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Abstract-Lactase (B-galactosidase) is an essential enzyme that hydrolyses lactose into glucose and galactose.
Its deficiency leads to lactose intolerance, affecting nearly two-thirds of the global population. Industrially,
B-galactosidase is valuable for reducing lactose content and preventing crystallization in dairy products,
thereby improving sweetness and digestibility. The present study aimed to isolate and identify lactase-
producing microorganisms from various natural sources and evaluate their enzyme production under
submerged fermentation. Milk, curd, and soil samples were collected from different locations in Bangalore
and processed for microbial isolation using De Man-Rogosa-Sharpe (MRS), modified MRS, Eosin Methylene
Blue (EMB), and Sabouraud Dextrose agar (SDA) media. A total of 28 microbial isolates were obtained and
characterized based on colony morphology, Gram staining, and biochemical tests. The isolates were
screened for lactase activity using o-nitrophenyl-p-D-galactopyranoside (ONPG) assay, where the
appearance of a yellow colour confirmed enzyme activity. Among the isolates, Escherichia coli, Lactobacillus
sp., and Fusarium sp. were found to produce lactase enzyme. The enzyme was detected only in the cell
pellet, indicating its intracellular nature. These findings suggest that the isolated bacterial and fungal strains
are promising candidates for industrial-scale lactase production. Their ability to produce a-galactosidase
efficiently under submerged fermentation conditions highlights their potential application in the food and

pharmaceutical industries, particularly for developing lactose-free or low-lactose dairy products.

INTRODUCTION

Enzymes are biological catalysts that accelerate
biochemical reactions necessary for sustaining life.
They play a crucial role in virtually every metabolic
process within living organisms. Lactase (also
referred to as lactase-phlorizin hydrolase) is a f8-
galactosidase enzyme located in the brush-border
membrane of small-intestinal enterocytes, which
catalyses the hydrolysis of the disaccharide lactose
into the absorbable monosaccharide glucose and
galactose (Forsgard, 2019). It is normally produced
by the small-intestinal mucosa and is essential for
the digestion of lactose, the primary carbohydrate
found in milk. Lactase is essential for digestive
hydrolysis of lactose, the main carbohydrate in
milk. Insufficient production of this enzyme leads to

lactose malabsorption and the condition known as
lactose intolerance, whereby ingestion of lactose-
containing foods results in gastrointestinal
symptoms such as bloating, gas, abdominal pain and
diarrhoea (Goosenberg and Afzal, 2025). It is
estimated that approximately two-thirds (about 65-
70 %) of the world’s adult population have
significant lactose malabsorption or lactase non-
persistence, making lactose intolerance a
widespread issue that can substantially affect quality
of life (Malik and Panuganti, 2018). This problem can
be solved either by using supplementary probiotics
microorganisms or using lactase enzyme in dairy
products that hydrolyse the lactose present in food
(Ahn et al., 2023).

Although probiotic strategies have been proposed
for managing lactose intolerance, the application of
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non-spore-forming microorganisms such as lactic
acid bacteria (LAB) remain limited due to their
inability to form resistant spores and their reduced
tolerance to the acidic environment of the stomach
(Kumar et al., 2017). The optimum temperature for
lactase (B-galactosidase) activity is approximately 48
°C. B-Galactosidase has significant industrial
importance, as it is employed to prevent lactose
crystallization in sweetened, condensed, and frozen
dairy products such as ice cream and condensed
milk. Moreover, this enzyme is used to reduce
lactose content in dairy products, thereby enabling
consumption by individuals with lactase deficiency.
The enzyme’s industrial value lies in its ability to
enhance the sweetness and solubility of milk
derivatives, overcoming the inherent low solubility
and sweetness of lactose (Chemeurope, 2024).
Furthermore, there is growing economic interest in
lactase due to its extensive use in the food and
pharmaceutical industries and the high global
prevalence of lactase deficiency. In the dairy
industry, lactase is predominantly produced from
bacterial species belonging to the genera
Lactobacillus and Bifidobacterium. However, the
number of strains currently used for commercial
production remains limited (Singh et al., 2023).
Although several techniques utilizing various
microorganisms have been developed, there is still a
pressing need to identify new strains with enhanced
enzyme production capabilities. In this context, the
present study aims to screen and isolate potent
lactase-producing bacteria from natural sources.

MATERIALS AND METHODS

Isolation of Lactase Producing Microorganisms

Milk and curd samples were collected from
Milkmaid, Singayanapalya, Whitefield and were
processed for isolation lactase producing
microorganisms (Fig. 1). Cattle shed soil samples
were also collected from CV Raman Nagar and
Bommasandra, Bangalore (Fig. 1). Milk and curd
samples were serially diluted and plated on MRS
plates, soil samples were serially diluted in
appropriate diluents and plated on MRS agar, Eosin
methylene blue and Sabouraud Dextrose agar
respectively and incubated for 24 hrs at 37 °C
(bacteria) and 3 to 4 days at 28 °C (fungi).
Identification of the bacterial isolates was carried
out by standard microbiological procedures, such as
colony morphological analysis, Gram staining,
plated on differential as well as on selective media,

and biochemical tests (Gahongayireet et al., 2020).
The isolates were identified based on Bergey’s
Manual of Systematic Bacteriology. Fungal isolates
were identified by colony morphological analysis,
Lactophenol cotton blue (LPCB) staining. The
isolated organisms were screened for lactase
production.

Fig. 1. Curd, milk and cattle shed soil samples for the
isolation of lactase enzyme microorganisms.

Production of Lactase under Submerged
Fermentation

Pure culture of bacteria isolated from soil were
transferred from MRS plate to 100 ml of modified
MRS broth containing 2% lactose. Similarly, from
EMB plate to 100 ml of Lactose broth and kept for
incubation at 37 °C in a shaker incubator with 200
rpm for 24hr. For fungus, fungal growth from
Sabouraud Dextrose agar plate was inoculated to
100 ml of lactose broth and kept for incubation at 28
°C in a shaker incubator with 200 rpm for 4 days.
After incubation, the fermented broth was used to
collect biomass (Althaf ef al., 2012).

Lactase Enzyme Assay

Lactase enzyme assay was carried out according to
Ahmed et al. (2016) with slight modification. Ten ml
of fermented broth was collected and centrifuged at
10000 rpm for 10min at 4 °C. After centrifugation,
cell pellet was collected and washed with 10ml of
distilled water. 0.5ml of pellet was dissolved in 1.5
ml of 0.01M Sodium phosphate buffer (pH 6.4).
Then, the cell was lysed by addition of 100 mg
lysozyme and the mixture was vortexed for 1min. To
0.20 ml of this mixture, 0.5 ml of ONPG was added
and the resulting reaction mixture was incubated for
about 10 min at 55°C. This reaction mixture was
stopped by adding 1ml of sodium carbonate at room
temperature for 1 min interval and processed for
centrifugation at 10,000 rpm for 10 min at 10 °C.
Finally, the supernatant was measured at 405 nm in
UV-vis spectrophotometer and the concentration of
ONPG was calculated. One unit of beta-
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galactosidase activity was defined as the amount of
enzyme that released 1pl mole of ONP from ONPG
per min.

RESULTS AND DISCUSSION

A total of 28 microorganisms were successfully
isolated from various natural sources such as milk,
curd, and soil samples. Out of these, three bacterial
isolates were obtained from milk samples, three
from curd samples, and fifteen bacterial colonies
from soil samples. Additionally, nine different
fungal colonies were isolated from soil. The
bacterial isolates were characterized based on
colony morphology, Gram staining, growth on
selective media, and biochemical tests, and were
further identified using Bergey’s Manual of
Systematic Bacteriology. Fungal isolates were
identified primarily by colony morphology and
confirmed through Lactophenol Cotton Blue (LPCB)
staining.
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Fig. 2. Production of lactase under submerged
fermentation: (a) for bacterial and fungal
isolates(b) for Lactobacillus isolates.

During the enzyme assay, lactase activity was
confirmed wusing ortho-nitrophenyl-8-D-
galactopyranoside (ONPG) as a substrate. The
reaction was terminated by the addition of sodium
carbonate (Na, COf ), which raised the pH to
approximately 11, inactivating the enzyme. The
production of a yellow color indicated the release of
ortho-nitrophenol (ONP), the product of ONPG
hydrolysis, which absorbs light at 420 nm (Fig. 3).
The intensity of the yellow color was directly
proportional to the lactase enzyme activity,
confirming the presence of B-galactosidase in the
isolates.

Among all isolates, two bacterial and one fungal
isolate were found to exhibit positive lactase activity.
The bacterial isolates showing positive results were
identified as Escherichia coli (IsoS14B3) and

Lactobacillus sp. (IsoS2#B1), while the fungal isolate
showing lactase activity was identified as Fusarium
sp. (IsoS24F1).

Among the bacterial isolates, E. coli exhibited the
highest enzyme activity of 51 + 2 U/mg, followed by
Lactobacillus sp. with 43.33 + 1.53 U/mg, while
Fusarium sp. showed the lowest enzyme activity of
27.67 + 1.15 U/mg (Fig. 4). The higher enzyme
activity in E. coli may be attributed to its efficient
lactose transport system and strong intracellular 8-
galactosidase expression. The results are in
agreement with the findings of Venkateswarulu et al.
(2018), who reported significant lactase production
by Bacillus subtilis isolated from dairy effluent.
Similarly, Mahalakshmi et al. (2013) reported that the
enzyme activity was predominantly detected in the
cell pellet rather than the culture supernatant,
confirming that B-galactosidase is an intracellular
enzyme, consistent with the present findings.

In this study, Lactobacillus sp. isolated from soil
also demonstrated notable lactase activity, although

Table 1. Screening of lactase enzyme production of the
microbial isolates from natural sources.

Sources of Sample Isolate ID Lactase
production
Milk IsoM#B1 Negative
IsoM#B2 Negative
IsoM#B3 Negative
Curd IsoC#B1 Negative
IsoC#B2 Negative
IsoC#B3 Negative
Cattle-shed soil (CV Raman IsoS1#B1 Negative
Nagar) [soS1#B2 Negative
IsoS14B3 Positive
IsoS14B4 Negative
IsoS1#B5 Negative
IsoS1#B6 Negative
IsoS1#B7 Negative
IsoS14#F1 Positive
IsoS1#F2 Negative
IsoS14F3 Negative
Cattle-shed soil IsoS2#B1 Positive
(Bommasandra) 1s0S2#B2 Negative
IsoS2#B3 Negative
[s0S2#B4 Negative
IsoS2#B5 Negative
IsoS2#B6 Negative
1s0S2#B7 Negative
Is0S2#F1 Negative
1s0S2#F2 Negative
IsoS2#F3 Negative
1s0S2#F4 Negative
[soS2#F5 Negative
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slightly lower than E. coli. This aligns with the
findings of Ahmed et al. (2016), who reported that
Lactobacillus sp. KLSA 22 exhibited maximum lactase
activity of 97.99 + 2.38 IU at 0.5% lactose
concentration in cheese whey under static
conditions. The comparatively lower enzyme yield
in the present isolates could be due to differences in
substrate concentration, strain potential, or culture
conditions.
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Fig. 3. Lactase enzyme production: (a) E. coli (b) Fusarium
sp.

Interestingly, among the nine fungal isolates,
Fusarium sp. was the only fungus capable of
producing lactase enzyme. Although the enzyme
activity (27.67 +1.15 U/mg) was lower compared to
bacterial isolates, this result is noteworthy since
fungi are known to secrete extracellular enzymes,
which can be advantageous in industrial-scale
enzyme recovery. Similar observations have been
made by Kaur and Puri (2019), who reported
moderate -galactosidase activity in Fusarium and
Aspergillus species isolated from soil samples.
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Fig. 4. Lactase enzyme activity of the isolated
microorganisms from natural sources.

Overall, the results suggest that soil represents a
rich reservoir of diverse microbial populations with
potential lactase-producing capabilities. Among the
tested isolates, E. coli exhibited the highest potential
for industrial lactase production under submerged
fermentation, while Lactobacillus sp. and Fusarium
sp. could be further optimized for enzyme yield
enhancement through media modification,
mutagenesis, or process optimization studies. The
findings of this study emphasize the importance of
screening microbial strains from diverse natural
sources to identify novel and efficient lactase
producers for biotechnological and dairy industry
applications.

CONCLUSION

The present study successfully isolated and
screened twenty-eight microbial strains from milk,
curd, and soil samples for their ability to produce
the enzyme lactase ($-galactosidase). Among these,
Escherichia coli, Lactobacillus sp., and Fusarium sp.
were identified as efficient lactase producers under
submerged fermentation conditions. E. coli
demonstrated the highest enzyme activity (51 +2 U/
mg), followed by Lactobacillus sp. (43.33 + 1.53 U/
mg) and Fusarium sp. (27.67 = 1.15 U/mg). These
findings indicate that soil serves as a rich and
diverse source of potential lactase-producing
microorganisms. The identification of Lactobacillus
and Fusarium species with measurable lactase
activity highlights their potential applicability in the
dairy and food industries, particularly for the
production of lactose-free products and value-
added bioprocesses. Future research should focus
on optimizing fermentation parameters such as pH,
temperature, and substrate concentration to
maximize lactase yield from the identified isolates.
The development of robust, high-yield lactase-
producing strains could contribute significantly to
the formulation of lactose-free dairy products and
expand biotechnological applications in the food,
pharmaceutical, and nutraceutical industries.
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