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Abstract-A method 1s presented for the determmation of the neutral monosaccharide units present m plant cell walls. 
fie ceii wa6 sample IS dissoli-ed- by stlrrmg tbr 1’8hr at 57” wltli trlfiuoroacetic acid. I’he celIbiosic component is 
hydrolysed by the addltlon of small amounts of water during heatmg at 100” so that the cellulose, during 
dbpoiymerisatlon, stays in soiution. The tiemlcelTuioslc component is hydkoiysedunder more diiute conditions at iOu” 
such that the hemiceiIulosic pentose units undergo minimum degraciatton The stability ofthe monosaccharidb units 
under tlie diErent hyd?oiytlc conditions IS presented The reproducibility of the method is demonstrated by 
comparing results of the new method with those from more established methods using samples of Italian ryegrass leaf 
and stem, lucerne stem, samfom leaf, birch sawdust and barley straw. 

INTRODUCTION 

The cell walls of all organisms have a degree of robust- 
ness since their primary function 1s to contam the con- 
tents of the cell. In plants, there IS a division between 
primary cell walls which contam the cell when it 1s 
actively extending bet&e reaching its ttilI_ size and. tlie 

secondary cell wall which 1s laid down when the cell size 
IS reached and creates a tougher and more rigid structure 
around the cell [l] Both the primary and the secondary 
cell wall contam the same types of polysacchandes, 
namely cellulose, hemlcelluloses and pectin [;?I, but the 
proportion of each type of polysaccharlde 1s very dlffer- 
ent between primary and secondary walls In addition, 
the composition of each type of polysaccharlde 1s dlf- 
ferent while secondary walls also contam the non-carbo- 
hydrate poiymer, Lgmn The composition ot”each type of 
polysaccharlde depends on the species, variety and a 
number of other factors mcludmg the environmental 
conditions prevaiimg during the liti: of the piant [Jj 
Although celluloses from primary and secondary cell 
walls are different m respect of such parameters as aver- 
age chain length and degree of crystalhmty, this pomt 1s 
irrelevant if a hydrolytic method, based on the release of 
the constituent monosaccharide residue D-gkose, IS 

used for their determmatlon. 
To determme the composltlon of plant cell walls, a 

number of procedures have been proposed. Some of the 
earlier methods relied-on the lsoiatlon ot”mdivldiIaipoiy- 
saccharides The method of Crampton and Maynard [4] 
claimed to remove all the non-celluloslc constituents 
(including lignm) from the plant sample and the cellulose 
could be estimated gravlmetrically, but it has been obser- 
ved that monosaccharide units other than D-glucose are 
found m hydrolysates of these residues [S]. Van Soest [6] 
proposed a scheme mvolvmg extractions with detergents 
at pH 7 0 (neutral detergent residue, NDR) and pH 10 
(acid detergent residue, ADR). If the ligmn content (L) of 

the sample 1s known, the cellulose and hemlcellulose 
contents could be determined from the equations 

Hemlcellulose = NDR - ADR 

Cellulose = ADR - L. 

in addition to the requirement tbr a number oi^correction 
steps, the procedure also suffers from the fact that not all 
the hemlcelluloslc polysaccharides are fully hydrolysed 
under the acidic condltlons present during the extraction 
with the detergent at pH 1.0 [5]. 

To gam the maximum amount of mformatlon about 
the composltlon of the polysaccharldes of plant cell walls, 
it 1s considered essential to depolymerlse the material 
mto its component monosaccharide units and, although 
enzymes may be useful, at present this needs to be carried 
out under acidic conditions Most hydroiyses are carried. 
out m sulphurlc acid as It appears to cause less destruc- 
tion of the released monosaccharides than either hydro- 
chiorlc or nitric acids Kttie composition ofthe Iieml’cei- 
luloses alone is required, they can be hydrolysed almost 
completely with 1 M sulphuric acid at loo” for 16 hr but 
to hydrolyse the complete cell wall (mcludmg the cellu- 
lose) the sample requires a prehydrolysls m 72% sul- 
phurlc acid at 37” for ca 1 hr followed by dilution to 1 M 
concentration and further heating at 100” for ca 16 hr 
[7]. A major disadvantage of using sulphurlc acid is the 
problem of removing the acid after the hydrolysis This 1s 
usuallji d-one by neutraifzmg with barium carbonate and 
filtering off the precipitate of barium sulphate It IS a 
lengthy and messy procedure. 

Trlfluoroacetlc acid (TFA) was first used by Alber- 
shelm et al [S] as a 2 M solution to hydrolyse hemlcellu- 
10s~ polysaccharldes and it has been adopted by many 
other workers m the field. It has the major advantage 
that it 1s volatile (bp 72”) and therefore easily removed 
To hydrolyse the celluloslc component, more concentra- 
ted solutions of TFA are required [9, lo] but these can 
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cause extensive degradation of some of the sugar re- 
sidues, partlcularIy D-XyIose A smgIe hydroIysls also has 
the disadvantage that It IS lmposslble to dlfferentlate 
between D-ghCOSe units arising from cellulose and those 
from hemlcelluloses such as mixed linkage /j’-glucans or 
glucomannans 

This paper presents a method for esttmatmg the neu- 
tral sugar residues present m plant cell walls, mcludmg 
hgmfied cell walls The method allows the hemlcelluloses 
and cellulose to be determined simultaneously m a single 
sample 

RESULTS AND DISCUSSION 

The major monosaccharide umt present m cell walls IS 
D-glucose which arises from the cellulose component. 
The major pentose umt present m hgmfied cell walls is D- 
xylose From prehmmary experiments, It was noted that 
D-XylOSe was less stable m TFA solutions than the other 
pentose commonly found, L-arabmose D-Glucose, meth- 
yl-fi-D-glucopyranoslde, methyl-cc-D-glucopyranoslde, D- 
xylose and methyl-B-D-xylopyranoside were drssolved in 
TFA overnight at 37’ then diluted to 80”/0 TFA and 
heated at 100‘ Samples were removed at regular mter- 
vals and analysed for monosaccharide content by GC as 
aldonomtrlle acetates The results are shown m Fig. 1 In 
the samples with methyl glycosldes, the amount of re- 
sldual glycoslde could also be determmed The results 
show that D-glucose was fully recovered after dissolution 
m TFA and it was only slowly degraded m hot 80% TFA 
On the other hand, three to four % of D-xylose was lost 
overmght and the rest was rapidly degraded m 80% 
TFA, 25% being degraded after only 1 hr Methyl-p-D- 

xyloslde was extensively hydrolysed overmght (> 50%) 
and thereafter rapidly hydrolysed and degraded The two 
methyl glucosldes were hydrolysed more slowly over- 

mght ( < 20%) but were then hydrolysed rapidly at 100” 
The r-glucostde was more stable than the a-anomer 

Time (hr) 

Fig 1 Stablhty of sugars 1x1 80% TFA at loo” after dissolution 

m 100% TFA at 37’ for 18 hr l - o-glucose, C Methyl-l-D- 

glucopyranoslde, n Methyl-P-D-glucopyranoslde, A D-XylOSe, 

A Methyl-P-r>-xylopyranoslde 

These mvestlgatlons were repeated under the condl- 
tlons for cellulose and hemlcellulose hydrolysis given m 
the Experimental and the results are shown m Figs 2 and 
3, respectively They show that D-glUCOSe IS stable (< 5% 
loss) under both the cellulose and hemlcellulose condo- 
tlons and that the glucosldes are fully hydrolysed The 
xyloslde 1s completely hydrolysed under both condltlons 
but although xylose IS still degraded under the cellulose 
condltlon, It IS recovered quantltatlvely ( < 5% loss) un- 
der the hemlcellulose condltlons 

Cellulose powder (Whatman No I) was dissolved m 
TFA overnight at 37 and then subjected to both the 
cellulose and hemlcellulose condltlons After the over- 
night dlssolutlon, no free glucose was detected m the 
solution Under the condmons for hemlcellulose hydro- 
lys~s, the cellulose powder gave I 8% D-xylose and 2 4% 
D-ghCOSe showing that neghglble hydrolysis had occur- 

r 
Time (hr) 

Fig 2 Stabkty of sugars under condltlons for cellulose hy- 

drolysis 0 D-glucose. A II-uylose 

loo r -.-.-.-.-.-.-.--_(\C-• 
-.-.-.-.-.-My . 

80- 

20 - 

1 
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Fig 3 Stablhty of sugars under condltlons for hemlcellulose 

hydrolysis 0 D-glUcOse. A I)-xylose 



red. Indeed the D-glucose produced may have arisen from 
some of the native cellulose being partially degraded to 
shorter chain length forms during the preparation of the 
cellulose powder. When hydrolysed under the condltlons 
for cellulose hydrolysis, a yield of >95% D-glucose was 
obtained showing that the cellulose was fully hydrolysed 
with little, if any, degradation. 

When prehmmary experiments were being carried out, 
it was observed that the total sample, partlculary with 
hgmfied samples, was not completely soluble in TFA (as 
compared to cellulose powder) The msoluble material 
was isolated by centrlfugatlon and washed with TFA, 
ethanol and diethyl ether. It was analysed for monosacc- 
haride composition by the 72% sulphurlc acid method 
[7] and for hgnm by the acetyl bromide method [l l] 
The only monosaccharide residue detected was D-glucose 
which accounted for < 2% of the sample dry matter. The 
rest of the sample appeared to be hgnm (> 80%) It IS 
possible that some protein could be present m this ma- 
terial but no analyses were performed either for nitrogen 
content or ammo-acid composition 

To test the reproduciblhty of the proposed method, the 
monosaccharide composltlon of Italian ryegrass leaf and 

stem, lucerne stem, samfoin leaf, birch sawdust and bar- 
ley straw were determined by the hemicellulose and 
cellulose methods and the results are shown m Table 1. 
Also included are the results for a 2 M TFA hydrolysis 
[B] and a 72% sulphuric acid hydrolysis [7] of the same 
samples It can be seen that very similar results are 
obtained by the two methods. Indeed, higher total re- 
coveries were obtained by the new method than by a 
combination of 2 M TFA and 72% sulphurlc acid for all 
but the birch sawdust 

The hemlcellulose results are very similar to those 
obtained with 2 M TFA and the cellulose values are very 
similar to those obtained with 72% sulphurlc acid. The 
major difference is m the reduced recovery of other 
monosaccharide residues with the proposed cellulose 
method. Thus, a single hydrolysis cannot be used with 
100% TFA, while meanmgful results are obtained with 
72% sulphurlc acid alone However, a single hydrolysis 
with 72% sulphurlc acid will overestimate the cellulose 
content of a sample since any hemicelluloslc D-glucose 
~111 be assumed to come from cellulose As there are a 
number of sources of hemlcellulosic D-glucose residues 
(mixed linkage p-glucans, xyloglucans and glucoman- 
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Table 1 Neutral monosaccharide residues produced by different hydrolytx 

condltlons (% sample dry matter) 

Plant material 

_ 

A 

B 

C 
D 

A 

B 

C 
D 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

c 

D 

A 
B 

C 

D 

__. 
Monosaccharide 

Ara XYl Man GlC Gal 

Italian ryegrass stem 

Itahan ryegrass leaf 

Lucerne stem 

Samfom leaf 

Birch sawdust 

Barley straw 

5 48 22 50 0 10 4 16 1 33 

3 94 6 12 0 36 35 39 1 39 

5 50 21 46 016 392 121 

496 20 24 0 10 34 96 142 

9 30 2300 -~ 5 20 1 16 

248 461 - 48 23 1 84 

8 44 2196 ~ 2 29 1 14 

133 2066 - 40.25 131 

213 14 21 196 8 28 1 74 

225 4 16 242 4009 1 64 

261 14 12 1 87 3 34 189 
268 1262 220 3864 2 14 

I 50 8 59 1 19 I 94 3 65 
5 19 281 2 23 28 98 3.16 

195 I 24 1 16 6 34 285 

8 14 692 164 27 43 395 

206 23 35 1 84 2 23 142 

1 34 9 65 3 96 36 85 102 
2 68 23 94 213 428 1.13 

2 24 25 63 424 3192 1 61 

3 24 2453 - 361 101 

213 736 - 45 96 1 34 

3 04 2198 - 441 1 83 
3 08 2438 -- 45 90 1 65 

A 100% TFA+ hemlcellulose hydrolysis 

B 100% TFA+cellulose hydrolysis 

C 2MTFA 

D 72% H,SO, 
All hydrolysates were analysed by GC as aldonomtrde acetates The values 

quoted for the monosaccharldes are for anhydro sugar residues 
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nans), a two-stage hydrolysis IS essenttai to obtam full 
mformatlon about the cornposItIon of the cell wall The 
proposed method provtdes this informatlon from a single 
sample and wlthout the presence of sulphurlc acid which 
IS difficult to remove The proposed method has the 
advantage over that of Fengel et al [9] m that correctlon 
factors to compensate for the degradation of monosacc- 
harlde residues m hot strong TFA are not required 

In conclusion, the proposed method 1s a rehable alter- 
native to the 72% sulphurlc acid method and IS smtable 
for use with highly hgmfied plant cell wall materials 

EXPERIMENTAL 

Plant mc~rerrtrl Sdmplea of ltalidn ryegrass (Lolrum mulrtjo- 
rum) leaf and stem. lucerne (Medlccryo .\afltcl) stem. samfom 

(Onobrlc Alt [‘I( ~lfol~u) leaf. birchwood (Betula ulbu) and barley 

(Hordeum 1 ulyarr~) straw were freeze-drted and ground m a 

hammer-ml11 to pass a I mm screen Crude cell wall prepns were 

prepd by extrdctmg the materlal wtth Hz0 dt 70 1 filtermg and 

wa\hmg with water (70 ), EtOH Me,CO and Et,0 before dir- 

drymg 

If~drol~\~r procedures Standard hydrolyst\ procedures with 

729/o H,SO, [7] and 2M TFA [g] were used The follow- 

mg procedure was used with TFA (99% +punty) The sample 

(20 mg) 19 welghed mto a glass vial (7 ml) and TFA (2 ml) added 

along with a small tenon-coated magnetic follower The vial IS 

capped using a butyl rubberiteflon (not slhcone rubber/tetlon) 

disc and stirred overmght at 37 An ahquot (0 5 ml) I$ transfer- 

red to a glass vlal (3 5 ml) I-i,0 (1 ml) and me\+mo<ltol 

(2 mg/ml. 0 5 ml) are added and the veal capped as above This 
sample, for hemtcellulose hydrolysrs, 1s heated at 100 for 30 mm 

and then evdpd to dryness A second ahquot (0 5 ml) IS transfer- 

red to d smulnr vial and H,O (0 1 ml) IS added The capped vial 

1s heated at 100 for 30 mm The addltlon of Hz0 (0 1 ml) IS 

repeated at 30 mm mtervdls until total vol of 0 5 ml 1s ddded 

Meso-mosltol soln (0 5 ml) IS added as above and heatmg con- 

tmued for a further 2 hr before evapn to dryness 

Analycr\ Ofmonoracc horrdec MonosaccharIdes released by the 

hydrolysis procedures were determmed by GC a\ aldonomtrlle 

acetates as prevtously described [ 121 

Atknoulrdyemrnt ~The author wlshea to acknowledge the skll- 
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