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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 
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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 
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CH APTER II 

Discussion 

Hemicellul oses are pres e nt in all land plants and in some 

marine algae . The commonest member of this group are tho xylans. 

Most of the xylans so far studied have the same basic structural 

fe ~ture, that is~ main cha in of~ (1- 4) D-xylopyranose units 

to some of which m~y be a tt~ch e d by side chains sugars such 

as 1 - arabinose , D- glucuronic acid nnd 4-0-methyl D-glucuronic 

acid. Usually, the hemicellulose is composed of both linear 

and bra nched polymers with different proportions of individual 

sugars. 

The polysaccharide und e r study was extracted from Yorkshire 

Fog Cno l cus lanatus), by extracting tr- e grass succGssively with 

boiling azeotropic ethanol-b enzene (1 : 2) to inactive Gnzymes 

and to remove soluble sugars, with warm water which removed the 

water-soluble polysac charides , with e thylene-diamine tetra­

aceti c acid disodium salt which remov dd the pectic mater i als 

and with p epsin in hydrochloric acid to remove protein. The 

residue was delignified with glacial acet ic ac id and chloro­

amine T, and then it was further extracted with alkali to give 

a hemicellulose fr a ction. Thd hemicellulose B, dissolved in 

calcium chloride solution, was fractionated with iodine and 

potassium iodide solution into linear and branched polymer. 

The branched hcmicellulose B was purifi ed by for ming a copper 

complex with Fehling's solution and further purified by 
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fractionwl precipitation. In the fractional precipitation with 

ethanol (see section 3.2, pA3) five fractions w~re collected 

which represented 88.6% recovery of th e starting material . 

71.72¼ of the total polysaccharide pre cipitated in the narrow 

range of 30 to 35.38% ethanol by volume. 

The monosaccharide compostion of the branched h em icellulose 

B was deter n! ined quantitatively an d qualitatively by gas-

liquid chromatography . The sample was first hydrolysed in 

sulphuric acid solution, 2fter wh ich the m~nosaccharides obtain­

ed were r e du ced to the corresponding alditols by sodium boro­

hydride and subsequently converted int o acetyl derivatives . 

Methyl - n-D- glucopyranoside was added as an internal standard. 

It was f oun d that ench monos a c ch~ride resulted in only one 

peak, wh ich prov e d tt~t no epimersation took place during 

reduction with sodium borohydride . j hen varying amounts of 

alditol acetates were injected into the chromatograph , it was 

also found that the relat i onship between the peak areas a nd 

the weight of inj ~cted acetates was linear. The areas of the 

perrks were measured and the different compon en ts cf sugar were 

calculated. The branched hernicellulose B contained 20.62% 

arabinose, 47.18% xylose and 12.261 hexose (see section 3.3, 

P•50). 

The uronic acid content of the polysaccharid& was deter-

mined quantitatively by the specific colour reactions for sugar 

and hexuronic acids with c a rbazole sulphuric acid and also with 

anthrone sulphuric acid. The absorptions of sugar and uronic 

acids were measured at a certain wavelength by the spectra-



pho t ometer . After a sd ri es of deter~inations , it was found 

that brnnchcd hemicellulosc B contained 15. 6% uronic a cid . 

Examinat i on of the acid hydrolysato o f the pclysacchari de 

on pap e r chr oma tograp} 3 showed the presenc e of xylose, a r a ­

binose , glucose , a trace of gal actos~ and uronic ac ids. The 

neutr~l c omponents wer e s opar~ted fr om the acidi c component 

by passing t ha soluti0n t h r o u gh ion e xc h~nge r esins. The neu­

tral s ugars were furt ha r separ 1ted by partiti~n chromatcgr ~phy 

o n a c e llulose column us i ng but~nol h~lf saturated with water 

as the de v e loping so lvent . In this manner, xylose , arabinose , 

g lucose anJ galactose were sepnr a t ed . The identity o f xylose 

and 8r~binose was confirmed by converting them into the ir 

charac t &ri 3ti c crys t ~lline p - nitrophenylhydrazone deriva tives. 

The ac idi c sugar w~s eluted from t he Dow8xl- X4 by a lka li and 

t hen converted to free acid . The product o n examin~ti on on 

t he pa per chromat0gr3m 1 wqs found to b e a singl e component 
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a nd had the same r a t e ns the marker, D- glucuronic acid . There­

for e , the a cidic compon en t o f t he branched h emicellulose B 

was D- glucuronic acid. Its identification wa s furth e r con­

firme d by preparing the D- glucuronic acid Brucine salt. The 

v a lues obtained f o r optical r otntion , me l ting point a nd mixed 

melting point we r e within the r a ng es of value ob t ained from 

t he lit eratur e . 

A portion of branched hemicellulose B was methyla t ed 

t wice with dime thyl sulphate and sodium hydroxide , after which 

it was dissolved in dimethyl formamide a nd methyl~ted twice with 

methyl i odide a nd ba r ium hydroxide . After a nother two treat-
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ments with me thyl iodide and s ilver oxide , the methyl a t e d 

acidic polysaccharide w~s now compl e ttly soluble in chloroform . 

The final product was a clear , yellow syrup , with an optical 

- - 20 o 
rotation i n chloroform of Ln_lD -1 05 . This l ~rge negative 

va lue indicates a high proporti on of ~ glycosidic link~ges 

o f the main chai n . 

The methylated branched hemicellulose B was subjected to 

methanolysis , with 3% methanol i c hydrogen chl oride . Afte r 

neutra lisatinn , the glycos i des were hydrolysed to the corres­

ponding reducing suga r s and these were resolved on a cellulose 

co lumn us i ng methyl - ethyl- ketone water azeotrope as the devel ­

oping solvent . The mixture was found to contain 2 , 3,di-o­

methyl - D-xyl ose , 2- 0 - methyl - D- xylose , 2 , 3 , 4 , tri-0 - methyl - D­

xylose and 2 , 3 , 5 t ri-0 - me thyl-L- ~r abinose . The 2 , 3 , di - 0 -

me thyl-D-xylose was character ised by conversion into its 

crystalline a nilide, whil e the r est wero identified by qual ita ­

tive chr oma t ogr aphy , op tical r otation and melting point o f th~ 

crystalline s u gars. 

A por t ion of the hydrolysate was successfully e xamined by 

gas-liquid chromatogr aphy . A typical gas chromatogr am is shown 

in Figure 8 (see s ec tion 3 . 6.3. } . 72 ). Five peaks wa r e 

observed , f ~ur o f which were identified . Peak A cor responded 

t o the ma j o r c ompon ent 2 , 3,di-0 - me thyl-D-xy l ose , peak C was 

2-0-me thyl-D-xylose. Peaks· n and E were ide ntifi ed as 2 , 3 ,4, 

tri-0-me thyl-D-xylos e and 2 , 3 , 5 - tri - 0- methyl- L- a rab i n ose 

r espectively, by running a known sample of hydrolysed sugar 

unde r the same opera ting conditions as b e f o r e , t hen comparing 
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FIGURE 3 -----------
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comparing the r e tention t imes. The areas o f the peaks were 

rneasured and the molar r at io of t}1 e sugars was obtained (see 

Table 15, p .71). 

The relotively large amount of 2,3- di-0-methyl-D-xylose 

produc ed from the methylatud polysacchuride (see Table 15, 

p.'il) indicated that the m.J.in portic,n of the h0micellulose wci.s 

composed of xylopyranos e residues linked t og8 t he r through 

positions 1 and 4, while the high negative r otati on of the 

me thylat ed polysaccharide sugges t ed that the anhydroxylose 

units we r e present in the ~ confignro.tion . The 2 ,3 , 4 tri - 0 -

m~thyl - D- xylose evidently originat ad fr o~ the non-reducing end 

gr oup of the polysaccharide. The presence of 2 ,3,5 tri-0-

methyl-L-arnbinose indicated t h~t th& heQicellulose, like 
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many o t hers , contained L-arabinofur~nose units linked g lyco­

sidico. lly as non-reducing end unit. The ready cleavage of the 

urabinose unit by mild ~cid hyi r olysis w~s the evidence o f the 

furanose form of the sugar. The 2-0-m e t hyl - D-xylose is de rive d 

from units of xylose which form branch points in the molecule, 

these units are joined through position 3 in a dditi on to 

positions 1 and 4 . The uronic acid has been c onfirmed as D­

g lucuronic acid, linked t o the main chain a t position 2 by 

n glycosidic linkage. There is no trac e of 3- 0 - methyl - D­

xylose in the hydrolysat e of the methylated polyso.ccharide , 

this could be due t o the incomplete methylation of the branched 

hemicellulose B. 

On the basis of the molar ratios cf the cleavage products 

of the methylated polysaccharide , it is possible to propose a 
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structure for the branched hemicallulose B consi ting of 16 

D-xylopyranose units linked 1- 4 by~ glycosidic bonds , with 

approximately four 2 - mono-0- methyl-D-xylopyrunose units for 

every ten 2 , 3 di - 0- me thyl- D-xylopyr3nose units . D- glucuronic 

acid is joined as a singl8 terminal side chain to the xylose 

unit of the main structure by & 1- 2 glycos idic bond . L­

arabinofuranose unit probably occurs in the side chain s inc e 

L-arabinose is the first sugar obtained on hydrolysis. This 

unit is linked to every fourth D- xylose ~t position 3. 
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CH APT E rt III 

Methods and Results 

Melting point dterminnt i ons were carried out using a 

G~llcnknmp e l ec trica l m~l ting point appar~tus . Optical 

rotations were determined using a Hilger standard polarimeter. 

In the uronic acid determination , the ~bsorptions of sugar and 

uron i c acids were measured by SP 500 series 2 ultraviolet and 

visible spectrophotmeter . Microanalyses were carried out at 

the University of Ota~o by Dr . A. D. Campbell. 

The Plant Material 

39. 

Yo r kshire Fog (Holcus lanatus), a perennial grass was 

grown on the Massey Agronomy plot . After the grass was cut in 

spring, it was imm~'dia tely frozen in "chilly bins ;1 with dry ice 

and held there unti l fre eze dried. The dried grass was ground 

into a powder, fine enough to pass through a sieve with holes 

1 mm in diameter and then stored in brown bottles closed with 

waxed corks . 

3 . 1 Extraction of Hemicellulose B from Yorkshire Fog 

The grass was extracted in batches of 200 g . 

Extraction Procedure 

(A) Preliminary Extraction 

The dried grass (200 g) was 0xtracted with azeotropic 

ethanol-benzene solution (4 1) (1 : 2) in a macro- soxhlet 

for eighteen hours . The extracted material was air dried 

and weighed . 
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(B) Nater- soluble Polysacchar ides 

The extracted g r a s s (161 . 1 g) was suspended in water 

(1 2 1 ) at 6o0 c for thirty minutes with occasional shaking 

and then filter ed . The insolubl e matter was washed with 

water (4 1 ) and dried in an oven at 4o0 c . 

(C) Pec tin Ex t r a ct ion 

The residue (147 . 2 g) was extr ac t ed by sti r r ing with 

2% EDTA (3 1) (s od ium form) adjusted to pH 6. 7 wi t h sodium 

0 
hydroxide, a t 70 C for t wo hours . The extraction was 

repe~ted thr ee times with fresh solvent. Aft e r filtration , 

the resi due was washed sev eral times with water, then 

dried at 4o0 c and weighed . 

(D) Extrac t ion with Pepsin in 0 . 1N HCl 

The residue (139 . 7 g) was extracted with 0 . 5% pepsin 

in 0 . 1N HCl (5 . 6 1) for eighteen hours at 46°c . The ex­

tract was discarded and the residue was washed several 

times with water until the supernatant was c l ear and was 

dr ied a nd weighed . 

(E) Delignification 

The residue from p epsin extrac tion (78 . 9 g) was 

suspended in wa ter (2 1 ) and held in a boiling wat er bath . 

Gl a cial ace tic a cid (5 . 2 ml) and chloramine T (27 g) 

were added slowly to the suspension . The beaker was 

covered with n wa tch glass and left with occasional 

stirring on the wa ter ba th for two hours . The suspension 

was filtered while still warm t hrough a g l ass filter and 

wa shed twice with 95% ethanol . A boiling 3% solution of 



e t hanol amine (400 ml) was l e ft in contact with residue 

on the glass filt e r for two minutes, t hen suction was 

app li ed . The residue was treated again with 95~ ethanol 

th e n washed thr ee times with water. The whole process 

41. 

was repeat e d twice, and thd residue was dried and we i ghed. 

(F) Hemicellulose Extrac tions 

The deli gnifi ed r esidue (6 9. 6 g) was ext r ac t e d by 

stirring wit h 10% KOH (1 .4 1) under nitrogen f or fi f teen 

hours at 25°c . (The nitrogen used was deoxygenated by 

bub bling t hrough n solution of pyragnllol (15 g) in 50% 

sodium hydroxide (100 ml ) ). The suspension was centri­

fu ge d a nd the r esidue washed with dei onised wat e r (1 1) 

and centrifuged again . The extra ct and washings wer e 

combined . 

Hem i cellulose A 

Th e ex tract was ad juste d to pH 4 . 9 with glacia l 

acetic acid and allowed to stand ov e rnigh t. The precipi­

tate (Hem i cellulose A) which formed was r emov e d by 

centrifugation. 

Hemicellu lose B 

The ac idifi ed supernatant was poured into 95% e t hanol 

(4 1) a nd a llowed to sta nd until a pr e cipitate formed, 

The precipitate which collecte d on a nylon gauze did not 

completely dissolve in deionised water and so was centri­

fuged at 10,000 g for fifteen minutes. The clear brown 

supernatant was poured off and the residue was re-dispersed 



in deionised water and re-centrifuged at 10,000 g. The 

supernatants were combined and the residue was discarded. 

4~. 

The supernatant (400 ml) wns adjusted to pH 2.5 with 

1M HCl and poured into 95% ethanol (2 1). The precipitate 

which form e d wa s collected and redissolved in water. The 

solution was adjusted to pH 2.0 with concentrated hydro­

chloric a cid and again poured into 95% ethanol (1 1). 

The pr t cipitat e was wash e d with 80% ethanol twic e and also 

washed with 95% ethanol until free of chloride ions. 

The h e micellulose B was dissolved in a minimum volume of 

water, frozen and freeze dried. 

(G) Fractionation of Hemicellulose B98 

The hemicellulose (12.5 g) was dissolved in calcium 

chloride solution (600 ml) (S.G. 1.3) and clarified by a 

short centrifugation ~t 20,000 g. 3% aqueous solution of 

I2 (30 ml) and 4% aqueous solution of KI (40 ml) were 

added to the solution. The dark blue precipitate which 

formed was l e ft to settle for two hours and then collected 

by centrifugation at 20,000 g. ~h e clear brown super­

natant was neutralis e d with sodium thiosulphate and poured 

with stirring into five volumes of ethanol to precipitate 

the branched polymer. 

Branched Hemicellulose B 

To remove the calcium, this precipitate was dissolved 

in 0.1M hydrochloric acid (70 ml) and reprecipitated with 

ethanol (350 ml). The polysaccharide was filtered on a 

nylon gauze, washed with ethanol and ether, dissolved in 



a minimum volume of water and fre~ze dried. 

Line ar Hemicellulose B 

The dark blue precipitate containing the linear 

polymer was washed with calcium chloride solution (200 ml) 

containing 15% iodine-potassium iodide solution . The 

precipita te was then dissolved in hot water (300 ml), 

the iodine wa s neutralised with sodium thiosulphate and 

the polymer raprecipiteted by p ouring into five volumes 
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of e thanol. To remove calcium the precipitate was 

dissolved in 1M KOH , n eutralised with hydrochloric acid 

and again pour e d into five volu!!Es of e t hanol. The pre­

cipitate was collect e d and dissolv e d in a minimum quantity 

of water (50 ml) the n freeze-dried. 

(H) Cellulose Residue 

The residue from th e h e micellulose extract ion was 

wash e d with hydrochloric aci d until n e utralised and then 

washed with water until the effluent was a bove pH 5. The 

white material was collected, dissolved in water and 

fre e ze-dried. 

3.2 As sessment of Homogeneity of Branched He micellulose B 

(A) F t . t. . ., hl. S 1 t. 100 
rac iona ion using fe ing o u ion 

The branched hemicellulose B (6.0 g) wns dissolved 

in 0.5M Na0H (600 ml). The solution was centrifuged a t 
I 

3000 r.p.m. to remove the insoluble impurity. Freshly 

prepared Fehling solution A (300 ml) and B (300 ml) were 

mixed and added to the polymer solution. No precipitate 
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TABLE VI Composition of Yorkshire Fog (Holcus lanatus) 

(g/200 g moisture- free original grass) 

Ethanol-Benzene soluble materials 38 .9 , 

Wa t er solubl e polysaccharides 13.9 

Pectin 7.5 

Crude proteins 60 . 8 

Lignin 9. 3 

Hemicellulose A 
cellulose 58 . 2 
unidentifi ed substance 

--
Hemicellulose B 11 .4 

45. 



was formed. The resultant solution W3S neutralised with 

acetic acid and then dialysed against tap water for 

twenty-four hours. The dialysate was concentrated to a 

small volume in vacuo, under reduced pressure, then 
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poured into ethanol (500 ml) at o0
• The precipitat ed 

polysaccharide was still blue gre e n in colour, which indi­

cated the presenc e of copp er ions, therefore, it was 

collected ~nd decomposed by maceration for one minute with 

cold ethanol (500 ml), which c ontain e d 5% (v/v) of con­

centrated hydrochloric acid. The residue was wa shed 

several time s with acetone and ethanol until the washings 

gav e a negative test f o r chloride ions. The fractionat e d 

polysaccharide was dissolved in a minimum amount of water 

and fr eeze- dried . Yield (5.1 g) . 
101 

(B) Fractional Precipitation with Ethanol 

Pure branched hemicellulose B (o.6 g) was dissolved 

in water (30 ml). The small amount of insoluble material 

was removed by centrifugation at 2500 r.p.m. The solution 

was adjusted to pH 7 with hydrochloric acid and ethanol 

was added dropwise with stirring to the solution until 

it became milky white. After standing for five minutes, 

the dispersion was centrifuged. The precipita ted material 

was washed with ethanol several times then dissolved in 

water and fre e ze-dried. The supernatant from the centri­

fugation was poured into another centrifuge bottle and 

ethanol was added dropwise as before until incipient 



'fABLE VII Fractiona l Prec ipi t a t ~an of Br anched He -i ce llulos e B 

Fraction 
number 
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FIGURE 6 

Per Cent of Hemicellulose B precipitated at Various 

Alcohol Concentration. 

PER CENT OF ALCOHOL BY VOLUME 
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FIGUHE 7 

Per ~ent of Hemicellulose B in Each Fraction . 
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turbidity appea r ed . This insoluble fraction was isolated 

ns before and the precipitation procedure was r epeated 

until a concentration of 80% ethano l was atta ined . From 

t he table it can be calculated that 88 . 6% of polysaccharide 

was r eco v e r ed from th e st3rting material. 

3.3 Quantita tiv e Det e rmination of Carbohydrates in 

77 102 103 
Hemicellulose by Gas-Liquid Chroma tography ' ' 

Apparatus 

Separa tions were perfo r med on a Varian Aerograph s~ries 

1740 (FID) gas chromatograph, equ ipped with a dif fer ential 

fl ame i onisation detector a nd au t oma tic servoscribe pot entio­

metric rec o rder. The c o iled co lumn was constructed fr om i '' 

ste e l ~nd packed with 3% SE-30 . 

was 

Nitrogen was used ~s the carrier gas. The inj e ction p o rt 

maintained at 190°c and th e det0cto r was matched t o th~ t 

o f the rec order by means of a vibr~t ing reed electrome t er . 

Th e signal from the detecto r was rec o rded on a 100 mv full 

scale strip chart rec order . 

Calibration 

The pressure was stablG and pressure gauge module was 

calibrated after the 3% SE-30 column was installed . The flame 

ionisation detector required carrier gas, hydrogen and air for 

proper operation. The regulator of carri e r gas (nitrogen) 

cylinder was adjusted for 65 p . s.i., 10 p . s.i. and 20 p . s . i. 

for hydrogen and air cylinders respectively. The flow rate 

was adjusted to 20 ml/min. by using soap-bubble flowmeter , and 



the gas flow was 50-60 on the flowrneter. 

Procedure 

51. 

Pure hemicellulose B (20 g) was hydrolysed for twenty-two 

hours with 0 . 25N sulphuric acid (10 ml) in a sealed tube in an 

oven at 95-1 00°C . The hydrolysate was neutralised to pH 6- 8 

with saturated barium hydroxide and me thyl-a D g lucopyranoside 

(9 me) as a standard was added to the solution . After complete 

mixing and stirring, the barium sulph~ te was remov ed by centri­

fugation (5000 r.p.m.), and then sodium borohydride (30 mg) 

was added to reduce the aldoses to their corresponding alditols . 

The solution was left o7ernight and sodium ions were then re­

moved by adding a n excess of catio n exchange resin (Dowex 50Wx8, 

hydrogen form, 50-100 mesh). Aft e r rotat ion for about tw en ty 

minutes in a rota tory evapora t or, the supernatant was decanted and 

filt ered. The r es in was washed several tim e s with w~ter and 

these supernatants also filtered . The combined solution was 

evaporated under vacuum to drynes s and borate was removed a s 

t he volatile methyl borate by e vaporat ion with methanol (2 x 

20 ml). The residue was acetylnted b y heating on a boiling 

water bath for twelve minutes wi t h a 1:1 mixture (4 ml) of 

pyridine and a cetic anhydride . The reaction mixture was con­

centrated on a rotatory evaporator. The thic k syrup was taken 

up several times in e thyl acetate and re-evaporated then finally 

dissolved in ethyl a cetate (2 ml) . 

Separation 

A suitable quantity of the sample solution (0.4-0 .5 ml) 

in ethyl ac e tate was introduced by means of a Hamilton micro-



litre syringe into a heated injection tube where they were 

vaporised. The initial column temperature w~s 144°c, and the 

programming w~s started immediately aft e r injection~ After 

the peak of me thyl~ - D- glucopyranoside was through the t emp­

erature was increas ed to 170°c. 

Result 

Siuce no int~grator was available, the peaks areas were 

cut out and 

H 20). (Se e 

me~sured by weighing on a micro-balance (Mettler 

' -Figure 5; p.J7). 

3 4 U . A 'd D t . t· 82•83 . ron1c c1 e erm1na 10n 

(A) Carbazole Me thod 

Solutions : 

52. 

Bis a solution containing th e unknown polysaccharide 50-100 

ug/ml uronic acid. 

C is a standard solution containing 50 ug/ml D- glucuronic 

acid. 

dis a solution containing 200 ug/ml of sugar (arabinose, 

xylose and g lucose. 

1 ml samples of each solution B, C and d were placed 

in an ice bath, ~nd concentra ted sulphuric acid (6 ml) 

(c·.p.) was added slowly to each down the side of the tubes. 

The solutions were well agitated with a glass rod and 

heated for exactly twenty minutes in a boiling water bath. 

The mixtures were then cooled rapidly and a 0.1% alcoholic 

solution (0.2 ml) of carbazole was added with shaking. 

After a few minutes, a pink-purple colour appeared and the 
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TABLE VIII Conv e rsion factors for t he determination 

. of sugar composition from t he peak area 

Conversion Fa ctor 

0 . 775 

Ar nbinose 0 . 741 

Hexos e I 
! 

0 . 8 13 

TABLE :::x Re t ention tim e o f fu::Y nce tyluted glycitols 

rel ~t iv e to me thyl- OC-D- glycopyr ~noside p en tn acc t nte 

: 

Samp l e Re l .:1tive Re t ention Time 

Ar abi tol-pi:mtn. n c e t ate 0 . 706 

xylitol pentn acetate 0.794 I 
me t hyl -cx - D- glycopyrnnos i de 1 (s t :mda rd) 
pcnta nc e t o. t e 

sorb i tol - h exa ,:t ceta te 1 . 471 indistinguisha ble 
using 
column 

gal n citol- hexa a c e t a te l 1 . 471 SE- 30 



I We ight of 
' the peak 

area of 
Arabinose 

( :;.n g) 

0 . 3067 

0.2981 

i V{eight of 
the peak 
area of 
standa. rd 

(in g) 

0 .6698 

o.6427 

TABLE X Arabino&e composition of branched hemicellulose B 

!Ratio= 
• weight of 
area of 
i~rabino-se __ ---wer;h t Of 

area of 
stand.'.lrd 

o . 45789 

0.46382 

----------------------
• I 

! v1ci :;;ht of i Correction 
sta~dard ! factor 
added 

( in mg) 

Product of 
ratio, weight 
of st.::ndard 
a.nd correction 
factor 

vveight of 
hemicellulo.se 
B 

(in mg) 

Arabinose 
COulposi tion 

,/ 
/J 

·---- --· --·1------------------

9 . 67 I 0 .741 L 3.28099 16.03 I 20 , 47 
----+--------------1--- ---------

I 9 67 I! 3 , 32.348 16.03 20.73 
I- ·+- ------ - - -· -i- ·---- -------'--- ·- ·- ·----l------

! 
3, 42366 

3 86723 

0.3035 I 0.6352 0 . 47780 I 9.67 I 11 

--0.2813 · 0 4991 ·- 0.5636 -- t·· 9·. 26 -·-r··-!l--
3,79847 

16.03 ! 
I 21.35 
I --__ l_ __ ----·•-- ··----~~-;~--- L 2_0 48 

-t ~ 
1s.es ! 20 . 11 I 

I • 

-----'-·--· __ _j ______ ' -·- . -- ----·'--------·-· -----

Average 20.62 

\J1 
+-. 



I • 
' Weight of Weight of 

the peak t h e peak 
a r e a of area of 
x ylose standard 

(in g) (in g ) 

0.6362 0.6352 
-

0.6575 o . 6427 

o.6843 0.6698 

0.8012 0.7898 

0.6090 0.4991 
! 

TABLE XI Xylose composition of branched hemicellulose B 

. i i Weight of I Xylo;,e : Ratio= ! We i ght of Corr ec tion Product of 
weight of s tandard f a ctor ratio, v:e ight ~emicellulo~e compoG1t1on 
area of adc. ed of sta.,i dard B 
x y lose _.- -· a n d correction ------- f r:i ctor 

weight of 
area of 
standard (in mg) (in mg) ,,1 

/0 

- -- · - - - --··-·----- ·-- -·-- ·------ -
1.00157 9. 67 0 . 775 7 . 506016 16 . 03 46 83 

----- --1-- II 

-- ·-~---

1. 02302 9. 67 7.66676 16 . 03 47 , 82 
I - ·-
I I 

-1. 02164 

I 
9067 I II 7.65642 I 16.0j 47 . 45 

I --- I 
I 

7 .602~--

i 

I I 

1.014L1-3 9,67 I I I I 16 . 03 
I 

47. 43 I 

-- I I 
I 

I I I 
j 

I 

I 1. 22019 ! 9. 26 II 8.75669 18 . 88 I 46. 38 
I i ! ! I I 

Average 47 . 18 

\.n 
\.n .. 



Weight of Weight of 
the peak the peak 
a rea of a r ea of 

. Hexose standa rd 

(in g) (in g) 

0.1466 0.5956 

0.1509 0 .6088 

0.1682 0.6698 

0.1525 0.5876 

0 .1 740 0. 5772 

0.1343 o.4670 

! 0.2074 0.6308 . 

TABLE XII Hexose compositi on of branched hemicellulose B 

Ratio = \ii/e ight of Correction Produc t of : Weight of 
weight of standard f ac tor r a tio, weigh t hemicellulose 
area of ndded of standard B 

Hexos e ---- and correction 

-------- facto r 
-- Weight of 

area of 
standa rd (in mg) (in mg) 

0.24613 9. 67 0.813 1. 935002 16.03 

0.24786 9.67 II 1. 948603 16.03 

0.25119 9 , 67 It 1.974780 16 . 03 

··-- · 

0.25956 9 . 67 fl 2.04011 3 16.03 
-- -

0.30145 9. 26 n 2 .. 26940 18 . 88 
' ---1--

0.28758 9. 26 ti 2.16501 I 18 . 88 
--4-- -

0.32878 l 9. 26 II 2 .47510 
i I : T 

Average 

Hexoc:e 
composition 

% 

12.07 

12.15 

12 . 31 

1?. . 73 

12 . 02 

I 

I 11 .47 

12.26 

I 

l 

I 
I 
I 
l 
I 
I 
I 

' 

\Jl 
(]', 

• 



FIGURE 8 

-The Separation by Gas-Liquid Chromatography of Monosaccharides 

as Alditol acetates . 

3 7: SE- 30 . 
:l.O ml .Nrrflo~/MIN 
l'rAS FlOW 55' . 

TEMP. ,so· c. 

D 

_A. Arabinose. 

B. Xylose. 

C 

B 

C. Methyl- o< -D-glycopyranoside. 

D. Hexose. 

10 5 

57 
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intensity of this increased for two hours and then remained 

stable. Th e tubes were left in the dark at room temper­

ature for 3 hours. Th e absorption was then measured at 

530 mu by spectrophotometer. 

(B) Anthrone Method 

Solutions: 

a. is a solution containing 100 ug/ml of sugar (arabinose, 

xylose and g lucose). 

bis a solution containing 200 ug/ml D-glucuronic acid . 

A is a solution containing the unknown polysaccharide, 

50-100 ug/ml uronic acid . 

2 ml samples of each solution a, band A were placed 

in an ice bath, af t e r fifteen minutes of cooling, a 0 . 2% 

so lution (4 ml) of anthr one in concentrated sulphuric ac id 

was added slowly to each . The mix t u res were stirred with a 

g lass rod, and the tubes were sealed with gl ass stoppers 

0 
and heated in water bath at 92 C for eight minutes . The 

solutions ~ere cool ed and the tubes were left in the dark 

at room temperature for thirty minutes. The absorption 

was then measured at 585 mu by UV spectrophotometer . 

The quantity of uronic ac id was determined in mg/ml by 

the follo wing formula: 

Ba - Ad 
Cc1. bd 
50 200 

B = 0.53 
C = 0 . 268 
d = 0 . 27 

a= 1 . 23 
b = 1 . 78 
A= 1 . 20 
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Total uronic acid was 78 ug/ml 

Polysaccharide was 1 ug in 2 ml (from above), i . e . 500 ug/ml 

.·. % uronic acid in the polysacch2.ride = 
5
6~ x 100 = 15 . 6% . 

Paper Chrocatogranhy 

ChroMatogr aphic separations of sugars were carried out 

on Wha tman Nos . 1 and 3M~ filter papers with the following 

solvent systems (v/v) : (A) ethyl acetate - gl a cial acetic acid -

formic a cid - w~ter (18 : 3:1 : 4) , (3) n-but a nol - ethanol - wat e r 

(4:1 : 5), (C) an azeotropic mixture of 2- butanone and water, 

b.p . 74- 75°c . Spray reagent was 3¾ solution of p-anisidine 

hydrochloride in etha nol . Rx values of neutral and acidic 

olig osaccharides refer to rates of movement relative to xylose 

RG and RF va lues of methylated sugars refe r to rQt es of move­

ment rela tive to 2 ,3, 4 , 6 tetra-0- methyl - D- glucose and 2 , 3 ,4, 6 

tetra- 0 - methyl - D- galac tos e respectively . 

3, 5 Separation a nd Id 8n ti f ic3tion of Monosaccharides from the 

Product of Hydrolysis of Branched Hemicellulose B
104 

The branched hemicellulose B (3 g) was dissolved in 0 . 125M 

sulphuric ac id (500 cm3 ) 3nd the mixture was heated at 92°c 

for twenty two hours. The solution was cooled and brought to 

pH 6 by the addition of saturated barium hydroxide and then 

barium carbonate . Barium sulphate was r emoved by filtration 

and the filtrate was concentrat e d to 250 ml and then passed 

through Amberlite IR-1 20 (Hydrogen form) exchange resin . 

Uronic a cids were absorbed from the eluate by passing it through 
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~ column of Dowex 1- X4 (OH- ) exchange resin , after which the 

resin nas washed with wat0r (2 1) until a negative anthrone 

test s~ow~d that all sugars had be~n removed . All the washings 

were combined together and concent r ated under reduced pressure 

at 4o0 c to a syrup which contained the neutral sugars (A) 

(2.5 g) . 

The uronic acids were then eluted from Dowex 1- X4 (OTT- ) 

e x change resin by 1M sodium hydroxide a~d converted to the free 

acid form by remov~l of sodium ions on Amberlite IR - 120 (H+) 

exchange resin, the filtrate was evaporated under reduced pre­

ssure at 4o 0 c to a syrup (B) (0 . 3 g) . 

Separation of Sugar in (A) 

The neutrql fraction (A) was exa~ined by paper chromago­

graphy using solvent A and ~Rs found to contain a mixture of 

xylose, arabinose and glucose . They were further separated by 

chror.ia tography on :,. cellulose column using bu t anol }nlf s, t-

u r ated with water as the solvent . 

Separation of Acids in (B) 

Paper chromatography in sorvent A sho~ed that the uronic 

ac i d had the same Rx (1 . 10) as the marker, D- glucuronic acid . 

The syrup was crystallised from methanol to give crystals rn . p . 

63°c · ..... · · d 165°, 1- _;-
20 19 5 1 · t 1 , lit. , 1-' - g lucuroni c ac1 m.p . Lo: D + • , 1 •, 

f.- cr.J D + 11 . 7 -- + 36 . 3 ( in water) which were further identified 

es D- gluctlr onic acid Drucine s3lt derivative, m. p . 154- 155° , lit. , 

o - - 20 - - 20 
m. p . 156- 157 C, f_ C£_/D - 13.2 Cc . 1.5 i n wate r ) , lit . , f_a. _/

0 

- 15 . 1 (in wate r ) . 
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3 . 5 . 1 Quantitative Analysis of Mixtures of Sugars by Partition 

Chromatography on Column of Powdered Cellulose105 , 106 , 107 , 

108 , 109 

The mixture of neutral sugars (A) was added as a 

thin syrup onto a column of cellulose (3 . 5x45 cm) and 

eluted with butanol half saturated with water. The 

eluate was fractionated into fractions of about 15 cm3 • 

After the separation had been completed, the distribution 

of the component sugars in the tubes was determined by 

paper chromatography using solvent A and p-anisidine 

hydrochloride spray. Four components were apparent and 

these co rresponded to xylose, arabinose, g lucose and 

galactose . The eluates from those tubes containing the 

same components were combined to give five fracti ons. 

The first group (317 mg) containe d pure xylose, while 

t he second group (140.2 mg) ap ~eared to be a mixture of 

xylose and arabinose. Group III (92 mg) was the pure 

arabinose , group IV (94.9 mg) was glucose. Group V 

(27 . 8 mg) seemed to be a mixture of glucose a nd 

galactose . 

Group II was chromatographical ly separated on Whatman 

3MM filter paper with solvent A. Approximate zones , 

indicated by marker strips on both sides of the paper, 

were cut and the components extracted with water. The 

more rapid-moving component Ia (Rx 1 . 00) and the slow­

moving component Ib (Rx 0.85) were chromatographically 



identif ied as xylos e a n d arab inos e respectively. 

Fract ion I: Identificetion of xylose 

The syrup (317 mg) (Rx 1. 00), crystallised 

spontaneously and after recrystallisation from e tha nol 

o , . o - - 20 
had m.p . 144 C, lit. , m.p. 145-148 j_ a_/D + 15 . 2 Cc. 

5 in wate r ) , lit., L-aJD + 93 . 6 -- + 13 . 8 (c . 4 in 

wa t e r ). p-Nitrophenylhydrazine (554 mg) disso lv ed in 

a lcohol (3 ml) , was added to a soluti on of xylose (317 

mg) i n wate r (2 ml) . The mix ture was warmed on a wa t er 

bath and water was added until a t urb i dity appeared . 

62 . 

The c r ystall i ne 11it rop henylhydrc1zone separated on stand­

ing and was filtered off and washed with water. Re ­

c r y~ t allisation upon aqueous alcoho l gave the character­

istic xylose - p - nitrophenylhydrRzone, m. p . and mixed m. p . 

1c~ 0 ~ 1·t 1~6°~ :;, '--' , l ., rn . p. ) ,.__, . 

Fract ion 3: Identific~tion of a r abinose 

This component (92 mg) had Rx 0 . 85 af t e r r ecrystall-

o o - - 20 i sa tio n fr om ethanol , m. p . 155 C lit ., m.p. 160 C , L Cl_/D 

+ 102 . 8 (r.. 2 in wat e r), li t ., l; JD + 190 . 6 -- + 104 . 5 

(c . 4.3 in wat er). Arabi nose was also confirmed b y the 

derivative of p-nitro-phenylhydra zone. The me thod was 

the same as t ha t for xylos e . Arabinose-p- nitro-phenyl­

hydrazone had m.p. and mixed m.p. 166°c , l it., m.p. 187-

1880c. 



I 

I 

TABLE XI II Hesults of t he s e p aration of 

sugars by partition chroma tography 

Fraction Tube 
I 

Yield I Components I .Rx ' (mg) number ' number identified 

1 40- 63 317 . 0 1.00 xylos e 

2 64-75 140 . 2 1 . 00 xylose 
0 . 85 Ara.binose 

·-
3 76 - 92 92 . 0 0 . 85 Ar 3.binose 

4 110- 137 94 . 9 0 .56 Gluc ose 

5 138-1 80 I 27 . 8 0 . 56 I Glucose l 
I 0 . 53 i 
I I 

Galac t ose ! 
! I I ! 

Rx: The di s t'.luc e between the centre of th·~' sug.::tr 

spot nnd th e st~rting line ~ ith r elative to 

that of standard xylose . 

Solvent A was ethyl ace t a te-glaci a l acetic acid­

f ormic ~cid- wa t c r (18:3 : 1 : 4). 
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3 . 6 Methylation of Branched Hemicellulose B by Methods After 

- . 110 111 112 
Haworth , Kuhn a nd Purdie ' ' 

H th P d 
90,113,114,115,116 awor roce ure 

40% sodium hydroxide (1 60 ml) and dimethyl sulphate (64 ml) 

were added ton const3ntly stirred solution o f pure branched 

hemicellulos e B (4 g) dissolved in water (50 ml) , a t room 

temperature over a period of six hours in such a way t ha t the 

solution was always alkal i ne , s tirring was cont inued fo r an-

other eighteen hours . The mixture was methylnted again as 

above but the temperature was rais e d to 50°c . The soluti on 

was transferred to a beaker which was heated on a sand bath. 

A precipitate which was the partly me t hylated polysacch2ri de 

was formed on the surface by stirring . The precipitate was 

removed and dissolved in boiling water (100 ml) , the n dialysed 

against tap w~ter for twenty-four hou rs, 3nd evaporated ~t 4o0 c 

in vacuo to G syrup (3 . 4 g) . 

Kuhn Proce dur e 94 1117 

The pnrti ~lly methy l ~te d polysaccharide (3 .4 g) was 

dissolv e d in dim e thyl formamide (100 ml) and the tempera ture 

was raised to 30°c. Me thyl iodide (45 ml) and ba rium &ydroxide 

(45 g) were add ed during thre e hours . After another tw e lve 

hours of stirring , the p a rti ~lly methylated polysacchnride 

had precipita ted. Chloroform (100 ml) was added a nd stirring 

was continued for another twelve hours. The supernatant was 

decanted from the barium hydroxide and the l a tter was extracted 

twice with c h loroform (100 ml). The chloroform extracts were 

combined with the above supernata nt which was then washed with 



an equal valume of wa t e r (6 times) . The chloroform solution was 

centrifuge d (3000 r.p. m. ) and the wate r layer was remov e d with 

a pipe tte . The ext ract was dried ov e r anhydrous sodium 

sulphate filtered and evaporat ed in vacuo a t 30°c to a syrup 

(3 . 2 g). 

The syrup was me thylat e d again, by dissolving it in di­

methyl formamid e (100 ml) and adding methyl iodide (40 ml), 

silver oxide (30 g) ov 2r a period of twenty four hours to the 

constantly stirred solution at 45°c. Aft er a nother t welve 

hours of stirring, the reaction mix tur e was centrifuged (4000 

r.p .m .) and th e super natant was decnnted from the precipitate, 

the latter was washed with dimethyl formamide (50 ml) and 

chloroform (50 ml), and these t~o fractions were combined with 

the above supernatant. Chloroform (350 ml) was a dd ed and the 

so lution was shaken with potassium cy~nide (10 g) to remove 

silver ions . The filtered solution was washed with equal 

vo lu~e s of distilled wate r (8 times) and dried in a nhydrous 

sodium sulphate, then evaporated in v ~cuo to a syrup (3 . 0 g) 

(Found: 0CH
3

, 25 . 44% calcul~ted for c
7

H12o4 (2 0CH
3 

g roups) 

0CH3 , 38 . 7%) . 
. 118 119 120 

Purdie Procedure ' ' 

The partially me thyla ted br~nchc d hemicellulose B from 

the above was dissolved in methyl iodide (50 ml) and the 

solution was refluxed with s ilver oxide (5 g) which was added 

in six portions during twelve hours . The mixture was refluxed 

for another twelve h ours . The excess methyl iodide was dist­

illed off unde r reduced pressure and the residue was extr~cted 



thr2G times with ~cetone (80 ml). ~he filtcr3d solution waa 

conc c ntr~ted to g iv ~ a light brown mate rial which was furth er 

~2 thylated jy the Purf~c proc~~ure, The finill syrup w:'.ls diss-

olved in chlorofor~ (300 ml) e nd sh~ken with potassium cyanide 

(,O g) to remove silv r.: r ions. The soluti:>n W3.S filtered and 

washod with equ~l volum~s of distilled wate r (6 times ) be fore 

b . t t d t ( 2 5 ) /- -1-20 105° ( C • 1 . eing concen r .c·t ,::, o a syrup . g _ a._, D - in 

chloroform). (Found: ocs
3

, 32 . 88~, c:'.l lc. OCH
3 

38 . 7%) . 

3 . 6 . 1 Hvdro3:_y~_is and Scpc1r:'.ltion of 11ethyl n ted Branched 

H . 11 l 512 ,1 21 ,1 22 ,12 3 ,12 4 . emice u ose , 

The methylated branched h emicellulose B (1.0 g) 

66 . 

Das dissolved in 3% moth~nolic hydrochloric ucid (100 ml) 

and r~fluxcd for six hours . ~f ter n e utralis a tion ~ith 

s ilv er c~rbonat ~ , c~ntrifugation and fil t r ation , the 

solution was reduc ed in vacuo at 30°c to a s yrup (0 . 8 g) . 

A portion of th~ syrup (o . 4 g ) wqs dissolved in 0 . 5M 

sul,Jhuric acid (40 ml) .::m d heated in a sealed fl.3.sk at 

100°C for eifht hours . Th ~ hydrolysate was n~utraliscd 

with barium ca rbonate and barium hydroxide . After fil­

tration, the solution and washings were passed through ion 

exchange r es ins, IR-45 (OH) ~n d IH- 120 (H ) respective ly, 

~nd then ev~porat ed in vacuo at 30°c to a syrup (0 . 26 g) . 

Paper chromatography in solvent Band C showed that ther e 

were four ma jor components, which corresponded to 2 ,3, 

di-m cthyl-D-xylose, 2 mono - methyl - D-xylos e , 2 , 3 ,4, tri­

methyl-D-xylos e and 2:3,S ~ri - m0 thvl L-arabinose . The 
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syrup (0 . 25 g) was separated on a cellulose column (42 x 

3 . 5 cm), irrigated with 2- butanone-~ater azeotrope and 

the effluent collected in 15 ml aliquots . Paper 

chromatogr aphy with solvent Band C per~itted the group­

ing together of aliquots with t he same composition . 

On the basis of lF and RG values, and colour reaction, 

Frqction I (52,2 mg) appeared to be 2 , 3,5,Tri- methyl-L­

arabinose , Fract io n II (22 . 8 mg) seemed to be 2 ,3,4,tri­

methyl- D- xylose. Fraction III (72 mg) contained 2 , 3 , 

di - methyl-D- xylose and Fraction IV (88.4 mg) seemed to 

be a mixture of 2,3,di - methyl - D-xylose and 2 - mono - rnethyl­

D-xylose. Frac tion IV was chromatogr&phically separated 

on sheets of Jha tma n 3~1M filter paper with irrigant C. 

[larker strips at the sides of the paper indi cated the 

zones which were cut out and the components extracted . 

The most rapid moving component (R
8 

0 . 65) was 2 , 3,di ­

me thyl-D-xylose and the slow-moving component (R
8 

0 . 23) 

was 2-mono-methyl-D- xylose . 

Fraction 3 . Identification of 2 1 3,di-methyl-D- xylose 

- -20 This component (82 mg) had in_lD + 21 , 5 Cc. 0 .5 

in wa ter ), lit. , L-nJ~5 + 25 (c. 1 . 0 in water) 123 + 24
124 

+ 23
121

. Paper chromatography showed RF values of 0 . 80 

(solvent C) and 0 , 82 (solvent B), and RG values of 0 . 65 

122 
(solvent C) a nd 0 , 79 (solvent B) , lit., 0 , 64, o.68, 

0 . 61
121 

(solvent C) and 0 . 79
12 

(solvent B) . 

This fr a ction was refluxed for two hours in a 

solution of 5 ml absolute methanol containing 1 ml of 



TABLE XIV Hydrolysi::. products from m: thyJ. ·: ted br .:.tnched h2micallulo:3e B 

Fraction ! I 

' 'I'ube \fJ ~ight 
number numbE:r (mg) 

---
1 5-1 8 52.2 

2 19- 21 ?2 .8 

3 22 -38 82 

I 

I 
Solve nt C I 

RF RG 

1. 30 1 o 02 I 

1.24 1. 00 
' 

·-·---
0. 80 0.65 

Solv~nt 
RF R 

0.96 o. 

------- ---··- ·-------· ----
B 

G 
-
9~ 

Component 

2,3,5 tri--methyl 
L- ::. rc.binose 

----··--
0. 91+ o. 

--
0.82 0, 

92 2 ,3,4 tri-mothyl 
D-x· ·lose 

---+---··---- - ---··--· 
79 2 ,3,dimc,thyl 

D-xylosc· 
--------

I 4 40-80 I 78. 4-t--z. 28 0.23 0.51 0. 47 2 -1i1ono -rn0thyl 
D-xylose I ! I 

------------ --·---··-· - -·-
Solve11ts: (C) 2-but~none - wnter a zeotrope 

( B) n-but ~ncl-ct h~no l-~ ntcr (4:1:5) 

RF i s rel&tive to 2,5 ,4, 6 t &tr~ - 0 - methyl D gal~ct cce 

Ra is r elative to 2,3 , 4,6 tetra-0-methyl D gluc ose 

°' (X) . 



aniline. Upon evaporati on of solvent, remaining aniline 

was removed by azeotropic distillation with water. 

After the last trace of aniline was remov e d, crystallised 

derivative appe~red, upon recrystallisation from ethyl 

0 0 124 
acetate me t hanol , m.p. 110 C, lit., m.p. 124 C. 

Fraction 4. Identification of 2 mono-methyl-D-xylose 

- -20 
This component (78 .4 mg) had L {t_/D + 20.2 Cc . 1 .0 

- - 25 122 121 
in water), lit., L n_/D + 21 - + 21.4. Paper 

chromatography showed RF values of 0 .47 (solvent B) , 

0 . 23 (solvent C), lit., 0 . 47
12 

(solvent B), 0 . 23
124 

0. 22.123 

A portion of this fra ction was disGolved in absolute 

methanol and concentrated to a syrup which gave crystals 

on recryGt~llisation fro m ethyl acetate methanol, had 

0 . 0 123 
m.p. 126 C , lit., m. p . 131 C , 

Fraction 2 

This syrup (22 . 8 mg), - -20 0 
had L n _/ D + 17. 8 ( c . 1 • 2 

) - -25 in water , lit., L n_/D + 1d .1 Cc. 1.0 in water) 124 

chromatogr aphy showed the presence of 2 ,3,4,tri-methyl 

D-xylose (RG 1.00) (solvent C) , (R
8 

0.92) (solvent B) . 

Atte~pt to prepare crystalline derivative failed . 

Fraction 1 

Chromatography of the syrup (52.2 mg) showed the 

presence of 2,3,5,Tri-methyl-L-arabinose, which had 

L-"'J~O - 36.5 Cc . 1.0 in water), lit ., L-ctJ~5 - 36 

Cc. 0 . 5 in water)
124 

and had RF value s of 1.30 (solvent 

C) 0.96 (solvent B) and RG values of 1.02 (solvent C) 



and 0 . 94 (solvent E) . Furthe r evidenc e of its identi ­

fic~tion was obt ~ined by gas chromatography. 

3 . 6 . 2 Quantit ~tive nnd Qualitativ e Determination of Methyl 

Et her Monomers by G~s-Liquid Chro m~ togr3phy 

The colu mn was the same as used before (see ,r50 

A portion of the methylated branched hemicellulose B 

was dissolv ed in 3% methanolic hydrochloric acid and 

refluxed for six hours (see p .~a ) . After neut r alisati on 

with silver c~rbonate , the solution was concentrated to 

a syrup in vacuo at 30°c. ~ small portion (20 mg) of 

the syrup was disso lve d in chloroform and the solution 

was inje c t ed into the gas chromatography . 

The peaks w2re identified by injection of known 

samples into the chromatogr~phy under th e same operating 

conditions as that for the product from hydrolysis of 

me t hylated hemicellulose B, and the r e t en tion times of 

the peaks were compared . 

The molar ratio of the sugar we r e obt~ined by 

measuring the individual p eak then worked out the 

r elat iv e ratio . 

70. 



T.·'\BLE Xi/ Products fro~ hydrolysis of methylated 

~r~ n ched hemicellulos G B 

Sugar 

2,3 , d i-o-me thyl-D-xylose 

2-0 - methyl - D-xylose 

2 , 3,4 , Tri-O-methyl- D-xylose 

I 2 ,3,5,Tri-o- me t hyl -L- ~rabi nose 

Mo l a r ratio 

9 . 6 

4 . 3 

1. 0 

1 • 1 
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FIGURE 9 

Gas- Liquid Chromatography of methylated Methyl Glycosides 

3% SE ·30 
20 Ml. NITR~/MtN 

(:rAS Fl.ow 15 
TEMP 11s·c 

A. 2 , 3 , di-0-me t hyl - D- xylopyranose . 

B. unidentified . 

C. 2, mono - 0- methyl- D- xylopyranose . 

D. 2,3,4,tri-0-methyl-D-xylopyranose. 

E . 2 , 3 ,5,tri-O-methyl-L-arab i nose . 
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