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HIGH PERFORMANCE LIQUID 

AND 0 LI GOSACC HAR I DES 
CHROMATOGRAPHY OF MONO- 

ALBERT AVRAAM BEN-BASS AT^, 
AND ELI GRUSHKAZ 
1 Israel Fiber Inszitute 

P.O. Ban 8001 
Jerusalem 91 080, Israel 

2Analytid and Inorganic Department 
The Hebrew University 

Jerusalem, Israid 

A. SUMMARY 

The separation and determination o f  various monosaccharides and 

ol igosaccharides by d i f f e r e n t  HPLC techniques, publ ished i n  the  pe r iod  

from the  second p a r t  o f  1983 up t o  December 1987, are reviewed. 

However, several e a r l i e r  works o f  p a r t i c u l a r  s ign i f i cance  are a l so  

covered. This review includes a systematic desc r ip t i on  o f  t h e  

important elements i n  an advanced HPLC system f o r  analys is  o f  

saccharides: s ta t i ona ry  phases f o r  columns, s p e c i f i c  mobile phases, 

the use o f  precolumn o r  postcolumn d e r i v a t i z a t i o n  and the  choise o f  

de tec to r  f o r  each s p e c i f i c  analysis. The most s i g n i f i c a n t  

developments o f  the l a s t  decade are the increas ing use o f  bonded-phase 
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1052 BEN-BASSAT AND GRUSHKA 

column packings based on s i l i c a ,  as w e l l  as postcolumn l a b e l i n g  

techniques. The developments leading t o  advances i n  the HPLC o f  mono- 

and ol igosaccharides i n  recent years are repor ted and, sometimes, 

discussed. 

This  a r t i c l e  has been designed t o  summarize, i n  a t a b u l a r  form, 

the  chromatographic condi t ions o f  recent HPLC research e f f o r t s  f o r  

ana lys i s  o f  mono- and o l  igosaccharides. Common and s p e c i a l l y  

developed de tec t i on  systems f o r  moni tor ing the HPLC separated 

saccharides i n  the column e f f l u e n t  are described and c l a s s i f i e d .  

The app l i ca t i ons  o f  HPLC analys is  o f  mono- and ol igosaccharides 

are c l a s s i f i e d ,  i n  a tabu la r  form, i n  fou r  p r i n c i p a l  groups. 

B. INTRODUCTION 

Modern h igh  performance l i q u i d  chromatography (HPLC) was 

introduced as an advanced a n a l y t i c a l  technique i n  the l a t e  1960's. The 

p roper t i es  which make HPLC such a p re fe rab le  and widespread 

technique, namely v e r s a t i l i t y ,  s i m p l i c i t y ,  s e l e c t i v i t y ,  s e n s i t i v i t y ,  

are rooted i n  the  chromatographic theory t h a t  evolved from Mar t i n  and 

Synge's [ l ] .  The development o f  h igh performance columns f o r  

separat ion o f  n o n - v o l a t i l e  substances, as w e l l  as o f  improved and 

s e n s i t i v e  detectors  has accelerated the r a p i d  growth o f  HPLC. 

The parameters o f  importance i n  choosing an HPLC system f o r  

separation o f  saccharides are: e l u t i o n  pat tern,  analys is  time, the  

r e s o l u t i o n  o f  complex mixtures and column e f f i c i e n c y ,  s t a b i l i t y  and 

l i f e  t ime.  
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MONO- AND OLIGOSACCHARIDES 1053 

The mono- and o l  igosaccharides are an important energy source. 

They are invo lved i n  the s t ruc tu re  o f  polysaccharides, p ro te ins  and 

1 i p i d s .  General ly the monosaccharides are comprised o f  t he  aldoses, 

ketoses, a l d i t o l s ,  a ldonic  acids, uronic acids. I n  add i t i on ,  t he re  

are a lso t h e i r  modi f icat ions,  such as deoxy- and deoxyamino 

de r i va t i ves .  Oligosaccharides are b u i l t  up o f  various combinations o f  

monosaccharides i n  a d iverse pos i t i on  o f  attachment and o f  anomeric 

con f igu ra t i on  o f  g l  ycos id i c  1 i nkages . 
Column chromatography o f  carbohydrates dates from 1939. when 

Reich described the  separation o f  azoyl de r i va t i ves  o f  sugars [ Z ] .  

Alumina, as s ta t i ona ry  phase, has found minimal app l i ca t i on  i n  the  

saccharides f i e l d ,  since most o f  these compounds are h i g h l y  p o l a r  and 

consequently s t rong ly  adsorbed. I n  addi t ion,  the basic character  o f  

alumina causes sometimes epimerization. 

I n  the 1950's and 1960's ce l l u lose  based p a r t i t i o n  columns [3], 

and low r e s o l u t i o n  charcoal columns [4,5] were used. The development 

o f  p o l a r  bonded-phase mater ia ls  based on s i l i c a  gel p a r t i c l e s  (5-10 

pm) has exp lo i t ed  the f u l l  advantages o f  HPLC. Today, HPLC o f f e r s  an 

exce l l en t  a l t e r n a t i v e  t o  gas chromatography f o r  t he  qua1 i t a t i v e  and 

q u a n t i t a t i v e  analys is  o f  saccharides w i t h  the advantages o f  h igh 

reso lu t i on ,  shor t  analysis time, d i r e c t  i n j e c t i o n  o f  the sample 

wi thout  o r  w i t h  l i t t l e  pretreatment, and easy automation [6]. The 

HPLC analyses o f  saccharides ava i l ab le  today are sensi t ive,  re1 i a b l e  

and reproducib le  due t o  the development o f  new packing mater ia ls ,  

de tec t i on  systems as w e l l  as t o  successive improvements i n  o v e r a l l  

instrumentation. Today, the time u n i t  needed f o r  the analys is  i s  

minutes instead o f  hours. I n  the l a s t  several years HPLC has become a 

powerful t o o l  f o r  separation o f  saccharide mixtures. 
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1054 BEN-BASSAT AND GRUSHKA 

Several  rev iews [7 ,8 ,9]  a t t e s t  t o  t h e  importance o f  chromato- 

graphy i n  carbohydra te  analyses, i n c l u d i n g ,  p a r t i c u l a r l y ,  HPLC 

techn iques .  Precolumn d e r i v a t i z a t i o n  o f  sacchar ides  was rev iewed by 

Ross [ l o ] .  P a r t i t i o n  chromatography o f  sugars on s i l i c a - b a s e d  

s t a t i o n a r y  phases was reviewed by Verhaar and Kus te r  [ l l ] .  A r e c e n t  

r e v i e w  on HPLC o f  mono- and o l igosacchar ides ,  cove r ing  a r t i c l e s  up t o  

1983, was prepared by Sususmu [12]. An ex tens i ve  r e v i e w  on t h e  

a p p l i c a t i o n  o f  va r ious  types  o f  chromatography f o r  a n a l y s i s  o f  mono- 

and d i sacchar ides  was pub l i shed  by Robards and Whitelaw [13].  

The p resen t  rev iew summarizes, i n  a t a b u l a r  form, t h e  

exper imenta l  c o n d i t i o n s  o f  HPLC analyses o f  mono- and 01 i gosacchar ides  

i n  t h e  p e r i o d  f rom t h e  second h a l f  o f  1983 up t o  t h e  end o f  1987. Some 

e a r l i e r  l i t e r a t u r e  i s  a l s o  quoted when i t  i s  o f  p a r t i c u l a r  s i g n i -  

f i c a n c e .  For  each case, impor tan t  chromatographic parameters as such 

s t a t i o n a r y  phase, mob i l e  phase, p o s s i b l e  p r e -  o r  postcolumn d e r i v a t i -  

z a t i o n  and t h e  t y p e  o f  d e t e c t i o n  a re  r e p o r t e d  (Tables 1 and 2 ) .  

HPLC a n a l y s i s  o f  sacchar ides i n  va r ious  n a t u r a l  p roduc ts ,  as 

foods, d r i n k s ,  j u i c e s ,  d i e t a r y  f i b e r s ,  vegetab le  f i b e r s ,  o i l s ,  beans, 

r o o t s ,  b i o l o g i c a l  f l u i d s  has been performed by many researchers  

(Tab les  1 and 2 ) .  The g r e a t  amount o f  works on s e p a r a t i o n  and 

q u a n t i t a t i o n  o f  d i f f e r e n t  sacchar ides by HPLC demonstrates t h a t  t h e  

r e c e n t  p rog ress  o f  carbohydra te  chemis t ry  has been assoc ia ted  w i th  t h e  

deve l  opment o f  HPLC. 

C.  TECHNIQUES AND STATIONARY PHASES FOR HPLC SEPARATION 

The a n a l y s i s  o f  sacchar ide  m ix tu res  by HPLC techn iques  i s  more 

and more w i d e l y  app l i ed .  No genera l  HPLC c o n d i t i o n s  have been 
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MONO- AND OLIGOSACCHARIDES 1055 

Table 1. Experimental HPLC conditions used for determination o f  monosaccharides 

No.1 Sample Analyte 1 Column I Eluent ( ~ 1 ~ 1  

~ 

1 Human Serum Glucose. mannose Anion I E X  222. I l p ;  0.02M, sodium tetrabo- 
three connected ra te  and O . 1 M  bor i c  
C0l"Ill"S acid:  DH 8.98 

column reac t i on  

Post-colum w i t h  F I .  
monoethanolamine 360 nm 

445 nm 
! -  ex 

3 Mixture o f  re- Arabinose.r,bose I )  Shodex SC-1821 I )  H 0 Post-column w i t h  Ampermetry 
ducing mono- and xylose.glucose. 21 H i tach i  2633 2 )  027M borate buffer ethylenedidmine 
disaccharides mannose.galacto- 3 )  Lichrosorb NH and 0.01% EOTA ac id  sulphate 

se, f wc tose ,  
rhamnose 

3) MeCN-H20 ( 3 : l )  

4 Mixtures o f  red. Reducing pento- h i n e x  A 27 or Borate bu f fe r  (pH 8 7 )  Post-column w i t  F I .  Q 
and nonreducing ses.hexoses. Non Shimadru ISA-071 taur ine-2 m o l h  

ssaccharldes reducing saccha- 52504 sod. metaperio- 
r i d e s  date a t  140'C 

5 Needles o f  heal-  Ribose. Aininex A-25 0 I M  Boric ac id  Post-column w i t h  F I .  
342 nm 
422 nm 

6 Market ml lk;  Glucose. MCI g e l  CAO 8S Stepwise: O . 2 M  potas- Post-column UV. 280 nm 

ex 

em 

thy and damaged fructose. Borate format (pH 9.35) cthanolamine- 
Pices t rees glucose bor i c  ac id  

m l l k  products galactose slum borate [pH 7.8) reac t i on  w i t h  
t o  0 5M potassium 2-cyanoacetamide 
borate (DH 8.7) 

20% OVB 

de.phosphate.sul- 
galactose phate. n i t r a t e  

2) HPX 87C propionate or acetate 
syrup. mud i n  water 

10 Ii&;ng saccharides; mono- ~ ~ l u c o s e .  f ruc tose  ];stion LGKSO 800 1;O l;-column p-aminobenzoic w i t h  1 YI:( 

I1  Human seminal Ribose.fructose. Aminex HPX 87H L O I N  I4 SO 

sugar beet ac id  hydrazide 

2 4  
plasm3 s o r b i t o l  i nos i -  

t o l .  lactic ac id /  

t i n a l  m ic ro f l o ra  

Aminex HPX-87H !O 014N H SO R i .  UV-Vts  

Aminex HPX-87H 10 028M H2SOq 'It; /(pll 1 5 )  a t  40'C 
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No 

14 

15 

16 

17 

18 

19 

20 

BEN-BASSAT AND GRUSHKA 

_ _ ~  ~ 

Sample A n a l y t ~  Column Pre- and post 
column reac t i on  

Hydrolyzates Glucose. xylos8. I )  Alltech-NH 1) IIeCN-H 0 
from f i b r e s  o f  arabinose, 2 )  Aminex HPX287P 2) H20 
bar ley.  sorghum. mannose. galac- 

bran tose. rhamnose 

Dietary s o f t  Glucose. IHPX-E7A 
dr ink f ruc tose  

Mixtures o f  / I -a rab ino re .  Aminex HPX-87H O . O l N  H SO 
various imno d-xylose. d-glu- 
and dlsacchs. cose. d-mannose 

Cane and beet Glucose. 
molasses f r i i c t cse  

O . O I N  ti SO 
1 4  

7 4  

2 )  H O  
3 )  d C N - O . O I H  KH PO 2 )  Resolut ion OD15 

3 )  Resolut lan NllZS (pH71 (74:2612 

Beer. wine, IRibose. glucose. 1) Aminex HFX-8% 1) H 0 Post c ~ l u m n  w i t h  
f r u i t  j u i ce .  f ruc tose  2 )  Micro Pak-NHp 21 76% aq. MeCN. 2-cyanoacetanide 
s o i t  d r i nks  

Sucrose a f t e r  Fructose. Aminex A-7 0.03W aq. H SO and 
phosphorylysls glucose-1-phos- o 01 to a a b  f , .  

gradient 90 t o  60% 

CF CO H 3 2  phate 

Food and feca l  Arabinose. I )  Bondapak carbo- I )  MeCN-H 0 (85:15) 

labie I .  (Cant ) 

neu t ra l  deter-  xylose. glucose. 
gent f i b e r  mannose. g a l a c -  

t o re .  rhamnose 

21 Saccharide Xylone.fructose. 
components of mannose. galac- 
pmtecglycans tose. fucose 

22 Hydrolyzates of Glucose,galacta- 
bac te r ia l  l l p o -  se,rhamnose.gly- 
polysaccharides ceromannoheptase 

23 Dry wines Arabinose. ribo- 

rhamnose. nylose 
se. f ructose. 

24 Enzymatically Xylose. 
degrd.cel lu lose. arabinose. 
xylan. arabinan. galactose 

Detector 

hydrate 
2 )  Aminex HPX-85P 2) tiZO 

Aninex 87P.  wi th  H 0 1 )  Precalumn ?adit 

an ion i c  and ca t i on i c  a c t i v e  labelin, 
guard colnns. ir 2)  Orcinol  
ser ies 3 )  2-cyanoaceta- 

n ide  

I) Nocleos11 5-NH 1) HeCN-H 0 [75.251 
2) HP-87P 12) H20 

11 0 Post-column w i t h  
t e t r a z o l i u n  b lue  

HPX-87P and 

precollrrnn - 
Aminex HPX-87C 

Aminex HPX-8IY t lpO 
,(also guard column) 

R I  

R I  

R I  

R I ,  UV 

F l  

R I  

R I  

Radioact i -  
v i t y  
V I S ,  420"" 
UV. 276nm 

R I  
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MONO- AND OLIGOSACCHARIDES 1057 

Table 1. (cont.1 

Sample Analyte 

d-mann i to I .  
d-glucitol 

.on fat plain Glucose. 
(ogurt. litmus galactose 
ni 1k 

~1 degradation 
,f poplar wood 

paper fructose 

glucose, 
fructose 

galactose, 
mannose.rhannasi 

ildoses d-xylore. 
d-galactose. 
1-fucose. 

d-ribose. 
d-arabinose 
d-mannose 

perfured animals 

mangoes praductr o f  
D-fructose 

Column E luent(vlv1 P r e -  and p' 
I column reaci 

minex HPX-87C H 0 
Aminex AT or 
,minex AS)  

minex HPX-87 IH20 

I 

'1  Far! carbohydrate 
(Ca +) 

1 )  Fast acid 
( H  form) 

I )  Aminex HPX-42A 
(As+ form) 

!I hinex HPX-87H 11) 0.OIN H SO 1 
'1 p-Spherogel x 7 . 5  2 )  H-0 I 

I t  carbohyd 

I:" 
5w irregular silica 67% HeCN contg. 0.031 Post-colunn r 

("/"I 1.4-diaminobutane ion with cupr 
nium reagent 

Zorbax SIL C H -CHCl -HeCN Precolumn: p- 

Partisll 5 3% MeOH i n  CHCl fo r  Precolumn: 
10 min. and lO%%eOH tn 0-benryloxine i! CHCl? f o r  add. 10 m i " .  

( b 1 t d - 1 . 9 ) ~  benzoates 

Detector 

R I  

R I  

Rl 

uv. 2aonm 

UV, 280nm 

UV. 180nm 

uv 
i a  t o  310ni 

UV 

U V .  254nm 
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No Sample 

36 Hen egg albumin. 
laclose. casein, 
chondroitin. 
aggregating 
proteog1ycans 

37  Cardiac glycasi- 
des: comnon food 
saccharides 

38 Mixtures of m- 

no. di- and tri- 
saccharides 

I 

39 Mixture of corn- 
mrclal mono- 
saccharides 

40 Mixture o f  
monosaccharides 

41 Conmrcial 
isomemse 

.. 

42 Mixture of mono- 
saccharides and 
PO 1yo1s 

43 Fruvt juices. 
human !urine 

44 S t i c k y  cotton 

45 Extract of 
instant c o f f e e  

46 Mixture o f  mono- 
and 
disaccharidcs 

47 Various saccha- 
rides and their 
derivatrves 

BEN-BASSAT AND GRUSHKA 

~~ ~- 

Analyte Column Eluent("/") 

Xylose. fucose. Lichrosorb 5 1  100 7 6% MeOH ~ 0 7% H 0 
mannore. i n  C H C I  
galactose. 
glucose 

1 7  Xylose,arabino- Alltech amino 

se. glucose. 
fructose 

Xylose.glucose. llchrosorb ~ NH2 N d N - H  0 (80.20) 
fructose.manno- 
se.  sorbose. 
galactose 

d-1yxose.d-ribo- Lichrosorb - NH , (Me) CO and H 0. add 
se.d-arabinase. Nucleosil SNH sn~al? anrnounts'nf AcOH 
d-fructose, 
d-glucose. 
d-qalnctose. 
d-rorbose. 
d-mannose 

Ribose. xylose. Lichrosorb - S i 6 0  TliF-H 0 (85-15) or 
glucose. fructo 
se. galactose diethanolamine 

Glucose. Viosfer - Nli ; 5p MeCN - I1 0 ( 9 . 1 )  
fructose 

Glucose. fructo- ~ Sugar Pak I - / G L z 5 7  
se. galactose. [OF H (1' 

mannitol. xyli- 
101. sorbitol 

Xylnse.  r thnse.  TSK gel NH ~ 60 MeCN-H 0 (7.31 
arabInose. glu-  

cose. fructose 

Glucase.fructose Spherisorb S5 Nil  

Arabinose. glu- Spherasorb - NH MeCN-H 0 ( 4 . 1 1  
cose. fructose. 
mannose 

Xylose. glucose Zorbax BP-NH MeCN-H 0 (70:30) 

. ~~ 

~~~ 

(90.161 arid 0 3% 

MeCN-II 0 [80:20) 

1) Honosacchars. 1) LC-18-08 Anm0"l"rn formate 
1-0-methyl- 1) 5pRP-I8 gard b u f f e r  ( 0  1 M ) :  pH 5 6 
glycosides column 

monosacchars 
2 )  Permethylated 2 )  Eoridapack ~ NH 

lable I (Cont.) 

Pre- and post 
column reactlo" 

recOl"m". 
.(-dinitrophenyl 
ydrarones 

- 

nstcolumn p h a t o ~  
eduction of anth 
aquinane d e r i v a -  
~ v e  by sacchs. 

ostcolumn with 
etraiolium blue 

-~ ~ 

ostcoiumn w i t h  

opper-bis lphe- 
anthrol~ne) 

OeteCtDr 

UY. 35Znm 

\direct F1 
400 nm 
525 "In 

ex 

em 

lec t r o c  hein I 

1 1  ( N i  elec. 
-odes 1 

K I  

V i s .  525nm 

R I  

R I  

>direct 
nperornetry 

R1 

HS 

wrng-wire 
l m e  ion1,a 
ion 

M5 

- 

lef 

- 

68 

~ 

77 

- 

78 

~ 

80 

- 

81 

- 
84 

86 

- 

89 

- 
90 
- 

91 

- 

92 

- 

93 

- 
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MONO- AND OLIGOSACCHARIDES 

Table 1. (Cont . )  

No. Sample Analyts Column Eluent(v/v) Pre- and post 
column reaction 

48 Musts, wines. Glucose.fructose Lichrosorb - NHZ HeCN-H 0 (80:ZOl 
champagnes 

_ ~ _ _ _ _ _  
4g Various beers Glucose,fructose Llchrosorb - NH MeCN-H 0 (80:20) 

50 Glycosides Xylose. arabino- Nucleosil - NH MeCN-H 0 ( 8 : 2 )  Postcolumn rlth 
isolated frm se, glucose. ga- tetrazollum blue 
raponins lactose.rhannose 

51 Cane Julce Glucose,fructose PN 84730 HeCN-H 0 (4:l) and 
0 . 0 1 ~  %ilica arnlne 
modifier No.2 

52 Saccharide pro- Rlbose.arab1nose Separon SIC 18 HeOH-H 0 [6:4) to (7:3) Precolurnn. 
duCts of f o m -  erythrore.gluco- 2.4-dinitrophenyl- 
nation reactions se.fructose hydrazones 

53 Glucaconjugates Neutral mono- 1)  TSK-gel 6-2000 PY Buffer: 0.25M Precolumn with 
saccharides. 2 )  Ultrasphere - LIDS Sodium citrate (pH4) P-aminopyr?dine 
amlnosaccharldee 3) Microsorb C containing 1% HeCN and reduction 

4) Cosmos11 5C" 
5 )  TSK-gel LS-@O 
6 )  TSK-gel 00s-120T 
7 )  YMC-gel 00s 5-5 

54 Carbohydrate Fucose, mannose. I )  Zorbax C18 or C-8 MeCN-H D (various Precolumn: Perben- 
part of glyco- galactose. 2) Spherlsorb ODs I1 proporfions) zoylates of the 
proteins glucose, N-ace- 3 )  Ultrasphere C-8 methyl glycosidcs 

tylhexosamlnes 

20% ( v / v )  aq.  HeCN Precolumn: 
contg. 0 O M  FOH. 0 04H Oansylhydrazones 

(CZH5I3N 

1.8 fructose. galac- 
tole. mannose ACDH and o .ao in  

55 Glycoprotelnn Xylose. lyxase. Altech C 

56 Ocean water, Ribose, glucose. Nucleosil-ODS Citrate buffer Precolumn: 
sediment hydro- fructose. manno- (Pn 3 781 Dansylhydrazanes 
lyzates. phyto- se. galactose. - HeCN (80:20) 
plankton rhamnose 

57 Tam-Horsfall Fucose. mannose. TSK-gel LS-410A 8% ( v l v )  aq. MeCN Precolumn: 
human urlnary galactose Glycaminso label-  
glycoprotelns led with fluoresc 

reagent N80-F 

58 Frult juices: Glucose. Nova PAK C-18 Gradient: Preco 1unm : 
human serm; galactose. I) H 0-MeCN (78:221: Oabrylhydrazanes 
hydrolyzate of mannose 21 M h .  10.85% for 
serum glycopro- 45 min.  

teln 

59 Hlxtures of red. Xylose. fucose. Hypersil-005 I) 25% (CH3)2CO-0.08M Precolumn: 

galactose. 2) 25% (CH ) CO-lOmH hydrazones 
rhamnore. Na PO i p6  5.5) 
deoxyg lucose 3) log (l!H3)ZCO-0.08H 

uabsyi or o a n ~ y i -  saccharides glucose.mannose. AcOH 

AcOH 

1059 

Detector 

RI 

RI 

Yis. 546nn 

R I  

I )  UV. 254 r 
2)  R l  

FI 
320 nm 

ex 400 m 
em 

UV. 230nm 

UV. 254nm 

UV. 230nm 

F1 

Vis. 425m 

F1. 

540 nm 
350 nm 

ex 
em 

- 
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Honey.chocolate; Xylone. arabino- 11 Hibar.CN 
pharmaceutical s e .  glucose. 2 )  Hibar RP-CI8 
formulations: galactose. 31 Hibar RP-CB 
mixtures OF mannose. 41 Partisphere RP- 
saccharides fructose C18S 

Mixture of Glucose. fructo- H P X - 6 5 A  (Ag form) 

saccharides s e .  galactose HPX-65A in the 
Ph(l1) Form 

__ 

HIXtUres of Arabinose. man- Polyol-RSiL. pre- 

monosaccharides nose, galactose. saturation column 
rhamnose 

Table  I (Cont.) 

7 2  

Sample j Analyte I Column 1 Eluent(v/w) 1 Pre- and post 
column reactlo" 

I 
10 01N H SO Various pentoses Aminex H P X - 8 5 H  
i 2 4  

Beer 

HeCN-H 0 ( v a r i o u s  

proportions) + 0.02M 
FOH and 0.05M boric 

l a c i d  
j-Ir +--- 
MeCN-H 0 (70:30) with 
0 1% T E A  

Precolumn 
Dansylhydrazones 

I 

galactose 

Carbohydrate 
m h o l i c  fermen- P / N  84038 
tation of wort 

65 Beer warts Monosaccharides Carbohydrate IMcCN-H20 (75.25) 
/ P / N  84038 

MeCN-H 0 (75:25) 
analysis 

MeCN-H 0 (60:40]  

analysis 

68 Nlxture o f  d-glucose. Copper silica gel H 0-MeCN (25:15). 
!various saccha- Id-x y lose; 1 I j H J = O . l M  1 
.riden 2-amino-2-deaxy~ 
I 0-glucopyranose 

69 Mixture o f  11 Hexosamines I1  Hitachi 2617 
2-cyanoacetamide various red. 2) Rhamnose. xy- 2) Shodex R Spak 

hcxosamines. mannose. 

dextran . galactose 

monosaccharides: l o s e .  fucose. OC-613 

Detector 

F I .  

360 nm 

440 nm 
ex 
em 

R 1  

RI 

UV. 315m 

R1 

RI 

R I  

RI 

R I  

~~ 

E lec t TO- 

chemical 

Indirect 
imperometry 

R I  

RI 

- 

Xef 

- 

126 

- 

I29 

- 

130 

- 

131 

- 

132 

- 

133 

- 

134 

- 
135 

- 

136 

~ 

139 

- 

140 

- 

141 

- 

142 
. .. 
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Ha. 

73 

74 

75 

76 

1061 

Sample Analyte 

Wine. m i l k ;  Glucose, 
mixture o f  mono- f ructose. 
and oligosaccha- galactose. 
r ides.  organic r ibose. 
acids 0-xylore 

Mixture o f  Glucose. f ruc to -  
various se. sorbose. xy- 
saccharides lose. arabinase 

Urine Rhamnase. 

__ 

mann i t o  1 

Strawberry. Glucose. 
raspberry purees f ruc tose  

lable I .  (Cont.1 

SX-gel  scx  
H+ form) 

0 IN; O.8M: 0.05M 
Boric ac id  so lu t i on  

iupelcosi  I 

XR-lO1N 

n/a 

Solvent A '  CHCI -MeOH- Precolurm w i t h  
0 I H  sodium tet:aborate d.-M.N-dimethyl 
to pli 3.5 w i t h  glac.  
AcOH. (65:25:4) bemene 

Solvent 8: CHCI -MeOH- 
0 . 1 ~  s d i u m  a c e L  t o  
pH 3.5 (65:25:4)  

ammo-4-amino-am 

n l a  Post-column w i t h  
a rg ln ine  and b o r i  
a c i d  

MeCN-H 0 Precolumn w i t h  
3-hydroxy-2-naph- 
tho i c  hydrazide 

81 Glycorphingal i -  Twenty-three 0-1 
p i d  glohotetra- petnoses; 
osy l  ceramide: hexoses. hepto- 
human m i l k  se. 2 or  6 
lacto-N-fucopen- deoxyhexoses 

85 Extract  o f  nyce- Glucose, 
I i a l  sample of f ructose. 
P.graminis; galactose and 
standard mixture po lyo l s  
o f  saccharides 

Column I Eluent(v1v) 1 Pre- and pa r t  
column reac t i on  

Detector 

n d u c t w r t y  

d i r e c t  
, tent  i m t r y  

Post-column w i t h  
copper compounds 

ugar-PRK 1 

HO-620 R I  

R I  

R I  l i p e r s i l  5 HeCN-ii 0 ( 8 : Z )  
Juices. other 
food substances 

18 Mandarin j u i c e  Glucose. I f ructose 

R I  I Bondapak NH 
ep-PakC18 ca!lridgel 

MeCN (75% i n  H20) 

R I  !adla1 PakB MeCN-H 0 l75.25)+0 1% 
Sam. a i i ne  add i t i ve  

arabinose 

I V .  231 nm 

2) MeCN-H O ~ t e r t .  bu ty l  
ether f80:ZO: 4 )  

V i s .  436nm 

Itaose I 
$ 1 .  

320 nm 

430 nm 
ex 
Em 

uv 
I I 

Monosaccharides I 
1 Bondapakl 

I 
n l a  

bars: condiments 
I I 

jugar-Pakl UV. 280nm 50 mg/ l  calcium Past-column w i t h  
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Table 2.  Exper imenta l  HPLC c o n d i t i o n s  used for d e t e r m i n a t i o n  o f  01 igosacchar ides  

No I Sample I Ana ly te  1 Calurim 1 E luent( " / " )  

8 6 ~ l i x t u r e  of IMaI tose.  11) Shodex SC-1821 I )  H 0 
reducing mona- 

and d isacchs.  
2) L i ch roso rb  NH2 17) M:CN-H70 ( 3 . 1 1  

87 Mix tures of Sucrose. m e l i z i -  H i tach ,  gel  3013N Borate bu f fe r  (pi1 7 ) .  
reducing and tose. r a f f i n o s e .  
nonreducing stachyose. 
saccharides. 

I 
88 Needles of hea l -  Saccharose. Aminex A-25. 0.4M bor i c  a c i d .  

t h y  and damaged ra f f i nose .  bo ra te  form. (pH S.35) 
Picea t rees  

89 Market m i l k ;  Lactose.  HC ge l  C H W S  S tep r i se :  from 0 ?M 

m i l k  products .  potassium borate 
( P ~  7 a)  to 0 . 5 ~  

potasslum t , a r a t e  
(pH i 8.7). I 

. . . ~ ~ .  . ~. _____ 

90 Human b reas t  Var ious oligo- Hitach, .  Custom g rad ien t :  0.1H sodlvm 
m i l k .  sacchar ides.  Resin No. 2630 borate t o  0.4M sodium 

borate buffer, a t  5 5 ' C .  

~ 

! 1 

91 Human mecanium: Neutral and 11) Shandon 00s I )  H 0 
human m i l k .  acetamida 17) APS-Hyperpi1 2 )  M & N - i i  0 (g rad ien t ) .  

oligosacchar- 13) Micropack AX-5  3) aq. Me& ( d i f f e r e n t  1 I;(ii. 1 p r o p o r t i o n s ) .  

~~ 

sol". of  calcium 

0.1% calcium acetate 

I I 

Pre- and post  
column reac t ,on  

Ist-column w i t h  
.hylenediamine 
t lphate.  

1st-column w,th 
I r i ne -2  mol. 7 sod7um meta- 
!? iodate.  a t  
I O ' C .  

Is t -co lumn w i th  
:hanolamine- 
) T I C  ac id .  

16 t - co1  urn" 

?ac t i on  w l t h  
cyanaacetamide 

Detector  

nperometry 

F I .  

F l .  
342 nm 
422 nrn 

v,  280 nrn 

ex 
em 

) UV. 210 ni 
f a r  N 

acetyl-  
g l " C 0 S -  

aminc 
TPS ldlW 

1 R I  f o r  
sacchs 
w i thou t  
acetamida 
groups 

uv. 208 nrn 

I 
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98 

99 

100 

101 

102 

103 

1063 

Fermentation Sucrose. Aminex HPX-87H 
mixtures metabo- lactose. 
lized by intes- 
tinal micro- 
flora. 

Chondroitin Unsaturated Ishodex R S  (Na+ form 

S" 1iate. disaccharides. 
Denatan (4 or 6 sulfated 
Sulfate. and "on-sulfat- 

ed . 

Hyaluronic acid Unsaturated, Shodex RS. Na form 
and chondroitln. nonrulfated 

disaccharides. 

Hlxture of -no- Cellobiose. Aminex HPX-87-H 
and dlsacchar- 
ides. 

Cane and beet Sucrose. I )  Resolution Carbo 
molasses. hy r a t e  Na or 

Ca form 
2 )  Resolution O K  5 
3) Resolution NH 5 

1; 

Food and fecal Cellobiose. Aminex HPX-ESP 
neutral deter- 
gent fiber. 

Table 2. (Cont.) 

104 

105 

106 

Analyte Column I 97 Cotton leaves Sucrose. Aminex HPX-87H 

Emzymatically Oligosaccharides Aminex HPX-87f: 
degraded cellu- up to d.p. 4. also guard column 
lose. xylan. 
arabinan. 
ga lac tan.  

Low fat plain Lactose. Aminex HPX-87 
yogurt: l i t m u s  
milk. 

Degraded filter Cellobiose: 11 HPX-4ZA 
paper. glucoollgmrs- 2 1  TSK PW 
Degraded poplar d.p. 3-8. 
wood. ! 

I I I 

5an Irregulal 
silica 

perivred 

-~-I Eluent(v/u)  Pre- and p o s t  
column reaction 

014N H SO (pH 2 . 1 )  
2 4  

I 

eCN-MPOH-0 5H 

65.15'20) 
COONH , pn 4 . 5  

.OIN H so 
2 4  

I H O  
1 HZ0 

1 MiCN-0 O l H  KH PO 
pH 7 ( 7 4 : 2 6 )  

reagent. 

Detector  

1 RI 
) UV-Vis  

I 

IV. 232 MI 

IV. 232 nm 

~~ 

I 

! I  .uv 

I 

R I  

JV.  280 to 
310 nm 
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l ab le  

No. 

108 

108 

110 

111 

112 

113 

114 

I15 

116 

2 .  (Cont 1 

Sample Analyte 

Oligosacchs 1) O i -  and t r i -  

isomers: saccharides 
oynt hes i zed: a s  acetylatei  
from human m i l k .  a l d i t o l s .  

2 1  T r i s a m h a r -  
ides as 
a l d i t o l s .  

3) Tr isacchar-  
ides a s  

a l d i t o l s .  
4 )  Pentasacchar 

ides as 
ace ty ia ted  
a l d i t o l s  

Oligosacchs Reducing o l q o -  
f r o m  m i l k  and sacchs. w i t h  
other na tu ra l  d , p .  1-6. 
sources. 

Starch hydroly-  Ol igosacchar ide 
l a t e r .  of d p .  1 t o  12 

1 t o  15. 

17 d i f f e r e n t  8-cel lobiose. 
disaccharides. 8-gentiobiose. 

o- lactose, 
lactulose. 

ma1 t o w ,  
a-trehalose. 
t u rmose .  e t c .  

Mixtures o f  Ce l l a t r i ose ;  
d i f f e ren t  t r i -  isopanose. 
Eaccharldes isomdltotr iose. 

panose. melezi- 
tone. ra f f i naoe  
x y l o t r l o s e  

Cardiac glyca- Lactose. 
sides; cornon maltose, 
food saccharides sucmsc; V ~ T I O U .  

cardiac glyco- 

s ides.  

Mixtures o f  Saccharose. 
mono. d i  and maltose, 
t r isacchs. lactose. 

t rehalose. e t c .  

Powdered m i l k s  Sucrose. 
lactose. 

Mixture o f  Anomers o f :  
comnerc ra 1 d- lactose, 
disaccharldes. d-maltose. 

d-sucrose. I 

BEN-BASSAT A N D  GRUSHKA 

lectrochem- 
c a l  (N i  
Iectrodes) 

Column 

78 

I) Hyperr i  I, 5um 
I )  Hypersi l .  5sm. 

modif ied w i t h  
TEPA 

1) APS-Hypers i l  
1) OOS-Hypersil.  

Uucleosi l  S i  g e l  

X I I O N  KS [CaZ+ and 
4g form1 

I )  Zorbax-NH 

? )  Supelcasi l  LC-NH 

I) Zorbax-NH 

? I  Supeicosi l  LC-NH 

I )  Merck i ichrnsorb 

? )  Merck Lichrasorb 

I )  A l l t e c h  amino 

RP-8 

RP-18 

Yicropack-NH 10 

Eluent("/") Pre- and post 
column reaction 

I) CH C 1  -C H -isoPrOb 

2 )  MeCN H 0 w i t h  0.05% 

I )  MeCN-H 0 (pH 2 91 

1) HeCN-i?O (pH 5 2 )  

szf 2 6 14 

IEPA 

H~CN-H'O ( p ~  7 .0 )  

Ethyl  acetate-AcOH- 
YeUH-H 0 (10.3.3.2) 

.ecolumn w i t h  
t r i f l u o r o a c e t -  

n idoani l ine undei 
?duct ive condi- 
ions. 

H2° 

YeCN-H 0 (Various 
oornpas? t ions I 

I) HeCN-H 0 ( 7 2 : 2 8 ) ;  

2 )  HeCN-H O ( 1 5 . 2 5 1 .  

( 7 5 2 5 5  

(80:2"7 

aq MeCN 

YeCN-H 0 (80.70) 

(Me) C O - H  0 and small 
amouEts o f  AcUH 

1 5 t C O  lumn 
iotoreduct ion 
. anthraquinone 
? r i v a t i v e  by 
sccharides. 

R I  1 

//!TI-- 

~ 76 

i 
nd i rec t  $ 1  

400 nrn 

em 

L 
R 1  I 80 

i 
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Table 2 .  (Cont.) 

1065 

Analyte Colunn Eluent(v lv)  

starch. 

118 Products of Oligosaccharides I )  0-Spherogel 1)  H 0 
lactose degrada- 2 )  Amino Spheri-5 2) MfCN 75% 

l ~ ~ ? d ~ ~ e ! - g a l a c /  I 1 
Eaccharides. 

hydrate 

stachyore and 
other po 1 yo 1 s . 

121 Oligosacchar- Dligosacchs I ides 
(d i - t o  hepta).  

ichrosorb-NH2 HeCN-H 0 contg. 

15 mM K PO (pH 5.2) 
3 4  

122 P a r t i a l  hydroly-  Hmgeneous ERC-NH-1171 HeCN-H 0. 
rates or  d-gluco-ol igo- fo r  cyZlasophoraose 

acetolyzates o f  saccharides. (58.42):  for curdlan 
cyclosophoraose. (1-,3), (1-,4). ( 6 0 : 4 0 ) ;  for amylase 
curdlan. (1-,6), and (57:43):  f o r  dextran 
anylose. c e l l u -  polysacchar ider (56:44) .  f o r  luteose 
lose, dextran. up t o  d.p.35. ( 5 5 . 4 5 )  
luteose. 

1231~unan Urine //_tOse. /rjL ge l  N H Z p  
disaccharides. 

! 
124 Sticky cot ton. Sucrore. 

melezitore 

125 Extract  of green Sucrose. 
and roasted 

coffee. 

126 Mixture o f  mono- Sucrose. 
and disacchar- maltose. 
Ides. lactose. 

127 Mono- and 1) Dlracchar- 
disacchars., ides . 
1-0-methylglyco- 2 )  Permethylatel 
sides; 0-perme- d i - t o  t e t r a -  
thy1 mono- t o  saccharides. 
tetrasacchandes 

Zorbax BP-NH MeCN-H 0 (70:30)  

1) I C-18-0B 
I )  5yRP-18 guard 

2 )  rrBondapack-NH 

h o n i u m  formate buff* 

(O.lM1. pH 5.6. 
column. 

column reac t i on  

I R 1  

I )  uv; 
2) Phenol- 

assays 
3) L i q u i d  

s c i n t  i la- 

counter.  

R I  

I 

lost-column w i t h  I n d i r e c t  

mpper-bis (phe- Ampermetry 
ranthrol ine).  

-' 

Moving-wire 
flame ioniza 
t i o n .  
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Sample Analyte COlllrn" Eluent("/") Pre- and post 

column reaction 
-. 

Glyconaminogly- Unsaturated TSK-gel NH -60 MeCN-0 I M  acetate Precolurnn: 
cans.  enrymati- disaccharides. buffer (pH 5 61 Dansylhydrazanes. 
cally treated. (90:20) 

Table 2 .  (Cont.) 

130 Enzyme digestion Unsaturated 
products o f  tetra- and hexa 
hyaluronic acid saccharide. 
and of chondroi- 
tin sulphate 
isomers. 

129 Yinea. S"CF0Se 

champagnes. 

131 

132 

133 

134 

135 

Various beers. Saccharore. Llchrosorb-Nil MeCN-H 0 (80.20) 
maltose. malto- 
triose. 

___ 
Oligosaccharides Eight disacchar- Lichrosorb S160 MeCN-H 0 contp. 0.05% Precolvmn couplint 

ides; laminari- I.l-di$"mlnobutane, with different UV 
0 1  igosacchs . ; absorbing 

sacchs. 
isomalto-oligo- reagents. 

.__. 

Glycopeptides. Various oligo- Hypersil modified by I )  gradient 80->60% Precolumn 
glycoproteins. saccharides 50% aq. MeCN contq aq. HeCN and 0.01% reductive amina- 

( d v  to dodeca) 0 1% of  1.6-diamino- 1.5 OAH tian with 2-amino 
hexane 7) isocpa t ic-BO% pyr i d i ne . 

aq. MeCN and 0.01% 
1.6 DAH 

_________ 

Digested amylose Maltose.  maitot- Radial-PaK 4555% HeCN contg. 
by 0-6 amylase Pime. mnlta- 0.01% I 4-diamino- 
and diastase. pentaose butane. 

Starch and Oligomers o f  1)  Polygosrl RP-18 I )  I1 0 at different 
cellulose hydro- dextrose units 2 )  Nuclcosil RP-8 
lyrates 3) Synchropak R 101 addition of NaC1 

p6 (2 0, 5.5. LO) 

0 1  a~cul'o's.  4) Synchropak R 103 
5) Synchropak R I10 21 H 0 

3.4.5) H 0 OP ti 0 and 
2 7  

IZorbax NH2 14% HeOH and diff. % of 
0.5H a m n i u m  formate. 

1 )  Spherisorb 55 
hydrolyrates. sucrose. 00s 2 

stachyose. 2) Nucleosil 5C 18 

raffinose. 3) Vydac 201 HSE 5 
difructose RF 
anhydrides. etc. 4 )  Spherisorb 55 C8 

5) Spherisorb $5 C6 
5) Vydac 201 TPB 5 

7) Spherisorb 5 C18 
8) Shandon PB17B. 

WP 300. C18 

RF 

r- 

pen t a n o l ~  1. 

H 0 

I 94 7 UV. 232 nrn 

254 nm 1 1 0 3  
230 nm 

RI 

I 08 

RI. HS 

I 09 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



MONO- AND OLIGOSACCHARIDES 

eCN-H 0 (O.15M 
m m i 2 m  hydroxide) 

1067 

Precolmn wit 
naphthoyl chl 
OP 2-aminopyr 

Table 2. (Cont.) 

140 Regenarat ing rat 
liver. 

Asparagine- 
linked oligo- 
saccharides 

I MeOH-H 0-MeCN 
(30.6525). 

) MeOH-H 0-MeCN 
(30.50220) 

) 25%(CH31ZCO-0.0BM 

) 25%(CH 1 CO-lOmH 
AcOH. 

Na PO fpfi 6.5) 

AcOH 
) lol(cd3)2co-o.06H 

inear gradient: 
rom HeCN-H 0 ( 4 : l )  to 
w e  MeCN. 

Precolumn: 
1) Quinaxalin 
2) Acetylatec 

quinoxalir 

Precolumn: 
1.2) Oabsyi t 

3) Oanryl hyr 
.?Ones 

zones 

Precolumn 
benzoylation 

Analyte No. l  Sample I column Eluent ( v l v )  Pre- and p 
column reac 

Detector 

jphensorb C-6: 
jpherisorb C-18. 

F 1 .  
232 nn 

,320 nn 

ex 

em 

Oerivatized 
products of 
reductive 
cleavage of higl 

Halto-oligo- 
saccharides; 
isamalto-oligo- 
sacchar ides 

p c y c  lodextr in, 
ma1 totriose, 

0 1  igosacchar- 
ides. 

l d i n e  
R I  I )  Dektropak 

Cartridge OOS 
2 )  LiChrosorb RP-8 
3) LiChrororb 51-60 

RPB 

l e x l r o o a k  C18 

.2.3) H 0 with addi- 
tion o f  cationic. 
anionic o r  nonionic 
surfactants. TEU or 

R I  

ISK-gel-IS 41O-Cl8 Fi. 
320 nn 
400 nm ex. 

em. 

JV.  230 nm 

-butanal. 

itrate buffer Precolmn: 
pi+ 3.78)  Oansy 1 hydraro 
MeCN (80:20) 

Cellobiore. 
maltose. gentio 
biore. lactose. 

Various 01 igo - 
sacchar ides 

sediment 
hydrolyrates. 

dext r ins,  
maltodextrins. 
ismaltodex- 

lupine seeds. 
soybeans, 
fermented soy- 
bean products. 

I 
I )  Lichrosorb RP-16 
2 )  Lichrosorb RP-8 
3 )  00s-I (c-is). 
41 005-2 (c-iai 

RI 
i: cel lodextrins: 1 I eOH-H 0 ( l0%-90%) 

tichrororb RP-18 0: 
5r efficient sepn. of 

n/a Sucrose. stachy 
o x .  verbascore 
raffinore. erbarcose- I 

3H (NH4)zS04 I 
irica RP-I8 1'4. 320 nm 

F1. 
350 nm 

540 nm 
e x .  
em. 

cyclodextrin. 

Hypersil-005. 3pm 

reducing cellobiose. 

ranples. malto oligo- 
1)  Ultrasphere. 5% 
2) Microsorb. C-a. 

3vm. 

I. 230 nm. 
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147 

BEN-BASSAT AND GRUSHKA 

~ 

Honey, choco- Lactose. i )  H~bai CN MeCN-H C ( v e r ~ w s  
late: pharrna- maltose. 2 )  Iiibar R P t - 1 8  proporflaw) -U ozw 
ceutical formu- 3 )  Hibar RP C-8 FOH and 0.05M boric 

solids; malta- d.p .  1-10 (1) 2 )  E-High A !lid 
1dexlrii.i. 1d.p. overall (*)I E-500 pl3ondagel. 

148 Corn syrup Oligosacchs: I )  Resolve C 

149 Sugar-beets, Sucrose. 
fodder sugar- hydrate. 
Ibeets. 1 1 

HPX-65A form) 

5um 

oligosacchs.. 

MeCN-H 0 (b8.6:31 4 )  

and ad$ o f  0 1% T E A .  

MeCN-H20 (80.20) 

154 Beer worts. I )  DI- and t r i -  Carbohydrate. 11) MeCN-H20 (75 251  

saccharides; P I N  84038 
(various). 7) MeCN-n o (60.401 

7) Oligosacch- 
arides with 
up to 1u 
glucose 
""Its. 

~.~____ . ~ 

155 Cucumber nectar. Sucrose. Carbohydrate. MeCN-H 0 (75:25) 

156 Soft wheat Saccharose. Carbohydrate- MeCN-H 0 (60.40) 

2 ~ ~ _ _ _  

flours ma I L O W .  Ana iysir. 
~~ ~~ . ~~~ 

157  Mixture of  Maltose. Copper s111ca ge l  11 0' MeCN ( 2 5 : 7 5 ) .  
v a ~ ~ o u s  sacchar- sucrose. [in3] = 0 . 5 ~  
ides. IlCtoSe. 

158 Heparin. Di. tetra, hem. 1) SAX analytica I )  NaCI. pH 3.5 
octa and deca- column 2 )  0.5M NaCl 
saccharide 2 )  GPC-HPLC G3000SW 

and GZOUOSW. 
_ _ _ ~  

X Z q E z q L  
column react Ian 

ecoiumn- IF,. I 
nrylhydrazoncs I ex,3GU nm 1126 
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MONO- AND OLIGOSACCHARIDES 

Table 2. (Cont.) 

159 

160 

161 

1069 

Oextran. Malto- and 150- Gelko C-610 /H20 Post-column with Electro- 139 
maltodextrins. 2-cyanoacetamide. chemical 

Post-column with Indirect 
copper-bis Ampermetry 140 
(phenanthrol ine). 

H2° 
Pool serum; Maltose, LS 212 
WIW. lac tose. 

Wine. milk, Lactose. TSK-gel SCX 0 IM: 0 . W  U.05M Conductwetry 
mixture of mano- sucrose. (H' form).  boric acid solution. 
and oligo- maltose. 143 
saccharides: raffinore. 
organic acids. 

i v a m p l e  I Analyte COiUWI Eluent(v/v) 
column reaction 

167 

168 

169 

170 

171 

Mandarin juice Sucrose. ubndapak NH , MeCN (75% i n  HZO) 
Sep-Pak C-182 

Llgnocellulosic 1) Cellabiose. I )  Radial Pak B 1) MeCN-H 0 (75:25)  R I  
hydrolyzates 2) oligomers 2 )  Oextrapak + o . I %  <am, an m i n e  151 

(d.p. 2 t o  51 add it ive . 
2) H 2 0 .  

Glycoproteins. Various oligo- TSK-gel LS410. ODs U.lM CH COONH buffer. Post-column with F1. 
(the sugar sacchs. pH 4 c d t g .  0425% 2-amino pyridine. 152 
chains) I-butanal. 

Amylose EX-1 Maltooligo- Cosmosil 5 C-18 0 LH CH COONH4 buffer. Post-column with F1. 
p H  4 c d t g  0.05% 2-amino pyridine. 320 nn 153 
I-butanol. 400 nm 

Laxative syrup Sucrose. 11  Hypersil 1) isooctane-[Et) 0- Precolumn UV. 231 na 
for  babtes rafflnore. 2) Hypersil ODs MeCN [150:75.1$) benzoylatlon. 

ex 
sacchs. 

em 

7 )  HeCN-H 0-tert. butyl 

Sugar-PAK I 

raspberry 
purees 

numbered 01 190- 

saccharides 

/hlbarlichrororb NH HeCN-H 0 (85.15) 

0.1M KH PO UV. 206 m. 

HeCN-H 0 (85.15) 

166 Milk treated Lactose: three Amino Spheri-5 MeCN-H 0 ( 7 5 : 2 5 )  
with B-galacto- disaccharides 
isidme lend trlraccharide. one 1 1 1 
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BEN-BASSAT AND GRUSHKA 

Ictose. r a f f i -  Column packed with 

1 igosacchar- (Showacienko) 
3,s 
I - s ~ ) .  

x e .  malta- I SZ-5532 

cans after 
enzymatic 

Glycerol-MeCN-H 0 
M ~ O H  (10:63.1a I )  

1 7 4 ) ~ a b y  foods; diet 
107 breakfast 
/bars.  condi- 

J n L  

175’Mixture O F  
0 1  !gosacchar- I Ides 

,C f  9. grs”l”’5. 

I 
177/M,14. milk 

/products 

Andlyte co 1 urn,, Eluent ( v / v l  I 

~ -. . 

irian reouced thmopak Hyp~rpi 1 
Ilgosacchar- 
jes 

JCTOSC. 

Iltose. hydrate 
3ctose. 

I 

~ 

rehalore.  Sugar-Pak I 50 mg/l c a l c i u m  titri- 
ucrose. plexdihydrate 

I 
3ltOSB. 1 

nctose 
lhydrat~ 

e s t a b l  i shed  t h a t  a1 

Colilrnrl renC.t,on 

UY. 230 nm 

UY.  211) im. 

ew developed 
rrpraml“,, i Elm 

eagent. 

ow a n a l y s i s  o f  a l l  t h e  d i f f e r e n t  mono- and 

o l i gosacchar ides  due t o  t h e  g r e a t  m u l t i p l i c i t y  o f  s t r u c t u r e s .  Tab les  

1 and 2 summarize t h e  s p e c i f i c  chromatographic c o n d i t i o n s  used 

acco rd ing  t o  t h e  n a t u r e  o f  t h e  sacchar ide  samples and, sometimes, t o  

t h e  requ i rements  o f  t h e  d e t e c t o r .  Comparison o f  t h e  v a r i o u s  

separa t i on  systems i s  ve ry  d i f f i c u l t  because many parameters a f f e c t  

t h e  cho ice  o f  an HPLC separa t i on  system for sacchar ides :  e l u t i o n  

p a t t e r n ,  t o t a l  t i m e  o f  ana lys i s ,  t o x i c i t y  o f  mob i l e  phase, column 

e f f i c i e n c y ,  s t a b i l i t y  and l i f e  t ime o f  t h e  column pack ing  m a t e r i a l .  

Many t ypes  o f  HPLC sacchar ide  separa t i on  techn iques  have been 

developed, accord ing  t o  t h e  na tu re  o f  t h e  column pack ing  m a t e r i a l .  The 

f o l l o w i n g  HPLC v a r i a n t s  a re  p resented  i n  t h i s  a r t i c l e :  
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MONO- AND OLIGOSACCHARIDES 1071 

1. Anion exchange. 

2. Cation exchange. 

3 .  S i l i c a  gel (naked). 

4. Amino columns: chemical ly bonded o r  dynamically modi f ied s i l i c a  

ge l ,  

5.  Chemically bonded a l k y l  s i l i c a  ge l .  

6. D io l  and "carbohydrate" columns. 

7. Miscellaneous. 

The app l i ca t i ons  o f  s i l i c a  gel based c a t i o n  exchanger and o f  

po l yo l  d e r i v a t i z e d  s i l i c a  gel are r e l a t i v e l y  new t o  saccharide HPLC 

separations. Each o f  the HPLC techniques produces a t y p i c a l  e l u t i o n  

p r o f i l e ,  enabling t o  solve a s p e c i f i c  analys is  problem. The HPLC 

separation o f  saccharides can be ca r r i ed  out  according t o  one o f  t he  

f o l l o w i n g  p r i n c i p a l  i n te rac t i ons :  

a. Formation o f  an anion ic  borate complex o f  t he  saccharide and 

separation o f  t h i s  complex on anion-exchange res ins .  

b. Ligand exchange based on the i n te rac t i ons  o f  t he  saccharide w i t h  

ca t i ons  i n  the  r e s i n .  

c. Separation by c a t i o n  exchange. The chromatographic mode i s  simple 

and enables p o s s i b i l i t y  o f  using d i f f e r e n t  cat ions i n  the  res ins :  

sodium, s i l v e r ,  l i t h i u m ,  calcium. I n  t h i s  case, the ion ized forms 

o f  t he  analyzed solutes are p r e f e r e n t i a l l y  sorbed onto i o n i c  s i t e s  

having opposite charges f i x e d  on a s o l i d  ma t r i x .  The exchange 

process invo lves competit ion between so lute ions present i n  the  

mobile phase and the  counter ions pai red w i t h  the oppos i te l y  

charged func t i ona l  groups f i x e d  on the s ta t i ona ry  phase. I n  order 

t o  mainta in  the e lec t roneu t ra l  i t y  o f  both phases, the separation 

process invo lves a displacement o f  the counter ions, o r i g i n a l l y  
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1072 BEN-BASSAT AND GRUSHKA 

assoc ia ted  w i t h  these i o n i c  s i t e s ,  by t h e  i o n  t o  be analyzed. I n  

sacchar ide  a n a l y s i s  t h e  cha rac te r  o f  t h e  c a t i o n  o f  t h e  exchange 

r e s i n  i s  an impor tan t  f a c t o r  which determines t h e  q u a l i t y  o f  t h e  

separa t i on .  

d. P a r t i t i o n  chromatography o f  t h e  analyzed sacchar ides  on c a t i o n  

exchangers. T h i s  chromatographic techn ique i s  based on t h e  

p a r t i t i o n  of i ons  (sacchar ides)  between a p o l a r  mob i l e  phase and 

t h e  non-po la r  r e s i n  backbone. The ion-exchange s i t e s  a r e  

t y p i c a l l y  immobi l i zed  i n  smal l  beads o f  r e s i n  t h a t  a re  formed by a 

c r o s s - l i n k e d  polymer.  

Sacchar ides separa t i on  on s i l i c a  ge l  v i a  hydrogen bonding w i t h  t h e  

s i l a n o l  groups o f  t h e  s i l i c a .  

e. 

f. Separa t i on  o f  sacchar ides on s i l i c a  g e l  w i t h  c h e m i c a l l y  bonded 

aminoa lky l  group. T h i s  separa t i on  techn ique i s  s imp le  and 

e f f f i c i e n t  [14] .  

g. Separa t i on  o f  sacchar ides can be accomplished on s i l i c a  g e l  

m o d i f i e d  w i t h  mono o r  p o l y f u n c t i o n a l  amine. The sacchar ides  i n  

t h e  mob i l e  phase fo rm complexes w i t h  t h e  amine, a l s o  p resen t  i n  

t h e  mob i l e  phase. 

h.  Separa t i on  on c u p r i c  s i l i c a t e  accord ing  t o  t h e  h y d r o p h i l i c i t y  o f  

t h e  sacchar ides  [15].  

1. Anion exchanqe 

The anion-exchange o f  sacchar ide-bora te  complexes was f i r s t  

a p p l i e d  i n  1952 [16]. Th i s  HPLC techn ique inc ludes  f o r m a t i o n  o f  

n e g a t i v e l y  charged complexes o f  c e r t a i n  sacchar ides  ( p o l y o l s )  w i t h  

b o r i c  a c i d  o r  i t s  s a l t s  f o l l owed  by ion-exchange o f  these complexes on 

s t r o n g  b a s i c  anion-exchange r e s i n s .  The e l u t i o n  o f  t h e  sacchar ides  i s  
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MONO- AND OLIGOSACCHARIDES 1073 

c o n t r o l l e d  by using a so lu t i on  o f  borate b u f f e r  as mobile phase [16] .  

Anion-exchange o f  saccharide-borate complexes i s  a f requen t l y  used 

HPLC technique. I t requi res gradient  e l u t i o n  and column regeneration 

f o r  optimal separations. Sometimes widening o f  peaks due t o  

continuous d i ssoc ia t i on  o f  the borate complex dur ing t h e  e l u t i o n  was 

observed. The s t a b i l i t y  o f  the complexes depends on the  pH [17 ] .  

Monosaccharides i n  human serum have been separated on s t rong 

anion-exchange columns using as eluent a mix ture o f  t e t rabo ra te -bo r i c  

ac id  (pH 8.98) [18]. HPLC analysis o f  the monosaccharides i n  

hydrolyzates o f  volcanic ash s o i l ,  using an anion-exchange column and 

gradient  e l u t i o n  w i t h  b o r i c  ac id  (O.lSM, pH 8.0 t o  0.4M, pH 9.0), has 

been reported. A postcolumn l a b e l i n g  w i t h  monoethanolamine, enabl ing 

f luorescence detect ion,  have been ca r r i ed  out [19]. A r e c e n t l y  

described HPLC method f o r  determination o f  mono - and reducing 

disaccharides involves, i n  add i t i on  t o  the use o f  o ther  columns, 

separation on anion-exchange column [ZO]. Fluorescence de tec t i on  has 

been used f o r  HPLC determination o f  reducing and nonreducing 

saccharides, which have been separated as borate complexes on 

anion-exchange res in .  The postcolumn l a b e l i n g  has been performed 

w i t h  t a u r i n e  i n  sodium metaperiodate s o l u t i o n  a t  140°C [21]. 

Anion-exchange column has been used f o r  HPLC separation o f  reducing 

saccharides present i n  the needles o f  a i r - p o l l u t e d  heal thy and damaged 

Picea t rees.  The mobile phase was 0.4M b o r i c  ac id  (pH 9.35) [22]. 

HPLC anion-exchange separation o f  mono - and disaccharides, present i n  

m i l k  and m i l k  products, has been achieved using 0.2M potassium borate 

b u f f e r  (pH 7.8) and 0.5M potassium borate b u f f e r  (pH 8.7) as the  

mobile phase f o r  disaccharides and monosaccharides respec t i ve l y  [23]. 

The HPLC separation o f  several human m i l k  ol igosaccharides, us ing an 
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1074 BEN-BASSAT AND GRUSHKA 

anion-exchange borate form column and a l i n e a r  gradient  o f  sodium 

borate (0.1M-0.4M) b u f f e r ,  pH 8.0, has been repor ted r e c e n t l y  [24 ] .  

The a p p l i c a t i o n  o f  an anion- exchange column f o r  HPLC separat ion o f  

g luco -o l  igomers, N-acetylglucosamine and o f  h igh mannose-type 

ol igosaccharides has been reported. The mobile phase was aqueous 

a c e t o n i t r i l e .  UV absorbance (208 nm) de tec t i on  has been used [25 ] .  

The a p p l i c a t i o n  o f  v iny lpy r id in ium (VP)  polymers f o r  t he  anion- 

exchange HPLC separation o f  mono- and ol igosaccharides has been 

r e c e n t l y  described [ 2 6 ] .  The e f f e c t s  o f  counter ions (bromide, 

phosphate, sulphate, n i t r a t e )  and o f  the l eng th  o f  t he  a l k y l  chain i n  

the  py r id in ium polymer have been examined. Among the 4VP polymers 

the  order  o f  r e t e n t i o n  o f  saccharides i s  phosphate > sulphate > 

bromide > n i t r a t e .  I n  a l l  cases the e luent  was a c e t o n i t r i l e - w a t e r  

( 4 : l )  [26]. Addi t ional  d e t a i l s  on the chromatographic cond i t i ons  are 

presented i n  Tables 1 and 2. 

2. Cation exchanqe 

The a p p l i c a t i o n  o f  ion-exchange mater ia ls  as chromatographic 

supports was repor ted already i n  1948 by Applezweig [27].  Ion-  

exchange chromatography has been used since the 1950's f o r  separat ion 

o f  both organic and inorganic  substances. Today t h i s  chromatographic 

method i s  appl ied w i t h  h igh degree o f  s e n s i t i v i t y  f o r  HPLC separat ion 

o f  monosaccharides as we l l  as o l  igosaccharides mixtures. This advance 

has been made poss ib le  by the preparat ion o f  very small r i g i d  beads 

(5-15  p diameter) o f  ion-exchange res in .  The most popular packings 

are c ross l i nked  polystyrene-based and s i l i ca -based  i o n  exchangers. On 

these cation-exchange res ins,  ol igosaccharides are separated on the  

bas is  o f  s ize-exc lus ion and ligand-exchange mechanisms. Therefore, 
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MONO- AND OLIGOSACCHARIDES 1075 

both the  i n t e r n a l  pore s i ze  and the presence o f  the r e s i n  w i t h  bound 

metal l igands a f f e c t  the q u a l i t y  o f  the separation [28]. The m a j o r i t y  

o f  t he  columns are packed w i t h  e i t h e r  4% o r  8% divinylbenzene 

cross l inked res ins.  Packing o f  4% cross l inked r e s i n  i n  the  H+ form 

enables separation o f  ol igosaccharides w i t h  d.p. 1 t o  5. 4% cross-  

l i n k e d  r e s i n  i n  the  Ag' form separates higher ol igosaccharides; a t  

l e a s t  d.p.6 [29]. The e l u t i o n  order i s  w i t h  increas ing molecular 

weight [29]. I n  the  case o f  polystyrene-based c a t i o n  exchangers, t he  

i n f l uence  o f  column dimensions, as we l l  as o f  t he  e luent  f l ow  ra te ,  on 

the  analys is  t ime has been extens ive ly  invest igated [30]. 

S i l ica-based ca t i on  exchange packing i s  more pressure s tab le,  but  

i t  has the disadvantage o f  ma t r i x  d i s s o l u t i o n  i n  a l k a l i n e  e luent  

[311. 

Columns conta in ing cation-exchange r e s i n  i n  the  calcium form have 

been used f o r  HPLC separation o f  mono- and ol igosaccharides present in 

sugarcane j u i c e ,  syrups, molasses, mud [32], i n  apple j u i ces ,  foods 

[33] and f o r  analys is  o f  complex mixtures o f  d i f f e r e n t  saccharides 

[86]. The mobile phase was a low concentrat ion s o l u t i o n  o f  calcium 

propionate o r  acetate i n  water [33]. Successful HPLC separation o f  

d i -  and t r isacchar ides,  found i n  brewing intermediates and i n  beer 

[34], as we l l  as o f  reducing and nonreducing mono- and ol igosaccha- 

r i d e s  [35] has been achieved by using cation-exchange column. I n  both 

cases, the e l u t i o n  has been c a r r i e d  out  w i t h  water. 

Methods which invo lve the use o f  cross l inked polystyrene based 

strong cation-exchange r e s i n  f o r  HPLC separation o f  d i f f e r e n t  

saccharides from various sources, have been r e c e n t l y  repor ted.  The 

mobile phase was aqueous s o l u t i o n  o f  su lphur ic  ac id  [36,37,38]. 

Saccharide components (pentoses, hexoses) o f  cereal f i b e r s  p o l y -  
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1076 BEN-BASSAT AND GRUSHKA 

saccharides have been determined by HPLC separation on a c a t i o n -  

exchange r e s i n  loaded w i t h  lead and using water as the mobile phase 

[39]. HPLC ana lys i s  o f  monosaccharides i n  nonalcoholic beverages has 

been c a r r i e d  out  by using a cation-exchange column and 0.01N H2S04 as 

the  e luent  [40]. Cation-exchange r e s i n  i n  the  sodium form has been 

employed f o r  HPLC separation o f  unsaturated disaccharides prepared 

from chondro i t i n  sulphate and dermatan s u l f a t e  isomers [41] as we l l  as 

from hyaluronic  ac id  and chondro i t i n  [42]. I n  the  both cases the  

e luent  was a mixture o f  a c e t o n i t r i l e ,  methanol and 0.5M ammonium 

formate (pH 4.5). 

I n v e s t i g a t i o n  on the e l u t i o n  behaviour o f  d i f f e r e n t  saccharides, 

us ing a cation-exchange technique, showed t h a t  hexoses and pentoses 

have sho r te r  r e t e n t i o n  times than the  corresponding deoxysaccharides 

[43]. The a p p l i c a t i o n  o f  s t rong ly  a c i d i c  ca t i on  exchangers, i n  t h e  

s i l v e r  o r  ca lc ium form, f o r  separation o f  ol igosaccharides (d.p. 1-15) 

i n  s ta rch  hydrolysates has been reported. The e f f e c t  o f  t he  r e s i n  

form, p a r t i c l e  size, temperature and mobile phase (water) f l o w  r a t e  on 

column performance has been tes ted  [69]. Recently, i t  has been found 

t h a t  a cation-exchange r e s i n  i n  the s i l v e r  form w i t h  a c r o s s l i n k i n g  o f  

6% i s  s u i t a b l e  f o r  t he  analys is  o f  mono- and disaccharides. Ac id-  

cata lyzed hyd ro l ys i s  of  sugars a t  elevated column temperatures cou ld  

be suppressed by using column i n  the mixed s i l v e r - l e a d ( I 1 )  form. This  

mixed column connected i n  ser ies w i t h  a 8% cross l inked cation-exchange 

column r e s i n  i n  the  l ead ( I1 )  form enabled the separation o f  sucrose, 

maltose, lactose,  glucose, galactose and f ruc tose  [129]. 

Add i t i ona l  examples o f  t he  app l i ca t i on  o f  cation-exchange column 

packings f o r  separation o f  various saccharides by HPLC are as fo l l ows :  

ana lys i s  of mono- and disaccharides i n  pool serum and u r i n e  us ing 
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MONO- AND OLIGOSACCHARIDES 1077 

water as mobile phase [140];  quan t i t a t i on  o f  xylose, glucose, 

galactose and mannose i n  hydrolysed and reduced wood sugar so lu t i ons ,  

using water and 0.005M s u l f u r i c  ac id  as the mobile phase [141] ;  method 

f o r  r a p i d  and accurate quan t i t a t i ve  separation o f  var ious pentoses 

(d-xylose, arabinose) i n  beer, f o r  e lu t i on ,  0.01N H2S04 was used 

[142] ;  separation o f  aldomonosaccharides (pentoses, hexoses), d i -  and 

t r i sacchar ides  as we l l  as a l d i t o l s  found i n  wine and m i l k  samples 

[143];  separation o f  mixtures o f  d i f f e r e n t  mono- and disaccharides on 

sugar - PAK l  column, using water as the e luent  [144];  separation a t  

85'C o f  rhamnose, mannitol and lactu lose,  excreted i n  ur ine,  water was 

used as t h e  mobile phase [145] .  

The in t roduc t i on  o f  f i xed - ion  r e s i n  columns has l e d  t o  the  

development o f  ion-moderated p a r t i t i o n  chromatography and t o  the  

design o f  s p e c i f i c  r e s i n  columns f o r  saccharide analys is .  The r e s i n  

i s  used i n  a non-ion exchange mode and the counter i o n  remains on the  

column and e f f e c t s  the desired separation [ 4 4 ] .  I n  t h i s  case the  

p a r t i t i o n  o f  the so lu te  proceeds between a r e s i n  swelled by water and 

a mobile phase o f  water alone o r  mix ture water/organic so lvents .  Water 

i s  most o f t e n  used as the mobile phase i n  the ion-moderated mode o f  

HPLC separation o f  saccharides, p a r t i c u l a r l y  mono- and disaccharides. 

The res ins  used f o r  t h i s  mode o f  HPLC separations are c a t i o n  

exchangers (sodium, calcium, lead forms). An ion-moderated technique 

has been used f o r  HPLC separation o f  mono - and disaccharides present 

i n  cane and beet molasses. Columns conta in ing cation-exchange res ins  

i n  the sodium o r  calcium form have been used. It has been found t h a t  

t he  ca t i on -  exchange r e s i n  i n  the sodium form was the most s u i t a b l e  

fo r  t he  separation o f  saccharides i n  both types o f  molasses 1451. 
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1078 BEN-BASSAT AND GRUSHKA 

Monosaccharides i n  beer, w h i t e  wine and s o f t  d r i n k s  have been ana lyzed 

u s i n g  metal  c a t i o n s  mode o f  separa t i on  on c a t i o n  exchange r e s i n  [46 ] .  

The a p p l i c a t i o n  o f  ion-moderated HPLC f o r  separa t i on  o f  f r u c t o s e ,  

sucrose and glucose-1-phosphate,  us ing  d i v iny lbenzene  (8%) c r o s s l i n k e d  

su lphonated  po lys ty rene ,  has been repo r ted .  For e l u t i o n ,  0.03M 

s u l p h u r i c  a c i d  and 0.01-0.06M aqueous t r i f l u o r o a c e t i c  a c i d  have been 

used [47 ] .  

The a b i l i t y  o f  heavy metal  ( l ead )  cat ion-exchange columns f o r  

e f f i c i e n t  HPLC separa t i on  o f  d i f f e r e n t  mono- and o l i gosacchar ides  has 

been i n v e s t i g a t e d .  I n  t h e  case o f  HPLC separa t i on  o f  n e u t r a l  mono- 

sacchar ides  and c e l l o b i o s e ,  commonly p resent  i n  food and f e c a l  n e u t r a l  

de te rgen t  f i b e r ,  i t  has been found t h a t  t h e  column pack ing  used, 

Aminex HPX-85P, was 2-3 t imes  more s e n s i t i v e  than a normal-phase 

column, e n a b l i n g  t h e  de te rm ina t ion  o f  c e l l o b i o s e  1481. I n  ano the r  

case, op t ima l  c o n d i t i o n s  have been developed f o r  t h e  ion-modera ted  

p a r t i t i o n  HPLC separa t i on  o f  r a d i o a c t i v e l y  l a b e l l e d  monosaccharide 

components o f  p ro teog lycans  [49 ] .  I n  a r e c e n t l y  r e p o r t e d  s tudy  on t h e  

HPLC separa t i on  o f  mono- and o l  igosacchar ide  components i n  under -  

i v a t i z e d  hyd ro l ysa tes  o f  va r ious  b a c t e r i a l  l i popo lysacchar ides ,  

s a t i s f a c t o r y  r e s o l u t i o n  has been ob ta ined when a ca t ion-exchange 

column i n  t h e  l e a d  fo rm has been used [50 ] .  A s e r i e s  o f  s t u d i e s  on 

t h e  HPLC a n a l y s i s  o f  mono- and o l i gosacchar ides  based on a c a t i o n  

loaded column, were r e c e n t l y  c a r r i e d  ou t :  de te rm ina t ion  o f  pentoses 

and hexoses i n  d r y  wines [51] ;  separa t i on  t h e  monomeric and o l i g o m e r i c  

(d.p. up t o  4)  sacchar ide  produc ts  o f  enzymat ic deg rada t ion  o f  

c e l l u l o s e ,  xy lan ,  a rab inan and ga lac tan .  The r e s i n  i n  t h e  l e a d  fo rm 

enab les  t h e  separa t i on  o f  o l i gosacchar ides  o f  l ow  d.p. [52 ] ,  and o f  

g lucose,  mannose, a l l o s e  and ga lac tose ,  found i n  p l a n t  g l y c o s i d e s  
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MONO- AND OLIGOSACCHARIDES 1079 

[ 5 3 ] .  Cation-exchange mode of HPLC has also been used to analyse 

mixture of monosaccharides and sugar alcohols [54] ,  to separate 

glucose, galactose and lactose in low-fat plain yogurt and in lactose 

containing microbiological media [55] .  A cation-exchange resin in the 
silver form has been used for HPLC separation of monosaccharides in 

gluco-oligomers [56] and of saccharides obtained upon hydrothermal 

hydrolysis o f  filter paper and of poplar wood [57]. The mobile phase 

in the above cases was water. Aldopentoses and aldohexoses, known to 

be present in the sugar chains of animal and plant glycoproteins, have 

been separated in partition mode on a highly crosslinked cation- 

exchange column packing [58]. A combined partition and ligand- 

exchange mechanism has been proposed in the case of HPLC analysis of 

aldose anomers [59]. Finally, the HPLC separation of monosaccharides 

and their derivatives, contained in plasma from fetal and maternal 

sheep, has been reported [60] .  

In conclusion, cation-exchange chromatography is still a powerful 
method for HPLC separations of mono- and oligosaccharides. Further 

chromatographic details for the application of the cation-exchange 

mode of separation by HPLC are compiled in Tables 1 and 2 .  

3. Silica (naked) 

Adsorption chromatography is useful mode of HPLC and the widely 

used adsorbent is silica. This stationary phase can be used either 

pure or in a modified form. A wide range of mobile phases, from 

non-polar hydrocarbons to very polar systems, have been used with 

silica adsorbents. Since the mobile phase can have different 

compositions, the result is various separation systems. Most of the 

separations can be obtained in a short time. 
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1080 BEN-BASSAT AND GRUSHKA 

3.1 S i l i c a  clel, w i t h o u t  Drecolumn d e r i v a t i z a t i o n  o f  t h e  a n a l v t e  

T h i s  i s  t h e  s imp les t  method f o r  HPLC separa t i on  o f  monosaccha- 

r i d e s .  I n  t h i s  case t h e  r e t e n t i o n  o f  t h e  sacchar ides  depends o f  t h e  

hydrogen bond between t h e  s i l a n o l  groups o f  t h e  s t a t i o n a r y  phase and 

t h e  hyd roxy l  groups i n  t h e  sacchar ide  s t r u c t u r e .  I n  t h e  most cases, a 

moderate r e s o l u t i o n  has been ob ta ined.  

HPLC separa t i on  o f  mono- and o l  igosacchar ides  found i n  j e j u n a l  

a s p i r a t e s  f rom e x p e r i m e n t a l l y  per fused phase, has been c a r r i e d  o u t  on 

a s i l i c a  pack ing  phase fo l l owed  by a postcolumn r e a c t i o n  w i t h  

cuprammonium reagent  and UV m o n i t o r i n g  a t  285 t o  310 nm [61] .  I n  

another  case, 01 igosacchar ides  isomers, re leased  f rom c e r t a i n  

g l y c o p r o t e i n s  p resen t  i n  human m i l k ,  have been separa ted  on s i l i c a  

g e l .  The separa t i on  o f  t h e  d i sacchar ides  and t h e  f i r s t  t r i s a c c h a r i d e  

f rom t h e  o t h e r  t r i s a c c h a r i d e s  has been achieved w i th  a mob i l e  phase o f  

d ich lo romethane,  hexane and 5% isopropano l  [ 6 2 ] .  

3 . 2  S i l i c a  q e l  and Drecolumn d e r i v a t i z a t i o n  o f  t h e  a n a l y t e .  

Precolumn d e r i v a t i z a t i o n  has been performed f o r  t h r e e  main 

reasons: (a )  t o  p r o t e c t  t h e  c o n f i g u r a t i o n  o f  t h e  separa ted  

sacchar ides ,  s i n c e  d u r i n g  t h e  chromatographic procedure e p i m e r i z a t i o n  

as w e l l  as i s o m e r i z a t i o n  o f  t h e  sacchar ide  molecu le  can occur ;  (b)  t o  

enhance d e t e c t i o n  and ( c )  t o  change t h e  chromatographic behav io r .  

U s u a l l y  t h e  e s t e r s  (perbenzoates, ace ta tes)  o f  t h e  sacchar ides  a r e  

prepared and a m i x t u r e  of  l i g h t  hydrocarbons (pentane, hexane) i s  used 

as m o b i l e  phase. H i s t o r i c a l l y ,  t h e  precolumn d e r i v a t i v e s  as 

dansylhydrazones [63] and 0-benzyl-oximes [64] are  used most 

f r e q u e n t l y  f o r  t h e  separa t i on  o f  sacchar ides on s i l i c a .  U s u a l l y ,  

comparing t o  t h e  o r i g i n a l  sacchar ides, t h e  precolumn d e r i v a t i v e s  a r e  

more hydrophob ic .  
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MONO- AND OLIGOSACCHARIDES 1081 

Glucose and saccharide alcohols in human and rat lens, 

erythrocytes and plasma have been analyzed by making a precolumn 

derivatization with p-nitrobenzoyl chloride followed by separation on 

silica packing phase and UV monitoring [65]. HPLC quantitation of the 

radiolysis products of d-fructose has been achieved by a precolumn 

derivatization to the corresponding 0-benzyloximes and their 

separation on a silica gel column with gradient elution. The good 

separation obtained using these derivatives as well as the possibility 

of removing most of the unchanged d-fructose make this method 

preferable for the analysis of irradiated saccharide solutions [66]. 

Application of silica gel column for the separation of reducing 

oligosaccharides (d.p. 1 to 6) present in human milk, hydrolysate of 

chitin and faeces of breast-fed children has been reported. The 

method involves precolumn derivatization, under reductive conditions 

(sodium cyanoborohydride), to the corresponding aminoalditol 

derivatives [671. Silica columns were used for the separation of 

neutral saccharides, present in treated lactose, hen egg albumin, 

casein and chondroitin. The procedure involves a precolumn 

deri vat i zation to the corresponding 2,4-di ni trophenyl hydrazones and 

elution with 7.6% methanol and 0.7% water in chloroform [68]. Silica, 

as well as chemically bonded octadecylated-sil ica columns have been 

compared for their separation efficiency in analysis of mono, di- and 

trisaccharide present in laxative syrup for babies. Here, precolumn 

benzoylation has been performed for preliminary cleaning [154]. The 

saccharide components (pentoses, hexoses, heptose and 2 or 6- deoxy- 

hexoses) of glycosphingolipid globotetraosyl ceramide and the human 

milk 01 igosaccharide lacto-N-fucopentaose have been determined by 

precolumn derivatization with 4’-N,N-dimethylamine-4-aminoazo benzene 
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1082 BEN-BASSAT A N D  GRUSHKA 

f o l l o w i n g  by HPLC separa t i on  o f  t h e  cor respond ing  d e r i v a t i v e s  on 

s i l i c a  column phase [ 1 5 5 ] .  

4. Amino columns 

4a. Chemical 1 Y bonded 

S i l i c a  g e l  can be used e i t h e r  i n  t h e  n a t i v e  fo rm o r  i n  a m o d i f i e d  

form. The te rm "chemica l l y  bonded phase" a p p l i e s  t o  a c o v a l e n t  

bonding, v i a  s i l o x a n e  b r idges ,  o f  o rgan ic  mo ie ty  ( l i g a t e )  t o  t h e  

s u r f a c e  o f  t h e  s i l i c a  suppor t .  

A wide v a r i e t y  o f  phys i ca l  and chemical p r o p e r t i e s  o f  t h i s  

s t a t i o n a r y  phase i s  ob ta ined  by d e r i v a t i z i n g  t h e  su r face  s i l a n o l  

g roups  w i t h  o r g a n i c  s i l y l  compounds. 

The chemical  n a t u r e  o f  t h e  l i g a t e  d i c t a t e s  whether t h e  column 

m a t e r i a l  i s  p o l a r  o r  nonpo lar  sorbent  o r  ion-exchanger.  The amino- 

bonded s i l i c a  column packings were f i r s t  i n t roduced  i n  1975 [70 ] .  

Chemica l l y  bonded phases c o n t a i n i n g  aminoal k y l  f u n c t i o n  such as 

-aminopropyl  group a t  t h e  s i l i c a  su r face  a re  w i d e l y  employed i n  HPLC 

a n a l y s i s  o f  sacchar ides, r e q u i r i n g  a h i g h l y  p o l a r  su r face .  Such 

pack ings  a r e  most f r e q u e n t l y  used w i t h  nonpo lar  o rgan ic  s o l v e n t s  o r  

aqueous-organic m ix tu res  (aqueous methanol o r  aqueous a c e t o n i t r i l e )  as 

t h e  mob i l e  phase. 

The s e p a r a t i o n  o f  sacchar ides on chemica l l y  bonded aminoal  k y l -  

s i l i c a  i s  n o t  always q u a n t i t a t i v e .  Th is  i s  due t o  t h e  p o s s i b l e  

i n t e r a c t i o n  between reduc ing  sacchar ide  and t h e  amino group o f  t h e  

l i g a t e  ( f o r m a t i o n  o f  S c h i f f ' s  base) and t o  a s e l f  h y d r o l y s i s  o f  t h e  

b a s i c  m a t e r i a l  [ 7 1 ,  7 2 1 .  It has been shown t h a t  a ldopentoses  and 

g a l a c t o s e  r e a c t  w i t h  t h e  amino f u n c t i o n  o f  t h e  s t a t i o n a r y  phase when 

aqueous a c e t o n i t r i l e  i s  used as t h e  e l u e n t  [ 1 4 ] .  
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MONO- AND OLIGOSACCHARIDES 1083 

The possible interaction between the analyzed reducing 

saccharides and the amino group influences the elution profile. The 

aminoalkyl-silica packing phases have relatively short lifetime 

because of the hydrolysis of the bond during the elutions [71, 721. 

Stabilization of aminopropyl-silica phases i s  achieved by 

crosslinking, but a decrease of the retention times can be obtained. 

In order to restore the retention times, the acetonitrile content of 

the eluent must be increased. Stability of aminoalkyl-silica phase 

during the elution is attained "in situ" by constantly regenarating 

the surface of the phase [ 7 1 ] .  Despite these possible limitations, 

the new commercial packings are stable and provide satisfactory 

separation of saccharides. Table 3 compiles certain aminoal kyl groups 

bonded to silica used in HPLC. 

The HPLC selectivity of different chemically bonded amines for 

the separation of saccharides has been discussed [73]. The influence 

of various parameters on the quantitation of the HPLC analysis of 

mixture of mono- and disaccharides has been investigated [ 1 4 ] .  Studies 

Table 3 

Chemical 1 v bonded aminoal kvl qrouDs 
R = Si-CH -CH2-CH2-NH2 2 -aminopropyl 

diamino R = Si-(CH2)3-NH-CH 2 -CH2-NH2 

dimethyl ami no R = Si-CH2-CH2-CH2-N 
\ 
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1084 BEN-BASSAT A N D  GRUSHKA 

on t h e  i n f l u e n c e  o f  t h e  water  con ten t  i n  t h e  mob i l e  phase on t h e  

r e t e n t i o n  t i m e  as w e l l  as t h e  mechanism o f  t h e  p a r t i t i o n  o f  

sacchar ides  on amino-bonded s i l i c a  columns, have been r e p o r t e d  [74, 

75, 761. The compos i t ion  o f  t h e  e l u e n t  de termines  t h e  e l u t i o n  

p r o f i l e .  In p r a c t i c e ,  t h e  des i red  HPLC a n a l y s i s  o f  sacchar ides  i s  

ob ta ined  by  v a r y i n g  t h e  p o l a r i t y  o f  t h e  mob i l e  phase, caus ing  a change 

o f  t h e  r e t e n t i o n  t imes o f  t h e  i n d i v i d u a l  components [14] .  

A g r e a t  number o f  s tud ies  on t h e  HPLC separa t i on  o f  mono- and 

o l i gosacchar ides ,  found i n  d i f f e r e n t  n a t u r a l  p roduc ts  and systems, on 

c h e m i c a l l y  bonded aminoal k y l - s i l i c a  pack ing  m a t e r i a l  have been 

r e p o r t e d  i n  t h e  l a s t  severa l  years .  The exper imenta l  d e t a i l s  a r e  

compi led  i n  Tables 1 and 2 .  It has been found t h a t  when t h e  

t r i s a c c h a r i d e s  a re  composed s o l e l y  o f  g l y c o s y l  u n i t s ,  r e t e n t i o n  t imes  

inc reased  i n  t h e  o r d e r  o f  bonding (1  -> 3) ,  (1 ->  4 ) ,  ( 1  - >  6) 

f o l l o w i n g  t h e  p a t t e r n  o f  t h e  d i sacchar ides  [76 ] .  The a p p l i c a t i o n  o f  

an aminoal  k y l  - s i l  i c a  column f o r  separa t i on  o f  common food sacchar ides  

and c a r d i a c  g l ycos ides  by HPLC has been s t u d i e d  [77].  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  sacchar ides  component i n  c e r t a i n  f i b r e  po l ysacchar ides  

f rom c e r e a l s  [39]  and o f  g lucose, f ruc tose ,  sucrose i n  cane and bee t  

molasses [45] has been achieved. HPLC separa t i on  o f  m i x t u r e s  o f  mono, 

d i -  and t r i s a c c h a r i d e s  on a m i n o a l k y l - s i l i c a  g e l  column has been 

combined w i t h  an e lec t rochemica l  d e t e c t i o n  [78 ] .  An a m i n o a l k y l - s i l i c a  

column has been used f o r  HPLC separa t i on  o f  monosaccharides i n  beer, 

w h i t e  wine, s o f t  d r i n k s  [46]  as w e l l  as o f  d i sacchar ides  p resen t  i n  

powdered m i l k  [79 ] .  A complete separa t i on  o f  t h e  anomers o f  mono- and 

d i sacchar ides  has been r e p o r t e d  [80].  A newly developed bonded 

propy laminoethano l  column p rov ided  a more s t a b l e  a l t e r n a t i v e  t o  

commercial a m i n o p r o p y l - s i l i c a  o r  t o  s i l i c a  g e l  t r e a t e d  w i t h  amine 
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MONO- AND OLIGOSACCHARIDES 1085 

mod i f i e r  [81]. The app l i ca t i on  o f  an o c t a d e c y l - s i l i c a  phase doped w i t h  

primary amino group ( -aminopropyl) f o r  HPLC separation o f  d i f f e r e n t  

malto- ol igosaccharides, found i n  hydrolysates from starch, has been 

repor ted [82]. An aminoalkyl column has been used f o r  t he  HPLC 

fo l l ow-up  o f  t he  formation o f  o l  igosaccharides dur ing /I-galactosidase 

ac t i on  on lactose [83]. Monosaccharides i n  a commercial isomerose 

( f ruc tose  - h igh glucose syrup) have been separated on amino-bonded 

column packing using a mobile phase o f  ace ton i t r i l e -wa te r  (9:l) [84]. 

F i n a l l y ,  the widespread app l i ca t i on  o f  chemical ly bonded 

a m i n o a l k y l - s i l i c a  column mater ia ls  f o r  HPLC separation o f  d i f f e r e n t  

mono- and ol igosaccharide mixtures i s  shown by the f o l l o w i n g  s e r i e  o f  

r e c e n t l y  performed analyses: [20, 50, 6 2 ,  85, 86, 87, 88, 89, 90, 91, 

92, 93, 94, 95, 96, 97, 98, 146, 147, 148, 149, 1501. 

Tables 1 and 2 present the experimental HPLC condi t ions f o r  t h e  

determination o f  mono- and ol igosaccharides respect ive ly ,  i nc lud ing  

the  use o f  chemical ly bonded amino columns. 

4b. Dvnamicallv modif ied s i l i c a  qel 

Dynamically modi f ied s i l i c a  gel w i th  amino group i s  created " i n  

s i t u " ,  using a mod i f i e r  conta in ing an amino moiety [99]. Various 

techniques have been developed which use s i l i c a  columns and reversed- 

phase columns f o r  separation o f  saccharides by adding small amounts o f  

amines (modi f iers)  t o  the eluent [ loo,  731. I n  the  case t h a t  t h e  

e luent  contains n-alkylamine, oc tadecy l - s i l i ca  gel can be used as 

packing support instead o f  s i l i c a  gel [ loo] .  During t h e  separation 

procedure, the " i n  s i t u "  amino-modified columns are r e l a t i v e l y  s tab le  

since they are continuously generated [ l o l l .  The e f f i c i e n c y  o f  

amino-modified s i l i c a  columns i s  o f  the same order as the  e f f i c i e n c y  
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I086 BEN-BASSAT AND GRUSHKA 

of chemically bonded amino-silica columns and sometimes slightly 

better [102, 731. 

Silica gel modified by certain di- or polyamines gives a 

relatively effec ive and stable column packing for HPLC of mono- and 

oligosaccharides HPLC separation o f  trisaccharides as alditols on 

silica modified "in situ" with tetraethylene pentamine has been 

achieved in a study on the analysis o f  oligosaccharide isomers 

released from certain glycoproteins [62]. Dynamically amino-modified 

silica with 

separation o 

saccharides. 

fol 1 owed by 

oligosacchar 

0.05% (w/v) 1,4-diaminobutane has been used for HPLC 

eight disaccharides and of laminari - and sornaltooligo- 

In this application, precolumn reduct ve amination 

coup1 ing with UV-absorbing reagents, o f  the analyzed 

des, have been performed [103]. 

The quantitation of glucose and fructose, generated by the 

inversion of sucrose during the sugarcane processing, has been 

achieved by modifying 10 pm silica particles with amines [104].  

Oligosaccharides (di-to dodeca saccharide), precolumn derivatized by 

reductive 2-aminopyridyl amination, have been separated on silica 

modified with 0.1% 1,6-diaminohexane (DAH) .  Gradient or isocratic 

elution with aqueous acetonitrile containing 0.01% - DAH has been 

carried out 11051. An analytical method for quantitative 

determination of linear malto-oligosaccharides with various d.p. 

using HPLC separation on a silica column amino-modified with 

1,4-diaminobutane in 50% acetonitrile, has been developed. The 

relationship between peak area and amount of oligosaccharides was 

linear [106]. Monosaccharides (pentoses, hexoses) and oligomers (d.p. 

2 to 5), found in lignocellulosic hydrolysates, have been separated on 

dynamically modified silica by using acetonitrile-water (75:25) mobile 
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MONO- A N D  OLIGOSACCHARIDES 1087 

phase w i t h  the add i t i on  o f  an amine mod i f i e r  [151]. Add i t i ona l  

d e t a i l s  concerning the app l i ca t i on  o f  the dynamical ly prepared amino 

columns are presented i n  Tables 1 and 2. 

5. Chemical1.v bonded a l k v l  columns 

Chemically bonded nonpolar phases conta in ing a hydrocarbonaceous 

moiety bound v i a  s i l y l  e ther  bond t o  the s i l i c a  surface are widely  

used. The most f requent ly  used phases f o r  HPLC analys is  o f  

saccharides are bonded oc ty l  and octadecyl s i l i c a  gel bu t  sho r te r  

chains a lso f i n d  appl icat ions [107]. Aqueous o r  aqueous-organic 

e luents  are genera l ly  used w i t h  such columns. 

The f i r s t  repo r t s  on the a p l l i c a t i o n  o f  RP-HPLC t o  saccharides, 

using water as the  eluent, were published dur ing 1979-1980 [8 ] .  The 

r e t e n t i o n  behaviour o f  o l  igomers i n  s tarch and c e l l u l o s e  hydrolyzates 

on alkylbonded s i l i c a  gel columns w i th  vary ing chain l eng th  (between 

o c t y l  and octadecyl) and varying support pore diameter has been 

invest igated.  The in f luence o f  e luent  pH and a d d i t i o n  o f  sodium 

c h l o r i d e  o r  alcohols t o  the eluent was studied. I t was concluded t h a t  

a neu t ra l  aqueous e luent  i s  b e t t e r  than one o f  low o r  h igh pH. The 

presence o f  sodium ch lo r i de  resu l ted  i n  an increased r e t e n t i o n  t ime 

and b e t t e r  r e s o l u t i o n  [108]. Octadecyl-bonded s i l i c a  gel can be used 

f o r  the HPLC o f  under ivat ized and de r i va t i zed  saccharides t h a t  inc lude 

01 igosaccharides. Generally the r e t e n t i o n  o f  saccharides on 

oc tadecy la ted -s i l i ca  i s  r e l a t i v e l y  short and s p e c i f i c .  Th is  f a c t  i s  

o f  importance i n  the  case o f  ana ly t i ca l  HPLC separations o f  mix tures 

o f  mono, d i -  and permethylated d i -  t o  tetrasaccharides [93]. It has 

been shown t h a t  various chemical ly bonded a l k y l - s i l i c a  packings have 

the capaci ty  o f  separating o l  igosaccharides when the  e luent  i s  pure 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1088 BEN-BASSAT AND GRUSHKA 

water .  The separa t i on  can be performed a t  room tempera ture  b u t  by 

l o w e r i n g  t h e  tempera ture  an inc rease i n  t h e  r e s o l u t i o n  and r e t e n t i o n  

t imes  i s  o b t a i n .  Shor ten ing  t h e  bonded a l k y l  cha in ,  o r  u s i n g  s i l i c a  

w i t h  l a r g e r  pore  diameter,  can change s i g n i f i c a n t l y  t h e  r e t e n t i o n  

behav iour  o f  o l i gosacchar ides .  For i d e n t i f i c a t i o n  o f  sacchar ides  i n  

complex m i x t u r e s  reversed phase HPLC i s  a good a l t e r n a t i v e ,  t o  e i t h e r  

ion-exchange or amino-bonded s i l i c a  packing m a t e r i a l s  [ l o g ] .  A 

comparison on t h e  use o f  d i f f e r e n t  chemica l l y  bonded phases versus  

dynamica l l y  m o d i f i e d  s i l i c a  packings f o r  separa t i on  o f  o l i g o -  

sacchar ides ,  c o n t a i n i n g  n e u t r a l  and acetamido sacchar ides, has been 

r e p o r t e d  [25]. 

Precolumn d e r i v a t i z a t i o n s  have been used w i t h  a l ky l -bonded  s i l i c a  

g e l s ,  f o r  t h e  HPLC separa t i on  o f  very  p o l a r  sacchar ides, wh ich  a lone  

a r e  n o t  s e n s i t i v e  t o  common o p t i c a l  de tec to rs .  Most o f  these 

d e r i v a t i v e s  c o n t a i n  a romat ic  o r  h e t e r o c y c l i c  s u b s t i t u e n t s  which e i t h e r  

absorb i n  t h e  UV reg ion ,  f l u o r e s c e  i n t e n s e l y  o r  r e q u i r e  s p e c i f i c  

d e t e c t i o n .  For  example, d e r i v a t i z a t i o n  w i t h  naphthoyl  c h l o r i d e  [110];  

2-aminopyr idy l  d e r i v a t i v e s  (aminat ion)  [110, 113, 1171; 

2 ,4 -d in i t ropheny l  hydrazones [112]; methano lys is  and perbenzoy a t i o n  

o f  t h e  methy l  g l ycos ides  [115]; t h e  cor respond ing  benzoates 1251, 

dansy l  hydrazones [116, 118, 124, 1261, dabsy l  hydrazones [123, 1241; 

p r e p a r a t i o n  o f  t h e  qu inoxa l i nes  and a c e t y l a t e d  qu inoxa l i nes  [121] and 

p r e p a r a t i o n  o f  t h e  cor respond ing  glycamines which have been 1 abe led  

w i t h  t h e  f l u o r e s c e n t  reagent  NBD-F [122]. 

The p o p u l a r i t y  o f  t h e  va r ious  a1 k y l  -bonded column m a t e r i a l s  f o r  

HPLC separa t i on  o f  mono- and o l i gosacchar ides  can be demonstrated by  

t h e  g r e a t  number o f  p u b l i c a t i o n s  which appeared d u r i n g  t h e  l a s t  years :  

Separa t i on  and q u a n t i t a t i o n  o f  monosaccharides [93, 112, 113, 115, 
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MONO- AND OLIGOSACCHARIDES I089 

116, 118, 122, 123, 124, 126, 150, 1541 as well as of oligosaccharides 

with different degree of polymerization [25, 62, 93, 108, 109, 110, 

111, 114, 117, 118, 119, 120, 121, 124, 125, 126, 127, 128, 150, 152, 

153, 1541. 

Tables 1 and 2 present the experimental conditions when 
a1 kyl -bonded col umn packi ngs are used. 

6. D io l  and "carbohydrate" columns 

The application of diol-bonded silica gel as stationary phase for 

HPLC separation of saccharides has been reported [130, 1311. The 

polarity o f  this stationary phase is similar to, or higher than, that 

of silica gel itself, but the selectivity is different. In most cases 

of using diol-bonded silica, the elution pattern is similar to that 

obtained with aminopropylated silica gel. It has been found that diol 

derivatized silica gel separates mono, di- and trisaccharides, each 

group from another and also the individual saccharides within each 

class. The mobile phase used for separation of the monosaccharides 

and oligosaccharides was acetonitrile-water in proportion (70:30) or 

(68.6:31.4) respectively. The retention time is a function of the 

acetonitrile content of the eluent [130]. In this study it was 

necessary to use triethylamine (0.1%) in the mobile phase to prevent 

separation of the two anomeric forms of the analyzed saccharide, 

However, the addition of triethylamine can reduce the life span of the 

column packing. To alleviate this problem,a precolumn is used. 

Usually the polyol-bonded silica phase is more stable for saccharide 

analysis than the popular aminopropyl-bonded silica [130]. Another 

application of diol-bonded silica is the separation of monosaccharides 

and maltooligosaccharides in coffee drinks, biological fluid and 
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1090 BEN-BASSAT A N D  GRUSHKA 

enzymatic degraded starch. The mobile phase was a mixture o f  

acetonitrile-water (80:ZO). In this case the column effluent reacts 

with cuprammonium reagent and the product is monitored by absorbance 

detection at 315 nm [131]. 

Carbohydrate columns have been applied for HPLC analysis o f  

saccharides: glucose and fructose in products of alcoholic fermenta- 

tion o f  wort have been separated on a Carbohydrate column, using 

acetonitrile-water mixture (75:25)  as the mobile phase [132 ] ;  the same 

column has been used for the separation of monosaccharides as well as 

o f  oligosaccharides (containing glucose units) found in beer worts 

[133]; separation by HPLC of monosaccharides and sucrose, present in 

cucumber nectar using acetonitrile-water (75:25)  mobile phase [134]; 

separation of glucose, fructose, saccharose and maltose, found in soft 

wheat flours with acetonitrile-water (60:40) eluent [135]; determina- 

tion of the lactose content of milk and milk products by using 

Partisil 10 Carbohydrate as the stationary phase and mixture o f  

acetonitrile-water ( 4 : l )  as the mobile phase [163]. 

7. M i  scel 1 aneous 

The application of HPLC for quantitative separation o f  sacchar- 

ides includes additional specific stationary phases. 

a) C o m e r  silicate column Dackinq 

Several transition metals, including copper, form complexes with 

silica gel. The complexes are used as a stationary phase in the 

1 iquid chromatography. When an ammoniacal solution of copper sulfate 

i s  percolated through a silica gel phase, the following reaction takes 

pl ace : 
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2 ( 4 i - O H )  t C U ( N H ~ ) ~ S O ~  -->(=Si-0)2Cu(NH3)x, (H 0) 

1sx<2 

t (NH4)*S04 2 Y  

The r e s u l t  i s  t h a t  almost 4oX o f  the o r i g i n a l  s i l a n o l  groups are 

subs t i t u ted .  This s ta t i ona ry  phase contains the s i l a n o l  groups coated 

w i t h  water and cup r i c  s i l i c a t e  molecules. Usually the mobile phase 

used i s  a mix ture o f  acetonitr i le-water-ammonia. Cer ta in  mono- and 

disaccharides and a lso 2-amino-2-deoxy-D-g1ucopyranose have been 

separated s a t i s f a c t o r i l y  on a copper s i l i c a  gel phase w i t h  a mobile 

phase o f  water-acetonitr i le-ammonia [136]. The r e t e n t i o n  o f  the 

analy te components i s  explained as fo l lows:  The r e t e n t i o n  depends on a 

1 igand-exchange mechanism invo lv ing  complexes between the  so lutes and 

copper ( 1 1 ) ;  the r e t e n t i o n  o f  the neutra l  saccharides i s  based on 

p a r t i t i o n  phenomena between the water o f  so l va t i on  o f  the ammonia 

molecules contained on the s ta t i ona ry  phase and water i n  the mobile 

phase [136]. 

b. Cvanoethvl-bonded s i l i c a  

Bonded phase o f  intermediate p o l a r i t y  usua l l y  has cyanoethyl 

groups cova len t l y  bonded t o  s i l i c a  support. 

The separation e f f i c i e n c y  o f  cyano-bonded s i l i c a  has been 

compared t o  t h a t  o f  various a1 kyl-bonded column mate r ia l s  ( o c t y l -  and 

o c t a d e c y l - s i l i c a )  f o r  the HPLC analysis of mono- and disaccharides, as 

mixtures, i n  honey, chocolate and pharmaceutical formulat ions.  The 

analyzed saccharides have been (precolumn) d e r i v a t i z e d  t o  the  

corresponding dansyl hydrazones. The de r i va t i ves  were e lu ted,  

according t o  the  separation condi t ions,  w i t h  a mixture o f  acetoni -  

t r i l e - w a t e r  ( d i f f e r e n t  propor t ions) ,  0.02M formic ac id  and sometimes 

a d d i t i o n  o f  0.05M b o r i c  ac id  [126]. 
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c. Gel permeation, size exclusion 

Gel permeation chromatography is one of the techniques for HPLC 

separation of oligosaccharides. Stationary phases such as Sephadex 

gels, Polyacrylamide gels and sulfonated styrene - divinylbenzene 

copolymer are used. Gel permeation chromatography separates mainly on 

the basis of molecular size and sometimes on the basis of chemical 

structure [ 1 3 7 ] .  Oligosaccharides, produced by enzymatic depolymer- 

ization of heparin, have been determined by GPC techniques. The 

eluent used was 0.5M NaCl [ 1 3 8 ] .  Malto- and isomaltodextrines, 

obtained from dextran, have been separated by GPC using acetonitrile- 

water ( 9 : l )  as the mobile phase. The column eluite was post-column 

derivatized with 2-cyanoacetamide followed by oxidation [139]. A 

comparative study has been carried out on the separation efficiency of 

various column packings, including gel permeation, for the 2-amino- 

pyridyl derivatives of neutral and amino saccharides, found in glyco- 

conjugates. The method is highly sensitive and picomole amounts of 

the saccharides can be detected [113]. The overall molecular weight 

distribution o f  ol igosaccharides, present in starch hydrolysis 

products, was determined using gel permeation (size exclusion). 

Aqueous solution of 0.15M NaCl was used as the mobile phase [ 1 2 7 ] .  

D. HPLC SEPARATION OF SACCHARIDE ANOMERS 

For complete HPLC analysis of saccharides, the separation of 

optical isomers is often necessary. During the course of HPLC 

analysis, the separation of saccharide anomers can be restricted since 

mutarotat i on occurs. Recent development of new col umn packi ngs, 
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MONO- AND OLIGOSACCHARIDES 1093 

hav ing  h i g h  e f f i c i e n c y ,  and o f  s p e c i f i c  d e r i v a t i z a t i o n  reagents  

enables i n  t h e  most cases t h e  separa t i on  o f  such isomers.  

An improved method f o r  ana lys i s  o f  a ldose anomers by HPLC on a 

h i g h l y  c r o s s l i n k e d  cat ion-exchange r e s i n  o f  sodium and o f  ca l c ium 

forms has been descr ibed.  A combined p a r t i t i o n  and l i g a n d -  exchange 

mode was proposed. I n  t h i s  case, i t  has been found t h a t  i n c r e a s i n g  

t h e  a c e t o n i t r i l e  con ten t  i n  t h e  e luen t ,  gave a b e t t e r  separa t i on  o f  

a ldose anomers; t h e  peak s p l i t t i n g  due t o  anomers can be e l i m i n a t e d  by 

t h e  a d d i t i o n  o f  0.001M t r i e t h y l a m i n e ,  which ca ta l yses  t h e  m u t a r o t a t i o n  

process [59]. 

The separa t i on  of  mono- and d isacchar ides  anomers (pyranose, fu ranose)  

on a m i n o - s i l i c a  columns, us ing  ace tone-water -ace t ic  a c i d  as t h e  e l u e n t  

a t  a l o w  temperature,  has been repor ted .  Reso lu t i on  p a t t e r n s  showed 

remarkable changes w i t h  decreasing column temperature.  It was found 

t h a t  a t  ve ry  low temperatures t h e  mu ta ro ta t i on  o f  t h e  sacchar ide  

anomers has been suppressed and t h e  pyranose anomers o f  t h e  examined 

mono- and d i sacchar ides  were comple te ly  separated. The fu ranose 

anomers were a l s o  separated from an e q u i l i b r i u m  m i x t u r e  under 

c o n t r o l l e d  c o n d i t i o n s .  The column e f f l u e n t  has been mon i to red  w i th  a 

r e f r a c t i v e  index  d e t e c t o r  [80]. I n  t h e  case o f  t h e  separa t i on  o f  

mono, d i -  and t r i s a c c h a r i d e s  on a Po lyo l  phase, t r i e t h y l a m i n e  (0.1%) 

was added t o  t h e  mob i l e  phase t o  p revent  separa t i on  o f  t h e  anomeric 

forms [130]. 

E. DETECTION 

The l i q u i d  chromatographic d e t e c t o r  i s  a dev i ce  which i n d i c a t e s  

t h e  presence o f ,  and measures t h e  amount o f  t h e  separated components 
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i n  t h e  column e f f l u e n t .  Proper cho ice  o f  d e t e c t i o n  system i s  

impor tan t  s ince ,  u n l i k e  gas chromatography, t h e r e  i s  no u n i v e r s a l  LC 

d e t e c t o r .  The p r i n c i p a l  d e t e c t i o n  modes used f o r  HPLC a n a l y s i s  o f  

sacchar ides  can be c l a s s i f i e d  as f o l l o w s :  1) For u n d e r i v a t i z e d  

sugars:  d i f f e r e n t i a l  re f rac tomet ry ,  u l t r a - v i o l e t  abso rp t i on ,  mass 

spec t romet ry ;  2)  p r e -  o r  postcolumn r e a c t i o n s  f o l l o w e d  by a b s o r p t i o n  

o r  f l uo rescence  m o n i t o r i n g  o f  t h e  d e r i v a t i z e d  sacchar ides  i n  t h e  

column e f f l u e n t .  De tec to rs  such as r e f r a c t i v e  index, u l t r a - v i o l e t  and 

v i s i b l e  spectrophotometer,  f luorometer ,  mass-spectrometer,  ampero- 

meter  and po ten t i omete r  have been used t o  v a r y i n g  degrees o f  success. 

Genera l l y ,  mono- and o l i gosacchar ides  cannot be de tec ted  d i r e c t l y  

by abso rp t i on  i n  t h e  u l t r a - v i o l e t  and v i s i b l e  reg ions ,  o r  by f l u o r e -  

scence s i n c e  t h e y  l a c k  chromophores and f l uo rophores  r e s p e c t i v e l y .  

D i r e c t  measurement o f  t h e  abso rp t i on  i n  t h e  n e a r - u l t r a v i o l e t  r e g i o n  

p rov ides  a more s e n s i t i v e  method, bu t  i t  i s  n o n - s e l e c t i v e .  Cons ider -  

a b l e  e f f o r t s  have been made i n  improv ing  t h e  d e t e c t i o n  s e n s i t i v i t y  and 

e f f i c i e n c y  by t h e  use o f  p r e -  and postcolumn r e a c t i o n s .  

A p p l i c a t i o n s  o f  t h e  va r ious  d e t e c t i o n  modes f o r  HPLC a n a l y s i s  o f  

mono- and o l i gosacchar ides  i n  r e a l  samples a re  presented  i n  Tab les  1 

and 2 r e s p e c t i v e l y .  I n  a d d i t i o n ,  Tables 4 ,  5 and 6 summarize t h e  

v a r i o u s  c lasses  o f  t h e  d e t e c t i o n  systems. 

a. U n d e r i v a t i z e d  suqars 

a.1 R e f r a c t i v e  index  ( R I )  

Among t h e  methods f o r  t h e  d e t e c t i o n  o f  sacchar ides  i n  HPLC, 

r e f r a c t i v e  i ndex  measurement i s  t h e  most popu lar .  Th i s  d e t e c t o r  i s  

s t a b l e ,  s imp le  t o  opera te  and t h e  sample i s  n o t  des t royed.  The R I  

d e t e c t o r  has r e l a t i v e l y  good s e n s i t i v i t y .  However, i t  i s  h i g h l y  
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MONO- AND OLIGOSACCHARIDES 

Detector 

I095 

~ 

Item number i n  Tables 1 and 2 

Table 4. Detection (Underivatized) 

Detector 

tefractive index 

JV absorption 

lass spectrometry 

l i  scel  1 aneous 

Item number i n  Tables 1 and 2 

7, 8, 9, 11, 12, 13, 14, 15, 16, 17, 19, 20, 22, 

24, 25, 26, 27, 28, 29, 39, 41, 42, 44, 48, 49, 

51, 61, 62, 64, 65, 66, 67, 68, 71, 72, 75, 76, 

77, 78, 79, 90, 92, 93, 94, 95, 97, 98, 101, 102, 

103, 104, 105, 106, 110, 111, 112, 115, 116, 117! 

118, 119, 120, 122, 124, 129, 131, 134, 135, 136: 

138, 139, 142, 148, 149, 150, 151, 153, 154, 155: 

156, 157, 163, 164, 166, 167, 168, 177. 

12, 17, 32, 90, 91, 97, 99, 100, 102, 108, 121, 

130, 158, 165, 172, 173. 

45, 47, 125, 127, 136, 175. 

1, 38, 46, 73, 108, 114, 126, 161. 

Table 5 .  Detection (Precolumn reactions) 

U V - V i s  absorption 

F1 uorescence 

Radioact i ve 
1 abel i ng 

34, 35, 36, 52, 54, 55, 56, 58, 80, 81, 83, 132, 

141, 144, 146, 171. 

53, 57, 59, 60, 128, 133, 137, 140, 145, 147. 

21. 
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Detector 

UV-Vis absorption 

F1 uorescence 

Yi scel 1 aneous 

BEN-BASSAT AND GRUSHKA 

~ 

Item number in Tables 1 and 2 

6, 10, 21, 23, 30, 31, 33, 40, 50, 63, 85, 89, 

96, 107, 152, 176. 

2, 4 ,  5, 18, 37, 82, 87, 88, 113, 169, 170 

3, 43, 69, 70, 74, 86, 123, 159, 160, 162. 

Table 6 .  Detection (Postcolumn reactions) 

sensitive to column effluent temperature changes and to mobile phase 

composition. For the former, a thermostatic control is essential for 

operation at the most sensitive range o f  the detector. In the case o f  

R I  detection of various saccharides, gradient elution is impossible 

[102].  Particular applications of refractive index monitoring of 

mono- and oligosaccharides in various samples are presented in Tables 

1 and 2 and summarized in Table 4. 

a . 2  Ultra-violet absorotion ( U V l  

Historically, UV absorption detectors played an important role in 

the development o f  HPLC. Although the UV detector is not universal, 

it is used in HPLC systems because it is relatively insensitive to 

changes in the eluting solvent when this solvent is a non-ultraviolet 

absorber. This detector does not need strict temperature control. 

Direct ultra-violet monitoring is not widely applicable for 

saccharides due to their low absorptivity in this wavelengths region. 

In recent years important developments of the ultra-violet 

detector enabled improved detection o f  saccharides at low wavelengths 

(near 190-200 nm) since most saccharides have their ultra-violet 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



MONO- AND OLIGOSACCHARIDES 1097 

absorp t i on  maxima below 200 nm. Tables 1, 2 and 4 show t h e  a p p l i c a -  

t i o n  o f  t h e  u l t r a - v i o l e t  abso rp t i on  f o r  mon i to r ing ,  w i t h o u t  d e r i v a t i -  

za t i on ,  o f  va r ious  sacchar ides separated by HPLC methods. 

a.3 Mass soec t romet rv  

The main advantage o f  us ing  a mass spectrometer as an HPLC 

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

a s p e c i f i c  compound. The coup l i ng  o f  HPLC and MS i s  d i f f i c u l t .  One 

o f  t h e  i n t e r f a c e s  between HPLC and MS i s  t h e  thermospray. The 

p r i n c i p l e s  o f  thermospray i o n i z a t i o n  and i t s  use i n  LC/MS have been 

desc r ibed  by B l a k l e y  and Vesta l  [164] .  The a p p l i c a t i o n  o f  f as t -a tom-  

bombardment mass spectrometry f o r  d e t e c t i o n  o f  ma1 t o - o l  igosacchar ides  

(d.p. 2 t o  6) ,  separated by HPLC, has been r e p o r t e d  [161] .  Recen t l y  

developed mass spec t romet ry  de tec to rs  seem t o  be i n s e n s i t i v e  t o  

changes o f  column temperature and so l ven t  compos i t ion .  However, t h i s  

d e t e c t o r  i s  n o t  i n  wide use. App l i ca t i ons  o f  mass-spectrometry f o r  

d e t e c t i o n  o f  sacchar ides are  presented i n  Tables 1 and 2 and 

summarized i n  Table 4.  

a. 4 M i  sce l  1 aneous 

1. Elec t rochemica l  d e t e c t i o n :  Th is  i s  another mode o f  m o n i t o r i n g  

sacchar ides  separated by HPLC [ 7 8 ] .  Th is  fo rm o f  d e t e c t i o n  i s  

based on t h e  e lec t rochemica l  r e a c t i o n  o f  a s o l u t e  i n  a c e l l  

designed f o r  minimal peak d i s p e r s i o n  and maximum e lec t rochemica l  

response. The e lec t rochemica l  mon i to r i ng  i s  p o s s i b l e  when t h e  

compound i n  t h e  column e f f l u e n t  f l o w  i s  e l e c t r o c h e m i c a l l y  a c t i v e  

under t h e  exper imental  c o n d i t i o n s  used and t h e  mob i l e  phase i s  

conduct ing .  

2. S p e c i f i c  d e t e c t i o n  systems have been developed f o r  d e t e r m i n a t i o n  

o f  sacchar ides  i n  t h e  HPLC column e f f l u e n t :  C o n d u c t i v i t y ,  

Amperometry, Moving-wire flame i o n i z a t i o n ,  R a d i o a c t i v i t y  mon i to r .  
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1098 BEN-BASSAT A N D  GRUSHKA 

Tables 1 and 2 present the application of the above mentioned 

detection systems, which are compiled in Table 4. 

Pre- and Dostcol umn reactions 

Saccharides have no chromophores to permit their direct 

photometric monitoring in ordinary ultraviolet and visible regions. 

The lack of chromophores and fluorophores in saccharides has been 

overcome by chemical derivatization (labeling) with strong ultra- 

violet absorbing or fluorescing functional groups. Precolumn 

derivatization reagents, on one hand, insert i n  the sugar to be 

analyzed an absorbing (UV, visible) o r  fluorescing label and, on the 

other hand, reduce the sugar polarity, thus allowing the use o f  the 

more general reversed-phase columns. A great number o f  derivatiration 

methods have been developed [165, 1661. Tables 5 and 6 give a list of 

pre- and postcolumn reactions used in the HPLC analysis of mono- and 

oligosaccharides. 

b. Precolumn reactions 

Precolumn reactions have been carried out in order to improve the 

HPLC separation and detectability of saccharides on certain column 

packings (naked silica, chemically bonded alkyl-silica gels). Most of 

the derivatives contain aromatic or heterocyclic substituents which 

either absorb in the ultraviolet-visible region, fluoresce intensely 

or require a different but specific detector (Tables 1 ,  2 and 5). 

b.1 Ultraviolet and visible absorDtion 

Various saccharide derivatives were prepared by using UV-visible 

absorbing reagents: p-nitrobenzoates [65]; 0-benzyloximes [66]; 

2,4-dinitrophenylhydrazones [68,112]; coupling with specific UV 
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MONO- AND OLIGOSACCHARIDES 1099 

absorbing reagents [ lo31 ; perbenzoylates o f  the prepared methyl 

glycosides [1151; dansylhydrazones [116,118]; quinoxal ines and 

acety la ted quinoxal ines [121]; dabsylhydrazones [123]; benzoylat on 

[125]; subs t i t u ted  azobenzene [155]; 3-hydroxy-2-naphthoic hydraz de 

[ 1581. 

b. 2 F1 uorescence 

The f o l l o w i n g  precolumn react ions o f  saccharides t o  form 

f l uo resc ing  de r i va t i ves  have been reported: w i t h  2-aminopyridine [105, 

110, 113, 1171; w i t h  naphthoyl ch lo r i de  [110]; preparat ion o f  g l yca -  

mines l a b e l l e d  w i t h  NBD-F [122]; dansylhydrazones [124, 1261; 

dabsylhydrazones [124]. 

c. Postcolumn react ions 

H i s t o r i c  methods of postcol umn treatment o f  saccharides invo lved 

c o l o r  react ions w i t h  some chromogenic reagents i n  s t rong mineral 

acids. I n  these cases the proposed mechanism i s  dehydration o f  t he  

saccharide molecules t o  formation o f  f u r f u r a l  d e r i v a t i v e s  which 

condense w i t h  chromogenic reagents (o rc ino l  , anthrone) t o  g i ve  co lored 

compounds having absorption maxima a t  420 nm I1671 and 640 nm [168] 

respec t i ve l y  . 
A t  present, automated instrumentation has been introduced f o r  

performing postcolumn react ions:  automatic i n j e c t o r s ,  double-plunger 

reagent pumps, photometric o r  f luorometr ic  detector  and temperature- 

regulated columns [169]. Postcolumn reac t i on  detectors  have 

con t r i bu ted  successfu l ly  t o  the HPLC analysis o f  saccharides since 

these detectors  have, i n  many cases, demonstrated h igh s e l e c t i v i t y  and 

s e n s i t i v i t y .  The appl icat ions o f  postcolumn react ions w i t h  HPLC 

separated mono- and ol igosaccharides t o  g i ve  products which absorb i n  
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1100 BEN-BASSAT AND GRUSHKA 

t h e  UV and v i s i b l e  reg ions  o r  which f l uo resce ,  a r e  p resented  i n  Tab les  

1 and 2 and compi led  i n  Table 6.  

c . 1  U l t r a v i o l e t  and V i s i b l e  absorDt ion  

Reagents f o r  postcolumn r e a c t i o n  w i t h  sacchar ides which absorb i n  

t h e  U V - V I S  range a re  as f o l l o w s :  

U l t r a v i o l e t  reg ion :  2-cyanoacetamide [23, 49, 58, 591; 

cuprammonium reagent  [61, 131, 1621, 

V i s i b l e  r e g i o n :  p-aminobenzoic a c i d  hydraz ide  [35];  o r c i n o l  

[49] ;  t e t r a z o l i u m  b l u e  [51, 81, 981. 

c.  2 F1 uorescence 

Compounds c o n t a i n i n g  aromat ic  r i n g  o r  m u l t i p l e  con jugated  doub le  

bonds have f l uo rescence  spec t ra  i n  t h e  v i s i b l e  o r  u l t r a v i o l e t  reg ions .  

E l e c t r o n  dona t ing  groups as -OH, -OCH3 and -NH2 enhance f l uo rescence .  

Compounds which a re  non f luo rescen t  can be conver ted  i n t o  f l u o r e s c e n t  

d e r i v a t i v e s  by postcolumn coup l i ng  w i t h  f l u o r o g e n i c  reagen ts .  The 

main advantages o f  f luorescence mon i to r i ng  a re  marked s p e c i f i c i t y ,  

h i g h  s e n s i t i v i t y  and s t a b i l i t y  t o  thermal change. F luorescence 

l a b e l i n g  i s  p o s s i b l e  w i t h  g r a d i e n t  e l u t i o n .  However, t h e  s o l v e n t s  

used must be t ransparen t ,  bo th  t o  t h e  e x c i t i n g  u l t r a v i o l e t  and t h e  

f l uo rescence  wavelength.  

The f l u o r o g e n i c  reagents  used f o r  postcolumn r e a c t i o n s  w i t h  

sacchar ides  a r e  as follows: monoethanolamine-bor ic a c i d  119, 221; 

t au r ine -sod ium methaper iodate  [21] ;  2 -aminopyr id ine  under r e d u c t i v e  

c o n d i t i o n s  [113, 152, 1531; a r g i n i n e - b o r i c  a c i d  [156]; p h o t o r e d u c t i o n  

o f  an thraqu inone d e r i v a t i v e  by t h e  sacchar ide  and measurement t h e  

change i n  t h e  f luorescence [ 7 7 ] ;  2-cyanoacetamide [46 ] .  

c.3 Misce l laneous 

The requ i rements  f o r  more s p e c i f i c  and s e n s i t i v e  m o n i t o r i n g  o f  

HPLC separa ted  sacchar ides  brought  t h e  development o f  new d e t e c t i o n  
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MONO- AND OLIGOSACCHARIDES 1101 

systems: Amperometry [20];  I n d i r e c t  amperometry [89, 1401; Elec t ro -  

chemical [ 1391 and I n d i r e c t  potentiometry [144].  

F. APPLICATIONS 

The greater  use o f  HPLC r e l a t i v e  t o  gas chromatography i s  more 

pronounced i n  the  case o f  food, c l i n i c a l  - biochemical and b i o l o g i c a l  

app l i ca t i ons .  I n  the  case o f  biochemical appl icat ions,  which r e q u i r e  

greater  s e n s i t i v i t y  o f  the detectors, the increas ing use o f  pre-  and 

postcolumn d e r i v a t i z a t i o n  techniques coupled w i t h  u l t r a v i o l e t  o r  

f luorescence de tec t i on  enables us t o  obta in  s a t i s f a c t o r y  r e s u l t s .  

Recent advances i n  the  HPLC analys is  o f  ol igosaccharides have made 

i t  poss ib le  t o  study the s t ruc tu re  o f  complex b i o l o g i c a l  compounds, 

such as g lycoprote ins,  glycosaminoglycans, cyc lodex t r i ns  and 

l ipopolysaccharides. The o l  igosaccharide chains o f  these b i o l o g i c a l  

systems have been analyzed by HPLC fo l l ow ing  enzymatic o r  chemical 

treatment. 

For foods tu f f ,  the use o f  HPLC i s  favoured over gas 

chromatography since saccharides i n  foods are genera l l y  present i n  

adequate concentrat ions t o  be monitored by the  l ess  s e n s i t i v e  

detectors  o f  HPLC. The app l i ca t i on  o f  HPLC techniques, i nc lud ing  the  

de tec t i on  systems, t o  the analys is  o f  monb- and ol igosaccharides i s  

very  common i n  the  food and beverage indust ry .  

A g rea t  number o f  a r t i c l e s  on the HPLC analys is  o f  the sacchar- 

ides i n  hydrolyzates o f  pu lp (paper), woods as we l l  as i n  d i f f e r e n t  

types o f  p lan t - t i ssue ,  seeds, worts and beets have been r e c e n t l y  

publ ished. 
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Table 7. Applications (Biological, Biochemical, Biomedical, 
Pharmaceutical ) 

Item number in Tables 1 and 2 

1, 11, 13, 20, 21, 22, 24, 30, 32, 33, 34, 36, 37, 43, 50, 53, 54, 

55, 57, 58, 60, 69, 70, 75, 80, 81, 85, 90, 91, 98, 100, 103, 104, 

107, 108, 113, 118, 123, 128, 130, 133, 134, 140, 144, 146, 147, 

152, 158, 159, 160, 163, 165, 166, 169, 171, 172, 173, 176. 

Table 8. Applications (Food, Beverages) 

I Item number in Tables 1 and 2 

6, 9, 15, 18, 23, 27, 35, 37, 43, 45, 48, 49, 58, 60, 63, 66, 67, 

69, 72, 73, 76, 77, 78, 83, 84, 89, 93, 95, 105, 109, 110, 113, 

115, 117, 119, 125, 129, 131, 147, 155, 156, 159, 161, 164, 167, 

174, 177. 

Table 9. Applications (Wood, Pulp, Plants, Seeds, Worts, Beets) 

I Item number in Tables 1 and 2 I 
5, 8, 10, 12, 14, 17, 25, 27, 28, 29, 44, 51, 64, 65, 71, 79, 88, 

93, 97, 102, 105, 106, 124, 135, 136, 137, 139, 143, 148, 149, 153, 

154, 168. 
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MONO- AND OLIGOSACCHARIDES 1103 

Table 10. Applications (Miscellaneous) 

Item number in Tables 1 and 2 

2, 3, 4, 7, 16, 19, 26, 31, 38, 39, 40, 42, 46, 47, 52, 56, 59, 61, 

62, 68, 74, 82, 86, 87, 91, 101, 111, 112, 114, 116, 120, 121, 122, 

126, 127, 132, 138, 141, 145, 150, 151, 157, 162, 175. 

The HPLC separation efforts cited in the present review are 

classified, according to the following application fields: biological, 

biochemical, biomedical, pharmaceutical (Table 7) ,  food, beverages 

(Table 8),  pulp, cellulosic, lignocellulosic materials, plant-tissue, 

seeds, worts, beets (Table 9) and other applications (Table 10).  

******** 
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