sugar, and had a rotation of +.54° V. (V stands for 
the Ventzke sugar scale. In which 1° V. = .34657° angular 
rotation D). After inversion 4.27 per cent sugar was 
present, and the rotation was +.02° V. Street and Bailey 
concluded that a dextro rotatory, non-reducing sugar was 
present. Since the syrup was hydrolyzed by emulsion, 
they decided that the sugar was raffloose.

Both their cold water and hydrochloric a d d  ex
tracts yielded a syrup which gave muoio a d d  upon oxida
tion, a fact which led to the conclusion that a water 
soluble galaotan in the.form of vegetable gums or mucilage 
was present.

A summary of Street and Bailey’s results follows:
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Analysis of Bean

■ Water - ' 12.67
Ash 4.64
Protein 36.69
Ether extract 14.92
Hitrogdn-free 31.0#

extract and fiber

Analysis of Mitrogen-freo Extract

%Oalaotan 4 .8 6

Pontoaan 4.94
Organic acids (as citric) 1.44
Invert sugar 0.07
Sucrose 3.31
Raffinos® 1.13
Starch 0 .5 0

Cellulose 3.29
Undetermined hemioellulose 0.04
Dextrin 3.14
Waxes, color principles, tannins.

etc. (by difference) 8 .6 0



In 1937, H.R. KrayMll, R.L* Smith, and E.D. Walter
(19)

showed that the raffloose reported toy Street and Bailey 
was actually sucrose. Since invertase hydrolyzes other 
sugars besides raffloose. Street and Bailey's evidence 
was not accepted as conclusive. Kraybill, Smith, and 
Walter extracted ground soy beans with petroleum ether 
and acetone. Tho acetone extract was evaporated to dry
ness and treated with absolute alcohol. Sucrose 
crystallized out, as evideneed by its rotation and reduc
ing power after hydrolysis with invertase.

Present-day knowledge of the polyuronide materials 
of the soy bean is contained in the nforemontioned inves
tigations. Information concerning the polyuronides of
the soybean hull is even more scarce. In 1939, Syuiku

(21)
Sasaki and Syotaro To analyzed tho hulls rather complete
ly. Their complete work was unobtainable in this country 
at the time of writing, but a summary, contained in 
Chemical Abstracts, is here included.

The seeds used by Sasaki and To were 85-90 per cent 
embryo and 5-10 per cent seed coat, or hull.
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Aiialysis of Seed Coat

*
Pectin 17-20

Hemiccllulose (4^ HaOH
extract) 5.6-10.3

Crude fiber 51.9
Crude protein 11.7
Crude fat 0 .9 6

Ash in dry matter 4.3

fhe pectin was prepared by extraotlne the hulls with 
a five-tenths per cent solution of ammonium oxalate, fhe 
yield of pectin was from fifteen to nineteen per cent.
The pectin was hydrolyzed and galacturonic acid was iden
tified in the hydrolysate.

Analysis of Pectin

£
Moisture 2.4
Ash 2.7
Methoxyl content 4.7
Uronio sold anhydride 45.5
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It has been only in the last quarter of a century 
that polyuronide materialo have attracted much attention. 
During this time they have been broadly investigated from 
the points of view of occurrence, distribution, and com
position* At present many of them constitute a great 
waste, both in industry end in agriculture. In the paper 
Industry, for example, hemicellulose is removed from the 
wood and is discarded. The indigestible, non-nutritive 
portions of hay and fodder are high in polyuronide mater
ials. Polyuronides very notably occur in seed coats, 
whether they be skins, hulls, rinds, or chaff, and, as 
such, are usually regarded as waste. Any investigation of 
this vest source of raw material is extremely important, 
as it is a step in a chain of events that, in time, will 
lead to the use of such materials in modern industry.

Correspondence with the operators of one of the 
largest soybean mills in the United States -the A.E. Staley 
Manufacturing Company of Decatur, Illinois - clearly 
emphasized the need of an outlet for the soybean hull in 
industry. The Staley plant, produces about one ton of free 
hulls per thousand bushels of crushed beans, or twenty 
tons, of hulls per normal daily grind. The ground hulls 
are incorporated with the soybean meal after the removal 
of the oil, and sold at feed prises. They say that be
cause of the ready availability of the hulls in the dry
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state, and because their partial or even complete re
moval from the oil meal would mot diminish its value as 
a stock food, a more profitable outlet for the hulls is 
desirable. The research department of the Staley Company 
analyzed the hulls in an endeavor to find material® which 
might easily be separated and sold at higher profits.
The following table contains the proximate analyses of 
air-dried, dust-free soybean hulls, as given by the 
Staley Company.

(22)
Proximate Analyses of Hulls

56Moisture 9.5
Crude protein 8.8
fat ‘ ' ' - 0.6
Ash 4.1
Cross and Sevan cellulose 37.5
Pentosans . : 18.5
Galaotans 7.8
Lignin 7.5
Resin 1.6
Reducing sugars ■ , 0.2
Non-reducing sugars 0.5
Undetermined 3.4



Extraction of the hulls with a one-per cent solution 
of ammonium oxalate yielded a substance which they desig
nated as a water-soluble vegetable gun. The analysis of 
this gum Is given in the following tabic.

(23)
Analysis of Gum Material

:Water solubility at 25° C. exceeds 10 g./lOO co.
Specific rotation in water -50° (1# solution.. ; - - - white light)
Moisture 9.3*
Ash 5.4*
Pentosans 11.5*
Galactans trace

Plant gums are polyuronides. yet they have found a
well-defined place in many industries. Tho vast paper and 
textile industries use plant gums as sizing materials. 
Rubber, cosmetics, inks, paints, and many other products
of commerce are colloidal in nature and require plaeti-

/oizers and emulsifying agents in their preparation. These 
gums find important use in this connection. It is because 
of the important industrial status of vegetable guns that 
the Staley Company M s  M e n  led to believe that the most 
successful exploitation of soybean hulls would depend on 

finding an outlet for the gum contained therein.



The present investigation was undertaken with the hope
of Increasing tho store of knowledge concerning the poly
uronide materials present in the soybean hull. The extrac
tion of the hulls by the use of various solvent® applied 
in an appropriate sequence was expected to yield materials 
varying in composition in accord with the solvent used, 
qualitative and quantitative analyses were made in an ef
fort to determine, as nearly as possible, the exact chem
ical composition of the extracted materials.



EXPERIMttfAI.

.Preliminary Treatment of Material 
The soybean hullo were received from the A.E. Staley 

Manufacturing Company in Ẑ ay, I94.I. Moat of the hulls 
wore"light' yellow in color, but a few were brown or nearly 
black. They were ground in a Wiley mill twice; first with 
the use of an eight-mesh screen, and again with the use of 
a tv/enty-five-aesh screen.

Approximately thirty-two hundred grams of the ground
hulls were evenly distributed in eight six-liter flasks and 
were refluxed for two hours in a water bath at 55 to 6o° 0 . 
with two hundred cubic centimeters of acetone per hundred 
grams of material. During the extraction the liquid layer 
became light green and quite cloudy. The acetone was re
moved by decantation through a filter paper on a large 
Bueohner funnel, and the extraction was repeated. A five 
hundred-cubic centimeter portion of the solvent was dis
tilled to dryness after the first, fourth, fifth, and sixth 
extractions. The residue from the sixth extraction was 
small enough to conclude that most of the acetone-soluble 
materials had been removed. The residue was not homogen
eous. One portion consisted of a green, ether-soluble
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material Inali^llag liplns» chlorophyll, and other coloring 
matter. The other,portion, was a brown resinous substance, 
soluble,In a mixture of benzene end alcohol. The residue 
was not carbohydrate In nature; consequently, aside from 
a few solubility tests, no further examination was under- 
taken, It was removed solely for the purpose of making the 
hulls more permeable to the water extractions to follow.

After the sixth extraction, the material was drained 
free from aoetonc and allowed to dry completely in the 
sun and air.

Isolation of the Polyuronide Materials 
Gold Water Extraction: ' - . '::

The alr-drled, aeetone-extiactcd pulp was returned 
to six-liter flasks and was treated with one thousand 
cubic eent lusters of distilled water per hundred grains-of 
pulp. After twelve to fifteen hours, the water was fil
tered off at the suction pump through a double layer of 
cloth. Since some solid material passed through the 
cloth, the water solution was filtered two more times 
through the cloth now covered by an effective filter mat 
of the pulp Itself. The extracted material was precipi
tated from the filtrate with four volumes of eighty-five- 
per cent alcohol. The precipitated material came down 
creamy i^lte in color and rather fluffy in texture. It



settled rather slowly, leaving the supernatant liquid 
cloudy* Aa much of the supernatant liquid as possible was 
syphoned off, and the remainder was removed by the centri
fuge. The water was removed from the precipitate by 
treating it twice with ninety-five-per cent alcohol and 
finally with absolute alcohol. It was then filtered at 
the pimp and dried on a porous plate.

The colloidal material causing the cloudiness in the 
supernatant liquid was not aggregated by the addition of 
more alcohol, nor was it brought down by the addition of 
acids or neutral salts such as KaOl. However, when the 
sol was brought to a pH of approximately eight, the pre
cipitate settled quickly, leaving a perfectly clear 
supernatant liquid. The precipitate was removed and dried 
exactly as described above. It was nearly white in color 
and finely powdered.
Mot Water Extraction: ■ ■ ' . -

The pulp m s  returned to six-liter flasks, covered 
with five hundred cubic centimeters of water per hundred 
grams of material, and refluxed four hours in a boiling 
water bath. The water was removed by filtering three 
times through a double layer of cloth. The extracted 
material was precipitated by the addition of four volumes 
of eighty-fIve-per cent alcohol. A creamy white pre
cipitate settled out, leaving the supernatant liquid



perfectly clear. The precipitate v/as freed from the 
supernatant liquid, rendered water-free by treatment with 
strong alcohol, and dried in the manner described in the 
preceding section. A second extraction with water in the 
boiling water bath was carried out. The material obtained 
in both extractions was dark brown in color.
Afo NaOH Extraction:

The residue from the hot water extractions was 
treated next with five hundred cubic centimeters of a 
four-per cent solution of sodium hydroxide per hundred 
grams of material for forty hours at room temperature•
The pulp was separated again from the solution by filtering 
with suction through a double layer of cloth.

A series of tests was made on the alkaline filtrate 
in an effort to obtain the .optimum pH for most complete 
precipitation. Small lots of the filtrate were treated 
with varying amounts of hydrochloric acid. A pH of 0.2, 
as measured by a pH meter, was required to produce a pre
cipitate which left a clear supernatant liquid. Since 
the pH meter was not available for routine us®, this pH 
was approached as closely as possible in the large-scale 
precipitations without the use of the meter. For this 
reason a perfectly clear supernatant liquid was not ob
tained in all cases. The brownish-red precipitate



was treated as in the preceding seetiohs. Since the 
hemicelluloseof the hulls should be removed by the sodium 
hydroxide extraction, this precipitate designated as 
heaioellulose "A." ;; . . ■; v ■, ... ;

The filtrate from the precipitation of hcmicelluloso 
"A" was treated with two volumes of alcohol. A rather 
ereamy colored precipitate cane down. It was removed and 
driwl in the same fashion as was hemicellulose "A" end 
was terased hemicelluloGe nB.r’ The filtrate from the pre
cipitation of * hemicellulose NBn xvas not clear; but the 
addition of alcohol failed to precipitate the colloidal 
suspension. The addition of sodium hydroxide;to definite 
alkalinity brought down a heavy white precipitate, termed 
hemicellulose "0." A second extraction with four-per cent 
aodiua hydroxide followed the above treatment.
.05 N HOI Extraction:

The pulp remaining after the sodium hydroxide ex
traction was washed repeatedly with faintly acidulated 
water. When the washings were neutral to litmus, the 
material v/as refluxed for two hours in a boiling water 
bath with five hundred cubic;centimeters of a five 
hundredtbs-normal solution of hydrochloric acid per 
:hundred grams of material. The precipitate came down 
light yellow, but turned light brown upon drying. A



second extraction with five hundredths-normal hydrochloric 
aold followed the first.
$$ HHaOH Extractions . : , .. .

The jmlp v/as treated with five hundred cubic centi
meters of a five-per cent solution of ammonium hydroxide 
per huMred grams of material. The extractions were begun 
in July, but because of interruption of the work during 
the summer, the extraction was not finished until Septem
ber of the same year. However, five-per cent ammonium 
hydroxide is so mild in its effect on polysaccharides that 
no harm could have resulted from its long contact with the 
pulp. The alkaline solutions were filtered three times 
through cloth, producing a clear brown filtrate. The 
filtrate was neutralized with six normal hydrochloric 
acid. A slight precipitate formed at the neutral point, 
but it was not removed. Precipitation was completed by 
the addition of four volumes of eighty-five-per cent 
alcohol. A light yellow precipitate settled out which, 
when dried, turned light brown. ’

The remaining pulp was washed free of ammonium hydrox
ide with distilled water. A five hundredths-hormal 
hydrochloric acid extraction was carried out as described 
in the preceding section. A very small precipitate 
resulted. It weighed probably lens than four grains, and



therefore was not removed from the alcohol but simply dis- 
carded. The pulp m e  next extracted with five-per cent
enonlum hydroxide solution, as described in this section.
A heavy creamy precipitate
when dried. ~• . - •. ' ' ? -
Drying of the Hulls After Extractions

resulted, which turned

The hulls wore.washed thoroughly with.distilled 
water and drained free from most of the water by the use of 
the auction pump. They were then spread on brown paper and 
allowed to dry in the air.

The weight of the air-dried hulls was 2,052
Since 3,155 grams of hulls had been extracted, and since 
392 grans of crude polyuronides were obtained, 711 grams 
of material (or twenty-two per centI of the original bulk 
remains unaccounted for. Part of this loss was due to the 
acetone-soluble material which was neither collected nor 
weighed. It is known that soluble sugars, mineral salts, 
and nitrogenous matter were discarded with the filtrates
from which the polyuronides were separated, j Although the 
sum of these losses would fall far short of the 711 grams, 
no further clue can be offered to account for the loss.
The following table includes analyses made on the original 
hulls and on the completely-extracted hulls.
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Table I
Analyses of Hulls Before and After Extraction

Ash
A I 2' * Methyl

Pentosan
A  :

Pentosan

Mem-extracted hulls 
Extracted hulls

3.56
0 .3 1

1.39
0 .0 0

3 .26

0.27
2.17
0 .0 0

1 0 .8

9.89

The results of the table indicate that Inorganic 
salts, materials containing nitrogen, and polyuronide mat
erials have been effectively removed from the hulls by the 
solvents used in the extractions. The value of the pento
san content of the original hulls evidently is in error, 
since furfural-yielding substances have been effectively 
removed, as evidenced by the results of the carbon dioxide 
determination. Also, the report of the Staley Company in
dicates the presence of 18^5 per cent pentosans. The 
error may be due to the fact that the hulls were not per
meable to the hydrochloric acid used in the pentosan deter
mination. More faith may bo placed in the value of the 
pentosan content of the extracted hulls, since this 
material had been rendered more permeable to .the action of 
acid by foregoing extractions. The carbon dioxide deter
mination on the exhausted hulls shows that the pentosan



material present la not polyuronide in nature, but belongs 
to the class of carbohydrates known as oellulosans. 
Qualitative Resuita of Sxbraotions:

The following tabulation shows the amount of orude 
air-dried polyuronides removed from 3*155 grams of soybean 
hullo by a o h  eAraetion. '
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Table II
Yield of Crude Polyuronides

Yield in Grams *First
Extraction

Second
Extraction

Yield

Gold water extract 62.0 ■ : • ' , 2.0
Hot water extract 35.3 10.4 1.4
Sodium hydroxide extrest

Hemioellulose "A" 9.3 4.3 0.4
Hemicellulose »»•» 7.2 8.2 0.5
Heraicellulose "0" 21.2 29.4 1.6

Hydrochloric acid extract $©.l 16.0 2.1
Amonium byiz^ixide extract 76.2 62.4 4.4
Total yield of poly

uronides 261.3 130.7 12.4

Reference to the above table shows that oold and hot 
water removed a relatively large amount of material. The 
small yield obtained by the second treatment with hot 
water is evidence for the eompleteness with which the 
water-soluble substances wore removed from the pulp.

The sodium hydroxide treatment was not so successful. 
The table shows that the second extraction with strong 
alkali removed even more soluble matter than the first.



Had this been evident at the time, a third treatment with 
base would have followed.

The sold treatment completely extracted any poly
uronide removable by five hundredtha-normal hydrochloric 
mold. The table shows that the quantity obtained from 
the second extraction vaas conspicuously smaller than that 
isolated from the first. Furthermore, after the first 
extraction with ammonium hydroxide, the pulp was subjected 
to a third acid treatment (not recorded In the table), 
which yielded a completely negligible amount of precip
itate.

The ammonium hydroxide treatment was stopped short 
of completion. This proved to be the most effective sol
vent used. However, the amount of material derived from 
the second extraction warn nearly as great as from the 
first, and this indicated the desirability of a third and 
possibly a fourth treatment with ammonium hydroxide. On 
the other hand, further application of this solvent would 
have yielded only more of the same carbohydrate, and the 
time element definitely demanded cessation of this phase 
of the work.



CmernicQl llaturo of the Polyuronide Fractions 
Cold Water Fraction:

A water extraction of the ground soybean hulls night 
be expected to remove a wide variety of things. Pectic 
substances as they oeeur in plant tissue nay or may not 
be water soluble* If the pectic substance consists of 
pectic acid, that is, of a polygalaeturonie acid, or of 
the calcium or magnesium salt of this acid, water will 
not dissolve it. However, when the pectic acid is rela
tively highly methylated, it is called pectin, and unooa- 
bined pectin is said to bo soluble in water. Such pectic 
material night well appear in the water extract. In 
addition, one might expeet other Tfater-soluble polysaccha
rides including both pentosans and hexosans. Simple 
sugars, lignin',' albumin, and inorganic salts would add 
to the complicacy of the mixture. Some of these sub
stances, notably the sugars, some of the soluble salts, 
and some lignin would fail to precipitate with the poly
uronides when they were precipitated with alcohol; but a 
process of purification was deemed necessary.

The cold water extract was ground to pass through a 
sixty-mesh sieve and was treated with two end a half liters 
of water, which had been made .02 H with respect to sodium 
hydroxide to facilitate dissolution. The solution, was

-31-
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tlien aeidifted with hydroohlorio acid and treated for 
twenty-four hours v/ith bromine. Tho carbohydrate next was 
precipitated from the water solution by four volumes of 
eigbty-f ive-pcr cent alcohol. Bromine y/ill. oxidize lignin 
-•rad.by so.doing render it soluble in alcohol. Subsequent 
preeipitationof the carbohydrates by means of alcohol thus 
would separate them from lignin. The strong acid would 
decompose the salts of weak acids whether organic or in
organic , consequently the alcoholic precipitation of the
carbohydrates would produce a product much lower in ash.
Three such treatments were necessary, but the final product 
was a perfectly white powder. , .. :

The analysis of this product appears in Table III and 
shows that the ash was reduced from 8.69 per cent in the 
crude product to 2.51 per cent. A negative Millon’s test 
and a low nitrogen content indicate that the ash and. pro
tein were reduced effectively if not quite eliminated.

A carbon dioxide determination.run by the method of
(24) -

Dickson, Otterson, and Link, indicated that nearly one- 
fifth of the fraction was uronic acid. A bromine oxida
tion of the purified material, run according to the method 
of Heidelberger and Goebel, gave small amounts of muclo
acid and relatively generous amounts of potassium acid
saeefaarat®, proving the presence of both.galaoturonle



and glucuronic aclde. The presence of tw-per c e a t ^  
methyl pentose m s  given by a pentosan determination; but 
the presence of this material could not be confirmed by 
any other test. The pentosan determination gave furfural 
phloroglueide in quantities demanded by the uronio acid 
content# but none in ezoess of this amount. A pentosan 
determination is only indicative at best, but at this '* 
point it Indicates the absemee ©f any pentosan from the 
©old water extract• ' -

Upon hydrolysis of the purified product, a sugar 
syrup was isolated. When freed from uronio acids the 
syrup gave large amounts of muoic acid, proving the 
presene© of galactose. A large amount of mannose phenyl 
hydrazon© was obtained from the syrup. The hydr&sone 
was Identified both by its speed of formation and Its 
melting point. Mannose and fucose are the only two nat
urally occurring sugars which form hydrazonos within one- 
half minute of mixing the sugar and the reagents. The 
hydrazono obtained in this ease formed immediately, but 
its melting point Indicated that it was mannose and not 
fucose phenyl hydrazon©. The syrup also gave a trace of 
an alpha benzyl-phenyl hydrazon®, indicating the presence 
of arabinose. The quantity of this hydrazone was too 
small to permit a melting point determination, but it



formed very slowly and produced comparatively large 
crystals. Its Identity was confirmed by comparing its 
erystal structure v/ith a known specimen.

toe above results lead one to the expected conclu
sion; namely, that the polyuronides of the cold water ex
tract contain some poetic material. This fact is borne 
out by the relatively high carbon dioxide content, the 
fairly high positive rotation, and the presence ©f 
galaoturonio acid. On the other hand, the peetic content 
is limited to a low value by the fact that the amount of 
muoio acid produced by bromine oxidation was small. The 
relatively large amounts of galactose, mannose, and glu
curonic acid, indicated by their identification tests, 
furnish the main clue to the composition of the product. 
It must consist principally of mannan, galaetan, and 
polyglucuronic acid complexes; but no evidence exists- to 
suggest what relationship these substances bear to each 
otherj that is, whether or not they are bound chemically
Into one or more complex polyglucuronldes.

- : . - • ■- -
Hot Water Fraction: -

Pectin Is appreciably more soluble in hot water than 
in cold. For this reason it was expected that this 
fraction would contain more pectin than the previous one. 
Likewise, because of the increased solubility in hot



water of extraneous oontcualnating matter, more inpurities 
were expected in this fraction. A purification process 
involving solution, aoidifleation, oxidation by bromine, 
and repreolpltation wascarried out on the ©rude poly
uronide, exactly ns in the case of the cold water fraction. 
Two bromlnatlona were sufficient to produce a perfectly 
white powder. Table III shows that the ash eontent was 
not effectively reduced. A negligible nitrogen content 
and a negative Mlllon’a test proved the absence of pro
teins. ,

A carbon dioxide determination indicated that well 
over one-third of the hot water polyuronide was uremic 
acid. Bromine oxidation of the purified material gave a 
fairly.large amount of muolo acid and small amounts of 
potassium acid saeeharate,.proving the presence of 
galaoturonio and gluouronio acids. The presence of over 
three per cent methyl pentosan was given by a pentosan 
determination, but its presence could not be confirmed by 
other tests. The pentosan determination also gave 
furfural phloroglueide In quantities somewhat in excess 
of that demanded by the uronic acid content; however, no 
pentose could be found in the sugar obtained later on 
hydrolysis. The purified product yielded a colorless 
syrup upon hydrolysis. It was sweet to the taste, but no 
sugar could be identified.
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: from the foregoing results one nay conclude that the
high carbon dioxide content, very high positive rotation, 
and good yield of Biucio acid iron a bromine oxidation all 
point toward the presence of pectin. Since no sugars 
were identified in the soger syrup, nothing may be said 
about other materials present in the fraction except that 
they contain a glueuromide.

NaOH Fraction;
The hemicelluloses are plant carbohydrates which are 

insoluble in water and soluble in dilute alkali. For 
this reason the alkaline treatment of the hulls was ex
pected to extract hemicellulose, as well as ot^er substances 
since the hulls undoubtedly contained poetic materials 
other than water-soluble pectin, l.o., poetic materials 
which would be rendered soluble by alkali. After a single 
purification with bromine, a perfectly white, powdery 
substance was obtained, and its subsequent analysis shows 
that the expectations as to its chemical nature were quite 
in order. . : % . r :  ■;

The hi^b value of pentosan materials and the fairly 
high methyl pentosan content, both determined by a 
pentosan, indicated the presence of a hemloellulose. The 
methyl pentosan content was confirmed by Rosenthaler’s 
color test, but the individual sugar was not identified.
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The sugar syrup obtained upon hydrolysis yielded both 
xylose and galactose. The xylose m s  identified as the 
xylonio aoid double salt of cadmium bromide, a salt which, 
after reoryatalliaation, crystallized in the familiar boat* 
shaped crystals. Galactose was shovra to be present by 
the formation of the characteristic galaotosazone crystals.

A carbon dioxide determination on the sodium 
hydroxide fraction gave a higher value than is normally 
found in a healoellulose, - the value indicating the presence
of alkali-soluble pectin in admixture with hemicellulose.

. . , - '
Heaieelluloses rotate negatively. Again the fairly high 
positive rotation of this fraction showed pectio materials 
to be present. A bromine oxidation yielded large amounts 
of muelo acid and a small amount .. of potassium aoid 
saeeharate, indicating the presence of a large quantity 
of galaoturonio acid and some glucuronic aoid, again em
phasizing the partial pectio nature of the fraction.

The hemloellulose portion is evidenced by the xylose, 
galactose, and glucuronic aoid content. Experience has 
shown that xylose is often associated with glucuronic 
aoid, and the Identification of the two carbohydrates 
here would strongly suggest the presence of a homieollulose 

of the xylogluouronlo acid type. The galactose is apt to 
be present as a galaoto-galaoturonio aoid or even as a



oalaotan. Mo direct experimental oviaeaoe is available 
upon which to base a definite conclusion#
.05* BQ1 Fractions ■■ - ■■■ ' " ; /

The three foregoing fractions all contained materials 
of poetic nature* However, the poetic content ©f tbs 
soybean hulls was by no means depleted. Still present 
were the water-insoluble pectins, either joined by 
glucosidic linking to some insoluble substance aueh as 
cellulose, or existing as calcium, or magnesium salts. 
Treatment with hydrochloric acid was expected to free the 
peotie or peetlnio acids from the linkings which bound 
them. It is easy to understand how these acids whoso 
ammonium salts are soluble could be leached out subse
quently with ammonium hydroxide • It is less easy to ex
plain how they could be removed by the dilute hydrochloric 
acid solution. However, the fact remains that a size
able fraction was removed by this solvent.

Two purification processes, carried out as on the 
previous fractions, produced a perfectly white, protein- 
free product with fairly low ash. A carbon dioxide 
determination on the purified polyuronide indicated the 
presence of nearly fifty per cent uremic acid. The 
positive specific rotation was high, as was the yield of 
audio acid resulting from a bromine oxidation. These



three results show the predominance of peotio materials.
A pentosan determination gave evidence of over eight per 
cent methyl pentosan, in addition to ten per cent 
pentosan. Also, bromine oxidation produced small amounts 
of glucuronic acid. Hydrolysis of the purified material 
resulted in a small amount of wyrup, which was not even 
sweet in taste. Mo sugars could be identified in this 
syrup as confirmation of the evidence offered by the 
pentosan determination.
5£ H KkOH Fraction:

As indicated in the preceding section, ammonium 
hydroxide converted the free pectic acids liberated by 
the hydrochloric acid into soluble ammonium peotates.
After extraction, acidification again freed the pectic 
acids, which were Isolated with the aid of alcohol. After 
subjected to two broalnations, the product whose analysis 
occurs in Table III was obtained.

The relatively high nitrogen content Is at first r 
striking. However, a positive Messier’s test and a neg
ative Millon’s test show that the purified material was 
contaminated with small amounts of the solvent used in 
its extraction. The ammonium hydroxide impurity is . 
nothing more than occluded ammonium salt®.

-39-
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A carbon dioxide determination on the purified pro
duct Indicated the presence of eighty per cent uronio 
anhydride. Oxidation with bromine yielded largo amount® 
of muolc acid. These facts, together with a very high 
positive specific rotation, indicate the presence of 
peetin.

The purified fri*etion was quite resistant to hydro
lysis, only forty per cent hydrolyzing in five per cent 
acid in a boiling water bath after a period of twenty-four 
hours. The non-hydrolyzable residue was soluble in 
ammonium hydroxide, end it was possible to fractionate the 
material into aoid-aolublo and acid-insoluble portions.
The acid-soluble fraction had a high carbon dioxide con
tent (twenty per cent), and was evidently the same in 
nature as the original fraction. The aeid-insoluble 
fraction was subjected to oxidation with bromine in one 
normal hydrochloric acid for twelve hours. The acid con
centration was then increased to one and a half normal 
and further hydrolysis was continued for another thirteen 
hours. The amount of non-hydrolyzable residue had 
definitely decreased, and mueie acid in large amounts had 
made its appearance. The presence of a non-hydrolyzable 
substance after twenty-five hours of vigorous hydrolytic 
oxidation indicated the presence of a substance which
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night be termed a body X. Sueh a body X must have been 
attached to the pectin in some manner which interfered 
with the hydrolysis of the pectin*

Bromine oxidation of the original purified ammonium 
hydroxide extract yielded glucuronic acid; and a pentosan 
determination gave evidence of small amounts of pentosan 
and methyl pentosan. Hydrolysis of the extract predated 
small amounts of a syrup which vaas not sweet and which 
responded to none of the sugar tests,

The above analyses, summarized in Table III, lead to 
the conclusion that the ammonium hydroxide extract con
sisted largely of peotic materials contaminated, as it 
were, with a glueuronldo.



Table III
Analytical Data

!
tA

1
•H1

5
05iK N1

O :11 J fj
VIA

&I!
I
1 i i 115si

Gold water 2.60 13.16 .33 .37 5 .19 20 .76 1.69 galactcae small
extract ♦ @5.2C mannose a»s. +++

2.42 13.34 .37 .44 5 .2 7 21.08 0.75 arabinose
Hot water 3.43 13.46 .00 .34 9 .93 39.72 6.40 3.42extract . ♦244.6° .1141 +++

3.57 13.56 .0 9 .35 10 .05 40.20 7.37 3.81
Heal cell 1.2) 10.92 .05 .39 5 .72 22.88 29.28 8,38 xylose
ulose ♦ 78.1° galac .1954"1" 1.83. 10.94 .40 5.80 23 .20 30.83 9,87 tose
HOI 2.72 13 *12 .00 .37 12 .10 48.40 8 .6 9 7.98
extract +131.lc JL510 +

3.04 13.19 *05 *39 12.50 50,00 11.40 9.62
KH40H *91 13.12 1*28 .43 19.96 79.84 4,69 4*21

♦260.5° ;V' t . large 
am11 # ++extract 1.15 13.29 1.37 .45 20,17 80.68 6,00 4*57
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A Supplementary Experiment 
The elaaeioal solvent for pectin has long been am

monium oxalate. It is well suited for that purpose, aineo 
the oxalate ion is capable of precipitating the calcium 
present as calcium pectnte, and the ammonium ion can convert 
peetie or peotinlo acids to the soluble ammonium salts.
Since largo amounts of pectin were found to be present in 
the soybean hulls, an extraction of a small lot of hulls 
with a fivo-tenths-per cent solution of ammonium oxalate 
was carried out. Subsequent extractions with four-per coat 
sodium hydroxide, five huadredths-normal hydrochloric acid, 
and five-per cent ammonium hydroxide were made. -The re
sults of the extractions on two hundred grams of material 
are given in Table IV.



Yield.of Crude. Polyuronides
Table IV

Yield 
in Grams # Yield

Ammonium oxalato extract 24.5 12.3
Sodium hydroxide extract 8.6 4.3
Hydrochloric acid extract negligible
Ammonium hydroxide extract 4.0 2.0
Total yield of crude

polyuronides 37.1 18.6

A comparison of Tables II and IV shows that the am
monium oxalate removed more pectin than did the pectin 
solvents used in the previously described extractions. 
However, the ammonium oxalate fraction included the 
materials isolated as the cold water fraction. Since the 
cold water fraction was sufficiently different from the 
other polyuronides isolated to warrant its removal as a 
separate entity, the first series of extractions was con
sidered far superior to the one Involving the use of 
ammonium oxalate.

The removal of large amounts of pectin with ammonium 
oxalate was expected to produce a hemioelluloso less 
contaminated with pectin. This was not the case, as seen
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by reference to Tables V and III, The hemlcellulose iso
lated after the rewral of much pectin gave nearly the same 
analysis as the hemlcellulose of the larger scale extrac
tion.



Table V
Analytical Data

!

I
3
a
w.

1
3 I §

m  .
l l

l i

? i

Sp
ec

if
ic

Ro
ta

ti
on

Ammonium 1,77 12.80 .73 1.91 12.48 49.92 10.6 2.34oxalate ♦242.5°. extract 1.83 12.85 .66 1.91 12.42 49.68 11.7 4.81

Sodium .89 11.12 .42 5.63 22.52 33.96 5.94hydroxide ♦ 18,7°extract .88 11.11 .36 5.78 23.12 37.52 8.07

Ammonium .33 13.86 1.08 .27 15.56 62.24 12.63 5.07hydroxide ♦274.3°extract .57 1.00 •31 16.11 64.44 17.40 5.72
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COHCLIISIOH

The aim of the lengthy and Involved ptoosssos of 
this Investigation was to apply methods whloh have been 
used sueoessfully in the study of hemloelluloses and poly
uronides from a vast variety of sources. The polyuronide 
content of the material under investigation was separated 
into as many cheaioally-different fractions as possible. 
The separations were dependent upon the number of sol
vents applied, as well as upon the order of their appli
cation. . . . .  .

. The main type of polyuronide found in the hull of the 
bean was peetic in nature. It was found to occur as a
free, water-soluble pectin, and also pectin combined in 

. . . : .... •such a way that it had to be freed by chemical • reagents
prior to its extraction by appropriate solvents. The 
pectin of the soy bean pervaded all fractions, and more 
or less interfered with the characterization of other 
polyuronides, masking evidence necessary for their iden
tification.

The ammonium hydroxide and hydrochloric acid frac
tions, together with the hot water fraction, were mainly 
poetic in nature.



The cold water extract and the sodium hydroxide ex
tract, although fairly high In pectin, contain polyuronides 
of another nature. The cold water fraction most nearly 
resembles the so-called "plant gums," while the sodium 
hydroxide fraction clearly belongs to the type of poly
uronide classically termed "hemicellulose."

The investigation has shown that the soybean hulls 
are rich in polyuronide materials; but aside from the 
peetic content, the chances of isolating any characteris
tic "plant gum" with unique properties are not promising.
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SUMMAET

1. Soybean hulls were ground and freed from fatty material
la preparation for extraction with watery solvents.

2. The fat-free hulls were extracted with cold water and
thus yielded e peotln-eoatamlaeted carbohydrate which 
proved to be a galaotan-nannan-glucuroaio acid mix
ture or complex, containing a trace of araban.

3. The hulls were next extracted with hot water and pro
duced a carbohydrate material high in pectin content. 
The accompanying carbohydrate material was not iden
tified.

4. The hulls were next extracted with four-per cent HaOH
and thus yielded a hemieellulose, probably of the 
xylo-glucuronl® acid type, together with a galactan 
or a galaoto-galaeturoaie acid. This fraction was 
mixed with a high percentage of pectin.

5* The hulls were next extracted with .0$ H HOI and
yielded a product in which only pectlc material was 
Identified.

\*47492
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Se The hulls wore extracted next with f ive-por cent HH^OH 
end yielded a fraction v/hlch was essentially pectic 
in nature.

7. It was concluded that, aside from pectie substanees of 
the polygalaoturonlc acid type, no unique poly
uronide could be derived from the soybean hulls.
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