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Abstract:The production of â-galactosidase by Lactobacillus acidophilus NRRL 4495 was studied.
The highest yield of intracellular â-galactosidase was achieved using acid whey (3.5%) as carbon
source after 48h fermentation. Ammonium sulphate (3%) was the best nitrogen source. Addition of

2MnCl  at 0.02M optimized the production of the enzyme. In addition, the activity reached 51.46U/g
cells when the temperature of the fermentation optimized at 40°C. The highest â-galactosidase activity
was obtained by using mechanical disintegration of cells by mortar with sterile sea sand under cooling. 
By studying some properties of the produced enzyme, the enzyme activity was optimum at 40°C and
pH 7.0. In absence of substrate and up to 45°C the enzyme was highly stable, at least for 60 min,
retaining 83% of its original activity.
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INTRODUCTION

The enzyme â-galactosidase (lactase, EC3.2.1.23) catalyzes the hydrolysis of lactose to glucose and
galactose. This enzyme is industrially important because it can be used to avoid lactose crystallization in
sweetened, condensed and frozen dairy products such as ice-cream and condensed milk and solve problems
associated with whey utilization and disposal. In addition, â-galactosidase is used to avoid the problems of
lactose intolerance by individuals who are deficient in lactase (Artolozaga et al., 1998). New applications for
â-galactosidase, such as in the production of biologically active galacto-oligosaccharides, have also been
reported in the literature (Albayrak and Yang, 2002., Boon,et al., 2000).

Commercial â-galactosidases are produced from yeasts such as Kluyveromyces lactis and Kluyveromyces

marxianus (formerly known as Kluyveromyces fragilis and Saccharomyces fragilis), and moulds such as
Aspergillus sp. and Rhizomuor sp. (Barbosa and silva, 1985; Santos et al., 1998; Shaikh et al., 1997).   

Whey is the aqueous fraction of milk generated as a by product of cheese manufacturing which is
produced in large amount. The main solute in cheese whey is lactose, present at a concentration of about 3-8%
(Speer, 1998). Other components are protein, salts and vitamins that are present in minor amounts. The low
concentration of these components makes their recovery uneconomical. Because of its high organic content,
dumping directly to the environment causes serious contamination problems. As a solution, bioconversion of
whey into useful metabolites as single cell protein, ethanol or enzymes has been performed in several works
(Mawson, 1994; Gonzales Siso, 1996; Grba, et al., 2002; Moeini, et al., 2004; Eliwa, and El-Hofi, 2010). 

The aim of the present work was to identify the culture conditions that supported â-galactosidase
production by the strain Lactobacillus acidophilus NRRL 4495 using inexpensive materials, (whey), and some
properties of the enzyme produced were determined.

MATERIALS AND METHODS

Microorganism:

The organism used was Lactobacillus acidophilus NRRL 4495, obtained from American Type Culture
Collection, USA. The culture was maintained on potato dextrose agar medium at 28ºC for 48 hr and stored
at 4ºC.
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Whey:

Al Abour Shees Factory – Egypt.

Media:

Medium I: the following inoculum  medium was used with  the following composition (final concentrations
4 2 4 2 4 2 4in g/l): 10g of lactose, 10g of peptone, 10g of yeast extract, 5g of (NH ) SO , 3g of K HSO , 1g of KH SO

4 2and 0.5g of MgSO .7H O (pH 7.0) ( Onishi et al; 1995). 
Medium II: the following fermentation medium was composed as the same of medium 1 except lactose

was 30g/l. Lactose or whey (equal to 3% lactose) were autoclaved separately.
Fermentation was performed in 250-ml Erlenmeyer flask each contained 50 ml of the medium. A loopful

of Lactobacillus acidophilus cells sub-cultured on a potato-dextrose agar slope was inoculated into medium
I and cultivated at 30ºC for 24hr on a rotary shaker. Then flasks of medium II were inoculated with about 5
% (v/v) vegetative cell suspension and flasks were then incubated at 28ºC on a rotary shaker 180 rpm for
different incubation period.

Optimization Studies:

Incubation periods range from 1 to 4days. The effects of the addition of various carbon source, organic
and inorganic nitrogen, initial pH of the medium and some additives were evaluated in relation to enzyme
yield. Detailed culture conditions are specified in Results and Discussion. The experiments were conducted in
triplicate, and the results are the average of these three independent trials.

Extraction of Intracellular Â-galactosidase Enzyme from Lactobacillus Acidophilus NRRL 4495:

For the determination of â-galactosidase activity, the microbial cells were first harvested by centrifugation
(10,000xg for 10 min at 4ºC). After washing twice with 0.1 M sodium phosphate buffer (pH 6.8), they were
suspended in phosphate buffer. Different chemical and mechanical methods were used to permeabilize and/or
disrupt cells prior to the assay of intracellular â-galactosidase. Hence, the effect of these methods on enzyme
activity was determined.

Vortexing cells with glass beads: cell suspensions were vortexed at 4ºC with glass beads (1mm diameter)
in a 30 ml glass tube. Vortexing continued for 10 min and the resulting mixture was centrifuged at 4000xg.
The supernatant was used for the enzyme assay (Song and Jacques, 1997). 

Sonication: the cell suspensions were sonicated on ice in glass tubes using a Branson Sonic Power
Sonicator (48 Bransonic Power,40W, 30 sec with 30 sec cooling periods) for 4min.Then they were centrifuged
at 4000xg for 20min and the supernatant was used for measuring â-galactosidase activity (Song and Jacques, 
1997).

Extraction with chloroform: chloroform at a concentration of 2% was used to treat cell suspensions for
10h at 30ºC. The extraction mixtures were centrifuged at 7000xg for 5min at 4ºC, and the supernatant were
assayed for â-galactosidase activity (De Bales and Castillo, 1979). 

Grounding with mortar: The release of active enzyme was carried out by grounding the cells with sterile
sea sand in mortar under cooling conditions. All the supernatant described served as the enzyme source. Also,
the enzyme activity was determined extracellular in the culture filtrate. 

Enzyme Assay:

â-galactosidase activity was then assayed essentially according to the method described by (Hsu et al.,
2005). The reaction mixture was composed of 0.5ml of enzyme source and 2ml of 3mM O-nitrophenyl â-D-
galactopyranoside (OPNG) in 0.1M sodium phosphate buffer (pH 7.0). After 10 min at 37ºC, 2.0 ml of 1M
sodium carbonate was added to the reaction mixture to stop reaction. Absorbance was measured at 420nm with
a spectrophotometer (Model Bauch & lomb).

A unit of â-galactosidase was defined as the amount of enzyme catalyzing the formation of 1μ mol of O-
nitrophenyl per g dry cells per min under the assay condition.

RESULTS AND DISCUSSION

Effect of Time Course:

The time course of â-galactosidase production and growth for a period of 4 days is shown in Figure 1.
Growth of the test organism increased gradually as the fermentation started and reached a maximum after 48h
of cultivation (0.21g/ flask). Thereafter, the growth decreased. During the fermentation, the pH of the medium
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declined from 7.0 at the beginning to 5.5 after 4 days of fermentation. On the other hand, â-galactosidase
activity increased with  increasing the fermentation time, reached its maximum of 8.56 U/g after 48h
fermentation, after which the level of â-galactosidase activity decreased. â-galactosidase activity in the culture
filtrate was negligible, therefore the enzyme was intra-cellular.

Fig. 1: Effect of time course on the growth and â-galactosidase synthesis by Lac. acidophilus NRRL-4495. 

Effect of Carbon Source on the Growth and â-galactosidase Production:

Acid whey, sweet whey, lactose, glucose and galactose were used to determine the effect of this different
carbon sources on â-galactosidase production. Growth and â-galactosidase detected in the  cultures were shown
in Figure 2. It was found that the growth was higher in culture contain either glucose or galactose as the sole
carbon source but the highest â-galactosidase activity (12.29U/g) detected with acid whey followed by sweet
whey and lactose (9.83 and 8.6U/g) respectively. Our results were compatible with those reported by some
authors (De Bales and Castillo, 1979; Barbosa and Silva, 1985; Nahvi and  Moeini 2004; Eliwa and El-Hofi,
2010). On the other hand, Hsu et al., 2005 reported that lactose is considered the best carbon source to induce
the maximum production of â-galactosidase while glucose is a poor inducer. Our results were different from
the report of Kim and Rajagopal, (2000) which indicated that L. cripatus grown in medium containing
galactose showed the highest â- galactosidase activity followed by moderate levels of enzyme production on
lactose.

Fig. 2:  Effect of carbon sources on the growth and â-galactosidase synthesis by Lac. acidophilus NRRL-4495

Concentration of carbon source in the medium may affect the expression of â-galactosidase by
microorganisms (Fiedurek and Szczodrak, 1994; Hsu et al; 2005; Inchaurrondo et al., 1998). As shown in
Figure 3, the growth of the test organism ranging between 0.16 and 0.25 g/flask in the culture originally
containing acid whey equal to 2-4% lactose, on the other hand higher concentration (5, 6%) led to decrease
in the final growth. â-galactosidase activity increased as the concentration of acid whey in the medium was
increased up to 3.5% (as lactose) giving 12.9U/g. Further increasing the lactose content in acid whey resulted
in the reduction of â-galactosidase activity. A similar phenomenon was observed by Fiedurek and Szczodrak,
1994 who investigated the biosynthesis of â -galactosidase by K. fraglis. The decreased in â -galactosidase
activity in the medium containing 5% or more lactose may be attributed to the increased concentration of
internally released glucose which represses biosynthesis of â -galactosidase by test organism ( Inchaurrondo 

et al.,1998). Furthermore, Hsu et al., 2005 demonstrated that 4% lactose was sufficient to induce the highest 

expression of â -galactosidase.
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Fig. 3: Effect of acid whey concentrations on the growth and â-galactosidase synthesis by Lac. acidophilus

NRRL-4495.

Effect of Different Nitrogen Source on the Production of â -galactosidase:

Nitrogen sources may affect microbial biosynthesis of â–galactosidase (Hsu et al., 2005; Shaikh et al.,
1997; Ramana Rao and Dutta, 1977). Growth of L. acidophilus NRRL4495 after 48h of fermentation in the
media containing different nitrogen sources are shown in Figure 4. It was shown that the final growth was
ranging from 0.11 – 0.7 g/flask depending on the nitrogen source. A noticeable variation in the activity of â
-galactosidase, ranging from 2 to 22U/g cells, was also detected in the cultures with different nitrogen sources.

4 2 4(NH ) SO  was found to support the highest production of â -galactosidase of L. acidophilus NRRL 4495.Using
4 2 4different concentration of (NH ) SO  in the medium was also found to affect the enzyme activity (Table1). 

4 2 4It increased upon increasing the (NH ) SO  concentration up to 3.0% (38.5U/g cells). A sharp reduction in the
4 2 4activity of â -galactosidase was recorded with further increasing of (NH ) SO  content in the medium (22. 9U/g

cells) accompanied with reduction in the growth of organism. Eliwa and El-Hofi, (2010) and Moeini et al.,
(2004), reported that the enzyme â-galactosidase was maximally produced when ammonium sulphate were
employed.

Fig. 4: Effect of nitrogen sources on the growth and â-galactosidase synthesis by Lac. acidophilus

NRRL-4495.

Effect of Initial pH on the Production of â -galactosidase:

At an initial pH 4.0, â -galactosidase activity was found to be 8U/g cells and increasing as the initial pH
of the culture medium increased, reaching a maximum of 38.5U/g cells at pH 7.0 (Figure 5). Higher initial
pH values resulted in a sharp reduction in the production of â -galactosidase by the test organism although
the final growth increased (0.4 g/flask).
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Fig. 5: Effect of initial pH on the growth and â-galactosidase synthesis by Lac. acidophilus NRRL-4495.

Effect of Some Supplements:

The effect of addition of some metal ions to the culture medium on â -galactosidase Activity were shown
2in Table 2. MnCl  at 0.02M concentration exerted a slight stimulatory effect and caused 8% increase in the

activity over the control. The other salts had adverse effects on enzyme production. These results were accord
with those reported for other strain (Ibrahim et al., 2009). This indicates that the levels of these salts in whey
were sufficient (Ramana Rao and Dutta, 1977).

2 4Table 1: Effect of (NH4) SO  concentrations on the growth and â-galactosidase production by Lac. acidophlus NRRL-4495.
4 2 4 (NH ) SO (%) Final pH Growth (g/flask) Activity (U/g)

1 4.0 0.180 18.0
1.5 4.4 0.182 18.2
1.9 (control) 4.5 0.184 22.0
2.4 4.0 0.194 32.2
3.0 4.5 0.190 38.5
3.5 4.4 0.180 22.9

Table 2: Effect of the addition of some supplements on the growth and â-galactosidase production by Lac. acidophilus NRRL-4495.

Salts Salt concentration (M )
-----------------------------------------------------------------------------------------------------------------------------------------------------------

At 0.01M At 0.02M
---------------------------------------------------------------- -----------------------------------------------------------------------
Final pH Biomass growth U/g Final pH Biomass growth U/g

2 2M gCl .6H O 0.15 17.0 5.0 0.19 19.765.1

2. 2M nCl 4H O 5.0 0.15 29.0 5.1 0.22 41.60
KCl 5.0 0.15 17.0 4.8 0.14 18.72
NaCl 5.0 0.15 21.0 4.6 0.13 21.80

2CaCl 0.15 15.0 4.9 0.13 15.605.0
Control 5.2 0.23 38.5 4.9 0.23 38.50

Effect of Temperature on the Production of â -galactosidase:

â-galactosidase activity at 40ºC was significantly higher than that detected at other cultivation temperatures
(51.46U/gcells) (Figure. 6) but the final growth was lower. Further increases in the cultivation temperature led
to reduction of enzyme production. These observations agree more or less with Hsu et al., (2005) who found
that the optimum was at 37ºC for Bifidobacteria â -galactosidase production.

Effect of Cell Disintegration Methods:

Cell disintegration is an important procedure applied in the production of intracellular â-galactosidase
enzyme from L. acidophilus. The results indicated that the highest â-galactosidase activity obtained by using
mechanical disintegration of cells by mortar (51.46 U/g) as shown in Figure 7. Similar results were obtained
by other authors (Fiedurek and Szczodrak, 1994; Numanoglu and Sungur, 2004), who found that highest yield
was obtained by mechanical disintegration of cells by mortar because of the probable risk of chemical toxicity
accompanied with the chemical methods (Numanoglu and Sungur, 2004). Also Eliwa and El-Hofi,2010  found
that permeabilization treatment to release the enzyme in a good yield was noticed when homogenization in a
mortar with sterile sea sand under cooling was employed as compared with chemical treatment .Sonication was
found to be unsuitable for cell disruption. This might be because of the incomplete disruption of cell wall since 
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Fig. 6: Effect of temperature on the growth and â-galactosidase synthesis by Lac. acidophilus NRRL-4495.

Fig. 7: Effect of cell disintegration methods on enzyme activity biosynthesis by Lac. acidophilus NNRL 4495

SO: Sonictor, CH: Chloroform, M&P: Mortar&Pestle, GB: Glass beads

â-galactosidase is a large enzyme and complete disruption of the cell and its cell wall is necessary to liberate
the enzyme from the cell debris. Another reason for obtaining low enzyme activity units in sonication might
be the significant heat emerging from the absorption of sonication energy into suspensions, probably leading
to enzyme inactivation (Dagbagli and Goksungur, 2008).

Some Properties of the Crude Bacterial â –galactosidase:

The optimum pH for the activity was neutral (pH 7.0) (Figure 8a). In contrast, under acidic condition (pH
6) or alkaline condition (pH 8) the activity decreased to 65% and 75.9% respectively.

The effect of incubation temperature on the activity of â-galactosidase in the crude extraction is shown
in Figure 8b. The activity was optimum at 40ºC (98 U/g) but below 37ºC and over 50°C the activity
decreased. Many investigations recorded that the optimum temperature was 37 - 40ºC and the optimum pH
was 7 - 7.5 with different organisms (De Bales and Castillo, 1979; Rabiu, et al., 2001; Tzortzis  et al., 2005). 

Thermal stability of â-galactosidase enzyme was one of the most important criteria with respect to
applications. In this study, after heating the crude enzyme solution in the absence of its substrate, at 45 and
50ºC for 30 min it still retained about 83 % and 61% respectively of its original activity and also retained 83%
of its activity after 60 min at 45ºC. On the other hand, the activity dropped to 20% after heating at 55ºC for
60 min (Table 3).

Table 3: Thermal stability of â-galactosidase enzyme prepared from Lac. acidophilus NRRL-4495.
Time of exposure (min) Recovered of â-galactosidase activity (%)

--------------------------------------------------------------------------------------------------------------------------------------------
Temperature (ºC) 5 10 15 30 45 60
40 100 100 100 99 98 98
45 96 92 83 83 83 83
50 85 84 76 61 55 30
55 50 40 30 20 20 20
60 20 20 18 18 18 17
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Table 4: pH stability of â-galactosidase enzyme prepared from Lac. acidophilus NRRL-4495.
Time of exposure (min) Recovered of â-galactosidase activity (%)
pH   Value ---------------------------------------------------------------------------------------------------------------------------------------------

10 20 30 45 60 120
5 34.4 29 27.4 25.4 15 10
6 93.0 91 68.0 60.0 56 56
7 100.0 91 73.0 65.0 63 63
8 92.0 86 66.0 61.0 60 60

Fig. 8a,b: Effect of different pH and temperature values of the reaction mixture on the crude â-galactosidase
by Lac. acidophilus NRRL 4495.

The result in Table 4 showed that the stability of the enzyme was affected by pH. The enzyme was stable
between pH 6 - 8 till 20 min and still more than 55% of its activity after 120 min, on the other hand the
enzyme lost most of its activity (85%) after 60 min at pH 5.0 and no activity at pH 4.0.

Collectively, these results may justify the suitability of the bacterial strain Lactobacilus acidophulus NRRL
4495 for commercial production of â-galactosidase, using inexpensive materials. Application of this enzyme
for galactooligosaccharide and lactulose production with whey is being investigated.
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