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ABSTRACT

Hemicelluloses were isolated Tmm pineapple-lcafl fibers under different condi-
tions. Study of the propertics of’ HICSL hemu.cllulosﬂ gave direct evidence of some
ester linkages between the hemicellulose and the lignin in this fiber. An aldobiouronic
acid was isolated from this fiber hemicellulose, and characterized as 2-0-(4-0-
methyl-z-D-glucopyranosyluronic ac'fidr)'-'b-xylose. This indicates that the general
nature of the hemicellulose is similar to those of jute and other fiber hemicelluloses.

INTRODUCTION

The hemiceltuloses of a number of bast and leaf fibers have been studied' = '©
Most ol these hemicelluloses have been shown to contain polymers of (I—4)-linked
B-v-xylopyranosyl groups to which branch units of 4-O-x-n-glucopyranosyluronic
acid and p-xylopyranosyl groups are’ attached. It has been suggested by Sarkar
et al'''? that some of these 4-O-methylglucuronic acid residues are linked to the
lignin moicty through an ester bond, as they had shown that the acid value of these
lignin-hemicellulose complexes increases linearly when such complexes are progres-
sively delignified with sodium chlorite. This reasoning seems to be untenable, as the
hemicelluloses, isolated from chloritc-treated jute fibers'? and wood'® with dimethyl
sulfoxide, have been found to retain"the O-acetyl groups. Whether the increased
acidity found by Sarkar and co-workers is due to the release of these uronic acid
groups, or to production of carboxylic acid groups by oxidation of lignin itself'®
when treated with chlorite, is not clear. Moreover, it has been shown'S that, in some
plants, there are ester bonds in the lignin portion itself. In the present communication,
direct evidence for an ester linkage between hemicellulose and lignin has been
established. The pineapple [Ananas ¢oinosus (L.} Merr.!7] leaf fiber, from which
good paper can be made'®, and 'ulrunpts at making spinnable fibers are being made,
was chosen for study.
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TABLEI

PRELIMINARY ANALYS:S OF THE DIFFERENT HEMICELLULOSE FRACTIONS FROM PINEA?PLE FIBER AND REDUCED PINEAPPLE FIBER

Fractions - - Yield (°%,) Sugar present
on dry Xylose 4-O-Methyl- Arabinose Rhamnose  Mannose Galactose  Glucose 4-Q-Methylglucose
holo- glucuronic
cellulose acid
Original pineapple f.>er
(1) Hot-water extra=: 0.8 55.2 11.2 7.0 43 31 11.0 8.2 —_
(2) 4% NaOH extrazt 245 74 20.1 35 trace trace 25 trace —
(3) 10% NaOH ext2ct 148 72 18 5 trace trace 3 2 —_
Reduced pineapple f-er
(1) Hot-water extrac: 1.2 56.5 9.2 4.1 3.0 4.1 12.2 9.0 2
(2) 4% NaOH exirz:i 282 73.8 14.5 31 trace trace 3 trace 5.1
~(3) 10% NaOH extr2zct 125 72 13.3 42 trace trace 33 2.5 4.2
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FIBERS OF PINEAPPLE LEAVES 325
RESULTS AND DISCUSSION

The pineapple-fibers, containing 2.5%; of waxy matter, 13.1% of lignin, and
3.8% of O-acetyl group, were cut into small pieces, and then freed of wax by extrac-
tion with 1:2 (v/v) ethanol-benzenc. Lignin was removed from the resulting material
by two trcatments with sodium chiorite. The product was then extracted succéssively
with hot water; and 4 and 109 sodium hydroxide solutions at room temperature,
under nitrogen. The three hemicellulose fractions obtained, and the residual, cellulose-
rich material respectively accounted for 0.8, 24.5, 14.8, and 64.57/, on the basis of
the dry holocellulose. The results of preliminary analysis of these materials are shown
in Table I. '

All of the hemicellulose fractions contained mainly D-xylose and 4-0-methyl-D-
glucuronic acid, and various proportions of arabinose, glucose, mannose, and
galactose (see Table I). Partial hydrolysis of the hemicellulose fraction Il with
0.5m sulfuric acid for 6 h at 100° yielded several oligosaccharides, from which an
acidic oligosaccharide was isolated in good yield by resolution on paper. On hydrolysis,
this oligosaccharide, having [2]2* +100.5° and an equivalent weight of 335, gave
products which, in paper chromatography, showed the same mobilities as the original
oligosaccharide, 4-O-methylglucuronic acid, and xylose, indicating that the oligo-
saccharide was an aldobiouronic acid of xylose and 4-O-methylglucuronic acid.

The aldobiouronic acid Wa§ then converted into its methyl ester methyl glycoside,
which was reduced with lithium aluminum hydride. The carboxyl-reduced product
and the original aldobiouronic acid were separately methylated by the Kuhn
method'®-2°, The mcthylated aldobiouronic acid was then reduced with lithium
aluminum hydride. These two products were now separately hydrolyzed, and the
O-methyl sugars obtained were studied both by g.l.c., and by preparing derivatives
after resolution on paper. The'résults are shown in Table [f. Both compounds yiclded
3,4-di-O-methyl-p-xylose, but'the one that was reduced belore methylation afforded

i

TABLE N s

METHYL ETHERS OF SUGARS FROM (Av) THE HYDROLYZATE OF REDUCED, METHYLATED ALDOBIOURONIC
ACID, AND (B) THE HYDROLYZATE OF METHYLATED, REDUCED ALDOBIOURONIC ACID

RS BN

Sugars® T® Mole %, Properties of isolated sugars
A B [a)E Derivative M.p. of
' in water : derivative
(degrees) . (degrees)
2,3,4,6-Cifc £.00 52 | 81.5 anilide 134
2,3,4-Glc 2.23 53 4-67.5 anilide 145
3.4-Xyl 1.2 48 47 --20 anilide 115

A
22.3,4,6-Glc == 2.3,4.64clrn~0-mc_:l!)ylglucosc, cte. YRetention time of the corresponding alditol
acetate, relative to that of 1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl-o-ghicose as unity.

1
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2,3,4,6-tetra-O-methyl-D-glucose, and the one that was reduced after methylation
yielded jZ,3.4-tri-0—methy|-o-§ucose. Characterization of 3,4-di-O-methyl-p-xylose
clearly showed that the uronic acid was linked to the p-xylose residue at O-2. These
results, together with the data mentioned earlier, proved that the aldobiouronic
acid is 2-0-(4—0—mclhyl:z-l)-gl‘ucopyrunosyluronic ‘acid)-v-xylose, a component
found in fibers of jute*, rosclle®, mesta’, agave®, sisal®, and sansevieria®',

An attempt to ascertain whether the 4-O-methylglucuronic acid groups, present
as branches on the xylan chain, are involved in an ester linkage between the lignin
and hemicellulose was made by reducing the dewaxed fibers with aqueous sodium
borohydride at room temperature. The extent of reduction was monitored by the
decrease in the O-acetyl content of the pulp. The product obtained after the first
reduction contained 0.69; of*.Q-acetyl group. A sccond reduction by the same
procedure yiclded a product containing no (J-acctyl groups. The washed and dried,
reduced fiber contained 10.8% of lignin, and there was an overall loss of ~10%
of the pulp. After dialysis and lyophilization, the material obtained from the filtrate
of the foregoing, reqction-mixlure gave tests for both carbohydeate and lipnin,

The original, dewitxéd pincapple-fiber and the reduced fiber were hydrolyzed,
and the monosacchatides obtained were characterized. Both contained rhamnose,
arabinnse, xylose, mannose, galactose, glucose and 4-O-methylglucuronic acid in
common, but the reduced fiber also afforded an extra sugar, characterized as 4-0-
methylglucose, indicating reduction of some of the 4-O-methylglucopyranosyluronic
residucs during the reduction with sodium borohydride.

Hemicelluloses were then cxtracted from the reduced pineapple-fiber (after
delignification) as for the original fiber, with hot water, and 4 and 109} sodium
hydroxide solutions. The résults of preliminary analysis of these fractions are shown
in Table I. The hemicelluloses obtained with 4% alkali in the two experiments were
compared. The carbazold-salfuric acid cstimation of uronic acid indicated that,
whereas the hemicellutose from the original fiber contained 2011 %, of uronic acid,
that obtlained after reduction had only 14.59 of uronic acid. Hydrolysis, and estima-
tion of neutral sugars by gl.c. (results shown in Table 1), indicated that the extra
sugar, viz., 4-O-mcethylglucose, was present in the hemiccllulose of reduced fiber to
the extent of 5.1%, which'is of the same order as the loss of uronic acid (5.6%,).

If the existence of an‘ester bond between hemicellulose and lignin is accepted,
the oss of uronic acid of ~28%; (20.1 to 14.5%) should correspond to the loss of
lignin, which accounted for only 17.5% (13.1 to 10.8%). Moreover, loss of uronic
acid, which is presumably due to reduction of cster bonds, was only 289 when all of
the O-acctyl groups (3:6%) were reduccd. This demonstrates that the uronic acid
groups are only partially-esterified (~28%;), and that there may be other types of
linkage between the -hemicellulose and the lignin. The facts that the hemicellulose
from the original pineapple-fiber contained 20.1 % of uronic acid, and that that from
borohydride-reduced “fiberthad only 14.59; of uronic acid (the rest being found as
4-0-methylglucose), lindicate that this ~28% of the acid function is linked as ester
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bonds. Previous reports differ in the extent of esterification found in jute fiber, viz.,
a0 (by o dilferent method 27y aid 340, by this method*?,

EXPERIMENTAL

Gueneral. — All reported values of specific rotation are equilibrium values, and
were measured with a Perkin-Elmer Model 241 MC spectropolarimeter at 23 +1°
and 589.6 nm. All evaporations were performed under diminished pressure at bath
temperatures below 40°. Small volumes of aqueous solutions were lyophilized. Paper
partition-chromatography was performed on Whatman No. 1 and 3 MM (for
preparative purposes) papers, with the following solvent systems (v/v): (4)-8:2:1
cthyl acctate-pyridinc-water, (B) 2bufanone—water azccftropc. (C) 9:2:2 ethyl
acetate-acetic acid-water, and () 40 21119 1-butanol-cthanol-water. Sugars were
detected with (/) alkaline silver nitraté’snd (2) aniline hydrogenoxalate. For gas~
liquid chromatography, a Hewlett*PatKdrd 5730A gas chromatograph with flame-
ionization detector was used, Resolutiohsvere performed on glass columns (1,83 m x
6 mm) containing (¢) 3% of ECNSS-M on Gas-Chrom Q (100-120 mesh) at 190°
(for alditol acetates of sugars) and (6) 1%, of OV-225 on Gas-Chrom Q (80-100 -
mesh) at 170° (for alditol acetates of partially methylated sugars), Alditol acetates
were prepared as follows: to a solution of the sugar(s) (~5 mg) in water (10 mL)
was added sodium borohydride (~40 mg), and the solution was kept for 5 h at room
temperature, and then decationized with Dowex 50W X-8 (H*) ion-exchange resin to
pH 4, the suspension filtered, and the filtrate evaporated to dryness. After removing
boric acid as methyl borate, the resulting alditol was acctylated with acetic anhydride
(2 mL) in pyridine (2 mL) by hcating. for ! h on a boiling-water bath. The excess
of the reagents was removed by codistillation with toluene, and then the product was
dried. Chloroform solutions of alditol.acetates were injected into the g.l.c. apparatus,

Isolation of the hemicellulases. — Fresh lcaves were collected from plants, and
fibers were obtained with a raspador type of machine. The average length of the
fibers was 107 cm (~3.5 ft). They were thoroughly washed with water. The fibers.
were cut into small pieces, and then mashed with a hammer. The product (100 g)
was extracted with 1:2 (v/v) cthanol-benzene, and dricd. The extractive-frec material
(50 g) was delignified by treatment with aqueous sodium chlorite (0.7 9%,) in sodium
acetate-acetic acid buffer, pH 4.0 (fibersliquor = 1:150) for 5 h at 75°. The fibrous
material was rcmoved by filtration; anddried. The process was repeated once. The
resulting holocellulose (431 g) was extracted successively with hot water for4 hata
bath temperature of 100°, and 49, 'sodiim hydroxide, and 109 sodium hydroxide
for 6 h at room temperature, under nitregen, in each case. The alkali in the solutions
was neutralized with acetic acid, and sh&'heinicellulose in each fraction was precipitated
with ethanol, and the suspension tentrifuged. Fraction 1[, which was obtained in
relatively large amounts, was used forfurther study. Isolation of the hemicelluloses
from the borohydride-reduced fibér-was performed in the same way.

Reduction of the pineapple-fiber:— The extractive-free fiber (10 g) was kept
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