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Abstract

Cancer is a major leading cause of death worldwide. However, lactic acid bacteria (LAB) were found to produce
different anticancer agents, such as L-asparaginase (ASNase), which effectively contribute against the cancer cells
growth. This study aimed for the production, partial purification, characterization and evaluation of both anticancer
and antioxidant properties of ASNase from Weissella paramesenteroides MN2C2. The maximal ASNase
production conditions were found to be reached when 10% (v/v) of the strain was inoculated in MRS medium of
pH 7, then statically incubated for 48h at 37°C. The enzyme was precipitated by ammonium sulfate at 20-60%
saturation giving 69.7 % recovery and 1.7 purification fold. The partially purified ASNase (PPASNase) showed
molecular weight of 36 kDal, using SDS-PAGE investigation, as well as Km and Vmax of 4.41 mM and 130.72
U/ml/min respectively. The maximum activity of PPASNase was obtained at 35°C and pH of 7.0 and was mostly
retained at a wide range of temperature (20-60°C) and pH (2-10). The anticancer effect of the PPASNase was tested
against different cell lines. The most optimum I1Cso of 0.135 mg/ml was recorded against Caco-2 cells, while higher
ICso values of 1.034, 4.5 and 1.636 mg/ml were obtained when tested against HepG-2, MCF-7 and A549
respectively. The PPASNase showed excellent antioxidant activity with an 1Cs of 235.8 pg/ml. The tested strain
was also able to participate in the production of yoghurt with enhanced quality, which consequently comprises a
number of health beneficial bioactive compounds. These results demonstrated that the probiotic W.
paramesenteroides MN2C2 is a very promising microorganism for both pharmaceutical and nutritional uses.
Keywords: Weissella paramesenteroides,L-asparaginase, Anticancer activity, Antioxidant activity.

1. Introduction

L-asparaginase (ASNase: EC 3.5.1.1.) is an enzyme
that catalyzes the breakdown of L-asparagine to L-
asparticacid and ammonia [1]. Amongst the microbial
ASNase sources, different microorganisms were
studied such as P. pseudoalcaligenes JHS71 [2],
Bacillus sp.[3] and Staphylococcus [4].

On the other hand, Lactic acid bacteria (LAB), which
represent a beneficial group of microorganisms, have
been broadly wused in foodstuff fermentation
worldwide since the metabolic effect of LAB was
found to alter the nutritional property of food matrix
producing a great number of substrates, and many
bioactive end products, having especially beneficial
effects on human health [5]. Therefore, LAB are
considered as probiotics, which can sustain good
health and significantly reduce the offset of many

diseases [6]. Accordingly, fermentation of LAB was
integrated in many applications related to the food
industry [7].

One of the major products of LAB is the ASNase
enzyme. The latter has attracted the attention of
foodstuff processing manufacturers due to its ability to
greatly lower the acrylamide production percentages,
as ASNase can break L-asparagine which is a
necessary precursor for acrylamide production [8].
Acrylamide is a carcinogenic substrate that is formed
during food manufacturing as a result of the Maillard
reaction [9].

Moreover, in several cancer cases, such as
lymphoblastic leukemia, the anticancer activity of
ASNase also results from the hydrolysis of L-
asparagine, synthesized by normal cells, since the
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latter is imperatively needed by cancer cells in order to
survive [10].

Although ASNase use was also proved to solve many
other problems including neurotoxicity, hepatitis and
many other diseases, unfortunately, some resulting
dysfunctions were recorded which eventually caused
some restrictions in its methodical applications and,
consequently,the commercial uses of ASNase are still
limited [11]. However, the ASNases enzymes
produced by both E. coli and Erwinia carotovora were
recently accepted for medical applications by the
FDA.

Moreover, the oxidative effect of some substances
plays very important roles in many human diseases
such as cancer; atherosclerosis, emphysema, cirrhosis,
and arthritis [12]. Consequently, antioxidants are very
important to prevent cell damage that results from
oxidative stress.

Beside the ability of W. Paramesenteroides MN2C2 to
produce exopolysaccharide [13] [14], the locally
isolated strain was also found to substantially decrease
the pH of the cultivation medium due to the production
of potent amounts of different acids, which is a
common property of LAB [15].

Accordingly, in this study, the ASNase enzyme
production by W. Paramesenteroides MN2C2 was
optimized, partially purified, characterized and tested
for its anticancer and antioxidant activities. The strain
was also exploited for the possible production of dairy
products, such as yoghurt, having enhanced nutritional
values as well as advantageous medical uses.

2. Material and Methods
2.1. Microorganism and Culture conditions

The strain was previously isolated, by the research
team, from buffalo colostrums after 48 h of delivery,
then identified as Weissella paramesenteroides
MN2C2 and stored in the gene bank under the
accession number of MK530206 [13]. The
microorganism (10°CFU/ml) was inoculated in De
Man-Rogosa-Sharpe (MRS) broth medium (pH 6.5)
and incubated aerobically at 37°C for 24 h in a static
incubator. At the end of the incubation period, the
culture was mixed to a solution of 40% glycerol and
the resulting suspension was stored at -80°C until
needed [16].

2.2. Detection of the antitumor gene (ansA) by PCR

To detect the ansA gene within the genomic DNA of
Weissella paramesenteroides MN2C2, one set of PCR
primers was designed according to the DNA sequence
of Lb. helveticus (accession number: gi111610249),
which was retrieved from the NCBI website. These
primers included anslF
5ATGGAAAAGAAAAAGTTATTAT'3 and ansiR
5'AGCCACATCTGTATTGAAGAAATCT'3. PCR
products were treated as described by Weisburg et al.,
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(1991) [17]. The amplification program included the
pre-denaturation of ansA gene at 95 °C for 5 min
followed by 35 cycles each including denaturation at
94°C for 30 sec., annealing at 45°C for 30 sec., and
extension at 72° C for 1 min (Biorad model ptc-1148).

2.3. Preparation of crude enzyme

Weissella paramesenteroides MN2C2, of
concentration 2% (108cfu/ml), was cultivated in 50 ml
MRS broth supplemented with 10 g/L of L-asparagine
and incubated at 37 °C for 48h. At the end of the
incubation time, the culture was centrifuged at 10,000
rpm for 20 min at 4 °C. Finally, the supernatants,
which represent the crude enzyme, were filter
sterilized.

2.4. Measurement of ASNase activity

ASNase activity determination was calculated using
Nessler’s methods [18] which rely on measuring the
amount of ammonia release in order to estimate the
rate of L-asparagine hydrolysis. The reaction mixture;
which included 0.2 ml of 0.05 M Tris—HCI buffer, pH
8.6, 1.7 ml of 0.01M L-asparagine (Merck- Germany)
and 100 pl bacterial culture supernatant; was
incubated at 37 °C for 10 min. The reaction was then
stopped by adding 0.5 ml of 1.5 M trichloroacetic acid
(TCA). The solution was centrifuged then 1 ml of
Nessler’s reagent was added to 500 pl of the
supernatant and diluted with 7ml of H,O. The
absorbance of the colour which appearedafter 10 min,
indicating the enzyme activity, was measured at A480
nm. Ammonium sulphate was used for standard curve
preparation. Specific activity of ASNase was defined
as the amount of pmoles of ammonia released per
milligram (mg) protein per minute at 37°C [19]. The
protein concentration in each sample was calculated
according to the Bradford method using bovine serum
albumin (BSA) as a standard [20].

2.5. Effect of different cultivation factors on ASNase
production (incubation temperature, pH, time and
inoculum size)

To determine the maximum ASNase production from
Weissella paramesenteroides MN2C2, an inoculum
size of 8% was used to cultivate the tested
microorganism in MRS medium adjusted at pH 6.5 for
24 h at different incubation temperatures, including
25, 30, 35, 40 and 45°C. The optimum initial pH of the
medium was also studied by its adjustment to a range
of pH of 5 -8 using either 0.1 M NaOH or 0.1 M HCL.
Moreover, different incubation times that ranged from
6 to 60 h, were studied as well. Finally, different
inocula sizes, ranging from 2-12 % were also tested.

2.6. Partial purification of ASNase

Ammonium sulfate salt was added under cooling and
stirring conditions to the concentrated crude enzyme
solution to a final concentration of 20% then the
precipitate was centrifuged and removed. Thereafter,
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the ammonium sulfate concentration was increased up
to 60% and the second precipitate was obtained after
centrifugation at 10,000 rpm for 20 minutes. The final
precipitate was resuspended in a minimal volume of
0.05 M Tris-HCI of pH 7.5 and dialyzed. Finally the
enzyme activity and protein concentration of the
dialyzed solution was quantitatively assayed using
Nessler’s and Bradford methods [18,20].Then the
partially purified ASNase (PPASNase) was stored at
4°C [21].

2.7. Characterization of PPASNase
2.7.1. Molecular weight determination of PPASNase

The molecular weight (MW) of PPASNase was
determined according to the method of Laemmli,
(1970) [22] wusing sodium dodecyl sulfate—
polyacrylamide gel electrophoresis (SDS-PAGE).The
concentration of SDS used to prepare the separation
polyacrylamide gel was 15% (w/v) while that used for
the preparation of the stacking gel was 5% (w/v).
Electrophoresis was performed at 100V. The
PPASNase was stained with Coomassie Blue then, the
gel was transferred to a de-staining solution. Finally, a
gel documentation system was used for imaging the
resulting stained proteins which appeared as visible
blue bands [23]. The obtained molecular weights of
the resulting bands were detected based on those of the
coinciding bands on the standard protein ladder and
compared to the expected MW calculated based on the
number of base pairs, or the number of amino acids,
reported, for ansA gene of the 100% similar strain, on
the NCBI website.

2.7.2 Factors affecting enzyme activity
2.7.2.1 Enzyme concentration

Optimum PPASNase concentration was assessed by
using different concentrations of the enzyme, ranging
from 0.1 to 2.1 mg in the reaction mixture.

2.7.2.2. Kinetic parameters

The value of Michaelis constant (Km) as well as that
of the maximum velocity (Vmax) were determined
based on Lineweaver-Burk plot using L-asparagine as
substrate in different concentrations ranging from 1.5
to 224 mg/ml.

2.7.2.3. Effect of temperature on enzyme activity and
stability

In order to determine the optimal temperature for
enzyme activity, the reaction mixture was incubated at
different temperatures ranging from 20 to 90°C. The
thermal stability of PPASNase was further tested by
pre-incubating the PPASNase at the same range of
temperature for 30 minutes, after which the residual
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enzyme activity was determined using the above
mentioned activity assay method.

2.7.2.4. Effect of pH on enzyme activity and stability

The effect of pH was assessed using 3 different
molarities of Tris-HCI buffer (pH from 2 to 11). The
pH stability of PPASNase was also examined by pre-
subjecting the enzyme solution to the same range of
pH values for 30 minutes. At the end of each
incubation period, the activity of the pretreated
PPASNase enzyme was determined using the activity
assay method.

2.8. In vitro anticancer activity

The cytotoxicity of PPASNase was evaluated at the
Faculty of Agriculture; Cairo University Research
Park (CURP), Embryology and Cell Culture Lab. Cell
lines of different cancer types were tested including
cells of breast cancer (MCF-7), colorectal
adenocarcinoma (Caco-2), hepatocellular carcinoma
(HepG-2) and lung cancer (A549) then compared to
normal human lung cells (Wi-38). Each test was
performed by inoculating a 96-well microtiter plate
containing Roswell Park Memorial Institute (RPMI
1640) medium with a concentration of 103 cell/ well.
The plats were then incubated at 37°Cfor 24 h in a 5%
CO2 incubator. Fresh, serum free medium was then
added followed by the addition of different
concentrations of the PPASNase samples ranging
from 0.25-1 mgml-*. After that, the plates were further
incubated for another 48 h for cells activation.
Negative control plates, containing cells without
PPASNase, were also prepared and incubated.
Moreover, positive control plates, containing 50 pg
mlt of Doxorubicin standard to guarantee 100%
lethality, were prepared as well.

To the activated cells in each well, 40 pl of 2.5 ug ml°
L MTT (3-(4, 5-dimethylthiazol-2-yl)-2,5-Diphenly
Tetrazolium Bromide) were added and the plates were
reincubated at 37°C for 4 h. The reaction was stopped
by the addition of 200 ul of 10% SDS to each well
followed by overnight incubation. Finally, the
absorbance of each resulting solution was evaluated at
540 nm using a MicroplateMulti-Well Reader [24].

Viability % = [(Reading of extract/Reading of
negative control) — 1] x 100

2.9. Selectivity index (SI)

The selectivity index values were calculated according
to the following equation:

SI = 1C50 of normal cells/IC50 of cancer cells.

High SI values (> 2) indicate significant selective
toxicity towards cancer cells, however low Sl values
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(< 2) reveal that the tested compounds are broadly
toxic to normal cells [25].

2.10. Antioxidant activity
The antioxidant activity of PPASNase was determined
using the Diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging activity assay method [26]. Therefore, 100
pl of different concentrations of PPASNase including
40, 80, 120,160, 200, 240 pg/mL, were dissolved in
methanol and mixed to 900 pl of DPPH and incubated
in a dark place for 30 min. The results of the
absorbance reduction, caused by the scavenging of the
DPPH free radicals by PPASNase, were determined at
517 nm and compared to that of control samples
containing the same concentration of DPPH in
methanol. The % free radical scavenging was then
calculated according to the following equation:

Free radical scavenging % = [(X control-X
sample)/X control] x100.
Where Xsample represents the absorbance of DPPH
solution with sample and X control represents that of
DPPH solution in methanol without sample.
The IC50 value, which represent the concentration of
PPASNase required to scavenge 50% of the DPPH
free radicals, was also evaluated.
2.11.  Application  of Weissella
paramesenteroidesMN2C2

probiotic

2.11.1. Milk

Fresh buffalo’s milk, used for the manufacture of
yoghurt, was obtained from the Faculty of Agriculture,
Cairo  University. The approximate chemical
composition of this milk was (g/100 g): 4.00 protein,
7.00 fat, 0.80 ash, 17.00 total solids, 5.00 lactose as
well as 82 % water.

2.11.2. Tested probiotic strain starter culture

The probiotic strain, used to ferment the buffalo’s
milk, was previously isolated by the research team
from buffalo colostrums after 48 h of delivery and
identified as Weissella paramesenteroides MN2C2
then stored in the gene bank under the accession
number of MK530206 [13] [14].

2.11.3. Control probiotic strains starter culture
Control probiotic yoghurt fermentation culture (ABT),
commonly used by yoghurt manufacturing industries
in Egypt, was acquired from the Dairy sciences
department, Faculty of Agriculture, Cairo University,
Egypt (Chr. Hansen’s, Denmark). The ABT culture
contains inocula of Lactobacillus acidophilus,
Bifidobacteriumbifidum and Streptococcus
thermophilus.

2.11.4. Preparation of yoghurt

Fresh buffalo’s milk was subjected to heat treatment at
85°C for 10 min, then left to cool at 42°C [27],then
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transferred into 100 ml cups and categorized as C, T1
and T2. First of all, category C cups, which
represented the control samples, were inoculated with
2.5% of ABT yoghurt culture.On the other hand,
category T1 cups were inoculated with different
concentrations of probiotic W. paramesenteroides
MN2C2 ranging from 5 to 20%. Finally, category T2
cups were inoculated with a mixture of 2.5% of ABT
yoghurt culture and 15% of probiotic W.
paramesenteroides MN2C2. The inoculated milk
samples were incubated at 40°C for 4 h then
refrigerated at 4 + 1°C.

2.11.5. Yoghurt evaluation
2.11.5.1. Quality evaluation

The quality of the obtained yoghurt samples was
evaluated through the measurement of the total viable
count (TVC) of bacteria in each samples as well as the
estimation of both the resulting pH and the acidity of
these samples. The TVC of the treated samples was
performed by serially diluting 1 ml from each
samplein saline solution (0.9%) then spreading each
appropriate dilution onto triplicates of MRS agar
plates, which were incubated for 48 h at 37 °C. After
the incubation period, the colonies formed on each
plate were counted. The pH value of each sample was
also measured using a digital laboratory Jenway 3510
pH meter, UK. Finally, titratable acidity (TA) was also
measured according to AOAC method [28].

2.11.5.2. Sensory evaluation

Fresh samples of yoghurt were sensory evaluated by
50 members of both the Chemistry of Natural and
Microbial Products and those of the Dairy science
Departments, National Research Centre, Cairo, Egypt.
The yoghurt was graded for its taste and flavor (out of
60 points), its body and texture (out of 30 points), and
its color and appearance (out of 10 points) according
to the score card method suggested by Keating and
White 1990 [29].

2.12. Statistical analysis

All of the determinations reported in this study were
performed in triplicate, and the results are presented as
mean values.

3. Results and discussion
3.1. Detection of ASNaseans Agenes

The results shown in Fig. 1 prove that Weissella
paramesenteroides MN2C2 strain possesses ansA
gene with an amplicon in the same size predicted
according to the preliminary bioinformatics analysis
of the partial gene sequencing. This analysis also
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showed that ansA gene operon from the tested strain
was 100% similar to Weissella paramesenteroides
strain FDAARGQOS (accession number CP023501.1).
Moreover, the strain was also found to have lower
percentages of similarities, of 84.8, 80.7 and 70.3%,
with different previously identified strains such as
Weissella jogaejeotgali strain FOLO1 (accession

number CP014332.1), Weissella hellenica strain
CBA3632 (accession number CP042399.1) and
Weissella confusa strain VTT E-90392 (accession
number CP027565.1) respectively.

Fig. 1. PCR product profile of ansA gene extracted from
the genomic DNA of W.paramesenteroidesMN2C2.

3.2. Optimization of ASNase production (incubation
temperature, pH, time and inoculum size)

The results illustrated in Fig. 2A revealed a direct
correlation between the incubation temperature and
the number of CFU, as well as the activity of the
produced ASNase, up to 37°C after which a notable
decline in both parameters was detected. Likewise,
when the initial pH of the tested fermentation medium
was studied, the results showed that the number of
CFU, and consequently the activity of the ASNase
enzyme, improved as the initial pH of the medium was
shifted towards neutral pH up to 7 after which a
significant decrease in the number of CFU,
accompanied by a gradual decrease in the enzyme
activity was noticed (Fig 2B). Moreover, the results
also showed that the maximum number of CFU as well
as the maximum enzyme activity was reached when
the incubation time was extended up to 48 h (Fig. 2C).
On the other hand, Fig 2D revealed no significant
difference between the number of CFU or the ASNase
activity detected upon using an inoculum size of 10 or
12% indicating that the inoculum size of 10% was
therefore much favored.

The activity of ASNase produced from different
microbial sources was found to depend on the
incubation temperature and the pH of the fermentation
medium [30]. Maximum enzyme activity conditions
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recorded in this study were similar to those reported
by Basha et al., (2009) [31] who studied the
production of ASNase by some marine actinomycetes
strains. The obtained data were more or less in
agreement with those of Alrumman et al., (2019) [23]
who reported that the maximal ASNase production by
B. licheniformis KKU-KH14, was achieved using an
optimum pH of 6.5 and an incubation temperature of
37 °C.

3.3. Partial purification of ASNase

he specific activity of crude ASNase extract and that
of its partially purified form (PPASNase), obtained
rom the dialyzed 60% ammonium sulphate treated
raction, were calculated (Table 1). The results showed
hat, this step led to a 1.7 fold increase in purification
along with recovery a yield of 69.7%. These results
ore or less agreed with those of many investigators
ho reported a recovery yield ranging between 61 to
7% [32,33,34,35,36] and a purification fold of 1.44
and 1.5[33,36].

able 1. Precipitation of ASNase by ammonium sulfate

Specif
ic

Enzy Protein activit  Purificati  Yiel
Purificati T’e't con_centrat y on d
activi ion
on Steps (U/mg fold (%)
y(U)  (mg/ml) protei
n)
Crude
ASNase 310 7.3 425 1.00 100
PPASNa 216 3.0 72 1.70 69.7

se

3.4. Molecular weight identification of PPASNase by
SDS-PAGE

The PPASNase was examined using SDS-PAGE
technique in order to determine its molecular weight
(Fig. 3). The result showed 4 distinctable protein
bands. However, the protein band which
approximately coincided to that of the standard protein
ladder of molecular weight 36 kDa most probably
represented that of the partially purified protein as this
MW was very close to that predicted by the
calculations based on the information retrieved from
the NCBI website, including the number of ansA gene
base pairs (990 bp, accession
number NZ_CP023501 ) as well as that of the amino
acids components of the ansA protein (329 aa,
accession number WP_040760604) of Weissella
paramesenteroides strain ~ FDAARGOS previously
proved to be a 100% similar strain (accession number
CP023501.1) . These data were very similar to those
of Radha et al., (2018) [37] who reported that the
molecular weight of the purified ASNase produced by
V. cholerae, which gene was a recombinant obtained
by it’s over expression in E. coli, was 36.6 kDa
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Fig. 4. Effect of different enzyme concentrations on the

PPASNase activity



ANTICANCER AND ANTIOXIDANT ACTIVITIES OF L- ASPARAGINASE PRODUCED BY LOCAL WEISSELLA.... 415

3.5. Characterization of PPASNase
3.5.1. Optimum enzyme concentration

The results in figure 5 reveal that the optimum enzyme
concentration of 0.8 mg/reaction was able to liberate
maximum amounts of NH3 from L-asparagine solution
of 0.01 M revealing the high activity of the produced
enzyme. This is in accordance with Basha et al.,
(2009) [31].

3.5.2. Kinetic parameters

Km is defined as the concentration of substrate which
permits the enzyme to achieve half Vmax. In this
study, PPASNase was found to have low Km and high
Vmax indicating a high affinity for the substrate and
consequently, V max is achieved using a low substrate
concentration [38]. Although a km of 4.7 mM was
reported by Han et al., (2015) [39] for L-asparaginase
produced by Bacillus coagulance, the Km values
calculated by many other investigators were much
higher [40]. Moreover, the results of the obtained V
max were found to exceed those previously reported
by Han et al., (2015) [39] and Basha et al., (2009) [31].

0.045 4 Km= 4.41 mM -
= Vmax= 130.72 U/ml/min
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e
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Fig. 5. Determination of the kinetic parameters Km and
Vmax applying Lineweaver-Burk plot

3.5.3. Effect of temperature on enzyme activity and
stability

Testing of the temperature activity (Fig. 6A) and
stability (Fig. 6B) of the PPASNase reveal that
although it’s maximum activity was recorded at 35°C,
the enzyme had a great ability to sustain a very wide
range of temperature that extended from relatively
warm temperatures of 25 to 30°C to as hot as 60°C with
a narrow window of relative activity variation that
ranged from 100 to 60%. The enzyme was also found
to resist heat denaturation and still be active beyond
this temperature since more than 35% of the initial
activity were still detected as the temperature was
raised up to 90°C, indicating that it is a thermostable
enzyme.
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These data are in agreement and even more or less
surpass those of Desai and Hungund (2018) [41] as
well as those of Muneer et al., (2020) [30]. The former
reported that the optimum temperature for L-
asparaginase from Streptomyces sp. isolated from soil
was 35°C, and was able to retain its activity up to
50°C, and the later proved its activity between 37 and
85 °C. However, the optimum temperature of L-
asparaginase produced from some hyperthermophilic
microorganism was found to be between 85 and 100°C
[42].

3.5.4. Effect of pH on enzyme activity and stability
The same trend of results was also noticed upon
studying the pH activity (Fig. 7A) and stability (Fig.
7B) of the produced PPASNase since although the
maximum activity of the enzyme was detected in the
neutral pH range of 7 to 7.5 which is approximately
the pH of human blood,, substantial percentages of
enzyme activity of more than 50% was still evident in
both extreme acidic and alkaline pH of 2 and 11
respectively.
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These results could be attributed to the probiotic nature
of the producing microorganism that was previously
proved by our research team to sustain highly extreme
acidic pH of the stomach, which could reach 1.5, as
well as the high alkalinity of the intestinal part of the
digestive system, especially that of the large intestine
[14]. Almost all L-asparaginases, isolated from
microbial sources, were only found to be stable in the
pH range of 6.0 to 10 [43], however, to our knowledge,
no previous study reported the stability of L-
asparaginase enzyme under both of these two extreme
pH conditions.

3.6. Anticancer activity of PPASNase

The results of the anticancer activity of PPASNase
enzyme revealed that the lowest obtained 1C50 value
of 0.135mg/ml, and consequently the highest Sl value
of 2.23, was obtained when the enzyme was tested
against Caco-2 cell line. This result proved the
enhanced effect of the PPASNase enzyme against
colon cancer cells which represent a very lethal type
of cancer that causes a high percentage of mortality
every year worldwide [44]. Moreover, according to
Awang et al., (2014) [25], the obtained SI value is
considered very safe for human treatment.

Unfortunately, much higher 1C50 values of 1.636
mg/mland 1.034 mg/mlwere obtained when the
enzyme was tested against both A549 and HepG-2
respectively. These IC50 corresponded to Sl values of

Egypt. J. Chem. 65, No. 3 (2022)

0.18 and 0.29 respectively. Also, testing of the enzyme
against MCF-7 resulted in a considerably high IC50 of
4.5 mg/ml and an insignificant Sl value of 0.067.

Table 2. Anticancer activity of PPASNase

PPASNase
Cell Line 1Cso sl
(mg/ml)

Caco-2 0.135 2.23
HepG-2 1.034 0.29
MCF-7 4.500 0.067
Ab49 1.636 0.18
Wi-38 0.301 1.00

3.7. Antioxidant activity of PPASNase

The results in Table 5 showed that the scavenging
activity of 50.89% was recorded when the PPASNase
sample concentration of 240 pg/ml was used.
Therefore, the concentration of PPASNase required to
scavenge 50% of the DPPH free radicals (IC50) was
calculated as 235.80ug/ml.

This recorded IC50 result was found to be much lower
than those reported by many investigators such as
Maysa et al., (2010) [45] and Rani et al., (2011) [46]
who reported higher IC50 of 325.4 and 263.63 pg/ml
for PPASNase produced by Bacillus sp R36 and
Aspergillusflavus  (KUFS20)  respectively, thus
revealing the high antioxidant activity of the tested
PPASNase.

Table 3. Antioxidant activity of PPASNase

Free DPPH
PPASNase radical IC50
Sample conc.  scavenging (ng/ml)
(H9) (%)
40 38.24
80 39.39
120 40.70
160 4351 23580
200 46.91
240 50.89

3.8. Yoghurt quality evaluation

The results in Fig. 4 revealed that the TVC of all
samples increased with the storage period which
extended forl5 days. The TVC recorded in the fresh
samples of categories C, T1 and T2 were 80, 65 and
149 CFU X107 respectively. These results increased
gradually reaching 249, 191 and 294 CFU x10’
respectively at the end of the storage period. These
results were in agreement with fayed et al., (2019) [27]
and Ismail et al.,(2020) [47], who indicated that the
viable counts of probiotic strains and starter cultures
enhanced during storage periods.
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The microbial counts in all samples also correlated
with the increase in the acidity and pH values.
However, after 15 days of storage, the acidity value of
T2 of 1.3 was found to be higher than those of C and
T1, which were recorded as 1.16 and 1.12 respectively.
On the other hand, changes in pH values of all
experimental samples were also recorded for both
fresh and stored samples. The results of the pH of fresh
samples of categories C, T1 and T2 were 4.7, 4.9 and
4.6 respectively. These values significantly dropped
during the storage period to reach 4.4 for samples of
categories C and T1 and 4.2, for those of category T2.
These results were confirmed by Assem, et al., (2019)
[48] who found that the acidity increased during
storage time. Also, El-Shafei et al., (2018) [49]
indicated that the pH values in all samples decreased
through the storage period.

3.9. Sensory evaluation

The sensory properties reflect the quality and shelf-life
of dairy products. According to the results presented
in table 4, the fresh T2 samples were granted the
highest total score of 94% for sensory evaluation as it
was found to surpass both fresh C and T1 samples in
their taste and flavors as well as in their color and
appearance. T2 samples were also much better in their
body and texture than T1 samples.

Table 4. Sensory evaluation of fresh yoghurt at 5 + 1°C

Body
Taste and
and Color and
Total (out
Samples Flavor texture appearance of 100
category (out of (out of (out of 20 .
40 40 points) points)
points)
points)
C 37+0.2 38+0.3 17+0.2 92+0.2
T1 34+0.2 33+0.2 14+0.2 81+0.2
T2 38+0.3 38+0.3 18+0.3 94+0.3

Conclusion

The results of this study showed that, W.
paramesenteroides MN2C2 was able to produce
ASNase with anticancer and antioxidant properties.
The maximum rate of ASNase production was studied
and was found to depend on different interactions
between time, pH and temperature. The PPASNase
enzyme was also proved to be able to sustain both
acidic and alkaline extreme pH values as well as a very
wide range of temperature variation. Therefore,
according to this study the potential use of this
productas an anticancer or antioxidant drug should be
emphasized. However, more reports are still needed in
order to assess this possibility, such as in vivo studies
and some pharmacodynamic profile studies on animal
models as well as many human clinical trials.
Moreover, the study also proved the ability of W.
paramesenteroidesto successfully convert milk into
yoghurt. However the result of the sensory evaluation
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test recommended the mixing of the probiotic strain
with traditional yoghurt starter cultures in order to
produce a dairy product with enhanced sensory
properties, as well as, possessing many prophylaxis
and therapeutic effects.
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