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ABSTRACT: Galacto-oligosaccharides (GOS) are important lactose-derived compounds, considered 
to be a prebiotics, based on abundant scientific evidence about their unique physical properties and 
physiological effects. This consequently allows their widespread application as supplement in food and 
feed industry. They are preferably produced by the enzymatic transgalactosylation action of β-
galactosidase. However, this enzyme simultaneously performs its primary biological function of lactose 
hydrolysis, and it is of crucial importance to gain an insight into the influence of different reaction 
conditions, and provide favorization of transgalactosylation, particularly GOS synthesis reaction. In this 
study, the response surface methodology (RSM) was applied in terms of individual experimental 
factors effect estimation, their mutual interaction identification and finally, the determination of 
optimum conditions for highest GOS yield achievement. Having said that, it can be observed that the 
temperature and pH have no significant impact on the GOS yield, while on the other hand, the lactose 
concentration of 400 g/l, enzyme concentration of 13.5 g/l and reaction time of 13 min represent the 
optimum conditions for achieving the highest GOS yields.   

Key words: galacto-oligosaccharides, β-galactosidase, Aspergillus oryzae, optimization, response 
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INTRODUCTION 

Nowadays an increased awareness con-
sidering the beneficial effects of functional 
foods and prebiotics on human health 
provided an extensive research focused 
on their production. Focusing on highly po-
tent and widely available substrates, in-
vestigations led to the promising area of 
lactose based product development, allo-
wing its upgrading and better utilization 
(Chen and Ganzle, 2016; Geiger et al., 
2016).  

Lactose conversion into desirable prebiotic 
and functional food ingredients is mainly 
achieved by enzymatic reaction of trans-

galactosylation catalyzed by β-galactosi-
dases (Gosling et al., 2010; Otieno, 2010). 
Although primarily regarded as hydrolyzing 
enzyme, widely used in the dairy industry 
for lactose hydrolysis, β-galactosidase un-
der specific conditions can as well perform 
galactosyl moiety transfer to another car-
bohydrate, namely lactose, resulting in the 
formation of a complex mixture of highly 
valuable products named galacto-oligo-
saccharides (GOS) (Torres et al., 2010).  

GOS represent a diverse group of water 
soluble carbohydrates consisting of seve-
ral galactose and usually one terminal glu-
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cose unit, that can notably vary in polyme-
rization degree, type of linkages, and more 
importantly in their properties (Urrutia et 
al., 2013, Carević et al., 2016a). They are 
marked as non-digestible compounds, re-
cognized as prebiotics owing to the fact 
that are selectively metabolized by some 
favorable intestinal microbiota, particularly 
bifidobacteria and lactobacilli, providing 
their proliferation and promotion of their 
activity (Arreola et al., 2014; Hong et al., 
2016). GOS may also cause inhibition of 
intestinal pathogen growth via disabling 
their adhesion to gastrointestinal epithelial 
cell surface (Shoaf et al., 2006; Sinclair et 
al., 2004). Having said that, their con-
sumption greatly contributes to the human 
overall wellbeing, since they are believed 
to support an improvement of lactose di-
gestion and mineral absorption, reduction 
of serum cholesterol level, diminishing the 
risk of cancer, and enhancement of the 
host's immune system (Sangwan et al., 
2011; Macfarlane et al., 2008; Bruno-Bar-
cena and Azcarate-Peril, 2015). Besides, 
GOS feature various other favorable cha-
racteristics such as the high acid stability, 
low caloric value, excellent taste and re-
latively low sweetness that make them 
highly applicable in infant milk formulas, 
dairy products, beverages, and finally, ani-
mal feed (Van Leusen et al., 2014).  

Enzymatic synthesis of GOS from lactose 
using β-galactosidase from different sour-
ces (bacteria, yeasts and fungi) has al-
ready been studied by many authors (Tor-
res et al., 2010). Generally, the transga-
lactosylation reaction was described as a 
kinetically controlled reaction, where sub-
strate conversion, productivity and pro-
duct distribution can be highly dependent 
on the reaction conditions and the enzyme 
properties (Mahoney, 1998; Park and Oh, 
2011). The β-galactosidase from Asper-
gillus oryzae, used throughout this study, 
was previously studied in GOS synthesis, 
and it proved to be enzyme of choice, 
prevalently because of its high specific 
activity, good thermal stability and more 
importantly low cost (Vera et al., 2012). 
However, shear of lactose being converted 
into GOS is fairly low, indicating the need 
of detailed experimental conditions optimi-
zation. Several papers dealing with opti-

mization of reaction parameters, focusing 
on one at a time, were published so far, 
focusing mostly on the influence of varying 
lactose concentration on the GOS for-
mation (Huerta et al., 2011; Vera et al., 
2011). In general, it was observed that an 
increment of lactose content, as well as 
enzyme content, favor GOS formation 
(Huerta et al., 2011; Warmerdam, et al., 
2013). However, temperature and pH sho-
wed a different impact on synthesis yield 
and product distribution in different reac-
tion systems, although they highly affect 
reaction productivity (Park and Oh, 2011). 
On the other hand, extensive optimization 
comprising all individual and mutual ef-
fects of several key factors is very scarce 
(Lisboa et al., 2012). Therefore, the aim of 
this study was to achieve thorough optimi-
zation of GOS synthesis taking both ef-
fects of key reaction parameters (lactose 
and enzyme concentration, temperature 
and pH, and reaction time), and their 
mutual interactions at the same time. For 
this purpose, response surface methodo-
logy (RSM) was employed, and two res-
ponse variables were monitored (lactose 
conversion degree and GOS yield).  

MATERIAL AND METHODS 
Materials 
β-Galactosidase from A. oryzae (>8 IU/mg 
solid) and lactose used in this study were 
purchased from Sigma Chemical Co. (St. 
Louis, MO, USA). HPLC analysis was per-
formed using HPLC grade water purcha-
sed from JT Baker (Center Valley, PA, 
USA). Other reagents, used for buffer so-
lution preparations, were of analytical gra-
de, and purchased from Centrohem (Stara 
Pazova, Serbia). 

Production of galacto-oligosaccharides  
All reactions were performed in conical 
flasks on an orbital shaker (IKA® KS 4000i 
control, Werke GmbH and Co.) set at 200 
RPM under the controlled temperature 
specified by experimental plan. Reaction 
mixtures were comprised of lactose and 
an enzyme (concentrations specified for 
each experiment) which were dissolved in 
5 ml of the suitable buffer. Samples were 
taken at different times, predetermined by 
the experimental plan, and the reaction 
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was stopped by heating samples at 100 °C 
for 10 min in order to inactivate the 
enzyme. Samples were appropriately dilu-
ted with HPLC grade water, centrifuged 
(12000 rpm for 10 min), filtered through a 
0.2 μm syringe filter and then analyzed by 
high performance liquid chromatography 
(HPLC). All experiments were carried out 
in duplicate and the average values (pro-
vided that the standard deviations were 
less than 5%) of the product concentra-
tions were used for further analysis. Re-
sults were presented as the lactose con-
version degree (Equation 1) and GOS 
yield (Equation 2). 

Throughout this study, the GOS concen-
tration represents the sum of trisac-
charides (GOS3) and tetrasaccharides 
(GOS4), since the concentration of higher 
oligosaccharides was negligible (Carević 
et al, 2016b). 

Experimental design and statistical 
analysis 
Experiments were conducted using a cen-
tral composite rotatable design (CCRD) for 
the study of five factors (lactose concen-
tration, enzyme concentration, tempera-
ture, pH and reaction time) each at five le-
vels (Table 1). Ranges for these para-
meters are chosen on the basis of preli-
minary experiments or thorough literature 
survey.  The experimental plan consisted 
of 32 experiments (16 factorial, 10 axial, 
and 6 center points) performed in random 
order to minimize systematic errors (Mili-
savljević et al., 2014). The data obtained 

were analyzed by a response surface me-
thod (RSM) to fit the second-order poly-
nomial equation (Equation 3). 
Where Y is the response variable (lactose 
conversion degree and product concen-
tration), b0, bi, bii, bij, are the regression 
coefficients, and Xi and Xj are independent 
variables (Table 1). The least-squares me-
thod was employed for the response fun-
ction coefficient calculation and their sta-
tistical significance evaluation. Only the 
significant terms (p ≤ 0.05) were conside-
red for the final reduced model. Adequacy 
of the obtained model was determined by 
the Fisher test. Student distribution was 
used to evaluate the significance of the 
coefficients. MATLAB 7.0 (Mathworks Inc., 
Natrick, USA) was used for this purpose. 
High performance liquid chromato-
graphy analysis 
Quantitative analysis of the samples was 
performed using a Dionex Ultimate 3000 
(Thermo Scientific, Waltham, MA, USA) 
HPLC system equipped with a Thermo 
Scientific carbohydrate column (Hyper 
REZ XP Carbohydrate Ca2+, 300mm x 7.7 
mm, i.d. 8 μm) working at 80 °C. HPLC 
grade water was used as the mobile pha-
se with the constant elution rate of 0.6 
ml/min during the analysis, and the detec-
tion was performed by a RI detector (Re-
fractoMax 520, ERC, Riemerling, Ger-
many). All data acquisition and processing 
were done using Chromeleon™ 7.2 Chro-
matography Data System (Thermo Scien-
tific). 
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Table 1.  
Experimental factors 

Independent variables Coded/Actual values 
-2 -1 0 1 2 

Temperature, X1 (°C) 40 45 50 55 60 
Lactose concentration, X2 (g/l) 20 115 210 305 400 
Enzyme concentration, X3 (g/l) 1 4,5 8 11,5 15 
Time (min) 1 6 11 16 21 
pH 3.5 4.25 5 5.75 6.5 
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RESULTS AND DISCUSSION 
As already noted, β-galactosidase is tra-
ditionally used in the dairy industry as a 
lactose hydrolyzing enzyme. However, in 
recent years more attention is paid to its 
transgalactosylation activity, which ena-
bles the production of a series of com-
pounds with a prominent functional ac-
tivity, named galacto-oligosaccharides 
(GOS). Interestingly, these reactions take 
place at the same time, and the first stage 
of these reactions (lactose cleavage) is 
common, and it represents the formation 
of enzyme-galactosyl complex (Figure 1). 
From this point on, reaction course faces a 
divergence. If enzyme-galactosyl complex 
passes the galactose moiety onto the 
molecule of water, the reaction of hydro-
lysis occurs, and on the other hand, if ga-
lactose moiety is passed onto any other 
free hydroxyl group (lactose or a lower 
galacto-oligosaccharide molecule), the 
reaction of transgalactosylation occurs 
(Figure 1). The rates of all these reactions 
and consequently the final reaction 
mixture composition, depend on type of 
enzyme and reaction conditions such as 
enzyme and lactose concentration, tempe-
rature and the characteristics of the reac-
tion medium (Torres et al., 2010). 
Moreover, it should be pointed out that 
GOS do not represent end products, and 
that they are susceptible to hydrolysis too 
(Mahoney, 1998). Thus, the determination 
of the optimum reaction time is essential, 

since hydrolysis of GOS inevitably  occurs 
in later stages of the reaction, due to their 
significant concentration in the reaction 
mixture. Having said that, it is clear that 
GOS synthesis represents a rather difficult 
task, and therefore, the effect of key reac-
tion factors (lactose and enzyme concen-
tration, temperature and pH, and reaction 
time) should be evaluated and optimized 
using response surface methodology 
(RSM). 
Typical chromatograms, presented in an 
overlapped display in Figure 2, represent 
the progress of the reaction. With the 
proceeding of the reaction course, lactose 
peak (tR=9.627 min) is continuously redu-
cing, while the peaks of its primary hydro-
lysis products, namely glucose (tR=10.953 
min) and galactose (tR=12.042 min), are 
increasing. However, due to its incur-
poration in GOS, as consequence of tran-
sgalactosylation, galactose peak and con-
sequently its concentration is significantly 
lower than glucose concentration.  
Products of transgalactosylation are de-
picted by trisaccharide (GOS3) peak 
(tR=8.733 min) and tetrasaccharide 
(GOS4) peak (tR=8.213 min). In our pre-
vious study (Carević et al., 2016a) was 
confirmed by IMS/MS-MS analysis that 
other disaccharides, except the lactose, 
are not pre-sent in the reaction mixture 
and that GOS3 and GOS4 peaks exclu-
sively with β(1→6) and β(1→3) glycosidic 
linkages are the only transgalactosylation 
products.  

  

 

Figure 1. Reaction mechanism of galacto-oligosaccharides synthesis 
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Figure 2. Overlapped chromatograms of reaction species during the reaction course   
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Hence, calculated concentrations of these 
peaks are used as output data in subse-
quent RSM optimization. 

The aim of the first stage of RSM opti-
mization was to estimate the effect of 
reaction parameters on the lactose con-
version degree. The results were fitted 
with second-order regression model. Good 
correlation between experimental results 
and regression model was determined 
using the Fisher test, and then Student 
test was performed in order to evaluate 
the significance of model coefficients. After 
the elimination of insignificant coefficients 
regression model (Equation 4) was ob-
tained. 

As it can be clearly seen from the equa-
tion, all the linear regression coefficients 
are significant. On the other hand, three 
quadratic regression coefficients, namely 
b11 (-1.70), b33 (-4,37) and b55 (-3,41), are 
significant and negative, hence, the in-
fluence of corresponding parameters: tem-
perature, enzyme concentration and pH 
can be described as a quadratic function 
with a maximum value. Moreover, it is evi-
dent that there are several significant 
interactions between the examined para-
meters: positive interactions between tem-
perature (X1) and time (X4), and lactose 
concentration (X2) and pH value of reac-
tion mixture (X5), and, on the other hand, 
negative interaction between the lactose 

(X2) and enzyme (X3) concentration. The 
influences of these experimental factors 
on the lactose conversion are presented 
as response surface diagrams (Figure 3).  

The Figure 3A shows the influence of the 
temperature (X1) and the reaction time (X4) 
on the lactose conversion degree. It can 
be observed that the temperature can be 
described as a quadratic function with a 
maximum. Yet, it can be noted that the po-
sition of the local maximum varies sig-
nificantly depending on the reaction time. 
Hence, in short reaction times, a maximum 
lactose conversion is achieved at 44 °C, 
although the temperature shows a ne-
gligible impact on lactose conversion yield.  

On the other hand, at maximum reaction 
times the temperature plays an important 
role, and maximum lactose conversion 
degree is achieved around 60 °C. As 
already mentioned, the effects of pH on 
the lactose conversion degree can be 
described as a quadratic function with a 
maximum value, and this dependence is 
depicted in Figure 3B. It can be observed 
that the maximum conversion degree is 
achieved when the pH value persist 
around pH 4.0. Nevertheless, it should be 
noted that the position of local maximum is 
highly dependent on the lactose concen-
tration due to the significant interaction 
between these two parameters. Since this 
interaction is positive, a shift of local ma-
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ximum values towards higher values at 
higher lactose concentrations is caused. 
However, lactose concentration (X2) has 
negative influence on the lactose con-
version degree, and therefore lower lac-
tose concentrations and consequently lo-
wer values of pH are preferred in terms of 
achieving the highest conversion degre-
es. Moreover, the lactose concentration 

shows the combined effect with another 
parameter, namely enzyme concentration 
(X3). This interaction is depicted in Figure 
3C. Since square regression coefficient b33 
is significant and has a negative value, the 
impact of the concentration of the enzyme 
is described as a quadratic function with a 
maximum.  

 

 

 
 
 

Figure 3. The response surface plots: (A) interactive effect of reaction time and temperature on the 
lactose conversion. Other factors were fixed at: X2=-1; X3=0, X5=0, (B) interactive effect of pH and 

enzyme concentration on the lactose conversion. Other factors were fixed at: X1=0, X2=-2, X4=1, (C) 
interactive effect of enzyme concentration and lactose concentration on the lactose conversion.  

Other factors were fixed at: X1=1; X4=2, X5=1 
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Due to the existence of the negative inte-
raction with lactose concentration, position 
of the local optimum enzyme concen-
tration moves toward higher values with 
decreasing concentration of lactose.  

As previously mentioned, at higher initial 
concentrations of lactose conversion de-
gree did not show significant growth, even 
with optimum values of enzyme con-
centrations.  

On the other hand, at lower concentration 
values lactose, the increase in the lactose 
conversion degree with increasing con-
centrations of the enzyme is notable.  

Bearing this in mind, it can be concluded 
that the greatest degree of lactose con-
version is achieved at a concentration of 

enzymes around 13.5 g/l, provided that the 
lactose concentration is around 20 g/l. 
Finally, these results lead to the con-
clusion that in order to achieve the ma-
ximum lactose conversion degree, optimal 
conditions should be: temperature 60 °C, a 
lactose concentration of 20 g/l, enzyme 
concentration of 13.5 g/l, reaction time 25 
min and pH 4.  
Even though the high portion of lactose 
conversion was achieved, only one part 
goes on GOS synthesis while the rest is a 
consequence of hydrolysis, where lactose 
is converted to its constituents (glucose 
and galactose).  
Therefore, the influence of the same reac-
tion parameters on the promotion of GOS 
synthesis was examined.  

 

 

Figure 4. The response surface plots: (a) interactive effect of reaction time and enzyme concentration 
on the GOS yield. Other factors were fixed at: X2=2, (b) interactive effect of reaction time and lactose 

concentration on the GOS yield. Other factors were fixed at: X3=2  
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After the employing the previously defined 
statistical analysis a new regression model 
was derived (Equation 5). 

Unlike the first derived model (Equation 4), 
the second model (Equation 5) shows that 
not all of the linear regression coefficients 
are significant. Consequently, not all the 
reaction parameters showed significant 
impact on the GOS synthesis reaction. 
More precisely, temperature (X1) and pH 
(X5) in the examined range proved to be 
insignificant factors, while the other factors 
(lactose concentration, enzyme concen-
tration and reaction time), played an im-
portant role in maximizing a GOS yield. As 
it can be seen from the model, there are 
two significant quadratic regression coef-
ficients b33 (-0.83) and b44 (-2.34), and 
both of them have negative values, mea-
ning they possess an optimum value. Also, 
it was found that there is a positive cor-
relation between the lactose (X2) and en-
zyme concentration (X3), as well as the po-
sitive correlation between the lactose con-
centration (X2) and the reaction time (X4). 

Influences of the most interesting factors 
on the obtained GOS yield are illustrated 
on the response surface diagrams (Figure 
4). As noted before, the influence of the 
enzyme concentration (X3) can be gra-
phically presented as a quadratic function 
with a maximum value, due to the negative 
quadratic regression coefficient. Local ma-
ximum peaks, however, may vary greatly 
depending on the initial lactose concen-
tration, due to the positive interaction bet-
ween these two factors. Hence, local op-
timum values of the enzyme concentration 
shift towards higher values at higher lac-
tose concentrations. Likewise, the effect of 
the reaction time (X4) can be described as 
a quadratic function with a maximum, and 
owing to the positive correlation with the 
lactose concentration it shifts towards 
higher optimum values, as lactose con-
centration increases. Unlike these two fac-
tors, lactose concentration increase cau-
ses the increment of GOS yield in whole 
examined range. Having said that, it can 
be concluded that the optimum values of 
observed parameters in terms of achie-
ving the highest GOS yields, were: lactose 
concentration of 400 g/l, enzyme concen-

tration of 13.5 g/l and reaction time of 13 
min. If we compare the obtained models, 
as well as the results of the optimization 
concerning both examined outputs, sig-
nificant differences can be observed. Ob-
viously, the individual factors showed sub-
stantial impact onto the reaction course. 
More precisely, it was shown that the key 
reaction parameters are the concentration 
of lactose and reaction time, as the impact 
of these factors on the two outputs dia-
metrically opposite. Most importantly, the 
high concentration of lactose and low 
reaction times favor the transgalactosy-
lation reaction, hence GOS synthesis. 
These results are somehow expected, 
bearing in mind that higher lactose con-
centrations provide more sugar molecules 
that can compete with water molecules 
leading to increase in GOS production, 
while the lower lactose concentrations shift 
the reaction course towards hydrolysis. 
Likewise, in the initial stage of the reaction 
transgalactosylation is promoted due to 
the high lactose concentration in the reac-
tion mixture. In later stages, however, the 
intensified hydrolysis of both lactose and 
GOS takes place, thus longer reaction ti-
mes are not fitted for GOS synthesis. 

Finally, in terms of testing the adequacy of 
the obtained optimization results, an ad-
ditional experiment was performed under 
the following conditions: lactose concen-
tration of 400 g/l, enzyme concentration of 
13.5 g/l and reaction time of 13 min, tem-
perature 50 °C and pH 4.5. The obtained 
GOS yield in this case was 29.6%, that 
represents less than 5% deviation from the 
predicted value by the RSM model.     

CONCLUSIONS 

In the present study, the surface response 
methodology (RSM) was employed for the 
reaction parameter (temperature, enzyme 
and lactose concentration, reaction time 
and pH) optimizations in terms of achie-
ving high GOS yields catalyzed by β-
galactosidase from Aspergillus oryzae. It 
was concluded that the temperature and 
pH, although they highly impact the lac-
tose conversion, have negligible influence 
on GOS synthesis. While, on the other 
hand, enzyme concentration, lactose con-

8



Milica B. Carević et al., Optimization of galacto-oligosacharides synthesis using response surface methodology, 
Food and Feed Research, 44 (1), 1-10, 2017 

 

 
After the employing the previously defined 
statistical analysis a new regression model 
was derived (Equation 5). 

Unlike the first derived model (Equation 4), 
the second model (Equation 5) shows that 
not all of the linear regression coefficients 
are significant. Consequently, not all the 
reaction parameters showed significant 
impact on the GOS synthesis reaction. 
More precisely, temperature (X1) and pH 
(X5) in the examined range proved to be 
insignificant factors, while the other factors 
(lactose concentration, enzyme concen-
tration and reaction time), played an im-
portant role in maximizing a GOS yield. As 
it can be seen from the model, there are 
two significant quadratic regression coef-
ficients b33 (-0.83) and b44 (-2.34), and 
both of them have negative values, mea-
ning they possess an optimum value. Also, 
it was found that there is a positive cor-
relation between the lactose (X2) and en-
zyme concentration (X3), as well as the po-
sitive correlation between the lactose con-
centration (X2) and the reaction time (X4). 

Influences of the most interesting factors 
on the obtained GOS yield are illustrated 
on the response surface diagrams (Figure 
4). As noted before, the influence of the 
enzyme concentration (X3) can be gra-
phically presented as a quadratic function 
with a maximum value, due to the negative 
quadratic regression coefficient. Local ma-
ximum peaks, however, may vary greatly 
depending on the initial lactose concen-
tration, due to the positive interaction bet-
ween these two factors. Hence, local op-
timum values of the enzyme concentration 
shift towards higher values at higher lac-
tose concentrations. Likewise, the effect of 
the reaction time (X4) can be described as 
a quadratic function with a maximum, and 
owing to the positive correlation with the 
lactose concentration it shifts towards 
higher optimum values, as lactose con-
centration increases. Unlike these two fac-
tors, lactose concentration increase cau-
ses the increment of GOS yield in whole 
examined range. Having said that, it can 
be concluded that the optimum values of 
observed parameters in terms of achie-
ving the highest GOS yields, were: lactose 
concentration of 400 g/l, enzyme concen-

tration of 13.5 g/l and reaction time of 13 
min. If we compare the obtained models, 
as well as the results of the optimization 
concerning both examined outputs, sig-
nificant differences can be observed. Ob-
viously, the individual factors showed sub-
stantial impact onto the reaction course. 
More precisely, it was shown that the key 
reaction parameters are the concentration 
of lactose and reaction time, as the impact 
of these factors on the two outputs dia-
metrically opposite. Most importantly, the 
high concentration of lactose and low 
reaction times favor the transgalactosy-
lation reaction, hence GOS synthesis. 
These results are somehow expected, 
bearing in mind that higher lactose con-
centrations provide more sugar molecules 
that can compete with water molecules 
leading to increase in GOS production, 
while the lower lactose concentrations shift 
the reaction course towards hydrolysis. 
Likewise, in the initial stage of the reaction 
transgalactosylation is promoted due to 
the high lactose concentration in the reac-
tion mixture. In later stages, however, the 
intensified hydrolysis of both lactose and 
GOS takes place, thus longer reaction ti-
mes are not fitted for GOS synthesis. 

Finally, in terms of testing the adequacy of 
the obtained optimization results, an ad-
ditional experiment was performed under 
the following conditions: lactose concen-
tration of 400 g/l, enzyme concentration of 
13.5 g/l and reaction time of 13 min, tem-
perature 50 °C and pH 4.5. The obtained 
GOS yield in this case was 29.6%, that 
represents less than 5% deviation from the 
predicted value by the RSM model.     

CONCLUSIONS 

In the present study, the surface response 
methodology (RSM) was employed for the 
reaction parameter (temperature, enzyme 
and lactose concentration, reaction time 
and pH) optimizations in terms of achie-
ving high GOS yields catalyzed by β-
galactosidase from Aspergillus oryzae. It 
was concluded that the temperature and 
pH, although they highly impact the lac-
tose conversion, have negligible influence 
on GOS synthesis. While, on the other 
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centration and time provide a rather sig-
nificant contribution to the optimization 
process. More precisely, highest GOS 
yields are achieved when reaction para-
meters are as follows: lactose concen-
tration of 400 g/l, enzyme concentration of 
13.5 g/l and reaction time of 13 min. 
Bearing in mind that GOS yields achieved 
in the additional experiment under the op-
timum conditions, are within 5% deviation 
from the predicted values, it can be con-
cluded that model ensures good predic-
tion, and that application of RSM was rea-
sonable. 
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ОПТИМИЗАЦИЈА СИНТЕЗЕ ГАЛАКТО-ОЛИГОСАХАРИДА ПОМОЋУ 
МЕТОДA ОДЗИВНИХ ПОВРШИНА 

Милица Б. Царевић*, Катарина М. Бањанац, Ана Д. Миливојевић, Марија М. Ћоровић,  
Дејан И. Безбрадица 

Универзитет у Београду, Технолошко-металуршки факултет, Катедра за биохемијско 
инжењерство и биотехнологију, 11000 Београд, Карнегијева бр. 4, Србија 

Сажетак: Галакто-олигосахариди (ГОС) обухватају разнородну групу несварљивих 
угљених хидрата, деривата лактозе, који се сматрају пребиотицима захваљујући бројним 
научним студијама у којима су доказана њихова изузетна физичкo-хемијска, као и физиолошка 
својства. Ова сазнања омогућила су њихову широку примену у прехрамбеној и фармацеутској 
индустрији, као и у индустрији сточне хране. Галакто-олигосахариди се скоро искључиво 
производе ензимском синтезом помоћу ензима β-галактозидазе. Међутим, познато је да овај 
ензим истовремено обавља и своју основну биолошку функцију, а то је хидролиза лактозе, па је 
од пресудног значаја стећи увид у утицај различитих реакционих фактора, и на тај начин 
омогућити фаворизовање реакције трансгалактозилације, односно синтезе галакто-
олигосахарида. У овој студији, у циљу испитивања утицаја појединачних реакционих пара-
метара, уочавања и разумевања њихових међусобних ефеката и на крају одређивања 
оптималних услова за повећан принос галакто-олигосахарида, примењени су методи 
статистичког планирања експеримената и метод одзивних површина (RSM). Коначно, након 
анализе резултата примећено је да температура и рН немају значајан утицај на принос галакто-
олигосахарида, док су са друге стране оптималне вредности сигнификантних фактора: 
концентрација лактозе 400 g/l, концентрација ензима 13,5 g/l и време 13 минута. 

Кључне речи: галакто-олигосахариди, β-галактозидаза, Aspergillus oryzae, опти-
мизација, метод одзивних површинa 
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