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Abstract
The enzyme β-galactosidase (β-gal) has extensively used for improvement of lactose intolerance 
condition. Present study, was designed to assess the potential of β-gal enzyme produced by Lactobacillus 
fermentum, a kefir isolate, as a biocatalyst for the manufacture of prebiotic galactooligosaccharides 
(GOS) from lactose. The efficiency of L. fermentum to produce β-gal of 4,254 u/ml was determined by 
permeabilizing the cells with solvents such as sodium dodecyl sulfate (SDS) and chloroform. Different 
parameters contributing β-gal production including reaction time, temperature, pH, carbohydrates, 
and substrate concentration on L. fermentum were studied and optimum β-gal activity was found to 
be 6,232.13 u/ml. It was observed that different experimental parameters for pH (7.0), temperature 
(35°C), and carbohydrates (galactose) were statistically significant (p<0.05). L. fermentum was found to 
produce GOS by transgalactosylation catalysed by β-gal during lactose hydrolysis which yielded di, tri, 
and tetra oligosaccharides, confirmed by TLC and HPLC. The culture showed β-gal activity, suggesting 
biotechnological applications and a promising organism for industrial β-gal production.
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InTRODuCTIOn
 “A prebiotic is defined as a substrate 
that is selectively utilized by host microorganisms 
conferring health benefit” as stated by Gibson 
et al.,  in Expert Consensus document in 
International Scientific Association for Probiotics 
and Prebiotics (Gibson et al., 2017). Prebiotics of 
interest includes fructo-oligosaccharides (FOS), 
galactooligosaccharides (GOS), inulin, xylo-
oligosaccharides (XOS), polydextose, isomalto-
oligosaccharides (IMO), manno-oligosaccharides 
(MOS), lactulose and arabinoxylo-oligosaccharides 
(AXOS) (Slavin, 2013; Davani-Davari et al., 
2019). Among these, GOS are prominent 
hetero-oligosaccharides containing galactose, 
a oligosaccharides resembling milk of human 
breast (Intanon et al., 2014; Sangwan et al., 
2011) which has greater stablility and has wide 
pH and temperature range (Torres et al., 2010). 
GOS enhances the growth of bifidobacteria and 
lactobacilli in the gut thus provide benefits to 
health. GOS has a low calorific value of about 
1.7 k cal/g and can be synthesized using lactose 
as substrate in the presence of β-galactosidase 
(β-gal) enzyme. β-gal also known as lactases, are 
of industrial importance. They are produced by 
a number of sources including microorganisms, 
plants, animals, vegetables and recombinant 
sources (Hirano et al., 1994; Raymond R. Mahoney, 
1998; Chen et al., 2008; Li et al., 2012). 
 Microorganisms are considered as 
suitable source for β-gal production in industries 
because of its high multiplication rate, yield and 
stability. β-gal producing lactic acid bacteria (LAB) 
including L. plantarum MCC2156, L. reuteri L103 
and L461, L. acidophilus R22, L. thermophilus, 
L. crispatus ATCC 33820, and L. delbrueckii spp. 
bulgaricus ATCC 11842 were reported (Gobinath 
and Prapulla, 2014; Kim and Rajagopal, 2000; 
Nguyen et al., 2006; Nguyen et al., 2007) and are 
predominantly present in brush border of small 
intestine. Gobinath et al., previously reported 
production of β-gal by L. plantarum up to 3,015 
u/ml (Gobinath and Prapulla, 2014).
 β-gal displays both hydrolytic and 
transgalactosylation activity (Guerrero et al., 
2015). In hydrolysis, β (1→4) glycosidic linkage of 
lactose (galactosyl β-(1→4) glucose) is splited into 
its monosaccharides i.e., glucose and galactose, 
whereas in transgalactosylation, galactose is 

transferred to lactose rather than transferring to its 
hydroxyl group to form di, tri or tetra saccharides 
and hence form higher degree of polymerization 
(Panesar et al., 2007). 
 The β-gal has main industrial application 
in the hydrolysis of lactose to improve milk 
digestibility and to enhance the functional 
properties of dairy products (Gekas et al., 1985). 
In dairy industry, hydrolysed milk obtained can be 
used in making of yoghurt, cheese and ice cream 
(concentrated desserts) for lactose intolerant 
subjects. (Marwaha and Kennedy, 2007). 
 The present study is based on the 
reports on optimization of β-gal production 
from Lactobacillus fermentum from kefir for the 
synthesis of prebiotic galactooligosaccharide. GOS 
are one of the important dietary prebiotics (Goulas 
et al., 2007) which has GRAS status and promote 
beneficial effects on microflora. 

MATeRIALS AnD MeTHODS
Chemicals used 
 MRS medium, lactose, glucose, galactose, 
ONPG and lysozyme-EDTA were procured from 
HiMedia. X-gal, IPTG, DMSO and GOS from Sigma-
Aldrich (St. Louis, MO, USA). Other solvents such 
as isoamyl alcohol, SDS, chloroform, glycerol, 
toluene, acetone and acetonitrile are of analytical 
grade.
Screening of microbes for β-gal enzyme production
 In the present study, 107 microbes 
including LAB, yeast and fungi were screened 
from kefir and cotton seed cake by submerged and 
solid state fermentation respectively. LAB were 
grown on MRS broth at 37°C, yeasts were grown 
on YEPD broth at 37°C for 24-48 hrs and all fungal 
cultures were grown on PDA at 30°C for 5 to 7 days. 
Further for screening of microbes producing β-gal, 
a colourless modified galactose sugar X-gal was 
used. The cultures were examined after 12 to 24 
hrs of incubation at 37°C and at 30°C respectively.
 Morphological ,  b iochemical  and 
molecular characterization of β-gal producing 
strains were performed. Morphological was 
studied by simple gram staining. Biochemical tests 
including catalase test and fermentation tests for 
glucose, galactose, lactose, maltose, and sucrose 
at a concentration of 2% in modified MRS broth 
(weighed and mixed each ingredient of MRS 
media) at 37°C was performed. 
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b-galactosidase extraction by different methods
 Different methods for cell disruption 
was carried out including sonication, lysozyme-
EDTA treatment, isoamyl alcohol treatment, 
toluene-acetone treatment, toluene treatment 
and sodium dodecyl sulphate (SDS)-chloroform 
treatment were applied to appraise and estimate 
the effectiveness of the different methods to find 
suitable method to obtain β-gal.
Harvesting of cell biomass
 After 15 hr of incubation, culture pellet 
was washed twice to remove media components 
with 50 M sodium phosphate buffer (pH 7.0) and 
transferred to 50 M phosphate buffer (pH 6.8) for 
extraction of intracellular enzyme and different 
methods are listed below.
Sonication
 In an ice bath, cell suspensions were 
sonicated for 30 min in an ultra sonicator (UP200H 
ultra sonic processor, Hielscher) according to 
previously described method (Becerra et al., 1997). 
The extract was centrifuged at 10,000×g at 4°C for 
10 min with 15% amplitude and with intermittent 
cooling in 5 cycles and the supernatant containing 
the crude enzyme extract was stored at -20°C.
Lysozyme-eDTA treatment
 50 mg of lysozyme was dissolved in 1.5 
ml of TE (Tris-EDTA; Ethylenediamine Tetraacetic 
Acid) buffer containing 10 mM Tris HCl and 1 mM 
EDTA by adjusting the pH to 8. At a concentration 
of 75 µl/ml of the preparation was added to the 
cell suspension and the mixture was incubated 
for 30 min at ambient temperature and stored at 
-20°C until further analysis (Prasad et al., 2012).
Isoamyl alcohol treatment
 A volume of 1ml was re-suspended in 
sodium phosphate buffer of 50 mM at pH 7.0 and 
2 ml of isoamyl alcohol was mixed and was diluted 
using the same buffer. The cell suspension was 
shaken at ambient temperature to permeabilize 
the cells and assay was carried out according to 
Barberis with slight modifications (Barberis and 
Gentina, 1998).
Toluene-acetone treatment
 Cell suspension (10 ml) was crushed in 
pestle and mortar for 10 min along with 2.0 g 
alumina and acetone and toluene was mixed in 
the ratio 9:1. Phosphate buffer was added to the 
suspension and after centrifugation at 10,000×g 

for 15 min, supernatant was used for enzyme assay 
(Mahoney et al., 1975).
Toluene
 Cold toluene was mixed with equal 
volume of 1 ml cell suspension and stirred 
continuously for 15 min and mixed well for 5 
min and supernatant was stored at -20°C after 
centrifugation for 15 min until further assay (Gupte 
et al., 2001).
SDS-Chloroform method
 Permeabilization was carried out 
according to miller ’s method with slight 
modification to permeabilize the cells. Cell 
suspension (10 ml) was vortexed with 50 μl 
chloroform and SDS solution for 15 min at ambient 
temperature. The cell suspension was centrifuged 
for 15 min at 4°C at 10,000×g and supernatant was 
used to determine enzyme activity (Gobinath et 
al., 2014).
Determination of enzyme activity
 Miller’s method (1972) was used to 
determine the enzyme production with slight 
modifications by increasing the concentration of 
SDS and chloroform (Miller, 1972). 1 ml culture 
broth was harvested at 10,000×g, for 10 min and 50 
mM sodium phosphate buffer (pH 7.0) was used to 
wash the cells and transferred to Z buffer (60 mM 
Na2HPO4.7H2O, 40 mM NaH2PO4.H2O, 10 mM KCl, 
1 mM MgSO4.7H2O, 50 mM β-mercaptoethanol) 
and initial cell concentration was measured at 
absorbance (A600). Cell permeabilization was 
carried out using SDS and chloroform in the ratio 
50:50 μl and mixed thoroughly (IKA Vortex, IKA, 
Germany) for 15 min at 37°C. Enzyme activity 
was measured using 10 mM of ONPG to the 
reaction mixture and incubated at 37°C for 10 
min. Absorbance (A420) and (A560) were recorded 
after arresting the reaction by adding 0.5 ml of 1 
M Na2CO3. Miller units was calculated according 
to the formula:
Miller Unit = 1000 X (A420− (1:75 * A560) / T * V * A600 

 [A600 nm – Absorbance of cells before 
assay; A560 - Absorbance of scatter from cell 
debris, when multiplied by 1.75 approximates the 
scatter observed at 420 nm, after assay; A420− 
Absorbance of o-nitrophenol (ONP) released; T = 
time of the reaction (min); v = volume of original 
culture used (ml)]. L. fermentum MT468249 was 
further used for GOS production.
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Protein determination
 Lowry’s method was used to determine 
the protein content using bovine serum albumin 
(BSA) as standard. The samples were read 
at 575 nm using a double beam UV – visible 
spectrophotometer (SL164 Elico, Hyderabad, 
India). The protein concentration was estimated 
in triplicates. 
Parameters affecting Miller assay on L. fermentum 
MT468249 for β-gal production
effect of permeabilizing agents
 Miller’s original protocol was modified 
for β-gal assay using solvents such as SDS and 
chloroform in varying amounts. 15 hr old culture 
was taken and SDS-chloroform was added in 
different concentrations (Giacomini et al., 1992) 
such as 10:40, 50:50, 100:100 and 150:150 and 
assay was carried out as mentioned above using 
ONPG as substrate. 

Reaction time
 Reaction time plays an important role 
in β-gal enzymatic activity. Different incubation 
time was studied for β-gal activity (Gobinath et al., 
2014), enzyme was incubated (2, 5 and 10 min) and 
Miller assay was carried out as mentioned above.
OnPG concentration
 Multiple concentrations of ONPG such 
as 4 mg/ml, 10 mg/ml and 20 mg/ml were used 
to find out the maximum β-gal activity and Miller 
assay was carried out as mentioned above.
effect of medium pH, incubation temperature, 
and different carbon sources on L. fermentum 
MT468249 for β-gal production
effect of initial pH
 Culture medium was adjusted with 
different initial pH values to examine for 
intracellular β-gal extracted by six different 
methods. Medium was incubated with different pH 

Table 1. Different extraction methods of potential isolates and their β-gal activity. Milk kefir in milk isolates (MKM), 
Milk isolates (M), and Curd isolates (C)

   β-gal activity (u/ml)
 
   Chemical Method   Mechanical
      Method

Organisms SDS- Acetone- Toluene Lysozyme- Isoamyl Sonication
 Chloroform toluene  EDTA alcohol

MKM 2 550.25 223.18 238.82 182.54 92.26 328.27
MKM 7 735.65 628.22 516.78 432.84 149.18 490.92
MKM 12 5,492.74 418.63 314.58 306.33 219.88 547.02
MKM 19 254.94 190.43 156.18 182.58 87.28 223.48
M 21 330.45 183.57 163.25 144.11 122.79 17.18
M 28 217.69 19.89 326.18 152.27 179.93 96.8
C 2 567.47 218.48 227.57 185.71 158.17 73.21
C 4 608.78 381.58 248.21 296.75 183.82 204.53
 C 10 727.60 318.58 488.41 396.81 233.98 188.32

Table 2. Permeabilizing agent used and its enzyme 
activity

Different ratio Units/ml
(SDS: chloroform [v/v]) (15 hrs)

10:40 1,203.29
50:50 5,021.13
100:100 2,427.14
150:150 2,157.71

from 5.0, 5.5, 6.0, 6.5, 7.0, 7.5 and 8.0 using either 
2N NaOH or 3 N HCl for 15 hrs at 37°C (Murad et 
al., 2011, Hsu et al., 2005). 
effect of incubation temperature
 Different temperature studies were 
carried out on media for β-gal production by 
incubating L. fermentum at various temperatures 
ranging from 30 to 50°C for 15 hrs at pH 7.0 
(Gobinath et al., 2014)
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Carbon sources
 Different carbon sources containing 
2% (w/v) glucose, galactose, lactose, maltose 
and sucrose were used to grow L. fermentum 
in modified MRS medium at 37°C for 15 hrs 
(Gobinath et al., 2014).
Synthesis of GOS
 Synthesis of GOS was carrying out with 5 
to 60% of lactose (w/v), at various pH values (5–8) 
and temperatures (30-60°C) with 9 U of enzyme 
ml-1 for 15 – 24 hrs. Samples were withdrawn 
each hour and the substrate enzyme reaction was 
stopped by boiling the mixture in a boiling water 
bath for 10 min and stored at -20°C till further 
analysis. 
Thin layer chromatography (TLC) 
 Qualitative analyses of GOS were carried 
out using TLC with three solvents using butanol-
acetic acid-water (8:4:4 [v/v/v]) as the mobile 
phase. Spots were detected by spraying 19% 
methanol in concentrated sulphuric acid and 

incubated in an oven for 10 min at 120°C (Dafam 
et al., 2014).
High performance liquid chromatography (HPLC)
 Detection of GOS (Jeong et al., 1998) 
was quantitatively carried out using carbohydrate 
column (250 mm× 4.6 mm SS Excil amino 5 μm 
(Santa Clara, California) with refractive index 
detector (RID 20A) (Agilent technologies 1260 
Infinity) and isocratic elution using acetonitrile/
water (75: 25) as the mobile phase at a flow 
rate of 1.2 ml/ min (Ayyappan et al., 2008). 
Oligosaccharides were diluted and filtered through 
a cellulose nitrate membrane (0.45 μm) and 15 µl 
of hydrolysate was injected through HPLC injector 
syringe. The reaction mixture products were 
identified by comparing the retention times with 
those of the standards. 
Statistical analysis
 All experiments were performed in 
triplicates. The data analyses were performed 
using Graph pad prism version 5.03. ANOVA data 

Table 3. Effect of reaction time on enzyme activity by 
L. fermentum

Time Miller units
(min) (units/ml)

1 2,809.06
2 5,601.13
5 4,124.57
10 3,045.15

Table 4. Effect of ONPG concentration on enzyme 
activity by L. fermentum

ONPG concen. Miller units
(mg/ml) (units/ml)

4 1,248.45
10 5,801.13
15 4,526.84
20 3,122.08

Fig. 1. Effect of different pH on β-gal production by L. fermentum. Bars show standard deviations with significant 
difference (p<0.05).
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Fig. 2. Effect of different temperature on β-gal production by L. fermentum. Bars show standard deviations with 
significant difference (p<0.05)

Fig. 3. Effect of different carbohydrates on β-gal production by L. fermentum. Bars show standard deviations with 
significant difference (p<0.05).

with a p<0.05 were considered as statistically 
significant.

ReSuLTS
Screening of microbes for β-gal enzyme production
 Of a total of 107 isolates that were 
screened for β-gal production (bacteria- 79, 
yeast- 23 and fungi- 3), a total of 69 isolates 
(bacteria- 60, yeast- 9) were positive, while none 
of the fungal isolates produced β-gal. Colonies 
that displayed β-gal production within 12 to 24 hrs 
were selected from blue white screening method 
and which produced blue colonies includes nine 
isolates (Milk kefir in milk isolates, MKM) MKM 

2, MKM 7, MKM 12, MKM 19, (Milk isolates) M 
21, M 28, (Curd isolates) C 2, C 4 and C 10 (Table 
1). The strain MKM 12 was gram-positive, non-
motile, rod shaped bacteria with catalase negative 
activity. The sequencing revealed the isolate was L. 
fermentum. The sequences were confirmed with 
NCBI BLAST database for identifying the culture. 
The sequences of Lactobacillus fermentum were 
deposited in NCBI-GenBank and the accession 
number is MT468249. In turn to assess the 
efficacy of the L. fermentum MT468249, bacterial 
growth in mid-logarithmic phase was used and 
plated with different dilutions (10-5, 10-6 and 10-

7). The isolate showed 5,132.12 u/ml of activity 
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at 600 nm optical density expressed as 7.47 log 
CFU/ml, 8.02 log CFU/ml and 8.0 log CFU/ml of 
4,987.28 u/ml, 5,132.127 u/ml and 5,349.15 u/
ml samples respectively. Till date, this is the first 
report showing optimum β-gal enzyme activity by 
L. fermentum MT468249.
extraction of β-galactosidase
 Addition of SDS-chloroform solvents 
to increase the permeabilization of cells to 
release the enzyme was achieved using different 
concentrations of solvents. The results indicate 
progressive better enzyme extraction when the 
concentrations of solvents were increased up to 
1:1 however there is a decrease in β-gal activity 
with increase in the concentration. Among them, 
50/50 (v/v) concentrations have shown maximum 
activity and were chosen for further study  
(Table 2).
Parameters affecting Miller assay on L. fermentum 
MT468249 for β-gal production
 β-gal activity was obtained within 
one minute (2,809.06 u/ml) at higher pH when 
ONPG is converted to ONP and galactose. 
As the enzyme concentration decreases, 
the reaction rate will decrease. In this study, 
decrease in β-gal activity was observed with 
increasing time with 5 min and 10 min, because 
the enzyme concentration decreases, as 
the reaction rate decreases (Table 3). The 
enzyme activity was highest during initial stages 
and decreased relative to time. There was an 
increase in β-gal activity within two minute 
(5,601.13 u/ml) and decrease in activity was 

observed as the time increases (within ten minutes 
– 3,045.15 u/ml). Optimum concentrations of 
ONPG were determined based on four different 
concentrations. A concentration of 10 mg/ml was 
found to be saturating for L. fermentum. Further 
increase in concentration beyond 10 mg/ml 
decreased the activity (Table 4). 
 Production of β-gal by L. fermentum 
was studied at different pH 5.0, 5.5, 6.0, 6.5, 7.0, 
7.5 and 8.0 for β-gal production and maximum 
production was found to be at pH 7.0 (Fig. 1). 
 β-gal production is highest, when L. 
fermentum was grown at a temperature ranging 
from 30 to 45°C over a period of 15 hrs (p<0.05), 
whereas further increase in temperature above 
50°C decreased the enzyme production (Fig. 2).
 The effect of different carbon sources 
such as galactose, lactose, maltose and sucrose 
on production of β-gal enzyme by L. fermentum is 
shown in Fig. 3. Among different carbon sources 
used, galactose was found to produce highest β-gal 
(p<0.05) by L. fermentum than lactose, glucose, 
sucrose, fructose and maltose. In the present 
study, L. fermentum produced the maximum 
quantity of β-gal enzyme with galactose (5,294.07 
u/ml) (p<0.05) and lowest being sucrose (2,422.81 
u/ml). 
 The production of GOS, by L. fermentum 
was further confirmed by TLC (Fig. 4). The sample 
spots are identical with the standard GOS. These 
GOS spots are combination of di, tri and tetra 
saccharides confirmed by HPLC. (Fig. 6)

Fig. 4. Synthesis of GOS from L. fermentum with beta-gal enzymes and galactooligosaccharide mixtures are identified 
as follows: Line 1- Glucose; Line 2- Standard GOS (3:1); Line 3-Standard GOS (4:1); Line 4-Galactose; Line 5- Lactose; 
Line 6- L. fermentum (18hr), Line 7- L. fermentum (20hr); Line 8- L. fermentum (22hr).
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DISCuSSIOn
 Disintegration of cells is considered as 
an efficient method used in the production of 
intracellular β-gal from LAB. In the present study, 
cell disintegration results showed that enzyme 
yield was dependent on different methods used. 
Culture bio mass was subjected to mechanical and 
chemical disruption methods such as sonication, 
SDS-chloroform, acetone-toluene treatment, 
toluene treatment, lysozyme-EDTA and isoamyl 
alcohol treatment. SDS-chloroform method (Table 
1) was found to be most effective in MKM 12 
compared to other methods for the discharge of 
intracellular β-gal from cell pellets. 
 Reports  regard ing  d i scharge  of 
intracellular β-gal which is bound to cell wall 
from biomass of LAB are meagre (Somkuti et al., 
1998). Anionic detergent such as SDS causes the 
molecule to lose its native structure by distracting 
non covalent bonds in the proteins. Chloroform, 
is a miscible solvent with most organic solvents, 
which is used for permeabilization of cells. Hence 
the solvents have the capability of permeabilizing 
the cell wall of bacteria and consecutive release 
of intracellular β-gal enzyme (Panesar et al., 
2007). The culture pellet displayed comparatively 
high β-gal enzyme than in supernatant (data 

not shown), confirming intracellular enzyme 
production (Song et al., 2013). Our findings are 
similar with previously published articles of 
Vinderola et al., (2003) and Gobinath et al., (2014) 
who found SDS-chloroform method was more 
effective in L. delbrueckii subsp. bulgaricus Db1, 
Eb3 and L. plantarum MCC2156. β-gal activity 
has also been reported from L. fermentum CM33 
isolated from breast feed infants showed 0.4 
u/100mL which is less compared to our study 
(Sriphannam et al., 2012). Out of nine cultures, 
the isolate MKM 12 showed efficient β-gal 
production in SDS-chloroform method and found 
to have reproducibility by producing high yield of 
5,132.127 u/ml. 
 Giacomini et al., reported a reduced 
amount of enzyme activity when 5 µl of SDS and 
10 µl of chloroform were used due to insufficient 
permeabilization of enzyme producing a lesser 
amount of enzyme activity (Giacomini et al., 
1992). However, 15 µl SDS and 30 µl chloroform 
had inhibited the enzyme activity in a negative 
manner. Hence it was desirable to use 10 µl 
SDS and 20 µl chloroform which produced 
better enzymatic activity of β-gal enzyme by 
permeabilizing cells. Similar observations on the 
effect of permeabilization by adding SDS (0.1 

Fig. 5. Standard GOS peaks with retention factor- Galactose and Glucose 2.63, Lactose 6.36, disaccharides 10.53 
and 12.18, trisaccharides 16.75, 18.91 and tetrasaccharides 21.8 and 25.44.
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%) and chloroform for L. plantarum cells which 
produced high β-gal have been previously reported 
(Gobinath and Prapulla, 2014). Thus 50 µl SDS and 
50 µl chloroform was found to be optimum for 
β-gal activity.
 Availability of ONPG in abundance is 
required to achieve linearity of Miller assay 
for determining β-gal activity. 10 mg/ml ONPG 
concentration was found to be optimum for the 
activity. Gobinath et al., found similar effects with 
10 mg/ml ONPG concentration produced high 
activity giving a yield of 3015 u/ml of β-gal enzyme 
(Gobinath and Prapulla, 2014).
 Optimisation regarding temperature were 
observed by previously (Hsu et al., 2005, Gobinath 
et al., 2014, Li et al., 2020) where β-gal synthesis 
was stable at 40 to 45°C, however, 35°C was found 
to be optimum for L. fermentum and above 50°C 
there was a rapid decrease in enzyme synthesis 
as well for the growth of the organism due to 
thermostability of enzyme (Cho et al., 2003; Rao 
and Dutta, 1977). β-gal production was prominent 
in the range 5.5 to 7.0 (p<0.05) as reported by 
others (Gobinath and Prapulla, 2014). The results 
of our study with regard to pH are in agreement 
with previous reports who found similar results 
with Bifidobacterium longum CCRC 15708 and 
Streptococcus thermophilus (strain I) respectively 
for pH studies (Rao and Dutta, 1977; Hsu et al., 

2006). 
 Microorganisms utilize different carbon 
sources depending on the enzyme they produce. 
Carbon plays major function in the production 
of β-gal enzymes (Inchaurrondo et al., 1998). 
The enzyme synthesis was increased when L. 
fermentum was grown on galactose which shows 
the inducible nature of the enzyme. A similar 
observation was made by Kim and Rajagopal, who 
studied different carbon sources including glucose, 
lactose and maltose in MRS medium, for L. crispatus 
ATCC 33820 where galactose showed high β-gal 
activity, lactose showed moderate activity and 
glucose and maltose showed significant activity 
for β-gal production (Kim and Rajagopal, 2000). 
Gobinath et al., reported similar results for β-gal 
production in L. plantarum and highest activity 
was reported in medium containing galactose, 
followed by lactose. Similar results with B. animalis 
Bb12 and L. delbrueckiissp. bulgaricus ATCC 11842 
produced higher (p<0.05) β-gal in galactose (73.66 
u/mL and 48.63 u/mL) than lactose (57.04 u/
mL, 33.0 u/mL) and glucose (31.08 u/mL, 28.9 
u/mL) and increase (p<0.05) in β-gal production 
was observed in both the organisms B. animalis 
Bb12and L. delbrueckii ssp. bulgaricus ATCC 11842 
after 12 hr of incubation in galactose, lactose and 
glucose respectively (Prasad et al., 2013). 
 Garrido et al., investigated the utilization 

Fig. 6. L. fermentum with retention factor- Galactose and Glucose 2.931, Lactose 6.56, disaccharides 10.83 and 
12.68, trisaccharides 16.95 and 18.36 and tetrasaccharides 21.9 and 25.46.
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of commercial GOS by B. infantis ATCC 15697 
and found that mono, disaccharides and DP3 of 
GOS was consumed to a great extent than higher 
oligosaccharides and the production of these 
oligosaccharides were confirmed by TLC (Garrido et 
al., 2013). Primary analysis products were formed 
from lactose, D-glucose and D-galactose along 
with di tri and tetra saccharides as a consequence 
of transgalactosylation reaction catalysed by 
β-gal enzyme. Transgalactosylation efficiency 
of permeabilized L. fermentum, confirmed 
further using HPLC, using 30% (w/v) lactose as 
substrate, which a yielded 20% (w/v) of GOS at 
18 hr of reaction resulting about 65% of lactose 
conversion (Fig. 5 and 6). Other researcher, 
Kittibunchakul et al., (2020) also obtained DP2 
and DP3 oligosaccharides as main component 
from Lactic acid bacteria and Bifidobacteria. 
The GOS mixture may be composed of mainly 
di, tri, and tetra saccharides, and considerably 
the conversion of lactose changes the yield 
and composition of GOS. Lactose breaks down 
into its monosaccharides as hydrolysis reaction 
increases and during transgalactosylation, di, tri 
and tetrasaccharides production may increase as 
a result of depletion of substrate and produced 
GOS acts as galactosyl acceptors resulting in 
formation of higher oligosaccharides. Chanalia et 
al., (2018) have observed similar band pattern in 
TLC with more than one band in the same lane 
indicating the presence of mixture different kind 
of GOS. Similar results were obtained by Song et 
al., (2013) from 30% whey medium, 30°C at 8 hr 
of incubation obtained 19. 41% (w/v) GOS and 
Liu et al., (2011) synthesized 37% of GOS at 45°C 
with 40% lactose at 9h using L. fermentum K4 by 
cloning two genes coding for β-gal (Lac M and Lac 
L) expression in E.coli. The production of GOS and 
its higher structures will be further confirmed by 
ESI-MS studies. 
 In view of the greater efficiency of 
β-gal utilization, optimization of the relevant 
experimental conditions and parameters were 
studied including pH of the medium (7.0), 
temperature (37°C), concentration of the 
permeabilizing agent (50:50), concentration of 
ONPG (10 mg/ml) and reaction time (two minutes) 
produced 6,232.127 u/ml of β-gal enzyme activity. 
The concentration of protein obtained from the 
isolated potential strain L. fermentum MT468249 

was found to be 0.18529 mg/ml. 

COnCLuSIOn
 The demand for prebiotic GOS is growing 
in the upcoming year and consumers are attracted 
towards functional foods having high nutritional 
value and gut health maintenance. The present 
study communicates L. fermentum to be a 
potential culture for the production of β-gal with 
relatively high specific activity. Permeabilization 
was achieved using SDS and chloroform which 
resulted in 6,232.13 u/ml of enzyme activity 
and maximum activity at pH 7.0 and 35°C of 
temperature. Knowledge about the different 
parameters of the enzymes and production of 
prebiotic GOS thus can serve as the source for 
applications in the food and dairy industry. Studies 
regarding the optimization of GOS to obtain high 
yield are under investigation. Prebiotic GOS are 
functional food ingredients has the potential 
for enhancing food supplements for human 
consumption and prebiotic GOS are valuable in 
the production of possible health benefits.
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