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RAPID H P L C  PETHODS FOR T H E  SEPARATION 

P N D  QCANTITATION OF A PONO-, n1- ,  A N D  

TRI-SPCCHARIDES CIXTURE A N D  APPLICATIONS. 

H . P .  Ghe rn a t i , K . Abde ddai m , P. H . Cue rmouche 
I n s t i t u t e  of c h e m i s t r y ,  U S T H B ,  PB n"9 ; 

Dar-El-Beida , A l g i e r s  , ALGERIA 

ABSTRACT 

A s imple ,  r ap id  method has been developed f o r  t h e  sepa -  
r a t i o n  a n d  q u a n t i t a t i o n  of mono-,di- ,  and t r i - s a c c h a r i -  
d e s .  The method u t i l i z e s  a 30cmx 3.9mm i . d .  P ic robonda-  
p a k  FIH column, r e f r a c t i v e  index d e t e c t i o n  and w a t e r -  
a c e t o n ? t r i l e  e l u t i o n .  Two chromatographic  sys te f l s  a r e  
d e s c r i b e d .  The i s o c r a t i c  mode was necessa ry  t o  deve lop  
a p rocedure .20  Carbohydra t e ' s  r e t e n t i o n  t imes  were eva-  
l u a t e d .  To op t imize  t h e  s e p a r a t i o n  of  n i n e  w a t e r - s o l u b l e  
suga r s  , a g r a d i e n t  mode flow-programming was used. 
S e p a r a t i o n  was achieved  w i t h i n  2 8  minu tes .  The low de tec  
t i o n  l i m i t  ( 4  n:icrograms)  of t h e  above chromatographic  
procedure  a n d  i t s  d i f f e r e n t  p o s s i b i l i t i e s  could  be of 
g r e a t  i n t e r e s t  t o  t h e  a n a l y s t .  The method has been suc-  
c e s s f u l  l y  a p p l i e d  t o  q u a n t i f y  the  major  ca rbohydra t e s  
found i n  two types  of  commercial honey. 

I N T R O D U C T I O N  

There a r e  r ra inly two t echn iques  f o r  t h e  s e p a r a t i  

a n d  q u a n t i t a t i o n  of ca rbohydra t e s  i n  H P L C .  

1725 
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1726 GHERNATI ,  ABDEDDAIM, AND GUERMOUCHE 

C e r i v a t i z e e  s u g a r s ,  s o l u b l e  i n  t h e  n o n - p o l a r  s o l -  

v e n t s  and  d e t e c t e d  by U\' a b s o r p t i o n  a t  an a p p r o p r i a t e  

w a v e l e n g t h ;  w a t e r - s o l u b l e  s u g a r s  which  can b e  d i r e c t l y  

e l u t e d ,  w i t h o u t  p r e t r e a t m e n t ,  w i t h  c o l o r i r e t r i c ,  r e f r a c -  

t i v e  i n d e x  a n d / o r  L!V a b s o r p t i o n  d e t e c t i o n s ,  

As p o i n t e d  o u t  so  o f t e n ,  t h e  g a i n  i n  sens t i v i t y  

and the  r e s o l v i n g  power are a d v a n t a g e s  o f  t h e  f r s t  pe- 

t h o d .  I s o m e r i z a t i o n  can  even be  a v o i d e d  by work ng u n d e r  

e x t r e m e l y  r i g o r o u s  c o n d i t i o n s  ( 1 ) .  However,  t h e  d e r i v a -  

t i z a t i o n  i s  cumbersome; d e r i v a t i v e  p r e p a r a t i o n  i s  time- 

consuming ,  and d e r i v a t i v e  r e c o v e r y  i s  s e l d o m  q u a n t i t a t i -  

ve .  P o r e o v e r ,  o t h e r  p h y s i c o - c h e m i c a l  methods  o f  a n a l y s i s  

a r e  needed  t o  i d e n t i f y  t h e  b y - p r o d u c t s  which  v e r y  o f t e n  

r e s  u 1 t f rom de r i  v a t  i z a t i  o n .  

F o r  t h e  s e c o n d  me thod ,  n u n e r o u s  modes o f  H P L C  have  

been  i n v e s t i g a t e d  and  r e p o r t e d  i n  t h e  l i t e r a t u r e .  I o n -  

?xchange  co lumns  f o r  H P L C  have  been  e v a l u a t e d  ( 2 ) ;  t h e y  

Sequi re  l o n g  c h r o K a t o g r a p h i c  runs. The t r e n d  t o  f a s t  

e p a r a t i o n s  i n  c a r b o h y d r a t e  a n a l y s i s  can  be seen f ron?  

l e  i n c r e a s i n g  use o f  s i l o x a n e - b o n d e d  phases  a s  s t a t i o -  

r y  p h a s e .  

e m u s t  w i d e l y  used  s t a t i o n a r y  p h a s e  i s  an a m i n o - p r o p y l  

) u p  bonded t o  s i l i c a g e l  ( 3 - 8 ) .  Besides t h i s  amino p h a s e ,  

no and  c o m b i n a t i o n s  o f  amino and  cyano  have  been  u s e d  

c e s s f u l l y  ( 9 ) .  ! J i t h  t h e  m o d e r a t e l y  p o l a r  s t a t i o n a r y  

, e s ,  t h e  most  s u i t a b l e  p o l a r  m o b i l e  p h a s e  r e m a i n s  
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MONO-, DI-, AND TRI-SACCHARIDES 1727 

w a t e r - a c e t o n i t r i l e  i n  d i f f e r e n t  r a t i o s .  I n  t hese  chroma-  

t o g r a p h i c  s y s t e m s ,  t h e  c a r b o h y d r a t e s  a r e  a n a l y z e d  w i -  

t h o u t  p r i o r  c h e m i c a l  t r a n s f o r m a t i o n  . The means o f  d e t e c -  

t i o n s  u s u a l l y  employed  a r k  : r e f r a c t i v e  i n d e x ,  and  U V  

d e t e c t i o n  a t  188 nm ( 1 0 )  o r  a t  1 9 2  nm (11) .  

The aim o f  t h i s  work was t o  s t u d y  the  c h r o m a t o g r a -  

p h i c  b e h a v i o u r  o f  a r a n g e  o f  mono-, d i - ,  and  t r i - s a c c h a -  

r i d e s  on a mic robondapak  N H 2  column w i t h  r e f r a c t i v e  i n d e x  

d e t e c t i o n .  T h e  s e p a r a t i o n  and  q u a n t i t a t i o n  w e r e  a l s o  

e v a l u a t e d  t o  determine t h e  m a j o r  s u g a r s  c o n t a i n e d  i n  two 

t y p e s  o f  A l g e r i a n  h o n e y s .  

PATERI ALS 

R e a g e n t s  : 

The a c e t o n i  t r i  l e ,  s p e c t r o p h o t o r n e t r i c  g r a d e ,  was o b t a i n e d  

f rom E .  P e r c k ,  D a r m s t a d t  ( G F R ) ,  and Eastman ( U S A ) ; a c e t i c  

a c i d  f rom E .  V e r c k ;  s u g a r s  and s u g a r s  a l c o h o l s  a r e  r e f e -  

r e n c e  s u b s t a n c e s  f o r  c h r o m a t o g r a p h y ,  p u r c h a s e d  f rom E .  

P e r c k .  

The s t u d i e d  honeys  were  a v a i l a b l e  f r o m  Sogedia(ALGER1A). 

The s t a n d a r d s  were  p r e p a r e d  by d i s s o l v i n g  amounts  o f  

c a r b o h y d r a t e s  i n  d i s t i l l e d  w a t e r  i n  t h e  r a n g e  20-100 

mg/ml ( 2 - 1 0 % w / v ) .  The we ighed  honey s a m p l e s  were  d i l u -  

t e d  w i t h  w a t e r - a c e t o n i  t r i  l e  m i x t u r e  (50/46 v / v )  , f i  1 t e -  

red and  i n j e c t e d  d i r e c t l y  i n t o  t h e  c h r o m a t o g r a p h .  
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1728 GHERNATI , ABDEDDAIM, AND GUERMOUCHE 

A p p a r a t u s  : 

Chromatograms were  run on : 

a K a t e r s  A s s o c i a t e s  l i q u i d  c h r o m a t o g r a p h  model A L C / G P C  

244 e q u i p p e d  w i t h  t w o  F” 6000  s o l v e n t  d e l i v e r y  s y s t e m s ,  

a P 6 6 0  s o l v e n t  p rogrammer ,  a U-6K u n i v e r s a l  i n j e c t o r  

and a F”R 401  r e f r a c t i v e  i n d e x  d e t e c t o r .  

Two r e c o r d e r s  were  employed  : 

Houston  I n s t r u m e n t s  Omniscribe ( A u s t i n ,  T e x a s ) o p e r a t e d  

a t  10 m\’ s e n s i t i v i t y  ( A t t e n u a t i o n  : 8 x )  and  a c h a r t  

s p e e d  o f  0 . 1  i n / m i n  f o r  s e p a r a t i o n s ;  

S e f r a m  S e r v o t r a c e  ( t y p e  P E  P a r i s )  used  a t  v a r i a b l e  v o l -  

t a g e  r a n g e  ( A t t e n u a t i o n  : 256-16 x )  and a c h a r t  s p e e d  

o f  0 . 1  i n / m i n  f o r  q u a n t i t a t i o n s  ( e . g . ,  c a l i b r a t i o n s  

c u r v e s ) .  The s e p a r a t i o n s  were  c o n d u c t e d  w i t h  a 30cm x 

3.9mm i . d .  P i c r o b o n d a p a k  N H 2  s t a i n l e s s  s t e e l  column 

( M a t e r s  A s s o c i a t e s ) .  The s a m p l e s  were i n j e c t e d  w i t h  a 

10 m i c r o l i t e r  s y r i n g e  ( S c i e n t i f i c  g l a s s  E n g i n e e r i n g  

P . T . Y . / L t d ,  AUSTRALIA) f o r  s e p a r a t i o n s  and  1 ,  5 ,  10  and 

20 m i  c r o l  i t e r  s y r i  nges  (Hami 1 t o n  Co. , Reno ,Nevada )  f o r  

q u a n t i t a t i o n s .  F i l t r a t i o n  o f  c a r b o h y d r a t e  s t a n d a r d s  and  

honey s o l u t i o n s  was c a r r i e d  o u t  u s i n g  Wate r s  A s s o c i a t e s  

s ample  c l  a r i  f i  c a t i o n  k i t  ( 0 . 4 5  m i  c r o n s  p o r e  s i z e  , a q u e o u s  

s o l v e n t  f i l t r a t i o n  d i s k ) .  T h e  s o l v e n t s  were  f i l t e r e d  

u s i n g  a P y r e x  f i l t e r  h o l d e r ;  0 . 4 5  m i c r o n s  p o r e  s i z e , t y p e  

H A  o f  t h e  f i l t e r  membrane ( V i l l i p o r e  C o r p . ,  B e d f o r d ,  

P a s s .  ) . 
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MONO-, DI-, AND TRI-SACCHARIDES 1729 

YETHODS 

The c h r o m a t o g r a p h i c  s y s t e m  was employed  i n  t h e  

s i n g l e - p u m p  i s o c r a t i c  pode  f o r  d e v e l o p m e n t  o f  a p r o c e -  

d u r e  and  i n  t he  s i n g l e - p u m p  g r a d i e n t  f l o w  r a t e  mode t o  

e s t a b l i s h  t h e  b e s t  c h r o m a t o g r a p h i c  c o n d i t i o n s  f o r  t he  

r o u t i n e  a n a l y s l s .  A 1  1 c h r o m a t o g r a p h i c  a n a l y s e s  were 

c a r r i e d  o u t  a t  room t e m p e r a t u r e  ( c a .  2 0 - 2 2 " c ) .  The s o l -  

v e n t  m i x t u r e s  were  d e g a s s e d  b e f o r e  e a c h  a s s a y .  A f t e r  

g r a d i e n t  f l o w - r a t e s ,  t h e  g r a d i e n t s  were r e v e r s e d  f o r  

10  m i n  t o  r e e s t a b l i s h  i n i t i a l  c o n d i t i o n s .  F l o w - r a t e s  

were  m a i n t a i n e d  be tween  0 . 8  and 2 . 5  ml /min .  I J a t e r -  

a c e t o n i t r i l e  m i x t u r e s  were  used  a s  e l u t i o n  s o l v e n t  and  

a l l  q u a n t i t a t i o n s  ir? t h i s  r e p o r t  w e r e  made on t h e  b a s i s  

o f  peak  h e i g h t  m e a s u r e m e n t s .  

RESULTS A N D  D I S C U S S I O N  

The p o r o u s  s u p p o r t  o f  t he  u s e d  column i s  made by 

c h e m i c a l l y  b o n d i n g  a n  amino  g r o u p  t o  s i l i c a g e l  m i c r o p a r -  

t i c l e s  ( m i c r o p o r a s i l )  a t  9% b y  w e i n h t  ( 1 2 ) .  N i t h  t h i s  

s t a t i o n a r y  p h a s e ,  t he  f i r s t  a p p r o a c h  was t o  s t u d y  t h e  

p o l a r i t y  e f f e c t  o f  t h e  w a t e r - a c e t o n i  t r i  l e  mohi l e  p h a s e  

(by  i n c r e a s i n g  t he  p e r c e n t a g e  o f  w a t e r ) w i  t h  a 5-mono- 

s a c c h a r i d e  s e p a r a t i o n .  The b e s t  e l u t i o n - w i t h ,  h o w e v e r ,  

some b r o a d  p e a k s  - had been  o b t a i n e d  by u s i n g  t h e  above  

n :ob i l e  p h a s e  i n  t h e  r a t i o  10/90 ( F i g u r e  l a ) .  T o  improve  
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FICURE I a  : I s o c r a t i c  mode s e p a t i o n  o f  5 m o n o s a c c h a r i d e s :  
1.D ( + ) - x y l o s e ;  2 . L ( + ) - a r a b i n o s e ;  3.D(-)- 
f r u c t o s e ;  4 . C ( + ) - g l u c o s e ;  S . D ( + ) - ? a l a c t o s e .  
S o l v e n t  : I l a t e r / A c e t o n i t r i l e  10190. Chromato- 
n r a p h i c  c o n d i t i o n s  were  t h e  same as i n  T a b l e  1 .  

mn 

FICURE l b  : I s o c r a t i c  mode e l u t i o n  o f  d i - ,  and t r i -  s a c -  
c h a r i d e s  w i t h  t h e  same c o n d i t i o n s  a s  i n  
T a b l e  2 .  The p e a k s  1,2,3 and 4 c o r r e s p o n d  
t o  : s u c r o s e ,  R a l t o s e ,  l a c t o s e  and  r a f f i n o s e  
r e s p e c t i v e l y  . 
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MONO-, DI-, AND TRI-SACCHARIDES 1731 

t h e  p e a k s  symmet ry ,  we r e f e r e d  t o  T L C . B o l l i ? e r  and 

c o - w o r k e r s  ( 1 3 )  a d v i s e  r c o d i f i c a t i o n ,  i n  t h i s  c a s e , o f  

t h e  e l u t i n g  s o l v e n t  pH by s m a l l  amounts  o f  b u f f e r s  s u c h  

a s  Na3P04, K H 2 P 0 4 ,  C H 3 C O O H ,  e t c .  

In t h e  p r e s e n t  s t u d y ,  a v a r i a b l e  amount o f  CH3COOl . (  

was added  t o  n o d i f y  t he  r r o b i l e  p h a s e  p t t .  T h e r e b y , t h e  b e s t  

e f f i c i e n c y  and r e s o l u t i o n  were  a c h i e v e d  by a c e t o n i  t r i l e -  

w a t e r - a c e t i c  a c i d  ( 9 0 / 0 9 / 0 1 )  e l u t i o n .  l ' i t h  t h i s  m i x t u r e ,  

1 7  c a r b o h y d r a t e s  were  e l u t e d  s e q u e n t i a l l y .  T h e i r  r e t e n -  

t i o n  t i m e s  a r e  i n d i c a t e d  i n  T a b l e  1. kJe can c o n c l u d e  

t h a t  t h e  d i -  , a n d  t r i - s a c c h a r i d e s  a r e  s t r o n g l y  r e t a i n e d  

by t h e  s t a t i o n a r y  p h a s e .  I n d e e d ,  t h e  e l u t i o n  t i r e s  o f  

t h e s e  s u g a r s  e x c e e d  one  h o u r .  T h i s  same e l u t i n g  s o l v e n t  

a l l o w e d  us t o  s e p a r a t e  6 n o n o s a c c h a r i $ e s  ( F i n u r e  2 a )  and 

a f r u c t o s e - g l u c o s e - w a n n o s e  v i x t u r e  whose d i f f i c u l t y  o f  

s e p a r a t i o n  i s  o f t e n  m e n t i o n e d  i n  t h e  l i t e r a t u r e  ( 1 4 )  .The 

e l u t i o n  o f  t h i s  m i x t u r e  was c a r r i e d  o u t  by r e c y c l i n g  t h e  

p a r t i a l l y  f r a c t i o n a t e d  components  ( F i g u r e  2 b ) .  With r e -  

Gard t o  d i - , a n d  t r i - s a c c h a r i d e s  , t h e y  c a n n o t  b e  e l u t e d  

w i t h  r e a s o n a b l e  r e t e n t i o n  t i m e s  u s i n g  a c e t o n i  t r i  l e -  

w a t e r - a c e t i c  a c i d  i n  t h e  r a t i o  90/9/1. li'e a t t r i b u t e  

t h i s  f a c t  t o  t h e  p o o r  s o l u b i l i t y  o f  d i - a n d  t r i - s a c c h a r i -  

d e s  i n  t h e  above  s o l v e n t .  T h i s  can  be i n p r o v e d  by 

i n c r e a s i n g  t h e  p o l a r i t y  o f  t h e  m o b i l e  p h a s e ( i . e .  b y  i n -  

c r e a s i n g  t h e  w a t e r  c o n t e n t ) .  A f t e r  many a s s a y s ,  a s a t i s -  

f a c t o r y  S e p a r a t i o n  o f  f o u r  d i - a n d  t r i - s a c c h a r i d e s  was 
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1732 GHERNATI, ABDEDDAIM, AND GUERMOUCHE 

TABLE 1 

I s o c r a t i c  P o d e  E l u t i o n  o f  1 7  C a r b o h y d r a t e s  

a " ) O p c r a t i n g  C o n d i t i o n s  
C o l  u r n  : n i  c r o b o n d a p a k  F!H2 
A t t e n u a t i o n  : 8 x  
P r c s  s u r e  : 400 p s i .  
S o 1 v e n  t : C H 3 C M / H 2 @ / C H 3 C C O H  ( 9 0 / 0 9 / 0 1 )  
F l o w - r a t e  : 1 .5  m l  / m i n .  
C h a r t  s p e e d  : 0 . 1  i n / m n .  
I n j e c t i o n s  : 10 m i c r o l i t e r s  o f  e a c h  o f  

s a m p l e s  a t  l O % ( w / v ) .  

b " ) R e t e n t i o n  T i m e s  : 

: Conrpound : R e t e n t i o n  T i m e s  ( m i n . )  

: 2 - P e s o x y - 0 - r i b o s e  
: L ( t ) - R h a m n o s e  
: D ( - ) - R i b o s e  
: P e s o - E r y t h r i  t o 1  : D ( t ) - X y l o s e  
: L ( t ) - A r a b i n o s e  
: L ( - ) - S o r b o s e  : D (  - ) - F r u c t o s e  
: 0 ( + ) - P a n n o s e  
: D ( t ) - G l u c o s e  
: D ( - ) - S o r b i t 0 1  
: D ( t ) - G a l a c t o s e  : D ( - ) - Y a n n i t o l  
: ? c s o -  I n  0s i t o  1 

: S u c r o s e  
: C e l l o b i o s e  
: V a l t o s e  

T r e h a l o s c  
: L a c t o s e  

4.4 
6 . 2  
6 . 2  
7 . 2  
8 .2  
9 . 2  

1 1 . 8  
11.8 
1 4 . 6  
1 6 . 5  
2 2 . 5  
1 7 . 8  
2 3 . ; .  
6 1 . 3  ( p e a k  t a i l i n g )  

5 9 . 3  ( p e a k  t a i l i n g )  

E 3 . 5  ( p e a k  t a i l i n g )  

9 0 . 8  ( p e a k  t a i l i n g )  

- 
- 

: R a f f i n o s e  - 
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F I G U R E  2a : S e p a r a t i o n  o f  m o n o s a c c h a r i d e s  u n d e r  i s o c r a t i c  
c o n d i t i o n s  o f  T a b l e  1; 3 . 2 - d e o x y - D - r i b o s e ;  
2 .  D( - ) - r i b o s e  ; 3.  m e s o - e r y t h r i  t o 1  ; 4 .  L!( t)- 
x y l  ose  ; 5 .  C ( -  ) - f r u c t o s e  ; 6.0  (t ) - 9 1  u c o s e .  

2 

3 (ID 

1 
I 1 

F I G U R E  2 b  : E l u t i o n  o f  a f r u c t o s e  (1 ) -mannose  ( 2 ) - g l u c o -  
se  ( 3 )  m i x t u r e  ( I ) .  E l u t i o n  p r o f i l e  o f  t h e  
same m i x t u r e  b y  r e c y c l i n g  t h e  m o b i l e  phase  
( f i r s t  p a s s a g e ) ,  4 mn a f t e r  i n j e c t i o n  o f  t h e  
samp le  (11) .  O t h e r  c o n d i t i o n s  were  a s  i n  T a b l e  I .  
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1734 GHERNATI, ABDEDDAIM, AND GUERMOUCHE 

T A B L E  2 

I s o c r a t i c  Pcde E l u t i o p  of Di-,and T r i - s a c c h a r i d e s  

a " )Opera t ing  Condi t ions  : 

Co 1 umn 
A t t enua t ion :  8x 
P r e s s u r e  : 420 p s i .  
F low-ra te  : 1.5 ml/min. 
Chart  Speed: 0 . 1  in /min .  
So lven t  : w a t e r - a c e t o n i t r i l e  ( 2 0 / 8 O ) .  

I n j e c t i o n s  : 5 m i c r o l i t e r s  of each of 

: Picrobondapak NH2 

samples  a t  l O % ( w / v ) .  

b " )Re ten t ion  Times : 

: Compound : Reten t ion  Times ( m i n . )  

: Sucrose 9 . 6  
: Cel lob idse  : 11 .8  
: Maltose 11.7 
: Trehs lose  : 12.8 
: Lactose 13.6 

: Raf f inose  : 2 2 . 0  
: : 

ob ta ined  with w a t e r - a c e t o n i t r i l e  (20 /80 )  as e l u e n t  

( F i g u r e  l b ) .  T h e  o p e r a t i n g  c o n d i t i o n s  and r e t e n t i o n  t i -  

mes of t hese  suga r s  a r e  shown in  Table  2 .  

Frolr t h e s e  r e s u l t s ,  i t  appears  t h a t  a n  e f f e c t i v e  

s e p a r a t i o n  of a trono-, d i - ,  and t r i - s a c c h a r i d e  roixture 

i s  c a r r i e d  o u t  i n  two s t a g e s  : 
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MONO-, DI-, AND TRI-SACCHARIDES 1735 

1 )  E lu t ion  of  monosaccharides  w i t h  CH3CN/H20/CH3C00ti 

a t  9 0 / 0 9 / @ 1 ;  t h e  r e t e n t i o n  t imes of  d i - ,  a n d  t r i - s a c c h a -  

r i d e s  a r e  long a n d  t h e i r  peaks t o o  broad t o  be veasured  

a c c u r a t e l y .  

2 )  E l u t i o n  o f  d i - ,  and t r i - s a c c h a r i d e s  w i t h  C H 3 C N /  

H20 a t  8 0 / 2 0  as  mobile phase .  The r e t e n t i o n  t imes  of mono 

s a c c h a r i d e s  a r e  very s h o r t ;  t h e  r e s o l u t i o n  between t h e i r  

d i f f e r e n t  peaks i s  poor .  

I n  o r d e r  t o  e l u t e ,  ove r  t h e  same chromatogram, a 

mono-, d i - ,  and t r i - s a c c h a r i d e s  complex r r i x t u r e ,  we con- 

s i d e r e d  us ing  a f l o w - r a t e  g r a d i e n t .  

The f l o w - r a t e  g r a d i e n t  a l lows  us t o  change t h e  mobile 

phase f l o w - r a t e  wi th  t i r e .  Such p o s s i b i l i t i e s  a r e  made 

p o s s i b l e  by p a n i p u l a t i n g  t h e  r a t i o  o f  w a t e r  t o  a c e t o n i -  

t r i l e  i n  t he  e l u e n t  and procramming t h e  f l o w - r a t e .  The 

e l u t i o n  of n ine  ca rbohydra t e s  was progravmed ove r  a 20  

m i n .  pe r iod  by us ing  l i n e a r  a n d  concave g r a d i e n t  c u r v e s .  

1 )  Pccord ing  t o  a l i n e a r  flow p r o f i l e ;  CH3CN/H20 

a r e  i n  t h e  r a t i c  8 5 / 1 5 .  When t h e  f l o w - r a t e  i s  i n c r e a s e d  

from 1 t o  2 ml / r r in . ,  we n o t i c e  a poor  s e p a r a t i o n  o f  t h e  

f i r s t  3 monosaccharides  ( i . e . ,  r i b o s e ,  m e s o - e r y t h r i t o l ,  

x y l o s e )  a n d  qooc! r e s o l u t i o n  f o r  t h e  d i - ,  a n d  t r i - s a c c h a -  

r i d e s .  The complete  e l u t i o n  d id  not  exceeded 32 minutes  

( F i g u r e  3 a ) .  

2 )  I*!ith a concave flow p r o f i l e ;  i n  t h i s  c a s e ,  we 

modi f ied  only  t h e  f l o w - r a t e  ( f rom 1 t o  2 . 5  ml/min.)  a n d  
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FICURE 3a : L i n e a r  f l o w - g r a d i e n t  H O / C H  Ch'  ( 1 5 / 8 5 )  e l u -  
t i o n  of  9 c a r b o h y d r a t e g .  l . a ( - ) - r i b o s e ;  2 .  
r e s o - e r y t h r i t o l  ; 3 . D ( + ) - x y l o s e ;  4 . D ( - ) - f r u c -  
t o s e ;  5 . 0 ( + ) - g l u c o s e ;  6 .  s u c r o s e ;  7 .  m a l t o s e ;  
t ' . l a c t o s e ;  9 .  r a f f i n o s e .  Condi t i o n s  : f l  o w - r a t e ;  
f r o R  I t o  2 ml/mn. o v e r  a 20 Ipn p e r i o d .  I n j e c -  
t i o n  a n o u n t  : 0 . 2  ng o f  e a c h  o f  9 s u g a r s .  
P t t e n u a t i o n  : 32mV. 

F I C U P E  3h : Concave g r a d i e n t  f l o w - r a t e  wode s e p a r a t i o n  
o f  9 mono-, d i - ,  and t r i - s a c c h a r i d e s .  
l . D ( - ) - r i b o s e  ( 0 . 1  m g ) ;  2 .  m e s o - e r y t h r i t o l  
( 0 . 1  m g ) ;  3 . D ( + ) - x y l o s e  ( 0 . 2  m g ) ;  4 . D ( - ) -  
f r u c t o s e  ( 0 . 1  vg); 5 . . D ( + ) - g ? u c o s e  ( 0 . 2  m g ) ;  
5 .  s u c r o s e  ( 0 . 2  r r g ) ;  7 .  m a l t o s e  ( 0 . 2  m g ) ;  
E .  l a c t o s e  ( 0 . 2  r r g ) ;  9 .  r a f f i n o s e  ( 0 . 2  r g ) .  
C o n d i t i o n s ;  s o l v e n t  : H20/CH C N ( 1 5 / 8 5 ) ,  
f l o w - r a t e  : f rom 1 t o  2 . 5  m l j m n  o v e r  a 20mn 
p e r i o d ,  A t t e n u a t i o n  : 32 m\/. 
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MONO-, DI-, AND TRI-SACCHARIDES 1737 

t h e  f low g r a d i e n t  p r o f i l e .  No d e t e c t a b l e  i n f l u e n c e  has 

been n o t i c e d  wi th  t h i s  approach ( F i g u r e  3 b ) .  

3 )  I r  a t h i r d  s t a g e ,  t h e  p o l a r i t y  of t he  T o b i l e  

phase was dec reased  ( H 2 0 / C H 3 C N ,  1 0 / 9 0 ) .  The g r a d i e n t  was 

progranimed wi th  a l i n e a r  scan a n d  t h e  p e r i o d  o f  f low- 

r a t e  ma in ta ined  unchanged. Under t h e s e  c o n d i t i o n s  a good 

s e p a r a t i o n  o f  8 mono-, and d i - s a c c h a r i d e s  was o b t a i n e d .  

However, R a f f i n o s e ,  a f t e r  one hour  r u n n i n g ,  was s t i l l  

n c t  e l u t e d  ( F i g u r e  4 b ) .  

4 )  V i t h  a l i n e a r  f low p r o f i l e ,  t h e  composi t ion  of 

t h e  e l u e n t  (H20/CH3CN, 1 2 . 5 / 8 7 . 5 )  and t h e  v a r i a t i o n  of 

f l o w - r a t e  ( f rom 0 . 8  t o  2 . 5  ml /min . )  were mod i f i ed .  No 

i a p r o v e n e n t  was noted  i n  r e l a t i o n  t o  t h e  above case  

F igu re  4 a ) .  

5 )  To e l u t e  o v e r  a same chromatogram, t h e  p i n e  

c a r b o h y d r a t e s ,  s e v e r a l  sys tems were i n v e s t i g a t e d .  The 

b e s t  s e p a r a t i o n  was ach ieved  under  t h e  f o l l o w i n g  condi -  

t i o n s  : t h e  g r a d i e n t  f l o w - r a t e  sys tem c o n s i s t e d  of  1 3 . 5 %  

w a t e r  and 86.5% a c e t o n i t r i l e , p r o g r a m m e d  w i t h  concave 

scan  from 1 t o  2 . 5  ml /n in .  ( F i g u r e  5 ) .  

In c o n c l u s i o n ,  i f  a good s e p a r a t i o n  of mono- and 

d i - s a c c h a r i d e s  w a s  d e s i r e d ,  a l t e r n a t i v e s  3 )  o r  4 )migh t  

be the answer.  For  s a t i s f a c t o r y  r e s o l u t i o n  o f  d i - ,  and 

t r i - s a c c h a r i d e s ,  t h e  c o n d i t i o n s  g iven  i n  1)  o r  2 )  w i l l  

be more a p p r o p r i a t e .  F o r  a n  i n t e r m e d i a t e  s o l u t i o n , c a s e  5 )  

w i l l  be t h e  method o f  c h o i c e .  However, t h e  r e s o l u t i o n  
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40 32 24 16 8 0 

FIGURE 4a : L i n e a r  f l o w - g r a d i e n t  H O/CH3CN(1P.5/87.5) 
e l u t i o n  o f  8 mono-, an8 d i -  s a c c h a r i d e s .  
1 . D ( - ) - r i b o s e  ( 0 . 1  mg); 2 .  m e s o - e r y t h r i t o l  
( 0 . 1  mg); 3.0(+)-xylose ( 0 . 2  m g ) ; 4 . 0 ( - ) -  
f r u c t o s e  ( 0 . 1  mg); 5 . D ( + ) - g l u c o s e ( O . P  n g ) ;  
6 .  s u c r o s e  ( 0 . 2  m g ) ;  7. m a l t o s e  ( 0 . 2  Rig) ;  
8 .  l a c t o s e  ( 0 . 2  m g ) .  C o n d i t i o n s :  0 . 8  t o  
2.5 ml/mn o v e r  a 20 mn p e r i o d .  A t t e n u a t i o n :  
32 m\'. 

40 32 24 16 €3 0 

FIGURE 4b : S e p a r a t i o n  o f  8 c a r b o h y d r a t e s .  S o l v e n t  : 
H20/CH CW(1@/90) ,  f l o w - r a t e  : f r o m  1 t o  
2 . 5  m l j m n  o v e r  a 20mn p e r i o d .  O t h e r  c o n d i -  
t i o n s  were  a s  i n  F i g u r e  @,a. 
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MONO-, DI- , AND TRI-SACCHARIDES 1739 

FIGURE 5 : F l o w - g r a d i e n t  mode s e p a r a t i o n  o f  9 mono-, 
d i - ,  and t r i - s a c c h a r i d e s  w i t h  H O / C H  C N  
( 1 3 . 5 / 8 6 . 5 ) .  O t h e r  c o n d i t i o n s  were  a!? i n  
F i g u r e  3 b .  

be tween  t h e  f i r s t  t h r e e  w o n o s a c c h a r i d e s  r e t r a i n s  weak and  

t h e  a n a l y s i s  t i m e  l o n g e r  ( 4 5  m i n . ) .  

To improve  t h e s e  two i m p o r t a n t  p a r a s e t e r s ,  a n d  t a -  

k i n g  i n t o  a c c o u n t  t h e  r e t e n t i o n  t i m e s  o f  d i f f e r e n t  mono- 

s a c c h a r i d e s ,  we r e p l a c e d  i n  t h e  s t u d i e d  c a r b o h y d r a t e s  

m i x t u r e ,  r i b o s e  and m e s o - e r y t h r i  t o 1  w i t h  two r ronosuga r s  

most  commonly e n c o u n t e r e d  i n  f o o d - c h e m i s t r y :  rhamnose  

and a r a b i n o s e .  I n  a s e c o n d  s t a g e ,  s e v e r a l  o p e r a t i n g  con-  

d i t i o n s  were  c o n s i d e r e d  t o  o p t i m i z e  t h e  s e p a r a t i o n .  K i t h  

a l i n e a r  g r a d i e n t  f l o w  p r o f i l e ,  t he  f l o w - r a t e  was i n c r e a -  

s e d  f rom 1 t o  2 ml/min .  o v e r  a 5 m i n u t e  p e r i o d .  The e l u -  

t i n g  s o l v e n t  b e i n g  t120/C113CN i n  t he  r a t i o  1 5 / 8 5 ,  a s a t i s -  

f a c t o r y  s e p a r a t i o n  o f  a mono-,  d i - ,  and  t r i - s a c c h a r i d e s  
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1740 GHERNATI ABDEDDAIM, AND GUERMOUCHE 

mn I I 1 J 

24 16 8 0 

FICURE 6 : L i e a r  r r a d i e n t  i r o w  elution p r o f i l e  o f  a s y n -  
t h e t i c  c a r b o h y d r a t e s  mixture.l.L(+)-rhamnose; 
2 . D (  + ) - x y l o s e ;  3 .  L ( + ) - a r a b i n o s e ; 4 .  D( - ) - f r u c -  
t o s e ;  5.D(+)-glucose;6.sucrose; 7 . m a l t o s e ;  
8 .  l a c t o s e ;  9 .  r a f f i n o s e .  Condi t i o n s  ; s o l  v e n t  : 
H O / C t i 3 C P l (  1 5 / 8 5 )  , f l o w - r a t e :  frorr 1 t o  2 m l / m n  
o 6 e r  a 5mn p e r i o d ,  a t t e n u a t i o n :  1 6 m Y , i n j e c -  
t i o n :  3 m i c r o l i t e r s  o f  a m i x t u r e  a t  2 % ( w / v ) .  

m i x t u r e  was c a r r i e d  o u t  w i t h i n  28 m i n .  F i g u r e  6 shows 

t h a t  t h e  9 c a r b o h y d r a t e s  a r e  e l u t e d  f rom t h e  column i n  

o r d e r  o f  t h e i r  m o l e c u l a r  w e i g h t s  ( i . e . ,  monc-,  d i - ,  and 

t r i  - s a c c h a r i  des  w i t h  t h e  f o l l o w i n g  s e q u e n c e  : 

1)  P e n t o s e s  ( r h a m n o s e ,  x y l o s e ,  a r a b i n o s e )  

2 )  t i exoses  ( f r u c t o s e ,  g l u c o s e )  
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MONO-, DI- , AND TRI-SACCHARIDES 1741 

T A B L E  3 

A - R e s o l u t i c n  and  H E T P  C a l c u l a t e d  f rom F i g u r e  5 .  

C a r b o h y d r a t e s  : R e s o l u t i o n  : E f f i c i e n c y  : 
: ( p l a t c s / m )  : 

I 

: F r u c t o s e  1.1 - 
: G l u c o s e  

: S u c r o s e  - : 11000  

B - R e s o l u t i o n  a n d  H E T P  C a l c u l a t e d  f rom F i g u r e  6 .  

: C a r b o h y d r a t e s  : R e s o l u t i o n  : E f f i c i e n c y  : 

: ( p l a t e s / m )  : 

: F r u c t o s e  
: G l u c o s e  

: 0.6 

: S u c r o s e  - : 5300 

3 )  D i s a c c h a r i d e s  ( s u c r o s e ,  m a l t o s e ,  l a c t o s e )  

4 )  T r i s a c c h a r i d e s  ( r a f f i n o s e ) .  

To e v a l u a t e  t h e  d e c r e e  o f  s e p a r a t i o n  and e f f i c i e n c y  o f  

t h e  column u s e d ,  we compared  t h e  r e s o l u t i o n s  and H E T P ' s  

o b t a i n e d  f rom chromatograms  o f  f i g u r e s  5 and  6 .  F o r  t h e -  
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1742 GHERNATI ,  ABDEDDAIM, AND GUERMOUCHE 

s e  c a l c u l a t i o n s  , t h r e e  c a r b o h y d r a t e s  were  c o n s i d e r e d  : 

@ ( - ) - f r u c t o s e ,  D ( t ) - g l u c o s e ,  whose s e p a r a t i o n  i s  o f t e n  

d i f f i c u l t ,  and s u c r o s e ,  which  g i v e s  a s h a r p ,  s y m m e t r i c a l  

p e a k .  The r e s u l t s  o b t a i n e d  a r e  shown i n  T a h l e  3.  

As t h e s e  t a b l e s  i n d i c a t e ,  i f  we w a n t  t o  o b t a i n  a s a t i s -  

f a c t o r y  s e p a r a t i o n  w i t h i n  2 8  m i n .  o f  a mono-, d i - ,  and 

t r i - s a c c h a r i d e s  m i x t u r e  w i t h  an u n i f o r m  ch romatogram,  

t h e  o p e r a t i n g  c o n d i t i o n s  o f  F i g u r e  6 w i l l  be s u i t a b l e  . 

I f ,  o n  t h e  o t h e r  h a n d ,  e n h a n c e d  r e s o l u t i o n  and  e f f i c i e n -  

cy r e q u i r e d  f o r  t h e  h e x o s e s  a n d  d i s a c c h a r i d e s ,  we would 

choose  t h e  c h r o m a t o g r a p h i c  c o n d i t i o n s  o f  F igure  5 .  

Q LI A N T I T AT I \/ E E \I AL U AT I 0 N AN @ DE T E CT I 0 N L I F” I T 

O f t e n ,  o n l y  v e r y  d i l u t e  s o l u t i o n s  o f  s u g a r s  a r e  

a v a i l a b l e ,  s o  t h e  d e t e c t i o n  l i m i t  f o r  t h i s  s y s t e m  i s  

t h e r e f o r e  o f  i n t e r e s t .  F i g u r e  7 shows t h e  c a l i b r a t i o n  

p l o t s  f o r  f i v e  mono-,  and f o u r  d i - ,  and  t r i - s a c c h a r i d e s  

which were  e s t a b l i s h e d  w i t h  r e f e r e n c e  s o l u t i o n s  o f  d i f -  

f e r e n t  c o n c e n t r a t i o n s ,  u s i n g  t h e  RI d e t e c t o r .  The o p e r a -  

t i n g  c o n d i t i o n s  were  t h o s e  o f  F i g u r e  6 ,  w i t h  d i f f e r e n t  

a t t e n u a t i o n s .  S t a n d a r d  s o l u t i o n s  were  p r e p a r e d  a s  f o l -  

lows : 109 mg o f  e a c h  o f  9 s u g a r s  were  mixed t o g e t h e r  

and d i s s o l v e d  i n  5 m l  o f  d i s t i l l e d  w a t e r .  

0 . 2 ;  0 . 3 ;  0 . 5 ;  1 ;  3 ;  5 and 10 m i c r o l i t e r s  o f  t h a t  s o l u -  

t i o n  were i n j e c t e d  d i r e c t l y .  T h e  a v e r a g e s  o f  peak h e i g h t s  

(cm)  from t r i p l i c a t e  s a m p l e  i n j e c t i o n s  were  p l o t t e d  
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FIGURE 7 : C a l i b r a t i o n  c u r v e s .  Peak h e i g h t ,  H(cm)versus 
w e i g h t ,  W(ug) of  i n j e c t e d  c a r b o h y d r a t e . ( v ) x y -  
l o s e ;  (0). f r u c t o s e ;  (+) . rhamnose; (0). a r a b i n o s e ;  
(D).glucose;(A).sucrose;(O).lactose;(O).mal- 
tose;( . ) . raff inose.  The chromatographic  condi -  
t i o n s  were t h o s e  o f  F i g u r e  6 .  

a g a i n s t  weight  (microgram) of ca rbohydra t e s  t o  o b t a i n  

t h e  s t a n d a r d  cu rves .  I t  c a n  be seen  t h a t  t h e r e  a r e  l i -  

n e a r  r e l a t i o n s h i p s  between peak h e i g h t  and component 

weight  i n  t h e  i n v e s t i g a t e d  reg ion  from about  : 

- 4 t o  60 micrograms f o r  x y l o s e ,  f r u c t o s e ,  a r a b i -  

nose and rhamnose; 

- 4 t o  100  micrograms f o r  g l u c o s e ,  s u c r o s e  and 

1 a c t o s e ;  
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1744 GHERNATI, ABDEDDAIM, AND GUERMOUCHE 

- 4 t o  200  r r ic rograrns  f o r  m a l t o s e ;  

- 6 t o  200 mic rograms  f o r  r a f f i n o s e  

f o r  t h e  i n j e c t e d  s a r r p l e s .  

The low d e t e c t i o n  l i m i t  f o r  r r o n o s s c c h a r i d e s  ( 4  m i c r o -  

g r a m s ) ,  c a r r i e d  o u t  w i t h  the P i c r o b o n d a p a k  N U 2  column 

and  u s i n 9  a RI d e t e c t o r ,  i s  c o m p a r a b l e  t o  t h o s e  o b t a i -  

ned ( 2  t o  1 2  m i c r o g r a m s )  f o r  t h e  same u n d e r i v a t i z e d  

m o n o s a c c h a r i d e s  o n  a c h e m i c a l  bonded amino s t a t i o n a r y  

p h a s e  by B i n d e r  w i t h  U\' d e t e c t i o n  a t  188 nrn ( 1 0 ) .  

APPLICATION 

I n  o r d e r  t o  f u r t h e r  i l l u s t r a t e  o u r  above  s t u d y ,  

we d e t e r m i n e d  t h e  r a i n  c a r b o h y d r a t e s  f o u n d  i n  commerc ia l  

f o o d  p r o d u c t s  i n  A l 9 e r i a .  We c h o s e  two t y p e s  o f  honey : 

o n e ,  which  i s  w i d e l y  d i s t r i b u t e d ,  the o t h e r  was l o c a l l y  

m a r k e t e d  v a r i e t y .  Tbe honey s a w p l e s  were  p r e p a r e d  a c c o r -  

d i n g  t o  t h e  method c f  Thean and  c o - w o r k e r s  ( 1 5 ) . T h e  

r e s u l t a n t  s o l u t i o n s  were  a n a l y z e d  w i t h  a V ic robondapak  

N H 2  column u n d e r  t h e  e x p e r i n e n t a l  c o n d i t i o n s  o u t l i n e d  i n  

F i g u r e  6 .  T h e  r e s u l t s  showed t h a t  t h e  a l i q u o t  f rom the  

f i r s t  t y p e  o f  honey c o n t a i n e d ,  p r i ~ a r i l y ,  f o u r  c a r b o h y -  

d r a t e s  : f r u c t o s e  ( 3 5 . 6 2 ) ,  g l u c o s e  ( 3 8 . 6 $ ) ,  s u c r o s e ( 4 % )  

and v a l t o s e  ( 2 . 4 2 )  - F i g u r e  8 a  - ; w h i l e  i n  t he  s e c o n d  

a l i q u o t  , the v a j o r  con;ponents  were  : f r u c t o s e ,  g l u c o s e  

a n d  s u c r c s e ,  r e s p e c t i v e l y ,  i n  t h e  p e r c e n t a g e s  : 2 1 . 9 %  ; 

3 1 . 7 %  and 3 5 . 3 2 .  
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m n u -  
16 8 0 

FIGURE 8 a :  L i n e a r  g r a d i e n t  f l o w  e l u t i o n  p r o f i l e  o f  m a j o r  
components  o f  commerc ia l  honey .  1 . f r u c t o s e ;  
2 . g l u c o s e ;  3 . s u c r o s e ;  4 . m a l t o s e .  The a n a l y s i s  
c o n d i t i o n s  w e r e  a s  i n  F i g u r e  6 .  

I t  a p p e a r s  t h a t  t h e  s e c o n d  t y p e  o f  honey  i s  a d u l t e -  

r a t e d  w i t h  a h i r j h  s u c r o s e  c o n t e n t  which  r e d u c e s  t h e  l e v e l s  

o f  o t h e r  s u g a r s  ( F i g u r e  8 b ) .  With r e g a r d  t o  t h e  f i r s t  t y -  

pe o f  h o n e y ,  t h e  r e s u l t s  f o u n d  a r e  c o m p a r a b l e  t o  t h o s e  

o b t a i n e d  by o t h e r  a u t h o r s  f o r  Oranae  61osson; Brand honey  

which  was a n a l y z e d  by H P L C  ( 1 5 )  , and by t h e  o f f i c i a l  

me thods  o f  t h e  A O A C  ( 1 6 ) .  
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mn - 
16 8 0 

F I G U R E  6 b :  Adul t e ra t ed  honey with a high suc rose  c o n t e n t .  
1. f r u c t o s e ;  2 .  g lucose ;  3 .  s u c r o s e .  The e l u -  
t i o n  c o n d i t i o n s  were the  same as  i n  Figure 8a.  

C O N C L U S I O F I  

P, high per fornance  l i q u i d  chromatographic  ( H P L C )  

procedure based on a Picrohondapak N H 2  colun-n, a n  

aqueous a c e t o n i t r i  l e  s o l v e n t  a n d  a g r a d i e n t  f l o w - r a t e  

mode h a s  been developed.  The method i s  r a p i d  a n d  n o  

f u r t h e r  t r e a t n e n t  of t h e  sarcple i s  n e c e s s a r y ,  excep t  f c r  

the  s e p a r a t i o n  of undisso lved  s o l i d s  con ta ined  i n  the  

s o l u t i o n .  Depenc'ing upon the  s u g a r s '  v a r i e t y  i n  the  sam- 

p l e ,  many chrorcatographi c cond i t ions  have been sugges ted  
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t o  o b t a i n  s u f f i c i e n t  r e s o l u t i o n  a n d / o r  a s a t i s f a c t o r y  

a n a l y s i s  t i m e .  I f ,  f o r  i n s t a n c e ,  r a f f i n o s e  i s  n o t  p r e -  

s e n t  i n  t h e  s a r r p l e ,  o n l y  1 6  m i n u t e s  a r e  n e c e s s a r y  t o  

e l u t e  an e i g h t  mono- ,  a n d  d i - s a c c h a r i d e  m i x t u r e . C o m p a -  

r e d  w i t h  t h e  n o r m a l l y  u s e d  d e t e c t i o n  b y  r e f r a c t i v e  i n -  

d e x  m e a s u r e m e n t ,  t h i s  s y s t e m  h a s  t h e  a d v a n t a g e s  o f  a 

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

t h e  a n a l y s i s  t i m e  f o r  a c o m p l e x  m i x t u r e  c o n t a i n i n g  n i n e  

mono- ,  d i - ,  a n d  t r i - s a c c h a r i d e s .  On t h e  o t h e r  h a n d ,  t h i s  

p r o c e d u r e  shows  b e t t e r  p e r f o r m a n c e  t h a n  t h o s e  e m p l o y i n 9  

U\’ d e t e c t i o n  f o r  a q u e o u s  s u g a r  m i x t u r e  a n a l y s i s  w i t h o u t  

d e r i  v a t i z a t i o n  o r  p r e t r e a t r . e n t .  
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