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ABSTRACT 

The separation of D-glucose, D-galactose. o-fructose, lactose, lactulose, saccharose, maltose, and 

malto-oligomers on an anion-exchange column in combination with pulsed amperometric detection is 

described. Resolution was optimized by using separate sodium hydroxide and sodium acetate gradients, 

generated by a quaternary solvent delivery system. The influence of lithium, potassium. or tetrabutylammo- 

nium ions on the separation was found to be negligible. The sample treatment of dairy products consisted of 

IOO-fold dilution with water, followed by ultrafiltration. The recovery of the saccharides in milk was found 
to be 98.2 to 101.8%, while the repeatability was 0.7% to 5.6%. Determination of saccharides in an infant 

formula, in a fruit yogurt, and in a candy product are shown. The l.c. anion-exchange chromatographic 

system described enables the determination of the majority ofsaccharides present in food products in a single 

analysis. 

INTRODUCTION 

The most prominent carbohydrate of milk is lactose. In dairy products lactose 
may be hydrolyzed to D-glucose and D-galactose by enzymes. In addition to these 
carbohydrates, other saccharides or saccharide-containing components may be added 
in order to give the food product more desirable properties. The saccharides encoun- 
tered most frequently are saccharose, fructose, maltose, and malto-oligomers. Heat 
treatment (UHT or sterilization) of the food product converts a part of the lactose to 
lactulose. 

High-performance liquid chromatography (h.p.1.c.) has been routinely applied 
for more than a decade by many laboratories for the determination of saccharides in 
food products’m6. Separations on silica gel-based columns require a high percentage of 
an organic modifier (e.g., acetonitrile) in the eluent, which severely limits the solubility 
of the saccharides. Moreover, the response with a refractive index detector is rather 
poor, due to the unfavorable refractive index of the eluent. Amino- and diol-modified 
silica gel columns fail to give sufficient resolution between glucose and galactose7, and 
the amino-type column shows undesirable reactivity towards reducing sugar@. The use 

* To whom all correspondence should be addressed. 

0008-6215/91/s 03.50 @ 1991 ~ Elsevier Science Publishers B.V. 





ANION-EXCHANGE CHROMATOGRAPHY 41 

0 5 10 15 20 25 30 35 

Time (mm) 

Fig. 2. Influence of thecolumn temperature on the separation ofa standardmixture of saccharides. Column 
temperature: a, 22’; b. 30”, and c, 40”; for gradient, see Table III: for peak identification, see the legend to Fig. 
I. 
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Fig. 3. Separation of a standard mixture of saccharides at a constant hydroxide (a) and a constant acetate 
(b) concentration during the first 15 min. of the gradient. Gradient: a and b, 70% A and 30% B isocratic 
during 2 min; a, in 13 min. linear to 26”/0 A, 70% B, and4% C; b. in 13 min. linear to 41% A, 35% B, and 24% 
C. Both a and b linear in 10 min. to 50% C and 50% D (see Table III). For peak identification, see the legend 
to Fig. 1. 

considerable ion-exchange capacity of the stationary phase in relation to the ionic 
strength of the eluent at the initial conditons. The influence of different equilibration 
delays on the chromatogram of the standard mixture is shown in Fig. 4. The retention of 
saccharose is especially sensitive to the equilibration delay. Optimum results were 
obtained with a delay time of 15 min. 
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Moreover, deterioration of saccharides increased at temperatures above 30”, as evi- 
denced by the appearance ofan extra peak after the lactulose peak and an increase in the 
area of unidentified peaks eluting near the malto-oligosaccharides. At 40” a flat valley 
formed between the peaks of lactose and lactulose, indicating a dynamic equilibrium. 
To our knowledge, there are no reports in the literature regarding the optimum column 
temperature for these separations. At room temperature (22”) the unidentified peaks 
are present near the peaks of the malto-oligosaccharides. As a lower column temper- 
ature would thus seem to be desirable, this aspect will be the subject of future research. 
On the basis of these results, and due to practical limitations, the column temperature 
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Fig. 5. Calibration curves: a, 0, u-glucose; V, maltose; l , maltotriose; +, maltopentaose; A, maltohep- 
taose; b, l , u-galactose; V, saccharose; + , o-fructose; + , Iactose: V , lactulose. 
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TABLE II 

Recovery of saccharides added to skim milk and repeatability of saccharide determination in skim milk. 

Saccharide 

o-Galactose 
D-Fructose 
Saccharose 
Lactose 
Lactulose 
D-Glucose 
Maltose 
Maltotriose 
Maltopentaose 

5.06 100.9 
5.02 100.5 
5.20 101.1 
46 + 29.8 100.3 
5.23 101.8 
4.93 100.2 
4.89 100.4 
4.80 99.4 
I .99 98.2 

Repeatability’ 

ccsls 0% 

133 2.6 

37 0.7 

291 5.6 

119 2.6 

226 4.3 

124 2.5 

I&l 3.1 
255 5.3 

6X 3.4 

” Average of four injections, ’ Repeatability: r = 2,,/‘2 x standard deviation; n = 5. 

TABLE III 

Gradient used for chromatoaraphv of saccharides 

0 70 30 0 0 
2 70 30 0 0 linear 

I5 80 0 I5 5 linear 
25 0 0 50 50 linear 
28 0 0 98 2 linear 
35 0 0 98 2 
37 70 30 0 0 linear 
52 next iniection 
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Fig. 6. Determination of saccharides in a, fruit yogurt: b, candy; and c, infant formula. Peak identification: 
peaks l-5: see the legend to Fig. I; peak 6, maltose: peak 7, maltotriose: peak 8, maltotetraose; peak 9, 
maltopentaose; peak IO, maltohexaose; and peak I I. maltoheptaose. 




