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SUMM '.RY 

(1) Hemicellulose B has been extr'lcted from Yorkshire F'og 

(Holcus l a natus ) . 

(2) The hom ogeneity of Branched Hemic e llulose B was determined 

by Fractional Prec ipitatio n . 

(3) Gas-liquid chromatographic study showed thn t the poly­

saccha ride conta ins xylose, arabinose and hexose. 

(4) The uronic acid content was quantitatively d e termined by 

specifi c colour r eact ions. 

(5) Quan tita tive a na lysis of the monosaccharides from th e acid 

hydrolysis product by par tition chroma to gr ap hy on cellulose 

column. 

(6) Methylation by methods of ~aworth, Kuhn and Purdie followed 

by hydrolysis yielded the followin g methyl others 

2 , 3 - d i-O- me t hyl - D-xylose, 

2 - 0-methyl - D-xylose, 

2 , 3,4-tri-O- methyl- D-xylos e , 

2,3,5-tri - 0 - me thyl-L-arabi nose. 

(7) The methyl ether monomers were quantitatively determined 

by gas-liquid chromatography. 

(8) From the results a simplified structure can be suggested 

for the branched hemicellulose B, consisting of 16 ~-D­

xylo-pyranose r e sidues linked together by 1-4 glycos idic 

bonds, and with a terminal side chain D-glucuronic acid 

residue linked through C-2 to the xylose unit. L-arabin­

os e unit probably occurs as a side chain and is linked 

through position 3 to every fourth D-xylose unit. 
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1 . 

C H A P T E R I 

Introducti on 

1 . 1 ~emicellulose 

The structur~l carbohydrates ~re mixtu r es of polysaccharides 

which toge t her with lignin, constitute the cell wall . Usually 

they arc divided into t~ree fr~ctions: pectic substa nces , hemi -

1 
cellulose ~nd cellulose . 

Pectins , widely distribute d in l and plants ~re chnracterised 

by a m~in chain of 1- 4 linked galacturonic acid units. They may 

also conta in rhamnose , gal~ctose , xylose , a rabinos e a nd fu cosc 

in varying a~ounts . Theso sug~rs f o rm pa rt of the ma in ch~in in 

some pec tins 3nd bra nch ch3ins in others . 2 

Cellulose is generally pres ent in the plJnt cell as aggre­

gates of f ibrils o r partly crystalline bundles . They consis t of 

p a r a l l e l chains of ~ 1-4 linke d g lucose res i du e s , where the 

chains are in perfect alignment, the c e llulose has a crystalline 

structure . The cellulose fibrils are gene r a lly embedded in 

other p olysaccharide ma t er i a l, e . g . t he h emicelluloses in the 

hi gher p l ~ .. nts. 3 

The name h cmicellulose was first proposed in 1891 by Schulze, 

who was examining products extrac t ed from leguminous seeds , bra ns 

a nd g r een t issues . He isolated a group of carbohydr ntes simil a r 

to cellulose which were char acterised by their behaviour with 

d ilute mine r a l acid , being more easi ly hydrolysed tha n cellulose . 

This group of polysaccha rides ~re chemica lly and structura lly 

r e l a t e d to cellulose , for which r eason , Schulze designated t he 

group h emicellulose . 



2 . 

The use of the term hemicellulose h3s changed frequently . 

Some inve stig3tora wish to confine the te r m to the n on- cellulosic 

carbohydrates a nd to define hemice llulose as being composed of 

(1) pentosans , chiefly xyl3n and araban , yielding on hydrolysis 

the pentoses , xylose and arabinose; (2) hexosans , chiefly 

mannan and galactan, capJble of being hydrolysed to the hexoses , 

mannose and gal~ctose ; 3nd (3) polyuronides, mostly in the f o r m 

of polyuronic a cids . The wood ~nd cellulose chemists hav e been 

accustomed to define t he term hemicellulose as that portion of 

a pla nt mater ial which is soluble in cold alk~li solution . 

In general , the name is restricted to l a nd plants and is 

applied t o the group of carbohydr3tes found in the cell wa lls 

of pla nts in associa tion with lignin ~s an amorphous phase en­

v e loping the cellulose strands and which can be extracted fro~ 

plc nt materia l with dilute nlk3li , either hot or cold .
4 

A wide 

range of molecular sizes and mo l ecular shapes exist among hemi­

celluloses . Because of these differences and t he differenc es in 

thei r acidic properties , the polysaccharides which constitute 

the hemicelluloses v~ry among themselves in solubility . As a 

plant ti ssue ages, t he solubilities of the polysaccharides de ­

c r ease t o some extent. Dec r eased solubility is most p r onounced 

when the tis sue ma t e ria l is dri ed . Insolubilization is not in~ 

herent in the drying process i tself becaus e i t is poss ible to 

dry plant mater i al in such a way as t o prev ent loss of solubility 

or chemicul reactivity. 

The iso l ation of the cell wall carbohydr ates is based upon 

their differences in solubility. The exten t t o which a soluble 
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polysaccharide is extracted from a plant tissue or holocellulose 

depends upon the ease with which the solvent penetrates the 

insoluble phase and the facilit y with which the soluble com­

ponent can diffuse from the matrix to the surrounding solution. 

L i gnin 

containing the 

non-carbohydrate 

material of the 

cell wall 

I Holocellulose 

Hemicellulose 

1 shorter chains 
containing: 

xylose units 

mannose units 

uronic ac i d units 

methyoxyl groups 

acetyl g roups 

1 (possibly galactose 

1 
and arabinose uni ts) \ 

Cellulose 

longer chain length 
including: 

ct -cellulose 

,;True '' cellulose 

~ -d-glucopyranose 
units 

Figure 1. Relation of Hemicellulose to other cell wall 

components3 



1.2 Molecular Structure of Hemicellulose 

The group of polysaccharides called hemicelluloses are 

usually mixtures which include some or all of the xylans, the 

glucomannans and the arabogalactans. Sometimes other plant 

polysaccharides such as the ~ - glucans of barley and oats, some 

mannans and some galactomannans are regarded as hemicelluloses. 

(A) D- Xylans 

4. 

Xylan is the commonest hemicellulose because it is 

removed by he mi ce llulose extraction procedures and is often 

the principal component of hemicelluloses. Purified 

hemicellulose is, in many instances, identical to xylan. 5 

It occurs in practically all l and plants and also in some 

marine algae . It is most abundant in annual crops, part-

icularly in agricultural residues such as corn cobs, corn 

stalks, green hulls and stems where it oc curs in amounts 

rang ing from 15 to 30%. Hard woods contain 7 to 12% (see 

Tables I, II and III). Low strength vege table fibres of 

comme rce such as jute, sisal, manila hemp and coir may 

contain 5 to 20% xylan, whereas high strength fibres such 

as ramie, flax and cotton are almost devoid of xylan.
6 

The xylan of esparto gras 3 is of particular interest 

because it has been shown7 to consist mainly of xylose 

residues. After complete methylation and hydrolysis the 

principal products obtained were 2,3,di-O-methyl-D-xylose, 

2,3,4,tri-0-methyl-D-xylose, 2-0-methyl-D-xylose and a 

trace of 2,3,5,tri-0-methyl-L-arabinose. Ace tolysis of 

the methylated D-xylan gave the disaccharide (I), therefore 



TABLE I Chemic a l compositiona of six North-Ame rican species of wood
4 

' ,-- I ' C 

Species 

Acer rubrum 
Red maple 

j ! 1Hexuronic! Res idues of 
Ce 11 ul o se, L i gnin 0 - A c e ty 1 ac ~db -1 Galac tose , G 1 uc ose ' Man'::::''/.r-~_b in ose ! Xy 1 o.:=_, 

I I I I j 

I 44.1 I 24 .0 I 3 . 8 -t--~ - °-:6 I 46 . 6 I 3 . 5 I 0 .5 117.3 

Betula papyrifera 
,Jh i te birch 

Fagus grandifolia 
American beech 

41 . 0 

42. 1 

~ -~ -~-- ~:~--~~- 44 . 7 • -±0.5 I 24. 6 

22 . 1 1 3 . 9 4. 8 1 , 2 4 7 • 5 I 2 , 1 I O • +.:_ 
Abies balsamea 
Balsam fir 

l I l 
-!--·· I 11 • 6 I 1 • 6 I 6 . 8 ! I Abies~:+;B~~~ . I ~ ' I 

Picea glauca 
White spruce 

44.8 

44.8 

29 . 4 ! 

I 27 . 1 
j 

1 . 5 

1. 3 

3. 4 

3 . 6 

1 . 0 

1. 2 

46.8 12 .4 0 . 5 

46 . 5 

Pinus bank s iana I 

4. 8 

I 
I Jack pine ______________ _________ ·- - --··· - ·--· 

41.6 28.6 1. 2 3. 9 1 . 4 i 45 . 6 

a All values in per cent of extractive-free wood 

b As c
6

H10o
7 

minus H
2

0 

c As c
6

H12o6 minus H
2

0 

10.6 1. 4 7.1 

\J1 . 



TABLE I I Carbohydra t e comp osi ti on* o f sixt een species o f 

European Har dwoo d 

j 
I 
' I Sp e ci es 

I Ace r p la t anoides 
l No r way map l e 

I Alnus glu t i nosa 
Bl ack alder 

Alnus rugosa 
Speckled alder 

Betula pubesccns 
Birch 

Be tul ::i. verrucosn 
Silver birch 

Corylus avellan.'1 
European hazel 

l 

I Fagus sylvatic3. I European beech 
I 

Fraxinus excelsior 
European ash 

Populus bal samifera 
Balsam poplar 

P opulu s tremula 
Europe~n trembl i ng 

aspen 

P runus padus 
Europ ean cherry 

Quer cus r obur 
En glish oa k 

Salix a lba 
White willow 

Serbus a ucupa ri a 
European mou n t a in 

Tilia cordata 
Linden 

Ulmus g l a bra 
Scots e lm 

a sh 

I 

Res idues of: 

Galactose Glucose Mannose Arabinose 

2. 0 60 . 5 i+ . o 1 . 0 

2 . 5 73 . 5 3 . 5 1. 0 

3 . 5 67 . 0 1. 5 1 . 0 

1.0 55 . 0 2 . 5 2. 5 

1. 5 58 . 5 0 . 5 0 . 5 

2. 0 69 . 5 2. 0 2 . 0 

4. o 65 . 0 1. 5 1 . 5 

3. 0 60 . 0 2 . 5 2. 5 

3. 5 68 . o 2. 5 2. 5 

1. 5 64 . 5 3. 0 1 . 0 

2.5 65 . 5 2 . 5 1.0 

I 
2. 5 68 .5 2.0 1. 0 

[ 

3 . 0 74.o 2.5 1 .o 

1. 5 66 .5 2.5 2.0 

I 1 . 5 58.5 3.5 2.0 
i 
I 

68 .5 2. 0 1.0 

• All values i n p e r c e nt o f tota l neutra l c a rbo hydra t e s . 

6. 

Xy l o s e 

32 .5 

19 . 5 

27 . 0 

39 . 0 

39 . 0 

24 . 5 

28 . 0 

32 . 0 

23 . 5 

30 . 0 

28 .5 

26.0 

19. 5 

27.5 

34.5 

' 
26.0 



T/,.31:S III 
. 10 

Percentap.e composition of polysaccharides 

Source D Glucuronic D Galac t ose L-Arabinose Other Refer-
acid ence 

Acacia cyanophylla 24 49 7 L-Rhamnose 20 20 
Acacia K.ar roo (Hayne) 12 50 36 L-Hhamnose 21 
Acacia mollissima 

9 42 42 L-Rhamnose 7 22 (Black wattle) 
Acacia pycnantha 5 65 27 L- Rhamn ose 1-2 43 
Acilc ie. verek (arabic) 16 52 19 L- Rhamnose 14 24 
Amygdalus (Almond 10 30 40 D-Xylose 20 25 tree) 
Anogeissus latifolia 12 27 41 D- !·1annose 8 26 wall (Ghatti) 
Asparagus 10 D-Glucose 40, D-

adsccnde:ns Mannose 40, 
D-Xylose 10 

Asparaeus filicinus 5 D-Jv1annose 45, D-
Glucos~ 40, 
D-f ructosc 10 

:SoswelliP.. cnrterii 4-0 - ~e thyl-D-glu-
(OlibA.num or 58 8 curonic a cid 33 , 28 
frankincense) trace of L--fucose 

and L-rhamnose 
L-Rhamnose 25 

Brnsenia schreberi 22 1+7 9 D-Han::i. ose 16 Gmel (watershield) 
Cetraria islc::::.ndica 3 8 D-Glucose 89 , 29 

D-Mannose 3 
Citrus limonia 22 55 22 

4-0-mcthyl -D-gluc -
30 (Lemon) uronic acid 

Citrus maxima 
31 53 16 4-0-methyl-D-( Grapefruit) glucuronic acid 

Combretum 
15 38 31 

verticillatum 
Commiphora myrrha 

30 12 4-0-methvl-D- 32 (Myrrh) glucuronic acid 38 
Curculigo orchioides 42 D-Mannose 23, D-

glucose 35 
Dilsea edulis 10 80 D-xylose 7 33 
Fagara 61 21 4-0-methyl-D- gluc -

34 xanthoyloides uronic acid 17 
Ferula species 11 55 33 

L-Rhamnose 35 
(Asafetida) 

Hakea acicularis 8 58 D-xylose 8, I'\ 36 v-

mannose 7 
Hevea brasiliens is 6 4 20 D- Glucosu 60, L- 37 

rhamnose 2, D-
xylose 8 

Mimos!ol -pudicn 21 D-xylose 79 , trace 
of D- glucose 

Moringa pte ry gosperma 10 37 53 Trace of L-rhamnose 38 (Drum stick) 
Prosopis juliflora 

31 51 4- 0 -mcthyl -D-~luc -
39 ( l'iesquite gum) uronic acid 18 · -

Prunus a rr.1eniaca 16 44 I+ 1 (Apricot) 
PrunuG cer asus 12 21 55 

D--mannose 10, trace 
L+O (Cherry) of L-rha.mnose end 

D-xylose 
Prunus domestica 

15 40 Y+ D-xylose 11 33 ('igg plum) 
Prunus insits 16 30 38 

D- mnnnose 15, troce 41 (Damson) of D-xylose 
Prunus persicn 

7 36 43 
D-xylose 14, trace 42 (Peach tree) of L--rh<'~mn osc 

Prunus serrulata. 6 - 8 D--xylose 92-94 
Prunus species 12 38 38 D-xylose 12 25 (Purple plum) 
Prunus virginiana 

9 26 29 
D-mannose 13, L- 43 (Chokecherry) rha:onose 23 

Puya chilensis 15 36 7 
D-xylone 43 36 ( Char.;ual) 

Ulvn lactuca D-xylcse 9' L-
(Green marine 19 rhamnose 31, D- 44 
nlgae) Glucose 8 

Zea mays (Cornhull) 7--12 7 35 D- xylose 48 45 
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the glycosic linkage is (1 -- 4) and the D-xylose residues 

are in the pyranose form. 17 

H H 

ll;i---\-i ----- 0 -
k OMe H ; '] 

OH 

I 
H ,.1 
. // i 

o~ \l--------f'/ H 
H OMe 

I I. H 
i ---r' 

I I 

H OMe 

(I) 

f rom t his evidence the main features have been formulated as 

~ -D-xylp-(1- 4)-(~ -D-xylp) -(1- 4)-(~ -D-xylp)-(1- 4) 
X 3 

I 
; 

1 
~ - D-xylp-(1- 4)-(~ -D-xylp )z-(1- 4)-~ -D-xylp 

xylp = xylopyranose x+y+z = 75 .:t 5 

The presence of chains of (1- 4) ~ linked xylo­

pyranose residues appears to be a general structural feature 

throughout most of the xylan g roup of polysaccharide (see 

Table IV). 

(B) Arabino-Xylans 

Perlin
8 

has isolated from wheat flour a xylan fraction 

which contained almost as muc h arabinose as xylose . A study 

of this arabinoxylan by the methylation procedure and by 

other methods has shown t hat single L-arabofuranose residues 

are attached to a ma in chain of xylose residue, in many 

instances s ubstituting the hydroxyl at both C-2 and C-3 of 

the same xylose residue. These arnbofuranose residues 



TABLE IV . 6 Xylane f r om the gramincae 

----------~------ ------------
Sourc e 

Mode of linkage of 
L- arabinofur ~nose 

end- groupsa 

Mode of linkage 
of D-glucuronicb 
acid end-groups 

Other st r uctural 
featur es 

Re f e r-... , 
enc es 

----------------------- --------
Espar t o gr nss 

Esparto gr ass 

Wheat str nw 

Wheat str aw 

\ivhen t straw 

•Jhea t strt,w 

Wheat s tra w 

Oat st r .'.",w 

Cocksfoot gr ass 

1/{heett leaf 

Barley husks 

none pr esent 

(1- 3)-D- xylp 

( 1-3)-D--xylp 

(1- 3)-D-xylp 

(1-3) - D- xylp 

none present 

(1-3) - D-xylp 

(1- 3) - D-xylp 

(1- 3) - D- xylp 

( 1--3) - D- xylp 

(1- 3) - D-xylp 

none present 

none present f-,-D-xylp- ( 1-2) - L- Ar a 

(1- 3) - D-xylp (he) br a nched 

( 1--2) - D-xylp 

none present 

(1- 2) - D- xylp 

xylan chc.in 

..... . . Lf - D- Gp-1 . . ... .• 
3 

(1- 2) - D-xylp (Me) some br anched 

xylan chains 

(1- 2) - D- xylp (Ne) 

(1- 2) - D-xylp (Ee) 

(?)(1- 3) - D- xylp 

4-2) - D-xylp (Me) ~-D-xylp- (1- 2) - L- Ar a f 

br anched 

xylan chain 

46 

47 
48 
48 

49 

50 

51 

52 

53 

Corn (maize) cobs (1-3)-D-xylp not known •....• 2- L- Ar ~f- 1...... 7 
Corn (maize) cobs (1- 3) - D- xylp (1- 2)D- xylp 

(1- 4) - D- xylp 

(Mc) ~-D-xylp- ( 1-2) - L- Ar af 7 
55 

Corn (mai ze) 

Ma ize fibre 

Maize hulls 

Whoat b r an 

Wheat flour 

Barle y flour 

Rye flour 

cobs (1-3) - D-xylp none present 

( 1-- 3)-D- xylp not known 

not known (1-2) - D- xylp 

(1- 3) - D- xylp (1- 2) - D-xylp 

(1-3)-D- xylp- (2- ,) 

( 1--3)-D-xylp none present 

( 1-3) - D-xylp -- ( 2- 1) 

(1-3)-D-xylp 

(1-?) - D-xylp 

(1- 3)-D-xylp(2- 1) 

(1 - 3) - D-xylp 

none present 

none present 

, . .. ..•. 4- D- Gp- 1 
3 

C( - D- xylp( 1-3) -1-Ar a 

L- Galp - (1- 4) - D-xylp­
(1- 2) -1 - Ar a 

c,{-D-xylp(1- 3) - L- Ara 

56 

57 
~-D- Galp - ( 1-4) -D-xylp 58 

~-D- Galp -(1- 5) - L- Ar af 

.. . ..• . 3 - L- Arcf-1 .• •. .. • + 59 
8 

60 

61 

·----------·-··---
0. 

D- xylp = D- xylopyranose, L- Ar o.f = L- nrabinofur anose, D- Gp = D- glucopyr anose and 

Galp= gal~cto-pyranose r esidues 

b ( Me) indicates that D- gluc uronic acid r esidues are present , wh olly or in part, ao t he 

4-me thyle ther 

49 



10. 

were readily removed by acid hydrolysis, leaving a xylan 

similar to the arabinose free material from esparto. The 

general molecular structure of wheat flour xylan is 

4xyl~ 1----------4xyl ~1----------4xyl ~1-----
2 3 3 

/ \ i 
Araf Araf Araf 

However, some xylans, such as the hemicelluloses from corn 

(maize) cobs, maize fibre and ma ize hulls and barley husks 

also contain non-terminal L-arabinofuranose . Such L-

arabinofuranosyl linkages a re easily released under mild 

conditions of hydrolysis, therefore oligosaccharides pro­

duced f rom them have L-arabinose residues at the reducing 

18 
end. 

Bishop and Whitaker9 have isolated an enzyme from 

myrothec ium verrucaria w; , ich hydrolyses linear chains of 

~ -(1- 4) linked 0 -xylose units. Appl i cation of the 

enzyme to wheat straw hemice l lulose yields among other 

products, L-arabinofuranosyl-(1- 3) ~ -D-xylopyranosyl­

(1- 4)-D-xylose. 

(C) Glucurono-xylans 

Many polysaccharides of the xylan group contain 

residues of D-glucouronic acid or 4-O-methyl-D-glucuronic 

. d 10 ac1. . As glycosiduronic acids are very resistant to 

mineral acid hydroly s is, aldobiouronic acids may be iso­

lated from the graded acid hydrolysis of xylan containing 

hexuronic acid residues and the mode of linkage of D­

glucuronic acid to D-xylose may be determined by the 
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identification of the hydrolysi s products of the derived 

msthyl~ted aldobiouronic a cid. Jon es and Wise
11 

have s hown 

that 0 - (4- 0 - methyl -a - D- glucosyluron ic acid)(1- 2) - D-

xylose c an be i sola ted from aspen wood hemicellul ose. 

H 

H, OH 

H OH 

D-glucuroni c a cid or it s 4- methyl ether a r e mos t commonly 

linked to position 2 of D- xylose , although similar a l do ­

b i ouronic acids co~ta ining (1- 3) (wheat st r aw) a nd (1- 4) 

linkages (corn cob) ha ve also been obs~rv0d. 

In the structur al study of hemicellulose of Lucerne, 

Aspinall and McGrath
12 

they have found that t he polysaccha­

ri d8 contains an essent i ally l i n~ar chain of 1- 4 linked 

~ - D- xylopyr an ose residues with side chains of 4- 0 - methyl-n 

- D- gluc opyranosyluronic a cid residues at t ache d to C-2 of 

approximately every n i n th residue. The ma i n cha i n also 

conta ins occasional r hamnosc r e sidues . 

(D) Mannans 

Polysaccharides base d on D-mannose a s the major 

structural unit occur in woods a nd in the seed of many 

p lants. The mannans pr esent in ivory nuts have been shown 
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to consist of chains of (1 - 4) linked~ - D-mannopyranose 

residues. 13 The glucomannans which comprise up to half 

the hemicellulose content of some conif&rous woods contain 

units of both mnnnosd and glucose in their molecula r 

14 
structure. Many monnans and glucomannans contain a 

small proportion of D- gnlnctose residues, which have been 

shown to be an integral part of the mannans or glucomannans . 

(E) Arabino-galactans 

L- arabino-D-galactans are the rn a jor wood glycans that 

can be ext r acted fro~ wood with water . ~hey are highly 

branched, water soluble and are found in many coniferous 

woods. Polys~ccharides of this type have (1 - 6) and (1- 3) 

linked D- galactopyranose residues and the L-arabinose 

residues appea r as integral parts of arabinogalactans. 

T , k 15 f d • 0ones ana co-war ers have ound that the a dition 

of borate to the alkali permits the ext r action of the 

glucomannan in r easonably pure form as the borate complexes. 

By car.trolled acid hydrolysis of Loblolly pine wood , Jones 

and Pninte r
16 

have isolated 2-O-(4-O-methyl- a-D-gluc ­

uronosyl)-D-xylose and 4-0- ~-D-glucopyranosyl -a - D-

mannopyranose . 

The gr eater part of cell wall material in wood, other 

than cellulose itself , a re the xylans, (including a rabin­

oxylans and glucuronoxylans) the galactoarabans and the 

glucomannans. 



1 . 3 Isolation and Extraction of Hemicellulose from Yorkshire 

Fo5 (Holcus lo.natus) 

(A) Preliminary Extraction 

The soluble carbohy dr ates are usually extracted from 

13. 

t he dried and powdered mate rial in two stages. Firstly, 

mono, di and oligo- saccharides are isolated by extraction 

with boiling ethanol benzene, 3nd then the re sidue is 

extracted with warm w~ter. Secondly, lipids anrl other ex­

tractives are removed. Th~ removal of lipids and extrnctives 

before polysaccharide separ~tion not only eliminates them 

as sources of i~purities but opens the tissue to penetration 

hy hydrophilic solvents . 

(B) ~ater-soluble Polysaccharides 

Fruct osans and some organic acids can be axtracted 

from the residue after benzene-ethanol extrac ti on . The 

choice of 6o 0 c for the tenperature of water for extraction 

followed the practice of earlier work concerned with the 

extraction of fructosan from dried grass. 64 As the temp­

erature i nc r eased , the amount of water soluble polysacchar ide 

being extr8cted also increased. At 6o 0 c, the extract 

ca~e largely from tha ionic fraction, and at the temper­

ature higher than 6o 0 c, an appreciable amount of extract 

came from non-ioni c fraction. 0 T~er efore, the water at 60 C 

is the best condition for extra cting water soluble poly­

sacchar ides. 

(C) Pectin Extraction 

The pectic s ubs tances consist of pectin togethe r with 
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galactan and araban. They are found abundantly in the 

primary cell walls so that young plants may be rich in them. 

Mature plant material contains only small amounts and the 

pectic material is often associated with polymers of 

glucose and even of xylose. For the re~oval of pectic 

substance from the residue after extraction with ethanol ­

benzene a nd water, the method of We ihe and Phillips
65 

using 0 . 5% ammonium oxalate at 80-85°c for twenty-four 

hours can be used, but has the disadvantage that, there 

might be some retention of ammonia by the grass fibre . 

Therefore, pectic substances such as polygalacturonic acids 

are better extracted by treating the residue with EDTA at 

0 70 C for two hours. 

(D) Extrac tion with Pepsin in Hydrochloric Acid 

Af t e r those three previous ext r ac t ions , the grass res­

idue still contains a large amount of the original nitrogen 

a nd 1oost of the urotein . As an examination of th~ structural 

carbohydrates is a major object of this work, reagents to 

be employed in the removal of protein have to be mild 

e nough not to bring into solution any appreciable quantity 

of the hemicellulose frac tion . This precluded t h e use of 

alkali, therefore the proteolytic enzyme of pepsin was used. 

This has been shown to have no activity towards carbohydr ates . 

(E) Delignification 

Lignin is a complex, three dimensional polymer of 

phenylpropane r esidues , formed by dehydrogenation poly­

merisation of a precursor which is probably of the coniferyl 
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alcohol type~9 Lignin removal from the material to be used 

in s tructural invastigation r e quires more than usua l care 

because of th~ ease with which the wa ter soluble hemicell­

ulose f r action goes into solution once a substantial amount 

of t he lignin is removed . 66 Howeve r, lignin must be re ­

mov ed a s it often r e t ards or p r event s complete extract ion 

of the hemicelluloses , either b ecause of mec hanical ob­

s truction or by reason of attachement through covalent 

bonds . Bouveng a nd Lindberg68 ha ve observed t hat hem icell­

uloses containing ligni n could not be separated into the 

p ure components, but, after furthe r delignification, they 

could be readily fractionated. De lignific a tion may c a use 

a loss in carbohydrate , therefore as mild treatment as 

possible is desi r a bl e . Del i gni fic a tion 6i t h chlor a mine in 

weakly acid solution wa s suggested by Ga i llard
1 

who 

reckoned that the treatment compares favour ably with t he 

usual acid chlorit e treatment. For plant mate rial ~ith a 

moderate lignin content (6- 11%) suc h as Yorkshire Fog , hay 

or fresh g r aso , delignifica ti on ca n b e carried out directly 

a ft er t he ext r ac ti on with EDTA or ammonium oxala te solut i on 

without causing any loss in carbohydr ates . After the 

suspension was filtered and washed with ethanol, solution 

of e thanolamine was left in contact with the residue. The 

purpose of this is to remove secondary cell wall ligni n 

without a tta c k i ng that of the middle lamella. 
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(F) Hemicellulcse Extraction 

The hemicelluloses are cc~poccd of a mixture of poly­

sacch&rides of diffe rent solubility , part 0eing readily 

soluble in ~e&k alkali 3nd the rcmaind&r being extracted 

only by strong ~lkaline solution. Alkaline extraction of 

holocellulose is a useful mean for the isolation of a group 

of polymers which can later b~ separated. However, alka­

line extraction of the holoccllulose can bring many changes 

in the polysaccharides , even under oxygen free conditions , 

alkal i ne degradation might result. It is also possible 

that any naturally occurring ester groups n re saponified . 3 

Solutions of potassium hydroxid6, instead of sodium 

hydroxide are often used, because of the high solubility 

of potas5ium acetRtc in eth~nol. The alkaline e xtraction 

is usually carri0d out at or below roow tc:npcrcture for 

limited periods of time and in an atm osphere of nitrogen. 

Under these conditions, any ch~nges in the xylan brought 

about by the alk~li are kept at a ~inimum. 

Complete subdivision of the hemicalluloses into 

individual molecular species has not been accomplished. 

Separation difficulties arise not only from the presence of 

different kinds of molecules , but also f r om the occur rence 

of each ~olecular type in different degrees of polymerisation. 

The r e f o r e , separation ba s ed on solubili ty would not b r ing 

about a complete segr egation of species . A good general 

me t hod for effecting i nit ial subdivision of the hemi cell­

ulose gr oup i s the neutra l isat i on of an alkaline hemicell-
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ulose solution whic h c .::rnse.s precipitation of the high 

molecular weight polymers and l eaves in solution the 

molecules of lower degree of poly~erisation . 

The more soluble fraction is often called polyuronide 

hemicellulose or hernicellulose Band the l ess Goluble 

xylan cellulosdn or h umicellulose A. 67 The difference in 

solubility of thes8 polys~ccharides depends mostly upon 

the chain length and upon the presence of ~n uronic acid 

unit in the chain. A short chain l ength of the molecule 

or the prese nce of nn uronic ac i d unit may r a ise the 

s olubility of the polysaccharide, but th~ type of sugar 

of which a polysaccharide is constitute~ has no effect on 

its solubility . 

Hemiccllulose A is the fraction of the total hemi-

cellulose which i s precipitated when an alk&line extract 

of the holocellulose is neutralised. ~hen the supernatant 

is poured into ethanol , a white precipitate (Hemicellulosc 

B) appen.red. Usually, heinicellulose B has a higher uronic 

acid content than hemicellulose A. 

(G) Fractionation of I!emi cellulose 3 

Hern icellulose Bis a mixtur e of several differen t 

polymers , both linear and br anched . The sepa r a tion of 

these individual polymerG in a pure state is a tedious 

procedure. Denerally it is achieved by repeated fractional 

precipitation from aque ous solution with ethanol or acetone. 

Gaill~ra98 had obs8rved that it is possible to separate 

the linear from the branched polymers in hemicelluloae B 



by dissolving the mixture in concentrated calcium 

chloride solution and precipitat ing the linear polymers 

with an iodine- potassium iodide solution. The branched 

polymers are then recovered from the filtrate. 

18 . 



TABLE V Composition of t he l i near A a nd Band the b r anched B polymers 

from some g r a~in eae and leguminosae 98 

Linear A 

uronic ac id 
galactose 
arabinose 
xylose 
glucose 

T . pratensc 
( r e d clovc:c ) 

(%) 

4.7 

95 . 3 

M.so. tiva 
(lucernc) 

C-6) 

6 . 6 

93 . 4 

G. max 
(soya bean) 

(;;b) 

6 . 6 

93 . 4 

L.pcrenne 
( g r ass) 

(%) 

1. 9 

12 . 9 
85 . 2 

T.vulgare 
(wheat) 

(%) 

2 . 1 

5. 7 
92 . 2 

Z. mais 
(m.:,.ize) 

Ol) 

2.4 

5. 3 
92 . 3 

----------~ ·--~-- ... --·------------···-... - --·-·-
Linear B 

uronic acid 
gal ac tose 
a r ab inose 
xylooe 
glucose 

Branche d B 

uronic ac id 
galactose 
arab inose 
xylose 
glucose 
rhamnose 

1 . 0 

10. 8 
88 . 2 

(11.6) 

20 . 6 
34.5 
27.6 
17 . 3 

1 . 5 

8 . 3 
90 .2 

(11 . 4) 

4. 3 

0 .3 
89 . 2 
(4 . o) 

·---------- -

22 . 3 
3 1 . 1 
34 . 2 
3. 1 
9 . 3 

24 . 6 
_j4.3 
24 . o 

3 . 4 
6 . 9 
6 . 8 

0 . 4 0 . 3 0 . 1 
- -

16 . 5 11. 1 10 . 9 
83.1 88.6 89 . 0 

(11. 0) (12 . 0) (21.5) 
----·- ----

5. 4 ? . 9 12 . 8 
'7 . 7 9. 8 8.7 

23 . 8 26 .5 24 . 4 
63 . 1 55.8 54. 1 

----·----- ------··--·------· - - ···- ---·- - - --······----

I-' 
\..0 



1.4 Homoge neity of the Polysaccharide70 , 71 

Most of the naturally occurring polysaccharides are 

complex mixtures and for th e com plete structural c ha ra c t e ri­

Bation of a poly sac cha ride, it is necessary to ensure thnt the 

polymer is pure , h a s been isolated from a single sp ecies and 

is chemic a lly homo geneous. By homoge~eous it is mean t that 

further fractiona tion of the poly s a ccha ride yields products 

h a ving th e same s p ecific rotu tion and the s a~e r a tio of mono 

saccha ride building unit~, There i s no standar d me t hod f or 

20. 

the isolation of a polysaccha ri de from a mixture , a combinat ion 

of several me thod s usunl l y g ives the best chance of success. 

Eac h b i ol ogica l ma teria l presents i t s own problems and t he 

t ask of sep3ration and purification i s o ft en dif ficul t and 

tedious, but is an ecsent i &l prel i min~ry to s tructura l de t e r­

mi nat ion. 

Most extraction m~ thod s yield ~ixtur e s of po ly saccha rides 

contam ina t ed with other substances suc h a s prote in. Furthe r­

more, t hd extrac tion procedures may ~edify t .. e a ctual structure 

of the molecule and a lso a lte r its molecular weight distribu­

tion. The ease of purificat ion depends upon the nature of the 

contaminatinB substnnces. As it is very difficult to obtnin 

an absolutely pure polysacchnrida. 

The me thods used for the sepa ration of polysaccharides in 

order to obtoin homoge neity include graded extraction, fraction­

al precipitation by addition of precipita~t, or by coolin~ , 

precipitation by a specific complexing cgent , ultracent rifuga ­

tion, e lectrophoresis 1 chromatographic adsorption, gel filtration, 



the use of enzymes and immunological tests. 

Fractionation of Polysaccharides 

21. 

Methods of fractionation of polysaccharides are based upon 

many properties. Elec trophor esis is one way of testing the 

chemical homogeneity of the material, but as with the ultra­

centrifuge, it can only be used to separate mic roquantities. 

In most cases, a solution of the precipitant is adde d to 

an aqueous solution of the polyme rs. The separation may be poor 

due to the tendency towards coprecipitation and occlusion of 

other polysaccharides. However, the procedure is widely 

practise d , as a us e ful me thod for purifica tion. 

72 Jones found that cetyl trime thyl ammonium bromid e could 

be used to precipitate the acidic componen t s from a mixture of 

polysaccharides. Fehling solution is often emp loyed to select­

ively precipitate polysaccharides, a nd solutions of cupriethylene 

diamine, copper chloride, copper sulphate and copper acetate 

have also been used. 

1.4.1 Determi na tion of th e Homogeneity of Polysaccharide 

The methods which can be used are 

(a) Fractional prec ipitation with e thanol 

(b) Precipitation using a specific complexing agent . 

(a) Fractional Precipitat ion with Ethanol 

This involves the pre cipitation of polysaccharide 

from solution by the gr~dual addition of ethanol to the 

aqueous solution of water soluble polysaccharide. 

Fractionation is usually carried out at or near 

pH 7.0, where the polysaccharides are most stable, and 



the carboxyl groups, prdsent in the hemicelluloses 

containing uronic acids, ar e in the form of ionised 

salts. Under acidic conditions , significant hydrolysis 

of Glycosidic bonds ma y occur and in basic solutions , 

alkaline degradation may take place . 

22. 

(b) Precipitation using a Specific Complexing Agent 

Copper salts ha ve b e en wide ly used as precipitating 

a gents to fractionate mixture of polysaccharides . 

Fehling 1 s solution is oft dn used possibly because it is 

a common reagent in th e l aboratory . 

Usua lly an excess of pre cipitant is added, a nd the 

insolubl e pol ys a ccha ride - copp e r compl e x is removed by 

e ithe r filtration or c e ntrifuga tion . The j e lly-like 

c ompl e x is th e n d e compos ed by a n a lcoholic solution of 

2 cid or a ch e l a ting a g e nt an d t he pr ec ipita te is washed 

until fr ee from inorga nic ions . 

Cha nda a nd co-work e rs46 in studying th e constitution 

of xyla n from espa rto gra ss found that fraction&l pre­

cipita tion as the copp e r complex progressively reduced 

the total arabinose cont ent of xylan, suggesting that the 

so-call e d ''araboxylan" or 11 xyloaraban '' might be, not a 

homogeneous polysaccharide, but a mixture of a true 

xylan with an araban of the type present in pe c tic 

materials . 



1.5 Quantitative and Qualitat ive De termination of Sugars by 

Gas -Liquid Chromatography73, 74 ,75,76 

23. 

Gas liquid chromatography is a valuable supplement to 

existing analytical me thods, because of its greater se l ec tivity, 

spe e d and simplicity. As a result it has been wide ly used for 

th e separation and est i ma tion of carbohydrates and r elated poly­

hydroxyl compounds. Since these subs t ~nces are not themselves 

suffic i ently volat il e for gas chromatography , sui t ably volatile 

derivat ives hav e to be made, and t hese ~r e commonly prepared 

from th e sugars by me thylation or acc tylat ion. 

The work of Sweeley , Bentley, Makita and Ne lls??,?B is one 

of the most significant advances in carbohydrate chemistry in 

th e decade . Using a simple experimen t al procedure79 they pre­

pared the polytrimethysilyl ethers of sugars and chromatographed 

these derivatives on seve r al different supports with spectacular 

qualitative results. 

The sugars can b e converted into the ir derivatives quant­

itatively, but problems a ris e when sepa r ating monosaccha rides 

by gas liquid chromatography. The formation of as many as four 

glycosides per monosaccharide resulting from anomeric and ring 

isomerisation, and each of which produce a p eak on the chrom­

atogram . In a complex sugar mixture, containing a number of 

monosaccharides, the multiplicity of peaks produced would pre­

vent complete separation of all the peaks from one another, as 

a result , accurate quantitative determination cannot b e achieved. 

However, this difficulty can be overcome by converting the 

monosaccharides into their corresponding alditols, by reduction 



with sodium borohydride and subsequent acetylation.
80 

This 

procedure eliminates the problem of mult ipl e peaks since the 

a lditols cannot anomerise,
81 

and the me thod is applicable to 

the quantitative analysis of th~ sugars in hemicellulos e B. 

1.6 Quantitative De t e rmination of Uronic Ac ids
82

, 83 

24. 

Th e decomposition of polyuronid es by hot hydrochloric acid 

with th e formation of furfural and carbon dioxide is a common 

method for the determination of uronic acids . However it is 

not specific, as true sugars and am ino sugars both give rise 

to the same products under th e san,e condition, and also it 

usually r equ ires a few mg of material f or several determinations 

Meyer , Bloch and Chaffee
84 

have reported that it is possible 

to de termin e the uronic ac ids in certain polyuronides a fter 

isolction and methanolysis by th e naphthor esorcinol reaction. 

However, in the p r esence of prot e ins and true sugars the results 

are unsatisfactory. 

S inc e 1929, Dische 's method has been widely used for the 

microanalysis of uronic acids . The sugars are tr eated with 

concentrated mineral acids (sulphuric acid, hydrochloric ~cid) 

to yield mixtures of products which r eac t with various organic 

substances (indole, diphenyl ~mine, carbazole and SH compounds) 

to give colours. Different groups of sugars such as pentoses, 

hexoses, desoxypentoses and even individual sugars of the same 

group ( e .g. · .mannos e and glucose) show marked differences in 

the speed of the development of the colour and in its absorption 

spectrum. The absorption due to the carbazole reaction of true 
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sugars can be deducted when the nature of the sugar and its 

approximate concentra t ion ar e known. 

A th 1 h . . d d . 1 1 h · t · 85 n rone sup uric aci an orcino sup uric reac ions 

are a ble to be us ed for identification of sugars, uronic acids 

and sugar amines, as they all give a colour r eac tion. The 

anthrone sulphuric reaction is better than orcinol sulphuric, 

as it has been reported that for equal quantities of g lucuronic 

a cid and galactose, the absorbance of glucuronic acid to gal­

actose is 0 . 44 for the r eac tion with orcinol sulphuric acid, 

and 0 .10 for the r eaction with a nthrone sulphuric acid . As it 

is impos s ible to obta in reproduci b le r esults with the same 

solution of sugars, beca11se the absorba nce vari es, it :i.s there­

fore necessary to introduce an internal standard into a s eri es 

of de termina tions. 

The simplicity, specificity of th e carbazole and anthr one 

sulphuric acid reactions, and al so the low degree of interfe r­

ences from other constituents, encourage the applica tion of 

these ~e thods to quantit ~tiv e determina ti on of uronic acids in 

polysac c h a rides. 

1.7 19 38 86 Paper Chromatography ' ' 

Since the introduction of paper partition chromatography 

in 1944, it has be e n successfully applied to the sepa ration of 

sugars and also f or their quantitative determination . The 

method gives a r apid means of separation as well as giving a 

strong indication of their identities . Though the final proof 

of their constitution depends upon thei r separa tion and ident-



ification by determinQt ion of their physical constants and the 

formation of characteristic derivativ es . 

26. 

1 . 8 Methylati on Procedures: Which Include l~ ethods of Mcthyla tion, 

Acid Hydrolysis Qualitative and Quantitative Identification 

68 88 
of the Monomers ' 

Me thylation analysis is a very important me thod for 

structural investigation . The procedure involves th e prepar~tion 

of nn exhaustivel y methyl~ted polysaccharide followed by hy­

drolysis and identification of the resulting partially-0-

methylnted derivatives. The purpose of me thylation is to 

achieve an ctherifi c~tion of all the fr ee hydroxyl g roups in 

th e polysaccharide . Compl e t e methylation can convert all un­

substituted hydroxyl groups to methoxyl groups and each of 

free hydroxyl group present in the methylated monosaccharides 

that is liberated by hydrolysis corresponds to a substituted 

hydroxyl of th e origina l product. Therefore, th e glycosidic 

linkage a nd the ring size can be deduced. 

The ideal methylating ag e nt is one wh ich can rapidly in­

troduce th e theoretical number of me thyl groups and at the same 

time, cause no de gr a dation of th e sugar . However , it is very 

difficult to get t hese reagents with such properties, therefore, 

several methylations with different r eag en ts are generally used 

in order to obtain full methylation . 

The original, classical methods of Denham and Woodhouse89 

and Haworth90 are still .widely used. The polysaccharide is 

treated several t imes with 25-30% aqueous a lkali and dime thyl 
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sulphate . It hnd been r eport ed that the use nf more conc entrat e d 

sodium hydroxide solution91 and an increase of the operating 

temp e r atur e and even the replacement of sodium hydroxide by 

potassium hydroxide92 would given more satisfactory result . In 

order t o obtain a complete me thylat i on, the produ c t is usually 

me thyla t e d several times and different me tho ds a re applied . 

In gener al , polysaccharides a r e insoluble in th e organic 

so lve nts, there f ore they are usually me thylated f irst with 

methyl sulphate and aqu eous alkali. This yields a partially 

me thylate d product wh ich is soluble in methyl iodide r equ ir e d 

for the Purd i e procedure . The method of Kuhn and his co-workers 

is a lso frequently used . The partially methylated product is 

treated with methy l i odide an d silver oxide under reflux . The 

advantage of this method is the ease with which the me t hylated 

pr oduct may be r ecove r ed . Ot her me t hods such as dissolving 

the polysaccharides in N, N- dime t hy lformamide 194 and then 

tr eating t he solut ion s with methy l iodide or trea ting the 

polysaccharide in methyl sulphoxide with sodium hydroxide a nd 

me thyl iodide93 have a l so be e n used ex t ens ive ly . 

It is v e ry difficult to es ti ma t e the completeness of 

methylation, and the usual method is the determination of the 

me thoxyl content a nd a compa rison of this with a the or e tica l 

determination of the susp e ct e d repeati n g unit which is d e fin ed a s 

the si~plest r ep c ~t ing structure which defines the polysaccharide molecule 

The impuriti es , non-polysaccharide materials such as salts , 

condensation products and lignin and also pnrt of the poly-

saccharide that is less c omplet ely methylated can be removed 
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by fractional precipita ti o n from the methylated polysaccharide. 

Mixtu r e s of chloroform and light p e troleum or e the r are usu~lly 

used for t h is p u rif ication. 

Sinc e the me thylate d poly s accharide s are usually ins oluble 

in w~ter, a non- aque ous or only partially aqueous me dium is u se d 

for the initi a l hydrolys is. Mc thanolysi s is usua lly carri e d out 

by refluxing the methyla t ed produc t with me thanolic hydro gen 

chloride. Other !nc thods including formolysis 95 and pr~hydrolysis96 

in co nc ent r ate d sulphuric ac i d can n l so be used. 

The a i m of hydro l ysis i s t o depolymarise the me thylated 

polysa c chari de to th e monom e ric stat e unde r th e conditions 

to g ive the least possi ble degradat ion of t h~ r esul t an t mo no­

me rs . Becaus e of the great r esistanc e o f gl yc os idic linkage s 

to a cid hydrolysis, uronic ac id residues a lways appear as 

methyl a t ed ~ldobi our onic acids in the hydrolysate. 

The mix tures of me thylated sugars a re separated by pa rtition 

chromatography o n a cellulose colu~n, or by adso rption chroma­

tography o n carb on-c elit e columns. The components are t entat ­

ively ide ntified on the basi s of th e ir mobilities on pap e r 

chromatography and e l e ctrophoresis. Since th ese proc e dures do 

not differentiate between D a nd L enantio~orphs, th e components 

of the hydrolysa te are then converted into appropriate deriv­

atives, which can be identified by the ir melting points and 

optical rotations . Certain components of polysaccharides can be 

identified by specific colour reactions without previous direct 

hydrolysis and separa tion . 38 
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Gas liquid chromat~graphy is another important method in 

methylation ~nalysis, both ns an aid in identifyi ng indi vidual 

me t hyl ated sugars ~nd for their quantitative measurement . It 

has been found that methyl ethers of the methyl glycosides of 

the heat labi le monosaccharides were sufficientl y stable and 

volatile to be analysed and the fully methylated methyl glyc o­

pyranosides were successfully separ~t e d by gas l iqui d partition 

chromatography . 97 


