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THE ISOLATION AND ANALYSIS OF HEHICELLULOSES />;

hydrolyzed to constituent sugar and sugar acid units by 
hot dilute mineral acids (!)> Hawley and Norman (2) have 
classified these hemicelluloses according to the chart given 
on Page 2. A review of the literature dealing with the 
hemicelluloses will be found in the theses of Seeley (3)> 
Kinsman (4), Butter (5)> and Gary (6), and in the publications 
of Butler and Cretcher (7), Anderson and Sends (8), and Link 
and Dickson (9)*

Investigations on the nature of hemicelluloses have 
been carried out since Schulze (10) first gave them a sepa
rate classification among carbohydrates. In spite of this 
fact, few conclusions have been reached relative to their 
structure, their role in the life of the plant, or the 
chemistry involved in their formation. Cellulose appears to 
be a material with a definite composition, though several 
forms of it are recognized. This is also true of starch and 
of pectic materials. On the other hand, the term hemleel- 
lulose refers to materials of the most varied composition.
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Psatosans
Cellulosie

Reserves?

Arsban, 
Xylan, etc*

Pentose uronic acid 
Eexcse uronic acid

Xylan



of extraction and purification, is made up ef a chain of
sugar units (and a 
joined by the " :

diastase or 
of an alpha union of a beta gly-

given by the fact that hydrolysis changes the specific 
rotation from negative to positive, the positive rotation 
increasing with a decrease in the number of sugar units 
attached to the sugar acid unit. ^

• The fact that they are
originally water insoluble but are extracted with dilute 
alkali indicates the presence of ester linkages. Anderson 
suggests that the hemieellulose molecules as we know them
probably tied up in some way similar to the following*

<



ad reserve 
that they i 
of the

terial, as 
(12)

material.

celluloses Is that of

(U) are of the opinion

importance by Anderson (15) with the resulting conclusion 
that the physical properties of wood or other plant material 
are determined by tho hemicelluloses and other binding 
materials*

Several explanations have been offered as to the origin 
of the hemicelluloses. Schulze (16) believed that they are 
intermediates in the formation of cellulose. Other inves
tigators (17) (18) suggest the possibility of a transition 
from pectic material to lignin with hemicellulose as the 
intermediate. The Tollens (19) and de Chalmont (20) theory 
Is that primary alcohol groups in terminal positions undergo 
oxidation to give a series of uronic acids which later are 
decarhoxylated to form pentoses. This mechanism would allow 
the formation of hemicelluloses from cellulose and would
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account for the associations d-glucose, d-glucuronic acid, 
d-xylose and d-galactose, d-galacturonic acid, 1-arablnose 
which are general in the hemicelluloses. Anderson (21) 
suggests that starch and dextrin may undergo this type of 
oxidation-decarboxylation and result in the formation of 
hemicellulosos* The latter theory (22) seems most probable 
at this time, but the evidence is not conclusive.

Preece (23) and Angell and Morris (24) investigated 
hemicelluleses from corn cobs and reported the presence of 
a xylan chain Joined to a nethoxy uronic acid. In only one 
of the fractions was there an indication of the presence of 
a sugar other than xylose, arabinose being reported in that 
case. This might suggest that hemicellulosos from the rind 
of corn stalks are made up of xylose and sugars of that series.



- 6-

--  ̂  ̂ - -

The Raw Material -

' : ' ': ' . : -T - / .\ .. :Source and preparation.
The corn stalks used in this investigation were grown

- ' ' ' ' *.. ■ " : " ’ , •

on the University of Arizona farm near Tucson. They were
cut in October, 1939, and were allowed to lie on the ground

" " v ■ . ' ■. ■for one month. They were then gathered and air dried for a
period of three months. The leaves were stripped from the 
stalks and the rind and pith were separated from each other 
and ground, separately, to a fine powder in a Wiley mill. 
The analysis of the rind is given in Table I.

.. - . - : - Table I - - • ■- -
Analysis of the Raw Material
Ash 5.14^
Moisture 5.74
Crude protein 6.41
Crude fiber 40.76
Ether extract 0.28
Carbohydrates 82.43

Preliminary extraction.
Four hundred grams of the powdered material were placed 

in each of four six-liter flasks and extracted eight tinea 
with acetone. The first three extractions were made in the 
cold and the last five were made under the reflux. The last 
extracts were colored only light straw yellow. The powdered 
material was then extracted seven times with ethanol under 
reflux and five times with hot distilled water. The powder



was then considered to be 
celluloses.

The filtrates from the water extractions were carefully 
tested with Iodine 
all tests were negative, 
to these filtrates caused

iter solutions and the

and the precipitate was centrifuged free of solution and 
washed into a beaker with 85$ ethanol. It was then filtered 
and washed once with 85$ ethanol and three times with small 
amounts of 95$ ethanol. After three hours of drying on the 
Bfiehner under a rubber dam, the material was thoroughly dried 
on clay plates, weighed and bottled. This weighed five and 

one-half grams and was celled Fraction W. - t v ? .



Isolation, of tiie Hiaicelluloses

• The material, previously extracted as described above, 
was placed in four six-liter flasks and allowed to stand 
in the cold for 72 hours with anproyiaetely 4^ solution of 
sodiua hydroxide and then filtered through nuslin* This 
extraction with a cold 4% solution of sodium hydroxide was 
repeated twice mre. The third filtrate was & light amber 
color and further extraction was unnecessary. The combined 
filtrates were dark brown and after another filtration were 
reserved fer further treatment. . ,

The remaining rlrd rnterial was washed several times 
with distilled water and treated with very dilute hytiro- 
ohlorie acid to neutralise any residual sodium hydroxide* The 
material was then, refluxed with 2S/20 hydrochloric acid twice, 
for a period of four hours.each time. The material was then 
washed with water and filtered and extracted twice with cold 
A% ammonium hydroxide, for & period of 72 hours each time.
©ie combined filtrates were acidified and addition of three 
volumes of 35# ethanol caused the precipitation of a very 
small amount of brown poetic material. This was filtered

At this point the material was washed with distilled water, 
treated with very dilute acid to neutralize the ammonium
hydroxide, washed again and dried. The dry material weighed



only 750 grams'*
• The dry materiel-Wt#4then placed in two six-liter flasks 
and covered with water. The mixture was made faintly acid 
with HC1 and the flasks were placed on a shaking apparatus 
and chlorine gas was passed into the suspension. In order 
that oxidation of cellulose might he avoided the chlorination 
was continued for only two and one-half hours. At the end 
of this time the suspension had acquired a red color and - 
foaming had begun.- The pulp was then filtered and refluxed 
with alcohol for & period of two hours. This refluxing 
dissolved out the lignin material which was made ethanol- 
soluble by chlorination (25). The alcohol was then filtered 
off and the pulp was thoroughly washed with water and par-V 
tially dried. " - *■ ■ - ■ - '

' i^rtlally" drieS" rlxM-teateriei.. was" then extracted . 
with cold L,% ammonium hydroxide for two periods of 72 hours 
each. A small fraction 'of-the'combined filtrates was acidi
fied with hydrochloric acid and seven volumes of ethanol were 
%dded. Ho precipitate-formed. This indicated the absence 
of pectic material. ; ;

After extraction with ammonium hydroxide, the- pulp was 
washed and extracted twice with a 1$ solution of sodium 
hydroxide, each time for a period of 72 hours. The remaining 
pulp was- discarded.

The extraction before chlorination gave about 20 liters 
of solution. Small samples of this solution were neutralised
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•ad the acidity varied to give pH values from 6.5 to 1.0.
The solution at pH 4 showed the most rapid and complete pre
cipitation^). The whole filtrate was brought to this 
acidity and allowed to stand for a period of three hours.
By this time a considerable amount of light tan colored

• , ••

precipitate had settled out leaving a clear brown solution.
This precipitated hemicellulose was called Fraction A. The 
supernatant liquid was siphoned off and the precipitate was 
centrifuged free of solution and washed into a beaker with 
85^ ethanol. It was then filtered on a Bfichner funnel and 
washed once with ethanol and three times with small 
portions of 95^ ethanol. After drying for three hours on the 
BSchner under a rubber dm, the hemicellulose was thoroughly 
dried on clay plates, weighed and bottled. The yields of 
the various fractions are given in Table II.

Two and one-half volumes of B5% ethanol were added to 
the centrifugate obtained after the first precipitation. The 
solution was then allowed to stand over night and the resulting 
white precipitate was centrifuged out, washed and dried as 
described above. This fraction was called Hemicellulose B.

The remaining centrifugate was then made alkaline to a 
pH of 10 with sodium hydroxide solution. An unexpected 
cream-colored precipitate was obtained. After standing for 
six hours the precipitate was isolated and dried as previous
ly described. The precipitate was called fraction X.

The extractions after chlorination gave about ten liters



found to be four and precipitation was carried out. by acidi* 
fication and the addition of three volumes of ethanol. The

• Table II
■ ■’ X :. -■ ■ .1:
Yields of Heaicelluloses

1 X '"/I'-.:'-

Fraction
' ■ ■ . - X -

Grams
(crude)

Percentage 
yield „

B
c
w
% . I-;

7.75
5.00
1*63
0.34
0.41

Total yield 15.13% -



Purification and Fractionation of the Eeoicelluloses

tin - The hemicollulonos sere all purified in as nearly as 
possible the same incnner. Each of the fractions B and 
G was dissolved in fifty times its weight of warm 2$ solution 
of sodim hydroxide and filtered throng paper until water 
clear* The W and X fractions were only pmrtlally soluble f 
m  sodium hydroxide and it was necessary to dissolve the 
V  fraction at pH five. The X fraction was dissolved in a 
more strongly acid solution. I&e acidity of each solution 
was then adjusted to a pH of six. Liquid bromine was added 
to each solution until a small excess remained in the bottom 
of the flask. The mixture was frequently and thoroughly 
shaken and more bromine was occasionally added for a period 
of twenty-four hours. At the end of that time the excess 
bromine was destroyed by addition of ethanol and the heni- 
celluloses were precipitated by addition of from four to 
seven volumes of 8556 ethanol. The amount of ethanol de
pended upon how much was necessary and sufficient to insure 
complete precipitation*

Hemlcellulose A required two broalnationa but one 
bromination was sufficient for the other fractions. As 
finally obtained Fractions A, B and G were snow white 
products, but W and x were still a light cream color.

The hemicelluloses obtained after bromination were



dried on clay plates and Fractions A, B end C were immediately
redissolved in 2£ sodium hydroxide for fractionation. Frae-
- - . v ̂  . : .. -

yielded a less soluble portion (2$2) and a more soluble 
portion B2 (75%). Hemicellulose C yielded the same fractions 
Ci (80*) and C2 (20#)l. The fractions were centrifuged, 
washed, filtered, washed chloride-free with 85* ethanol and 
dried on clay plates. Bach fraction was ground in an agate
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' " -•, -. , .r-

(4) Moisture . / ; ■ . ■ - t- -

(b) A f i h ■■ .y . "/ ' "
Samples were ignited In weighed crucibles at a low 

temperaturo until volatile matter had been driven off* The

three hours, cooled and weighed•' . A second heating showed 
that the .weights were constant* The ashes of Fractions A 
and B were light blue, those of the C fractions were light 
yellow* The ash of Fraction X was dark gray and that of 
Fraction W was tan* h- :■>'.oz*

* • ' v; ■;- \

This determination depends upon the fact that each

of carbon dioxide when it is heated in boiling 1236 hydro
chloric acid solution* The method is that of Lefevre and 
Tollons (27) with modifications by Dickson, Otterson and 
Link (28)* The method and apparatus are described in the 
thesis of Paul Krznarich (29)*



This determination carried out as directed toy the
A»0,A.C. (30)« The furfural was precipitated with phloro- 
glucinol* The weight of phloroglucide was converted to 
pentosan by means of Krober1s tables» There was no indica
tion of methylpentose in any of the fractions*
(e) Mothoxyl

The uronic acid unit in these hemicelluloses was found 
to have a nethoxyl substituent. Quantitative determinations 
were made according to the semi-micro modification of the 
Zcisel method. A full description of the procedure and 
apparatus is given in a recent thesis by Bennett (31)• The 
theoretical values for methoxyl were calculated from the 
percentages of carbon dioxide.
(f) Optical Rotation

The specific rotations of the various heslcellulose 
fractions were determined by dissolving a weighed sample in
a warm 2$ solution of sodium hydroxide and diluting to the 
mark In a 25-ml* volumetric flask.
(g) Test for Starch

A small amount of each fraction was boiled in distilled 
water and the solution acidified. Addition of potassium 
iodide-iodine solution gave no indication of either starch
or dextrin.
(h) Qualitative Sugar Tests

Color tests were made on all fractions using xylose and



(32). All fractions

pentose, end all fractions gavei'W

tests for siethyl- 
test with orcinol
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fable I H

Fraction A S1 b2 C1 c2 Ti X

a U t Vr° 13*32 .8*87 7.17 13.53 0.02 0.66 11.52

1#20 1.49 0.77 1.53 1.95 5.64 47.54
Pentosan 94**03 93.00 92.39 36.35 69.79 35.55 C5.13
Carbon
dioxide 0*918 1.56 1.43 0.660 1.21 4.85 5.67

W^mie " ' ■
anhydride 3.G7 5.44 5.92 2.66 4.64 19.40 22.68

ethoxy 1 0.651 1.03 1.07 0.39 0.76 0.50 0.71

« -93*40* -92.43" -35.80" -52.84" + 14.69" -61.96*
Total 
percent " 97.95 S3.84 93.52 99.30 75.28 55.13 83.13
Equivalent
weight. 4793

* :• .
5238 2330 m m 5657• * 907* 776

Pentose 
units por 
uronie acid

34*1 22.0 n*o 40.2 19.2 ■ • 6 ^ 6 3.05

Mothoxyl 
units per
uronie sold

1.00 1*07 1.02 0.93 0.30 0.15 0*1*

nualitativo 
ausar tests

All fractions gavo positive tests for xylose and 
negative tests for r-othylpenboae.

Teat for 
atareh

All fractions gave negative tests for starch.
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Hydrolysis of the Heslcelluloses• r- . : •. • •. • : ■ •- - . ■; • - j / - ■■ . . r

ly the
and were combined before hydrolysis* Fifty-five grams of

4^ solution of sulfuric acid. The mixture was heated In a

filtered and the warm filtrate was neutralised with barium 
carbonate. The precipitated barium sulfate was filtered 
off and the resulting solution was concentrated in vacuo to 
* syrup and added dropwise with constant stirring to one 
liter of warm 95% ethanol. The resulting suspension of 
barium salts was refluxed in a water bath for fifteen minutes. 
The salts were by this time brown and adhered to the walls 
of the flask. The alcoholic sugar solution was poured off 
and another liter of warm ethanol was added. This alcohol 
was poured off after fifteen minutes and the salts were dis
solved in 500 ml* of water and filtered ready for concen
tration. The combined alcohol solutions were also filtered.

and the barium salts were again precipitated. However,: 
these salts were light brown in color and were again dissolved 
in water and decolorized with Oareo* Concentration and pre
cipitation were again carried out and the resultant salts 
were nearly white, m e n  dry these salts weighed 4.0 grams.



acid wore added. Crystallization began at once. After 
standing for twenty-four hours in the refrigerator the so- $ 
lution had become solid with crystals. These were filtered 
off. Two additional crops of the sane sugar were obtained. 
The total yield was 40 grass.- The sugar melted at 145*0. 
and gave a [<x]25 = +19.7. After oxidation with bromine it 
gave the characteristic boat-shaped crystals of cadmium 
bromide cadmium xylonate (33). This was ample evidence that 
the sugar was pure d-xylose. The mother liquor did not 
ferment with yeast and gave the characteristic color of 
d-xylose in the orein test.

The two B fractions of the heaicellulose were combined 
and hydrolyzed as described above. Forty-nine grans of 
hemicellulose yielded 35 grass of sugar and 4*0 grams of 
barium salt. The sugar was identified as d-xylose by its 
melting point 145* C., by [°<]§5 = +20.3 and by Bertrand's 
test.

The results obtained on analysis of the barium salts 
are given in Table IY. In Salt A the methoxy uronic acid 
was combined in part with two xylan units and in part with 
three xylan units. In Salt B the methoxy uronic acid was 
combined in part with one xylan unit and in part with two 
xylan units.

Fractions C2, T< and X were not hydrolyzed because of

M m i - i



the sasll amounts available. Color tests Indicated the 
presence of xylose In all of these fractions end the low 
total percentages of the analyses indicated the presence of 
hexose. In Tr-:ctiens C-2 end T this hexose rrs Identified as 
d-glucose by conversion to potessluir. acid s^ccherate.

Table IV

Analysis of tko Darina Salts
Irhocrotica"L

Salt A Salt B %ith ono 
pentose

with two 
pentoses

with three

Carbon
dioxide 7.G4 9.22 10.84 0.15 G.75

Eethoxyl 5.12 G.85 7.64 6.74 4.74

♦57.16 +71.55
Cualitatlvi
tests 1 Positivei for xylose



The analyses show that these henlcelluloses are Con

or pentose and hexose units*• ^either 1-arabinose nor d- 
ealactose was found snong the products of hydrolysis. It 
was therefore esstisrod that nethoxy glucuronic acid is pres
ent# Mefchoxyl groups were found in the ratio of one meth- 
oxyl to each uronic acid. The pentose in all fractions was 
identified as d-xylose. The hexose in the Cg fraction was 
identified as d-glucose.

tose units varies from 19 to 48. A summary of the probable 
compositions is given in Table V* The results indicate that

chain. It

the exception of rotatory power. This difference cannot ho 
explained on the basis of present evidence but might con
ceivably be attributed to

The unusual difference between the and 0% fractions



is of particular interest* probably consists of 43 
xylose units per nethoxy-glueuronic acid while C2 contains 
19 xylose units and five glucose units per methoxy-glucuronic 
acid, one voulA expect to find a small amount of the glu
cose in the Cj fraction but there was no evidence of its 
presence. The origin of the glucose in the 0% fraction is 
problematical since all of the fractions gave negative tests 
for starch. The low rotation of this fraction is probably 
due to the dextro-rotatory glucose.

These two fractions are unusual and are probably not 
true hezaicelluloses. The positive rotation of the V 
fraction indicates that it is a mixture containing poetic 
material.- The small percentage of nsthoxyl is probably due 
to alcohol which remained in the samples.

The X fraction cannot be explained at this tine. How
ever, it is conceivable that In some cases alkaline alcohol 
might bring about precipitation by a further decrease In the 
hydration of the heaicellulose molecules. The high per
centage of ash indicates the presence of considerable in
organic material end the carbon dioxide percentage was 
corrected by a determination of the carbonates. This X 
fraction is undoubtedly a mixture but tho specific rotation 
indicates that it probably contains much heaicellulose of



Table V
i

Hemloelluloee A B1 ‘....... ■- ' : ci c8 17 %

776
8<|ti4imaest '
woi£ht from . 
uronio acid

;
; 4793

; ' : :
1 , :

» 1
? - ..

! : i :■ :1980
1 ’

6603

’

3037 I T
r  _ »'

Probable 
makeup of 
homicolluloco

34 xylooe 
1 mathoxy- 
gluour- 
oaio ■ 
acid

S3, xylose 
1 methoxy- 
gluour- 
oaic
a@td \ ‘

11 xylose 
1 mathoxy- 
glueur-

,sell

40 xylose 
1 mothoxy- 
glucur- 
cnic
•eld

li z r
glucose

1 i P fmu e

- • ■,« :
5 xylose 
S glucose 
2 glucur
onic 
acid

*. .r

'

I
n

Theoretical
equivalent
vroight* . . . '

- m u

. " f
3226 :### 6552

■

S#Sl' : # ni

----------------

T4#
u ■

' .* ;
------ ------



thatin Table VI with
in the leaves

sition to 
shown in the

are similar in
similarity Is

III and IV

Table V2

Analyses of Henlcollulosos fron Corn Loaves
Fraction A Bi b2 Cl C2
Pentosan 69.70 84.55 83.50 97.02 68.30
Uronio
anhydride 5.19 2.68 6.0C 5.55 4.34

I-Icthoxyl 0.953 0.754 0.972 1.03 1.05
-76.es* -51.01* -58.54* -51.09*

Total
percentage 75.75 87.59 90.00 102.7 73.61
equivalent
weight 3392 6576 2902 3172 5050
Pentosos 
por uronio 
aoii

17.9 42.1 18.5 37.0 13.0

Probable
S h 3 .
cellulose
soloculo

18 xylose 
5 hexose 
1 nothoxy- 
gluo-
acid

42 xylose
1 mthoxy- 
gluc- 
uronic 1 
acid

19 xylose
1 nothoxy- 
glue—
sold

25 xyloco 
glue— 
acid

19 xyloco

1 E Taoid



Is'Kid from rlndn of c o m  stalks to the? extent of approxim
ately 15F of the weight of the raw material,

2, 2ho nolecular weights of those hemicelluloses varied 
from 2950 to 6608,

3. Ko pectic material was found.
'4» The average molecule of heraieallulose precipi

tated with acid before chlorination consisted of thirty-four 
xylose units and one nothoxy-glucuronic acid.

5, The average molecule of henicellulose precipitated 
by alcohol before chlorination consisted of twenty-two 
xylose units and one metlioxy-glucuronic acid.

6, The two henicellulose fractions after chlorination 
showed unusual differences. The average molecule of the loss 
soluble portion consisted of forty-eight xylose units and 
one methoxy-glucuronic acid, while that of the more soluble 
portion consisted of one methoxy-glucuronic acid, nineteen 
xylose units end five glucose units, probably in that order.

7, A small fraction of water soluble material was also 
obtained. This was apparently a mixture of honicellulosv 
and poetic materials.

S, A small amount of material was also precipitated 
from alcohol at a pE of 10. This was slso a mixture.



9. There ras no starch present in any of the fractions* 
10* Henicelluloses in the rinds of corn stalks are much 

like those in the leaves.
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