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A B S T R A C T   

Galactooligosaccharides are added to infant formula to simulate some of the benefits associated with human milk 
oligosaccharides, in particular to modulate the gut microbiota. During our study the galactooligosaccharide 
content of an industrial GOS ingredient was determined by differential enzymatic digestion using amylogluco
sidase and β-galactosidase. The resulting digests were fluorophore labeled and analyzed by capillary gel elec
trophoresis with laser induced fluorescence detection. Quantification of the results were based on a lactose 
calibration curve. Utilizing this approach, the galactooligosaccharide concentration of the sample was deter
mined as 37.23 g/100 g, very similar to earlier HPLC results, but requiring only 20 min separation time. The 
CGE-LIF method in conjunction with the differential enzymatic digestion protocol demonstrated in this paper 
offers a rapid and easy to use method to measure galactooligosaccharides and should be applicable to the 
determination of GOS in infant formulas and other products.   

1. Introduction 

Beta-Galactooligosaccharides (GOS) are non-digestible oligosaccha
rides industrially synthesised by lactose trans-galactosylation, typically 
containing between 2 and 8 monosaccharide residues composed of 
galactose having a glucose or a galactose residue at the reducing end [1]. 
The galactose residues are typically linked via β1→2, β1→3, β1→4 or 
β1→6 glycosidic bonds [2–4]. The ratios of the different types of link
ages and the final chain length depend on the reaction conditions and 
the enzymes used for the trans-galactosylation reaction [5]. GOS have 
been shown to have bifidogenic properties [6,7] and have been added to 
infant formulas to mimic the effect of human milk oligosaccharides 
(HMO) [7,8]. They have also been shown to have benefits for the elderly 
population [9] and may be protective against the so called travelers’ 
diarrhea syndrome [10]. 

GOS can be analyzed, among other methods, by anion exchange 
chromatography developed by de Slegte [11], which was approved as an 
official AOAC method [12]. In their technique, the GOS contents were 

determined by analyzing the galactose and lactose content before and 
after enzymatically hydrolyzing the oligosaccharide to glucose and 
galactose monomers. The galactose released from the GOS represents 
the actual GOS content. In 2018, Hui et al. improved the de Slegte 
method to measure both the glucose and galactose contents of GOS in
gredients using a similar approach [13]. Unfortunately, neither the de 
Slegte nor the Hui methods are suitable for the analysis of GOS in high 
backgrounds of lactose, such as found in infant formula or milk-based 
products. In order to deal with such matrices, Austin et al. used hydro
philic interaction liquid chromatography (HILIC) with fluorescent and 
mass spectrometric detection to characterize 2-aminobenzamide (2AB) 
labeled oligosaccharides and developed a suitable method with good 
reproducibility for GOS determination in baby formulas as well as adult 
nutritional products [14]. Besides liquid chromatography, capillary 
electrophoresis (CE) can also provide high resolution separation of oli
gosaccharides. Similar to HILIC, CE analyzes fluorophore labeled car
bohydrates but utilizes high sensitivity laser induced fluorescent (LIF) 
detection. The single tag based on structure stoichiometry makes 
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quantification easy. The traditionally used 8-aminopyrene-1,3,6-trisul
fonic acid (APTS) tag in CE provides three strong negative charges for 
the oligosaccharide structures enabling their electric field mediated 
separation with high sensitivity detection [15]. For the time being, there 
have only been a few attempts to quantify APTS labeled milk oligosac
charides by CE. Albrecht and coworkers demonstrated reproducible 
galactooligosaccharide extraction with quantitative and high resolution 
CE-LIF based analysis of complex food samples [16]. Later, Sarkozy et al. 
reported a high-throughput application using multi-capillary gel elec
trophoresis optimized for APTS tagged HMO that could be used to 
quantify low-abundance oligomers from human milk samples [17]. 
However, satisfactory methodologies to determine the GOS content in 
matrices with high lactose background are still in high demand. 

The objective of our work was to develop a rapid capillary gel 
electrophoresis based separation technique, which would be applicable 
for GOS determination in food products including infant formula and 
consequently in other nutritional products. In conjunction with the 
amyloglucosidase and galactosidase based differential enzymatic 
digestion process, our novel approach described in this paper offers a 
fast complementary method to LC, applicable for the analysis of samples 
with high lactose background, with additional multiplexing options in 
the future. 

2. Materials and methods 

2.1. Chemicals and reagents 

Water (HPLC grade), ammonium acetate, 2-picoline borane and 
tetrahydrofuran were obtained from Sigma Aldrich (St. Louis, MO, 
USA). 8-Aminopyrene-1,3,6-trisulfonic acid (APTS) and the N-linked 
carbohydrate separation buffer (NCHO) of the Fast Glycan Kit were from 
Bio-Science Kft (Budapest, Hungary). The GOS powder (G99–00019), 
maltodextrin ladder and lactose were from Nestlé (Lausanne, 
Switzerland). Glacial acetic acid was purchased from Molar Chemicals 
Kft (Halásztelek, Hungary). The amyloglucosidase was from Roche 
(Basel, Switzerland) and the galactosidase from Megazyme (Wicklow, 
Ireland). 

2.2. Sample preparation of GOS sample 

The GOS powder was dissolved in HPLC grade water (70 ◦C,15 min) 
to produce the sample stock solution (10 mg/mL final concentration). To 
perform amyloglucosidase digestion the GOS sample (50 µL,2 mg/mL) 
was mixed with amyloglucosidase enzyme solution (20 µL, 60 U/mL in 
10 mM ammonium acetate) and HPLC grade water (30 µL). To perform 
the amyloglucosidase + galactosidase digestion, the GOS sample (50 
µL,2 mg/mL) was mixed with 20 µL of amyloglucosidase (as above) and 
galactosidase (5 µL, 4000 U/mL) and HPLC grade water (20 µL). In both 
cases, the final concentration of the GOS powder was 1 mg/mL. The 
digestion reactions were incubated at 60 ◦C for 2.0 h, followed by 
inactivation of the enzymes (90 ◦C, 5.0 min). 

2.3. Lactose sample preparation for calibration 

For quantification, a dilution series based calibration curve of five 
lactose concentrations were made, covering the tentative GOS concen
tration range of the sample. The lactose calibration series were made by 
serial dilution of the 1 mg/mL lactose stock solution to obtain 200; 100; 
50; 25 and 12.5 µg/mL concentrations. Lactose spiking of the sample 
used the 1 mg/mL concentrated solution. 

2.4. APTS labeling 

The fluorophore labeling reaction mixture was prepared by mixing 
HPLC grade water (2 µL), glacial acetic acid (2.5 µL), tetrahydrofuran 
(3.5 µL), 2-picoline borane in tetrahydrofuran (1.5 M, 1 µL) and APTS 

solution (120 mM, 1 µL). Then, the reaction mixtures underwent evap
orative labeling (60 ◦C,1.5 h) with open vial lids, followed by recon
stitution in HPLC grade water (1.0 mL). Before CE-LIF measurements, all 
samples were 100 fold diluted using HPLC grade water and mineral oil 
(5.0 µL) was placed on top of the samples to prevent evaporation during 
analysis. 

2.5. Capillary gel electrophoresis 

All CGE measurements were performed on a PA 800 plus capillary 
electrophoresis system (Beckman Coulter, Brea, CA), equipped with a 
laser-induced fluorescence (LIF) detector (488 nm excitation and 520 
nm emission) using the NCHO gel-buffer in bare fused silica capillary 
columns (50 µm ID, 50 cm total length with 40 cm effective length). 
Before the first run, the separation capillary was rinsed with HPLC grade 
water, 0.5 M NaOH and 0.5 M HCl (90 psi,2 min each). Between the 
analytical runs, the capillary was only rinsed with the gel–buffer system 
(3 min, 90 psi). Sample injection was by pressure (5.0 psi,5.0 s) with the 
temperature of capillary and the sample storage compartment both set at 
15 ◦C. The applied electric field strength during the separations was 600 
V/cm with reverse polarity separation mode (anode at the outlet 
capillary end). Three injections were carried out from each sample type 
and the calibration solutions. 

3. Results and discussion 

Galactooligosaccharides (GOS) are frequently added to food prod
ucts such as infant formulas to imitate human milk oligosaccharides and 
furnish favorable effects via modulating the gut microbiota. During our 
study of an industrial GOS powder, four differently treated sets as well as 
one standard calibration set were prepared and analyzed as follows: (1) 
reference galactooligosaccharide sample, (2) lactose spiked, (3) amy
loglucosidase digested, and (4) amyloglucosidase + β-galactosidase 
digested. The maltodextrins were removed by amyloglucosidase diges
tion and the GOS content was obtained as the result of the difference of 
the analyses of step 3 and 4, i.e., with and without β-galactosidase 
treatment. From each set, three randomly selected samples were 
measured three times on three different days which included using new 
buffers and wash solutions. 

Fig. 1 shows the capillary gel electrophoresis separation trace of an 
industrial GOS sample featuring 21 peaks in the degree of polymeriza
tion (DP) range up to 8 in less than 11 min. The asterisks indicate APTS 
related peaks in the identification range of >DP1. The electropherogram 
apparently has a similar number of peaks as previously seen by HPLC 
analysis of the same sample, but was obtained 3 times faster (injection to 
injection [18]). To identify the lactose peak, the sample was spiked by a 
lactose standard. As the inset in Fig. 1 highlights, peak #3 corresponded 
to the lactose and was well separated from the other major oligosac
charides in the sample. Statistical evaluation of the separated peaks is 
depicted in Table 1 showing the average migration time and peak area 
reproducibilities as 0.276 and 2.496, respectively, from the analysis of 3 
parallel samples, 3 separations each during a 3-day period. 

The quantitative capability of the method was also thoroughly 
evaluated using the lactose calibration plot in Fig. 2, that was based on 
the peak areas of a lactose dilution series shown in Table 2. The lactose 
concentration was corrected with its purity level. The r2 value of the plot 
was > 0.999. If the separation capillary and/or instrument is changed, 
the lactose calibration must be repeated again for downstream use 
similar to that of other separation methods. The %RSD of the lactose 
calibration was 2.15. 

Similar to earlier HPLC work [18], analysis of the sample was 
accomplished by applying amyloglucosidase treatment to digest all 
maltooligomers to their glucose monomer constituents, i.e., to reduce 
the number of interfering sample components with aldose at their 
reducing end. During this treatment, apparently all small peaks from the 
15–21 range (Fig. 1) shifted to peak 1, proven by the increase in its 
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relative abundance (Fig. 3, trace A), suggesting that these later 
migrating peaks were maltooligosaccharides with glucose building 
blocks. Following the amyloglucosidase treatment, the sample was 
further treated with β-galactosidase (Fig. 3, trace B), which resulted in 
shift of all peaks (see inset for smaller peaks) into the DP2–7 range 
(Fig. 1) to peak 2, i.e., the galactose peak. 

The total oligosaccharide content of the GOS powder (excluding 
lactose) was determined before and after the beta-galactosidase enzyme 
treatment. The difference between the two analyses was used to calcu
late the GOS content of the powder resulting in 37.23 g/100 g. This 

compares well with the 37.0 g/100 g determined by the official HPLC 
method [12]. 

4. Conclusion 

Galactooligosaccharides are important supplements in infant for
mulas to mimic HMOs and provide beneficial gut microbiota modulating 
effects. In this paper we reported on a CGE-LIF based analysis of gal
actooligosaccharides utilizing a differential enzymatic digestion process 
(amyloglucosidase and galactosidase). The GOS concentration of the 

Fig. 1. Rapid oligosaccharide profiling of an 
industrial GOS sample by CE-LIF. The ranges in 
degree of polymerization (DP) are shown in the 
upper horizontal axis. The asterisks indicate 
APTS related peaks in the identification range. 
The inset depicts the lactose spiked sample 
showing the increase in peak#3. Separation 
conditions: 50 cm total length (40 cm effective 
length, 50 µm ID) BFS capillary, NCHO separa
tion gel buffer, 15 ◦C separation and sample 
storage temperature, 30 kV separation voltage 
in reversed polarity mode, 5.0 psi for 5.0 s 
sample injection.   

Table 1 
Statistical evaluation of the free oligosaccharides in the industrial GOS sample. The term average represents the consideration of 3 parallel samples with 3 separations 
each, i.e., 9 measurements during a 3-day period.  

Peak DP Migration time (min) Area %Area 

Average Std. Dev. %RSD Average Std. Dev. %RSD 

1  1  6.04  0.016  0.270 6.48E-02 1.67E-03  2.581  11.17 
2  1  6.15  0.017  0.269 2.95E-02 4.65E-04  1.576  5.08 
3  2  6.64  0.018  0.272 2.17E-01 5.34E-03  2.459  37.49 
4  2  6.69  0.018  0.273 5.31E-03 2.17E-04  4.086  0.92 
5  2  6.75  0.019  0.275 1.00E-01 2.26E-03  2.248  17.33 
6  2  6.79  0.018  0.272 3.89E-02 1.03E-03  2.648  6.72 
7  2  6.84  0.019  0.273 1.41E-02 5.27E-04  3.746  2.43 
8  2  7.02  0.019  0.276 3.19E-02 7.33E-04  2.300  5.50 
9  3  7.14  0.020  0.274 2.09E-03 5.99E-05  2.864  0.36 
10  3  7.20  0.020  0.275 4.89E-03 1.43E-04  2.931  0.84 
11  3  7.26  0.020  0.278 2.77E-02 5.29E-04  1.910  4.78 
12  3  7.28  0.020  0.278 1.39E-02 2.92E-04  2.099  2.40 
13  3  7.39  0.020  0.276 6.24E-03 1.22E-04  1.947  1.08 
14  3  7.51  0.021  0.275 4.20E-03 1.02E-04  2.431  0.72 
15  3  7.59  0.021  0.274 5.10E-03 7.57E-05  1.482  0.88 
16  3  7.81  0.022  0.277 2.14E-03 7.34E-05  3.425  0.37 
17  4  8.05  0.022  0.276 3.35E-03 6.11E-05  1.823  0.58 
18  4  8.33  0.023  0.275 1.30E-03 1.72E-05  1.322  0.22 
19  5  8.99  0.025  0.276 1.74E-03 6.11E-05  3.513  0.30 
20  6  9.60  0.027  0.283 3.00E-03 5.84E-05  1.947  0.52 
21  7  10.15  0.029  0.288 1.91E-03 5.86E-05  3.074  0.33  

Average 0.276  
Average 

2.496  

Min  0.269 Min  1.322 
Max  0.288 Max  4.086  
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sample was determined as 37.23 g/100 g, relating well to the determi
nation by the official (de Slegte) method of 37.00 g/100 g. While the 
separation step (injection to injection) took only 20 min, the overall 
sample preparation time was 2.0 h including sample handling, 

pipetting, reagent preparation and fluorophore labeling/cleanup 
(100 min). The enzymatic digestions required extra time similar to the 
HPLC method. The simple capillary gel electrophoresis based method 
introduced in this paper proved to be appropriate to determine the 
actual galactooligosaccharide content of a GOS ingredient. Based on our 
results, we anticipate that CE could replace liquid chromatography 
methods for rapid analysis of GOS in infant formula and other lactose- 
containing samples containing typical GOS concentration ranges for 
such products. Capillary gel electrophoresis based methods also offer the 
potential of ultrahigh throughput if multicapillary systems are used. 
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Fig. 2. Quantification calibration plot based on the lactose dilution series shown in Table 2.  

Table 2 
Dilution series for lactose calibration. The actually used lactose concentration 
was corrected with its purity of 94.56 % (MWlactose = 342.3).  

Lactose 
Conc. 
[mg/ 
mL] 

Corrected 
Conc. 
[mg/mL] 

Integrated 
peak area 

Measured 
concentration 
[mg/mL] 

Ratio of measured 
/ Actual 
concentration  

2.000  1.891  310.210  1.888  0.998  
1.000  0.946  158.867  0.944  0.998  
0.500  0.473  82.458  0.472  0.998  
0.250  0.236  41.311  0.236  1.000  
0.125  0.118  18.876  0.120  1.014  

Fig. 3. Enzymatic digestion results of the industrial GOS sample analyzed in Fig. 1. Trace A: amyloglucosidase digested GOS powder, Trace B: amyloglucosidase 
+ β-galactosidase digested GOS powder. Peaks of importance: 1 - glucose; 2 - galactose; 3 - lactose. Separation conditions were the same as in Fig. 1. Inset: for better 
visualization of the smaller peaks in trace A. 
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