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ABSTRACT - , g
: R N : . .
Investigations on the hemiceflulose released from extractive-free, delignified
pineapple [Ananas comosus (L.) Merz.] leaf fiber revealed that it consists of (1—-4)-
linked p-xylopyranosyl residues in"the main chain, from which branches of 4-0-
methyl-p-glucopyranosyluronic am((,‘ n-xylopyranosyl, and L-arabinofuranosyl
groups originate from O-2 of thc ¥ >3.y}o$}l residues.

INTRODUCTION

In a previous communication'; direct evidence of some ester linkages between
the 4-O-methyl-p-glucosyluronic acid groups of the hemjcellulose and the lignin
componcnts was adduced in the case of pincapple [Ananas comosus (L.) Merr.]
leaf fiber. The structure of the aldobnouromc acid unit present in the hemicellulose
was also cstablished. It was,’ thcrel’ore. ol‘ interest to study further tl\c itructure of
this hemicellulose. , o ‘

RESULTS AND DISCUSSION DR
The extract obtained by treatment with 4% sodium hydroxide solution had
[2]3* +10.5° (in M NaOH), and conmmcd xylose, 4-O-methylglucaronic -acid, -
arabinose, and galactose in the molar Tatios of 148:40.2: 7 5. and traces of rhamnose,
mannose, and glucose. On punﬁcatnon2 3, the hemicellulose fractio had [«]2
+12° (in M NaOH), and retained.some arabinose and traccs of the hexoses. The
molar ratios of xylose :4-0- nmlhylguunnm acid rarabinbse were now 152:41:8. 1t
was found that the arabinosyl groups could be specifically removed by treatment
with 10°: formic acid for 2 h Git' & h’dil’in{z water bath; no other monosaccharide
could then be found, mdtcatmg thz& theBé groups are labile, and might consist of
a-L-arabinofuranosy! groups.
The hemicellulose fractionw qs Tidw “hydrolyzed w{th M sulfuric acid for 20 h
on a boiling-water bath. After ncuirahzatndn. and the usual treatments, the hydroly- )
zate was passed through commns ‘of Dowex 50w X- 8 (H ) and Dowex-l X-4
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(MCO7) resins. The cluate and: washings were combined, concentrated o a small
volume, and the sugars resolved on Whatman No. 3MM chromatography paper,
and cluted from the corresponding zones. The solutions were then evaporated to
dryness, and their specific rotations dctbrnuncd' The values of the specifi¢ rotations
of the xylose (+18°) and the arabmose (+ 101°) proved that the xylose ]nd the b,
and the arahinose. the 1. mnhg.m'umn. The L) ‘configuration ol the 4- ()-mclhvl-
plucuronic acid had already been le.nblns,lwd't "

The pure hemicellulose was~ now: pefmethylated‘ 6, complete methylation
being proved by the absence of OH bandﬁ_,ﬂ*on\.‘thc i.r. spectrum. The product was
first hydrolyzed with 85%, lormic dcid, sind-#fler removal of the formic acid, with
0.5m sulfuric acid; the acid was then neutritlized with BaCO,. Part of the hydrolyzate
wits converted into alditol acetates, and the: mixture analyzed by glc. The rest of
the hydrolyzate was passed lhmm__h a columof Dowcx-StW X-8 (H*) and then
through one of Dowex-1 X-4 (HCO3 ) resin: Theeluate and washings were fombined,
and cvaporated to a syrup. The mixture was resolved on paper, and the foyr partially
methylated sugars were isolated, dand: ch'lhcten‘zcd (see Table ). The acidic fraction
was cluted from the column of Dowes-1° X-4 With 0.5m sulfuric acid, and the eluate
was made neutral, decationized, 'the proﬁuct ‘¢onverted inta its methyl ester methyl
glycoside, and this reduced witl, hlhrum luminum hydride. The product was then
hvdrolyzed, and individual sugars ‘Wete -characterized after isolation from paper.
The results are given in Table 1177007

The presence of a small praportion of 2,3.5-tri-O-methylarabinose indicates
the existence of arabinoluranosyl gmﬂpﬁ ds nonreducing end-groups, present to the
extent of one such group for every 35 sylosyl residues in the main chain, The presenee
of 2 34-tri-O-methylxylose in the neotral fraction of the hydrolyzate, and of 2,3.4-

TABLE | e
METHYL ETHERS OF SUGARS FROM THE HYDROL\'ZATE or METH\ LATED HEMICELLULOSE FROM THE LEAF
FIDER OF Ananas comosus (L.) MURR, C 4
. v e .
Sugarst : T Appr}}&imale PI npt'rucs of isolated sugars
: mole - . FRS . R . e e e
‘ [q),, m water Dmuamc M.p. of
vy dcg ’ecs) anilide (°C)
. e e e e amras B IR .
2.3.5-Ara 0.42 e — —
2.3,4-Xyl 0.55 3 N n19.5 anilide 97
2,3-Xyl 1.20 67 .., 1o 23 anilide 120
3-Xy! 2117 6 +15 anilide 136
Me-aldobiouronic acid 27T a6t — —
2.3.4-Gle 223 R T X anilide 145
3'X_VI 217 R LR 7 S ’4‘_‘2".'". anilide 133

e m o a e L

12.3.4-Xyl = 2,3,4-tri-O- melh)lxylose, c:tp‘, Me,aldoblouromc acid = 3-0-methyl-2-0-(2,3.4-tri-O-
methyl-2-D-glucopyranosyluronic amd)-o-xylosc PRetention times of the corresponding alditol
acetates, relative to that of 1,5-di- 0- acelyl-Z,J.@ G-lclra o- me(hyl p-glucose as unity, in column b,
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tri-0- mcthylnlucosc in the hydrolyzaud
-uronfite fraction indicated that xylopyra.
acid -groups ure also present as mmﬁ, g :end-groups. The back-bone chain,
however, consists of (I —+4)-linked xylosi residues, as was evident {rom the presence
of a large proportion of 2,3-di-0- mclhijyh ¢ én the hydrolyzate, The nonreducing
cind-units are attached to (22 of the gylosg residues, as is evident from the characteri-
zatiol) of 3-O-methylxylose in the hyclrolyzau;. As.no.other hexose derivatives could
be found in the hydrolyzate, they. possibly, make no contribution to the structure of the
hemicellulose. However, the presence. of tlxe-arabmofur'mosyl groups as nonreducing
end-groups, small tough the proportion siight be, could not be ignored.

The purificd hemicellulose fraction’ was subjected to Smith degradation?, and,
after tbc usual treatment, the product was analyzed by g.l.c. It mainly showed peaks
of glycerol, and a small proportion of xylose. The results of the methylation analysis
were thus corrohorated hy this experimentsa large proportion of glycerol would be
obtitined trom (I —=4)linked xylosy! rcs:du;es, and the 1,2, 4-linked xylosyl residues
at the branch points would be immune to penod'\tc oxidation, and the sugar, as
such, would be liberated frec. :

From a consideration of the results ‘of sugar analysis, methylation analysis,
and Smith degradation of the hemlcellulosc, thé general structure 1 may be assigned
to the hemicellulose, -

7 ’hc_ reduced methyl (methyl aldobiosid)-
swl and 4- -0-mcethylglucopyranosyluronic

‘e 4)-P-p-xy;p-n_... .o .4)-P.°.xy|p.(|—-—— e 4)-ﬁ-D~IXy'lp;U-'~---4)-’-o-xylp-(l—-. e 4).P.p.xy|p-(|—— “es
2 X B PR 2

1 1

' 1
4-0-Me-Ql-0-GicpA Q-~L-Araf

”"
1

For every 4 to 5 p-xylopyranosyl resadues itrtlie main chain, there is one uronic
acid group, for ~28 such D-xylopyranosyl Temdues there is one D-xylopyranosyl

group. -
Because the hemicellulose has a lowpy posmvc rotation, the polymer is likely to
contain both x and f# anomeric configurations.. As the configuration of the 4-O-
methylglucosyluronic acid groups had aliready“been established' as «, and as the
arabinosyl groups are likely to have the a-L:configuration (see earlier), the p-xylo-
pyranosyl groups are, therefore, likely 'to: ‘have 'the f configuration, Other fiber
hemicelluloses, viz., those of jute®, roselle®, mestat® agave'!, sisal'?, and sansevieria'?
contain D-xylopyranosyl groups in the f configuration.

When compared to the hémicellulose of Sénsevieria trifasciaa leaf-fiber'?, or
that of jute fiber, that of pincapple fiber shows a much smaller peak at 1740-1730
em™!, indicating a smaller proportion of carbonyl groups present in the system,
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EXPERIMENTAL

General. — All gcncml mcthods. and isolation of the hemiccllulose, were con-
ducted as duuihul carlier', ‘The hunu;lmlmc 9 ) was pariticd by complesing with
Fehling solution?** yield 7 [ Coripst e L

AMethylation analvsis of the puujwl Jmm('vl/uhm' ~ The purc hcmnccllhlosc
(5 g) was methylated vie acetylation, as guscribed carficr'?; yield 4.05 gt [a]3? —22°
(¢ 1.25, chloroform). The methylated. henmce”u]osc (4 g) was dissolved in chloroform,
and fractionated with petroleum ether;.threg fractions (fraction a, 0.7 g, [«]5* —18°;
fraction b, 2.85 g, [«]3® —28°: fraction ¢, 0.35 g, [«]3® —25°) were isolated. The
major fraction b was hydrolyzed, first with 857 formic acid for 2 h at 100° and
then (after removal of formic acid by codistillation with water} with 0.5M su‘func
acid for 16 h at 100°. For xdennﬁcatmn ol; me different, partially methylated sdgars,
they were resolved on paper, using: sol’sfmts‘1 A, and B, and then suitable derivatives
were prepared. R

Smith degradation of the purifi cd hemu ellulos(' — The purified hemrcellulose
(10 mg) was dispersed in 0.25M sodium- metapenodate (2 mL), ahd kept in the dark
for 48 h at 15°, with occasional shaking: Saturated barium hydroxide sofution was
gradually added (to pH 6), and the mixfure was filtered; to the clear filtrate was
added sodium borohydride (50 mg), dand it was kept for 4 h at room temperature,
acidified with glacial acetic acid (to pH 63, and cvaporated to dryness. Small poﬂaons
of methanol were added and cvaporated (5times), The solid residue was hydrolyzed
with 2u suffuric acid for 20 h at 100°, and after the usual treatment, was examined
by g.l.c. in column! a. it

ACKNQWLEDGMENTS

ERL4 N

The author expresses his deep gr;i,ttiiudc to Dr: Amal K, Mukherjee, Applied
Chemistry Division, Indian Jute Industrics’ Research Association, Calcutta-88, for
his helpful criticisms. The author is also grateful to Mr. D. Gupta, Managing Director,
New Central Jute Mills, for his kind interest, and for permitting him to conduct
this research program. The continued encouragement provided by Mr. T. K. Roy-
chowdhury, Dy. General Manager, New Central Jute Mills, is gratefully acknowlédged.

REFERENCES

1 U. SHARMA, Carbohydr. Res., 97 (1981)321—329 sttt ;

2 S. K. CHANDA, E. L. HirsT, J K. N, Jowes, AND'E G Vi PErCivad, J. Chcm Soc., (1950) 1289
1297, C R

3 C. P. J. GLAUDEMANS AND T. E. TIMELL, Iy Am Clwm Soc,, 80 (1958) 1209-1213,

4 J. K. HamiLton AND H. W. KIRCHER, J. Am, Chcm Sot.; 80 (1958) 4703~4709.

5 J. F. CarsoN AND W. D, MacLay, J. Am. Chem. Soe., 68 (1946) 1015-1017.

6 T. Purbie AnD J. C. [rviNE, J. Chem. Soc.. 85 (1904) i049-l,070

7 M. ABDEL-AKHER, J. K. HamiLTON, R, Momcomnv, A F. SMITH, J. Am.'Chem. Soc., 14
(1952) 4970-4971,



i varasIReR

HEMICELLULOSE OF PINEAPPLE-LEAF FIBERS o : 155

8 G. 0. AsriNaLt aND P. C. Das GueTa, J. Chem. Soc., (1958) 3627-3631.

9 P. C. DAs GUPTA, J. Chem. Soc., (1961) 5262-5266,

0 S. K. SuN, Can. J. Chem., 41 (1963) 2346-2350.

1 N, Banemee, V. L. N MurTy, ano A, K. Mukgtries, Indian, Chem., 3 (1965) 457-460,
2 P. C. Das Gurta AND P. B, MukHERIEE, J. Chem. Soc., C, ¢1967) 1179-1182,

3 U. Suarma anp A, K. MukHerige, Carbohydr. Res;, 95 (1981) B1-86.

- Lo oot .\



	page 1
	page 2
	page 3
	page 4
	page 5

