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During the last few years some notes have been published from this Laboratory
(Das, Mitra and Wareham, 1952b, 1953, 1954a, 1954b) on the association of pen-
toses in a-cellulose. Details of the investigations are now released here.

Natural cellulose is made up of «-cellulose, pentosans, polyuronides and hexo-
sang. Irvine and Hirst (1924) found that, even by pressure digestion with alkali,
esparto cellulose contained 18-59, xylan. They also demonstrated that the true
cellulose fraction was constitutionally identical with pure cellulose of cotton. This
was supported by Hawley and Norman (1932) in the case of hardwood and straws and
later on by Astbury, Preston and Norman (1935) and Schmidt ef al. (1932). a-cellu-
lose from several other sources has also been found to contain considerable amount
of resistant xylan (Meyers, 1942). Even 109, boiling caustic soda fails to extract all
the xylan from certain sources (Norman, 1937). These observations led to the belief
that a strong association exists between xylan and a-cellulose, the nature of which
has been suggested to be of solid solution or mixed crystal type. These alkali resis-
tant fractions termed by Norman as ‘Cellulosans’ are considered to be different
from the rest of the easily extractable hemicellulose or ‘Incrustants’. Norman
considers it possible that cellulosans may themselves be oriented and distributed at
random throughout the bundle of cellulose chains. These are stabilized by the
secondary valency forces or residual valency forces just as the cellulose chains are in
the lateral directions so that according to him cellulosan is an integral part of the
structure of the natural cellulose. On the other hand, the incrusting hemicellulose,
being easily extractable with alkali, are said to be loosely bound.

The above view was criticized by Sarkar, Mazumdar and Pal (1948) on the
ground that Norman attributed the whole ‘furfural’ arising from cellulose to xylan
and did not appear to have considered the possibility of the ‘furfural’ being contri-
buted by the presence of ‘polyuronides’ also. So, according to his diagrammetric
representation ‘Cross and Bevan’ cellulose should be entirely free from polyuronides.
In practice, however, Sarkar et al. (1948) found that jute cellulose prepared by all
the conventional methods including that by Cross and Bevan invariably contained not
only pentosans but also polyuronides. These workers, therefore, carried out further
experiments to verify the cellulosan theory of Norman. They found that by treating
the chlorite jute holocellulose with 17-5%, NaOH by A.C.S. method the ‘furfural’
content of jute a-cellulose becomes 2-559%,, whereas this value drops to 1:23%,
if the product is given a further successive alkali treatment of 109, and 5%, NaOH.
The latter ‘furfural’ value being nearer to that of purified cotton (1-03%,) they claimed
that o-cellulose prepared by this modified method over that of A.C.S. is free from
xylan, polyuronide and hexosan. Even by treating the chlorite holocellulose with
9-3% NaOH for 4 hours at room temperature the ‘furfural’ value was found to be
only 1-409%, (calculated) which also they claimed to be free from pentosans, poly-
uronides and hexosgans. According to them, therefore, in jute at least the union be-
tween xylan and a-cellulose or the mixed chains or glucose and xylose as envisaged
by Norman is not justifiable.
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The present investigation was therefore undertaken to resolve these uncertain-
. ties, It was first considered necessary to see if, by using any less drastic method, it
is possible to prepare a product which may be free from polyuronide and hexosan
but still retaining the pentosans. For this purpose, in order to obtain first-hand
information, the effect of cold caustic soda on the removal of different hemicellulose
components (xylan, polyuronide and hexosan) from the partially delignified jute
was first studied which is recorded in this part of the series.

Cut white jute was defatted with 1:1 alecohol benzene mixture and bleached
with 1 vol. HyOp (Das et al., 1952a) and dried in air. .The bleached jute was then
treated with NaOH solution of various concentrations at room temperature for 3
hours iIn a liquor ratio 1: 50, washed, dried and analysed, the results being given in
Table 1.

TasLe I
. Bleached Bleached | Bleached | Bleached | Bleached
Raw jute and 19 and 5% | and 109, {and 17-59,
1 vol. ° °
NaOH NaQOH NaOH NaOH
) @) Sl'(:in)tl Y 11(4)' h, | Y 11(5)' h Ret(i?i) h
. ightly ellowish, | Yellowish, ish,
Colour .. v Grey White inferior to | inferior to | inferior to | inferior to
(2) 3) @) (5)
Loss in weight .. .. 51 7-8 14:2 - 15-3 15-7
Lignin Hg80, method 11-43 10-06 9-51 9-42 9-36 9-56
a-cellulose ..;i 646 64-0 643 ° 63-9 640 63-9
Furfural .. .. 9-2 8-8 8-1 58 5-1 5-3
Total CO, .- 1-25 1-18 0-97 0-77 0-71 0:69
Xylan .. .. 118 11-2 10-4 7.1 63 66
Polyuronide .. 3-4 3-12 2-28 1-48 1-24 1-16
Hexosan .. .. 8-9 65 59 39 2-8 3-1

N.B.—Results are calculated on the original oven dry weight.

Lignin was determined by the method of Norman and Jenkins (1933). «-cellulose
was estimated by treating the holocellulose obtained after chlorite treatment
(Chattopadhyay and Sarkar, 1946) with 17-59%, caustic soda solution according to
A.C.S. method slightly modified by Sarkar, Chatterjee, Mazumdar and Pal (1948).
Hemicellulose content was calculated by difference. Furfural was determined by
the method of Hibbert ef al. (1923) as modified by Chattopadhyay and Sarkar (1946).
The formula given by Doreé (1947a) was used in the calculation. The carbon-
dioxide value of the fibre was estimated by the method of N anji Paton and Link
(of. Doreé, 1947b).

Calculations of polyuronide and xylan were based on the conclusmn of Sarkar
et al., that a-cellulose having a furfural content 1-239%, is free from pentosan.
But as it was later on shown from this Laboratory that the above w«-cellulose
contains pentoses, data reported in Table I above are subject to revision. This could
not have been done at the present stage as the pentosan free jute a-cellulose could
not have been isolated (see later). Nevertheless, the results show that the amount
of hemicellulose constituents of the bleached and sodium hydroxide treated fibres
dissolving at room temperature increases gradually with the increased concentration
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of sodium hydroxide, reaches a maximum at about 10% NaOH and over that
concentration very little further change occurs.

When the concentration of alkali is 10%,, the loss of hexosan and polyuronides
is about 699, and 649, respectively, whereas the loss of xylan at that concentration
is only 47%,. From this it seems to indicate that xylan offers a considerable resis-
tance to dissolution of hydrogen peroxide treated jute in sodium hydroxide solution.

The main difficulty in drawing any definite conclusion from the above type of
analytical results is the fact that both hexosans and pentosans are known to yield
furfural as well as COg and although the percentage yields of furfural and COg under
the experimental condition for simple sugar could be easily estimated, it is difficult
to do so in the case of cellulose free from pentosans, hexosans and polyuronides owing
to the difficulty of obtaining such authentic sample.

A new approach was therefore sought and the paper chromatographic method
was considered to be useful. Paper chromatography has also been used by Sarkar,
Mazumdar and Pal (1950) to demonstrate that jute «-cellulose is free from any
pentose sugars supporting their previous conclusion that there is no cellulosan in
jute. For this they hydrolysed modified jute a-cellulose with 729, Hy804. The
hydrolysate after usual process of neutralization with barium carbonate was used
for chromatography. But on account of the following disadvantages of sulphuric
acid, the formic acid method of hydrolysis (Das, Roy Chaudhuri and Wareham,
1952, 1955) was also tried.

(1) As pentoses are relatively easier to decompose in HySO, acid than glucose,
it is evident that appreciable amounts of pentoses were lost during hydrolysis.
Thus the proportion of pentoses to glucose in the hydrolysate may be too small for
detection and also in such case the pentoses may be superimposed in the chromato-
gram with the relatively large amount of glucose.

(2) The pentoses may be preferentially absorbed in the large amount of barium
sulphate formed during neutralization. '

(3) As after the addition of barivmn carbonate the solution becomes slightly
alkaline, there is a possibility of isomerization of sugars. In fact, as would be seen
later, we have found that a portion of pure glucose under this hydrolysing condition
is transformed to a keto-hexose.

Before selecting the formic acid method degree of decomposition of different
sugars by formic acid method was first studied and the results are reproduced in
Fig. 1. (For details of the method see experimental section.)

Decomposition of glucose, xylose, arabinose and galacturonic acid with 729,
H280,4 method as adopted by Sarkar, Mazumdar and Pal has also been studied and
the results have been compared with the corresponding values obtained by 12 min.
hydrolysis of sugars with boiling formic acid (85%,) method in Table II.

TaprE IT
Percentage loas of sugar after hydrolysis

Glucose Xylose | Arabinose G;l:gg:éo Rhamnose | Galactose
12 min.  hydrolysis
with boiling formic
acid (from Graph 1 )
approx. figure) .. Nil 19 Nil 49, 1% 29,

adopted by Sarkar
and co-workers .. Nil 129, 89% 20%
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The formic acid method of hydrolysis (Das, Roy Chaudhuri and Wareham,
1952, 1955) was therefore preferred to Hy804 method.

Besides, as from our preliminary experiments, it has been observed in the case
of jute «-cellulose that when the duration of formic acid hydrolysis is small, the pro-
portion of pentoses is much higher than that of glucose, there appeared to be little
chance of the pentoses being superimposed by the hexoses.

The formic acid method therefore seemed to be an easy means of detectmg the
pentoses even in traces in the jute a-cellulose. Moreover, as in this method no
neutralization is necessary and the solution is slightly acidic there is no danger of
isomerization of sugars.

But before adopting the formic acid method it was also essential to be sure that:

(1) Glucose and uronic acids treated with formic acid under the condition
of hydrolysis do not transform to pentoses.
(2) Hydrolysed pentoses do not give spots other than the parent sugars.

For this purpose xylose, arabinose, glucose and galacturonic acid were treated with
formic acid (859%,) at 135°C. for 12 minutes and 3 hours and the hydrolysate purified
in the same way as explained later on was chromatogramed. In every case a single
non-diffused spot was obtained. If, however, the hydrolysate is not purified properly
by repeated boiling with water and refluxing, more than one spot may be seen in
the chromatogram, presumably due to the incomplete hydrolysis of the formyl esters
of the sugars. One typical chromatogram is reproduced in Fig. 2. Similar chroma-
togram was also obtained for galacturonic acid and arabinose. It may be emphasized
here that even if the sugars are not fully purified there is no chance of mistaking the
spot for formyl ester of glucose with that of a pentose as the colour developed with
aniline oxalate reagent in the former case is always yellow to brown against that of
the latter which is definitely pink.

Thus having ascertained the suitability of the formic acid method, it was then
tried in the detection of pentoses in the jute «-cellulose which are recorded in this
part of the series.

MATERIALS

A. Preparation of Jute a-cellulose : (1) By Conventional Method.—Both white
and Tossa jute were used in these investigations. Each was first purified by
extraction with alcohol : benzene mixture (1:1) for 6 hours, followed by washing
in water and drying in air. It was freed from adhering bark and specks, cut into
short lengths and conditioned in air. The holocellulose was then prepared by
Cross and Bevan (cf. Doreé, 1947¢), Norman and Jenkins (cf. Doreé, 1947d), chlorine
dioxide (cf. Doreé, 1947¢) and sodium chlorite (Chattopadhyay and Sarkar, 1946)
methods. «-cellulose was prepared by treating the above holocellulose with 17-59%,
NaOH acoording to the method of Ritter (1929). The yield of a-cellulose obtained
by these different methods are shown in Table II1.

Tasre IIT
Percentage yield on the dry weight of defatied fibre

Method gé‘ lﬁi'ﬁ);;:ration of Lignin* | a-cellulose
Cross and Bevan .. . 28-8 59-8
Norman and Jenkins .. 25-0 62-4
Chlorine dioxide .. . 181 62-4
Sodium chlorite o .. 11-9 64-7

* Porcentage loss during preparation of cellulose.
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(2) By Other Methods.—(w) Sarkar, Mazumdar and Pal (1948) have found that
the ‘furfural’ content of the jute «-cellulose prepared from the chlorite holocellulose
with 17-5%, NaOH by the conventional A.C.S. method is as high as 2:559%, whereas
that of purified cotton is only 1-03%,. They observed that by a further alternate
treatment of 109, and 5%, NaOH the furfural content of conventional jute «-cellulose
drops to 1-239%, and therefore suggested this modification of the jute a-cellulose
which they claimed to be free from pentosans, polyuronides and hexosans.

(b) Sarkar et al. (1948) from the study of the solubility of chlorite jute holo-
cellulose in increasing concentration of cold NaOH found that the maximum solu-
bility occurs when the concentration of NaOH is 9-39, when the product also be-
comes free from pentosans, polyuronides and hexosans. So they suggested that this
product is also «-cellulose.

Jute a-cellulose was therefore prepared by both these methods recommended
by those workers.

(3) By T'reatment with Boiling Alkali.—As the boiling alkali is known to remove
the pentosans and polyuronides from the holocellulose more easily than with cold
alkalies jute holocellulose was also treated with 5%, and 109, sodium hydroxide
(liquor ratio 1:20) in boiling water bath for 4 hours to see if the product obtained
is still associated with pentoses.

B. Method of Hydrolysis: (1) Formic Acid Method.—For the identification
of traces of pentoses in jute «-cellulose, it is advisable to carry out the hydrolysis
for 12 minutes, when, however, the spot of glucose appears very faint. But in the
present case the proportion of pentoses especially xylose to glucose being quite
significant, the hydrolysis was carried out for 3 hours so as to get a good chromato-
gram of all the constituents of jute a-cellulose. Jute a-cellulose (0-5 gm.) prepared
by all the methods outlined above was therefore boiled with 25 c.c. of 859 formic
acid in an oil bath between 125°C. and 140°C. under reflux for 3 hours. The product
was then filtered, the filtrate evaporated to dryness under reduced pressure and then
refluxed with water and a drop of nitric acid for 4 hours. The solution was again
evaporated to dryness and the residue taken up with a little distilled water. The
process was repeated until the distillate was almost neutral to litmus. The syrupy
solution was then used for chromatography. The loss in weight during the hydro-
lysis with formic acid under the above conditions is shown in Table IV.

Tasie IV

Losa due to hydrolysis with formic acid for
3 hours at the refiux temperature

Loss in weight on
Source of a-cellulose dry weight of

a-cellulose

Cross and Bevan .. 32-1%

Norman and Jenkins .. 32-1%

Chlorite .. .. 31-69%

Chlorine dioxide .- 28-3%
Sarkar et al. modified

method N 33-19,
9-39, cold NaOH solution

on chlorite holoceliulose 16-7%
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Similar procedure was employed for the hydrolysis of simple sugars also except
that in these cases no filtration was necessary. Chromatographic results are
summarized in Table V and some are reproduced in Figs. 3 and 4.

(2) H3SO, Method.—In certain cases HyS0, method was also tried. For this
purpose 0-5 gm. jute a-cellulose was dissolved in 729, Hy80, and kept overnight and
then diluted to 3%, and refluxed for 2 hours. It was then neutralized with barium
carbonate, allowed to settle and filtered. The barium sulphate residue was washed
thoroughly and filtered to remove the last traces of sugar if absorbed. The solution

was then evaporated to a syrupy mass under vacuum and used for chromatography,
The results are reproduced in Fig. 5.

TaBLE V

Chromatographic results

Solvent Spot of sugars obtained after developing
Nature of treatment 07Ven Duration with aniline oxalate reagent
. used in
made to jute holo- chroma. of chro-
eliul matogram i
coltulose togram g Glucose U;ginélc Xylose | Arabinose
(1) 17.5% NaOH in
cold according to
A.C.S. method
with—
(@) Cross and Bevan Moist 108 Deep Faint Deep Pink
jute holocellulose butanol hrs. brown pink pink
(b) Norman and Jenkins
jute holocellulose . ' ' ' ' .
(¢) Chlorine d{oxide
jute holocellulose . » . . . .
(@) Sodium  chlorite
jute holocellulose " » . . ' '
(2) Chlorite jute holo-
cellulose  treated Moist 42 hrs. Deep Faint Deep Pink
with 17-5% NaOH phenol brown pink pink
by A.C.S. method
followed by a fur-
ther alkaline treat- Moist 93 hrs. » Pink . Faint
ment of 109, and | butanol pink
5%, NaOH
oo Moist 42 hrs. Deep Faint Deep Faint
(3) Chlorite jute holo- p . .
cellulose  treated phenol brown pink pink pink
1 30,
with  9:3% NaOH | woist | 98 hrs. . R . .
butanol
(4) Chlorite jute holo- | Moist | 48 hrs. Deep Faint Deop |Very faint
cellulose  treated | phenol brown pink pink pink
with 5% NaOH
in  boiling water Moist » ’ ' » .
bath for 4 hrs. butanol
(8) Chlorite jute holo- |- Moist 24 hrs, Deep ? Pink |Very faint
cellulose  treated | phenol brown pink
with 109% NaOH in
boiling water bath Moist 39 hrs. » ? » ?
for 4 hrs. butanol
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C. Rate of Decomposition of Sugars : (1) By Formic Acid.—0-5 gm, of sugar was
dissolved in 20 c.c. 85%, formic acid in a standard joint test-tube and the mixture
was then boiled at reflux temperature in an oil bath maintained at 135°C. for
different lengths of time.

At the end of the period the product was rapidly cooled under a tap and 1 c.c.
sample withdrawn and analysed by the method of Somogyi (1945).

As the test solution is in the formic acid medium, it was considered better to
use the formic acid blank instead of water blank. It has been verified that there
is no difference in titre value of the sugars if formic acid is neutralized with previously
determined volume of NaOH using methyl red as indicator and then used as blanks.
If there is any slight excess of NaOH this does not affect the Somogyi’s reagent as
the same contains excess of NaOH. So in all cases the solution was first neutralized
with NaOH and then made to required volume, from which an aliquot part was
taken for estimation using formic acid blank. But it is to be noted that sugars
after neutralization should be immediately titrated as we have observed that if it is
stored for a longer time, the results become gradually low presumably due to de-
composition of sugars in the alkaline medium.

(2) By Sulphuric Acid.—25 mg. of sugar accurately weighed were dissolved
in 5 e.c. 72%, Ho80, and kept overnight and then diluted to 3%, and refluxed for 2
hours. Similarly a blank experiment was carried out along with it except the
addition of sugar. As the test solution is in the sulphuric acid medium, so sulphuric
acid blanks were used. Both the solutions were then neutralized with previously
determined caustic soda and made to 250 c.c. Similarly 25 mg. of sugar were weighed
accurately, dissolved and made to 250 c.c. which was used as reference, Out of these
three solutions 5 c.c. were taken from each and analysed using Somogyi’s reagent.
The results are given in Fig, 1. If the solutions contain a slight excess of caustic
soda or sodium sulphate the results will not be affected as the Somogyi’s reagent con-
tains excess of both caustic soda and sodium sulphate.

D. Method of Chromatography.—Usual downward chromatography was used
with moist phenol, moist n-butanol and n-butanol/acetic acid/water (40 :10: 50),
n-butanol/ethanol/water (40 :10 :50) as solvents. Saturated aniline oxalate solu-
tion in water was usually used as spraying agent. But for identification of some
sugars, para-anisidine hydrochloride in butanol, naphthoresorcinol in trichloroacetic
acid, resorcinol in butanol were used as spraying agents. No. 1 Whatman filter
paper was used.

RESULTS AND DISCUSSION

From Figs. 3 and 4 it can be seen that jute a-cellulose, prepared by conventional
as well as other modified methods as mentioned in text, invariably contains readily
detectable glucose, xylose and small amount of arabinose (sometimes in traces),
These two chromatograms were obtained from the formic acid hydrolysate of different
jute a-cellulose. Even when 729, sulphuric acid (Sarkar et al., 1950) is used for
hydrolysing jute a-cellulose, there is little difficulty in identifying xylose and trace of
arabinose (Figs. 5 and 6), It may be mentioned here that the heavy spot corres-
ponding to arabinose (A;, Fig. 5) is mainly brown in colour with distinct pink at the
tail when developed with aniline oxalate reagent. This brown spot is occasionally
found when formic acid is used (Ag). Mostly only pink zone (sometimes very faint)
of arabinose is seen. The sugars representing the different spots of the chromato-
gram were identified from their position in different solvents and the colours
developed by different spraying agents mentioned above.

Qlucose.—Like glucose or aldohexoses, the corresponding spot gave brown
colour with aniline oxalate, very light yellow with p-anisidine hydrochloride, prac-
tically no colour with resorcinol and light bluish colour with naphthoresorcinol.
From the RF values of different aldohexoses in moist n-butanol it would appear
that the spot may be due to glucose or galactose or both. That galactose is not
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detectable in jute a-cellulose can be seen in Fig. 7 where galactose and glucose have
been resolved in n-butanol in 216 hours, Even by using moist phenol it has
been possible to resolve glucose from galactose when the chromatogram was run
for 85 hours, With this solvent also only glucose but no galactose was detected
in jute a-cellulose.

Xylose—Like aldopentoses the spot corresponding to xylose gave deep pink
colour with aniline oxalate reagent, pinkish with p-anisidine hydrochloride, prac-
tically no colour with resorcinol, blue colour with naphthoresorcinol when the paper
was treated with water vapour at 70°C.

From the RF values of different aldopentoses in moist n-butanol, n-butanol/
ethanol/water, moist phenol, the spot can only be xylose.

Arabinose : (@) When formic acid was used as hydrolysing agent—The spot
corresponding to arabinose gave in most cases faint pink colour when developed
with aniline oxalate reagent. In the case of n-butanol as solvent the pink colour
is sometimes associated with a light brown colour. The pink portion gave positive
test of aldopentoses with p-anisidine hydrochloride, resorcinol and naphtho-
resorcinol. From the RF values in different solvents the pink portion can only be
arabinose.

Regarding the position representing occasional associated light brown colour,
p-anisidine hydrochloride, naphthoresorcinol and resorcinol tests gave negative reac-
tion for keto-pentoses. This spot can therefore be due to some aldohexoses only.
From the RF value of aldohexoses in n-butanol this can only be due to mannose
(RF value of arabinose and mannose in n-butanol 0-1). This is supported by the
fact that when phenol is used as a solvent, the pink portion of arabinose is not found
to be associated with any brown colours (RF values of arabinose and mannose in
‘moist phenol are 0-54 and 0-45 respectively).

(b) When 72%, HoSO,4 was used as hydrolysing agent~The spot corresponding
to arabinose gave in all cases faint pink colour associated with a brown colour when
developed with aniline oxalate reagent. - This is found to be true both in the case of
moist phenol and moist n-butanol as solvents. While the pink portion can only be
due to arabinose, the light brown portion gave positive test of keto-hexose with
p-anisidine hydrochloride, resorcinol and naphthoresorcinol. From the RF values
of different keto-hexoses in moist n-butanol, moist phenol, the brown portion can
only be fructose (RF values of fructose and arabinose in moist phenol 0-51 and 0-54 ;
in moist butanol 1-0 and 1-0 respectively).

Thus fructose is present in the 729, H,S0y acid hydrolysate of jute «-cellulose.
We have found that pure glucose under the condition of hydrolysis with 729, Hs804
and subsequent neutralization with barium carbonate is partly transformed to frue-
togse. This observation together with the fact that fructose is not detectable in the
hydrolysate of jute «-cellulose when formic acid is used indicate that this fructose,
part at least, must have been transformed from glucose through isomerization. As
unfortumately formic acid hydrolysate does not represent the entire jute «-cellu-
lose, whether fructose is at all present in the jute a-cellulose could not be decided.
This point is under investigation. It may be mentioned that we have experienced
no difficulty in identifying fructose from the hydrolysate of pure fructose by formic
acid for 3 hours.

Mannose.—As identified above, mannose was. further confirmed by running
the 729, Hy80, hydrolysate of jute a-cellulose in phenol. A definite brown spot
was obtained in between the spot of glucose and xylose when the chromatogram was
run for 68 hours (in summer) (¥ig. 8).

Uronic acid.—The spots corresponding to galacturonic acids gave negative
test with para-anisidine hydrochloride and naphthoresorcinol indicating the absence
of uronic acid in jute a-cellulose,

4
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Oligosaccharides.—The spots corresponding to oligosaccharides (in the case of
formic acid hydrolysis) gave pinkish brown colour with aniline oxalate reagent indi-
cating that the oligosaccharides are made up of pentoses and glucose.

In the case of HySO4 acid hydrolysis, these spots gave distinet test of keto-
hexoses when sprayed with para-anisidine hydrochloride, resorcinol and naphthoresor-
cinol. This keto-hexose containing oligosaccharide might have come through
isomerization as explained previously.

The above results prove definitely that the jute a-cellulose is associated with
readily detectable pentoses and mannose. This was verified in both the varieties
of jute, capsularis and olitorius (Fig. 9). These findings were confirmed later on
by Adams and Bishop (1953) by a different method. Recently by using the formic
acid treatment, Adams and his School of National Research Council, Canada (1953,
1954) have also found xylose readily and a trace of arabinose in jute a-cellulose besides
glucose. The implication of the above findings on the present structure of cellulose
is not far to seek. Chemistry of a-cellulose is based on the assumption that its build-
ing unit is glucose only. But the above observation with our findings (Das, Mitra and
Wareham, 1954a,1954b) that pentoses are associated even in purified cotton a-cellulose
clearly suggest the revision of the chemical structure of «-cellulose. Whether the
above findings have got any bearing on the accepted micellar structure of «-cellu-
lose as revealed by X.ray depends on whether these pentoses are in the organized
part of the fibre or not. Attempts have been made to throw some light on this
important issue by studying the resistance of these pentose-glucose associations to
various chemicals, which will be reported in the next part of the series,
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ABSTRACT

It has been shown that the formic acid method of Das et al. (1955) is superior to the 729,
H,S0, method of hydrolysis of jute «-cellulose for detecting its sugar components. By this
formic acid method, it has been shown that jute w«-cellulose (C. capsularis and C. olitorius)
invariably contains appreciable amount of xylose, traces of arabinose and mannose besides glucose.
These findings have been found to be true for all recommended methods of jute «-cellulose pre-

rations.
pe These sugars have been confirmed chromatographically from their positions in different
solvents and the characteristic colour developed by different spraying agents specific for indi-
vidual sugars. - :

In view of the above findings it has been suggested that the chemical structure of a-cellulose,
which is based on the agsumption that its building units are glucose only, needs revision.
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EXPLANATION OF FIGURES

Plate X111
Fic. 2. Chromatogram in morst n-butanol for 84 hours.
Gy —Unrefluxed—3 hrs. formie acid hydrolysate of glucose.
Xl - 123 T i) [t} L1} 22 XleSe-
G —Refluxed — ,, ' »y u ,»» glucose.
X - 2 I 1] ’y ’ 12 L3 Xylose-
S —Reference sugars—glucose and xylose.

¥1e. 3. Chromatogram in moist n-butanol for 108 hours.

A —a-ce]lulose prepared by ClOg method.

B » ' ,, Cross and Bevan method.

C —_ ' s ,» Norman and Jenkins method.

D — s ,» Chlorite method.

8 —Reference sugars—glucuronic acid, glucose, arabinose and xylose.

F1a. 4. Chromatogram in moist n-butanol for 192 hours.
oF9 ——Formic acid (85%) hydrolysate of jute a«-cellulose (holocellulose treated

with cold 9-39%, NaOH).

oF —Formic acid (86%) hydrolysate of jute a-cellulose (A.C.8. treated with
17-59% NaOH).

R —TReference sugars of galacturonic acid, glucose, arabinose and xylose.

aF5 —Formic acid (85%) hydrolysate of jute a-cellulose (holocellulose boiled
with hot 5%, alkali for 4 hours).

o«F10 —Formic acid (85%) hydrolysate of jute a-cellulose (holocellulose boiled
with hot 109, alkali for 4 hours).

af  —T729% H 80, hydrolysate of jute a-cellulose (A.C.8.—holocelluloge treated
with cold 17-6% NaOH asnd modified by Sarkar ef al.).

Note.~~The spots corresponding to arabinose and mannose for «F'9, aF, aF5 and «F10 were too
weak to be reproduced in the photograph.
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Fie. 5. Chromatogram in moist n-butanol for 94 hours.

A; —729% H,80, hydrolysate of jute a-cellulose (Sarkar’s modification).
Ag —TFormic acid (85%) hydrolysate of jute a-celiulose.

Plate XIV
Fie. 6. Chromatogram in motst phenol for 72 hours.
oty —729, H,80, hydrolysate of jute a-cellulose.
oo —3 hrs. formic acid hydrolysate of jute a-cellulose.
R —Reference sugars-—glucose, galactose and xylose.
Ry — . . xylose, arabinose, fructose and mannose.
Ry — v mannose.

—12 mms formic acid hydrolysate of jute a-cellulose.

Note.—~The spots of arabinose for samples of ay and o were too weak to be reproduced in the
photograph.
F1a. 1. Chromatogram in motist n-butanol for 216 hours.

R ——Reference sugars—glucose and galactose.
oF —8 hrs. formic acid (85%) hydrolysate of jute a-cellulose.
aS  —729% Hy80, hydrolysate of jute «-cellulose.

Fi1a. 8. COhromatogram in moist phenol for 68 hours.

R —Reference sugars—glucose, xylose, arabinose, mannose and fructose.
aS  —729 sulphuric acid hydrolysate of jute a-cellulose.
«F  —Formic acid hydrolysate of jute a-cellulose,
F1e. 9. Chromatogram in moist n-butanol for 192 hours.
W —1 br. formic acid hydrolysate of white jute u-cellulose.
R — " » ,» red jute a-cellulose.
S —-—Reference sugars—glucose, xylose and arabinose.

Ry —729% Hz80, hydrolysate of red jute a-cellulose.

Note.—The spot corresponding to arabinose of sample R was too weak to be reproduced.
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