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Summary
Seven strains of the genus Kluyveromyces were screened for b-galactosidase activity in
a synthetic medium. Kluyveromyces marxianus CCT 7082 was selected as the best enzyme
producer for optimization of the culture medium. A fractional factorial design 24–1 was
used to determine the most relevant variables of the culture medium composition for the
enzyme production. The parameters studied were the concentrations of lactose, yeast extract and (NH4)2SO4 as well as pH, and all were shown to have significant effects on the
production of the enzyme. Based on the results from the first factorial design, lactose,
yeast extract and (NH4)2SO4 concentrations were selected to be utilized in a 23 central
composite rotatable design (CCRD). This led to a further optimization of the fermentation
conditions to achieve higher enzyme activities, which reached 10.6 U/mL.
Key words: b-galactosidase, Kluyveromyces marxianus, optimization, factorial design, response
surface methodology

Introduction
Among the enzymes, hydrolases are receiving increasing industrial application. Especially b-galactosidase
or b-D-galactoside galactohydrolase (EC 3.2.1.23), which
catalyses the hydrolysis of lactose into galactose and
glucose, has got special attention (1).
The importance of b-galactosidase is related to its
use in milk and milk derivatives to decrease their lactose content, solving the problem of low lactose solubility and its low degree of sweetening. Furthermore, the
economic interest in this enzyme is related to its use in
food and pharmaceutical industries, because of the deficiency of b-galactosidase in many people (2).
The lactose-fermenting yeasts Kluyveromyces marxianus and Kluyveromyces lactis are both important industrial
yeasts in classical applications with biomass, ethanol,
enzymes and single-cell protein production (3–5). Kluy-

veromyces marxianus offers great advantages, such as: (i)
good growth yield, which has an important economical
impact in the food industry; (ii) acceptability as a safe
microorganism, an important technical aspect when
considering that the fermented products have food or
pharmaceutical applications; and (iii) higher b-galactosidase activity than other yeasts (6).
Increased industrial demand for b-galactosidase requires good cost-effective production methods to ensure
the economic viability of lactose hydrolysis at commercial scale (7). In order to improve the b-galactosidase production, several groups have made investigations to select
microorganisms that have high activity (8,9), to evaluate
substrates (10,11) and define optimized fermentation
conditions for the chosen microorganism (12).
Optimization through factorial design and response
surface methodology has been used in biotechnical
processes, and several research works for the production
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of enzymes have applied this technique for the optimization of culture conditions, namely for the production
of glucoamylase by Aspergillus niger (13), lipase by Geotrichum candidum (14), or inulinase by Kluyveromyces
marxianus (15,16). The aim of optimization is to determine suitable conditions for the economically and/or
technologically important process variables such as product concentration, yield, selectivity and raw material cost
(17). Statistically designed experiments are very effective
because the affecting parameters can be evaluated collectively, even with a limited number of experiments (18).
In the present work, the production of b-galactosidase from Kluyveromyces yeasts by submerged fermentation in agitated flasks was evaluated by using factorial
design and response surface methodology. The best enzyme producer among seven strains of Kluyveromyces lactis
and Kluyveromyces marxianus was selected. Afterwards, the
culture medium was optimized. In order to establish the
optimal conditions for the production of b-galactosidase,
the pH and the concentrations of lactose, yeast extract and
(NH4)2SO4 were first evaluated in a fractional factorial
design (24–1) followed by a 23 central composite rotatable
design (CCRD) and response surface methodology.

Materials and Methods
Microorganisms
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Submerged fermentation
In order to select the best b-galactosidase producer
microorganism, submerged fermentations in Erlenmeyer
flasks were done with the same inoculum culture medium. The fermentations were started with 10 % of inoculum (7). The operational conditions were 30 °C and
180 rpm (Tecnal TE-420, Brazil) during 72 h. After that
time, the enzymatic activity started to decline. The fermentations were done in duplicate for each microorganism.
At appropriate intervals, culture samples were collected for analysis of b-galactosidase activity, biomass
concentration, lactose concentration and pH.

Experimental design
The effects of pH and the concentrations of lactose,
yeast extract and (NH4)2SO4 on b-galactosidase production were studied by using a fractional design of 24–1
trials plus 3 central points, which means a total of 11
trials.
A CCRD (23 plus axial and central points) with three
replicates at the central point, a total of 17 trials, was
utilized for the three selected variables from the fractional design, having b-galactosidase activity as response.
Table 1 gives the values of the coded levels used in both
the fractional and central composite rotatable designs.

Five strains of Kluyveromyces marxianus (CCT 7080,
CCT 7081, CCT 7082, NCYC 587, and var. bulgaricus ATCC
16045), and two strains of Kluyveromyces lactis (NRRL Y
8279 and NRRL Y 1564) were tested. The strains were
maintained at 4 °C on yeast mold (YM) agar medium
containing (in g/L): yeast extract 3.0, malt extract 3.0,
peptone 5.0, glucose 10.0 and agar 20.0.

Amounts of KH2PO4 and MgSO4 ⋅7H2O were fixed
at 5 and 0.4 g/L, respectively, for all the trials. The medium was prepared with 0.2 M potassium phosphate
buffer varying the pH (Table 1). The software Statistica
6.0 was used to analyse the results.

Inoculum

Samples of 1 mL of cell suspension containing 2.62
mg of dry cell in phosphate buffer (0.1 M, pH=7.3) were
ultrasonicated (Unique MaxiClean 700, Brazil) for 10 min
with 1.1 g of glass beads (r<0.4 mm). During this treatment, the temperature was kept between 0 and 4 °C.
The suspension was centrifuged at 5200´g (Cientec CT-5000R, Brazil) for 10 min at 4 °C, and the supernatant
was assayed for b-galactosidase activity.

The inoculum cultures were grown on a medium
containing lactose 10 g, KH2PO4 5 g, (NH4)2SO4 1.2 g,
MgSO4 ⋅7H2O 0.4 g and yeast extract 1 g in 1 L of 0.2 M
potassium phosphate buffer, pH=5.5 (19). Sterilization of
the medium was done at 121 °C for 15 min, lactose was
sterilized by filtration (3). b-Galactosidase was produced
in 500-mL Erlenmeyer flasks with 150 mL of culture medium. The culture was incubated in an orbital shaking
incubator (Tecnal TE-420, Brazil) for 14 h at 180 rpm and
30 °C (20).

Enzyme extraction

Biomass content in the cell suspension was adjusted
according to Numanoðlu and Sungur (21), using a dry
cell calibration curve previously established.

Table 1. Values of coded levels and real values used in fractional design and CCRD
g(lactose)
g/L

g(yeast extract)
g/L

g((NH4)2SO4)
g/L

pH

Factorial design

Coded variable level

Fractional

–1

10

1

0

3.5

0

40

6.5

4

4.8

+1

70

8

6.0

CCRD

12

–1.68

10

5

4

–

–1

28.2

8

5.2

–

0
+1
+1.68

55

12.5

7

–

81.8

17

8.8

–

100

20

10

–
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b-Galactosidase assay
The b-galactosidase activity was measured spectrophotometrically by using o-nitrophenyl-b-D-galactopyranoside (ONPG, Sigma-Aldrich) by the method of Food
Chemical Codex (22). A sample of 0.5 mL was mixed
with 2 mL of 8.3 mM ONPG in PEM buffer (27.2 g/L of
KH2PO4, 37.2 mg/L of disodium EDTA dehydrate, and
20.3 mg/L of MgCl2 ⋅6H2O), pH=6.5, and incubated for
15 min at 37 °C. The reaction was stopped by adding
1 mL of solution into 1 mL of 10 % sodium carbonate
solution, then mixed by swirling, diluted to 10 mL with
distilled water, and mixed again. Liberated o-nitrophenol (ONP) was measured spectrophotometrically (Quimis
Q-108D, Brazil) at 420 nm. One unit of enzyme activity
(U) was defined as the quantity of enzyme that will liberate 1 mmol of o-nitrophenol per min under the conditions of the assay.

Biomass concentration
Samples were collected and centrifuged at 5200´g
(Cientec CT-5000R, Brazil) for 10 min at 4 °C. Following
the removal of the supernatant, cells were washed once
with distilled water, centrifuged again and resuspended
in a known volume of phosphate buffer (0.1 M, pH=7.3).
Absorbance was measured at 620 nm using a spectrophotometer (Quimis Q-108D, Brazil) and compared to a
previously constructed standard curve for absorbance vs.
cell dry mass.
For cell dry mass determination, culture samples
containing cells were centrifuged at 5200´g (Cientec
CT-5000R, Brazil) for 10 min at 4 °C (4). Following the
removal of the supernatant, cells were washed once with
distilled water and dried in a microwave oven (Panasonic) at 700 W output for 15 min (23).

Lactose concentration
Lactose concentration in the cell-free samples was
determined by a colorimetric method using the phenol
sulphuric acid reaction as described by Dubois et al. (24).

Fig. 1. Enzymatic activity of the seven microorganisms tested
during fermentation: ¡ K. lactis NRRL Y 8279, ´ K. lactis NRRL
Y 1564, r K. marxianus var. bulgaricus ATCC 16045, ¨ K. marxianus NCYC 587, p K. marxianus CCT 7082, l K. marxianus
CCT 7081, n K. marxianus CCT 7080

Fig. 2 shows the enzymatic activity, biomass concentration, lactose consumption and pH variation for Kluyveromyces marxianus CCT 7082 during fermentation. Maximum enzymatic activity was reached with minimum
pH, total lactose consumption and maximum biomass
concentration. The same behaviour was observed for the
other six microorganisms tested.
For both species, the obtained values for the enzymatic activity were in the same range or higher than the
ones found by Inchaurrondo et al. (3). They also fermented K. lactis and K. marxianus strains in a medium containing lactose as carbon source. The values they obtained for the enzymatic activity were between 0.7 and 1.3
U/mL for the strains of K. lactis and between 0.7 and 1.0
U/mL for the strains of K. marxianus.

Results and Discussion
Screening of microorganism
Shake flask cultures were used to investigate the b-galactosidase production for the seven strains of Kluyveromyces. The experiments and analytical measurements were performed in duplicates.
As shown in Fig. 1, the maximum b-galactosidase
activity occurred after 50 h of cultivation for K. marxianus CCT 7082 reaching values higher than 2.8 U/mL.
The strains CCT 7080 and CCT 7081 reached maximum
activity in 6 h of fermentation. The values obtained were
0.9 and 1.5 U/mL, respectively. The maximum activities
reached by the strains ATCC 16045 and NCYC 587 were
0.8 U/mL, after 24 and 32 h of fermentation, respectively. For the K. lactis strains, the peaks of enzymatic activity occurred after 24 h of fermentation, presenting values
of 0.7 and 1.5 U/mL for the NRRL Y 1564 and NRRL Y
8279, respectively.

Fig. 2. Fermentation time profile for Kluyveromyces marxianus CCT
7082 using lactose as carbon source
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From the seven microorganisms tested, K. marxianus
CCT 7082 was selected for the optimization trials of the
culture medium because it presented the highest enzyme production.
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confidence at the maximum enzymatic activity. Changes
in the variables from level –1 to level +1 led to an increase in the maximum enzymatic activity. Maximum b-galactosidase production was more significantly affected
(significance at the 0.05 level) by yeast extract (average
positive effect of 4.18 U/mL), followed by lactose, pH
and (NH4)2SO4.
From these results the concentrations of lactose, yeast
extract and (NH4)2SO4 were selected for further optimization of the medium composition in a CCRD. The pH
was fixed at 6.0, corresponding to the pH value of the
best trial in the fractional factorial design (11.6 U/mL).

Fractional factorial design
Experiments using 24–1 fractional factorial design
were carried out with three values of each independent
variable (Table 1). Enzymatic activities were measured
every 24 h of the fermentation for 120 h. The response of
the experimental designs was the maximum enzymatic
activity for each trial. An estimate of the main effect is
obtained by evaluating the difference in process performance caused by a change from low (–1) to high (+1)
levels of the corresponding variable.
Activities varied according to the fermentation conditions, from 0.7 to 11.6 U/mL. As can be seen in Table
2, all variables had statistically significant effect at 95 %

Central composite rotatable design (CCRD)
The results of the enzymatic activity in the CCRD
for the three studied variables: lactose, yeast extract and
(NH4)2SO4 concentrations, and the values predicted by
the model provided by the Eq. 1 are presented in Table 3.

Table 2. Effect estimates for b-galactosidase activitya using fractional factorial design
Factor

Effect/(U/mL)

Standard
error

t(2)c

p

Conf. limitb
(–95 %)

Conf. limitb
(+95 %)

Mean

4.66

0.06

78.32

0.00016

4.40

4.90

g(lactose)/(g/L)

2.55

0.14

18.30

0.00297

1.95

3.15

g(yeast extract)/(g/L)

4.18

0.14

29.97

0.00111

3.58

4.78

g((NH4)2SO4)/(g/L)

1.60

0.14

11.44

0.00754

0.99

2.19

pH

1.65

0.14

0.00701

1.05

2.25

a

11.87
b

c

All numerical values are significant factors (95 % confidence level); Conf., confidence; Degrees of freedom according to central points

2

2

Activity/(U/mL)=7.81+0.27(yeast extract)+0.8(yeast extract) –0.20((NH4)2SO4) –
–0.85(lactose´yeast extract)–0.65(lactose´(NH4)2SO4)+0.25(yeast extract´(NH4)2SO4)

/1/

Table 3. Real values and coded values (in parentheses), experimental and predicted values of enzymatic activity in the CCRD
g(lactose)
g/L

g(yeast extract)
g/L

g((NH4)2SO4)
g/L

1

28.2 (–1)

8.0 (–1)

2

81.8 (+1)

8.0 (–1)

3

28.2 (–1)

4

81.8 (+1)

5

28.2 (–1)

6
7
8

Trial

Maximum enzymatic activity
U/mL

Predicted activity
U/mL

5.2 (–1)

7.1

6.9

5.2 (–1)

10.1

9.9

17.0 (+1)

5.2 (–1)

7.8

8.6

17.0 (+1)

5.2 (–1)

8.7

8.2

8.0 (–1)

8.8 (+1)

7.6

7.7

81.8 (+1)

8.0 (–1)

8.8 (+1)

9.3

8.1

28.2 (–1)

17.0 (+1)

8.8 (+1)

10.6

10.4

81.8 (+1)

17.0 (+1)

8.8 (+1)

7.6

7.4

9

10.0 (–1.68)

12.5 (0)

7.0 (0)

7.6

7.8

10

100.0 (+1.68)

12.5 (0)

7.0 (0)

7.0

7.8

11

55.0 (0)

5.0 (–1.68)

7.0 (0)

8.9

9.6

12

55.0 (0)

20.0 (+1.68)

7.0 (0)

10.7

10.5

13

55.0 (0)

12.5 (0)

4.0 (–1.68)

7.8

7.2

14

55.0 (0)

12.5 (0)

10.0 (+1.68)

6.2

7.2

15

55.0 (0)

12.5 (0)

7.0 (0)

8.0

7.8

16

55.0 (0)

12.5 (0)

7.0 (0)

7.8

7.8

17

55.0 (0)

12.5 (0)

7.0 (0)

8.2

7.8
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In this second design, enzyme production varied from
6.2 up to 10.7 U/mL. The best value for the activity occurred in trials 7 and 12. The conditions of trial 7 were:
concentrations of lactose at level –1 (28.2 g/L), yeast extract at level +1 (17 g/L) and (NH4)2SO4 at level +1
(8.8 g/L). In this trial the activity reached 10.6 U/mL after 96 h of fermentation, with a productivity of 0.11
U/(mL ⋅ h). In trial 12 the conditions were: concentrations
of lactose at the central point (55 g/L), yeast extract at
level +1.68 (20 g/L) and (NH4)2SO4 at the central point
(7 g/L). In this trial the maximum enzymatic activity was
10.7 U/mL after 120 h of fermentation, resulting in a
productivity of 0.09 U/(mL ⋅ h).
The analysis of variance (ANOVA) was employed in
the enzymatic activity presented in Table 4. ANOVA
consists of classifying and cross-classifying statistical results and testing whether the means of a specified classification differ significantly. This was carried out using
Fisher’s statistical test for the analysis of variance. The
F-value is the ratio of the mean square due to regression
to the mean square due to error and indicates the influence (significance) of each controlled factor on the
tested model (25).
The correlation coefficient was 0.9 and the F-value
around twice higher than the listed value for 90 % of
confidence. Consequently, the model was found to be adequate to describe the response surface of b-galactosidase
production (Eq. 1). An overview of Eq. 1 indicates that

the activity is a first order function for yeast extract concentration, a second order function for yeast extract and
(NH4)2SO4 concentrations, and an interaction between
lactose and yeast extract, lactose and (NH4)2SO4, yeast
extract and (NH4)2SO4. The equation model fitted by regression analysis is given by Eq. 1.
The model for b-galactosidase activity was used to
construct the response surfaces, which can be seen in Fig.
3, to understand the interaction of the medium components and the optimum concentration of each component
required for optimum b-galactosidase production.
Figs. 3a and 3b show the effect of lactose and yeast
extract concentrations on the production of b-galactosidase. When the lactose concentration was low and the
yeast extract concentration was high, the production of
the enzyme remained around 11–12 U/mL. When the lactose concentration was high and (NH4)2SO4 concentration was low, or when the lactose concentration was low
and (NH4)2SO4 concentration was high, the activity was
above 8 U/mL (Figs. 3c and 3d). Figs. 3e and 3f show
the effects of yeast extract and (NH4)2SO4 concentrations
on the activity. The production of the enzyme reached
values of about 10 U/mL when the concentration of
yeast extract was high (20 g/L) and (NH4)2SO4 was
higher than 7 g/L.
The surfaces indicated that high enzymatic activity
can be obtained when using culture medium with 28.2
g/L of lactose, 20 g/L of yeast extract and 8.8 g/L of

Table 4. ANOVA for b-galactosidase activity for CCRD
Source of variation

Sum of squares

Degrees of freedom

Mean squares

F-test

20.32

6

3.38

4.82

Residual

5.35

10

0.70

Lack of fit

5.27

8

Regression

Pure error
Total

0.08

2

25.67

16

Regression coefficient: 0.9
F0.9; 6; 10: 2.46

a)

b)

Fig. 3. Response surface and contour diagrams of b-galactosidase activity as a function of the concentrations of lactose and yeast extract (a, b)
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c)

d)

e)

f)
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Fig. 3. Response surface and contour diagrams of b-galactosidase activity as a function of the concentrations of: lactose and
(NH4)2SO4 (c, d), and yeast extract and (NH4)2SO4 (e, f)

(NH4)2SO4. Fig. 4 shows the average results of fermentation carried out in triplicate, using the fermentation conditions already described.
Enzymatic activity increased until 120 h of fermentation, reaching 10.6 U/mL. It was observed that there
was no increase in the enzymatic activity when compared to the activities of trials 7 and 12 of CCRD, i.e. the
conditions employed in this design comprised a broad
range, permitting maximum enzyme production, being
possible to consider the composition of trial 7 (28.2 g/L of
lactose, 17 g/L of yeast extract and 8.8 g/L of (NH4)2SO4)
as the best condition for the production of b-galactosidase enzyme by K. marxianus CCT 7082.
A significant improvement of b-galactosidase activity
was achieved with the optimization of the culture medium. The optimization of the medium resulted in an
enzymatic activity four times higher than in an unoptimized medium (Fig. 2). Ramírez Matheus and Rivas (12)
optimized the production of b-galactosidase from Kluyveromyces lactis by using deproteinized whey as fermentation medium. Four factors were evaluated: temperature,
pH, agitation speed and fermentation time. The enzymatic activities were between 1.3 and 8.5 U/mL. Comparison of the results with other studies using Kluyvero-

myces marxianus is difficult due to differences in yeast
strains, growth conditions and b-galactosidase assay
technique.

Fig. 4. Fermentation time profile for Kluyveromyces marxianus
CCT 7082 in optimized medium
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Conclusions
In the screening of seven strains of Kluyveromyces
tested in this work, it was observed that Kluyveromyces
marxianus CCT 7082 presented the highest production of
b-galactosidase. This strain was selected for further optimization studies of the culture medium for enzyme production through the methodologies of Central Composite
Rotatable Design (CCRD) and response surface techniques.
Statistical analysis proved to be a useful and powerful tool in developing optimum fermentation conditions.
The optimum conditions established for the production of
b-galactosidase were lactose concentration of 28.2 g/L,
yeast extract concentration of 17.0 g/L, (NH4)2SO4 concentration of 8.8 g/L and pH=6.0. Under these conditions the enzymatic activity was 10.6 U/mL.
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