
A NOVEL METHODOLOGY FOR THE SEPARATION AND ANALYSIS OF BIOACTIVE

OLIGOSACCHARIDES BY COMPREHENSIVE TWO-DIMENSIONAL LIQUID 

CHROMATOGRAPHY 

Carbohydrates are one of the most important ingredients in foods because they provide not only important nutritional value and organoleptic quality, but also functional

properties beneficial to human health, which are strongly related to their chemical structure. Carbohydrates usually appear as complex mixtures of several isomers with

different monosaccharide units, glycosidic linkages and degrees of polymerization. This complex composition makes their characterization still very challenging.

Chromatographic techniques, especially liquid chromatography (LC), have been widely used for OS analysis [1]. However, in the case of complex mixtures, the separation

capacity of conventional LC is not enough and the use of multidimensional LC, with a higher resolving power, could be an attractive alternative [2]. However, to the best of

our knowledge, the application of comprehensive two-dimensional LC (LC×LC) to the analysis of OS mixtures has not yet been performed.

Thus, the aim of this work was to develop a new methodology for the analysis of bioactive OS by LC×LC coupled to diode array detection (DAD) and mass spectrometry

(MS).
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MATERIALS & METHODS

ABEE reagent

Derivatization

BEH-amide (150 x 4.6 mm; 3.5 µm)

C18 (50 x 4.6 mm; 2.7 µm)

PGC (150 x 2.1 mm; 3 µm)

Columns

85% - 60% ACN 15 min

5% - 40% ACN 30 min

60% - 90% ACN 20 min

Flow: 0.4 mL/min

Optimized LC conditions

304 nm

UV detection

RESULTS

wh (min) S nc

BEH-Amide 0.25-0.37 1.02-1.48 12

C18 0.10-0.12 0.82-0.91 24

PGC 0.20-0.38 0.25-0.53 10

Detector DAD-MS

λ=304 nm

Column 1D:

BEH-amide

HILIC

Column 2D: 

C18

RP

0.5 mL/min

90% H2O

CONCLUSIONS
The combination of HILIC × RPLC has shown to be useful for the separation of complex mixtures of carbohydrates of different glycosidic linkages and monomeric units.

LC×LC could be considered as a powerful analytical technique for the characterization of prebiotic oligosaccharides.
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Glucose Galactose

LC

Columns

Optimized LC conditions

BEH-amide (150 x 2.1 mm; 3.5 µm)

C18 (50 × 4.6 mm, 2.7 µm)

90% - 50% ACN 60 min, 0.05 mL/min

10% - 90% ACN 1 min, 2.5 mL/min

C18 showed the best results in terms of peak

width, symmetry and peak capacity, while

BEH amide provided a good peak symmetry

for most of the carbohydrates. PGC showed

broad peaks and poor symmetry.

A reconstructed chromatogram from

experimental monodimensional data (Figure

1) show retention times of disaccharides for

the three evaluated columns. As it can be

seen, the combination C18/BEH-amide

showed the best orthogonality.

Thus, this combination was selected for

LCxLC analysis.

The optimized separation method was

applied to the analysis of different di- and

trisaccharide mixtures with different

glycosidic linkages and monomeric units.

Figure 2 shows the LC×LC contour plots of

the mixtures of glucosyl-disaccharides (A),

galactosyl-disaccharides (B), galactosyl-

trisaccharides (C) and glucosyl-trisaccharides

(D). These mixtures were

chromatographically resolved in the two-

dimensions while some of these compounds

coeluted in monodimensional LC, for

example, kojibiose (α 1→2 linkage) and

isomaltose (α 1→6 linkage) (Figure 2A).

Carbohydrates of commercial mixtures were

properly resolved using the developed LC×LC

method (Figure 3). Identification of the di-

and trisaccharides was considered tentative

and it was carried out based on the

comparison of retention times in 1D and 2D

of the target carbohydrates with those of

the corresponding standards, when

available, and data from literature regarding

GOS composition. High effective peak

capacity values were obtained which

demonstrate theoretically the high

separation power obtained using the

optimized methodology.
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Table 1: Width, simmetry and peak capacity

of di- and trisaccharides

Figure 1: Retention times of di- and trisaccharides
Figure 2: LC×LC contour plots of di- and trisaccharides

Figure 3: LC×LC contour plots of commercial prebiotic mixtures
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Commercial prebiotic mixtures

 Vivinal: GOS#1

 Bimuno: GOS#2

 Promovita: GOS#3

 GEOS

2Dnc,corr 648 2Dnc,corr 585

2Dnc,corr 122 2Dnc,corr 748


