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Optimization of separation monosaccharides, oligosaccharides and 
their anomers was studied_ Silica gel with chemicaIiy bonded 3-aminopropy1 groups, 
particle size 10 pm, served as the stationary phase. The mobile phase for the 
separation of oligosaccharides was water-acetonitrile (5050). In order to separate 
anomers, aminopropyl-silica gel in the sulphate form and water-acetonitriie (20:80) 
as the mobile phase were used. The temperature range 20-30” was the most suitable 
for the separation of mono- and oiigosaccharides, and 0” for anomers. 

INTRODUGTlON 

Paper and thin-layer chromatography (TLC) have lost their former si@cance 
in the analysis of sugars, mainly owing to their pooc separation efkiencies and long 
analysis times. Ion-exchange chromatography OQ strong anion- and cationexchange 
resins is widely used, but the time of analysis is often several hours. The same 
applies to gel permeation chromatography, which is sometimes used for separating 
oiigosaccharides_ 

The separation of su_ears by high-performance liquid chromatography (TlPLC) 
is based on silica gels with chemically bonded aminopropyl g.roup~~-~, and the 
method can easily be mod&d for the analysis of mono-, di- and oligosaccharides. 
For separating sugars by HPLC some other bonded phase@.’ can also be applied, 
but aminopropyl-silica gels are used most often. 

Anomers of furanose and pyranose forms of various sugars can also be 
separated by chromatography. For gas chromatography, the formation of derivatives 
that cannot mutarotate or offienvise change8*g is crucial. The reasons why su_s 
aElomers are not separated by paper chromatography were discussed by Jgsr et ~1.‘~. 
TLC was used successfully to separate anomers at a decreased temperature”. Ramn% 
and Sasnuelsonxz separated anomers of some mono- and disaccharides at -10” on 
a strong anion exchanger in the sulphate form by elution with 75% aqueous ethanol. 
The time required for the total separation of glucose anomers was 6 h. As shown by 
G~uld.kg’~, anomers can also be separated on a strong cation exchanger in the 
calcium or strontium form. The separation of glucose into the anomers takes only 
18 min bnt the efficiency is low. 



We have attempted to optimize the separation of sugars on aminopropyf- 
s&a gel and to determine the factors respnsibIe for the changes in the separation 
process- The influences of t&e mobile phase composition, temper&ure and speci& 
smfxz area of the sorbents were studied. me separation of anorixrs is tii 
Sy b&iing of suipbate counter ion on the 3-aminopropyl groups. Thanks to the 
gr& rapidity or by decrcas ing the temperature, the mutarotation is suppressed and 
the se-tion is highly efficient_ 

The liquid chromatograph was constmctcd from available parts. A pressure 
reservoir for the liquid of our own design, with a vohune of 500 ml, was uss as a 
pump_ The mobiIe phase was forced from the pressure cylinder equipped with a 
reduction valve by nitrogen at a maximal pressure of 2.5 MPa. Stainks.s-steel 
tubes jiO0 x 4 mm I-D_) served as coIumns_ Injection of samples was performed 
with a +I Hamihon syringe through a silicone-rubber septum. An EUDK 101 
differential refractometer (Laboratory Instruments, Prague, Czechoslovakia) served 
as a detector_ A Varian CDS II1 integrator was used for quantitative evaluation. 

IrreguIar graded SiIasorb siIica 51 (Lachema, Bmo, Czechosiovakia) with a 
pa.rticIe size of 10 pm and original specific surface areas of 260 and 600 m’/g was 
used for packing the coIumn_ Dried sihca gel was dispersed in toluene, 3-amino- 
propyhriethoxysila was added with s*Grring and the mixture was refluxeci for 1 h, 
Ghered and washcd3_ _4ccording to the rest&s obtained by elemental analysis, samples 
with an original surface area of 600 m*/g contained 7% of carbon and those with a 
surf&c area of 260 mz/g contained 3% of carbon. The viscosity method was applied 
to cchunn packing_ A weighed amount of the sorbent was stirred in 25 ml of 
cyclohexanol with 5% of methanoI and the suspension thus obtained was treated 
uhr2sonicahy for 2 min. The suspension, with a conccntntion of 46% (w/v)_ was 
poured into a packing device to which a pump was conuected, capable of feeding 
ethanol under a pressure of 45 MPa_ The packing of one coIumn took IS-20 min. 

The mobile phase was a mixture of acetonitriie plus 15-50 % of water. Prior 
to being filled into the pump, the mobile phase was degas&d uhrasonically for 
5 min_ The used mobiIe phase was regenerated by distilling the azeotrope with 
a boiling point of 76.5” and a composition of 16% of water and 84% of acetonitrile 
under normal pressure. New mobiIe phase was prepared by adding the calculated 
vnount of water. 

Operimkg conditions 
The use of 100 x 4 mm I_D_ columns, sorbcnt with a particle size of 10 pm 

and a mobile phase with a high content of acetonitrile makes it possible to operate 
with reIativeIy low pressures (Iess thaa 2.5 WPa) at satisfactory ffow-rates (1-2 ml/ 
min) and thus aIso at reasonab!e linear velocities of IO-20 cm/min_ 

In order to separate anomers, the aminopropyl-silica 51 had to be converted 
into the SuIphate form. By means of a syringe, 0.1 Nsulphuric acid was forced through 
until saturation was reached_ The increase in acidity was checked at the column 

outlet with an acid-base indicator. SuIphuric acid could he removed from the 
column by washing with several millilitres of 1 N ammonia sohtion. 

The preparation of samples involved adjustment of the viscosity so that they 
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could be injected with a high-pressure syringe. The sampfes were conserved with - 
zzre&S&=_E. .~ 

In order to investigate the concentrations of anomers, 10 % solutions of sugars 
in water were prepared. All of the samples were stored in a refrigerator. 

RESULTS AND DISCUSS6ON 

Eflect of mobile plme composidion on the separatLon of sugars 
Of the variable factors investigated, the content of water in the mobile phase 

has a significant effect on the capacity factors of sugars. Fig. I shows the capacity 
factors for various components of the test mixture for various concentrations of 
water in the mobile phase. The capacity factors increase considerably with decrezsing 
coW5nt The column efficiency for the test mixture 
increases with increasing the mobZe phase. 

1, gel with 
an original specifk surfikaz a-es of 64lO m’/g. Operating temperature 20”. 1 = Ethylene glycol; 2 = 
g&erol; 3 = xylose; 4 = fructcrse; 5 = glucose. 

Eflect of temperature on the separation of sugars 
Temperatures in the range 20-30” are the most suitable for the separation of 

sugars on aminopropyl-silica gel. Increasing the operation temperature to 40” leads 
to tailing and at 50” the appearance of the chromato_mams is changed entirely. 
With increasing temperature the retention decreases to a certain extent. The column 
efficiency increases slightly when the operating temperature is increased from 20” 
to 30”. 

The efficiencies of both columns were determined. The results obtained for 
the column used for the separation of anomers before conversion into the suIphate 
form are listed in Table I and for those on which glucose and malto-ohgosaccharides 
were separated in Table II. The poor efficiency for glucose was caused by partial 
separation of the anomers. When complete separation occurs on aminopropykilica 
gel in the sulphate form, the eEciency for single anomers doubles. 
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TABLE I . . 

EZF’ICXENCY OF SEPARATION ON A COLUMN PACKED iTFX3 AMIN~PROPX,SIZXA 
GEL W-I-H AN 0RKGINA.L SPECIFIC SURFACE AREA OF saOmr/g 
Mobik phase, water-aatuaizdc (zO:sO); fioff-rzitt. i.6ml/m.h; pxuyn+ 2.0 MPa; opm&g 
tiv 2!Y. h’ = G?paEiry factor; N = mlmber of tkcorrtical prate3; h = red& p&e height.. 

-- K Iv h 

mlykac &To1 0.8 1050 9.5 
Giyctrol 1.7 lam 10.0 
ma=‘ 33 900 11.0 
rw a1 1050 9.5 
Ghxxsc 8.4 750 13.3 

TABLE II 

IZFFi~CY OF SEPARATiON ON A COLUm PACKED WfFH AMIXOPROPYL- 
SILICA GEL WlTH AN ORIGINAL SPECmC SURFACE AREA OF 29 d/g 

c=ond;.tions 2s in Fig_ 2. 

conrpaf=J k iv h 

Ghlcose 0.7 890 113 
Mabsc_ 1.2 820 122 
Maltonie 1.6 740 13.5 
h&Itottme 22 720 13.9 

Separa?iom of oiigosacchardes 
The colmnn packed with the sohent with an or&id specific surfwe 3iea of 

260 mz/g was used for the separation of oligosaahrides. The separation of rnzzlt- 

b 



bligosftdmides from ghcme to mdtiwose can be perform& within 4 min using 
waterar~nitrite (5O:so) as the mobile phase. A better sep-ation is obtained with 
water-acx%o&rife (40:60) within 12 min (Fig. 2aj. A different distribution of malto- 
oligosaccharides is found in maltose syrup obtained by enzymatic hydrolysis of 
starch (Fig_ 2b). 

After converting amino_oropyl-silica gel inF0 the suiphate form, anomers can 
be separated chromatographically. It is interesting that the arithmetic mean of the 
capacity factors (kq of both anomers of one sugar is approximately the same as k’ 
for the given sugar on Exe aminopropyi-sikz geI. With the use of per&orate as a 
coI3nter ion no separation of anomers occurs and the capacity factors decrease 
signifkantiy, e.g., by 80% for ghtcose. Anomers are also separated on aminopropyl- 
silica gel in the phosphate form brat the separation is less sharp than with the 
sulphate form. 

Table iH summarizes the capacity factors, separation factors at 0” and 20” 
and the mean relative contents of variotrs anomers obtained by integration of peak 
areas. The anomer contents in aqueous soh.ttions in the eq*Glibrium state were taken 
from the paper by Figman and &bell *‘_ Individual peaks obtained for aldoses could 
then be ascribed to alpha- and beta-anomers, The interpretation of chromatograrns 
obtained by separating ketoses is difhcuh, owing to the lack of data and the poor 
separation of individual peak 

By decreasing l &e operating temperature from 20” to 0” a substantial im- 
provement in the separation of all of the sugars except ghrco~_ was obtained. As an 
example, Fig. 3a and b shows the separation of anomers of lyxose at these tempera- 

c b 

3 

2 

3 

I 

036 036 
m&l ma 

Fw 3s separation of iyxase a~~0sne.r~ at (a) 20” and (b) 09 Mobi phase, water-acetonitrile (2O:SO); 
%-i-ate, 1.2 m&nin at 0” and 1.6 IQ&& at 20”; gsxsme, 2.0 MB. 1 = Water; 2 = a-~lyxose; 
3=- _ 



T
A

B
L

E
 II

I 

R
E

T
E

N
T

lO
N

 D
A

T
A

 FO
R

 S
A

C
C

PI
A

R
H

X
S A

N
D

 C
O

M
PO

SI
T

IO
N

 
01

: 
T

H
E

 E
Q

IJ
lL

lB
R

IU
M

 A
Q

U
E

O
U

S S
O

L
U

T
IO

N
S ’

 
kn

, c
up

ac
ity

 W
or

e 
of

 a
-n

no
m

cr
s;

 kr
, 

cu
pn

ci
ty

 fn
ck

rs
 o

f @
no

m
cr

s;
 (I

, s
cp

nr
nt

io
n fa

ct
or

, 
r-

-l
_-

_ 
--

 
__

-l
._

-.
-.

_-
 

-.
-_

_-
--

l-
--

 
w

e-
.. 

-_
~~

lll
l-

IC
-.

.-
--

_ 
.-

--
_.

--
P

..-
.-

 
__

_.
-.

--
...

” 
St

lc
cl

m
rl

ltc
 

O
pe

ro
tiq

 fc
nr

~~
er

ad
rc

 0
” 

0p
er

nt
in

g 
tc

nt
pe

rrr
lra

c 
20

” 
C

or
rtm

r 
0f

O
~p

yr
cm

w
e 

C
ot

f&
rrr

ot
lo

n 
&s

eq
rrc

nc
e 

-_
__

__
.-_

-._
-_

. 
_-

-_
. 

. _
 _

 
__

. _
 ~

-~
“~

--
_-

“-
...

-.
_.

-.
.. 

ka
 

h
 

Q
 

k,
, 

ko
 

hi
 e

qu
lllb

rlr
rm

 
nq

, 
of

 k
yd

ro
xy

t 
U

 
f$

p~
C

dO
~

tl
l/l

0l
lf

 

so
llr

llo
rr

 
(%

) 
’ 

gr
or

qv
 

on
 C

T.
1 

py
rw

no
sa

 m
on

lc
r 

I ---
---

-j-
---

---
 

m
l 

C
-2

 for
 

ps
uk

 
on

 H
PL

C
 

pr
er

lu
rn

ln
un

t 
se

pc
rra

tlo
n 

m
or

nc
r1

4 
--.

...
-_

.. 
-.-

_-
 

._
__

__
 

_-
.._

__
 . .

 . . _
-.-

---
-_

__
--.

-_
 

_-
__

~.
-..

_.
._

-_
--.

_~
~-

.-~
...

-.~
~~

~ 
. . 

C
I_

I*-
.+

._
.- 

_.
---

 --
--_

---
 

D
&

ib
os

c 
3,

O
” 

2,
7”

 
L

.A
ru

bl
no

sc
 

8,
s 

6.
5 

I,
30

 
5.

6 
:::

 
1.

36
 

61
 

73
‘5

 
p 

c-
c 

*;
 

U
C

-C
 

D
&

‘lO
S

C
 

47
 

5,
9 

I,
24

 
3,

4 
I,

28
 

36
 

34
,R

 
/I

 a-
o 

2 
Pt

yx
os

o 
5,

o 
6,

4 
1.

28
 

3,
s”

 
19

 
7&

O
 

n 
n-

a 
D

~C
H

U
C

0S
O

 
lo

,2
 

l1
,3

 
I,

11
 

7,
6 

8,
8 

1.
16

 
“*

’ 
36

2 
PC

-o
 

:. 
D

m
M

nn
no

so
 

8,
O

 
12

,G
 

1,
st

l 
6,

O
 

9,
s 

1.
58

 
:: 

68
08

 
a 

a-
n 

D
-Q

n
la

cl
os

a 
12

,o
 

14
,3

 
1.

19
 

9,
l 

11
,7

 
1,

28
 

32
 

29
,6

 
SW

 
: 

L
=R

hn
m

no
sc

 
55

 
tF

uc
~0

 
:::

 
5’

9 
1.

57
 

9:
G

 
1,

28
 

:2
 

3.
3 

1,
59

 
66

 
73

,l 
a 

0-
n 

1 
3,

o 
I,

33
 

30
 

D
.P

ru
ct

ox
 

7.
0 

I ,
37

 
G

al
’”

 
._

 
L

~s
or

bo
so

 
7,

7”
 

$7
” 

D
~T

ng
nr

os
e 

5,
6 

88
3 

I,
48

 
5.

3”
 

M
al

to
no

 
20

,G
 

24
.1

 
I,

17
 

41
”’

 
36

.8
 

L
nc

 tb
su

 
25

,9
 

29
.2

 
I,

13
 

38
”’

 
3&

O
 

’ 
1,

 D
ot

cr
m

in
cd

 by
 H

PL
C

 nt
 n

n 
op

cr
et

in
8 t

cm
pc

ra
tu

ro
 of
 0

’;
 2

, r
ot

at
io

n m
ca

su
rc

m
cn

P.
 

” 
A

no
m

cr
s n

ot
 s

cp
nr

ut
cd

, 
*‘

* O
pc

rn
tin

jt tc
m

pc
rn

tu
ro

 20
”.

 



Fig_ 4. separation of gdactose and kc-se auomers. Conditions as in Fig. 3 ; operating tempentme, 
Xl9 I = Water; 2 = a-wgakxctcrse; 3 = #?-D-gda.ctosc; 4 = a-k&e; 5 = j%factase. 

FK. 5. Separation of vabinose anomes. Conditions as in Fig. 3; operating temperature, 0”. 1 = 
Water; 2 = ar&iiofuraxsses; 3 = fl-tarabmose; 4 = a-r-uabinose. 

Furanose forms of arabinose (Fig. 5) seem to be sepzwated, sim.ilarly to those 
of gafactose~ The first small peak has I’ll area corresponding PO a- furzmose in 
aqueous soIutioiP. It‘is not ab impurity, as the separation on aminopropyl-silica 
gel without sulphate as counter ion leads to only one peak with either of the sugars. 

The retention sequence of anomers of various aldoses and L-rhamnose is in 
agreement with the suggestion by figer et al. lo that a lager num%er of equatorial 
hydroxyl groups in the molecule of a sugar increases the retintion, As cz+.n be seen 
from Table III, such anomers, in which the hydroxyi group on C-l is in the 
equztorial position always have higher k’ values. 

coNcLusioN 

Optimal operation conditions were determined for the separation of oHgo- 
saccharides and anomers of sugars on aminopropyl-silica gel with water-acetonitxile 
as the mobile phase. T&e retention af sugars increases with increasing content of 
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water in the m0bii.e phase. The optimal operation temperature for the _sepc&ion of 
sugars is 20-30” and fat that of anos~ers O”_ 

The au&hors are tidebted to Dr. M. SmrZ (Lachema), for supplying the 
sorbents and to Ing. J. copikov6 (Prague Institute of Chemical Tech~~ology) for 
providing starch hydrolysztes. 
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