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ABSTRACT 
 
 β-Galactosidase is an important enzyme for the hydrolysis of lactose in milk and other by-products of dairy 
industry such as whey and for the synthesis of galacto-oligosaccharides known for their prebiotic properties. In 
the present study aimed to isolate specific bacteria have the ability to produce β-galactosidase enzyme using 
different sources such as: commercial cow milk, commercial yogurt and agricultural soil .Fifty two isolates were 
obtained from different sources, qualitatively ,24 isolates have ability to produce β-galactosidase. One isolate 
was selected quantitatively(which giving highest enzymatic activity) and used for further extraction, partial 
purification and characterization of intracellular β-galactosidase from Bacillus subtilis which obtained from 
local agricultural soil. The media containing lactose and yeast extract was used for growth and enzyme 
production. The enzyme was Precipitated by ammonium sulphate then, fractionation and Native-PAGE 
electrophoresis were carried out. The obtained molecular weight was 120kDa and Optimum enzymatic activity 
was found at 35oC and pH 8.0. Further enzyme activity was enhanced in the presence of monovalent ions such 
as (0.1-10mM) Na+,(0.1-10mM) K+ ,divalent metal ions such as (0.1 and 1.0 mM) Mg++, 0.1mM Mn++, 0.1mM 
Ca++, (0.1-10mM) Fe++and 0.1mM acetylcystein , while it was decreased by (0.1-10mM )Iodine ,0.1mM 
EDTA,0.1mM Hg++,0.1mM Cu++, 1mM acetylcystein and 0.1mM Iodoctic acid moreover it was inhibited by (1-
10mM) EDTA, (1-10mM) Hg++, (1-10mM)Cu++,(1-10mM)Iodocetic acid,10mM Acetylcystein and (0.1-
10mM)Ag+. The enzyme was stable at 30-35 oC for 120 min and pH 8.0 for 30 min and 8.5 for 10 min . From 
the result, we concluded that Bacillus subtilis is the most active isolate giving intracellular b-galactosidase, 
which is stable at 30-35°C for 120 min and pH 8 for 30 min and 8.5 for 10 min. 
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Introduction 
  
 β-Galactosidase (EC.3.2.1.23) is an important enzyme in the food and pharmaceutical industry. The enzyme 
hydrolyzes the lactose into monosaccharides, glucose and galactose. It is used in the preparation of lactose 
hydrolyzed milk suitable for lactose intolerant people (Kaur, et al,2006, Patil, et al,2011). 
 Lactose hydrolysis is required for reasons related to health, food technology and environment. Concerning 
the health issue, lactose becomes a problem when there is insufficient intestinal lactase(β-galactosidase) 
production. As a result of lactose indigestion it is converted into acids and CO2 through fermentation by 
intestinal microflora causing giddiness, headache and nausea. Because of this problem the reduction of lactose 
content in the milk and dairy products is of prime importance and the enzyme is commercially used for this 
purpose (Amir &Whorwell, 2009). 
 From the food technology view point, high lactose content in non-fermented milk products such as ice-
cream and condensed milk, can lead to excessive lactose crystallization resulting in products with mealy, sandy 
or gritty texture. From the environmental perspective, lactose is associated with high biological and chemical 
oxygen demand for treatment on sewage disposal plants (Saurez & Saviaiano,1997, Domingues, et al,2005). 
 New applications for β-galactosidase such as in the recovery of biologically active oligosaccharides from 
milk have been described in the literature ,β-Galactosidase is known for its transgalactosylation activity. The 
hydrolysis of lactose occurs predominantly at low lactose concentrations, while oligosaccharide production by 
transgalactosylation increases with increasing concentration of lactose. Galacto-oligosaccharides (GOS) when 
taken orally promote the growth of Bifidobacterium sp in the large intestine which leads to the improvement of 
microflora and suppression of putrefaction in the gut (Prenosil, et al, 1987, Hsu, et al., 2007). 
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 Earlier researchers have used β-galactosidase from various sources for the preparation of low lactose milk 
and dairy products (Agarwal, et al,1989). β-Galactosidase from E. coli is one of the thoroughly studied enzymes 
since the lac operon played main role in elucidating the genetic control of gene regulation in E. coli. β-
Galactosidase is also being used as reporter enzyme in the cloning and expression of proteins 
(Asraf&Gunasekaran,2010) In the present study data on characterization of partially purified β-galactosidase 
with regard to effect of pH, temperature and metal ions are studied. 
 
Materials and Methods 
 
Bacterial strain, culture media and growth conditions:  
 
 The bacterial strain Bacillus subtilis which used in this study was obtained from agricultural soil, was 
grown on nutrient agar medium (Oxoid) by incubation at 37˚C for 24 hours, cultivated on nutrient 
broth(cultivated broth),the enzymatic activity was checked and stored (800µl of the cultivated broth and 200µl 
of 70% glycerol) at-20˚C (Patil, et al,2011). Other culture medium was used to determine the optimal conditions 
for β-galactosidase activity which was : Lactose 5g, yeast extract 10g, pH of the medium 7.0 and the incubation 
temperature at 30°C for 48 hours (Korsten&Cook,1996).  
 
Precipitation of crude enzyme:  
 
  Precipitation of crude β-galactosidase produced by Bacillus subtilis was carried out by using different 
concentrations of ammonium sulphate (NH4)2SO4 according to (Batra, et al, 2002). Briefly, grown cells were 
harvested in a cooling centrifuge at 4,000Xg then washed three times with cold 0.1 M phosphate(pH 6.5) buffer, 
resuspended to a volume of 50 ml, 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 (in a cooling centrifuge) for 20min (Song and Jacques,1997), and then the cell extract was 
precipitated at 4°C with ammonium sulfate (10–90%), the precipitated protein was resuspended in certain 
amount of Z- buffer (Miller,1972) and stored at 4°C until used(stock enzyme). 
 
Enzyme assay: 
 
 The reaction mixture containing 500 μL of 6 mM O-Nitrophenly β-D-galactoprynoside (ONPG) in 0.05 M 
phosphate buffer (pH 7) and 200 μl of enzyme solution(stock enzyme) was incubated for 30 min at 37°C. The 
reaction was ended by adding 0.5 ml of 1M Na2CO3 and the concentration of o-nitrophenol (ONP) released 
from ONPG was determined by measuring the absorbance at 420 nm, using a standard calibration curve. One 
unit of β-galactosidase activity (U) was defined as the amount of enzyme that liberates 1 μ mole ONP per 
minute under assay conditions (Miller, 1972). 
 
Assay of protein concentration: 
 
 The protein concentration was determined by the Lowry method by using bovine serum albumin used as a 
standard (Lowry, et al., 1951). 
 
Determination of molecular mass: 
 
 The molecular mass of the partially purified β-galactosidase was determined by comparison with marker 
proteins using Native-PAGE as described by (Laemmli, 1970). Molecular weight standard (Sigma) was used for 
gel calibration, and proteins were visualized by Coomassie Brilliant Blue (Sigma). 
 
Effect of pH on the enzymatic activity and stability: 
 
 The effect of pH on β-galactosidase activity was investigated at 30°C for 30 min. pH ranged from 5.0-9.0 
by using 6N HCl and //or 6N NaOH (Yin, et al,2009). In addition, the effect of pH on the stability of the partial 
purified enzyme was determined by preincubated the enzyme at different pH ranged from 5.0-9.0 for different 
incubation time (0-90 min). 
 
Effect of temperature on the enzyme activity and stability: 
 
 The optimal Temperature was determined over the range of 20–50°C by incubating for 30 min in Z -buffer. 
The thermal stability was estimated by incubating the enzyme at 30°C -60°C for different incubation time (0-
120 min). 
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Effects of various metal ions on the enzyme activity: 
 
 The effect of some metal ions (Na+, K+, Ag+, Mn2+, Fe2+, Mg2+, Ca 2+, Cu2+ and Hg2+) and some inhibitors 
(EDTA, iodocetic acid and acetylcystein) on β-galactosidase activity was tested by incorporating different 
concentrations of each (0.1, 1.0 and 10.0mM) into a reaction mixture during normal enzyme assay. 
 
Results and Discussion 
 
Precipitation of crude enzyme obtained from Bacillus subtilis by different concentrations of ammonium 
sulphate: 
  
 β-galactosidase produced by Bacillus subtilis was precipitated by using different concentrations of 
ammonium sulphate (Table 1). 
 
Table 1: Precipitation of crude enzyme β-galactosidase produced by Bacillus subtilis.  

Ammonium sulphate 
concentration (%) 

Total enzymatic 
activity (UI/ml) 

Total protein 
(mg/ml) 

Specific 
enzymatic 

activity (UI/mg) 
Recovery (%) 

Purification fold 
number 

Crude enzyme 1390 1036 1.341 100 1.00 
10-20 230 453 0.507 16.5 0.378 
20-40 961 569 1.692 69.1 1.261 
40-60 1251 216 5.791 90.0 4.318 
60-90 320 389 0.822 23.02 0.612 

 
 The data in table 1, showed that, the crude enzyme was precipitated by using different concentrations of 
ammonium sulphate (10-90%). the best concentrations was 40-60%,which giving specific enzymatic activity 
5.791 UI/mg and the obtained recovery was 90% which reached the number of purification folding up to 4.318. 
 In this connection Patil, et al., (2011) stated that the enzyme was extracted by conventional ammonium 
sulphate precipitation. The 40-60% fraction revealed maximum enzymatic activity for Bacillus MTCC-864. 
While Barta, et al., (2002), stated that the best ammonium sulphate concentrations between 30-70% for Bacillus 
coagulans RCS3. Mozumder ,et al.,(2012) reported that the perfect concentration was 80% for Lactobacillus. 
Also, El-Hofi et al., (2011) found that the best concentration of ammonium sulphate was 50-60% to get on 
maximum specific enzymatic activity from Durio zibethinus. 
 
Molecular mass of partial purified β-galactosidase: 
 
 The molecular mass of partial purified β-galactosidase from Bacillus subtilis was detected by Native-PAGE 
(Figure 1). The result showed that, there were 4 molecular masses (120 kDa, 55kDa, 40kDa and 27.3kDa, 
respectively) and the expected molecular mass of β-galactosidase is approximately 120 KDa. 
 This result is almost similar to Van Casteren ,et al., (2000) who purified β-galactosidase from Aspergillus 
aculeatus for its hydrolytic activity towards (modified) exopolysaccharides (EPSs) produced by Lactococcus 
lactis subsp. cremoris B39 and B891. It found that, the enzyme had a molecular mass of approximately 120 
kDa. 
 
Characterization of Partial purified β-galactosidase: 
 
Effect of temperature on the enzymatic activity: 
 
 The temperature dependence of enzymatic activity was measured by assaying the enzyme samples over the 
temperature range of 20−50°C for 30 min (Figure 2). 
 Data showed that, the enzymatic activity was maximum (reached to 1209UI/ml) at 35°C then it was 
decayed up to 50°C (reached to 65UI/ml). 
 Tryland and Fiksdal,1998 reported that the rang of highly enzymatic activity was ranged from 35-44°C for 
10 min. Hsu, et al., (2007) found that the enzyme stable up to 40°C. 
 
Effect of thermal stability on the enzymatic activity: 
 
 The thermal stability of the partial purified enzyme was determined by storing the enzyme suspension at 
different temperature ranged from 30-60°C for different times ranged from zero time up to 120 min (Table 2). 
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Fig. 1: Determination of β-galactosidase from Bacillus subtilus(isolate no.12) as analysed by Native-PAGE. 

Lane 1, recombinant molecular weight marker; lane 2, partial purified enzyme. 
 
Table 2: Effect of thermal stability on Bacillus subtilis β-galactosidase activity. 

Heat treatment temperature (°C) 
Relative activity (% maximum) 

Incubation period (min) 
0.0 10 30 60 90 120 

30 100* 100 100 100 100 100 

35 100 100 100 100 100 100 
40 100 89 87 71 56 30 
45 100 77 60 51 32 18 
50 100 65 51 35 20 8 
55 100 30 0.0 0.0 0.0 0.0 
60 100 10 0.0. 0.0 0.0 0.0 

*100% activity is equivalent to 1251UI/ml. 

 
 From the data of table 2, it was clear that enzyme activity was decreasing by time increasing. At 
temperature 30 and 35 the activity of the enzyme was stable under all tested times while there were observed 
decreasing in the activity by increasing the temperature with time up to 60°C the enzyme was inactivated during 
the first 10min. 
 Hsu,et al., (2005) stated that the β-galactosidase of B. longum CCRC 15708 was rather stable at or below 
40°C, retaining over 80% of its original activity after holding for 40 min .On the other hand, the activity of the 
enzyme diminished rapidly at or above 50°C with no activity detected after holding at 60°C for 10 min. Kofi ,et 
al., (2010) stated that The thermal stability study has revealed that at 37°C the three activities remained stable 
for 100 min for the β-galactosidase produced by Lagenaria siceraria (Molina). El-Hofi, et al., (2011) reported 
that heat treatment for β-galactosidase enzyme produced by Durio zibethinus as it started losing activity above 
40°C when heated for 10 min. It lost about 50% its activity around 60°C and completely inactivated at 80°C. 
 
Effect of pH on the enzymatic activity: 
 
 The effect of pH on β-galactosidase activity was investigated at 30°C for 30 min. pH ranged from 5.0-9.0 
by using 6N HCl and or 6N NaOH . 
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 Data showed that the maximal activity of β-galactosidase was obtained at pH 7.5-8.5. At pH 8.0, the 
maximum enzymatic activity was obtained (1270UI/ml). The enzymatic activity at pH 5.0 and 5.5 was low 
relative to which present in the slightly alkaline or alkaline pH. 
 Hsu, et al., (2005) stated that the β–galactosidase of B. longum CCRC 15708 showed its maximum activity 
at pH 7.0. Saishin, et al.,( 2010) stated that the highest activity was obtained at pH 7.0 for β-galactosidase 
produced by Bifidobacterium longum subsp. longum JCM 7052. Patil ,et al., (2011) stated that the enzyme also 
showed a broad pH optima exhibiting maximum activity at pH 7.0 and lost the activity at extreme pH values for 
β-galactsidase produced Bacillus Sp MTCC-864.  
 
Effect of pH on the enzymatic stability: 
 
 The effect of pH on the stability of the partial pure enzyme was determined by preincubated the partial 
purified enzyme at different pH ranged from 5.0-9.0 for different times ranged from zero time up to 90 min 
(Table 3). 
 
Table 3: Effect of different pH values on Bacillus subtilis β-galactosidase stability. 

pH value 
Enzymatic activity (UI/ml) 

Time (min) 
0.0 10 30 60 90 

5.0 82 82 69 55 25 
5.5 120 115 100 60 34 
6.0 250 250 206 130 86 
6.5 370 366 289 200 120 
7.0 689 720 630 589 456 
7.5 724 867 700 632 534 
8.0 900 960 1278 1005 700 
8.5 1201 1387 980 980 800 
9.0 568 610 554 320 200 

 
 Data was shown in table 3, stated that at pH 8.0 the activity of enzyme increased gradually from 900UI/ml 
at zero time up to 1278UI/ml at 30 min then it decreased by increasing time, while at pH 8.5 the activity of 
enzyme was 1201UI/ml at zero time and increasing to 1387UI/ml at 10 min then it decreased by increasing the 
time. 
 These data was almost agreed with Osiriphun and Jaturapiree, (2009) stated that the enzyme was stable at 
pH 6.0-10, retaining more than 50% of its activity when incubated at pH 6.5 and 40°C for 12h. On the other 
hand, Hsu ,et al., (2005) stated that the β-galactosidase of B. longum CCRC 15708 was found most stable at pH 
6.5-7.0. After holding at these pHs for 3h, the enzyme still retained over 80% of its original activity. Akolkar ,et 
al., (2006) reported that pH stability of Lactobacillus acidophilus was 6.5-7.5. Also, Ahn ,et al., (2012) stated 
Thermu thermophilus KNOUC114 β-gal showed good stability at neutral pH of 6.3 to 7.0, and at the pH lower 
than 6.3 and higher than 7.0 the stability decreased. 
 
Effect of some metal ions on the enzymatic activity: 
 
 The effects of various cations on the activity of β-galactosidase from Bacillus subtilis . each in final 
concentrations of 0.1, 1.0 and 10 mM were to the standard assay (Table 4). 
 
Table 4: Effect of some metal ions on the activity of Bacillus subtilis (isolate no.12) β-galactosidase. 

Metal ions 
Relative Enzymatic activity (% Maximum) 

Concentration of metal ions (mM) 
0.0 0.1 1.0 10.0 

MnSO4.H2O 100* 110 42.9 23 
NaN3 100 101 106 105 
HgCl2 100 13 0.0 0.0 
CuSO4 100 22.4 0.0 0.0 
CaCl2 100 103 69.0 0.0 
KCN 100 104 108 110 

AgNO3 100 0.0 0.0 0.0 
FeSO4 100 101 102 108 
MgSO4 100 106 103 100 

I2 100 92 90 85 
EDTA 100 95 0.0 0.0 

Iodocetic acid 100 98 0.0 0.0 
Acetyl cystein 100 104 89 0.0 

*100% activity is equivalent to 1279 UI/ml. 
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 The addition of monovalent cations Na+ (relative activity was 106% at 1.0mM) and K+ (relative activity 
was 110% at 10mM) had an induced effect on relative enzymatic activity. The highest relative enzymatic 
activities of Bacillus subtilis β- galactosidase were observed in the presence of 0.1 mM Mn2+ (relative activity 
was 110%), 10mM Fe2+ (relative activity was 108%), and , of 0.1 and 1.0mM Mg2+ (relative activity was 106% 
and 103%) and 0.1m M Ca 2+ (relative activity was 103%). The presence of 0.1-10.0mM I2 decreased the 
relative activity (92-85%), 1.0mM Ca2+ decreased Bacillus subtilis (isolate no.12) relative enzymatic activity up 
to 69%, 1.0mM Mn2+ decreased the relative activity up to 42.9% while both of 10mM Mn2+ and 0.1mM Cu2+ 

decreased it up to about 23%. The activity of Bacillus subtilis β-galactosidase was also completely inhibited by 
the addition of 0.1-10.0mM Ag+, 1.0-10.0mM Hg2+, 1.0-10.0mM Cu2+, 1.0-10.0mM EDTA, 1.0-10.0mM 
iodoacetic acid and 10.0mM acetylcystein. 
 El-Hofi, et al., (2011) stated that the purified enzyme was assayed with different metal ions. Fe3+, Zn2+ and 
Cu2+strongly inhibited the enzyme. However, Mg2+, Ca2+ and Mn2+ inhibited negligibly. The enzyme of Durio 
zibethinus was not stimulated by any of cations tested. Hsu, et al.,( 2005) studied the effect of various metallic 
ions on the activity of β-galactosidase from B. longum CCRC 15708. Divalent ions and Fe3+ inhibited the 
activity of β–galactosidase from B. longum CCRC 15708. On the other hand, addition of 1.0 mM Na+ or K+ in 
the substrate stimulated the activity of β-galactosidase. Furthermore, the activity further enhanced as the 
concentration of Na+ or K+ increased. 
 Batra, et al, (2002) stated that the effect of different univalent and bivalent cations and other specific 
inhibitors and activators. No bivalent cation tested stimulated the enzyme activity, as also observed by Choi ,et 
al, (1995) for a different thermophilic bacillus. Cu2+, Hg2+ and Na+ acted as strong inhibitors, while Mn2+ in the 
form of chloride salt was a weak activator. 
 Adalberto, et al., (2010) The Kluyveromyces lactis β-galactosidase was deactivated after 20 minutes in 
EDTA solution. Maximal deactivation at the lowest EDTA concentration (103- mol/L) occurred in the presence 
of Tris-HCl buffer (pH 7.0). The enzyme recovered 50% of its initial activity after 10 minutes at Mg2+ 

concentrations higher than 0.1 mmol/L. Bajaj, et al.,(2009) reported that EDTA led to the reduction of 
enzymatic activity Bacillus strain M-9. 
 Chen, et al., (2008), reported that, he cations Fe2+, and Cu2+, inhibited 52 % and 85.3% of the enzyme 
activity, respectively, whereas other metal cations and EDTA did not, iodoacetic acid inhibited 86.2 % of the 
enzyme activity. 
 Additional investigations should be performed to improve the production and activity of this enzyme from 
the Egyptian local strain Bacillus subtilis β-galactosidase. 
 
Acknowledgment 
 
 The authors are grateful to Dr. El-Garawany, I. (NODCAR) for his efforts to purify the Bacillus subtilis β-
galactosidase. 
 
References 
 
Adalberto, P.R., A.C. Massabni, E.C. Carmona, A.J. Goulart, D.P. Marques and R. Monti, 2010. Effect of 

divalent metal ions on the activity and stability of β galactosidase isolated from Kluyveromyces lactis. Rev 
Ciênc Farm Básica Apl., 31: 143-150. 

Agarwal, S., S.K. Garg, S.M. Dutta, 1989. Microbial β- galactosidase production, properties and industrial 
applications- A review. Ind J Dairy Sci., 42: 251-262. 

Ahn, J.K., E.S. Nam, H.B. Choi and H.J. Park, 2012. β-Galactosidase-Producing Thermophilic Bacterium, 
Thermus thermophilus KNOUC114: Identification of the Bacterium, Gene and Properties of β-
Galactosidase. International Journal of Biology, 4. 

Akolkar, S.K., A. Sajgure and S.S. Lele, 2006. β-galactosidase production from Lactobacillus acidophilus 
isolated from fungi ragi. Indian Journal of Biotechnology, 5: 184-188. 

Amir, E., P.J. Whorwell, 2009. Lactose and Fructose intolerance.(Allergy Forontiers: clinical Manifestation, 3: 
431-447. 

Asraf Sheik, S. and P. Gunasekaran, 2010. Current trends of ß-galactosidase research and application, pp: 880-
890. 

Bajaj, B.K., H. Pangotra, M.A. Wani, P. Sharma, A. Sharma, 2009. Partial Purification and characterization of 
highly thermos table and pH stable endoglucanase from a newly isolated Bacillus strain M-9. Indian 
Journal of chemistry technology, 16: 382-387.  

Batra, N., J. Singh, U.C. Banerjee, P.R. Patnaik and R.C. Sobti, 2002. Production and characterization of a 
thermostable beta-galactosidase from Bacillus coagulans RCS3. Biotechnol Appl Biochem., 36: 1-6. 



2385 
J. Appl. Sci. Res., 8(4): 2379-2385, 2012 

 

Chen, W., H. Chen, Y. Xia, J. Zhao, F. Tian and H. Zhang, 2008. Production, purification, and characterization 
of a potential thermostable galactosidase for milk lactose hydrolysis from Bacillus stearothermophilus. J 
Dairy Sci., 91: 1751-1758. 

Choi, J.Y., H. Kim, II, B.H. Lee and J.S. Lee, 1995. Biotechnol. Appl. Biochem., 22: 191-201. 
Domingues, L., N. Lima, J.A. Teixeira, 2005. Aspergillus niger β- galactosidase production by yeast in a 

continuous high cell density reactor. Process Biochem., 40: 1151-1154. 
El-Hofi, M., Y.B. Youssef, W.A. El-Desoki, R. Jalil and E.S. El-Tanboly, 2011. β-galactosidase from Durian 

Seeds (Durio zibethinus) and its utilization in ice milk production. Internet Journal of Food Safety, 13: 54-
61. 

Hsu, C.A., R.C. Yu and C.C. Chou, 2005. Production of beta-galactosidase by Bifidobacteria as influenced by 
various culture conditions. Int J Food Microbiol., 104: 197-206. 

Hsu, C.A., R.C. Yu, S.L. Lee and C.C. Chou, 2007. Cultural condition affecting the growth and production of 
beta-galactosidase by Bifidobacterium longum CCRC 15708 in a jar fermenter. Int J Food Microbiol., 116: 
186-189. 

Kaur, K., S. Mehmood, A. Mehmood, 2006. Hypolactasia as a molecular basis of lactose intolerance. Ind J 
Biochem Biophys., 43: 267-274. 

Koffi, D.M., B.M. Faulet, J.T. Gonnety, M.E. Bedikou, L.P. Kouame, I.A. Zorobi and S.L. Niamke, 2010. 
Biochemical characterization of phosphatase, β-galactosidase and α-mannosidase activities of seeds of an 
oleaginous cucurbit: Lagenaria siceraria (Molina) Standl blocky-fruited cultivar. Sciences & Nature, 7: 221-
235. 

Korsten, L. and N. Cook, 1996. Optimizing Culturing Conditions for Bacillus Subtilis. South African Avocado 
Growers’ Association Yearbook, 19: 54-58. 

Laemmli, U.K., 1970. Cleavage of structural proteins during the assembly of the head of bacteriophage T4. 
Nature, 227: 680-685. 

Lowry, O.H., N.J. Rosebrough, A.L. Farr and R.J. Randall, 1951. Protein measurement with the Folin phenol 
reagent. J Biol Chem., 193: 265-275. 

Miller, J., 1972. Experiments in Molecular Genetics. Cold Spring Harbor Laboratory, NY.: 352-355. 
Mozumder, N.H., M.R. Akhtaruzzaman, M.M.A. Bakr and J. Fatema-Tuj-Zohra, 2012. Study on Isolation and 

Partial Purification of Lactase (β-Galactosidase) Enzyme from Lactobacillus Bacteria Isolated from Yogurt. 
J Sci Res., 4(1): 239-249. 

Osiriphun, S. and P. Jaturapiree, 2009. Isolation and characterization of β-galactosidase from the thermophile 
B1.2. . Asian Journal of Food and Agro-Industry, 1: 5-143. 

Patil, M.M., Mallesha, K.V. Ramana and A.S. Bawa, 2011. Characterization of partially purified β-galactosidase 
from Bacillus Sp MTCC-864 Recent Research in Science and Technology, 3(9): 84-87. 

Prenosil, J.E., E. Stuker, J.R. Bourne, 1987. Formation of oligosaccharides during enzymatic lactose hydrolysis 
and the importance in a whey hydrolysis process: part II experimental. Biotechnol Bioeng, 30: 1026-1031. 

Saishin, N., M. Ueta, A. Wada and I. Yamamoto, 2010. Properties of β-galactosidase purified from 
Bifidobacterium longum subsp. longum JCM 7052 grown on gum arabic . J. Biol. Macromol., 10(1): 23-31.  

Saurez, F.L., D.A. Savaiano, 1997. Diet, genetics and lactose intolerance, Food Technol. Chicago, 51: 74-76. 
Song, D.D. and N.A. Jacques, 1997. Cell disruption of Escherichia coli by glass beads stirring or recovery of 

recombinant proteins. Analytical Biochemistry, 248: 300-301. 
Tryland, I. and L. Fiksdal, 1998. Enzyme Characteristics of β-D-Galactosidase- and β-D-Glucuronidase-Positive 

Bacteria and Their Interference in Rapid Methods for Detection of Waterborne Coliforms and Escherichia 
coli Appl Environ Microbiol., 64: 1018-1023. 

Van Casteren, H.M., M. Eimermann, A.M. Van den Broek, J. Vincken, A. Schols and G.J. Voragen, 2000. 
Purification and characterisation of a β-galactosidase from Aspergillus aculeatus with activity towards 
(modified) exopolysaccharides from Lactococcus lactis subsp. cremoris B39 and B891. Carbohydrate 
Research, 329: 75-85. 

Yin, H., J. Qiang, J. Ye, H. Peng, H. Qin, N. Zhang and B. He, 2009.Characterization of biosurfactant produced 
by Pseudomonas aeruginosa S6 isolated from oil-containing waste water process. Biochemistry, 44(3): 302-
308. 

 


