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Abstract: Three different fungal b-galactosidases, from three commercial sources, were studied for their 
capacity to produce galacto-oligosaccharides by trans-galactosylation from lactose. The enzymes were 
investigated in a soluble form for the GOS production at two concentrations of lactose (10 % and 30 % 
w/w). The maximum of GOS concentration (70.9 g·L–1) was obtained at 30 % of the initial lactose (pH 4.5, 
temperature 30 °C) in the second hour of enzyme reaction. The GOS yield (24 % w/w) was not significantly 
affected by the process of immobilisation in comparison with the free enzyme preparation (22 % w/w), but time 
to obtain a maximal GOS concentration was prolonged. Galacto-oligosaccharides were effectively produced by 
immobilised b-galactosidase in the 15 repeated batch runs of 30 % (w/w) of lactose as the substrate.
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Introduction

b-galactosidase (EC 3.3.1.23), also known as the 
lactase, is one of the most important enzymes used 
in the food industry, which offers nutritional, tech-
nological and environmental applications (Torres 
et al., 2010). This enzyme catalyses hydrolytic and 
trans-glycosylation reactions and shifts the equilib-
rium of the reaction that depends on the aqueous 
systems and concentration of saccharides in reac-
tion mixture. Hydrolytic activity of this enzyme is 
important for applications in the food industry in 
reducing the lactose content in milk, and increases 
the solubility and sweetness in dairy products. The 
lactose is a disaccharide that is produced as a dairy 
by-product in enormous quantities, and in par-
ticular, the production of the lactose from whey has 
increased exponentially in recent years due to the 
high demand of consumers (Otieno, 2010). Whey 
with content of lactose is a serious enviromental 
problem, and also food with lactose, which cannot 
be consumed by lactose-intolerant people. This 
disaccharide can be hydrolysed in both cases by 
the action of b-galactosidase to monosaccharides 
(glucose and galactose) and GOS which are formed 
simultaneously (Princely et al., 2013).
In last years, consumer interest in the relationship 
between diet and health has increased the demand 
for information about functional foods. These foods 
can provide specific health benefits and reduce risk 
of human disease. Significant attention is devoted to 
a specific type of dietary carbohydrates, non-digest-
ible oligosaccharides (NDO), as the functional com-
ponents of foods (Mussatto and Mancilha, 2007). 

Oligosaccharides (OS) are defined as glycosides with 
a different degree of polymerisation. In this group 
belong lactulose, raffinose, maltooligosaccharides, 
inulin, fructo-oligosaccharides (FOS) and galacto-
oligosaccharides (GOS) (Manucci, 2009). NDOs 
are useful as prebiotics, components that selectively 
stimulate the growth of bacteria, especially of the 
genera Bifidobacterium and Lactobacillus—probiotics 
(Adamczak et al., 2009). The most common NDOs 
used as food ingredients are galacto-oligosaccha-
rides and fructo-oligosaccharides. The system 
probiotics/prebiotics is used as a supplement to 
specialised foods due to their wide variety of health 
benefits including the reduction of the risk of colon 
cancer, improved liver function, lipid metabolism 
and intestinal health and reduction in cholesterol 
(Hingu and Shah, 2013; Otieno et al., 2010).
The prebiotics galacto-oligosaccharides are the 
short-chain carbohydrates that are composed of 
2—20 molecules of galactose and one molecule of 
glucose (Torres et al., 2010). Synthesis of GOS is 
performed by the enzymatic hydrolysis catalysed 
by b-galactosidase. For the production of GOS, sub-
strates with a high concentration of lactose, espe-
cially milk, whey or a mixture of both are necessary 
(Martins et al., 2011). GOS are commonly produced 
by b-galactosidase in either free or immobilised 
form. The length of the galacto-oligosaccharides 
chain generated by enzymatic reaction depends on 
the lactose concentration, source and concentration 
of enzyme, pH and temperature of reaction mixture 
(Mahoney, 1998).
The production of galacto-oligosaccharides with 
immobilised enzymes (or microorganisms) provides 
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many advantages compared with the free enzyme 
form, e.g. reusability of the biocatalyst, conti nuous 
operations, controlled product formation and 
simplified and efficient processing. Many different 
techniques and carriers have been reported for 
the immobilisation of b-galactosidase, including 
covalent binding, adsorption, entrapment and en-
capsulation. The LentiKats technology is a type of 
immobilisation method in which enzymes or cells 
are entrapped in lens-shaped PVA hydrogel cap-
sules, called LentiKats (diameter 3—4 mm, thick-
ness 200—400 µm). Polyvinyl alcohol gel has several 
advantages in comparison with other carriers such 
as a low biodegradability, low toxicity, excellent 
mechanical, and long-term stability (Grosova 2009; 
Zajkoska et al. 2015).
The production of GOS by immobilised enzymes 
was studied with b-galactosidase immobilised in 
cotton cloth (Albayrak et al. 2002), ion-exchange 
resins, calcium alginate (Li et al. 2008), poly-
siloxane-polyvinyl alcohol (Neri et al. 2009), and 
glyoxyl-agarose gel (Huerta 2011).
The aim of our study is to describe the galacto-
oligosaccharides synthesis at various temperatures 
and by different commercial preparates of fungal 
b-galactosidase. The selected enzyme sample was 
immobilised in PVA hydrogel and further used in 
repeated batch trans-galactosylations with lactose as 
the substrate.

Experimental

Materials and methods

Materials
Three commercial preparates of fungal b-galacto-
sidase were used in this work: b-galactosidase 96049 
(Fluka, Switzerland), b-galactosidase G5160 (Sigma-
Aldrich, Germany) and b-galactosidase, sample B 
was kindly donated by the company Brenn tag Slo-
vakia Co. (Pezinok, Slovakia). All enzyme prepara-
tions were stored at 4 °C and remained fully active 
throughout the work.
Polyvinylalcohol (PVA) and polyethylene glycol 
was provided by LentiKat’s Inc. (Prague, Czech Re-
public). All other reagents were of analytical grade 
from different sources.

Enzyme assay
The hydrolytic activity of b-galactosidase in the 
free and immobilised form was determined by 
using 30 % (w/w) lactose in 0.1 mol·L–1 acetate 
buffer (50 mL; pH 4.5) as substrate. The hydrolytic 
reaction was started by adding the soluble enzyme 
preparation (150 µL of enzyme solution, 0.1 g of 
enzyme powder dissolved in 1 mL of acetate buffer, 

pH 4.5) or immobilised enzyme (0.5 g of immobi-
lised particles). The enzyme reaction was carried 
out at 30 °C with agitation (250 rpm). The samples 
were taken at regular time intervals and the sam-
ples with free enzyme were inactivated by boiling 
(5 min). Analysis of the samples was carried out by 
HPLC and hydrolytic activity was calculated on the 
basis of glucose concentration.
One unit of the enzyme activity was defined as 
the amount of enzymes capable of generating one 
micromole of glucose per 15 min under our ex-
perimental conditions. Specific activity of the free 
enzyme was calculated as U per mg of free enzyme 
[U·mg–1]. Specific activity of the immobilised 
enzyme was calculated as U per g of LentiKats® 
[U·g–1].
All experiments were performed in duplicate and 
the given data are the averages of both measure-
ments.

Synthesis of galacto-oligosaccharides
The reaction was carried out in 250 mL flasks with 
a work volume 50 mL of lactose (10 % and 30 % 
w/w) at 30 °C and with agitation (250 rpm). Trans-
galactosylation was started by adding an appropri-
ate amount of b-galactosidase. The samples were 
taken at regular time intervals and the samples with 
the free enzyme were inactivated by boiling (5 min). 
Analysis of the samples was carried out by HPLC. 
The production of GOS was characterised by yield 
of GOS. Y(GOS) % is defined as a maximum of total 
GOS obtained during the synthesis per unit mass of 
initial lactose.

Immobilisation of b-galactosidase
b-galactosidase B was immobilised according to the 
manufacturer’s instructions (www.lentikats.eu). PVA 
gel solution was composed of PVA (10 g), polyethy-
lene glycol (6 g) and 79 mL of distilled water. The 
gel was melted for 20 min at 95 °C max. in a water 
bath and then cooled to 40 °C, when 5 mL of enzyme 
solution (1 g of powder enzyme preparation was dis-
solved in 5 ml of distilled water) was added to PVA 
gel dropwise with constant stirring. The particles 
formed by the LentiPrinter device were dried for 
45 min in an airflow cabinet at 40 °C. Then they were 
re-swelled in a stabilising solution (0.1 M Na2SO4) for 
30—40 min, and after washing with an acetate buffer, 
were either stored at 4 °C in an acetate buffer (0.1M; 
pH 4.5) or directly used for biocatalysis.

Analysis
Lactose and products of GOS synthesis (glucose, 
galactose and GOS) were determined by high per-
formance liquid chromatography (HPLC). Fig. 1 
shows the typical chromatogram of a sample after 
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the trans-galactosylation reaction. The analysis was 
performed using the column Benson polymericTM 
(Carbohydrate Column, Ag+ form, BP-200), as a de-
tector was used differential refractometer Knauer 
RI (Knauer, Germany). The mobile phase was 
filtered in distilled water and the flow rate was kept 
constant at 0.4 mL·min–1. The column temperature 
was kept at 80 °C.

Results and discussion

Effect of enzyme and lactose concentration 
on GOS synthesis
Hydrolytic and trans-galactosylation activities of 
b-galactosidases strongly depend on their origin 
and also their reaction conditions. b-galactosidases 
from Aspergillus oryzae can produce the highest 
yields of GOS in comparison with other microbial 
strains, e.g. Aspergillus niger, Kluyveromyces lactis or 
Kluyveromyces fragilis (Guerrero et al., 2015).
Based on the previous published results, we 
studied and compared the synthesis of galacto-
oligosaccharides by selected commercial preparat 
of b-galactosidase isolated from different strains of 
Aspergillus oryzae.
To determine the influence of the enzyme origin 
on the yield of GOS and on the hydrolytic activity, 

experiments were performed at 30 % of the initial 
lactose concentration (pH 4.5, temperature 30 °C) 
with three different b-galactosidases. As shown 
Fig. 2 the maximal hydrolytic activity was observed 
for the enzyme B (15.1 U·mg–1) compared with en-
zyme S (7.6 U·mg–1) and F (8.1 U·mg–1). The largest 
yields of galacto-oligosaccharides were produced 
in the second hour of the trans-galactosylations, 
sample S 18 % (w/w); sample F 19 % (w/w) and 
sample B 22.4 % (w/w). After this time, unwanted 
secondary hydrolysis of GOS started to result in an 
increase of concentration of monosaccharides in 
the reaction mixture. The time course of the typical 
trans-galactosylation reaction is presented in Fig. 3. 
It is possible to observe the maximal concentration 
of GOS (70.9 g·L–1) in the second hour of the reac-
tion, and after this point the galacto-oligosaccha-
rides starts to be hydrolysed to monosaccharides. 
The concentration of GOS in eighth hour was only 
56.6 g·L–1 due to the secondary hydrolysis of GOS. 
The onset and progress of the secondary hydrolysis 
can be affected by the amounts of enzyme in the 
reaction mixture (Guerrero et al., 2015).
The initial lactose concentration and source of 
enzyme significantly affected the profile and the 
amount of galacto-oligosaccharides (Martinez-
Villaluenga, 2008). The profile of GOS after 2 h 
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Fig. 1. Chromatogram of galacto-oligosaccharides by HPLC with RI detector 
and BP-200 Ag+ form column.
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of incubation in the presence of three samples of 
b-galactosidases at different initial lactose concen-
tration (10 % and 30 % w/w) is shown in Table 1. It 
was found that the amount of GOS increased with 
increasing lactose concentration from 10 % to 30 %, 
at which point yield of GOS reached 22.4 % (w/w). 
The rate of trans-galactosylation is lower at low 
lactose concentration than that of hydrolysis, where 
a higher amount of glucose and galactose and a 
lower concentration of GOS are formed.
As we can see in Table 1, GOS-3 dominated over 
the other types of GOS formed during the trans-
galactosylations. In the case of sample F and sam-
ple S, close to 80 % of all GOS was in the form of 
GOS-3 and around 98 % in the form of GOS-3 plus 
GOS-4. The composition of GOS was somewhat 
different for sample B, with the proportion of 
GOS-6 and GOS-5 higher (around 7 %) and with 
a lower percentage of GOS-3 (around 70 %) and 
GOS-3 plus GOS-4 (around 93 %). Our results are 
in accordance with data in the literature that relate 
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Fig. 2. Hydrolytic activity and production of GOS by commercial enzyme preparations. 
Reaction conditions: lactose 30 % (50 ml in acetate buffer pH 4.5), 150 µl of enzyme preparation, 

temperature 30 °C, slightly mixing. 
*Y(GOS) % — maximum of total GOS obtained during the synthesis per unit mass of initial lactose.

Fig. 3. Kinetics of GOS synthesis catalysed by free 
b-galactosidase sample B. 

Reaction conditions: lactose 30 % (50 ml in acetate 
buffer pH 4.5), 150 µl of enzyme preparation, 

temperature 30 °C, slightly mixing.

Tab. 1. Profiles of GOS at the 2nd hour of trans-galactosylation with enzymes from different sources.

Concentration of lactose GOS 6 GOS 5 GOS 4 GOS 3 Total GOS

% (w/w) (g·L–1) (g·L–1) (g·L–1) (g·L–1) (g·L–1)

Fluka (F)
10 0 0.03   1.8   9.35 11.2

30 0 1.14 10.03 49.27 60.4

Sigma (S)
10 0 0.32   2.06   9.28 11.6

30 0 0.99   9.1 47.05 57.14

Brenntag (B)
10 0 0   0.9   5.6   6.5

30 0.62 3.92 15.99 50.37 70.9
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the profile of GOS to the origin of the enzyme 
(Guerrero et al., 2015).
The maximum amount of GOS in our ex-
perimental conditions was produced with the 
sample of b-galactosidase B, where the com-
position of the different types of GOS was as 
follows: GOS3 50.37 g·L–1, GOS4 15.99 g·L–1, 
GOS5 3.92 g·L–1, GOS6 0.62 g·L–1.

Immobilisation of b-galactosidase
The main reason for enzyme immobilisation is the 
reusability, extended use and also, very often, a better 
performance in the bioconversion processes. How-
ever, it is generally known that the immobilisation 
processes cause a decline in the enzyme activity.
The commercial preparation of b-galactosidase 
sample B was immobilised to PVA gel in the form 
LentiKats® according to the procedure described in 
Materials and Methods. Although the enzyme lost 
68 % of its hydrolytic activity after immobilisation 
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(compared with free enzyme), repeated use of im-
mobilisates can compensate this disadvantage of 
immobilisation. This fact could be connected to 
both a diffusion barrier of hydrogel for the sub-
strate/product and the changes in enzyme structure 
induced by the interaction of the enzyme with the 
hydrogel (Grosova et al., 2009).
The influence of two different amounts of im-
mobilisates (0.5 g and 1.0 g LKs) on a course of 
trans-galactosylation reactions and the yield of GOS 
were investigated at 30 °C in 30 % (w/w) of lactose 
as the substrate (Fig. 4). Galacto-oligosaccharides 
produced by 1g of LentiKats® reached a maximal 
concentration of GOS (61.3 g·L–1) in the ninth 
hour of trans-galactosylation, and then started an 
unwanted secondary hydrolysis of products. On the 
other hand, better results were obtained by using 
of 0.5 g of immobilisates in the reaction mixture. 
Although the higher concentration of galacto-
oligosaccharides (74.9 g·L–1) was observed later 

Fig. 4. Trans-galactosylation reaction by immobilised b-galactosidase: 0.5g (A); 1g (B). 
Conditions of reaction: lactose 30 % (w/w) in acetate buffer (pH 4.5; 50 mL), 30 °C, moderate mixing.

Fig. 5. Repeated batch trans-galactosylations by immobilised b-galactosidase sample B. 
Condition of reactions: lactose 30 % (w/w) in acetate buffer (pH 4.5; 50 ml), 0.5g of LKs, 

temperature 30 °C, slightly mixing.
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(in the 26th hour of reaction time) the secondary 
hydrolysis of products was slow.
Reusability of LentiKats® for GOS production was 
tested in repeated batch trans-galactosylations by using 
0.5 g of LKs in 50 mL of 30 % lactose in acetate buffer. 
After each batch conversion, immobilisates were 
washed by an acetate buffer and then used for the next 
run. We performed 15 repeated batches with maximal 
concentration of GOS around 75 g·L–1 in every run. 
Fig. 5 shows that the yields of GOS were still the same 
value (24 % w/w) but the time of trans-galactosylations 
to achieve this value was prolonged. Our findings 
were similar to those published in the literature 
(Albayrak et al., 2002). Immobilised b-galactosidase is 
commonly used for lactose hydrolysis, which is shown 
in various reports, but effective production of GOS 
by immobilised biocatalysts needs to be investigated 
(Huerta et al., 2011).

Conclusions

Galacto-oligosaccharides production and the 
enzyme activity of three commercial preparates of 
fungal b-galactosidase in our experimental condi-
tion were investigated. The amount and composi-
tion of GOS in the reaction mixture depends on the 
type and concentration of biocatalyst and substrate 
concentration as well as on the reaction conditions. 
The higher production of galacto-oligosaccharides 
was obtained with b-galactosidase sample B in free 
and immobilised form. The enzyme was immobi-
lised by entrapment in PVA lenses. The yields of 
galacto-oligosaccharides produced by the immobi-
lised enzyme was 24 % compared with the soluble 
enzyme (22 %). GOS were effectively produced 
by immobilised biocatalysts in 15 repeated batch 
trans-galactosylations in which LentiKats particles 
showed high mechanical and operational stability.
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