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Ah&act-It has been estabhshed by studymg total hemrcekbses that the hemxelluloslc composition of root, 
coleoptde, leaf and stem tissues of laboratory-grown and of field-grown oat plants, Auena satnxl (var. 
Blenda), depends on tiue maturity. Studies on the cornposItion of the a-celluloses and of the total hemi- 
celluloses from tissues of dtierent matunty confkm that statements made on total hemxellulose composition 
do not reqmre nx.valmtlon to take account of non-glucosxix residues remamm g in the a-celluloses. A 
rehable and accurate quantitative method for estunatmg neutral sugar residues m polysacchandes has been 
developed. 

INTRODUCTION 

Rns paper 1s the sixth 111 a senes deahng wrth the relationship between the composition 
of the hem&Moses in non-endospernuc tissues of the oat plant and the effect of tissue 
maturity on hemicellulos~c composition. The terms pure and total hemicelluloses have been 
defined earlier.l Statements made on the composition of the various total hermcelluloses 
could be subject to qualification if there were losses of any cell-wall polysaccharides during 
the extraction procedures leading to isolation of total hem&Moses, or if m the residual 
cellulosic matenal there were slgmkant quantities of non-glucosldic resldues.2 It is 
convenient to retain the commonly used term ‘a-cellulose’ for the residual material but 
in the sense modified by the definition of total henucellulose.3 

Total recovery of all cell-wall polysacchandes has been sought.’ It has been found that 
the a-cellulose and the total henucellulose from each tissue together account for practically 
all the cell-wall polysaccharides. The small amount of polysacchande material normally 
lost during dehgnikation has been isolated and studied.4 There is very httle of it, and the 
loss of tis mater& in no significant way affects the earlier results or statements made on 
the relationship between plant growth and hemicellulosic composition. 

The total hemicelluloses from any one part of the oat plant at Merent stages of matunty 
vary in composition; there are also, as is to be expected, variations in the hemicelldosic 
composition of Merent parts of the plant at one stage of maturity.2 In any one part of 
the plant with increasing matunty there is an increase in the percentage of xylose and a 
decrease both m the percentage and in the total amount of glucose residues. These changes, 
and changes m the proportions of arabmose, galactose and xylose residues, have been 
Interpreted in terms of two pure hemicelluloses-an acllc arabmoxylan5 and an acidic 

l Present address Dlv~ion of Ihochemistry, NatIonal Research Council of Canada, Ottawa 7, Canada. 

1 J. S G. Ram and K. C B. WEE, Phytochem 8,2045 (1969) 
z J S. G Ram and K C B. Wm, Phytochem 8,2059 (1969). 
3 H. J ROGBRS and H R. PBRKPIS, Cell Walls and iUem6ranes, Spon, London (1968). 
; g z yaa and K. C. B. WILKIB (to be pubhshed) 

PINALL and K. C. B. WILKIE, J Chem. Sot. 1072 (1956). 
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galactoarabinoxylan6 At least a hrgh proportion, possibly all, of the glucose residues 
found m total hemicelluloses are now known to be present in a p(l + 4’) and B(l + 3’) 
hnked glucan.‘** The results obtained earher for field-grown and young laboratory- 
grown plants have been parallelled by results obtamed for plants grown in a subsequent 
year9 

The present report deals with the various a-celluloses remaimng after the isolatron of 
total hemrcelluloses, and the work 1s an essential corollary to the earher studies on these 
total hemicelluloses.1*2 Certam of the quantrtatrve methods have been improved and 
although in the present report the concern 1s primarily with a-c&doses the methods 
developed have been used in studies on total hemlcelluloses; these will be reported later.g 

RESULTS AND DISCUSSION 

Freld-grown plants were harvested at different stages of growth and dissected to isolate 
the &sues shown in Table 1. The various tissues specised were deligntied and the a- 
c&doses isolated after the removal of the vanous total hemicelluloses. Before satisfactory 

TABLB~.D EXRIPTION OF OAT PLANTS GROWN IN THE LABORATORY AND IN THE FIELD AND 

OF Tm TlsKlEs SuBlEcrRD To STUDY 

He&t of plant 
(c-m) Descnption of plant ti9sues 

Laboratory-grown plants+ 

85 
10 

Field-grown plants f 
56 
81 

E 
162 

f 
11 

18 
29 

1: 
120 

Root, leaf and coleoptde 
Root, leaf and coleoptile 
Root, leaf and coleoptde 

Leaf and coleoptde 
Leaf, very short stem and mflorescence 
Bottom, top and two rmddle leaves 
As above; plant green and mature 
As above but bottom leaf mthered 

l Days from germmat~on to time of harvest 
t Days from sowmg to tune of barvest (mflonzscence at 81 days and bottom leaf at 

162 days not stud&). 

studies could be carried out on these a-cduloses It was necessary to examme the complete 
sequence of methods that collectively or indrvrdually rmght a&t quantitative results. 
Arabmose, galactose, glucose, rhamnose and xylose residues are present in the polysac- 
charides m the cell-wall. The five correspondmg free sugars were subjected to the analytical 
procedures to be employed m the study of polysaccharides, that is, the monosaccharides 
were treated under hydrolyses conditions, subjected to borohydnde reduction and acetyla- 
tion, and to normal but mmrmal procedures of handling. It is appreciated that the degrada- 
tion of a sugar residue present m a polysacchande may not parallel precisely the degradation 
of the same sugar in the free state. No studies were carried out specXcally on the oligouronic 
acids under the acidic condition of hydrolysis. 

6 J S. G. RgID and K C B WILKIE, Phytochenr 8,2053 (1969) 
7 C. G FRASER and K C B WILKIE, Phytochem 10,199 (1971) 
Q A J Bum and K C. B. WILKIE, Nuturwlss 10,496 (1970) 
Q A J BUCHALA and K C B. WILKIE, Phyfockm. (m press) 
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All quahtatlve and quantrtative determmatrons of glycrtol acetates were carried out 
by GLC; the quantrtative estimations were based upon measurement of peak areas by 
triangulatron. The molar response of the flame tonizatron detector to each glycrtol acetate 
was determined with reference to erythritol tetraacetate. 

In the studies on the free sugars rt was found that no correctron factor need be apphed 
when carrymg out quantttative studres on arabinose, galactose or xylose but that m the 
case of glucose and rhamnose the amount of sugar e&mated was consrstently lower than 
the amount of sugar present. There was, however, a linear relationship between the pro- 
portron lost and the amount of sugar originally present. Relative to arabinose (= 1-O) the 
correctron factors used in thrs work are l-05 for glucose and l-09 for rhamnose. It is of 
interest to note that when the acetylation of D-ducitol was carried out at 100” a correction 
factor of l-43 had to be employed whereas when the acetylatron was carried out at 120” the 

TABLE 2. QUNVITCATWE DETBRMIN ATION OF MONOSACCHARID i!Sl!MPU3YINC3CDRRECTION 
FACTDR 

Molar ratms of monosaccharides in mutures* 

Arabinose Galactose Glucose Rhamnose Xylose 

Quantity present 
Determmed value :-zi 

081 083 
0 84 084 

Quantity present 
E 

O-32 o-17 
Determmed value o-34 0 16 

Quantity present 
De.termined value 

Quantity present 
Determmed value 

~~ 044 

093 
100 

0 19 
O-21 

0 50 
049 

093 
0.94 

3-51 
348 

0 35 
034 

094 
0 89 

0 87 
0 86 

* Determmations by GLC; total amount of the monosaccharrdes was CQ 5 x lo-’ 
moles m 2 ~1. 

correctlon factor was reduced to 1.05; acetylatlon was accordingly carried out in all cases 
at 120”. This temperature change did not tiect the correction factors for other glycrtols. 
Crowell and BurnetP” deduced that rt was more drfficult to acetylate borohydnde reduced 
D-glucose and L-rhamnose m the presence of borate than rt was to acetylate xylose and 
arabinose; the present work agrees with these results but there was no evrdence that it was 
drfhcult to acetylate D-galactrtol fully. The vahdrty of employmg the correctron factors 
gtven above to correct quantrtatrve values obtamed by GLC was vindicated by carrymg out 
quantitative estrmatlons on mixtures of the five sugars and correcting the values obtamed 
(Table 2); a good correlation was obtained m all cases. 

After dehgmilcatlon of the plant tissues they were treated with 5 % and 24 % potassium 
hydroxide and the total henucelluloses and a-celluloses were then isolated. It wrll be noted 
in Frg. 1 that the proportron of a-cellulose and of total hemicellulose increased in each 
tissue m nearly all cases as the plant matured. 

The a-celluloses and total henucelluloses were hydrolysed and the hydrolysates quantita- 
tively studred by GLC after conversion of the sugars to the corresponding glycitol acetates 

lo E. P. CROWELL and B B Bw, Analyt Chem. 39, 121 (1967). 



1288 A. J. BUCHALA, C. 0. FRASER and K. C. B. Wrwux 

o- 

o- 

10 - 

o- 

O- 

o- 

!O- 

o- 

L 

n Root 

I 

El colroptllo 
a Leaf or bottom leaf 

q Two mlddle leaves 

fl Top leaf 

0 Stem r 

Days from germmatlort Days from sowing 

lo harvest to harvest 

106 137 162 

Laboratory-grown plants 
I 

FIrId-grown plants 

FIQ 1. 

T.UU 3 NON-GLUCXXIDIC RESIDUES IN THB a-CELLIJLOSB OF LARORATORY-GROWN OAT PLANTS 

Days from tune of germmatron to harvesting 

5 8 10 

Root Coleoptde Leaf Root Coleoptde Leaf Root Coleoptrle Leaf 

Non-ghtcosnhc residues 
(% in a-celhrlose) 
Non-glucostdm resrdues 
m a-cellulose’ 
Xylose/arabinose ratto 
in a-celhdose 

6 80 605 1.74 727 102 650 6 89 750 104 

6 54 297 4 14 4 68 6 01 3.88 647 5 05 720 

0 72 091 0 97 0 84 1 14 1.12 101 108 098 

Xylose/arabmose ratlo 
in total henucellulose 
Xylose/a.rabmose ratio 
-mod&d vahret 

1.36 1 31 2 13 1 88 1 34 2.16 204 1 36 216 

1.32 1.30 2.11 183 1 33 2 12 197 1 35 2 08 

* Values quoted are expressed as a percentage of the plant ttssue ussunang for the calculatron the resrdues 
to be m henucelhtlosrc materral not mcluded in the total henucellulose 

t Thrs ratio takes into account the amount of xylose and arabmose m the a-cellulose and shows the effect 
it would have d rt were henucellulostc maternd extracted and mcluded m the total hemrcelhtlose 



T
A

E
IL

B
 

~
.
N
~
N
-
G
L
~
~
I
~
R
E
~
I
D
~
~
T
H
B
~
-
~
E
L
L
~
~
F
 

F
IE

L
D

-G
R

O
W

N
 

O
A

T
 

P
L

A
N

T
S

 
cd

 

D
ay

s 
fr

om
 t

im
e 

of
 s

ow
m

g 
to

 h
ar

ve
at

m
g 

56
 

81
 

10
6 

13
7 

16
2 

T
W

O
 

‘Z
tv

O
 

T
b

V
O

 
C

ol
eo

p-
 

B
ot

to
m

 r
m

dd
le

 
T

op
 

B
ot

to
m

 r
m

dd
le

 
T

op
 

m
id

dl
e 

T
op

 
B

 
td

e 
L

ea
f 

L
ea

f 
S

te
m

 
le

af
 

le
av

es
 

le
af

 
S

te
m

 
le

af
 

le
av

es
 

le
af

 
S

te
m

 
le

av
es

 
le

af
 

S
te

m
 

8 4 
N

on
-g

lu
co

s~
di

c r
es

id
u

es
 

(%
 m

 a
ce

ll
u

lo
se

) 
N

on
-g

k
os

iQ
c 

re
si

du
es

 
m

 w
A

h
&

xe
* 

11
5 

2 
19

 
5 

07
 

9 
70

 
8 

42
 

48
2 

3 
56

 
3 

22
 

60
0 

42
5 

46
8 

1 
86

 
3.

96
 

2 
30

 
1.

89
 

E
 

85
2 

33
1 

5 
56

 
12

.1
 

12
4 

5 
77

 
4.

81
 

4 
63

 
6 

12
 

5 
88

 
65

7 
27

5 
5.

66
 

5.
12

 
2.

77
 

. 
X

yl
os

e/
ar

al
Jm

os
e r

at
lo

 
m

 a
-c

el
lu

lo
se

 
11

2 
18

2 
23

3 
1.

81
 

1 
75

 
16

3 
1.

59
 

1.
66

 
15

5 
14

9 
16

1 
1.

92
 

14
6 

2 
24

 
2.

20
 

X
yl

os
e/

ar
ab

m
os

e 
ra

ti
o 

in
 

to
ta

l h
em

xe
ll

u
lo

se
 

X
yl

os
e/

ar
ab

m
os

e 
ra

tl
o 

-m
od

&
d 

va
lu

et
 

16
2 

1.
77

 
22

1 
52

2 
27

9 
30

0 
3.

56
 

5.
58

 
3 

46
 

3 
40

 
3 

63
 

65
8 

40
8 

41
1 

6.
54

 
z 

15
8 

1.
77

 
21

0 
48

1 
26

6 
2.

92
 

3.
47

 
5 

40
 

3.
34

 
3.

29
 

35
0 

64
5 

3.
91

 
40

1 
64

2 
; 2 

*,
 t

 S
ee

 fo
ot

n
ot

es
 t

o 
T

ab
le

 3
. 





Polysaccharides in the non-endospermic trssues of the oat plant 1291 

allowed to germinate over a period of 2-3 days in the dark on acrd-washed sand at 24”. Growth was then 
wnthmed in clean an in the laboratory but under othenvrm normal wndrhons of day and mght. Immediately 
after laboratory harvestmg, the plants were dmxcted (Table 1) and the ttssues treated as prevrously, 

Isolation of the total hemicelldoses and a-cellubses. The moisture wntent of each plant tissue was deter- 
mined and, after del~cation of the trssues. each was treated succwu vely wrth 5 % and 24 % KOH soluttons 
After quantrtatrve rsolatmn, the moisture and ash wntentsl~ of each total hermcellulose were determmed and 
the moisture wntent of the wrrespondmg cr-cellulose was also determined. A small proportron of several 
volable degradatron products was detected when the hydrolysates of the varrous a-celluloses were quantrta- 
tively examhxd. A wnvenient standard, 2-dwxy-D-gluwse, was hrtroduced after the hydrolyses of each 
a-c&nose and before the reduction. The entrre hydrolysis of each a-cellulose sample (w. 20 mg) was camed 
out m a single hydrolysis tube thereby avordmg handling losses. To each sample, HISO* (720/, w/w; co. 
0.5 ml), was added and the tube heated at 37” for 1 hr by which tune drssolution of each a-c&dose was 
complete The solutron was dduted to cu. 3 ml and the heating wntmued at 100” for 12 hr. 
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I2 L. E. WISE, M. MURPHY and A. A. D’ADD~ECO, Paper D&e J. 122,35 (1946). 


