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ABSTRACT

The objective of this study was to investigate the extracellular enzymatic profile of the

Keywords yeast isolated from different dairy products. In present study, a total 112 yeasts isolate was
Yeast, - obtained. These isolates were screened for the presence of extracellular B-galactosidase
galactosidase, enzyme. Among total isolates, 45 were found positive for the presence of B-galactosidase,
Extracellular in which 10 isolates exhibited very strong B-gal activity. The most promising and highest 3-
CNnzymes. gal activity showing yeasts were identified using PCR techniques up to genus and they
Article Info were identified as species of genus Klyuveromyces. In addition to B-gal activity, those
highest B-gal activity showing potent isolates was also assayed for detecting other
Received: extracellular enzymes such as protease, amylase, lipase, L-asparaginase activity and for
14 August 2026 exoplysaccharide production. Yeasts derived extracellular enzymes are used in various
Accepted: : c 0 5 5 g . .
22 September 2026 1ndustr1§s such as phaljmaceutl.cal, dallry. industry, bio-fuel generation and breyﬁng
Available Online: production etc. and also in the bioremediation of waste water. Out of ten most promising
10 October 2026 yeast isolates, two isolate named CH2 and D3, did not show presence of any above

enzymes for which they were screened production.

Introduction especially B-complex, including B; (thiamine), B:

(riboflavin), Bs (niacin), Bs (pantothenic acid), Bs
In present days, yeast has been used for various food and  (pyridoxine), By (folic acid) and B7 (biotin). Generally,
industrial appliations. Various extracellular enzymes  they do not utilize lactose, but, some yeast species such
such as P-galactosidase, L-asparaginase, protease, as Kluyveromyces marxianus effectively utilizing lactose
amylase, and lipase and other important products like  can be explored as novel starters for the development of
exoplysaccharide (EPS) produced by different types of  different fermented milk products. The presence of
yeasts species have been used in the food industries. In  enzyme such as B-galactosidase (B-gal) in certain yeasts
addition, it has crucial role in the processes of brewing,  aids them in hydrolyzing milk lactose sugar into glucose
winemaking, baking and alcohol production. The yeast —and galactose. This property of certain yeasts makes
also adversely affects food via causing spoilage of them as suitable candidate for their use in the food and
various food stuffs. Yeasts are a source of vitamins, dairy industry. This enzyme have being utilized in the
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development of a new product with hydrolyzed lactose
that are suitable for lactose intolerant people, for the
improving the technological properties of non-fermented
milk products and for removing the lactose from whey.
The B-gal enzyme help in the decreasing lactose content
in the milk and milk derivatives products, solving the
problem of low lactose solubility and its low degree of
sweetening. Furthermore, the economic interest in this
enzyme is related to its use in food and pharmaceutical
industries, because of the deficiency of B-galactosidase in
many people, which leads to lactose intolerance (Lomer
et al., 2008). It is also useful in the biodegradability of
whey after lactose hydrolysis, reducing the amount of
biological oxygen demand (BOD) or in the process of
bioremediation (Santos ef al., 1998)

However, compared with animal and plant sources, the
microbial ~ PB-galactosidase  synthesis is  more
technologically important. Enzymes of plants and animal
origin have little commercial value but microbial
originated [-galactosidase is of great technological
interest. Several microorganisms with easy handling,
higher multiplication rate, and high production yield are
attractive agents for the production of B-galactosidase. As
a result, a large number of microorganisms have been
assessed as potential sources of this enzyme (Panesar et
al., 2010). Additionally, the application of yeasts derived
extracellular enzymes are used in various industries such
as pharmaceutical, dairy industry, biofuel generation and
brewing production etc. and also in the bioremediation of
waste water. Apart from this enzyme, other enzyme such
as lipase have roles in food industry, resolution of
pharmaceuticals, biocide making, biosensor modulation,
bio surfactants, production of lipid-derived flavors and
fragrances, and treatment of olive mill wastewater
(Benjamin, 1998).

L-asparaginase (E.C.3.5.1.1) is another enzyme that is
widely used as an anti-cancer agent. Microbial
asparaginases have been particularly studied for their
applications as therapeutic agents in the treatment of
certain types of human cancer. The preferred reason of its
use for this purpose is its biodegradable and non-toxic
nature and other available agents are quite painful when
administered to the patient and are very costly (Kamble
et al., 2012). Furthermore, microbial produced EPS are
thought to play a key role in protection against
desiccation, toxic compounds, bacteriophages, osmotic
stress, allow adhesion to solid surfaces and in biofilm
formation (De Vuyst and Degeest, 2001).
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Keeping in the importance of such microbial produced
products, the present study was aimed for the screening
and detection of extracellular enzymes and EPS produced
by the several yeasts obtained from dairy products.

Material and Methods

Isolation of yeast from different dairy products

Isolation of yeast was carried from different dairy
products samples such as raw milk, dahi, lassi, cream,
cheese, paneer, whey, buttermilk, collected from ICAR-
NDRI, Karnal and the local market of the Karnal.
Samples were serially diluted in the normal sterile water.
Appropriate dilutions of the samples were made and
plated out on the yeast peptone dextrose (YPD) medium.
Plates were incubated at 25-30°C for 48-72 h and
colonies growth was observed. Typical appearing smooth
ridged, mucoid white colonies were picked and purified
and maintained on the YPD medium. Culture stock was
also maintained and preserved in the in glycerol stock for
further examination.

Morphological and biochemical based yeasts
isolates identification

The presumptive identification of yeasts isolates were
performed based on the morphological and biochemical
characterization. The isolated colonies were checked for
purity and morphology by microscopic examination. The
isolates that showed typical morphology were
characterized based on biochemical and genetic traits.
Various biochemical tests including carbohydrate
fermentation profile, catalase test, urease test, growth on
chalk agar for acid production, Growth at 37°C and 40°C
were performed for tentative identification of yeast.

Molecular characterization

All biochemically identified yeast isolates were subjected
to molecular characterization for genus identification. All
cultures used in this study along with standard as
Kluyveromyces marxianus (MTCC-188) were grown at
25-30°C for 24 to 48 h in YPD broth to develop turbidity
and then extraction of genomic DNA from each isolate
was carried out by standard method. After isolation of the
DNA at genus level that further run for PCR. PCR
amplified products obtained with different templates and
primers were electrophoresed on the agarose gel (1.5 to
2.0% concentration) by following the standard procedure.
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Oligonucleotide primers targeted against conserved
region of yeast for Kluveromyces spp. standardized
primers ITS1 (5"TCCGTAGGTGAACCTGCGG3’) and
ITS4 (5’TCCTCCGCTTATTGATATGC3’) of 754bp
(Kulhe and Jespersen, 2003) were used. After PCR it
further proceeds for agarose gel electrophoresis.

Screening of B-galactosidase activity by ONPG
assay

For the qualitative plate assay, 100 and 20 pL of IPTG
(Isopropyl B-D-1-thiogalactopyranoside, Sigma) and X-
gal  (5-bromo-4-chloro-indolyl-B-D-galactopyranoside,
Sigma) solutions, respectively, were spread plated on the
surface of PDA plates. Then the test cultures were spot
inoculated on these plates and incubated at 30°C for 24-
48 h. Observations were recorded as blue/white coloured
colonies as positive or negative, respectively (Syal and
Vohra, 2013). Quantitative estimation of -galactosidase
activity in yeast was estimated as per the ONPG assay of
Gietz et al., (1997).

In brief, a single colony of yeast was inoculated to 2 mL
of selective medium (YPD broth) and incubated
overnight at 28-30°C with continuous shaking. After that
ODe¢oo was determined in 1:10 dilution (diluted with the
same medium and use the medium as reference). One mL
of culture was transferred to an Eppendorf tube and cell
pellets were obtained by centrifugation at 10,000 rpm for
10 min.

The cells were re-suspended in 500 ul of Z buffer, to this
added 50 pL of 0.1% SDS and vortexes vigorously for 15
sec. Then 50 pL of chloroform was added and vortex for
15 sec. After that 100 uL of ONPG (4 mg/mL) was
added, vortex, and incubated at 37°C for 2-30 min. The
reaction was quenched with 500 pL of 1M Na,COs. The
pellet was settled by centrifugation at 14,000 rpm for 30
sec, after that supernatant was clearly discarded from
tubes.

The OD42 was measured of supernatant against a blank
containing 500 pL of Z buffer, 100 pL of ONPG and 500
pL of 1M NaCOs. Units of B-galactosidase activity were
calculated by using the following formula:

Units of B-galactosidase activity = 1000 x OD4o / V Xt X
ODsoo

Where, V = the volume of cells (ml); t= the incubation
time (min)
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Screening for the extracellular enzyme assay
L-asparaginase

For this, modified Czapek Dox medium was used for
plate assay and stock solution (2.5%) of phenol red was
prepared in ethanol (pH 6.2) and 3 ml of this was added
to 1 liter of Czapek Dox medium. Plates containing this
medium were point inoculated and after 48 h of
incubation at 30°C, the appearance of a pink zone around
the yeast colony indicated L-asparaginase activity (Gupta
etal., 1997).

Protease and amylase

In MYPG medium casein (1%) and soluble starch (1%)
were incorporated to screen out protease and amylase
production, respectively. Plates containing medium were
point inoculated and incubated at 37°C for 48 h. For
protease, zone formation around colonies indicated its
production, whereas, for amylase production, the plates
were flooded with iodine solution and the plates were
then observed halo formation around the yeast colony
against a blue-black background (Bose ef al., 2011).

Lipase

For lipase production, MYPG medium containing Tween
80 (1%) and phenol red (0.01%) were used and pH of the
medium was adjusted to 7.3-7.4 by using 1IN NaOH.
Inoculated plates were incubated at 37°C for 48 h. and
were then observed to change in colour from red to
yellow around the yeast colony. (Syal and Vohra, 2013)

Exopolysaccharide production

For this, activated cultures were streaked on the surface
of plates containing ruthenium red milk (Manachini et
al., 2002). After incubation at 37°C for 24 h, ropy
isolates producing exopolysaccharides appeared as white
colonies while non-ropy strains gave red colonies due to
the staining of the microbial cell wall.

Results and Discussion
Yeasts Isolation
In the present study, a total of 112 isolates were obtained

from different dairy products. Yeast isolated from
different sources, their number, type and morphological
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characteristics were studied and it showed in table 1 and
figure 1. Microscopic and different biochemical
parameters like sugar fermentation, cell morphology, and
urease and catalase test were applied for tentative
1dentification of isolates. Out of 112 isolates, 52 isolates
appeared ellipsoidal, cylindrical and elongated and some
other isolates looked as round, oval or cylindrical under
microscopic examination (Figure 1). Savova and
Nikolova, (2002) reported that the vegetative cells of
Kluyveromyces species are ellipsoidal, cylindrical and
elongate and reproduce by multilateral budding as
observed. Similarly Oda and Ouchi, (2000) reported that
the vegetative cells of Saccharomyces species are round,
oval or cylindrical and reproduce but multilateral
budding.

Biochemical identification of isolates

All the isolates were tested for detection of catalase,
urease and nitrate reduction ability. Further, they were
checked for growing ability at 30 and 37°C. It was
observed that all 112 isolates were positive for catalase
and negative for urease. All isolates showed growth at
37°C. According to Nahvi and Moeini, (2004), K. lactis
and K. marxianus give negative urease test. K. marxianus
is able to grow at 37°C and 40°C while K. lactis only
shows growth at 37°C. Belloch et al., (2002) also used
37°C and 40°C incubation temperature for the
differentiation between the two species K. lactis and K.
marxianus. Batt (1999) stated that Kluveromyces species
were unable to assimilate nitrate and considered them
negative for catalase test. The obtained results were in
full conformity with above as all isolates and standard
culture MTCC-188 were found positive for catalase test.
Here, all the isolates were found negative for urease test
that was primarily performed for identification of culture.
During screening they were identified on the basis of
sugar fermentation profiles. All isolates fermented
dextrose, maltose and sucrose; however, they have
shown some variation in fermentation of lactose,
raffinose and xylose. Saccharomyces belongs to a genus
of non-lactose fermenting yeasts (Oda and Ouchi, 2000)
and also not able to utilize pentose sugar like xylose,
erythrose etc., (Lodder, 1971). It has also been reported
that genus Saccharomyces showed variability in raffinose
fermentation. Kluyveromyces spp. must consume
predominantly lactose, glucose and sucrose (Kavas et al.,
2006). The rest of the sugars are untypical sources of
carbon for this yeast. While all the isolates were able to
ferment lactose, sucrose, galactose, glucose, fructose and
maltose, none of the isolates were found to ferment
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melibiose, rhamnose, inositol, arabinose, inuline and
trehalose. Majority of the strains tested here were found
negative for trehalose sugar. Kluyveromyces is the genus
of lactose fermenting yeast. Nahvi and Moeini (2004)
performed various sugar fermentation tests for
identification of yeast and observed that Kluveromyces
spp. showed positive sugar fermentation pattern for
lactose, sucrose, galactose, mannitol and raffinose and
negative for trahalose, maltose, melibiose and rhamnose.
It has been reported that Kluyveromyces spp. showed
variability in L-arabinose, D- xylose and cellibiose
fermentation (Kavas et al., 2006).

p-galactosidase activity

The yeast isolates obtained from different dairy products
were screened for B-galactosidase activity using the o-
nitrophenyl-B-D-galactopyranoside (ONPG) assay, and
the enzyme activity was expressed in Miller units
(Miller, 1972). ONPG is a chromogenic substrate that is
hydrolysed by B-galactosidase to produce o-nitrophenol,
resulting in the development of a yellow colour. The
intensity of the colour is proportional to the -
galactosidase activity and can therefore be used for the
detection and comparative screening of -galactosidase-
producing microorganisms.

Among 112 isolates, only 45 isolates showed J-
galactosidase activity. Out of 45 isolates, only 10 had
shown strong [-galactosidase activity. The results
presented in Table 2 revealed considerable variation in 3-
galactosidase activity among the ten selected yeast
isolates. The enzyme activity ranged from 1400 £ 0.05 to
2777 £ 0.05 Miller units, demonstrating substantial
strain-dependent variation in B-galactosidase production.
(Table 2 and figure 2). Among them RM4 has showed
higher units of [P-galactosidase as compare to other
isolates, RM4 exhibited the highest p-galactosidase
activity (2777 £ 0.05 Miller units) and was therefore
identified as the most potent -galactosidase-producing
isolate. The second-highest activity was recorded for Cl
(2640 £ 0.06 Miller units), followed by W2 (2560 + 0.04
Miller units), MD10 (2500 £ 0.04 Miller units) and BMS8
(2450 £ 0.03 Miller units). Isolate C3 also showed
comparatively high activity, with 2400 + 0.05 Miller
units. Moderate B-galactosidase activity was observed in
D3 (2100 £ 0.01 Miller units) and B9 (1960 + 0.05
Miller units), whereas W1 (1600 = 0.00 Miller units)
showed relatively lower activity. Among the selected
isolates, CH2 exhibited the lowest [-galactosidase
activity (1400 £ 0.05 Miller units). However its activity
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was sufficiently detectable to classify it as a fB-
galactosidase-positive isolate.

B-Galactosidase (EC 3.2.1.23), commonly known as
lactase, catalyses the hydrolysis of lactose into glucose
and galactose. The enzyme has considerable importance
in the dairy and food industries, particularly for the
production of lactose-reduced milk and other dairy
products. In addition to hydrolysis, some f-
galactosidases possess transgalactosylation activity and
can be used for the synthesis of galacto-oligosaccharides
(GOS) and other galactosylated products (Oliveira et al.,
2011; Albuquerque et al., 2021).

The present findings are in agreement with earlier reports
describing yeasts, particularly Kluyveromyces, as
important sources of P-galactosidase. Husain (2010)
reviewed the biotechnological importance and
applications of microbial B-galactosidases, while Oliveira
et al, (2011) discussed microbial systems for [-
galactosidase production and their industrial applications.
More specifically, Nag et al, (2021) reported an
extracellular [-galactosidase-producing Kluyveromyces
strain isolated from yak milk, demonstrating the
relevance of dairy-associated yeasts as potential sources
of extracellular B-galactosidase. Manera et al., (2008) has
screened seven strains of Kluyveromyces spp. tested in
this work, it was observed that K. marxianus CCT 7082
presented the highest production of P-galactosidase. K.
Marxianus showed 2360 miller unit of B-galactosidase
shown by Domingues et al., (1997).

Molecular identification

The DNA quantification after isolating the DNA was
done by using a spectrophotometer and all isolates were
having DNA concentration in range of 0.55-0.76 pg/ml.
All 45 isolates were examined for their species
specificity by PCR amplification of ITS1-5.8S rDNA-
ITS2 region of 18S rRNA operon by using ITS1/ ITS4
primer In all isolates included the positive culture, a 754
bp amplicon was observed that confirms them as

Kluyveromyces species. All isolates which were
considered as [-galactosidase positive were further
biochemically and  molecularly identified as
Kluyveromyces spp.

Extracellular enzyme assay

The ten selected P-galactosidase-positive yeast isolates
were further screened for the production of extracellular
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protease, amylase, lipase, L-asparaginase and
exopolysaccharides (EPS). The results presented in Table
3 demonstrated considerable variation in the extracellular
enzymatic profile of the isolates

Protease and amylase production

All 10 selected yeast isolates were subjected to protease
and amylase production. Out of them only 7 isolates (B9,
W2, BM8, W1, MD10, C1 and C3) had shown presence
of extracellular protease while no such activity was
detected in the isolate CH2, D3 and RM4. Among them,
higher protease activity was shown by isolates B9, W2
and BMS8 followed by others. Proteases produced by
microorganisms have considerable importance in food
and dairy biotechnology because proteolysis contributes
to the breakdown of milk proteins and may influence
flavour development and other characteristics of
fermented dairy products. However, excessive
proteolytic activity may not always be desirable and
therefore the level and specificity of protease production
should be considered when selecting cultures for
particular dairy applications.

For amylase activity, isolate W2, BMS, B9, C3, C1 and
W1 were found positive while isolates MD10, RM4,
CH2, and D3 were negative(Table 3 and Figure 4, 5).
Amylases hydrolyse starch and related polysaccharides
and have extensive applications in food processing,
brewing, fermentation and other industrial processes. The
detection of amylase activity in dairy-derived yeasts
suggests that some of the isolates may possess broader
carbohydrate-degrading capabilities in addition to [-
galactosidase production.

Lipase production

In this study, some yeast species are scarcely studied for
lipase production and K. marxianus was shown to
produce a highly thermostable lipase in aqueous
solutions that is acid stable and also have good tolerance
to organic solvents (Deive, 2003). Kakugawa et al,
(2000) reported the purification and characterization of a
lipase from Kluyveromyces spp., strain I-11. This lipase
has an optimum activity at 75°C, working pH range of
1.9-7.2 and substrate preference for C18 acyl groups.
This enzyme is stable in the presence of various organic
solvents. Among 10 isolates, 6 isolates i.e., B9, W2,
BMS, W1, C3, and C1 shown positive lipase production,
whereas four isolates MD10, RM4, CH2 and D3 shows
no such activity (Table 3).
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Table.1 Isolation of Isolates from different samples

B1-BI2 (12) L1-L10 (10)

CH1-CH10 (10) P1-P10 (10)
‘Cream  CI-C10(10) ~  Rawmilk  RMI-RMIS(15)
‘Dahi | DI-DI3(13) WI1-W10 (10)

Table.2 Enzyme activity profile of certain yeast positive for f-galactosidase activity

B 1960005
CH2

Table.3 Extracellular enzyme assay

Fig.1 Microscopic identification of yeast by simple staining
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Fig.2 B-galactosidase activity by yeast isolates (ONPG assay) where positive sample (1), standard culture
(2), negative sample (3) and blank (4) are shown.

M

bp

Fig.3 Electrophoretic profile of Genus K/uyveromyces on PCR amplification with ITS1-5.8S rDNA

Fig.4 Protease production shown by yeast Fig.5 Amylase production shown by yeast
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Fig.6 Exo polysaccharide production shown by yeast

Fig.7 L-asperginase production shown by yeast

Exopolysaccharide production

Out of 10 yeast isolates, only four yeast isolates namely,
W2, BM8, C3 and C1 EPS production detected whereas
B9, CH2, D3, MD10, RM4 and W1 did not show
detectable EPS production under the conditions applied
(Table 3 and Figure 6). Microbial EPSs are
technologically important in fermented foods because
they may influence viscosity, texture, water-holding
capacity and physical stability.

In  fermented dairy products, EPS-producing
microorganisms can therefore contribute to desirable
rheological properties (Mende et al., 2016; Zang et al.,
2025). EPS has many biological properties like immune-
stimulation and antitumor, antioxidant (Kodali and Sen,
2008), cholesterol lowering (Welman and Mddox,
2003), anti-tumour activities (Ebina et al, 1995),
antiviral and immunomodulatory activities (Arena et al.,
2006).

The phosphate groups present in EPS play an important
role in the activation of macrophages and lymphocytes
(Kitazawa et al., 2000; Uemura et al., 2003). Therefore,
screening for this trait might be helpful in isolating a
yeast strain with immune-stimulatory property.
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L-Asperaginase Production

L-Asparaginase activity showed a distinctive
distribution among the selected isolates. Strong activity
(++) was observed in B9, BMS, C1, C3 and W2. RM4
exhibited comparatively lower activity (+), while MD10,
CH2, D3 and W1 were negative (Table 3 and Figure 7).
L-Asparaginase is an enzyme of considerable
biotechnological interest because of its applications in
pharmaceutical biotechnology and food processing. In
particular, microbial L-asparaginase has been
investigated as a means of reducing acrylamide
formation during the thermal processing of certain foods
by converting L-asparagine into aspartic acid, thereby
reducing the precursor available for acrylamide
formation. (Sarada, 2015; Jia et al, 2021) L-
asparaginase from two bacterial sources (E. coli and
Erwinia carotovora) is currently used for clinical
purposes for the treatment of acute lymphoblastic
leukemia (Keating ef al., 1993). It is also used for the
treatment of pancreatic carcinoma and bovine lymphoma
sarcoma. A partially-purified L-asparaginase from
Aspergillus terreus possesses antitumor property (Ashraf
et al., 2004), Microorganisms producing L-asparaginase
are either bacteria or fungi; very few types of yeast have
been reported to produce this enzyme.
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In conclusion, A total of 112 yeast isolates were
obtained from different dairy products and screened for
B-galactosidase production. Among these, 45 isolates
(40.18%) showed [-galactosidase activity, indicating a
considerable prevalence of lactose-hydrolysing yeasts in
the investigated dairy environment.

Ten isolates exhibiting comparatively strong J-
galactosidase activity were selected for further
characterization. These isolates were identified as genus
Kluyveromyces. Screening of the ten selected isolates
revealed considerable diversity in their extracellular
enzymatic profiles.

Six isolates exhibited protease activity, six showed
amylase activity, six demonstrated lipase activity and six
were positive for L-asparaginase activity, whereas four
isolates produced detectable exopolysaccharides.

B-gal positive yeasts genus Kluyveromyces isolated from
dairy products can be used in the industrial level as
pharmaceutical industry for production of various
enzymes, dairy industry, bio-fuel generation and
brewing production etc. and also in the bioremediation
of waste water. This study demonstrated the potential for
yeasts isolated from different dairy products as sources
of industrially relevant for biotechnological purposes.
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