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INTRODUCTION

It has been known for many years that certain sub
stances similar to cellulose are present in the plant 
cell wall. Upon hydrolysis they give sugars other than 
d-glucose.(1) They are insoluble in water but are dis
solved by alkaline solutions and are reprecipitated by 
alcohol when the solution is acidified. Schulze called 
these substances hemlcelluloses.t^) The hemicelluloses
are more easily hydrolyzed by dilute acids than is cellu
lose, but they are believed to be in some way related to 
cellulose. They yield a mixture of pentose and hexose 
sugars on hydrolysis. For many years the hemicelluloses 
were believed to be true pentosans or hexosans, or prob
ably hexopentosans.O) Recently, however, the presence 
of uronic acid has been established, the most common of 
these being d-glucuronic acid and d-galacturonic acid. 
O’Dwyer, in investigating the hemicellulose from Amer
ican white oak, isolated d-xylose, 1-arabinose, d-mannose 
and d-galactose. Later in another investigation on beech 
wood, she unquestionably demonstrated the presence of 
uronic acid units in the hemicellulose. From these 
results, it is evident that hemicelluloses are not 
true carbohydrates as originally believed, but compounds 
containing acid groups in the form of hexuronio
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acids. These results have been confirmed by the work of 
other investigators, particularly Preece and Norris who 
worked on wheat bran.(5) They obtained d-xylose, 1-arabinose, 
d-gluoose, and a hexuronie a c i d . I t  might be pointed out 
here, however, that not all of the fractions yielded a 
uronic acid. At the present time, two general types of 
hemicellulose are recognized.(7) The first of these are 
polysaccharoses which yield upon hydrolysis only monosac
charoses. The second type consists of the acid hemicel
luloses or polyuronides. This type on hydrolysis yields 
both a uronic acid and monosaccharoses. Norman,(8 ) has 
suggested the classification of the hemicelluloses given 
on page 4 .

The work of Anderson, 0 ,Dwyer, Preece, Norris and 
others on the composition of hemicellulose from various 
materials indicates that they may differ enormously in 
their composition and structure. The composition of the 
hemicellulose even in the same type of material may be 
quite different. Starch, pectin, and cellulose appear 
to be fairly uniform in their composition wherever found 
but this is not the case with hemicellulose. Anderson, 
Kesselman, and Bennett?) have shown that in certain hard
woods, the sapwood and compression wood vary in their 
composition. This variation in composition may be a 
result of the manner in which the hemicellulose is formed.
A series of transformations such as the following would, 
to a certain extent account for the variation in composition
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of the various hemieelluloses:(̂ 0 )
Glucose-- — Glucuronic acid
Glucose-- — Glucuronic acid-----xylose
Glucose--- -Galactose
Glucose— -— Galactose—--- Galacturonic acid
Glucose— — Galactose--- — Galacturonic acid
Glucose---- Mannose

■Arabinose
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Table I
The Classification of the Hemioelluloses

HEMICELLULOSES
Extracted by dilute alkalis

Hydrolyzed by hot dilute acids 
Giving hexoses and pentoses and often uronic acid

POLYOSES CELLULOSANSPOLYURONIDES

containing 
uronic acid

associated
with lignin?

not containing 
uronic acid

not containing 
uronic acid

associated with 
natural cellulose

not associated with 
cellulosic fraction

Hexosans 1Cvto-Uronides1 Cellulosic Frame-
Pentosans Encrusting Work Substance
Hexo-Pento- Substancesans ' - . r : '
Reserves?

Hannah, Pentose+ uronic acid : %yian,
Araban, Hexose + uronic acid Hannan.
Xylan , &c . Pentode-t- hexose-t-uronic Gluoosan?
, . acid
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There is some evidence for the presence of a beta 
glycosidic linkage in the hemicelluloses. In the first 
place, the hemicelluloses in general rotate strongly levo.
As the length of the chain is gradually decreased by hydrol
ysis, the material shows a decrease in levo rotation. This 
fact is characteristic of beta glycosides. Furthermore, 
taka-diastase(H) and malt diastase, which are alpha glyco
sidic hydrolyzing enzymes, do not hydrolyze the hemicellulose.

Several suggestions have been made as to the funotioh 
of the hemicellulose in plant materials. At one time they 
were regarded as reserve materials stored against periods 
of great metabolic activity. This is especially true of 
hemicelluloses from seed and fruit husks. Schulze and 
Pfenninger found an increasing amount of hemicellulose in 
pods of Pisum sativum with increasing maturation, varying 
from 16 to 19 per cent in unripe pods to 4 8 .6  per cent in 
the ripe pods.(12) A second suggestion is that they are 
cementing substances which hold together the cellulose 
and other structural materials in the plant. For example, 
it is a well known fact that when wood and other plant 
materials are treated with alkaline solutions, the fibers 
fall apart as though some cementing substance had been 
removed. This is especially true in the conversion of 
flax to linen. In this process the straw is treated with 
slightly basic solution to remove the gummy substances.
If the treatment is continued too long, the fibers of the
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linen are weakened. This is probably caused by the 
removal of too much of the hemicellulose. Another sug
gestion is that the hemicelluloses are the polysaccharides 
that bridge the gap between the insoluble celluloses and 
the clearly recognized reserve carbohydrates such as 
starch.(13) Finally, it is known that hemicelluloses 
exhibit the properties of hydrophilic colloids and hold 
large amounts of water which can be utilized during long 
periods of drought.

A more complete review of the literature on hemi
cellulose will be found in the theses of Kinsman,(14) 
Nutter,(15) Seeley,(16) Fruin,(l?) and in the publications 
of Butler and Cretcher,(18) sands and glass,(19) Anderson 
and Sands,(20) Anderson and Otis,(21) Anderson and Kins
man, (22) kink and Dickson, (23) and Schoeffel and Link. (24-)



EXPERIMEMEAL
. PRELIMINARY TREATMENT OF THE RICE HULLS

- The' purpose of the present investigation was to 
study the hemicellulbses isolated from rice hulls, Oryza 
Sativa, L.(25) Table II gives the results obtained on 
analyses of the original rice hulls.(2 6) .

Table II
Analysis of Rice Hulls

*Ash............     .24.10
Ash after
HgFgtreatment...................2.91 . ; -
Moisture:.......       4.77 -
Ether extract................... 0.022 : '
Crude fiber...................  .41.10
Proteins........................ 1.88

) Nitrogen........................ 0.30
♦♦carbohydrates•..................6 9 .2 3

♦Contains 88 per cent silica 
♦♦Nitrogen Free Extract (by difference) 

and crude fiber'2?)
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ISOLATION OF THE HEMIC ELLUL OSES

1. - Preparation of Hemloellulose A « ' Five 400 gram 
samplesLof ride hulls were-placed separately in six-liter 
flasks and Goyered with a 0;5, per pent solution of ammonium 
oxalate and heated in a boiling water bath for two hours. 
After Pooling, the riee hulls were filtered off on a Buohner 
funnel and washed with cold water. This extraction with 
hot ammonium oxalate was repeated; twice to insure the com
plete removal of pectic and other soluble materials. The 
residual hulls were then mixed with seven times their 
weight of a 5 per cent solution of sodium hydroxide and 
heated for four hours in a bath of boiling water. After 
cooling, the hulls were.filtered on a Buohner funnel and ; 
washed first with a 4 per cent solution of sodium hydroxide, 
and then with water. The hulls were set aside for further 
extraction. hr. .r.-. ■ - ,r . - : r-... ; "r . 'h ̂ -h.

The filtrate, from the first extraction w s  dark and 
syrupy in appearance. It was filtered again to remove any 
foreign particles, and acidified to a pH of 4 with 6N. 
hydrochloric acid. The dark brown filtrate beeame lighter 
in color and a large amount of precipitate formed. An . 
equal volume of 85 per cent ethanol was added to insure 
complete precipitation and to make possible the filtration. 
After standing overnight, the clear supernatant liquid 
was siphoned frcmi the precipitate. The' latter was; placed 
on a Buchner funnel and washed with 85 per cent ethanol
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until free of chloride. It was then washed three times 
with 95 per cent ethanol and dried rapidly on porous 
plates and in vacuo. The yield was 974 grams or 42.35 
per cent of the hulls used.

2. Preparation of Hemicellulose B. The rice hulls 
from which hemicellulose A had been extracted were again 
extracted with a 4 per cent solution of sodium hydroxide 
as described above. Since no precipitation formed on 
acidification, two volumes of 85 per cent ethanol were 
added and the resulting precipitate was allowed to settle 
overnight. The clear liquid was tested for complete 
precipitation and then siphoned off. The precipitate 
was filtered, washed, and dried as described above. The 
yield was 100 grams or 5 .0 0 per cent of the original hulls 
used.

The residual hulls were then washed with water, 
covered with 0.05N hydrochloric acid and heated in a bath 
of boiling water for two hours. The liquid was filtered 
and mixed with three volumes of 85 per cent ethanol to 
precipitate any pectin. No appreciable precipitate formed. 
The hulls were next extracted for 24 hours in the cold with 
a 5 per cent solution of ammonium hydroxide. The filtrate 
was acidified in the same way and three volumes of 85 per 
cent ethanol were added. Since no precipitate formed it 
appears that pectic materials are absent.

3. Chlorination of the Hulls and the Preparation of 
Hemicellulose C. The rice hulls from which hemicellulose A
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and B had been extracted were -washed and. made neutral with 
dilute hydrochloric acid and then eoTered. with water; , The 
water solution was made slightly acid with hydrochloric r 
acid and chlorine gas was bubbled through the solution with 
constant'shaking until the hulls became deep red in color. 
The time required for this color change was one hour, but 
the chlorination was continued for another hour as a margin 
of safety. After chlorination, the hulls were thoroughly 
washed first with water and then with 85 per cent ethanol 
to remove any of the lignon chloride. To insure complete 1 
removal of all of the material rendered soluble by the ; :
chlorination-process, the hulls were extracted under reflux 
for one-half hour with 85 peracent ethanol. Since no pectic 
material was found before chlorination, the test for this 
was omitted at this point; The hulls were then covered 
with a 4 per cent solution of sodium hydroxide and hemi- 
oellulose C was isolated as described for hemicelluloses 
A and B. The yield of hemicellulose C was 11 grams or 
0 ;5 5 per cent of;the original hulls used. ■ ' :

4• Purification of the Hemicelluloses. Forty gram 
samples of hemicelluloses A and B and a ten gram sample 
of hemicellulose C were dissolved in 4 per cent solutions 
of sodium hydroxide and the solutions were filtered to 
remove any insoluble material. The filtrates were brought 
to a pH of, 5 with hydrochloric acid and liquid bromine was 
added to the:solutions until they were saturated. As the



-  11 -

bromine was used_up, additional amounts were added so that 
a:slight excess was present during the 24 hour period. At 
the close of .2 4 hours, the solutions were mixed with three 
volumes of 85 per cent ethanol to destroy the slight excess 
of bromine and to precipitate the hemicelluloses. The 
precipitates were filtered off, washed free of chloride 
ion, and dried by suction, porous plates, and in vacuo.
The resulting hemicelluloses were white in color.

5. Fractionation of the Hemicelluloses. The purified 
hemicelluloses were again dissolved in a 2 per cent solution 
of sodium hydroxide and filtered free of any insoluble mater 
ial. They were then acidified with hydrochloric acid to a 
pH of 6 . A gelatinous precipitate formed in all of the 
solutions. The precipitates were separated by centrifuging 
and washed with 95 per cent ethanol and dried in the usual 
manner. These precipitates were called fractions A-̂ , B^, 
and Cjl respectively. To the clear filtrates from A^, B^, 
and was added one quarter of a volume of 95 per cent 
ethanol. This caused the formation of a second precipitate 
which was isolated as described above. These were termed 
fractions A2, B2, and C2. An equal volume of 95 per cent 
ethanol was added to the filtrate from which the previous 
fractions had been isolated. This precipitated fractions 
A y  and B^. All of the fractions were thoroughly washed 
with 85 per cent ethanol and then once with 95 per cent 
ethanol. When the filtrates from A^ and By were mixed
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with 3 volumes of ethanol only, a slight turbidity appeared. 
Three fractions of.hemicelluloses A and B were thus ob
tained and two fractions of hemicellulose C.
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Table III -
Summary on the Preparation of the Hemioelluloses

-Name Method of Preparation Weight

Hemicellulose A Precipitate obtained by 
the addition of hydrochloric 
acid to the first sodium 
extract. 947.0 g

Hemicellulose B•. ' . ' Precipitate obtained by 
acidifying the second 
sodium hydroxide extract. 1 0 0 .0 g.

Hemicellulose 0
■ ; - - i > " '

Precipitate obtained by :
adding two volumes of ethanol 
after chlorination to the :
acidified sodium hydroxide
extract. . !■:. .■>; 1 0 .0  g.

Total weight of 
Hemicellulose 1 0 5 7 .0 g.

Total weight of 
hulls used 2 0 0 0 .0 g.

Percentage yield 
ofiHemicellulose : 52.9$
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ANALYSES OF THE HEMICELLULOSES

All fractions of the hemlcelluloses were ground to 
a powder, passed through a one hundred mesh screen, and 
analyzed.

1. _ Moisture. The per cent moisture was determined
by drying the samples to constant weight in an oven at- - •
100 C. ' : f"-' - " • - : - ' —

2. Ash. The samples were ignited in weighed cru
cibles at a low temperature until all the volatile matter 
had been removed. They were then heated to constant weight 
with a blast burner. The ash was white. In fractions A^, 
Ag, A^, the ash content was approximately 65 per cent of 
the sample.' The presence of silica in fractions A^, Ag,
and A^, was indicated by the sodium metaphosphate bead

: ,

test.
established the presence of large amounts of silica.
The silicon tetra'flouride fumes given off formed a gela
tinous precipitate with water. A quantitative determin
ation of the per cent silica in the ash from fractions A^, 
Ag, and A^, was carried out with hydrofluoric acid. The 
ash in the hemlcelluloses B and 0 was so small that no 
tests for silica were made on these fractions. In all 
cases, the ash, after removal of silica, had a very faint 
pink color.

3. Hexbse Uronic Acid. This determination is based_ • - • - - • - - - .A "• " " . -upon the fact that each molecule of uronic acid present in

Treatment of the ash with hydrofluoric acid
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the hemicelluloses will give quantitatively one molecule 
of carbon dioxide when the sample is heated in a boiling 
12 per cent solution of hydrochloric acid. This deter
mination is carried out by the method of Lefevre and 
Tollenst 29) with modifications by Dickson,"Otterson, and 
L i n k . A  complete description of the method is given 
in the thesis of Erznafich. ( )  - The determination showed 
that fractions’ A and C of the hemicellulose did hot contain 
any uronic acid while fraction-B did contain a small amount 
of uronio acid. '-v

4. Pentosan. The per cent pentosan in the hemicellu
loses was determined by the phloroglubinol method described 
in the A. 0. A. 0 ; ^2) The results were calculated as 
xylan, from Krober*s tables,(33) since d-xylose was found 
during the investigation and the absence of 1-arabinose and 
methyl pentoses was established. - ' . .

' 5. Methoxyl. The uronic acid unit in hemicelluloses
often has a methoxyl substituent, however, a quantitative 
methoxyl determination as described in the thesis of 
Bennett34) showed the absence of this group in the 
hemicelluloses. : - . : ,

6 . Optical Activity. 0,1 gram samples of the hemi- 
celiuiose fractions were dissolved in a 2 per cent solu
tion of sodium hydroxide and the readings were m d e  with 
sodium light. In all cases except fraction A^ the solu
tions were sufficiently clear to be read.
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. 7., Discussion of the Analyses. The analyaes indicate
that fractions and Ag consist of a series of d-xylose 
units joined;to several molecules of d-mannose. The.two 
sugars occur in the ratio of one molecule of d-mannose to 
seven molecules of d-xylose. On the other hand, fraction 

contains the two sugars in the ratio of one molecule of 
d-mannose to one molecule of d-xylose. Since all of these 
fractions contained approximately 65 per cent silica, the 
possibility of silicic acid being in the molecule is sug
gested. The silicic acid may be joined to the" hydroxyl 
groups by the loss of a molecule of water, or it may be 
present as free silicic acid. Fractions B p  B2, and 
contain a small amount of uranic acid which indicates a 
rather large molecule. These fractions are of the poly
uronide type. The equivalent weights and the number of 
xylose units were calculated from the uronic acid deter
mination and it was found that the molecule varied in 
length from 2? to 42 xylose units, while the equivalent 
weights varied from 3789 to 5752. All this seems to indi
cate that hemicellulose B is a polyuronide made up of 
from 27 to 42 xylose units joined to one glucuronic acid.
If the equivalent weight is calculated from these facts 
with the assumption of one hexuronic acid per hemicellulose 
molecule, there is found a decided agreement with the 
molecular weight calculated from the carbon dioxide basis.

It thus appears that two types of hemicelluloses are
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presents Hemioelluloses A and 0 appear to be similar and
are polysaccharoses, while hemicellulose B is a polyuronide.

• ; :.............: ' : ............: - _ "  ' |
Tables 17 and V give the results obtained on anal-

• - i -. : • : • ' .
yzing these hemioelluloses.; ;

:... ; _ i :  ̂ : : i. -

i



Table. IV.
Summary of Results of the Analyses of the Hemicelluloses

Hemicellulose %  , a 2 A3 B2 =3 °1 C2

/. ...... Ash %........, .. 67.54 64.59. .69.80. -.0.707 ...«o# 36 -̂ ... ̂ -1.17l 1#4»3

Ash $ after treat
ments with5 H>>3p2 ..3.07 2-A2 .8.80 ■ ” ... — ' — — mm ■. ■ mm mm ■

... ,,Xylan./»*.. . .... 85.30... 84.50. .41.52 95.50 9 5 .4 0 9 6 .2 0 9 8 .0 0 - 8 6 .1 1.

Uronic Anhydride - - — ' — - — : 3 .0 6 3.34 4.64 - - -

Methoxyl ^ ..This di
molecu

stenainat;
Le ion proveed the abiienoe of- 1Aethoxyl units in jthe

Hexosan $** ; . 14.70 15.50 58.48 13.89

Total percentage 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 98.56_ 98.74 1 0 0 .6 6 '9 8 .0 0 1 0 0 .0 0

♦Caloulated on the Ash and Moisture % e e  Basis 
♦♦Calculated by difference ; • i •;

i
K
i
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Table V
Optical Rotation and Equivalent Weights of the Hemicelluloses

Hemicellulose A1 A3 Bi ' b2 B3 C2

-52.0* r65.0° — 62*1 •*64* • 6 -68.5* -75.7* -81.5*

Equivalent weight 
from Ufonic Acid** — - - - — — 5752 5269 3789 —

Mols of Xylan per 
mol of Uronio Acid — - - 42 39 27 ' "T . ; ""

Calculated 
Equivalent Weight - - - 5720 5324 3740 . ...

Absorbed a U  the light 
*l‘*No Uronio Acid present
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HYDROLYSIS OF THE HEMICELLULOSES AND THE : 
• IDENTIFICATION OF THE PRODUCTS OF HYDROLYSIS

1. Method of Hydrolysis* The hemicelluloses were 
mixed with 15 times, their weight of a 4 per cent solution 
of sulfuric acid and heated for 14 hours in a bath of 
boiling water. The solutions were then filtered from the 
insoluble material. In.the case of hemioellulose A this 
residue amounted to "62 per cent of the hemioellulose used. 
It was identified as silica as previously described. The 
insoluble material left on hydrolysis of fraction B was
very small. It was not examined.

After removal of the insoluble residues the filtrates
were neutralized with barium carbonate and the barium 
sulfate was filtered from the solutions containing the
sugars and the barium salts of the sugar acids. The solu
tions were concentrated in vacuo to a small volume and the
salts of the acids were precipitated by addition of warm 
95 per cent ethanol. Since there was no uronic acid in 
fraction A oif the hemioellulose, there was no barium salt 
obtained from this fraction. Fraction B of the hemioel
lulose gave some barium salt. This salt was heated under 
a reflux with 95 per cent ethanol to increase the particle 
size and to aid in its isolation. It was colored a faint 
yellow. The filtrate from this-salt contained the sugars.

2. Analysis of the Barium Salt of the Uronic Acid 
Complex. The barium salt was purified by solution in



water and treatment with decolorizing carbon. The filtrate 
was concentrated and the salt was isolated as described 
above. It was dried on a porous plate and in vacuo.

The per cent moisture was determined by drying the 
salt to constant weight in an Abderhalden dryer at the. 
temperature of boiling water.

r The presence of a uronio acid was established by the 
Napthoresoroinol test(35) on the above barium salt. Since 
the fraction was known to contain no hexoses, the uronic 
acid present in the barium salt was identified by conver
sion to potassium acid sacoharate as described by Morrow 
and Sandstrom.(36) Further identification was established 
by converting the potassium salt to silver sacoharate.
The crystals were dissolved in water, neutralized with 
ammonium hydroxide, and mised with 1 .5  times their weight 
of silver nitrate in a little water. After standing over
night, the silver sacoharate was filtered on ashless filter 
paper, washed, and dried over:sodium hydroxide and calcium 
chloride in vacuo. On ignition it gave 52 per cent silver, 
while the theory for silver sacoharate is 5 0.91 per cent 
silver. ' - :" ■

3. Qualitative Tests for the Sugars. The original 
hemicelluloses were tested qualitatively for specific 
sugars as follows.
Orcinol Test. A small sample of the hemioellulose from 
each fraction was heated with hydrochloric acid and Orcinol
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In all cases a blue precipitate and a green solution formed 
immediately. This is a positive test for pentoses and 
negative test for methyl pentoses.(37)
Hydrochloric acid spectral analysis.(38) Small fractions 
of the hemicelluloses were heated in boiling hydrochloric 
acid and the solutions were observed through the spectro
scope. In all cases there was no absorption of the light 
in the region of the blue line. This is positive for pen
toses and negative for methyl pentoses.(39)
Rosenthaler*3 Test.(40) Samples of the hemicelluloses
were mixed with 2ml. of hydrochloric acid and 1ml. of

:  - ' : ■/. ■ ■ ■ -  .... ' . :

acetone and heated to boiling. A red color appeared. This 
indicates the presence of pentoses and the absence of methyl 
pentoses.(41)
Napthoresoroinol Test.(42) Hemicellulose samples were 
heated in hydrochloric acid and two drops of napthoresor- 
cinol added. A red color appeared instantly. This also 
indicates the presence of pentoses and the absence of 
methyl pentoses.
Alpha Benzyl Phenyl Hydrazone.(43) The pure sugar crystals 
were dissolved in a small quantity of a 70 per cent solu
tion of ethanol and mixed with alpha benzyl phenyl hydra
zine and allowed to stand overnight. No precipitate of 
the hydrazone was obtained. This proves the absence of 
l-arabinose.

4. Isolation and Identification of the Sugars from
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Hydrolysis. After the removal of the barium salts as 
described above, the alcohol solutions containing the 
sugars were concentrated in vacuo to a thick syrup. The 
resulting syrups were mixed with glacial acetic acid. The 
syrups from fractions A and:B began to orystalize after i 
standing in the refrigerator. The crystals were filtered 
off and washed with glacial acetic acid and alcohol, and 
dried in the air. These sugars were identified as d-xylose 
by their Ur^J5 , melting point , and by the Bertrand ;
test.(44) They gave the characteristic boat shaped crys
tals of "the cadmium bromide-cadmium xylonate double salt.
The results obtained in the qualitative tests are given. V- "■ - : I
in :Table "71.':";

5. Isolation and Identification of d-Mm^nnae. ;" >  a r ", i  "* ■  ~ "   "  ’ 1...  . . - - • ; ; 7  > ■ 1 "* 1  ̂ ''re r -1 9 ̂ V ' ’
Quantitative'analyses of fractions.A^,. A2, Aj, and C2 

indicate the presence of a hexose in these fractions. The
-.Skatole(4^^ test also indicated the presence of a hexose..

The phenyl hydrazone test for d-mannose was positive.(46) 
When this test was applied a precipitate formed immediately. 
The crystals were similar to those of d-mannose phenyl hydra 
zone, prismatic when crystal!zed from a water solution and 
needle-like when recrystalized from an ethanol solution.(47) 
The melting point was 171° C.which is lower than the 
melting point of pure d-mannose phenyl hydrazone. However, 
it is possible that some d-mannosazone was formed and that 
the crystals were not perfectly pure.
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Table VI
Summary of Analyses of Barium Salts and Sugars

Name . Method of Identification Weight

Barium Salts 
from

Fraction B
Napthoresorcinol color test 
Potassium Hydrogen Saccharate 

Crystals
_Silver Saccharate Salt 
The weight of the Silver ob

tained was 53$ of the 
Silver Salt 0 .6 0  g.

Sugar A Cot J a ............. .4-16.4Melting Point......... 145.0
Cadmium bromide cadmium 

xylonate double salt 1 3 .0 2 g.

’;: . . . '
Mannose phenyl hydrazone 

Crystals
Melting Point........i.171.4
r n25°

Sugar B . < . . L otJD --------------+19.5Melting Point...v......1 4 5 .1
Cadmium bromide cadmium 

xylonate double salt 
were observed' ■ ' ' ■ .. :. ■ . ■ ■ r ■ ' .

r : ' .

19.50 g.
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Rice hulls gave a mixture of hemioelluloses amounting 
to approximately 53 per cent of their weight. This mix
ture was separated into eight different fractions. Two 
types of hemioelluloses were present. One of these 
belongs to the polysaooharose type of hemieellulose and 
the other to the polyuronide type.

One of the fractions among the polysaccharoses con
sisted of a pure xylan. The other fractions consisted of 
manno-xylan complexes, varying in composition from one to 
seven molecules of d-xylose, combined with one molecule 
of d-mannose.

The polyuronide hemioelluloses that were obtained 
contained from 27 to 42 molecules of d-xylose, combined 
with one molecule of d-glucuronic acid.

All of the hemioelluloses•that dissolved during the 
first treatment with sodium hydroxide contained approxi
mately 65 per cent silica. The hemioelluloses obtained 
by later extractions with sodium hydroxide contained only 
traces of silica. It is possible that the silicic acid 
is combined in some way with the hemieellulose.

None of the hemioelluloses gave any test for starch.
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