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Abstract Key nutritional factors were optimized for the max-
imum production of transgalactosylating β-galactosidase
from Lactobacillus plantarum MCC2156. Galactose, yeast
extract, sodium acetate and manganese sulphate were the most
important nutrients affecting β-galactosidase production.
Maximum β-galactosidase production (3015 miller units)
was obtained by culturing L. plantarum in the optimized
fermentation medium containing (w/v) galactose (4 %), yeast
extract (2 %), sodium acetate (3 %) and manganese sulphate
(0.075 %) with an optimum medium pH of 7.0, after 14 h of
incubation at 35 °C. Further, permeabilization of L. plantarum
cells using various chemical/ solvents for maximum β-
galactosidase activity was performed for use as whole cell
biocatalyst. Mixture of ethanol: n-butanol was found to effec-
tively permeabilize the cells with maximum β-galactosidase
activity under the following optimum conditions; 1: 1 mixture
of ethanol (10 %, v/v): n-butanol (30 %, v/v) with a contact
time of 10 min at 28±2 °C.
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Introduction

β-Galactosidase (EC 3.2.2.23) is an industrially important
enzyme that catalyzes the hydrolysis of lactose, a probable
solution to the crystallization of lactose in frozen dairy prod-
ucts, whey disposal and lactose intolerance (Rao and Dutta
1977). In addition to hydrolysis, β-galactosidase also cataly-
ses the transgalactosylation of lactose to produce galacto-
oligosaccharides (GOS), which are well known for their po-
tent prebiotic efficacy (Torres et al. 2010). GOS are stable in
wide range of pH and temperature has low caloric value which
in turn makes them useful as potential nutraceutical food
ingredients (Crittenden and Playne 1996; Torres et al. 2010).
Among various sources of β-galactosidases, intracellular β-
galactosidase from probiotic lactic acid bacteria (LAB) such
bifidobacteria and lactobacilli for lactose hydrolysis and GOS
synthesis is of great industrial relevance mainly due to the
‘generally recognized as safe (GRAS)’ status of LAB (Hsu
et al. 2007; Splechtna et al. 2006).

Intracellular β-galactosidase from probiotic Lactobacillus
plantarum MCC2156 exhibited potent transgalactosylating
efficacy for the synthesis of prebiotic GOS (Gobinath and
Prapulla 2014). Downstream processing of intracellular en-
zymes involves cell disruptions, which could lead to low
yields and decreased activity due to harsh conditions, addi-
tionally, adds to the cost of purification processes.
Permeabilization of whole cells could be an effective alterna-
tive for circumventing the above mentioned disadvantages
associated with the use of the intracellular enzymes. In this
study, we investigated the effect of media components for
improvement of transgalactosylating β-galactosidase
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production from L. plantarumMCC2156 and also the perme-
abilization conditions for L. plantarum MCC2156 cells for
maximum β-galactosidase activity for further use as whole
cell biocatalyst.

Materials and methods

Microorganism and media

Lactobacillus plantarum MCC2156, a kanjika isolate was
cultured and maintained in Lactobacillus MRS Medium as
reported earlier (Gobinath and Prapulla 2014).

Chemicals

Lactose, glucose, galactose, o-ni t rophenyl-β-D-
galactopyranoside (oNPG), o-nitrophenol (oNP), dimethyl
sulphoxide (DMSO), Triton X-100, cetyltrimethylammonium
bromide (CTAB) and sodium dodecyl sulphate (SDS) were
procured from Sigma-Aldrich (St. Louis, MO, USA). All
other solvents and chemicals used were of analytical grade.

Screening of different media components for production
of β-galactosidase by L. plantarum MCC2156

The production of β-galactosidase from L. plantarum
MCC2156 was evaluated in six different media (M1 to M6)
based on MRS medium constituents (Table 1). Galactose and
yeast extract were chosen as the carbon and nitrogen source,
respectively, based on our earlier results (Gobinath and
Prapulla 2014). Further, the effect of varying the concentration
of the selected medium (M3) components (galactose, yeast
extract, sodium acetate, metal ions); initial media pH (4.0–8.0)
and incubation temperatures (25–45 °C) on β-galactosidase
production was also studied. Each medium was inoculated
with 10 % (v/v) inoculum of the freshly grown culture and
then incubated at 37 °C, 16 h.

The enzyme production was determined according to the
method of Miller (1972) with slight modification. Culture
broth (1 ml) was harvested (8000×g, 10 min), cells were
washed twice with 0.05 M sodium phosphate buffer
(pH 7.0) , suspended in 1 ml Z buffer (60 mM
Na2HPO4.7H2O, 40 mM NaH2PO4.H2O, 10 mM KCl,
1 mM MgSO4.7H2O, 50 mM β-mercaptoethanol) and the
Absorbance (A600) was recorded. SDS (0.1 %, w/v) 10 μl
and 40 μl chloroformwas added to the 1 ml of cell suspension
and mixed thoroughly (IKA Vortex, IKA, Germany) for
10 min at 28±2 °C, followed by the addition of oNPG
(200 μl, 10 mM) and incubated at 37 °C for 15 min.
Absorbance (A420) and (A560) were recorded after arresting
the reaction by adding 0.5 ml of 1 M Na2CO3. The β-
galactosidase activity (Miller units) was calculated according
to the formula (1):

Miller Unit ¼ 1000 � ðA420− 1:75 � A560ð Þ=T � v �A600 ð1Þ

[A600 nm – Absorbance of cells before assay; A560 -
Absorbance of cells debris after assay; A420− Absorbance of
o-nitrophenol (ONP) released; T = time of the reaction (min);
v = volume of original culture used (ml)].

Effect of chemicals/ solvents on cell permeabilization
for effective β-galactosidase activity

The chemicals (CTAB, SDS, Triton X-100, DMSO, tween 80)
and solvents (n-butanol, iso-propanol, acetone, ethanol and
toluene) were evaluated for their permeabilization efficacy
with reference to β-galactosidase activity. The selected mix-
tures of solvent (n-butanol and acetone, n-butanol and toluene,
n-butanol and isopropanol, n-butanol and ethanol, ethanol and
toluene, ethanol and isopropanol in addition, ethanol and
acetone) have also been evaluated for their permeabilization
efficacy. Cells were harvested (8000×g, 4 °C), washed twice
with 0.05M sodium phosphate buffer (pH 7.0) and the optical
density was adjusted to 5.5–6.0 at A600 with the same buffer.
Cells were permeabilized by adding equal volumes of 0.05 M
sodium phosphate buffer (pH 7.0) containing different con-
centration of chemicals or solvents, mixed thoroughly for
5 min at 28±2 °C. Effect of process parameters such as ratio
of permeabilizing agents, contact time was evaluated. In ad-
dition, effect of temperature, pH and storage on permeabilized
biocatalyst with reference to β-galactosidase activity was also
studied.

Enzyme assay for permeabilized biocatalyst

The permeabilized biocatalyst suspension was centrifuged
(8000×g 10 min, 4 °C) and β-galactosidase activity was
determined both in pellet and cell free supernatant. To

Table 1 Screening of different media components on β-galactosidase
production from L. plantarum MCC2156

Composition Gram (%, w/v)

M1 M2 M3 M4 M5 M6

Galactose 2 2 2 2 2 2

Yeast extract 1 1 1 1 1 1

Ammonium citrate 0.2 1 0 0 0 0

Sodium acetate 0.5 0 1 0 0 0

Dipotassium phosphate 0.2 0 0 1 0 0

Magnesium sulphate 0.01 0.01 0.01 0.01 0.01 0

Manganese sulphate 0.005 0.005 0.005 0.005 0.005 0
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appropriately diluted permeabilized biocatalyst or cell free
supernatant (50 μl), 750 μl of 0.05 M sodium phosphate
buffer (pH 7.0) followed by 200 μl oNPG [10 mM in
0.05 M sodium phosphate buffer (pH 7.0)] were added and
incubated in a temperature controlled shaking water bath
(100 rpm) at 50 °C, 10 min. Reaction was arrested by adding
1 ml of 1 M sodium carbonate and release of oNP was
measured at A420 nm. One unit of enzyme activity is defined
as the amount of biocatalyst (permeabilized cells/ cell free
supernatant) required to release 1 μmol of oNP per min under
the above assay conditions.

Transgalactosylation efficacy of permeabilized biocatalyst
using lactose

The transgalactosylation efficacy of permeabilized
biocatalysts for the synthesis of GOS using lactose as sub-
strate was carried out as described earlier (Gobinath and
Prapulla 2014). The GOS synthesis was carried out by incu-
bating lactose (40 %, w/v) in 0.05 M sodium phosphate buffer
(pH 7.0) with 10 U of biocatalyst/ ml of reaction mixture at
50 °C, in a shaking water bath (100 rpm) for 12 h. The reaction
was arrested by heating the reaction mixture for 10 min, at
95 °C. The reaction products were analysed by HPLC as
described earlier (Gobinath and Prapulla 2014).

Statistical analysis

Statistical analysis was performed by one-way ANOVA using
GraphPad InStat Version 3.06 (San Deigo, CA) and p<0.05
was considered to be significant.

Results and discussion

In the present study, we investigated the effect of various
nutrit ional factors and culture conditions on the
trangalactosylating β-galactosidase production from
L. plantarum MCC2156. In addition, permeabilization of
L. plantarum MCC2156 for use as whole cell biocatalyst (β-
galactosidase) was also evaluated.

Effect of media components on β-galactosidase production
from L. plantarum MCC2156

Among the various media screened, β-galactosidase produc-
tion was highest in medium 3 (M3) with defined components
followed by M1, M2, M4, M5 and M6 (supplementary
Fig. 1). Further, the concentration of individual components
of M3 medium was varied independently and optimized for
maximum β-galactosidase production. It is observed from the
results that the β-galactosidase production increased with an

increase in the concentration of galactose (Fig. 1), and yeast
extract (Fig. 2) and sodium acetate (Fig. 3) and the optimum
was found to be 4, 2 and 3 % (w/v), respectively, and a further
increase in concentration of all these components did not
significantly (p<0.05) affect the β-galactosidase production.

The role of carbon source on the induction of β-
galactosidase production vary among microorganism and in
our previous study, β-galactosidase production by
L. plantarumMCC2156 was highest when galactose was used
as carbon source (Gobinath and Prapulla 2014) which is in
accordance with other reports (Kim and Rajagopal 2000;
Laxmi et al. 2011). Not only the type of carbon source, but
also the concentration of the chosen carbon source plays an
important role in β-galactosidase production by microorgan-
isms (Fiedurek and Szczodrak 1994; Inchaurrondo et al.
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Fig. 1 Effect of galactose concentration on the production of β-
galactosidase from L. plantarum MCC2156. Cultivation medium con-
tains 1 % yeast extract, 1 % sodium acetate, 0.05 % MgSO4.7H2O,
0.001 % MnSO4.H2O and different galactose concentrations. Activity
measured after 16 h cultivation at 37 °C and expressed in miller units.
a,b,cDifferent alphabets above each concentration indicate significant dif-
ference (p<0.05)
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Fig. 2 Effect of yeast extract concentration on the production of β-
galactosidase from L. plantarum MCC2156. Cultivation medium con-
tains 4 % galactose, 1 % sodium acetate, 0.05 % MgSO4.7H2O, 0.001 %
MnSO4.H2O and different yeast extract concentrations. Activity mea-
sured after 16 h cultivation at 37 °C and expressed in miller units.
a,b,c,dDifferent alphabets above each concentration indicate significant
difference (p<0.05)
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1998). Our results evidenced that the β-galactosidase produc-
tion significantly (p<0.05) increased with an increase in the
concentration of galactose up to 6 % (w/v) (Fig. 1). However
an increase in the galactose concentration beyond 6% resulted
in a decrease in β-galactosidase production which could be
due to substrate inhibition. This observation is in accordance
with earlier reports (Sriphannam et al. 2012; Murad et al.
2011; Hsu et al. 2005).

Nitrogen source is not only essential for the growth of
microorganism but may also affect the biosynthesis of β-
galactosidase production (Hsu et al. 2005; Rao and Dutta
1977). Similar to the effect of varying concentration of galac-
tose, β-galactosidase production significantly (p<0.05) in-
creased upon increasing the yeast extract concentration up to
2 % and further increase did not have any significant effect
(Fig. 2). This observation corroborates with the earlier reports
of Murad et al. (2011) and Hsu et al. (2005).

From our results, sodium acetate containing medium (M3)
was found to have a significant effect on the enzyme produc-
tion when compared to ammonium citrate (M2) and di-
potassium hydrogen phosphate (M4) containing media (sup-
plementary Fig. 1). The β-galactosidase production signifi-
cantly (p<0.05) increased with an increase in sodium acetate
concentration upto 3 % and further increase did not result in
any significant change (Fig. 3).

Metal ions in the growth medium not only serve as co-
factors in various enzymatic reactions but are also important in
the regulation of the enzyme production (Priyadarshini et al.
2012). The effect of different metals ions on β-galactosidase
production have been carried out. β-Galactosidase production
was observed to be significantly (p<0.05) higher when
L. plantarumMCC2156 was grown in the medium containing

metal ions (Mg2+, Mn2+, Ca2+, K+ and Na+) as against the
production in the medium with no metal ions (supplementary
Table 1) which indicates the need of metal ions for the regu-
lation of the β-galactosidase production. Among the metal
ions, the presence of Mn2+ appears to have a pronounced
effect on β-galactosidase production as compared to other
metal ions.β-galactosidase production improved significantly
(p<0.05) upon increasing the Mn2+ concentration up to
0.075% and further increase did not result in added advantage
(Fig. 4). Rao and Dutta (1977) and Kumar et al. (2012) have
reported the positive effect of metal ions on β-galactosidase
production.

Effect of initial medium pH, incubation temperature
on β-galactosidase production and time course studies

The effect of initial medium pH (4.0 to 8.0) on β-
galactosidase production was studied and the maximum en-
zyme production was observed between pH ranges of 6.0 to
7.5. Many researchers have reported that an initial media pH
in the range of 6.0 to 7.0 to be best for β-galactosidase
production from lactic acid bacteria (Murad et al. 2011; Rao
and Dutta 1977; Hsu et al. 2005). Higher the initial medium
pH (8.0) resulted in decreased enzyme production by
L. plantarum MCC2156.

Maximum β-galactosidase production was observed when
L. plantarum was grown at incubation temperature of 35 °C.
Β-Galactosidase production was notably lower than that of
maxima when the incubation temperature was either lower or
higher than 35 °C. Hsu et al. (2005) and Murad et al. (2011)
have reported that the optimum incubation temperature was
found to be in the range of 30 to 40 °C for maximum enzyme
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Fig. 3 Effect of sodium acetate concentration on the production of β-
galactosidase from L. plantarum MCC2156. Cultivation medium con-
tains 4 % galactose, 2 % yeast extract, 0.05 % MgSO4.7H2O, 0.001 %
MnSO4.H2O and different sodium acetate concentrations. Activity mea-
sured after 16 h cultivation at 37 °C and expressed in miller units.
a,b,c,dDifferent alphabets above each concentration indicate significant
difference (p<0.05)
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Fig. 4 Effect of MnSO4.H2O concentration on the production of β-
galactosidase from L. plantarum MCC2156. Cultivation medium con-
tains 4 % galactose, 2 % yeast extract, 3 % sodium acetate and different
MnSO4.H2O concentrations. Activity measured after 16 h cultivation at
37 °C and expressed in miller units. a,b,c,dDifferent alphabets above each
concentration indicate significant difference (p<0.05)
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production from lactic acid bacteria. The same trend was
observed for β-galactosidase production by L. plantarum
MCC2156.

Under optimized medium conditions (w/v) [galactose
(4 %), yeast extract (2 %), sodium acetate (3 %), manganese
sulphate (0.075 %)] with an initial medium pH of 7.0, at
35 °C, nearly a two fold increase in β-galactosidase produc-
tion from L. plantarum MCC2156 was observed during the
time course studies. A progressive increase in β-galactosidase
production was observed with an increase in incubation time
and reached maximum by 14–16 h, after which it decreased
(Fig. 5). During the β-galactosidase production, the growth
increased gradually and reached maximum after 14 h of
incubation, whereas, the pH of the medium declined from
7.0 to 3.9.

Permeabilization of L. plantarum MCC2156 for maximum
β-galactosidase activity

The process of permeabilization is useful in facilitating the
utilization of intracellular enzymes or transforming microbial
cells into biocatalysts (Somkuti et al. 1998). Surfactants, de-
tergents or organic solvents such as toluene, ethanol, acetone,
CTAB and SDS are the most commonly used permeabilizing
agents (Kumari et al. 2012; Panesar et al. 2007; Krishnan et al.
2000; Sekhar et al. 1999; Somkuti et al. 1998). In our study,
among the various chemicals/ solvents tested individually,
maximum permeabilization with reference to β-
galactosidase activity was achieved with organic solvents
(Fig. 6a). Among solvents used, ethanol and n-butanol
showed higher (p<0.05) permeabilization in terms of β-
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Fig. 6 a Screening of different chemicals and solvents on
permeabilization of L. plantarum MCC2156 cells for maximum whole
cell β-galactosidase activity. b Mixture of selected organic solvents on
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galactosidase activity. Further, among the combination of
selected solvents tested, ethanol (40 %, v/v): n-butanol
(40 %, v/v) and n-butanol (40 %, v/v): acetone (40 %, v/v) in
the ratio of 1:1 resulted in a significant (p<0.05) increase inβ-
galactosidase activity of 530±15 U/gDW and 512±11
U/gDW, respectively (Fig. 6b). This result correlates with
the earlier studies on the use of mixture of organic solvents
on yeast cells permeabilization for β-galactosidase activity
(Kumari et al. 2011; Siso et al. 1992). Based on the results,
combination of ethanol and n-butanol were chosen for further
experiments. The effect of varying concentration of these two
solvents was studied. Amongst the different concentrations of
ethanol and n-butanol mixture studied, mixture of ethanol
(10 %, v/v) and n-butanol (30 %, v/v) in the ratio of 1:1 was
found to effectively permeabilize the whole cells resulting in
maximum β-galactosidase activity (574±9 U/gDW) with a
short span of 10 min contact time (Fig. 7). The results also
indicated that an increase in contact time with the
permeabilizing agents decreased the β-galactosidase activity,
which could be due to the partial inactivation of enzyme due
to longer exposure to solvents (Kumari et al. 2012; Krishnan
et al. 2000; Sekhar et al. 1999).

Effect of pH and temperature on activity and stability of whole
cell biocatalyst (β-galactosidase activity)

The effect of pH onβ-galactosidase activity was studied using
various buffers in the range from pH 3.0 to 9.0 and the
optimum pH was found to be 7.0. The pH stability was
determined by incubating the permeabilized biocatalyst at
various buffers pH range of 3.0 to 9.0 at 28±2 °C for
60 min. Samples were taken every 15 min and the residual
activity (%) was measured. β-Galactosidase was found to
stable in the pH range of 5.0–8.0 even after 60 min incubation
(Fig. 8) but 56 % activity was lost at pH 9.0 and the activity
was completely lost at pH 3.0 and 4.0 within 10 min.

The effect of temperature on β-galactosidase activity was
studied in the range of 30–60 °C and the optimum temperature

for β-galactosidase activity was found to be 50 °C.
Temperature stability was determined by incubating the en-
zyme in 0.05 M sodium phosphate buffer (pH 7.0) at different
temperatures. Samples were taken every 15 min and the
residual activity was measured. The enzyme was stable in
the range of 30–45 °C but slight decrease (17%) in the activity
was observed at 50 °C after 60 min. The enzyme was not
stable both at 55 and 60 °C but the inactivation was observed
to be rapid at 60 °C (Fig. 9).

Permeabilized L. plantarum MCC2156 was kept at 4 °C
and 28±2 °C for a period of 60 days to evaluate the storage
stability. Samples were withdrawn every 24 h, centrifuged and
suspended in 0.05 M sodium phosphate buffer (pH 7.0) and
the β-galactosidase activity was determined as mentioned in
the enzyme assay section. β-Galactosidase was stable and
there was no apparent loss in activity at 4 °C but 50 % loss
in activity was observed after 45 days of storage at 28±2 °C.

Synthesis of GOS

Transgalactosylation efficacy of permeabilized biocatalyst
was carried out using lactose (40 %w/v) as substrate, which
resulted in an yield of 34 % (w/w) GOS at 12 h of reaction

400

440

480

520

560

600

0 5 10 15 20 25 30 35 40 45

U
/g

 D
W

Time (min)

Fig. 7 Effect of contact time on β-galactosidase activity. Cells incubated
ethanol (10 %): n-butanol (30 %) mixture in 1:1 ration at 28±2 °C.
Activity expressed per gram dry weight (U/gDW) basis

0

20

40

60

80

100

120

0 10 20 30 40 50 60

R
es

id
ua

l a
ct

iv
it

y 
(%

)

Time (min)

pH 3 pH 4 pH 5 pH 6
pH 7 pH 8 pH 9

Fig. 8 Effect of pH on the stability of β-galactosidase activity in the
permeabilized cells of L. plantarumMCC2156

0

20

40

60

80

100

120

0 10 20 30 40 50 60

R
es

id
ua

l a
ct

iv
it

y 
(%

)

Time (min)

30 35 40 45
50 55 60

Fig. 9 Effect of temperature on the activity of β-galactosidase activity in
the permeabilized cells of L. plantarum MCC2156

6008 J Food Sci Technol (September 2015) 52(9):6003–6009



accounting to about 80 % of lactose conversion. The GOS
mixture was composed (w/w) of non-lactose disaccharides
(12–13 %), trisaccharides (16–17 %) and tetrasaccharides
(3–5 %) which is comparable to our earlier findings
(Gobinath and Prapulla 2014). The results indicated that the
permeabilization did not have any adverse effect on either
transgalactosylating or hydrolysing efficacy of β-
galactosidase from L. plantarum MCC2156.

In conclusion, the present communication details the opti-
mization of nutritional parameters forβ-galactosidase produc-
tion by potent probiotic L. plantarum MCC2156 and perme-
abilization of L. plantarum for use as whole cell biocatalyst.
Nearly two fold increases in intracellular β-galactosidase
activity was obtained after optimization. A mixture of ethanol
(10 %, v/v): n-butanol (30 %, v/v) in the ratio of 1:1 with a
contact time of 10 min at 28±2 °C was found to be most
effective for the permeabilization of L. plantarum with max-
imum β-galactosidase activity. The permeabilized biocatalyst
yielded 34 % (w/w) GOS from 40 % (w/v) of initial lactose
concentration corresponding to about 80 % lactose conver-
sion. The results obtained have been encouraging and may
thus be a solution to the disadvantages associated with intra-
cellular enzyme such as extraction and purification. The study
could further lead to the development of a low-cost and simple
technology for the production of galacto-oligosaccharides, a
prebiotic of great demand.
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