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1 Introduction
Cheese whey is the resulting yellow colored liquid from the 

separation of milk caseins during the cheese–making process. 
On the past, cheese whey was considered an unusable residual 
liquid or used as feed for cattle. Ot is a potentially polluting 
by–product produced by the dairy industry (Drdoñez, 2005; 
Florêncio et al., 2013). Nowadays, dairy industry has invested in 
the research and development in order to transform milk-based 
products in products with low lactose content (Di Serio et al., 
2003; Roy & Gupta, 2003).

The use of cheese whey in the fermentation makes it possible 
to generate products of higher value, since it is rich in carbohydrate 
and minerals, in turn nutritious for microorganisms producing 
ethanol, enzymes and other metabolites with commercial value 
(Florêncio et al., 2013; Colognesi et al., 2017). Lactose is the main 
component of cheese whey making an average of 5% (w/v). Thus, 
cheese whey could be used as an abundant and renewable raw 
material for microbial fermentations, with lactose providing 
the carbon source, to obtain the enzyme beta-galactosidase 
(Domingues et al., 2010).

Saccharomyces fragilis is a homothallic and hemiascomycetous 
yeast which produce several enzymes among them beta-galactosidase 
(Dagbagli & Goksungur, 2008). The major common feature of 

S. fragilis is the capacity to metabolize lactose in the production 
of beta-galactosidase enzyme. Beta-Galactosidase (EC 3.2.1.23) is 
responsible for the hydrolysis of lactose to glucose and galactose 
(Torres & Batista-Vieira, 2012). Thus the cheese whey, source of 
lactose, can be used as a culture media for obtaining the enzyme 
(Marcel & Passos, 2011).

Lactose hydrolyze can be catalyzed by different form 
which include acids, cationic resins or enzymatic processes 
(Hatzinikolaou et al., 2005). Lactose hydrolysis by enzymatic 
process i.e. by the enzymatic activity of beta-galactosidase, work 
well in a relatively broad pH and temperature range and does not 
cause bad flavors, odors and colors. Generally, beta-galactosidase 
from yeast act between pH 6.0-7.0 but, depending on the natural 
source where lactose is present, pH values range between 3.5-5.6 
in acid cheese whey to 6.5 in milk (Demirhan  et  al., 2010; 
Şener et al., 2006; Husain, 2010).

The RDC Resolution 205/2006, points out that the 
beta-galactosidase enzyme used in the dairy industry should 
be of microbial origin, from the following microorganisms: 
Aspergillus Niger, Aspergillus oryzae, Candida tropicalis, 
Kluyveromyces lactis, Kluyveromyces flagilis, Kluyveromyces 
marxianus, Saccharomyces sp (Brasil, 2006) these species are 
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classified as safe by the Food and Drug Administration (FDA), 
which was an important criterion for food applications (Ansari 
& Satar, 2012). The enzyme activity of the beta-galactosidase 
usually depends on the lactose hydrolysis reaction conditions.

The dairy industry has been develop low lactose or 
lactose-free products. Thus, lactose hydrolysis from the yeast 
beta-galactosidase, becomes as biotechnological process with 
a broad commercial application (Dutra Rosolen et al., 2015). 
On this context, the objective of this study was to determine the 
enzymatic activity of the concentrated beta-galactosidase and 
permeabilized cells obtained from Saccharomyces fragilis OZ 275 
cultivated in 5% (w/v) cheese whey. The parameters evaluated 
were the influence of pH, temperature and concentration of 
enzyme in the hydrolysis of the 1% lactose solution.

2 Materials and methods
2.1 Microorganism Maintenance, Inoculum and Cultivation

The yeast Saccharomyces fragilis OZ 275 (SF OZ 275) from the 
Dairy Science and Technology Center of University Pitagoras 
Unopar (Brazil) was used in this study. The yeast stock was 
maintained at -20 °C on Potato Dextrose Agar (PDA), pH 5.5, 
at 30 °C for 10 days. For the inoculum, before each experiment, 
cells were transferred and grown at 35 °C, pH 5.5 for 24 h on 
malt extract (15 g/L). Dptical density (D.D.) was determined 
at a wavelength of 570 nm using a spectrophotometer and at 
D.D. adjusted to 0.6. The SF OZ 275 was used as inoculum for 
beta-galactosidase production using cheese whey as media. 
Cheese whey 5% (w/v) obtained from Cativa Agroindustrial 
Cooperativa Central®, Londrina, Parana, Brazil was used as 
media and it was deproteinized by heating at 90 °C (pH 4.6) for 
30 minutes. Then it was filtered through Whatman nº 1 filter 
paper to remove coagulated protein and adjusted to pH 5.0. 
Ot was pasteurized under 65 °C for 30 minutes. The pasteurized 
whey was inoculated with 10% inoculum (at DD670nm = 0.6) of 
SF OZ 275 strain and incubated at 35 °C, 150 rpm for 24 hours. 
At the end of incubation, cells were harvested by centrifugation 
at 9000 rpm for 20 minutes. The pellets were washed twice with 
0.1 M potassium phosphate buffer (pH 6.8) solution and stored 
in 0.1 M phosphate buffer. Since beta-galactosidase from SF OZ 
275 is an intracellular enzyme, the cells were permeabilized with 
ethanol according to the process below.

2.2 Enzyme concentration

The extraction of the enzyme, to obtain the concentrate 
beta-galactosidase, from the previously grown cells of SF OZ 
275 was carried out as follows: concentrated biomass was 
re-suspended in 0.1 M potassium phosphate buffer (pH 6.8), 
150  rpm, 25 ºC, with addition of chloroform 2% (v/v) and 
overnight. Ommediately, a tangential flow filtration (Millipore, 
USA) was performed with a membrane porosity of 0.2 μm for 
removal of autolyzed cell. The supernatant (permeate) containing 
the beta-galactosidase it was ultra-filtrated (membrane of 30 Kda) 
to obtain the concentrated enzyme.

After the tangential flow ultrafiltration, the concentrated 
enzyme was re-suspended in 0.1 M potassium phosphate buffer 

(pH 6.8) and stored in amber vial under refrigeration until 
ready to use.

2.3 Cell permeabilizaiton

Cell permeabilization was performed according to 
Morioka  et  al. (2016). Previously grown cells were collected 
by centrifugation (5000 rpm for 10 min at 10 °C) and washed 
twice with distilled water. Cell permeabilization was done in 
20 mL test tubes each containing a final volume of 5.0 mL of 
the reacting suspension consisting of ethanol (35%) - v/v, SF OZ 
275 cells - 50.0 mg (dry weight) and 0.1 M potassium phosphate 
buffer, pH 6.8. Tubes were incubated at 20 °C temperature for 
20 minutes. The supernatant was removed by centrifugation for 
further analysis, and the cells were washed twice with the same 
buffer. The final pellet was resuspended in 1 mL of buffer, and 
the beta-galactosidase activity of permeabilized cells determined 
as described later.

2.4 Beta-Galactosidase activity

For the determination of beta-galactosidase activity it was 
use the enzymatic colorimetric method of glucose-oxidase. 
The determination of the enzymatic activity was performed in 
assay tube containing 10 mL of lactose solution (1%) in 0.1 M 
potassium phosphate buffer pH 6.8. Ot was added 1% (v/v) of the 
enzyme extract in the tube containing the 1% lactose solution 
and incubated at 37 °C for 18-24 hours. Samples were placed 
in boiling water bath for 10 minutes to inactivate the enzyme. 
After that, the glucose (mg/dL) concentration was measured by 
glucose oxidase method using a glucose determination kit for 
the colorimetric enzymatic method – Glucose kit (Bioliquid®, 
Brazil) according to the manufacturer’s guidelines.

Calculation of beta-galactosidase activity was according 
by the method of initial rates of hydrolysis reaction of lactose 
using Equation 1:

SGCEA 1000 HT
180

= × ÷   (1)

Where:
EA = Enzyme Activity
SGC = Sample Glucose Concentration
HT = Hydrolysis Time

The unit of the enzymatic activity of glucose produced 
per minute unit (UGl h-1) can be defined as micromoles of 
glucose produced per hour at 37 °C, pH 6.5 and initial lactose 
concentration (1%).

After that, the percentage of hydrolysis was calculated as 
follows (Equation 2):

%hydrolysis (SGC 2 1000) Lac 100= × ÷ ÷ ×   (2)

Where:
% hydrolysis = Percentage of lactose hydrolysis
SGC = Sample Glucose Concentration
Lac = Onitial concentration of lactose
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2.5 Experimental design for the determination of 
Beta-galactosidase activity

Enzymatic determination of lactose hydrolysis, for both 
permeabilized cells and concentrated enzyme, the experiments 
were carried out according to the Design of Box-Behnken with 
three independent variables at three levels (-1, 0, 1), see Table 1 
and Table 2 (Box & Behnken, 1961). The tested variables were: 
pH, temperature (ºC) and enzyme concentration (%) - v/v. Based 
on this, preliminary experiments were performed to obtain an 
in-depth knowledge of the process, enabling the selection of the 
best range for developing a design and eventually arriving at the 
global optimum for high activity of beta-galactosidase through 
permeabilized cells of SF OZ 275 and enzyme concentrated. 

Data  analysis was performed with the available statistical 
program “Statistic 6.0”.

The response surface plots used to determine the optimum 
level of the significant variables for maximal beta-galactosidase 
activity is shown in Figure 1 and 2 for concentrated enzyme 
extracted and permeabilized yeast cells, respectively.

3 Results and discussion
The Box-Benhken Design (BBD) was used to evaluate the 

effects among the significant variables and determine their 
optimal values. BBD is used to reduce the number of experimental 
runs and increase response efficiency. BBD has been applied 

Table 1. Box-Behnken Design used to determine the pH, temperature and enzyme concentration (%) - v/v, on the beta-galactosidase activity of 
concentrated enzyme extracted from Saccharomyces fragilis OZ 275.

Run
Coded variables Beta-galactosidase activity (UGli h-1)

X1 X2 X3 Experimental Predictive
1 -1 -1 -1 0.16 1.81
2 -1 0 1 0.41 -3.63
3 -1 1 0 1.55 3.95
4 0 -1 1 55.67 58.06
5 0 0 0 63.18 64.83
6 0 1 -1 72.50 68.45
7 1 -1 0 42.98 38.94
8 1 0 -1 39.36 41.75
9 1 1 1 35.47 37.12

Levels
Decoded variables

X1 X2 X3

pH Temperature (ºC) Enzyme concentration (%)
-1 5.0 20 3
0 6.0 25 4
1 7.0 30 5

Table 2. The Box-Behnken Design used to determine the pH, temperature and enzyme concentration (%) - v/v, on the beta-galactosidase activity 
of permeabilized cells of Saccharomyces fragilis OZ 275.

Run*
Coded variables Beta-galactosidase activity (UGli h-1)

X1 X2 X3 Experimental Predictive
1 -1 -1 -1 58.31 53.57
2 -1 0 1 49.60 53.66
3 -1 1 0 64.69 65.36
4 0 -1 1 70.49 71.17
5 0 0 0 84.70 79.96
6 0 1 -1 72.52 76.58
7 1 -1 0 58.60 62.66
8 1 0 -1 55.69 56.37
9 1 1 1 64.11 59.37

Levels
Decoded variables

X1 X2 X3

pH Temperature (ºC) Enzyme concentration (%)
-1 6.5 38 3
0 7.0 41 4
1 7.5 44 5

*Run was randomly.
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and considered to be a very efficient statistical experimental 
design tool in optimization process (Gámiz-Gracia  et  al., 
2003). Tables 1 and 2 shows the experimental conditions for 
the batch runs and the corresponding responses, along with 
both experimental and predicted values of responses in terms 
of enzyme activity for concentrated enzyme and permeabilized 
cells of Sacharomyces fragilis OZ 275, respectively.

The determination of the enzymatic activity for CBG and 
PC was carried out to find the optimal values of independent 
variables (pH, temperature and enzyme concentration), which 
would give maximum lactose hydrolysis by beta-galactosidase 
activity. Based on the Box-Benhken Design (BBD), the experimental 
response of beta-galactosidase activity, for concentrated 
beta-galactosidase, under each set of condition were determined 
and compared with the corresponding predicted response 
(Table 1). The maximum experimental value for beta-galactosidase 
activity was 72.50 UGli h-1 while the value of predicted response 
was 68.45 UGli h-1. The  coefficient of determination (R2) of the 
model was 0.98806, which indicated that the model adequately 
represented the real relationship between the variables under 
consideration. An R2 value of 0.98806 means that 98.88% of 

the variability in the experimental and predicted response was 
explained by the model, which is acceptable for biological system 
and only 1.12% was as a result of chance. Approximately 98.9% 
of validity was observed, indicating that the model show an 
adequate prediction on the beta-galactosidase activity. The great 
correlation between the experimental and predicted response 
indicates the appropriateness of the experimental design. 
The  maximum beta-galactosidase activity (72.50 UGli h-1) 
was observed in the following condition, pH 6.0, 30 ºC and 
3% of enzyme concentration (v/v), see Table 1. This enzymatic 
beta-galactosidase activity of 72.50 UGli h-1 corresponds to 63% 
of lactose hydrolyzed by the enzyme.

Based on the results for high beta-galactosidase activity from 
concentrated enzyme extracted of SF OZ 275, the linear effect of 
pH was significant (p < 0.05), indicating the concentration value 
for the highest design limit (pH 6.0). The linear and quadratic 
effects of the temperature and enzyme concentration were not 
significant (p> 0.05), indicating that temperature and enzyme 
concentration values for the smaller range 20-25 °C and 3-4%, 
respectively showed to be sufficient for the minimal limit of 
beta-galactosidase activity.

Figure 1. Response surface showing the effect of the temperature, ethanol concentration and time reaction on beta-galactosidase activity 
(μmol Gli h-1) of concentrated beta-galactosidase extracted from Saccharomyces fragilis OZ 275 cells.
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Based on the Box-Benhken Design (BBD), the experimental 
response of beta-galactosidase activity, for permeabilized cells, 
under each set of condition tested were determined and compared 
with the corresponding predicted response according to the 
model (Table 2). The maximum experimental value obtained 
for beta-galactosidase activity was 84.70 UGli h-1 while the 
predicted response was 79.96 UGli h-1. The   coefficient of 
determination (R2) of the model was 0.86581, which indicated 
good relationship between the variables under consideration. 
An R2 value of 0.86581 means that 86.6% of the variability was 
explained by the model, which is acceptable for biological 
system and only 13.4% was as a result of chance. Approximately 
87.0% of validity was observed, indicating the model represent 
an adequate prediction on the enzyme activity. The close 
correlation between the experimental and predicted response 
indicates the appropriateness of the experimental design tested. 
The maximum beta-galactosidase activity (84.70 UGli h-1) was 
obtained in the following condition, pH 7.0, 44 °C and 4% 
of enzyme concentration (v/v), see Table 2. This enzymatic 
beta-galactosidase activity of 84.70 UGli h-1 corresponds to 
73% of lactose hydrolyzed by the enzyme.

The results for high beta-galactosidase activity from SF OZ 
275 permeabilized cells shows that the linear effect of temperature 
was significant (p < 0.05), indicating that this variable has a 
positive effect on the beta-galactosidase activity (data not show). 
Thus, the temperature was established in the highest limit level 
(44 °C). The linear and quadratic effects of the pH and enzyme 
concentration were not significant (p> 0.05), indicating that this 
variables has a negative effect on the beta-galactosidase activity 
(data not show) so, the levels of pH and enzyme concentration was 
established in the low range limit, 6.5-7.0 and 3-4%, respectively 
so, proving to be sufficient for the process.

3.1 Determination of the concentrated beta-galactosidase 
extracted and Saccharomyces fragilis IZ 275 
permeabilized cells

On order to determine the ranges of the tested variables, 
pH, temperature and enzyme concentration that influence 
beta-galactosidase activity from concentrated beta-galactosidase 
extracted and SF OZ 275 permeabilized cells, effects analysis 
was performed using surface methodology and response, see 

Figure 2. Response surface showing the effect of temperature, ethanol concentration andtime reaction on beta-galactosidase activity (μmol Gli h-1) 
of Saccharomyces fragilis OZ 275 permeabilized cells.
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permeabilized cell obtained an activity of approximately 14% 
greater than the concentrated beta-galactosidase under the 
experimental conditions tested.

4 Conclusion
For the determination of the beta-galactosidase activity from 

Saccharomyces fragilis OZ 275, the cells need to be permeabilized. 
With permeabilized yeast cells the activity can be determined 
in two ways. The first method used for beta-galactosidase 
determination is by a sintetic substrate called DNPG, which 
a crude extract is prepared in which the enzymatic activity is 
quantified according to the total substrate bound to the enzyme. 
The second method, used for beta-galactosidase determination 
is by lactose hydrolysis by the permeabilized cells, in which 
the enzymatic activity is quantified according to the effective 
hydrolytic capacity of the enzyme on the substrate.

The response surface proved to be a powerful tool for 
bioprocess optimization which can predict the region of the 
optimum conditions for obtaining high enzymatic activity. 
The high enzyme activity of 72.50 UGli h-1, for concentrated 
beta-galactosidase extracted, was reached in pH 6.0, at 30 °C 
and 3% enzyme concentration (v/v). And the maximum 
enzyme activity of 84.70 UGli h-1, for permeabilized cells, was 
reached in pH 7.0, at 44 °C and 4% enzyme concentration (v/v). 
Permeabilized Saccharomyces fragilis OZ 275 cells retained enzyme 
activity suggesting that these permeabilized cells could be used 
as a source of biocatalyst for different applications. Furthermore, 
permeabilized yeast cells can be used to overcome the problems 
and costs associated with enzyme extraction and purification 
from yeast cells and in the development of a low-cost technology 
for biotechnological application.
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