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A COMPARA.fiVE STUDY ON SOME CHEll.UCAL CHARACTERISTICS. 
OF JU'I'E AND HIBISCUS FIBRES 

Bv W _ G. MAcllrrr.I.AN, A. B. SEx GuPTA A~n A. Rov 

A cofhparath·e study hns been made nn the chemical composition as well as on. the chararreri~tic 
functional groups of jute and fibre" of the 1-li"iSCIIS group, namely 1\Iesta, Bimli nod Kenaf, with a view 
lo differentiating these fibres on the basi" of chemical properties. Frmn analy~es of a number of differ· 
ent samples it is confirmed that tl~ _vield of liguin or holocellulo!"e, obtained from jute, is significantly 
different fron1 those of other :ollierl fibres. Alth:>ugh a wid" variation;,. ob~erved in the carboxyl, exi~t· 
ing in different states, I.e. free and combined, in jute and llibls: 11<1 fibres, :10 definite conclnsion can be 
tlrawn from the results obtained. 1'be acetyl content, total acidity and the methoxyl anociated with 
the carbohyd;ate fncti,n of jnte are significantly lower thau those of fibres of the Hlblscms group, and 
these values may be taken as arl<lilional criteria for differeulhting jute and otbcr allied fibres. F~rther, 

since the acetyl content and the total acidity cf Corclror ru capsularis fibre (Whit" jnte) are considerably 
high compared with those ebtained from Core/roms nlltorius fibre ("fossa or Daisee jote), it seems possi
ble that- from the VAriations in these \·a lues the two botan[cal specie~ of jnte fibre can be differentiated 
! rout each other. 

A uumber of b:~.st fibres, closely allied to jute which belongs to CorchoTus species, 
can be successfully processed on jute mill machinerv. The most com~on of these 
substHute fibres are derived from the Hibiscus 11lant, usually from the species known as 
H. caftnabillus, nud are described by a variety of different names but, in India, are usually 
known as eit!Jer Me5tn or Bimli lilld in other cottntries as Keoaf. 1'he qua1ity of 
Hibi!j,cus fibres, so far as the spinning prot:Jerty is concerned, varies similar to thal of 
htte, but generally speaking, these fibres are coarser and more brittle than jute and, as 
a result, are less suitable for the spinning of fine yam!'. 

The principal characteristic feature of jute and lh.! Hibi.tcus fibres is, that although 
cellulose forms the main structu1·ai component, it d<~es not occur in the pure .sta~ but 
is associated rredominantly with lignin ami hcmicelluloses. The chemical compositions 
as well as the pbysicalaud chemical properties of these fibres are so akin to each otber 
that it is extremely dlfikult to differeu tiate them. Siuce the H ibiscrH fibres are coarser 
and stiff!ir than jute,· differentiation of these fibres is usually made by visual examina
tion and by fee~. 'l'he preseu t work. was iuttialed with t[1e object of differentiating these 
fibres not ooly on Lhe basis of chemical composition but also oo tbe characteristic func
tional groups which until recently have been considered of little importance. 

It has beeo repol"'.cd by Powrie and Speakmao (j_ Text. lnsl_, I943· 31, T77l and 
more recently by Das, Mitra and Wareham (ibid_, i:gsr, 12, 'I'ISri that jute contains a 
higher percentage of lignin in comparison with Mesta and~ 13indi while the variation in 
the o\her main CODStitUEtltS, i.e., "'-Cellulose. pento.oan calculated as xy]an, polyUIODide 
aud hexosan, of jute fro1n tliose of other allied bast fibres is of such a small o~der that 
it cam be regarded as insignificant. The procedure employed by Das.el al. ( loc.cif.) 
for the determinatioo of lignin is not very accurate, since the ·lower yield "obtained by 
this method has been foltnd to be dlte to a p::trtial solnbility of J!gnill in the feagent \\~d 
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for its isolation (Sen Gupta ami Callow, ibid., 1949, 40, T6so; Mac:ntillan, Sen Gupta 
and Roy, ibid., X952, •a, T1o3l. A m~re correct value, however, is expected lobe e>btain
ed by the method suggested by Sen Gupta aud Callow (loc.cit.). It was considered 'of 
importance therefore to re,examiue the lignin content of these fibrES with a more accurate 
procedure in order to ascertain whether tbe difference between tbe values of lignin in 
jute and other allied fib_res was really significant. 

In addition to the major co11stituents, jute fibre contains a number of cbaract~ristic 
functional groups, namely carboxyl, acetyl and methoxyl, which are generally r('garded 
as of minor importance, and until recently, have received no serious attention. More 
recent mvestigaticms (Bhattacharjee and Callow, ibid., 1952, 43, T53; Macmillan and 
Seu Gllpta, this Jou.,nal, 1952, 29, 737) have shown that the acidity of JUte is due to 
both tuooic carboxyl and acetyl groups. Uronic carboxyl groups have been found to 
exist in three different states, a small portion (3 m.c./roo g;., approx.) being in the free 
state and the major portion in the combined form, of which a part is occupied with 
cations (9 m.e./Ioo g.) and the rest !12 m.e./roo g.) in the ester combination with the 
hydroxyl group of lignin (Sarkar, Chatterjee and Mazllmdu, f. Text. lnst., 1947, 38, 
T3r8). The acetyl, which amounts to appro:~timately 3-5% ~Ll jute: OC'curs in combination 
with the hydroxyl groups. mainly, if not entireJy, associated with the carbohydrate 
fraction (Macmillan and Sen Gupta, loc.cit.) and fs easily h, droly!f!ed by the action of 
dilute caustic soda solution at room temperature. It has been demonstrated that of the 
methoxyl groups in jute, the maior portion is associated with the lignin residue, the 
remainder being attached to the hemicellntosic fraction (Sen Gupta and Callow, /. Text. 
Inst., 1951, 42, T382), possibly the uronic acid residue (Sarkar, Mazumdar and Pal, 
Tex!:ile Res. ]. 1952, 22, 529). Although a consid~rable amount of work bas been 
carried out on the ftmctional groups in jure, no data appear to be available on the qf:cur
rence of these groups in other allied fibres, and there is a possibility that such groups 
will vary not only iu amounts but also in proportiQus, existing in combination with 
different fibre components. In the present investigatio11 therefore. attention was parti
cularly directed towards the relative proportions as well as the mode of occurrence of 
the;;e groups with a view to obtaining some additional evidence for diJiercntiati.ag jute 
more positively from the fibres of the Hibiscus group. 

EXPERIMENTAL 

Three different samples of jute, three of I1iesta, t\VO o'f Bimli' and one.o£ Kenaf were 
employed in the present investigation. The White and Tossa varieties of fibre, belonging 
to C. capsularis and C. o!itorius species respectively, tvere of good quality jute obtained 
from Pakistan, while the samples of Daisee jute (also C. o!itot·ius) •·and those of Mesta 
were procured from diiierent parts of Wesl Bengal ; Bhnli fibres were obtained from 
Madras and Kenaf, which was the only satnple available,· was imp'lrled from Australia. 
Representative samples, obtained from the middle portiop~ of the strands of different 
fibres, .,.ere de-waxed by extracting the materials with a mixtur~ of alcohol-benzene 
{x :2), washed successively with alcohol and water, and air-dried. Experiments "Were 
~9nducted -,itb the air-dr.ied ·samples and the analytical results expresse.J on the oven-dry 
Cat 105aj ,weight of the' fibres. 
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Lignin was determined by the 7z% sttlphuric acid procedure, as modified by Sen 
Cupt~ and Callow (], Te.,.t. Inst., 1949, 40, T6,so). 

~or isolation of the holoccllulose fraction, the fibre sample was subjected ~o two 
successive treatments with llol (gS") s-.>dium chlorite solution (o-.7%, using a liquor ratio 
,so: r) maintained at p" 4, the duration of each treatment being 2 hours, followed by 
treatment n·itb 2% sodium bisulphite. 

~'he free carboxyl and that occupied with cations were determined by the procedure 
suggc~ed by Sarkar, Chatterjee and Mazumdar (lac. cit.) ; the urol:lic: carboxyl occurr
ing as ester was obtained from the measure of the increased acidity of the fibre after 
a hydrolytic treatment with caustic soda (Macmillan and Sen Gupta, loc.cit.). 

'l'he acetyl content was ast"ertained by_ hydrolysing tl1e material with caustic soda 
a11d then measuring the steam-volatile acetic acid by the Qrocedure followed by Macmillan 
and Sen Gupta (loc.cit.). 

The total acidily (i·.c. both due to uronic and acetic acid residues) was ascertained 
directly by allowing the fibre to react with an exce~ of caustic soda and estimating the 
amount of alkali required for'heutralisation (lVIaclnillan a11d Sen Gupta, loc.cit.). 

'Pl1e methoxyl content was deJ:ermined by a modified Zeisel method, as previously 
used by Sen Gupta and Callow (lo~. cit.). 

The values of'lignin, uroi1ic carboxyl existing in different :states, acetyl and the 
total acidity of the various samvles analysed are recorded in Table I. 

'fAm.E I* 

Lignin, acetJ•I and urouic acid c:ontents, and total acidity of jute and Hibiscus fibres. 

1\Jat.~Tial. 

Jute (White) 
,. (Tossa) 
, (Daisee) 

Mesta !Sample t) 

,. (Sample 2) 

,. (Sample 3) 

Dimli (SaJ?lplc zl 
,. (Sampk 2) 

Kenaf 

%Lignin. 
t."rcnic carboxyl (m.e . .'mo g.). 

Free. Occupied Occurred %Acetyl. 
with cation. as ester. 

2-03 8.12 

. 9·49 I .63 5·52 13.01j) 5-21 
w.47 5.z6 
9 70 5-09 
g.Ss r.6g 6.gt n.M s.og 

10.t17 5.26 

IO.So ~-11 15 .. 14 9-~5 4 46 

* Results are expressed on oven-dry de-waxed fibre. 

DISCUSSION 

'fetal acidity 
(m.e./Ioo g.). 

IIJ.I 

100,0 

IOI-f 

I43-2 
139-~ 

raB.8 

IJ8·7 
I415•3 
U7-8 

Jn addition to the results obtaineJ in the pre~>cnt investigation, analyses of various 
samples of jute ca~ried o~Un the ljmari laboratories over a period show that the lignin 
content of jute generally varies from 12 to I4-S%, u determined by the modified 72% 
stttpnuric acid procedure, some difference in• the values beil1g noted O:tJ. ch,anging the 
method of estimation. It is seen from the results in Table I that the liguin content llf 
the other•allied bast fibres studied lies within the 1·ange of 9·5 to ro.8%. Jtl'l:e .therefo1~ 
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appears to contain a higher percentage ·of lignin, compared with fibres of the Hibiscus 
group, and the difference in the values for jute and those of the other bast fibres exa1ninrd 
can be considered as !ignifi..:aut. 

The uronic acid content of jute, Mesta and Bimli is- approximately the same, while 
tbat of Kenaf is appreciabely higher. A wide VSfiation has been observed in the values 
of carboxyl occurring in different states and no definite conclnsiqn can, howevct, be 

drawn from the results obtaimd. 

Besides the results recot·ded in Table I, various samples of White, Tossa and 
Daisee jute, analysed in these laboratories, dt:monstratc that the acetyl content and tl:e 
total ,acidity of jute are always within the limit of J.I to 3.8% and 100 to :u4 m.e./100 g. 
respectively, the corresponding values for Hibisru.~ fibres heing 4-5 to 5.2% and 128 to 
146 m.e.i 100 g. Doth the acetyl content as w<:ll as the total acidity of the other allied 
bast fibres au significantly higher than those obtained i1·01n jute, and these values may 
therefore be taken as additional criteria for differentiating jute from fibres of the Hibiscus 
group. The difference in the total acidity of these fibr.:;s, h6wever.,appears to be mainly 
due to variation in the acetyl content of the individual fibre sawples. Further, the 
values of acetyl conteut and total acidity of White j1~t~ (C. capsularis) have been found 
to vary from 3.6 to .3 8% and IIO t'l II4 m.e./~oo g. respectively, while those obtained 
·from other variety of jute (C. olitoriu.\'i always lie within the raDge of J.1 to ,3.25% and 
100 to 102 m.e./ 100 g. It seems possible therefore that from the variations of the!Oe values 
jute fibre belonging to two botanical species can be differe•1tiated from each other. 

Holocellulose, isolated from any of the fibres by one treatment with sodium chlorite, 
a!rrecommended by Chattopadbyay and Sarkar (Proc .• Yat.l~Lst. Sri., India, 1946, 12; 23l, 
was found to be contaminated with I .8 to 2.0% lignin (on the weigb.t of the holocellu
lose). Two. such treatments, however, effect a considerable reduction in the ligDin con
tent, as shown in Table II, without any undue loss in the hemicellulose content, as is 
evidel!t from the summation of lignin aud holocellulose of the fibre approaching very 
near to roo (Tables I and 11). Any attempt to reduce the lignin content still further, 
by increasing the number of tl·eatments, resulted in a marked climinalion of hemicellu
losic constituents. In the present work there£ore the holocellulose content was deter· 
min<ld by two treatments of acidic sodium chlorite. 

The methoxyl content was estimated on individual fibres as well as on lignin and 
holocellulose, isolated from the respective samples. From the value of methoxyl of the 
isolated lignin and the lignin content of the em-responding fibre, the•amount of methoxyl 
associated with the lignin in situ (e.:~tpressed as a per cent on fibre) was obtained. A 
theoretical value of the n1ethoxyl associated with the carbohydrate fraction was th~u 
calculated from the difference of the methoxyl content of the fibre and that of the lignin 
in situ. • Tilis value, however, will teuJ to be higher if lignin' lases sofue of its methoxyl 
groups dur~ng tbe process of isolation (Don~e .. "The Methods of Cellulose Cbemistry",,I947. 
p. 366). In "'rder to obtain the methoxyl attached to carbohydrate from a direct estima
iicn of holocellulose, It correction was applied for the presence of residual )ignin, an 



SOME CHEMICAL CtiARACTERIS'riCS 01~ ,H.T'i'E AND H.IBTSCtJS FIBRE!:! 5"3 

assumption being made that the metho~yl content, of the "residual lignin was identical 
with that of the lignin isolated from the untreated fibre. This value is also e:x:pected to 
be deviated from the correct methoxyl content of carbohydrate by a number of factors. 
For example, a positive error is likely to be involved owing to the possibility of halo
cellulose being contaminated with the lignin degradation products containing methoxyl 
(Sen Gupta anti Callow,]. Text. Ins-., 195J, ~2, T382) and a negative error if a partial 
demethylation of either the residual lignin or the carbohydrate fraction or both, occurs 
durin~ delignificatiou. Since it is not known which one of the values, i.e. the calculated 
and that obtained by the direct estimation of holocellulose, will afford a more correct in
dication of the act11al methoxyl content of the carbohydrate fraction, both values of the 
llibiscu.s fibres have ba:en coi~pared with those obtained fro;u htte. A summary of the 
resulls is shown in Table II. 

TAm,p; II* 

Holocellulose content, a.td assoclaied mellloxyl in lignin. a.nd 

ca·rboh~rale fractions of jute and Hibiscus ji.bre5, 

Material. Ilob:el!ulosc. J4ignin in 
bclocell u losl'. 

Jute \White) Bs.zsO.~ o.so~~·G 

)Jeda (Sample 11 91·07 0-54 
llilu li (San1p11 .. 1) go.67 o.so 
1\:enaf 89·75 o.ss 

* Results Rre expressed on oven-dry de·•-=ffxed fibre. 
**Results are expressed ou oveu-dry lignin. 

%0]).fe associated ';(.OMe associate1l 
wilh lignin on with carbohydrate. 

••• lignin. fibre. Calc. l'ound 

19-25 2-75 u.Sg 0-95 
~1.19 2.01 166 1.27 

19.03 1.88 1.48. 1-34 
r8.83 ~.OJ [.J6 1.26 

As expected from variations in the lignin contents o[ jute and other allied fibres, 
the rcs11lts iu Table II show that the <lifference in the yield of holocellnlnse of these fibres 
is also significant. The methoxyl content of lignin (as a .per cent on lignin), .isolated 
from different :fibres, is more or less the same. The observed variations in the values of 
mclhoxyl in lignin (per cent on fibre) arc obviously due to difference in the lignin content 
of the individual fibres. Analyses of various samples of jute reveal that metl10xyl in 
cal"bohJ;drate varies within the limit of o.Ss to o.gs% while in the case of Hibiscus fibres 
the values h!lve alwal"s been found alfove 1.25%. The mctbQxyl associated with the 
carbohydrate fraclion of jute therefore seems to be appreciably Iowe1· than that of allied 
fibres, the difference being more marked in calculated values. 

It appears pos~ible f:rom the results t described that jute can te differentiated from· 
fibres of· the Hibiscus group by the variation in the values of lignin or holocellulose, 
acetyl, total acidity and the methoryl associated wilh the carbo11yd1·ate fraction. 
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t A &ummary ofthe res11lts was published in the Proc. ImUa11 Scie11c~ Cor1gre$S, I95S· Part IV, p. 6s. 


