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ABSTRACT 

Two polysaccharide fractions, water-soluble (24’%,) composed of D-XylOSe and 
L-arabinose, and alkaii-soluble (15 “/,) composed of L-arabinose, D-xylose, and D- 
glucose, have been isolated from the delignified bark of Ciiulanlointm z~~_dailiclriil. 
The water-soIuble fraction gave an arabinoxylan (60%) composed of L-arabinose 
and D-xylose in the molar ratio 1.45: 1.00. Methylation analysis, together with the 
isolation of the oligosaccharides 3-O-z-D-xylopyranosyl-L-arabinose, 4-o-p-D-xylo- 

pyianosyl-D-Xylose, O-j?-D-XylOpyranOSyl-( 1+4)-O-j?-D-XylOpyranOSyl- (l-+4)-D-xy- 
lose, and 0-P-D-xylopyranosyl-( 1 ~4)-0-/3-D-XylOpyranOSyl-( l-+4)-o-/&D-xylopyra- 

nosyl-(l-+4)-D-xylose after partial hydrolysis with acid, suggested that the poly- 
saccharide contained a backbone of (1+4)-linked p-D-xylosyl residues each of which 
was substituted both at O-2 and O-3 with L-arabinofuranosyl and 3-0-z-D-xylo- 

pyranosyl-L-arabinofuranosyl groups. Very mild hydrolysis with acid gave a degraded 
polysaccharide, containing IOU/, of L-arabinose and 90% of D-xylose, which was 

essentially a (l-+4)-linked j&D-xylan carrying a limited number of branches at O-2 
and O-3. These results together with those from periodate-oxidation and Smith- 
degradation studies support the proposed structure. 

INTRODUCTION 

The powdered, dry bark of Chamomm imrs’, which is dark brown in 
colour and has a characteristic odour due to cinnamaldehyde, is used extensively 
in making incense sticks, because of its good binding properties and also to provide 
bulk. It is a rich source of a hitherto unstudied mucilage which is responsible for its 
binding properties_ The mucilage consists of water-soluble and alkali-soluble poly- 
saccharides, and we now report on the chemical nature of the former. 

RESULTS AND DISCUSSION 

Delignification’ of the dry-bark powder gave a white, insoluble residue and 
an aqueous extract. The polysaccharide in the aqueous extract was precipitated with 
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ethanol and isolated (24%) as a colourless powder (A) which contained 55 ok of 

r-arabinose, 40 % of D-xylose, and 5 “/, o f D-glucose; nitrogen, 0-acetyl groups, and 
uranic acids were absent. Extraction of the insoluble residue with aqueous sodium 
hydroxide followed by precipitation with ethanol gave a nitrogen-free, alkali-soluble 
polysaccharide (B, 15 :A) as a colourless powder which contained 23 % of L-arabinose, 
20 % of D-xvlose, 5 1 7; of D-glucose, and traces of uranic acid. 

Polysaccharide A was almost completely soluble in aqueous acetic acid; the 
residue (P-l) (10%) had the same sugar composition as polysaccharide B. Addition 
of ethanol (2 vol.) to the acetic acid solution precipitated 60% of the polysaccharide 
(P-2): and neutralisation of the remaining solution with sodium hydroxide gave 
polysaccharide P-3 (25 “/‘,)_ Fractions P-2 and P-3 contained r_-arabinose and D-xylose 
in the ratio 1.45: 1. as determined by g.1.c. of the derived alditol acetates3. Poly- 

saccharide P-2 was completely and sharply precipitated from aqueous solution by 
Fehling‘s solution or aqueous barium hydroxide; it appeared to be a single species 

and is designated as an arabinoxylan. 
Partial hydrolysis of the arabinoxylan gave four oligosaccharide fractions 

(l-4). Results of borohydride reduction and periodate oxidation indicated fraction 

1 to be 3-0-a-D-xylopyranosyl-I_-arabinose. However, its [u],, value (+ 101”) was 
low compared to the reported& value (+ 172-I S3”), and g.1.c. of the products ob- 
tained after methylation and hydrolysis revealed 2,3,4-tri-0-methylxylose, 2,3-di-O- 
methylxylose, and 2,5-di-0-methylarabinose in the molar ratios 1 :0_43 :0_57. Hence, 
fraction 1 was a mixture of 3-O-r-D-xylopyranosyLL-arabinose (5s %) and ~-O-J&D- 

xylopyranosyl-D-xylose (42 %). which had similar R, ,c values in the solvent employed 
for chromatography_ 

Fractions 2-4 were characterised as 4-0-/3-D-xylopyranosyl-D-xylose, O-/&D- 
Xylopyranosyl-( l-+4)-0-/I-D-xylopyranosyl-(I -+4)-D-XylOSe, and O-/?-D-xylopyrano- 
syl-( l-+4)-O-/?-D-xylopyranosyl- (1 +4)-0-p-D-xylopyranosyl-(l-+4)-D-xylose. On 

graded hydrolysis of the arabinoxylan, r_-arabinose and 3-O-z-D-xylopyranosyl-L- 
arabinose were released under very mild conditions, suggesting the presence of L- 

arabinofuranosyl residues_ 
Hakomori methylation’ of the arabinoxylan, followed by acid hydrolysis and 

g.1.c. and g_l.c_-m-s. of the products as the partially methylated alditol acetates6, 
gave the results shown in Table f. The presence of a high proportion of xylose in the 

hydrolysate of the methylated polysaccharide, and also the formation of ~-O-/?-D- 
xylopyranosyl-D-xylose and the corresponding xylotriose and xylotetraose on partial 

hydrolysis, suggested that the arabinoxylan contained a backbone of (1+4)-linked 
/?-D-xyfOSyl residues. The formation of 2,3,4-tri-0-methyl-D-xylose and 2,5-di-O- 
methyl-r_-arabinose, together with the formation of 3-0--l-D-xylopyranosyl-L-arabinose 
on partial hydrolysis of the polysaccharide, indicated that the remainder of the 
D-xylose residues were present as non-reducing end-groups and attached to the back- 
bone through (l-3)-linked L-arabinofuranosyl residues at O-2 and/or O-3. The 
formation of 2,3,5-tri-0-methyl-t.-arabinose in high yield suggested that the major 
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TABLE I 

G.L.C. AND G.L.C.-h1.S. OF ALDITOL ACETATES DEKIVED FROM PEKXlEl HI LA IhD ARAUISOSYLAX 

AI&to1 acetates of 

2,3,5-Tri-O-methyl-L-arabinose S-2 

2.x.4-Tri-O-methyl-o-xylose 4.1 
2,5-Di-O-methyl-L-arabinose 4.8 
D-Xylose 5.9 

45.101,117,129,161 L-A&( I -+ 
101.117,161 D-x)$J-( 1 4 

45,117.173,189,233 -t3)-L-Araf-( I - 

103,115,145,157,217 ~2.3,4)-I>-XyIp-( I--+ 

portion of the L-arabinose residues were present as non-reducing end-groups directly 

linked to the D-xylan backbone at O-2 and/or O-3. 

Thus, the average structural features of the arabinoxyfan can be tentatively 

represented as shown in Fig. 1; the sequence of the different branches along the poly- 

saccharide chain is not known. 

The above structural assignment was supported by the results of periodntc- 

oxidation7 and Smith-degradation’ studies. Thus, in accord with expectation, tfle 

arabinoxyfan consumed 0.65 mof of periodate and liberated 0.14 mol of formic acid 

per pentosyf residue. Reduction of the periodate-oxidised material with borohydride 

followed by acid hydrolysis and g.1.c. of the products as the afditof acetates gave 

glycerol, L-arabinose, and D-xyfose in the molar ratios 1.20 : 1. I6 : 1.00. These results 

also accord with the structure in Fig. 1, as did those of partial hydrolysis with acid. 

L-Araf r-Araf 

f : 
2 2 or 3 

-+4)+D-xyf~~-( f -+4)-$-D-xyfp-( f + 

; 3 or 2 

T 
1 1 

L-Araf L-Araf 

3 

T 
1 

Cc-D-x).‘fp 

Fig. I. Average repeating-unit of the arabinoxylan from C. itret-s. 

Hydrolysis of the arabinoxylan under very mild conditions gave degraded 

pofysaccharide, [aID -6 1.5 O, containing 10 “/o of L-arabinose and 90 ‘x, of D-XyfOSe. 

Methyfation analysis of the degraded pofysaccharide, coupled with g.1.c. and g.l.c.- 
m-s. of the resulting, partially methylated alditol acetates, gave the results shown in 

Table II. The formation of 2,3-di-0-methyl-D-xyfose in high proportion and 3-0- 
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TABLE II 

G.L.C. ASV G.L.C.--MS. OF ALDI-TOL ACkT.\TES VERIVEV FROM THE I’ERXlETHYLATED, PARTIALLY VEGRAVED 

AR-\BISOSYLAS 

.4trti1ot acerure.s of 

- --- -___-- 

I.35Tri-0-methyl-r-arabinosc 0.95 45,101,117,129.161 L-Araf-( 1 --, 
2.3.4-Tri-O-methyl-v-sylosc 1.90 101,117,161 v-Xylp-( 1 --, 
3.5Di-Omethyl-L-arabinosc 2.00 45,117.173,233 -f 3)-r-Araf-( I - 
1,3-Di-0-mrthyl-v-sylose 12.50 101,117,129,161 -d)-D-xylp-( I+ 

189,233 
2-O-Methyl- and 3-0-methyl-v-xylosc 2.90 117_129_159,261 -+3,4)-D-xy1p-( I- and 

-+2,4)-D-xyi~-(1-_, 

and/or 2-O-methyl-D-s_viose in relatively smaI1 proportion indicated that the degraded 

polysaccharidr was essentially a (1 -+l)-linked D-xylan haviq a few branches at 
O-2 and O-3_ The formation of a very small amount of 2,3,5-tri-@methyl-L-arabinose, 
together with that of 3.3,4-tri-0-methyl-v-xylose and 2,5-di-0-methyl-r-arabinose 

in the molar ratio 1 : 1, suggested that rhe branch points consisted of L-arabino- 
furanosyl and 3-O-D-xylopyranosyl-L-arabinofuranosyl groups. The high, negative 
[zID value of the degraded polysaccharide indicated a preponderance of P-D linkages. 

The degraded polysaccharide consumed I.2 mol of periodate per pentosyl 
residue, and small proportions of L-arabinose and D-xylose survived. The formation 
of such a degraded polysaccharide further supports the structure proposed in Fig. I. 

Highly branched r-arabino-D-xylans containing (I +4)-linked P-D-xylan back- 
bones with branch points usually at O-3, and to some extent at O-2, as well as both 
at O-2 and O-3, have been reported from various sources’. However, there has been 
no report of an L-arabino-D-xylan havin g a (1+4)-linked /I-D-xylan backbone in 

which all of the D-XylOSyl residues carry branches both at O-2 and O-3, as in the 

arabinoxylan from C. i~ze~ A highly branched polysaccharide containing a 
D-xylan core has been isolated from the corm sacs of Wasonirr p_sritnidutn’O, but the 
branches have D-gatactopyranosyl end-groups. 

ESPERIMENTAL 

Grtzet-rd. - The finely powdered bark of C. hers was obtained from the 
local market. Decending paper chromatography (p.c.) was performed on Whatman 
No. I and 3%~ papers with A, I-butanoI-benzene-pyridine-water (5 : I : 3 : 3, upper 
layer); B, l-butanol-acetic acid--water (4 : 1 : 5, upper layer), C, ethyl acetate-pyridine- 
water (8 :2 : 1); D, I-butanol-pyridine-water (6 :4 : 3); and detection with p-anisidine 
hydrochloride* I and alkaline silver nitrate”. 

Polysaccharide fractions were hydrolysed with 0.125 or 0.25~ sulphuric acid 

at N IOO”, and the hydrolysates were neutralised (BaCO,), filtered, deionised with 
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Amberlite IR-120(H+) and IRA-400(COG-) resins, and concentrated under dimin- 
ished pressure below 4.5”. The residues were examined by p.c_, and the neutral 
sugars were also analysed by g.1.c. as their alditol acetates3. The Amberlite IRA-400 
(CO:-) resin was eluted with 2~ formic acid, the eluate was concentrated to dryness, 
and the residue was examined by p.c. for acidic sugars. The constituent sugars were 

isoIated by preparative p.c., and their absolute configurations were assigned on the 

basis of [rx],, values and by conversion into suitable derivatives (di-O-benzylidene- 

xyloser3, and arabinose and glucose p-nitroanilides’s). 
Oligosaccharides were converted into their methyl glycosides by treatment 

with dry 2’/- methanolic hydrogen chloride overnight at room temperature_ Each 

methyl giycoside was methylated (Hakomori) and then hydrolysed with 0.2%1 
sulphuric acid; the products were converted into their alditol acetates3 and analysed 

by g.1.c. using a CIC (India) AC.l-F.i. gas chromatograph fitted with a flame-ionisa- 

tion detector and a stainless-steel column (2 m x 3 mm) containing 5% of OV-225 

on Gas Chrom Q (100-120 mesh) with nitrogen as the carrier gas. Retention times 

were determined relative to 1,5-di-O-acetyl-2,3,4,6-tetra-O-methylglucitoL G.l.c_-m-s. 

was performed with a Pye 204 gas chromatograph attached to a V-G. Micromass 16E 

mass spectrometer_ 

Isolatiorr of the pol_vsaccf~aricfe. - Finely powdered, dark-coloured, bark powder 

(10 g) was stirred with water (500 ml) and delignified with sodium chlorite in the 

presence of acetic acid’. The insoluble residue was collected and dried. Ethanol 
(2 vol.) was added to the filtrate, to give a white precipitate. After storage overnight, 
the supernatant solution was decanted, and the polysaccharide (2.4 g) was collected 
by centrifugation and dried. 

The insoluble residue was extracted thrice with .5’i/o sodium hydroxide. To the 
combined extracts (500 ml) was added ethanol (2 vol.). The white precipitate (1.5 g) 
was collected, washed thoroughly with ethanol, and dried. 

The water-soluble and alkali-soluble polysaccharides were hydrolysed with 
0.25~1 sulphuric acid for 8 h at 100”. The sugars in the hydrolysates were isolated by 

preparative p.c. (solvent A) and their absolute configurations were determined. The 
water-soluble polysaccharide contained 55 “/, of L-arabinose, 40 % of D-xylose, and 
5% of D-glucose; nitrogen, U-acetyl groups, and uranic acids were absent. The 
alkali-soluble polysaccharide was nitrogen-free and contained 51 ‘yO of D-glucose, 
26 o/0 of o-xylose, 23 0/0 of L-arabinose, and traces of a uranic acid. 

Fractionation of the water-soluble polysaccllaride. - A solution of the water- 
soluble polysaccharide (1 g) in 5 x, acetic acid (1 litre) was centrifuged, and the 
insoluble residue (P-l, 100 mg) was collected and dried. Ethanol (2 vol.) was added 

to the clear centrifugate with continuous stirring, and the precipitate (P-2, 600 mg) 
was collected and dried. Further addition of ethanol (4 vol.) did not yield more 

precipitate. Neutralisation of the remaining aqueous portion with 20% aqueous 

sodium hydroxide gave a precipitate, which was collected, dissolved in water (50 ml), 
and dialysed against running tap-water for 24 h and then against distilled water for 
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24 h. From the resulting highly viscous solution, the polysaccharide (P-3, 250 mg) 
\vas recovered either by lyophilisation or by the addition of excess of ethanol. 

Acid hydrolysis and p-c. of the products revealed that P-l and the alkali- 
soluble fraction were similar in sugar composition. P-2 and P-3 contained L-arabinose 
and D-sylose in the molar ratio 1.5 : 1 .O, as determined by g.1.c. of the derived alditol 

acetates3_ P-2 \vas completely and sharply precipitated from its aqueous solution with 
Fehling-s solution or aqueous barium hydroxide, and its sugar composition remained 

unaltered after repeated precipitation_ Thus, P-2 appeared to be a single species and 

was designated as arabinoxylan. 
Irrwstigution of the crr-rd2it~o.~yi~~~~ P-2. - (a) M~tl~gYation umzlysis. A single 

Hakomori methylation’ of P-2 (IO mg) gave a fully methyIated product. The methyl- 

ated product was extracted with chloroform, and the extract was dried (Na,SO,) 
and concentrated_ The residue was hydrolysed with 907; formic acid (1 ml) at 100” 
for 2 h in a sealed tube and then: after evaporation of the formic acid, with 0.25~1 

sulphuric acid for 6 h at 100’. The resulting, partially methylated sugars were con- 
verted into their alditol acetates, which were extracted with chloroform, and analysed 
bv ~_l.c. and g.l.c.-m.s. The results are given in Table I. d = 

(b) Pmrid JzJdt-o?t_.sis. P-2 CO.5 g) was hydrolysed with 0_125bt sulphuric acid 
(50 ml) at 100” for 1 h, to give a maximum yield of small oligosaccharides. The 

hydrolysate was neutraiised, deionised, and concentrated. P.c. (solvent A) of the 
residue revealed oligosaccharide fractions 1-4 (RcrC 0.83, 0.71, 0.34, and 0.17, 
respectively) in addition to r-arabinose and D-xylose. The oli=osaccharides were 
isolated by preparative p-c. on Whatman 311x1 paper and their homogeneity was 
ascertained by p-c_ 

Fraction 1 had [z]u + 101 0 (c 0.25 water). Acid hydrolysis gave (p.c.) D- 
sylose and L-arabinose. Reduction with sodium borohydride followed by acid hydro- 
lysis gave o-sylosc_ Periodate oxidation of the methyl glycoside followed by acid 
hydrolysis gave (pc.) L-arabinose as the only intact sugar. Methylation of the methyl 
glycoside, followed by acid hydrolysis and g.1.c. of the resulting, partially methylated 
sugars as their alditol acetates, gave 2,3,4-tri-0-methyl-D-xylose (1 mol), 2,5-di-O- 
methyl-L-arabinose (0.57 mol), and 2,3-di-O-methyl-D-xylose (0.43 mol). Hence, 
fraction 1 was a mixture of 3-O-a-D-xylopyranosyl-L-arabinose and 4-o-B-D-XylO- 

pyranosyl-D-xylose. 

Fraction 2 had m-p. 1S6-lS9° (from aqueous methanol), [z]p -24” (c 0.25, 
water), and was 4-0-p-D-xylopyranosyl-D-xylose; lit.’ m-p. 186-189”, b],, -2O- 
-30’. Acid hydrolysis gave (p.c.) only D-xylose. Periodate oxidation of the methyl 
glycoside followed by borohydride reduction and acid hydrolysis gave (p-c.) glycerol, 
but no D-xylose. Methylation analysis of the methyl glycoside gave 2,3,4-tri-O- 

methyl-D-xylose and 2,3-di-U-methyl-D-xylose in equal proportions. 
Fraction 3 was O-P-D-xylopyranosyl-(I ~4)-O-~-D-XylOpyranOSyl-(l +4)-D- 

xylose. Acid hydrolysis gave only D-xylose. Periodate oxidation of the methyl glycoside 
followed by borohydride reduction and acid hydroiysis gave (p-c.) glycerol, but no 
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intact D-xylose. Methylation analysis gave 2,3,4-tri-O-methyl-D-xylose (1 mol) and 
2,3-di-U-methyl-D-xylose (2 mol). 

Fraction 4 was O-~-D-xylopyranosyl-(1-+4)-O-j?-D-xylopyranosyl-( l-+4)-0-/1- 
D-xylopyranosyl-( 1+4)-D-xylose, m.p. 215-213” (from water-methanol-1-butanol), 
[z]n -61.5“ (c. 0.2, water); lk4 m-p. 219-220”, [Iz]o -60 O. Acid hydrolysis gave 
only D-xylose. Periodate oxidation of the methyl glycoside followed by borohydride 
reduction and acid hydrolysis gave (p-c.) glycerol, but no intact D-xylose. Methylation 
analysis gave 2,3,4-tri-O-methyl-D-xylose (1 mol) and 2,3-di-O-methyl-D-xylose 

(3 mol). 
(c) Periodate osidution. The polysaccharide (100 m_g) was treated with 45mhr 

sodium metaperiodate (100 ml) at room temperature in the dark. Periodate con- 
sumption and the liberation of formic acid were monitored by titration against 
standard sodium rhiosulphate and sodium hydroxide, respectively. The periodate 
consumption (0.65 mol) became constant after 10 h, and 0.14 mol of formic acid 
per mol of pentosyl residue was liberated_ 

The oxidation mixture was treated with ethylene glyc~l, dialyscd, reduced with 
sodium borohydride, and hydrolysed with 0.5~ sulphuric acid for 5 h at 100”. The 
resulting sugars were examined by p-c. and also by g.1.c. after borohydridc reduction 
and acetylation, which indicated rhe formation of glycerol. L-arabinose, and D-xylosc 

in the molar ratios 1.20 : 1.14 : 1.00. 
Pm-tidly dcgrc&~rf arrrbinos_dm. - The arabinoxylan (200 mg) was hydrolysed 

with 0.125&r sulphuric acid (20 ml) for SO min at SO”. The hydroiysate was quickly 
neutralised (BaCO,), deionised, and concentrated under diminished pressure. The 
degraded polysaccharide (30 mg), which was precipitated by the addition of excess 
of ethanol, had @]n -61.5” (c 0.2, water). 

Acid hydrolysis ofthe degraded polysaccharide and g.1.c. of the resulting sugars 
as their alditol acetates indicated the presence of 9O’z, of D-xylosc and 10’yU of L- 

arabinose. 
The degraded polysaccharide (10 m_p) was methylated5 (Hakomori), and then 

hydrolysed with 90% formic acid (1 ml) for 2 h at 100” in a sealed tube and, after 
evaporation of the formic acid, with 0.25hl sulphuric acid for 6 h at 100”. The re- 

sulting, partially methylated sugars were converted into their alditol acetates and 

analysed by g.1.c. and g.l.c_-m-s. The results are given in Table II. 
The deg-aded polysaccharide (10 mg), when treated with 451nxr sodium meta- 

periodate (10 ml) at room temperature in the dark, consumed 1.2 mol of oxidant per 
pentosyl residue. The oxidation mixture was treated with ethylene glycol, dialysed, 
reduced with sodium borohydride, and hydrolysed. PC of the hydrolysate revealed 
glycerol together with small proportions of D-xylose and L-arabinosc. 

ACKNOWLEDGMENTS 

We thank Professor T. R. Ramaiah (Department of Biochemistry, University 
of Mysore) for providing g_Lc_ f&lities, and Professor G. 0. Aspinall (Department 



24s J. P. GOWDA, D. C. GOWDA, Y. V. ANJANEYALU 

of Chemistry, York University, Ontario, Canada) for the g.l.c.-m-s. analysis_ One 

of us (J.P.G.) thanks the U.G.C. for an F.I.P. fellowship, and the Department of 

Collegiate Education (Government of Karnataka) for study leave. 

REFERENCES 

1 The Wealth of India-Raw Materials, C.S.I.R. Publicstion, New Delhi, India, Vol. II, 1950, 
pp. 179-181. 

2 R. L. WHISTLER, Metlrorls CarboJ&r. Chem., 5 (1965) 171-175. 
3 J. H. SLOGEKER, Methods Carboh_vdr_ Chvn., 6 (1972) 20-24. 
4 R. W. BAILEY, Oligosaccharides, Pergamon, Oxford, 1965, pp_ 43-44 and 79. 
5 S.-I. HAKOS~ORI, J. Biochem (Tokyo), 55 (1964) 205-209. 
6 H. BJ~RNDXL, C. G. HELLERQVIST, B. LISDBERG, ASD S. SVENSSON, Angew. Chem. Itrt. Ed_ EngI_, 

9 (1970) 610-619. 
7 G. W. HAY, B. A. LE~~JS, AND F. SMJTH, Merl~oris. Carbolydr_ Chem., 5 (1965) 357-365. 
S M. ABDEL-AK;HER, J. K. HAMILTON, R. MOXKOM~RY, AND F. SMITH, J. Am. Chem. Sot., 74 

(1952) 4970-497 I- 
9 G. 0. ASPMALL, Adv. Carbol~ydr. Chem. Biochem., 24 (1969) 353-379. 

10 D. H. SHAW AND A. M. STEPHEX, Carbolt&-. Res., 1 (1966) 4OM13. 
11 L. HOUGH, J. K. N. JOXES. AND W. H. WADMAN, J_ Cheer. Sot., (1950) 1702-1706. 
12 W. E. TREVELYAS, 0. P. PROCTER, AND J. S. HARRISOS, lVature (Lorr&w), 166 (1950) 444-445_ 
13 R. L. WHKXLER AND J. N. BEMILLER. Methods Carbo/zvdr_ Chem., 1 (1962) SS-90. 
14 R. L. WHI~TLEK AND J. N. BEMILLER, &fet/rortF Carbofzydr. Chem., 1 (1962) 71-73. 


