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JOURNAL OF LIQUID CHROMATOGRAPHY, 6 ( 9 ) ,  1577-1590 (1983) 

DETERMINATION OF CARBOHYDRATES BY A N I O N  EXCHANGE 
CHROMATOGRAPHY WITH PULSED AMPEROMETRIC DETECTION 

It 
Roy D .  Rockl in  and C h r i s t o p h e r  A .  Poh l  

Dionex Corp. ,  1228 T i t a n  Way, 
Sunnyva le ,  CA 94086 USA 

ABSTRACT 

Carbohydra t e s  such  as s u g a r  a l c o h o l s ,  monosaccha r ides ,  
d i s a c c h a r i d e s ,  and  o t h e r  o l i g o s a c c h a r i d e s  are s e p a r a t e d  as a n i o n s  
by i o n  exchange chromatography w i t h  a sodium hydrox ide  e l u e n t .  Re- 
t e n t i o n  t ime  and  s e l e c t i v i t y  a r e  c o n t r o l l e d  by v a r y i n g  e l u e n t  s t r e n g t h  
and column t e m p e r a t u r e .  The c a r b o h y d r a t e s  are d e t e c t e d  by 
o x i d a t i o n  a t  a g o l d  e l e c t r o d e .  A r e p e a t i n g  sequence  o f  t h r e e  
p o t e n t i a l s  e l e c t r o c h e m i c a l l y  c l e a n s  t h e  e l e c t r o d e  s u r f a c e  o f  
o x i d a t i o n  p r o d u c t s  and o t h e r  i n t e r f e r i n g  s p e c i e s .  D e t e c t i o n  
l i m i t s  are as low as 30 ppb f o r  s u g a r  a l c o h o l s  and monosaccha r ides ,  
and  a b o u t  100 ppb f o r  o l i g o s a c c h a r i d e s .  O the r  s p e c i e s  c o n t a i n i n g  
CHOH g r o u p s  can  a l s o  be d e t e c t e d ,  s u c h  a s  a l c o h o l s  and g l y c o l s .  

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

The d e t e r m i n a t i o n  o f  c a r b o h y d r a t e s  by chromatography h a s  been 

hampered by two f a c t o r s :  t h e  l a c k  o f  a s u i t a b l e  h i g h  pe r fo rmance  

s e p a r a t i o n  method and t h e  i n a b i l i t y  t o  d e t e c t  t h e  c a r b o h y d r a t e s  a t  

low l e v e l s .  A number o f  s e p a r a t i o n  methods have been used .  

Ca rbohydra t e s  can  he d e t e r m i n e d  by gas ch romatography ,  however ,  

t h e i r  n o n - v o l a t i l e  n a t u r e  r e q u i r e s  a time consuming d e r i v i t i z a t i o n  

p r o c e d u r e  (1). The most common method is t h e  u s e  o f  h i g h  c a p a c i t y  

s t r o n g l y  a c i d i c  c a t i o n  exchange columns i n  t h e  m e t a l  form u s i n g  

water as t h e  e l u e n t  ( 2 ) .  Calcium i s  t h e  most common metal, a l t h o u g h  

s i l v e r  and lead have a l s o  been used .  

Copyright 0 1983 by Marcel Dekker, Inc. 
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1578 ROCKLIN AND PO€% 

These columns s u f f e r  from s e v e r a l  d rawbacks .  F i r s t ,  t he  

organic a c i d s  p r e s e n t  i n  many s a m p l e s  e l u t e  metals from t h e  

c a t i o n  exchange r e s i n .  T h i s  r e s u l t s  i n  r e s i n  bed s h r i n k a g e  and 

r e q u i r e s  f r e q u e n t  r e g e n e r a t i o n  of t h e  column back t o  t h e  o r i g i n a l  

metal form. Second ,  t h e s e  columns e x h i b i t  poor  s e l e c t i v i t y  f o r  

h i g h e r  o l i g o s a c c h a r i d e s .  Low c r o s s l i n k  r e s i n  is r e q u i r e d  fo r  

r e s o l u t i o n  of e v e n  t h e  l o w e r  o l i g o s a c c h a r i d e s  s u c h  as DP2 t h r o u g h  

DP4. The r e s i n  e x h i b i t s  h i g h  c o m p r e s s i b i l i t y ,  making i t  u n s u i t a b l e  

f o r  h i g h  f l o w  ra tes  and r a p i d  a n a l y s i s .  T h i r d ,  h i g h  column 

t e m p e r a t u r e s  ( 8 5 O C )  are needed f o r  optimum column pe r fo rmance .  

These h i g h  t e m p e r a t u r e s  p r e s e n t  a s e v e r e  t es t  of t h e  pe r fo rmance  

o f  t h e  d e t e c t o r ,  p a r t i c u l a r l y  for  a r e f r a c t i v e  i n d e x  d e t e c t o r .  

F i n a l l y ,  s i n c e  o n l y  water o r  water o r g a n i c  s o l v e n t  m i x t u r e s  

c a n  be  used  as a n  e l u e n t ,  t h e  methods of r e t e n t i o n  and s e l e c t i v i t y  

c o n t r o l  l e f t  open t o  t h e  ch romatographe r  are s e v e r e l y  l i m i t e d .  

A s e c o n d  major method of c a r b o h y d r a t e  a n a l y s i s  i n v o l v e s  t h e  

u s e  of m i c r o - p a r t i c u l a t e  s i l i ca  w i t h  a n  amino bonded phase  ( 3 ) .  
While t h i s  s y s t e m  s u c c e s s f u l l y  s e p a r a t e s  mono and  d i s a c c h a r i d e s ,  

t h e  h i g h e r  o l i g o s a c c h a r i d e s  (DP3-DP10) are e l u t e d  as  b road  peaks  

and r e q u i r e  e x t e n d e d  a n a l y s i s  times. F u r t h e r m o r e ,  amino s t a t i o n a r y  

p h a s e s  are s u b j e c t  t o  r e a c t i o n  w i t h  a l d e h y d e s  o r  k e t o n e s  i n  

s a m p l e s  ( f r e q u e n t l y  p r e s e n t  i n  f o o d s  and b e v e r a g e s )  t o  form a 

S c h i f f ' s  b a s e .  Because of t h i s ,  amino bonded p h a s e s  t e n d  t o  

e x h i b i t  r educed  l i f e t imes  w i t h  c e r t a i n  s a m p l e s .  

A t h i r d  method i s  t h e  s e p a r a t i o n  of s u g a r s  v i a  t h e i r  b o r a t e  

complexes (4). While  t he  s e l e c t i v i t y  of t h e s e  s y s t e m s  a re  s u p e r i o r  

t o  t h e  above  two me thods ,  t h e  k i n e t i c s  o f  t h e  complex f o r m a t i o n  

p r o c e s s  is slow, t h u s  r e q u i r i n g  low f l o w  rates and  l o n g  a n a l y s i s  

times. 

We r e p o r t  h e r e  a n  a l t e r n a t i v e  t o  t h e  above  method;  t h e  

d i r e c t  s e p a r a t i o n  o f  c a r b o h y d r a t e s  by a n i o n  exchange .  Because 

c a r b o h y d r a t e s  have  pK v a l u e s  r a n g i n g  from 1 2  t o  1 4  ( 5 ) ,  r e t e n t i o n  

is p o s s i b l e  on a s t r o n g l y  basic h y d r o x i d e  form a n i o n  exchange column 

w i t h  h i g h l y  a l k a l i n e  e l u e n t s .  Such a s y s t e m  i s  p r e v i o u s l y  
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DETERMINATION OF CARBOHYDRATES 1579 

u n r e p o r t e d ,  a l t h o u g h  r e t e n t i o r :  o f  m e t h y l g l y c o s i d e s  on  a s t r o n g l y  

b a s i c  h y d r o x i d e  form a n i o n  exchange  column h a s  been r e p o r t e d  ( 6 ) .  

Due t o  t h e  a b s e n c e  o f  a s t r o n g l y  a b s o r b i n g  UV chromophore,  

c a r b o h y d r a t e s  a r e  u s u a l l y  d e t e c t e d  by a r e f r a c t i v e  i n d e x  d e t e c t o r .  

R.I. d e t e c t o r s  h a v e  low s e n s i t i v i t y  and a re  d i f f i c u l t  t o  u s e .  Low 

UV d e t e c t i o n  (<200  nm) h a s  been employed,  b u t  t h e  need f o r  u l t r a  

c l e a n  e l u e n t s  and i n t e r f e r e n c e  p rob lems  have  l i m i t e d  i t s  u t i l i t y .  

The d e t e c t i o n  method r e p o r t e d  h e r e  u s e s  a n  e l e c t r o c h e m i c a l  

d e t e c t o r  which s u p p l i e s  a t r i p l e  p o t e n t i a l  s e q u e n c e  t o  a g o l d  

work ing  e l e c t r o d e .  Both p o t e n t i o m e t r i c  and s i n g l e  p o t e n t i a l  ( D . C . )  

amperomet r i c  detectors  have  been u s e d  t o  d e t e c t  c a r b o h y d r a t e s  ( 7 ) .  

P o t e n t i o m e t r i c  d e t e c t o r s  s u f f e r  f rom s low r e s p o n s e  t imes.  

S i n g l e  p o t e n t i a l  o x i d a t i o n  o f  s u g a r s  c a u s e s  t h e  e l e c t r o d e  ' s u r f a c e  

t o  become c o n t a m i n a t e d  by t h e  p r o d u c t s  o f  t h e  r e a c t i o n ,  t h u s  

r e n d e r i n g  t h e  d e t e c t o r  u n u s a b l e .  T r i p l e  p u l s e  amperometry of 

s u g a r s  was f i r s t  r e p o r t e d  by Hughes and Johtlson u s i n g  a p l a t i n u m  

e l e c t r o d e  ( 8 ) .  Although t h e  d e t e c t i o n  method i s  s u c c e s s f u l ,  

t h e  p o t e n t i a l  a t  which t h e  o x i d a t i o n  c u r r e n t  is measured 

(E1,-0.40V) i s  s u f f i c i e n t l y  n e g a t i v e  t o  c a u s e  t h e  r e d u c t i o n  o f  

oxygen.  Gold was i n v e s t i g a t e d  as an  a l t e r n a t i v e  workitlg e l e c t r o d e  

mat.eria1. 

EXPERIMENTAL 

A l l  ch romatography  was pe r fo rmed  on a Dionex System 2011 

( P / N  35295 ) I o n  Chromatograph.  The sample  l o o p  s i z e  was 50 pL 

and t h e  e l u e n t  f l o w  ra te  1 . 0  mLImin. The d e t e c t o r  was a b r e a d b o a r d  

v e r s i o n  o f  a Dionex IonChromTM/Pulsed Amperometric D e t e c t o r  (P/N 

35227)  c o n s i s t i n g  of a n  a m p e r o m e t r i c  f low- th rough  c e l l  and a 

p o t e n t i o s t a t .  The ce l l  is a t h i n  l a y e r  d e s i g n  w i t h  a g o l d  work ing  

e l e c t r o d e ,  a s i l v e r / s i l v e r  c h l o r i d e  r e f e r e n c e  e l e c t r o d e ,  and  a 

g l a s s y  c a r b o n  c o u n t e r e l e c t r o d e .  The p o t e n t i o s t a t  a p p l i e s  a s e r i e s  

o f  up  t o  t h r e e  p o t e n t i a l s  ( E l ,  E2,  E 3 )  i n  a r e p e a t i n g  waveform. 

The p u l s e  d u r a t i o n s  ( t l ,  t 2 ,  t 3 )  a r e  s e l e c t a b l e  by t h e  u s e r .  
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1580 ROCKLIN AND POHL 

The cell current is measured only during El f o r  16.67 ms (to cancel 
60 hz line noise). A 40 ms delay following the potential step 
allows charging current to decay. 

The anion exchange column used was a prototype HPIC-AS6 

column (PIN 35391). The ion exchange resin used in the column 

consisted of 10 micron substrate coated with a monolayer of anion 

exchange latex similar to that used in other HPIC anion Ion Chroma- 

tography columns. 
The eluent consisted of NaOH in deionized water (0.15 N). 0.2 M 

CH CO Na was added as a pusher to elute oligosaccharides. Eluents 

were prepared from carbonate free 50% NaOH solutions and protected 

from carbon dioxide contamination with Ascarite traps. Sugar sam- 

ples were purchased from Pfanstiehl Laboratories (Waukegan, I L )  

and Sigma Chemicals Co. ,  St. Louis, MO. The maltose oligomers 

were a generous gift of the A.E. Staley Company. 

3 2  

RESULTS & DISCUSSION 

Cyclic Voltammetry of Glucose 
The choice of potentials and pulse durations for chromato- 

graphic detection is most easily determined from voltammetric 

information. Accordingly, the cyclic voltammetry of sugars on 

gold was studied and is illustrated in Figure 1 by glucose. The 

dashed line is a background scan of the 0.1 N NaOH supporting 

electrolyte. It shows irreversible oxidation of gold beginning 

at approximately 0.25 V. The reduction of the surface oxide back 

to gold is shown as a cathodic peak at approximately 0.1 V. 

With glucose added to the solution, oxidation begins at 

-0.5 V wn the positive going scan. The current rises slightly 

and remains unchanged until it rises at -0.15 V towards a peak 

at 0.26 V. On the reverse scan, the current actually reverses 

from cathodic to anodic at the onset of the gold oxide reduction. 

This implies that glucose oxidation which occurs at the bare 

gold surface is inhibited upon the formation of gold oxide. As 

soon as the  reduction of gold oxide back to gold begins, 
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DETERMINATION OF CARBOHYDRATES 1581 

I I I 
-.5 0 +.5 

E vs Ag/AgCI 

Figure 1. Cyclic voltammetry of 0.92 mM (166 ppm) glucose on a 
gold working electrode. Dashed line is 0.10 2 NaOH supporting 
electrolyte. 0.20 Vlsec sweep rate. 

oxidation of glucose that had diffused toward the electrode while 
the surface was covered with oxide takes place. 

Cyclic voltammetry of the sugar alcohols xylitol and sorbitol 

and the disaccharide sucrose were also studied. They were similar 

to glucose, except the height of the anodic peak at 0 V on the 
negative going scan was larger with the sugar alcohols and smaller 

with sucrose. 

Choice of Applied Potentials 

Single potential (D.C.) amperometry with E set to 0.1 V 
aPP 

was attempted. 0.1 V was chosen because at this potential, there 
should be a large fraction of unoxidized gold on the electrode 

surface. Although detection was possible, the response decreased 

rapidly as products from the oxidation reaction deactivated the surface. 

A large improvement in reproducibility was obtained by pulsing the 
applied potential from -0.8 V to 0.2 V and measuring the oxidation 
current at 0.2 V. The negative potential apparently serves as a 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
3
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



15 82 ROCKLIN AND POHL 

c l e a n i n g  s t e p ,  e n s u r i n g  t h e  r e d u c t i o n  o f  g o l d  o x i d e  back t o  g o l d .  

Also,  t h e  magn i tude  o f  t h e  s u g a r  o x i d a t i o n  c u r r e n t  f rom a v o l t a g e  

p u l s e  i s  greater t h a n  t h a t  c a u s e d  by t h e  hydrodynamics of f l o w  

when o n l y  a s i n g l e  p o t e n t i a l  is used .  The u s e  o f  b o t h  n e g a t i v e  

and p o s i t i v e  c l e a n i n g  p o t e n t i a l s  was found t o  p r o v i d e  t h e  most 

r e p r o d u c i b l e  chromatograms,  as well as minimum i n t e r f e r e n c e  from 

o ther  s p e c i e s  i n  t h e  samples .  The f o l l o w i n g  p o t e n t i a l s  and t imes 

(shown i n  F i g u r e  2) have  been chosen  as optimum f o r  c a r b o h y d r a t e  

d e t e r m i n a t i o n :  E l :  0.20 V ,  60 ms; E2: 0.60 V ,  60 m s ;  E3:  -0.80 V ,  

240 m s .  

The s i g n a l - t o - n o i s e  r a t i o  is a f f e c t e d  t h e  most by t h e  c h o i c e  

of t h e  d e t e c t i o n  p o t e n t i a l ,  El. The peak h e i g h t s  f o r  t h r e e  s u g a r s  

and t h e  background c u r r e n t  are  shown i n  F i g u r e  3. The large i n -  

crease i n  background c u r r e n t  f rom 0.2 Vto 0.4 V is accompanied by 

a 4X i n c r e a s e  i n  n o i s e .  The optimum v a l u e  f o r  E l  is 0 . 2  V .  Due 

t o  t h e  s i m i l a r i t y  of t h e  e l e c t r o c h e m i s t r y  of t h e  d i f f e r e n t  s u g a r s ,  

t h i s  v a l u e  may be  optimum f o r  m o s t ,  i f  n o t  a l l ,  s u g a r s .  

Small (0 .1  V f  changes  i n  E2 and E 3 ,  as w e l l  as  t h e i r  d u r a -  

t i o n s ,  have  o n l y  a minor  e f f e c t  on r e s p o n s e .  

Chromatography 

One of t h e  main a d v a n t a g e s  of t h e  a n i o n  exchange  chromato-  

g r a p h y  o f  c a r b o h y d r a t e s  as  compared t o  metal form c a t i o n  exchange  

is t h e  a b i l i t y  t o  i n f l u e n c e  r e t e n t i o n  time and  r e t e n t i o n  o r d e r .  

The p r i m a r y  o p e r a t i n g  v a r i a b l e s  are e l u e n t  s t r e n g t h  and column 

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

and s a c c h a r i d e s  is shown i n  F i g u r e  4 .  The a d d i t i o n  o f  acetate 

i o n  r e s u l t s  i n  r e d u c t i o n  i n  t h e  K' of a l l  s o l u t e s .  T h i s  e n a b l e s  

t h e  e l u t i o n  o f  t h e  o l i g o s a c c h a r i d e s  DP2 t h r o u g h  10, shown i n  

F i g u r e  5.  

I n  g e n e r a l ,  t h e  o b s e r v e d  a n i o n  exchange a f f i n i t y  f o l l o w s  

t h e  t r e n d :  s u g a r  a l c o h o l s  < monosaccha r ides  .( d i s a c c h a r i d e s  

< o l i g o s a c c h a r i d e s ,  a l t h o u g h  i n  some cases o v e r l a p  is obse rved  

i n  t h e  e l u t i o n  o r d e r  of m i x t u r e s  o f  d i s a c c h a r i d e s  and o l i g o -  

s a c c h a r i d e s .  For  a homologous ser ies  o f  c a r b o h y d r a t e s ,  r e t e n t i o n  
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e 0.4 
m - Cleaning 

1 
E3 Cleaning 

t,,,,,,,t 
60 120 180 240 300 0 60 120 

F i g u r e  2. T r i p l e  p o t e n t i a l  program a p p l i e d  t o  t h e  g o l d  work ing  
e l e c t r o d e  f o r  t h e  d e t e c t i o n  of  c a r b o h y d r a t e s .  O x i d a t i o n  c u r r e n t  
is  sampled from 40 t o  56.7 m s  a f t e r  t h e  b e g i n n i n g  o f  E l .  

I 

100 

8ol 
i 

60 

i (HA) 

40- 

20- 

0- 

i 

I 

-0.2 0 0.2 0.4 

E l ( V  vs Ag/AgCI) 

F i g u r e  3. 
100 ppm g l u c o s e  ( s q u a r e s ) ,  and  316 ppm s u c r o s e  ( t r i a n g l e s ) .  
Background c u r r e n t  as a f u n c t i o n  o f  E l  is a l s o  shown. 

ip as a f u n c t i o n  of  E l  f o r  100  ppm x y l i t o l  ( d o t s ) ,  
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23 I 1  

I I I I 
0 5 10 15 

t (min)  

Figure  4 .  S e p a r a t i o n  of  s u g a r  a l c o h o l s  and s a c c h a r i d e s .  L is ted  
i n  o r d e r ,  t h e y  a r e :  25 ppm x y l i t o l  ( 1 ) ;  50 ppm s o r b i t o l  ( 2 ) ,  
rhamnose ( 3 ) ,  a r a b i n o s e  (4), g l u c o s e  ( 5 ) ,  f r u c t o s e  (61 ,  l a c t o s e  
( 7 ) ;  100 ppm s u c r o s e  ( 8 ) ,  r a f f i n o s e  ( 9 1 ,  s t a c h y o s e  (10) ;  150 
ppm mal tose  (11). 0.15 N a O H  e l u e n t  a t  36OC. 

1 I 1 
0 5 10 

t(mln) 

Figure  5 .  S e p a r a t i o n  of  o l igomers  o f  mal tose ,  DP 2 ( m a l t o s e )  
through DP 10 (mal todecose) .  0.2  M NaOH,  0 .2  CH co Na e l u e n t  a t  34OC- - 3 2  
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01 
0 o.;o o.ho 0.50 o.bo 0.5.0 oh0 0.bo 

NaOH Concentration (M) 

Figure  6 .  Capac i ty  factor versus  NaOH c o n c e n t r a t i o n .  Column 
tempera ture :  3 4 O C ;  sample c o n c e n t r a t i o n s :  100 ppm each.  

i n c r e a s e s  as  t h e  degree o f  po lymer iza t ion  (DP) increases. Se lec-  

t i v i t y  changes a r e  o f t e n  observed as t h e  hydroxide i o n  concen- 

t r a t i o n  is v a r i e d .  Typica l  s e l e c t i v i t y  changes observed for 
o l i g o s a c c h a r i d e s  are i l l u s t r a t e d  i n  F igure  6 .  
s a c c h a r i d e s  shown, optimum s e l e c t i v i t y  i s  observed a t  0.150 

- M N a O H .  

s a c c h a r i d e s  and s u g a r  a l c o h o l s .  While i n  some cases t h e s e  

s e l e c t i v i t y  changes may be used t o  advantage ,  i n  g e n e r a l  hy- 

droxide  i o n  c o n c e n t r a t i o n  i s  n o t  a u s e f u l  method f o r  c o n t r o l l i n g  

s e l e c t i v i t y .  Of ten ,  t h e  d e s i r e d  s e l e c t i v i t y  f o r  a p a r t i c u l a r  

mix ture  o f  carbohydra tes  i s  only  observed a t  K ’  v a l u e s  which 

are unacceptab ly  l a r g e  o r  small. 

For t h e  o l i g o -  

S i m i l a r  chromatographic  behavior  is  observed f o r  mono- 

The hydroxide i o n  c o n c e n t r a t i o n  h a s  a s i g n i f i c a n t  e f f e c t  

on t h e  observed e f f i c i e n c y  f o r  a p a r t i c u l a r  s o l u t e .  It is 

g e n e r a l l y  observed t h a t  column e f f i c i e n c i e s  i n c r e a s e  as  t h e  
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1586 ROCKLIN AND POHL 

h y d r o x i d e  i o n  c o n c e n t r a t i o n  i s  i n c r e a s e d .  For g l u c o s e ,  e f f i -  

c i e n c y  n e a r l y  d o u b l e s  when h y d r o x i d e  i o n  c o n c e n t r a t i o n  i s  

i n c r e a s e d  from 0.10 NaOH t o  1.0 2 NaOH. 

A s econd  v a r i a b l e  u s e f u l  f o r  c o n t r o l  o f  s e l e c t i v i t y  and  

r e t e n t i o n  i s  column t e m p e r a t u r e .  R e t e n t i o n  d e c r e a s e s  f o r  

a l l  s o l u t e s  as t h e  t e m p e r a t u r e  i n c r e a s e s .  The d e g r e e  t o  which 

t e m p e r a t u r e  a l t e r s  r e t e n t i o n  is l o o s e l y  r e l a t e d  t o  t h e  ca rbo-  

h y d r a t e  s i z e ;  t h e  o b s e r v e d  magn i tude  of  t h e  t e m p e r a t u r e  e f f e c t  

b e i n g :  o l i g o s a c c h a r i d e s  > d i s a c c h a r i d e s  > s u g a r  a l c o h o l s  > mono- 

s a c c h a r i d e s .  T h i s  c a n  be  used  t o  a d v a n t a g e  f o r  a d j u s t i n g  t h e  

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

e f f e c t  o f  t e m p e r a t u r e  on  t he  s e l e c t i v i t y  o b s e r v e d  f o r  some 

common c a r b o h y d r a t e s  is shown i n  F i g u r e  7 .  Note t h a t  a n  

e l u t i o n  order r e v e r s a l  is obse rved  f o r  m a l t o s e  ( a  d i s a c c h a r i d e )  

and s t a c h y o s e  ( a  t e t r a s a c c h a r i d e )  as the  t e m p e r a t u r e  i s  

i n c r e a s e d  . 
Three f a c t o r s  s e r v e  t o  l i m i t  t he  e f f e c t i v e  uppe r  r a n g e  

o f  t e m p e r a t u r e  i n  t h e  r e t e n t i o n  of s u g a r s  on h y d r o x i d e  form 

a n i o n  exchange  columns:  

(1) T a i l i n g  and  s e c o n d a r y  peaks  are o b s e r v e d  f o r  some c a r b o -  

h y d r a t e s  ( p a r t i c u l a r l y  g l u c o s e  and mannose) when t h e  

t e m p e r a t u r e  of t h e  column e x c e e d s  4 5 O C .  T h i s  is pro-  

bab ly  c a u s e d  by r e a r r a n g e m e n t  a b o u t  t h e  anomer i c  c a r b o n  

a tom,  t h e  Lobry de Bruyn-Van E k e n s t e i n  t r a n s f o r m a t i o n .  

( 2 )  E f f i c i e n c i - e s  t e n d  t o  d e c r e a s e  when t e m p e r a t u r e s  exceed  4 5 O C .  

( 3 )  Anion exchange  materials i n  t h e  h y d r o x i d e  form are sub-  

ject  t o  Hoffman d e g r a d a t i o n  a t  e l e v a t e d  t e m p e r a t u r e s .  

Because o f  t h e  a b o v e ,  columns are n o r m a l l y  o p e r a t e d  a t  
t e m p e r a t u r e s  between 20°C and 45OC. 

A t h i r d  v a r i a b l e  f o r  c o n t r o l  of s e l e c t i v i t y  and r e t e n t i o n  

is t h e  a d d i t i o n  of a n i o n s  o t h e r  t h a n  h y d r o x i d e  t o  t h e  e l u e n t .  

The a d d i t i o n  o f  o t h e r  a n i o n s  i s  sometimes d e s i r a b l e  due t o  

the  fact  t h a t  h i g h  l e v e l s  of NaOH 0 0 . 2  M) c a n  r e s u l t  i n  

i n c r e a s e d  d e t e c t o r  n o i s e  as wel l  as peak a s s y m e t r y  f o r  t h e  s u g a r  
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Figure 7 .  Capacity factor versus temperature. Eluent: 0.15 
NaOH; sample concentrations: 100 ppm each. 

alcohols. Acetate,carbonate, nitrate, and sulfate have been eva- 

luated as eluent additives. In our work, acetate was found to be 
the preferred eluent additive due to the fact that its affinity 

for the anion exchange resin is similar to that of hydroxide. The 

other anions were found to be compatible with the detector but 

their high affinity for the anion exchange resin resulted in a 

substantial reduction of the column loading capacity. 

Because of the elution power of carbonate, it is important 

that carbonate be excluded from the eluent system. This is 

particularly true f o r  eluent systems used for the analysis of 

sugar alcohols and monosaccharides. Proper precautionary measures 

include the use of an Ascarite trap on the eluent bottle and 

ASMT Class I deionized water when making up eluents. 

Sensitivity, Linearity and Reproducibility 

The detection limits for the carbohydrates shown in Figure 4 
range from 30 ppb for the sugar alcohols and monosaccharides to 
100 ppb for the oligosaccharides. Plots of the log of peak 

height the log of concentration are linear up to several 

hundred to 1,000 ppm, where overloading of the capacity of the 
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1588 ROCKLIN AND POHL 

, 
0 5 I 0  15 20 

t (mid 

Figure 8. Extract from flavored potato chips. Lactose con- 
centration in the extract is 70 ppm. 

column occurs. Although the logflog plots are linear, the 

slopes for several sugars are: xylitol, 1.07; glucose, 1.03; 

sucrose, 1.16. The near linearity of i vs C plots, rather than 

l/i vs 1 / C  as on platinum ( 8 )  implies that adsorption of carbo- 

hydrate molecules during t3 (E3 = -0.80 V) is not part of the 
reaction mechanism. 

P -  

P -  

Reproducibility of peak heights for multiple injections 
of a single sample is generally better than 1%. Peak heights 

have a tendency to increase with time, beginning with the time 

at which the working electrode was cleaned. This increase has 

been observed to be approximately 5 to 15% after 8 hours of 
operation. Errors in concentration measurements can be minimized 

by the frequent use of standards. 

CONCLUSION 

The anion exchange separation of carbohydrates with alkaline 

eluent systems provides a powerful new tool in the analysis of 
carbohydrates. The combination of this chromatographic system 
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DETERMINATION OF CARBOHYDRATES 1589 

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

s e n s i t i v e  method p a r t i c u l a r l y  wel l  s u i t e d  t o  complex s a m p l e s .  

For  example ,  t h e  d e t e r m i n a t i o n  o f  l a c t o s e  i n  f l a v o r e d  p o t a t o  

c h i p s ,  shown i n  F i g u r e  8 ,  was e a s i l y  accompl i shed  e v e n  though 

t h e  s o l u t i o n  t o  be a n a l y z e d  c o n t a i n e d  a h i g h  c o n c e n t r a t i o n  of 

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

The t r i p l e  p o t e n t i a l  d e t e c t i o n  method c a n  a l s o  be u s e d  t o  

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

Using d i f f e r e n t  chromatographic ,  c o n d i t i o n s ,  s i m p l e  a l c o h o l s  

and g l y c o l s  have  been d e t e c t e d .  NOTE;: T h e a n a l y t i c a l  methods 

d e s c r i b e d  i n  t h i s  p a p e r  are t h e  s u b j e c t  of pend ing  p a t e n t s .  
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