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HIGH PERFORMANCE LIQUID CHROMATO- 
GRAPHIC SYSTEMS TO SEPARATE AND 

QUANTIFY A MIXTURE OF NINE SUGARS 
AND FOUR POLYOLS 

C. Vidal-Valverde, C. Martin-Villa, 
B. Olmedilla, and I. Blanco 

Nutrition Service, Clinica Puerta de Hierro 
Cen tro Nacional de Investigaciones Me'dico-Quirurgicas 

de la Seguridad Social 
Faculty of Medicine, Universidad Autonoma 

S. Martin de Porres 4, Madrid-35, Spain 

ABSTRACT 

Three different chromatographic systems were des- 
cribed to separate and quantify nine carbohydrates 
(stachyose, raffinose, maltose, lactose, sucrose, galac- 
tose, glucose, fructose and xylose) and four polyols 
(mannitol, sorbitol, xylitol and maltitol) from a mix- 
ture. The results were collected in a guide in order to 
provide the analyst with a quick reference to the proper 
column and adequate chromatographic conditions to per- 
form the analyses of these compounds. 

INTRODUCTION 
The high performance liquid chromatoqraphy (HPLC) 

technique has marked a great improvement in the quali- 
tative and quantitative analyses of carbohydrates mostly 
due to an improvement in the chromatographic columns 
employed. 

Copyright 0 1985 by Marcel Dekker, Inc. 0148-3919/85/08014075$3.50/0 
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76 VIDAL-VALVERDE ET AL. 

In the last few years there have been many contrib- 
utions to the HPLC determination of sugars in foods (1-6) 
and in the biological fluids ( 7 - 8 ) .  In previous publi- 
cations, we have applied this method to the analysis of 
sugars in foods (9-11) and to the separation of sugars 
and polyols of difficult resolution (12). 

With our previous experience, we have attempted to 
unify criteria and define the conditions to carry out 
the separation and quantification of a complex mixture 
of sugars and polyols. As a result, a guide has been 
made in order to provide the analyst with a quick ref- 
erence to the proper column and adequate chromatographic 
conditions to perform the separation of these sugars 
and polyols. 

EXPERIMENTAL 
High performance liquid chromatography was carried 

out in a chromatograph ALC/GPC(model 201) equipped with 
model 6000A pump, dual reciprocating piston heads,model 
U 6K septumless injector, model R401 differential refras- 
tometer detector optical deflection type,maintained at 
300C. The detector signal was recorded on a M730 data 
module (Waters Associates, Milford, Mass. USA). 

A.- pBondapak/carbohydrate, with a guard column of 
The following chromatographic systems were used: 

Bondapak Cl8/Porasi1. 
Mobile phase: acetonitrile/water (75/25), previously 
filtered through FH Nillipore membrane (0.5um) and 
degassed in ultrasonic bath. Flow rate 1 ml/min. 
100 p 1  were injected. Attenuation x 8 .  

B.- Sugar Pak I column, with a column temperature 
control accessory at 900C, precolumn filter. 
Mobile phase: bidistilled water filtered through 
a Millipore HA (0.45 pm), degassed by immersion 
in an ultrasonic bath. Flow rate 0.4 ml/min. 25 p l  

or 10 p 1  were injected. Attenuation x8, x16. 
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NINE SUGARS AND FOUR POLYOLS 77 

C.- Sugar Pak I column, with a column temperature 
control accessory at 800C, precolumn filter. 
Mobile phase: acetonitrile/water ( 2 5 / 7 5 ) ,  filtered 
through a Millipore membrane FH ( 0 . 5  um). Flow rate 
0.4 ml/min. 25 u1 were injected. Attenuation x16. 

Standard solutions.- Various amounts of stachyose, raf- 
finose, maltose, lactose, sucrose, galactose, qlucose, 
fructose, xylose, mannitol, sorbitol, xylitol and mal- 
titol (Merck) were dissolved in the corresponding 
mobile phase, and filtered through the same membrane 
which was used to filter the mobile phase. The weights 
of the different components were generally maintained 
at a 1:l ratio. 

RESULTS AND DISCUSSION 
It has been intended to define the best conditions 

to carry out the separation and quantification of a 
complex mixture of sugars and polyols. With this aim, we 
have employed two chromatographic columns, a UBondapak/ 
Carbohydrate (Waters), which is of the chemically bonded 
phase type, with a particle size of 10 u and the Sugar 
Pak I column (Waters), a microparticulate cation ex- 
change bed, in the calcium form. Different mobile phases 
have been essayed, being selected finally that of meto- 
nitrile/water ( 7 5 / 2 5 ) ,  for the first column and bidis- 
tilled water O K  acetonitrile/water ( 2 5 / 7 5 )  for the 
second column. 

Tables 1-9 collect the chromatographic constants, 
as well as the correlation coefficients between the 
height of each one of the peaks and the concentration 
of the corresponding sugar or polyol in the standard 
solution. With this data we arrived at the standard 
curve by means of the least squares method, using a 
Digital PDP 1 1 - 5 5 .  
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78 VIDAL-VALVERDE ET AL. 

Tables 1 and 2, show the chromatographic constants 
obtained for a mixture of fructose, glucose, sucrose, 
maltose, lactose, raffinose, and stachyose, and a 
mixture of xylose and glucose, in system A (pBondapak/ 
Carbohydrate and acetonitrile/water (75/25) as the mobile 
phase). 

In Table 1 there is no indication of the resolution 
nor the number of the theoretical plates of lactose and 
maltose since the separation between these two peaks is 
less than half the peak height and the measurement of W 
(base width) could not be properly made, this happened 
also in Tables 5 and 6. Despite this drawback, the sep- 
aration achieved is sufficient to carry out the quanti- 
fication of both sugars since, in the concentration 
range we have used, the detector gave a linear response 
between peak height and weight of these compounds. With 
this type of column it is not possible to separate glu- 
cose fron galactose, carbohydrate which may be present 
in dairy products. 

With regard to polyols, it has been observed that 
xylitol elutes with fructose, sorbitol and mannitol 
with glucose, and maltitol with maltose. Accordingly 
the separation of polyols with this system can be 
carried out only in the case that these sugars are not 
present. The elution order would be: xylitol, sorbitol 
or mannitol and maltitol. 

Tables 3 and 4 represent chromatographic constants 
obtained with a mixture of stachyose, raffinose, sucrose, 
glucose, galactose, fructose, mannitol and sorbitol, 
and glucose, maltitol and fructose respectively, using 
system B (Sugar Pak column and bidistilled water as 
mobile phase). With this chromatographic system sucrose 
and maltose did not separate. 

In those cases in which the separation between two 
components is not complete their concentration in the 
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mixture plays a critical role in their separation and 
quantification. Such are the cases of sucrose and lac- 
tose (table 51, and maltitol and galactose (table 6). 
In these two cases it has been observed that a separa- 
tion that allows quantification of both components 
requires a weight ratio of 2 / 1 .  

Table 7 show the separation obtained with the 
polyols maltitol, mannitol and sorbitol. The xylitol 
elutes with sorbitol. Using acetonitrile/water (25/75) 
at B O W  with this same column, an acceptable separa- 
tion of the same polyols was achieved (table 8 1 ,  as 

well as a good separation of fructose, glucose and 
galactose (table 9). 

It should be pointed out that maltitol shows a reten- 
tion volume very close to that of fructose and, conse- 
quently, the separation of these two components would 
be difficult under these conditions. 

In previous publication (13) we have indicated that 
the use of acetonitrile/water with a Sugar Pak column 
caused a pressure rise after 8-10 hours use. It was 
necessary to backflush the column overnight with 
bidistilled water to restore the normal operating 
conditions. This phenomenon has not appeared during 
the separation of monosaccharides and polyols. 

As previously exposed, a combination of the various 
chromatographic systems here described allows for the 
separation and quantification of nine different carbo- 
hydrates and four polyols in a mixture. The elution 
sequence was as follows: 
A system: 
Xylose , I Fructose and Xylitol, I Galactose , Glucose, 
Sorbitol and Mannitol, I Sucrose, I Maltose and Maltitol, I 
Lactose , I Raf finose , I Stachyose. 
B system: 
Stachyose , I Raf f inose , I Sucrose and Maltose , I Lactose , I 
Glucose, I Maltitol, I Galactose, I Fructose, I Mannitol, I 
Sorbitol and Xylitol. 
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Fig. 1 : UBondapak /Carbohydrate column. 

Mobile phase: acetonitrile/water 75/25 

Flow rate: lml/min. 
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Fiq. 2 : Suqar Pak I column at 9OoC 

Mobile phase: bidistilled water 

Flow rate: 0.4 ml/min. 
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Fig. 3: Sugar Pak I column at 800'2 

Mobile phase: acetonitrile/water, 25/75 

Flow rate: 0.4 ml/rnin. 
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C system: 
Glucose , I Galactose , I Maltitol and Fructose , I Mannitol , I 
Xylitol , I Sorbitol. 

This is graphically collected in Table 10, a double 
entry table which permits the selection of most appro- 
priate conditions to separate any mixture of the carbo- 
hydrates and polyols here studied under the conditions 
of analysis employed. Some of the separations achieved 
have been illustrated in Fig.1-3. 
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