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SUGARS AND SUGAR ACIDS I N  LIGNOSULPHONATE PRODUCTS 

J. M a r t i n  MacLeod 

P u l p  and Pape r  Resea rch  I n s t i t u t e  of Canada,  
570 S t .  J o h n ' s  Blvd.,  

P o i n t e  Claire ,  P.Q., Canada. H9R 359. 

and 

J u l i u s  v. Benko, 
Reed Ltd. ,  Chemical P r o d u c t s  D i v i s i o n ,  

10, b o d .  des Capuc ins ,  
QuBbec, P.Q., Canada. G1K 7N1. 

ABSTRACT 

The monosaccharide c o n t e n t s  oE s o l i d  l i g n o s u l p h o n a t e  p r o d u c t s  
f rom s p e n t  s u l p h i t e  l i q u o r s  were de te rmined  by c a p i l l a r y  g a s  chro- 
matography.  The predominant  monosaccharide was mannose i n  two 
so f twood  c a l c i u m  b i s u l p h i t e  cases, and xylose i n  a hardwood ca l c ium 
b i s u l p h i t e  case. Monosaccharide a n a l y s i s  b e f o r e  and a f t e r  u l t r a -  
f i l t r a t i o n  of l i g n o s u l p h o n a t e s  showed t h a t  a b o u t  10-25% of t h e  
n e u t r a l  s u g a r s  d i d  not  p a s s  th rough  t h e  membranes, and presumably 
r ema ined  a s s o c i a t e d  w i t h  t h e  l i g n o s u l p h o n a t e s .  Chemical  "de-sugar- 
i n g "  t r e a t m e n t s  removed a l l  but traces of t h e  monosaccha r ides ;  
when h o t  aqueous sodium hydrox ide  was used f o r  t h i s  pu rpose ,  t h e  
main p r o d u c t s  were 3-deoxy c a r b o x y l i c  a c i d s  d e r i v e d  from t h e  
h e  xos e s . 

INTRODUCTION 

The major  o r g a n i c  components of s p e n t  s u l p h i t e  l i q u o r  are  

l i g n o s u l p h o n a t e s  and low-molecular-weight ,  w a t e r - s o l u b l e  p r o d u c t s  

d e r i v e d  from c a r b o h y d r a t e s .  During s u l p h i t e  p u l p i n g ,  t h e  l i g n i n  i n  
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208 MAC LEOD AND BENKO 

the wood is solubilized by sulphonation and acid hydrolysis, and 

its macromolecular structure is also changed substantially. 

Further radical changes in the lignosulphonates may occur during 

subsequent treatments used for the preparation of chemical products 

therefrom. 

Simultaneously, some wood carbohydrates are also solubilized 

during pulping, primarily through hydrolysis of hemicelluloses, and 

these compounds are equally subject to a variety of chemical 

changes during the remainder of pulping and in subsequent treat- 

ments of the spent sulphite liquor ( S S L ) .  In most SSL-derived 

chemical products, the spent sulphite liquor is used without frac- 

tionation; hence, chemical changes in both of the major components 

are potentially important. The lack of detailed information on 

changes in the carbohydrate fraction is certainly hindering ratio- 

nal product development. 

Major industrial uses of SSL products are: binder applica- 

tions, such as animal feed pelletizing, briquetting, road treat- 

ment, and components in phenol formaldehyde and urea formaldehyde 

resins; dispersant applications, such as o i l  well drilling, organic 

dyes, concrete, and gypsum; and tanning applications. 

The five common "wood sugar" monomers (arabinose, xylose, 

mannose, galactose, and glucose) are usually found in varying 

proportions in lignosulphonate samples obtained from spent sulphite 
liquor. The presence of these monomers poses two important ques- 

tions: Do they affect the performance of a lignosulphonate pro- 

duct? And does their fate in lignosulphonate processing indicate 

suitable treatment conditions? 

Before such questions could be answered, an accurate means of 
determining the neutral monosaccharide contents of solid lignosul- 
phonate products was needed. The methods already in use were 
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SUGARS AND SUGAR ACIDS 209 

g e n e r a l l y  u n s a t i s f a c t o r y  - e i t h e r  they d i d n ' t  i d e n t i f y  the  in-  

d i v i d u a l  monosaccharides1, were only  , or  involved 

t e d i o u s  work-up procedures  b e f o r e  a n a l y s i s 5 .  To s o l v e  t h i s  

problem, a new a n a l y t i c a l  method was developed. In i t ,  t h e  mono- 

s a c c h a r i d e s  in a dry l ignosulphonate  sample a r e  d e r i v a t i z e d  d i r e c t -  

l y  t o  t r i m e t h y l s i l y l  e t h e r s ,  which a r e  then  analyzed q u a n t i t a t i v e l y  

by c a p i l l a r y  gas chromatography. We have now a p p l i e d  t h i s  tech- 

nique t o  a wide range of l ignosulphonate  samples. 

RESULTS AND DISCUSSION 

Monosaccharides i n  commercial l ignosulphonate  products  

Three d i f f e r e n t  l ignosulphonate  samples were analyzed f o r  

monosaccharide conten t .  Sample A was the  spray-dried product  from 

t h e  spent  l i q u o r  of a low-yield calcium b i s u l p h i t e  cook of spruce 

c h i p s .  Sample B was produced by ion-exchanging Sample A i n t o  the  

sodium form; t h i s  was done in an i n d u s t r i a l  o p e r a t i o n .  Sample C 

w a s  der ived  from a low-yield calcium b i s u l p h i t e  cook of mid-western 

U . S .  hardwood chips .  All t h r e e  were commercial samples. Table  I 

shows t h e  i n d i v i d u a l  and t o t a l  monosaccharide c o n t e n t s  of samples 

A ,  B ,  and C; t h e  d e t a i l s  of the  a n a l y t i c a l  procedure are given in 

t h e  Experimental  s e c t i o n .  

A l l  t h r e e  samples contained a p p r e c i a b l e  amounts of uwnosac- 

c h a r i d e s .  Samples A and B, which o r i g i n a t e d  from t h e  cooks of 

sof twoods,  were c h a r a c t e r i z e d  by high mannose c o n t e n t s ,  while  

Sample C from t h e  hardwood cook was h i g h e s t  in xylose  c o n t e n t .  

These r e s u l t s  a r e  i n d i c a t i v e  of t h e  h y d r o l y s i s  of glucomannan in 

t h e  softwood cases and xylan i n  t h e  hardwood case. Note t h a t  the  

r e s u l t s  i n  Table  I r e f l e c t  the  f a t e  of t h e  most e a s i l y  hydrolyzed 

carbohydra te  components of the  wood a t  t h e  end of s u l p h i t e  cooking, 

and cannot be r e l a t e d  t o  t h e  carbohydra te  composition of t h e  un- 

d i s s o l v e d  polysacchar ide  f r a c t i o n  ( i . e . ,  t h e  pulp)  u n l e s s  t h e  t o t a l  

carbohydra te  composition of the  wood is known. 
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210 MAC LEOD AND BENKO 

TABLE I 

MONOSACCHARIDES (AS WEIGHT PERCENT) IN 
COMMERCIAL LIGNOSULPHONATE PRODUCTS 

Sample Arabinose Xylose Mannose Ga lac tose  Glucose TOTAL 

A 1.1 4.3 10.1 2.8 2.6 20.9 
B 0.6 2.0 6.9 1.7 2.1 13.3 
C 0.5 10.7 3.3 0.8 1.2 16.5 

~~ ~ 

S ( a ) ,  by G€ 
a n a l y s i s  13 .O 29.4 15.5 22.7 19.4 100 

weight 13.7 30.2 15.3 21.8 19.0 100 
S ( a ) ,  by 

~~ 

( a )  Sample S was a "b l ind"  c a l i b r a t i o n  sample c o n t a i n i n g  t h e  f i v e  mono- 
saccha r ides  of i n t e r e s t .  

A c a p i l l a r y  gas chromatogram of sample B is i l l u s t r a t e d  in 

F i g u r e  1. Because t h e  monosaccharides  were d e r i v a t i z e d  as tri- 

m e t h y l s i l y l  e t h e r s ,  one peak a p p e a r s  f o r  each s t a b l e  isomer of each 

n e u t r a l  s u g a r .  Thus ,  a r a b i n o s e  and x y l o s e  are r e p r e s e n t e d  by f o u r  

peaks  each ,  c o r r e s p o n d i n g  t o  the  a- and B-furanose and a- and B- 

p y r a n o s e  i s o m e r s .  Mannose and g l u c o s e ,  on t h e  o t h e r  hand,  are 

found o n l y  in t h e  a- and B-pyranose forms i n  t h e s e  samples .  U n l i k e  

o u r  ear l ier  e x p e r i e n c e  w i t h  packed GC columns,  t h e  e x c e l l e n t  

r e s o l u t i o n  on t h e  30 m g l a s s  c a p i l l a r y  column used i n  t h i s  work 

p e r m i t t e d  us  t o  i d e n t i f y  a l l  t h e  i somers  and t o  p r o p e r l y  recombine 

them t o  d e t e r m f n e  t h e  monosaccharide c o n t e n t s .  F o r  r e f e r e n c e  , 
F i g u r e  1 also shows a c a l i b r a t i o n  chromatogram c o n t a i n i n g  a l l  f i v e  

monosaccha r ides  of i n t e r e s t ,  and Tab le  I shows t h e  a n a l y s i s  of a 

" b l i n d "  c a l i b r a t i o n  sample (S). 

Monosaccha r ides  in l i g n o s u l p h o n a t e  samples  
a f t e r  chemica l  and p h y s i c a l  t r e a t m e n t s  

Sample R was also t h e  p a r e n t  material of a f a m i l y  of l fgno-  

s u l p h o n a t e  p r o d u c t s  d e r i v e d  by p h y s i c a l  and c h e m i c a l  means. As 

F i g u r e  2 shows , f i v e  d i f f e r e n t  l i g n o s u l p h o n a t e  r e t e n t a t e  f r a c t i o n s  
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I SAMPLE B 1 
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RETENTION 
I I I I I I I I TIME. 
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X 
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RETENTION 
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Figure 1. Capillary gas chromatograms of trimethylsilylated mono- 
saccharides in lignosulphonate sample B, and a calibra- 
tion sample. Some of the unidentified peaks in B are 
probably sugar acids and lactones. GC Condition A. A = 
arabinose, X * xylose, M = mannose, GAL = galactose, G = 
glucose. 
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ULTRAFILTRATION 
RETENTATES 

MAC LEOD AND BENKO 

PARENT 
MATERIAL a- = 20% NaOH 

8-3-2 

PHYSICAL CHEMICAL 
TREATMENT 

F i g u r e  2 .  P a r e n t  l ignosulphonate  product  B was f r a c t i o n a t e d  by 
u l t r a f i l t r a t i o n  i n t o  f i v e  d i f f e r e n t  r e t e n t a t e  samples. 
Aqueous sample B-3 was subsequent ly  exposed t o  high- 
tempera ture  t reatment  with or  wi thout  NaOH.  

( i . e . ,  t h e  material which d i d  not pass through t h e  membrane) were 

produced from B by u l t r a f i l t r a t i o n .  The process ing  c o n d i t i o n s  were 

such  t h a t  sample B-1 had t h e  h ighes t  r e t e n t i o n  of l ignosulphonates ,  

B-5 t h e  lowest .  Because u l t r a f i l t r a t i o n  was being used t o  f r a c -  

t i o n a t e  t h e  l ignosulphonates  in the  parent  m a t e r i a l ,  t h e  average 

molecular  weight  of the  r e t a i n e d  l ignosulphonates  increased  in t h e  

o r d e r  B-1 t o  B-5. 

It was of i n t e r e s t  t o  determine t h e  monosaccharide c o n t e n t s  of 

t h e  v a r i o u s  r e t e n t a t e s  a f t e r  u l t r a f i l t r a t i o n .  Table  I1 p r e s e n t s  

t h e  r e s u l t s .  The t o t a l  monosaccharide c o n t e n t s  decreased in t h e  

o r d e r  B-1 3 B-2 > B-3 B-4 > B-5. As might be expec ted ,  most of 

t h e  monosaccharides passed r e a d i l y  through the membrane with t h e  

f i l t r a t e s  ( a l s o  termed permeates) ,  and about  th ree-quar te rs  of the  

s imple  reducing s u g a r s  were removed in going from B t o  B-1. As the  

u l t r a f i l t r a t i o n  p r o c e s s  w a s  aranipulated t o  r e t a i n  e v e r  h i g h e r  

molecular  weight f r a c t i o n s  of l ignosulphonates  ( i . e . ,  going from B- 

1 t o  B-5), t h e  r e s i d u a l  monosaccharide c o n t e n t s  of the  r e t e n t a t e s  
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SUGARS AND SUGAR ACIDS 213 

d e c l i n e d .  The r e s u l t s  a lso showed t h a t  t h e  m n o s a c c h a r i d e s  were 

n o t  c o m p l e t e l y  removed, i n d i c a t i n g  t h a t  small amounts of them may 

be  p h y s i c a l l y  o r  c h e m i c a l l y  a s s o c i a t e d  w i t h  t h e  l i g n o s u l p h o n a t e  

m a t e r i a l ,  t h u s  b e i n g  more d i f f i c u l t  t o  remove t h a n  t h e  f r e e l y -  

d i s s o l v e d  n e u t r a l  s u g a r s .  

A s  in p a r e n t  m a t e r i a l  B ,  p r o d u c t s  B-1 t o  B-5 c o n t a i n e d  mre 

mannose t h a n  any of t h e  o t h e r  f o u r  monosaccha r ides .  

The t r a d i t i o n a l  way of measuring t h e  s u g a r  c o n t e n t  of commer- 

c i a l  l i g n o s u l p h o n a t e  samples  is a " r e d u c i n g  s u g a r  test"'. Its name 

i m p l i e s  t h a t  i t  r e sponds  on ly  t o  t h e  r educ ing  s u g a r s  in t h e  sample.  

As Tab le  I1 d e m o n s t r a t e s ,  however,  t h e r e  was no agreemen t ,  e i t h e r  

i n  a b s o l u t e  v a l u e s  o r  i n  r a n k i n g  of samples ,  between t h e  p e r c e n t  

MONOSACCHARIDES (AS WEIGHT PERCENT) IN 
LIGNOSULPHONATE SAMPLES 

x 
"reducing 

Sample Arabinose Xylose Mannose Galactose Glucose T o t a l  sugars"a 

B 
B-1 
B-2 
B-3 
B-3 
B-4 
B-5 

B-3-1 
B-3-2 

0 . 6  2 . 0  6 . 9  
0.5 0 . 3  1 .9  
0 . 6  0 . 3  1 . 9  
0 .2  0 . 2  1 .4  
0 . 2  0 . 2  1 .4  
0 .4  t 1 .1  
0.1 0 . 1  0 .6  
t 0 0 
t 0 0 

1 . 7  
0 . 3  
0 . 2  
0.3 
0 . 3  
0 . 3  
0.1 
t 
t 

2 . 1  

0 . 9  
0.5 
0.5 
1.0 
0 . 2  
0 

0.8 

t 

13.3  20.3 
3 .8  15 .5  
3 . 9  1 3 . 7  
2 .6  12 .0  
2 . 6  - 
2.8  20 .5  
1 .1  7 . 2  
0 6 .8  
0 10.0 

a The method is desc r ibed  i n  Reference 1 .  For  comparison, t he  fo l lowing  com- 
pounds a l s o  gave p o s i t i v e  responses  t o  the  test:  l a c t i c  a c i d ,  6.0%; 3- 
deoxy-2-C-hydroxymethyl-~-pentonic a c i d  (common name, g l u c o i s o s a c c h a r i n i c  
a c i d ) ,  9.2%; ce l lopen taose .  53.6%; t h e  percentages r e f e r  t o  the  response per 
u n i t  weight where glucose = 100%. 

Denotes trace amount. 
b Dup l i ca t e  samples.  
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214 MAC LEOD AND BENKO 

“reducing  sugars”  and t h e  a c t u a l  monosaccharide c o n t e n t s  of fami ly  

B samples. Product  B-4, f o r  example, had a low monosaccharide 

c o n t e n t ,  but a very high “reducing sugar”  c o n t e n t .  When non- 

reducing  compounds such as carbohydrate-der ived c a r b o x y l i c  a c i d s  

were subjec ted  t o  t h e  reducing sugars  test ,  they a l s o  gave p o s i t i v e  

r e s u l t s  ( see  f o o t n o t e ,  Table  11). Cel lopentaose ,  a pure reducing 

s u g a r  but not a monosaccharide, had about ha l f  t h e  t h e o r e t i c a l  100% 

response .  Thus, t h e  reducing sugars  t e s t  is n e i t h e r  a s u i t a b l e  

method f o r  de te rmining  t r u e  monosaccharide c o n t e n t  in t h e s e  

samples ,  nor a r e l i a b l e  i n d i c a t o r  of what could p r o p e r l y  be termed 

reducing sugars .  

Sample B-3 vas t h e  s t a r t i n g  material f o r  two d i f f e r e n t  chemi- 

c a l  t rea tments  ( s e e  F igure  2 ) .  In one, an aqueous s o l u t i o n  of B-3 

was heated a t  about  150°C f o r  1 hour; the  i n i t i a l  pH of t h e  so lu-  

t i o n  w a s  5.5. I n  t h e  o t h e r ,  aqueous 8-3 was r e a c t e d  with 20% NaOH 

(based on dry l ignosulphonate  c o n t e n t )  f o r  1 hour a t  high tempera- 

t u r e .  Both processes  removed v i r t u a l l y  a l l  t h e  monosaccharides 

from B-3 ( s e e  Table  II), demonstrat ing t h a t  “de-sugaring“ did not 

r e q u i r e  t reatment  i n  s t r o n g  c a u s t i c  s o l u t i o n .  

The a l k a l i n e  degrada t ion  of s imple reducing  s u g a r s  (e.g., 

g l u c o s e )  has been t h e  s u b j e c t  of many s t u d i e s 6 , ’ ,  To g e t  a 

q u a l i t a t i v e  p i c t u r e  of t h e  f a t e  of the  hexoses in going from B-3 t o  

B-3-2, sugar  degrada t ion  products  from B-3-2 were analyzed by gas 

chromatography-mass spectrometry.  F igure  3 shows gas chromatograms 

of t h e  B-3 and B-3-2 products .  Note t h a t  any monosaccharide de- 

g r a d a t i o n  product  bear ing  hydroxyl  groups w i l l  be converted t o  i t s  

t r i m e t h y l s i l y l  d e r i v a t i v e ,  and thereby appear  in t h e  chromatogram. 

Gas chromatographic-mass s p e c t r o m e t r i c  a n a l y s i s  of t h e  com- 

pounds in sample B-3-2 (F igure  3)  showed t h a t  none conta ined  t h e  

ions c h a r a c t e r i s t i c  of t r i m e t h y l s i l y l  d e r i v a t i v e s  of hexoses  ( i . e . ,  

m/e 191, 204, 217,  231, and 361)*s9. The f o u r  most prominent 
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SUGARS AND SUGAR ACIDS 215 

RETENTION 
I 1  I l l  I 

Q 4 8 1 2  1 6  2 0  24  2 8  3 2  3 6  4 0  4 4  MINUTES 
I I J  TIME, 

F i g u r e  3. Exposure of sample B-3 t o  h igh - t empera tu re  t r e a t m e n t  i n  
20% aqueous NaOH gave sample B-3-2; t h e  c a p i l l a r y  gas  
chromatograms show t h e  t r i m e t h y l s i l y l a t e d  compounds i n  
e a c h  sample.  GC C o n d i t i o n  B. The t r e a t m e n t  almost 
c o m p l e t e l y  d e s t r o y e d  t h e  n e u t r a l  monosaccha r ides  in 8-3. 
The mass s p e c t r a  of t h e  p r o d u c t s  l a b e l l e d  1, 2, 2, and 5 
are i l l u s t r a t e d  i n  F i g .  4. 

d e g r a d a t i o n  p r o d u c t s  i n  B-3-2 were i d e n t i f i e d  as t h e  t r i m e t h y l s i l y l  

e t h e r s  of lact ic  a c i d  (Peak l), 2 ,4 -d ihydroxybu ty r i c  a c i d  (Peak 2 ) ,  

3-deoxypentonic  a c i d  (Peak 3 ) ,  and 3-deoxyhexonic a c i d  (Peak 4 ) .  

The mass s p e c t r a  of t h e s e  p r o d u c t s  are i l l u s t r a t e d  i n  F i g u r e  4; 

t h e y  showed good c o r r e l a t i o n  wi th  p r e v i o u s l y  p u b l i s h e d  mass s p e c t r a  

of t h i s  f a m i l y  of 3-deoxy a l d o n i c  a c i d s 6 s 1 0 .  The deoxy a c i d s  

were not  de t e rmined  q u a n t i t a t i v e l y ,  but t h i s  cou ld  be done e a s i l y  

i f  t h e  pu re  compounds were a v a i l a b l e .  A l l  f o u r  compounds are major 

p r o d u c t s  of t h e  r e a c t i o n  of g l u c o s e  ( o r  mannose) w i t h  aqueous 

sodium hydrox ide6 .  
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Figure 4. Major components of sample B-3-2 were identified by 

their mass spectra: 1 - lactic acid; 2 - 2 . 4  dihydro- 
xybutyric acid; 3 -5deoxypentonic acid; 2 - 3-deoxy- 
hexonic acid. 

SUMMARY 

Capillary gas chromatographic analysis of monosaccharides in 
lignosulphonate products is a quantitative and relatively simple 

technique. It can show the amounts and identities of the individu- 
al neutral sugars, and how their concentrations change as a result 
of physical and/or chemical treatments. The derivatization proce- 

dure (trimethylsilylation) also has a bonus -low molecular weight 

acidic products bearing hydroxyl groups will also be derivatized, 

and can be determined along with the monosaccharides. 

EXPERIMENTAL 

Derivatization of samples: Small portions of lignosulphonate sam- 
ples (10-50 mg, depending on estimated total monosaccharide con- 
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loo- 2 4 5  

80 - 
% 60 231 

73 I l 7  l r 7  

4 0  

129 205 

I I h  
133 189 217 

$02TMS 
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3 y z  
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- 313 333 423 
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11 
_-- L 435 525 JJ3 I 

40  - 147 

20 - 103 129 217 

1 
133 205 

m/e 

F i g u r e  4 

HFOTMS 
CH&l TMS M-15 

335 435 525 

t e n t )  were placed i n  4 mL g l a s s  vials ,  then  oven-dried (105°C) t o  

c o n s t a n t  weight .  S i l y l a t i o n - g r a d e  d imethyl  sulphoxide (1.0 mL) w a s  

added t o  d i s s o l v e  the  sample; t h e  DMSO conta ined  a known amount of 

myo-inosi tol ,  the  i n t e r n a l  s tandard .  Tr i -S i1  Concentrate  ( P i e r c e  

Chemical Co., Rockford, I L )  (0.5 mL) w a s  added. A f t e r  warming and 

shaking  f o r  2 h or  more, the  s o l u t i o n  was allowed t o  s e t t l e  i n t o  

two l a y e r s ;  t h e  GC sample  was taken from the  upper l a y e r  and was 

i n j e c t e d  into the  chromatograph. When s t o r e d  i n  a r e f r i g e r a t o r ,  

t h e  t r i m e t h y l s i l y l a t e d  monosaccharides were s t a b l e  f o r  s e v e r a l  

months. 

Gas chromatography: Hewlett-Packard 5880 chromatograph with flame 

i o n i z a t i o n  d e t e c t o r ;  J & W 30 m x 0.25 m i - d .  fused s i l i c a  column 

Coated with SE-30; helium as carrier gas; split-mode i n j e c t i o n ,  

r a t i o  1:40. Temperatures: i n j e c t o r ,  23OoC; d e t e c t o r ,  250°C; 

Column, Condit ion A, 160°C t o  220°C a t  1.5'C/min, Condi t ion B, 
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8 5 ° C  to  130°C a t  2.0aC/min, then 130°C t o  220'C a t  5.0"C/min. The 

i n t e r n a l  s t a n d a r d  method was used f o r  q u a n t i t a t i o n  of t h e  f i v e  key 

monosaccharides, t h e  response f a c t o r  of each being determined from 

t h e  pure compound. 

With e i t h e r  pure xylose  or  g lucose ,  t h e  lower d e t e c t i o n  l i m i t  

w a s  -1 vg, and t h e  d e t e c t o r  gave a l i n e a r  response  from 1 pg t o  at  

l e a s t  20 vg. S e v e r a l  d i f f e r e n t  l ignosulphonate  samples were sub- 

j e c t e d  t o  m l t i p l e  de te rmina t ions  of t o t a l  monosaccharide conten t ;  

t h e  r e s u l t s  agreed t o  22% by weight. Four d i f f e r e n t  l ignosulpho-  

n a t e  samples were analyzed by GC and by l i q u i d  chromatographyl l ;  

both methods ranked the  i n d i v i d u a l  monosaccharides i n  t h e  same 

o r d e r ,  and the  weight  percent  va lues  agreed t o  54%. 

Gas chromatography-mass spectrometry:  Hewlett-Packard 59856 

i n s t r u m e n t  with computer-based o p e r a t i o n s  and d a t a  system; e l e c t r o n  

impact i o n i z a t i o n  mode, 70 e V ;  scan range,  50-550 amu; i o n i z i n g  

chamber tempera ture ,  200°C; GC Condit ion B. 
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