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Sugars have been analysed by ion-exchange resins’ and by paper2, thin-layer3, and 
gas-liquid chromatography4. Each of these methods has certain advantages for specific 

problems. However, due to difficulties encountered in qualitative and quantitative 
determinations of complex sugar mixtures, analyses are time consuming and are 

generally not suitable for trace analysis. Sugar analysis by h.p.1.c. is a rapid and 

convenient method, and there are various column packings such as polystyrene-based 
anion-5 and cation-6 exchange resins, as well as aminopropyl-‘, carbamoyl-*, and 
cyano-derivatized silica gels’. Nonetheless, individual analyses of cc-linked disaccha- 

rides of D-glucose by h.p.1.c. has not been reported, possibly due to their all having same 
molecular weight and the same number of D-glucose units, which precludes their 

separation by straightforward methods. 

It is known that various kinds of disaccharides such as nigerose, kojibiose, 
neotrehalose, etc., are produced from maltose by the intensive action of cyclomalto- 

dextrin glucanotransferase (EC 2.4.1.19)‘“. In the course of this study, it was our goal to 
develop a method for the determination of z-linked disaccharides of D-glucose. In this 

work we desired to determine a-linked disaccharides of D-glucose in mixtures composed 
of these disaccharides, D-glucose, and trisaccharides by h.p.1.c.. We found that a 
combination of data obtained from three different h.p.1.c. columns could be used to 
determine the individual amounts of each of the disaccharides. 

A column packed of polystyrene-based cation-exchange resins has size-exclusion, 
ion-exclusion, and ligand-exchange mechanisms”m’3. Columns packed of carbamoyl- or 

cyano-silica induce separation of sugars either by partitioning between the water- 
enriched stationary phase layer and the mobile phase or by adsorption via hydrogen 

bonding between the hydroxyl groups of the carbohydrate molecule and the functional 
groups of the stationary phase lw5 These columns show different separation patterns . 
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because of the different functional groups bonded in the silica get support matrix. I-Ier-c 

it was reasoned that :I separation method using a combination ot‘ factors six- 

exclusion, ion-exclusion, ligund cxchang, liquid-partition atltf or ;idborlTtii,n mighi 

result in separation of these ‘;ugxr~. 



NOTE 205 

TABLE I 

Retention times of saccharides and their respective alcohols on an SCR-IOIN liquid chromatography 
column” 

Sugar (alcohol) Retention time, mid’ 

Glucose (D-Glucitol) 15.0(17.3) 
Maltose (maltitol) 11.9 (12.9) 
Isomaltose (isomaltitol) Il.7 (12.8) 
Nigerose (nigeritol) Il.7 (I 1.8) 
Kojibiose (kojibiitol) I I.8 (12.6) 
Trehalose I I.7 
Maltotriose (maltotriitol) 10.6 (I 1.0) 

“Column size: 7.9 x 300 mm; eluent: water; flow rate: 0.5 mL/min; temperature: 60” sample injection: 1OpL 
(0. I mg). h Values in parentheses are for the retention time of the sugar alcohols. 
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Fig. I. Separation of sugars on an SCR 1OlN liquid chromatography column (size: 7.9 x 300 mm). Eluent: 
water: flow-rate: 0.5 mL/min; temperature: 60”; sample injection: 20 flL (0.1 mg). 
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Fig. 2. Separation of sugar alcohols and trehalose on an SCR IOlN liquid chromatography column (size: 
7.9 x 300 mm). Eluent: water; flow-rate: 0.5 mL/min; temperature: 60”; sample injection: 20 PL (0.1 mg). 
A = nigeritol and trehalose; B = maltitol, isomaltitol and, kollbntol. 
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TABLE III 

Retention times of saccharide alcohols and trehalose on a LiChrospher Si 60 liquid chromatography 
column” 

Sugar Alcohol (Sugar) Retention time, min 

D-Glucitol 9.4 
Maltitol 12.3 
Isomaltitol 12.6 
Nigeritol 12.2 
Kojibiitol 12.5 
(Trehalose) 10.8 
Maltotriitol 13.5 

D Column size: 4.0 x 250 mm; eluent: 70:30 acetonitrile-water; flow rate: 0.8 mL/min temperature: 20”; 
sample injection: 10 @L (0. I mg). 

retention times of individually injected sugar alcohols and trehalose on a TSKgel 
Amide-80 column. The retention times of the disaccharide alcohols are quite different 
from each other. The mixture of disaccharide alcohols and trehalose was separated into 

three groups as C = maltitol, D = nigeritol + kojibiitol + trehalose and E = 
isomaltitol. D-Glucitol and maltotriitol were clearly separated from disaccharide alco- 
hols (Fig. 3). It is observed that both the OL and /? anomeric sugars are separated on 
silica-type columns under the same conditions’8. Anomer separation was also observed 

on a TSKgel Amide-SO column. On the other hand, trehalose, a non-reducing sugar, 

showed one peak on this column system. 
Separation of sugar alcohols on a LiChrospher Si60 column. -Table III shows the 

retention times of individually injected sugar alcohols and trehalose on a LiChrospher 

I I I I 
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Fig. 4. Separation of sugar alcohols and trehalose on a LiChrospher Si 60 liquid chromatography column 
(size: 4.0 x 250 mm). Eluent: 70:30 acetonitrile-water flow-rate: 0.8 mL/min; temperature: 20”; sample 
injection: 20 pL (0.1 mg). F = trehalose; G = maltitol, isomaltitol, nigeritol, and kojtbntol. 
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TABLE IV 

Determination of saccharides content m a mixture contaimne seben components h\ a three-column system 
__A_____._-.___...i _______~~--_.. 
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