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Abstract

The present study was investigated to isolate probiotic lactic acid bacteria from Actinidia deliciosa (kiwi fruit) pulp. A total of eight isolates were found and two
of them were probiotic LAB strains. The both A, and A, isolates strains were Gram-positive, catalase and oxidase negative, non-spore forming, non-motile, rod or short
cocci shaped bacteria. The A, and A, strains both survived well in conditions of low pH, 0.4% phenol and high bile salt concentrations. They could grow at different
temperatures and were resistant to different NaCl concentrations. A study was also conducted on the various probiotic and safety attributes of isolates. Bacteriocins, a
kind of ribosomal protein produced by LAB, were estimated using the Folin-Lowery method. The formation of bacteriocins was influenced by various physical and chemical
factors. The result demonstrates that the optimum conditions for the production of bacteriocins by the A, strain were glucose as carbon source, pH 6.5, 2% NaCl and 1%
bile salts. For the A5 strain, sucrose as a carbon source, pH 6.5, 1% NaCl and 1% bile salt were optimum conditions for bacteriocin production. Study was also conducted
on exopolysaccharide (EPS) production, adhesion characteristics, antagonistic activity and antibiotic sensitivity. Probiotic curd (Dahi) formation was done and several
parameters of curd like pH, total lactic acid concentration and water-holding capacity were all investigated.

Introduction

The term “probiotic” was coined by Lilly and Stillwell (1965)
to describe the “substances secreted by one microorganism that
stimulate the growth of another” [1]. The name “probiotic”
comes from the Greek word “protokos” which means “for
life”. According to the Food and Agriculture Organization of the
United Nations (FAO) and World Organization (WHO) in 2001,
probiotics are live microorganisms that, when administered
in adequate amounts, confer health benefits on the host
[2,3]. In more modern definitions, the concept of action on
the gut microflora and even that of live microorganisms has
disappeared. Salminen, et al. (1999) defined probiotics as
“food which contains live bacteria beneficial to health” [4].
Microorganisms’ efficient digestion and maximum absorption
of nutrients increase the capacity of the host to exclude
infectious microorganisms and prevent diseases [5].

Live bacteria called probiotics have the potential to both
treat and prevent many diseases. Consuming certain meals,
beverages, and dietary supplements can provide probiotics
[6]. Commonly used probiotics contain microorganisms from
the genus Bifidobacterium and a diverse group of lactic acid
bacteria (Lactobacillus, Enterococcus) [7]. Lactic acid bacteria
(LAB) play an important role in the production of probiotics.
LAB comprises a wide range of genera and includes a diverse
number of species [8].

They are a group of Gram-positive cocci or rods, non-
spore-forming, catalase-negative, low pH tolerant. Lactic acid
bacteria are generally considered safe in the food industry,
so they are widely used in food preservation and to promote
health. LAB is mostly used to produce a variety of fermented
vegetables, meat, and dairy products [9].

Dahi, also referred to as curd, is a traditional fermented
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milk product that is beneficial to humans in terms of nutrition
and health [10]. The mechanism of curd formation during Dahi
making is as follows [11].

Lactic acid bacteria
C12H22011 + H,O » CeH 1206 + CeH 1205

Lactose Lactase Glucose  Galactose

Glycolytic pathway
C¢H1206 ———— > 4 G3H6Os
Glucose Lactic acid

Ca-caseinate+ Lactic acid — Ca-lactate (Casein)
(Curd formation).

Probiotic organisms are thought to promote the health of
the host. Numerous pathways have been discovered in these
studies to try and explain how probiotics might protect the
body from internal disease [4]. By altering gut microflora,
enhancing the gut mucosal barrier, preventing pathogen
adherence, pathogen inactivation, altering dietary proteins
by intestinal microflora, altering bacterial enzyme activity,
affecting gut mucosal permeability, and regulating the immune
system, they provide particular health benefits [12]. Lactic acid
bacteria produce short-chain fatty acids, viz., acetic, propionic,
and butyric acids. These acids lower intestinal pH and prevent
the growth of harmful microbes [13] Figure 1.

Positive effects of probiotics include effects on mineral
metabolism, especially bone stability, and prevention of
osteoporosis, strengthening the intestinal barriers, prevention
of colon cancer and urogenital infections, management of
lactose intolerance, reduction of cholesterol and blood pressure,
reduction of the inflammatory actions of the body, reduction
of Helicobacter pylori infection, suppression, and control of
pathogenic microorganism’s growth [15,16].

Exopolysaccharides may be produced by several probiotic
LAB (EPS) [17]. EPS protect cells from harmful environmental
factors such as dehydration, extreme temperature, acid,
osmotic stress, phagocytosis, macrophages, and antibiotics
by forming layer surrounding cells [18]. The unique structural
features have made bacterial EPSs of particular interest in
the fields of chemistry, medicine, and the food industry [19].
EPS are frequently employed in the food industry as viscous,
stabilising, and emulsifying agents due to their capacity to hold
water [20]. It improves the texture and rheological texture and
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Figure 1: Potential mechanisms by which probiotic bacteria exert their beneficial
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sensibility of bread and dairy products such as yoghurt and
cheese [21].

The bacteriocins produced by Lactic Acid Bacteria (LAB)
have a lot of potential as food biopreservation agents because
they can suppress the growth of pathogenic and spoilage
bacteria. Bacteriocins are proteinaceous molecules with
ribosomal encoding [22]. However, the amount of bacteriocin
produced can be impacted by environmental parameters like
temperature, pH, and media composition [23]. In the current
work, we examined the optimal conditions for probiotic
bacteria to produce the bacteriocin.

Many fruits, including bananas, yellow and red apples,
grapes, kiwis, and oranges, can contain LAB [24]. Fruits are an
important factor of a balanced diet in our everyday routines.
Due to its numerous benefits over the past 20 years, the kiwi
fruit has grown extremely popular according to [25], kiwi
fruit contains a number of important anti-cancer bioactive
substances that have prooxidant, antioxidant, tumor-selective,
cytotoxic, and antibacterial activities.

The purpose of the current research is to identify novel
probiotic species from kiwi fruit and determine their health-
promoting qualities, relevance to the food sector, and potential
for use in future medical studies.

Materials and methods
Sample collection and isolation of probiotic bacteria

Actinidia deliciosa (kiwi), along with other prebioticated
fruits, were collected from the local market in Junagadh,
Gujarat, India. The fruits were left to ripen for 3 to 5 days. It
was then cleansed with sterile, deionized water. The husk was
cut off using a knife, then crushed with a sterile Mortan pestle
under aseptic conditions. According to the method of Gracia,
et al. 2016 [26], 25 gm of fresh fruit pulp was obtained and
suspended in 225 ml of sterile peptone water (0.1 gram/100
ml), which was homogenized for 3 min at room temperature.
Then, further dilutions (10! to 10-5) were made. 100 ul of each
dilution’s aliquots were spread out on de Man Rogosa Sharpe
(MRS) agar and incubated anaerobically at 37 °C for 48-72
hours. After incubation, morphologically dissimilar colonies
were selected and re-streaked on an MRS agar plate to get
pure isolates. The isolated colonies were identified by colony
Morphology, Gram staining, Catalase test, Oxidase test, and
other biochemical tests. The identified organisms were stored
at -20 °C in a 70% glycerol stock solution for further studies.

Screening of safety and probiotic properties of LAB

Gelatinase activity: The gelatinase activity of isolates
was investigated as described by Liliane, et al. 2019 [27].
Isolated bacterial strains were streaked into tubes containing
nutrient gelatin agar (peptone 5 gm/L, beef extract 3 gm/Land
gelatin120 gm/L) (Himedia, Mumbai, India). The inoculated
tubes were incubated at 30 °C for 7-10 days, with liquefaction
being monitored daily and refrigerated at 4 °C for 1 h. A strain
of Pseudomonas was used as a positive control.
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Hemolytic activity: According to Bazireh, et al. 2020 [28],
the isolates were streaked on blood agar plates and incubated
at 30 °C for 24-48 h. They were observed for the zone of
hemolysis surrounding the colonies.

Antibiotic sensitivity test: Antibiotic sensitivity of isolates
was checked by disc diffusion method as described by Yasmin,
et al. (2020) [29]. A 0.2 pl bacterial suspension was spread
evenly on the surface of MRS agar plates. The inoculated
plates were allowed to dry before placing the disc containing
antibiotics. Standard concentrations of antibiotics including
Rifampin, Streptomycin, and Chloramphenicol were utilized.

Acid and bile salt tolerance test: According to the slightly
modified method described by Gracial, et al. 2016, the cell
pellets were harvested by centrifugation and re-suspended in
10 ml of PBS with pH adjusted to 2.0, 3.0, 5.0 and 7.0 to check
acid tolerance. For bile salt tolerance, cells were resuspended
in 10 ml MRS broth containing 0%, 0.15%, 0.3%, and 1% bile
salt. The growth of viable microorganisms was enumerated at
0, 1, 2, 3, and 4 h. A UV-VIS Spectrophotometer was used to
measure absorbance at 620 nm, which was used to track the
growth of microorganisms.

Antagonistic activity: The antagonistic activity of isolates
was determined by the agar well diffusion method as described
by Yasmin, et al. 2020 with slight modification. The pathogenic
bacteria were spotted on the Muller Hinton agar plate. Prepare
a bacterial suspension in 0.85 % NaCl (1.505 OD at 620 nm).
Then add 0.5 ml probiotic bacterial culture to each well and
incubate all the plates at 37 °C for 24-48 h in the incubator.
Then observe the zone of clearance.

Cell surface hydrophobicity test: The degree of
hydrophobicity of the isolates was assessed using Yasmin,
et al. 2020’s approach and a slightly modified version of it.
The cells were washed two times with PBS having pH 7 and
resuspended in 5 ml PBS having pH 7. The cell suspension was
incubated at 37 °C for 10 min. Then take absorbance at 600 nm
at 0 h (Ao). After that, 3 ml of cell suspension was mixed with
1 ml of hydrocarbon (xylene). For phase separation, the cell
suspension and maintained for 20 min. At 600 nm, absorbance
was measured after the aqueous phase (at the bottom) was
collected (A1).

Hydrophobicity (%) = (1 - A1/A0) x 100
Whereas, Ao = Initial absorbance, A1 = Final absorbance
Physiological and biochemical characterization

Growth at different NaCl concentrations: According to
Samedi and Charles in 2019 [30], the 0.1 ml overnight culture
of probiotic strains was inoculated in test tubes containing 10
ml MRS broth containing 2%, 4%, and 6.5% (W/V) of NaCl
concentration. The appropriate amount of bromocresol purple
(indicator) was added to the broth and incubated at room
temperature for 7 days.

Growth at different temperature: In the method described
by Samedi and Charles in 2019, the 0.1 ml overnight culture

of probiotic strains was inoculated in test tubes containing 10
ml modified MRS broths. Bromocresol purple (0.04 g/l) was
added to the broth and incubated for 7 days at four different
temperatures; 10 °C, 30 °C, 37 °C, and 50 °C.

Resistance to phenol: According to Yasmin, et al. 2020
the 0.1 ml probiotic strains were inoculated in 10 ml of 0.4%
phenol-containing MRS broth and incubated at 37 °C for 24h.
Optical density was measured at 620 nm for 0 min immediately
after inoculation and again after 24 h.

Carbohydrate fermentation test: The carbohydrate
fermentation test was described by Kavitha and Devasena in
2013 [31]. 0.1 ml of bacterial suspension was added to a test
tube containing modified MRS broth with 2% of various sugars
such as glucose, fructose, lactose, mannitol, and sucrose at
PH 7.4 and incubated at 30 °C for 48 hours. A tube without
inoculation was kept as a negative control. A change in colour
from purple to yellow indicated a positive reaction. The pH of
the broth was checked after 48 h.

Production of Exopolysaccharide (EPS)

EPS production was determined according to the method
described by Yasmin, et al. 2020. Both strains were inoculated
into MRS broth and incubated at 37 °C for 24-48 h. After
incubation, cell pellets were removed by centrifugation, then
4% trichloroacetic acid was added and the mixture was vortexed
at 4 °C for 3 h. Precipitated proteins were removed through
centrifugation at 10,000 rpm for 20 min. The supernatant was
concentrated through evaporation. The precipitated EPS was
then mixed with an equivalent volume of 2-isopropylalcohol
and incubated at 4 °C overnight. The precipitates were collected
after centrifuging the mixture for 20 min at 10000 rpm. The
EPS is a carbohydrate, whose amount was calculated by the
phenol sulfuric acid method described by Neeru, et al. 2015.

Production of bacteriocin

The probiotic strains were inoculated in MRS broth for 24-
48 h. The supernatant was collected after incubation and used
as a sample for estimation of bacteriocins. The concentration
of soluble protein in the culture supernatant was estimated
according to the [32].

Optimization of bacteriocins production

Effect of carbon sources on bacteriocin production: Meera,
et al. 2012 [33] evaluated the effect of different carbon sources
on bacteriocin production. The 2% dextrose, fructose, sucrose,
starch, and lactose were supplemented. The 0.2 ml bacterial
suspension was added to each tube containing 10 ml MRS broth
with different carbon sources. Each tube was incubated at 37 °C
for 48 hours. The supernatant was collected by centrifugation.
The bacteriocin content was determined by Folin-Lowry’s
method.

Effect of NaCl concentration on bacteriocin production:
The effect of salt on bacteriocin production was evaluated
according to the method described by Meera, et al. 2012 [33],
the 0.2 ml of probiotic bacteria was inoculated into 10 ml MRS
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broth (pH 6.5) supplemented with 1%, 2%, 3%, and 4% NaCl
salt concentration. Then all the tubes were incubated at 37 °C
for 48 hours. The supernatant was collected by centrifugation
at 10000 rpm for 10 min. The protein concentration was
determined by Folin-Lowry’s method.

Effect of different pH on bacteriocin production: Meera, et
al. 2012 [33] evaluated the effect of bile salts concentration on
bacteriocin production. MRS broth with various pH values 5,
6, 7, and 8 was used to assess the effect of pH on bacteriocin
production. The 0.2 ml of bacterial suspension was inoculated
in 10 ml MRS broth at a different pH. The tubes were incubated
at 37 °C for 48 hours. Then the supernatant was collected by
centrifugation. Folin-Lowry’s method was used to determine
the protein concentration.

Effect of bile salt concentration on bacteriocin production:
The influence of bile salt content on bacteriocin production was
studied by Meera, et al. 2012 [33]. The 0.2 ml probiotic organism
was inoculated in 10 ml MRS broth (pH 6.5) supplemented with
1%, 2%, 3%, and 4% bile salt respectively. Then all the tubes
were incubated at 37 °C for 48 hours. The supernatant was
collected by centrifugation at 10000 rpm for 10 min. The protein
concentration was determined by Folin-Lowry’s method.

Production of probiotic curd

Both probiotic strains were inoculated in MRS broth for 24-
48 hours. The cell pellets were harvested by centrifugation. The
0.85% sterile NaCl solution was used to wash the cell pellets.
The cells were then resuspended in sterile 0.85% NaCl solution
and incubated for 10 min at 37 °C. 50 ml of sterile milk was
inoculated with 1.5 ml of the bacterial culture and it was then
incubated at 37 °C for 18 to 20 hours. Several curd properties
were examined after incubation.

pH of curd: pH of curd was measured after the completion
of incubation.

Total titratable acidity of curd: Titratable acidity was
determined by neutralising the acid present in 10gm of the
curd samples using a 0.11N NaOH solution. The titration was
performed using 10 drops of phenolphthalein as an indicator
until a pink endpoint was reached. The total titratable acidity
is calculated by the following equation (https://agrimoon.com/
estimation-of-titratable-acidity-in-curd/) [34].

Titratable acidity = 9AN/W

Where A = volume NaOH used for titration,
N= Normality of NaOH

W= weight of curd.

Water holding capacity of curd: Take 10 gm of curd in tubes
and centrifuge them at 10,000 rpm for 15 min. The WHC was
calculated by the following equation:

WHC (%) = (W,-W,/W )100

Where, W, =weight of the curd in grams, W, = weight in
grams of pellets after centrifugation.

Results
Isolation and Identification of probiotic bacteria

Total Eight isolates were initially obtained from kiwi
fruit pulp. Out of these, A, and A,, isolates exhibited all the
characteristics of potential probiotic bacteria. They all have
similar biochemical properties as LAB. The A, strain was gram-
positive, short rod-shaped, and had a pinpoint, cream-colored
colony. The A5 strain appeared as a small, white colony and
was gram-positive, rod-shaped as shown in Figures 2,3.

Screening of safety and probiotic properties of LAB

Gelatinase activity: The results obtained showed that
organisms do not liquefy the gelatin agar, which confirmed that
both strains have gelatinase-negative activity when compared
with a gelatinase-positive organism Pseudomonas aeruginosa.

Hemolytic activity: Both A, and A, strains were evaluated for
hemolytic activity on blood agar plates and the result obtained
showed that no zone of hemolysis was observed around the
colony thus both strains were hemolytic negative.

Antibiotic sensitivity test: Both strains were sensitive to
antibiotics including streptomycin, chloramphenicol, and
rifampin. The minimal inhibition seen with chloramphenicol
for the A, strain was 0.40 cm diameter, whereas the maximum
inhibition was 0.85 cm diameter by streptomycin sulphate.
While for the A5 strain, streptomycin sulphate showed the
least amount of inhibition (0.45 cm), while chloramphenicol
showed the maximum inhibition (1.1 cm) Graph 1.

Acid and bile salt tolerance assays: As described in the
method, the optical density of the sample was measured at

Figure 3: Microscopic view of A strain.
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620nm for different time intervals to check tolerance. From
this, it is clear that the isolates were able to survive at low pHs
2, 3, and 5 for 4 hours. A significant increase in 0.D values was
observed during the interval. Both strains were able to survive
at pH 2 and pH 3. While at pH 7, both strains showed a high
growth rate compared to two other ranges of pH as shown in
Graphs 2,3.

The A, strain and A, strain, resistant to low pH, were further
screened for their ability to tolerate the bile salt. According to
the results (Graphs 4,5), the A, and A, strains can tolerate 0.3%
bile salt and are able to survive at 1 % bile salt concentration.

Antagonistic activity: This study has shown the survival
potential of probiotic bacteria against pathogenic bacteria
or normal intestinal microflora. Both strains showed a zone
of inhibition against Staphylococcus and Pseudomonas species
while no zone of inhibition was observed against E.coli. The
zone of clearance is listed in Table 1.

Cell surface hydrophobicity: The affinity of the bacterial
strains to hydrocarbons (hydrophobicity) was reported as
adhesion percentage according to the formula:

Hydrophobicity (%) = (1 - A1/A0) x 100
For A, strains:
A =0.534; A = 0.477

Hydrophobicity (%) = (1 - A1/A0) x 100

14
1.2
I 1
Q c 0.8 mA2
ks 8 0.6 strain
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0
streptomycin Rifampin chloramphenicol
sulphate
Name of antibiotics

Graph 1: Zone of inhibition by antibiotics.
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Table 1: Zone of clearance against pathogenic organisms.

. A2 strain
Name of organisms )
(diameter)

Staphylococcus species 0.6 cm

Pseudomonas species 0.5cm

E.coli species

Hydrophobicity = 97.9%

For A_strains:

A,=0.573; A= 0,511

Hydrophobicity (%) = (1 - A1/A0) x 100

Hydrophobicity = 84.3%

A5 strain
(CIETEE)

0.4cm

0.9cm
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The hydrophobicity of A, and A, strains was measured by
xylene extraction and the result showed 97.9% and 84.3%
adhesion with hydrocarbons respectively.

Physiological and biochemical characterization

Growth at different NaCl concentrations: The results
showed that both A, and A, strains were able to survive in
2% and 4% NaCl, no growth was observed in 6.5% NaCl
concentration. The growth was visualized by the change in
color of the dye due to low pH from purple to yellow after 7
days of incubation, which indicates the growth of organisms at
different NaCl concentrations.

Growth at different temperature: During incubation at
different temperatures, growth was indicated by the change in
colour of the medium containing dye from purple to yellow due
to a change in pH. A, and A, both strains turned yellow at 10 °C,
30 °C, 37 °C. Maximum growth was observed at 37 °C and no
growth was reported at 50 °C.

Resistance to phenol: Resistance of phenol was analysed by
measuring 0.D. at 620 nm after incubation at 37 °C for 24 hrs.
Both strains can able to grow at 0.4% phenol Graph 6.

Carbohydrate fermentation test: The results obtained
(Figure 2) showed that both strains inoculated with carbon
sources such as mannitol, lactose, fructose, sucrose, and
glucose showed positive results with a colour change from
purple to yellow. After 48 hrs, the pH of the broth changed as
shown in Tables 2,3. At 0 min, all broth had apH 7.4, but after
48 hours, the pH had dropped due to the production of acids.
The A, strain fermented glucose and produced more lactic acid
as compared to the A, strain.

Production of Exopolysaccharide (EPS)

To analyze EPS production, the carbohydrate content was
estimated by the phenol sulphuric acid method. The result
(Table 3) showed that both strains produce EPS. The A, strain
produces EPS at 0.056 mg/ml while the A, strain produces
0.062 mg/ml. when compared to the A, strain, the A, strain
produces significantly more EPS.

0.D. = 0.014 mg/ml (as per standard).
Production of bacteriocin

Bacteriocin is a protein that was estimated by the Folin-
Lowary method. The result given in Table 4 revealed that both
strains produce bacteriocin. The A, strain produced bacteriocin
at 1.006 mg/ml while the A, strain produced 0.985 mg/ml. The
A, strain produced a high amount of bacteriocin compared to
the A, strain.

0.1 0.D. = 0.12 mg/ml (according to standard)
Optimization of bacteriocins production

Effect of carbon sources on bacteriocin production: The
A, strain inoculated in glucose-containing media produced a
high amount of bacteriocins, while the A, strain produced a

high amount of bacteriocin in media containing sucrose. Less
activity was observed with starch and fructose Graphs 7,8.

Effect of NaCl concentration on bacteriocin production:
The results (Graphs 9,10) showed maximum protein content
was observed with 2% NaCl and minimum bacteriocin
production was observed with 4% NaCl for the A, strain. While
the A, strain’s maximum bacteriocin production was observed
with 1% NaCl, minimum bacteriocin production was observed
with 4% NaCl.

Effect of different pH on Bacteriocin production: Graphs
9,10 shows maximum protein content was observed at pH 6
and minimum bacteriocin production was observed at pH 8 for
A, and A, strains respectively Graphs 11,12.

0.35
0.3
€0.25
R 02
O .
20.15 B A2 strain
a
: 0.1
e} 0 B A5 strain
0.05
0
Oh 24 h

Time (hrs)

Graph 6: Growth of A, and A strain in 0.4 % phenol concentration.

Table 2: pH of carbohydrate fermentation after 48 hrs.

H after 48 h H after 48 h
Source of Carbohydrate PH after 8 pH after 8
For A, strain For A_strain

Glucose 4.99 5.60
Fructose L.02 5.69
Sucrose .48 5.69
Lactose 5.65 6.60
Mannitol 5.52 6.05

Table 3: Concentration of carbohydrates produced by A, and A, strains.

“ Concentration (mg/ml)

Mean of concentration

(mg/ml)
A,strain
U, 0.048 0.056
U, 0.063
Astrain
U, 0.056 0.062
u 0.068

4

Table 4: Mean of OD for A, and A, strains.

Mean of concentration

Sr no. Concentration (mg/ml) ()
A_strain
u, 0.966 1.006
U, 1.046
Astrain 0.985
u, 0.961
U 1.009

4
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Effect of bile salt concentration on bacteriocin production: 1
The Graphs 13,14 indicate maximum content of protein =
was observed with 1% bile salt concentration and minimum %.0
bacteriocin production was observed with 4% bile salt £ 05
concentration for A, and A, strains, respectively. ~
=
© p—(
Production of probiotic curd 2
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Graph 10: Effect of NaCl concentration on bacteriocin Production by A, strain.

pH of curd: The 6.8 pH containing milk was inoculated
by both probiotic strains and the pH of the curd formed was
4.33 for the A, strain and 4.48 for the A, strain. The A, strain 2

produces a higher amount of acid than the A, strain.
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For A, strain:
9%9.1*0.11
10

=1.10
The titratable acidity of probiotic curd formed by the A,

strain was 0.9 while the A, strain was 1.10.

Titratable acidity =

Water holding capacity of curd: The WHC of the curd
sample was calculated according to the following equation:

For A, strain:
WHC (%) = (10-2.9/10) 100

=71 %
For A, strain:

WHC (%) = (10-2.7/10) 100

=73 %
The A, strain had a 71% water-holding capacity while the A,
strain had a 73 % water-holding capacity.

Discussion

The probiotic bacteria such as LAB were Gram-positive,
catalase and oxidase negative, non-motile, methyl red test
positive and VP, citrate utilization, indol, and urease tests
were negative, according to Mamta, et al. 2017 [35]. Out of the
eight strains, two strains, A, and A, have all expected results as
putative probiotic bacteria. They all have similar biochemical
properties as LAB.

In the current research finding, liquefaction of the gelatin
agar was not observed by the A, and A, strains which indicate
isolates do not produce the gelatinase enzyme. Gelatin is a
protein derived from collagen, a material found in the bones,
cartilage, and skin of animals that’s essential for healthy
joints. Kalui, et al. 2009 [36] reported that L. plantarum strains
tested negative for gelatinase enzyme. Safety is one of the
suggested features in the FAO/WHO (2001) [3] criteria for the
evaluation of probiotics. According to Vuyst, et al. 2003 [37],
probiotic strains are chosen based on the absence of hemolytic
and gelatinase activity, which indicates that these bacteria
are non-virulent. Zone of hemolysis was absent in both the
strain in this research also. Many probiotic Lactobacillus and
Enterococcus strains exhibit antibiotic sensitivity to various

antibiotics, according to Bazireh, et al. 2020 [28]. From the
comparison of those results with the current result, probiotic
isolated strains are susceptible to routinely used antibiotics
like streptomycin, Chloramphenicol, and Rifampin.

One of the main selection criteria for probiotic bacteria
is resistance to low pH [38]. In this investigation, it was
discovered that both isolated probiotic strains can live at low
PH and 0.3% bile salt concentration. The ability of lactic acid
bacteria to resist gastrointestinal stress is dependent on their
low pH tolerance [39]. For probiotic bacteria to reach the small
intestine, they must navigate a variety of challenging situations
in the stomach [40]. The very important characteristic of LAB
is to survive in the small intestine which contains 0.3% w/v bile
salt concentration and the recommended stay time is 4 hours
[41]. Many bacterial strains have bile salt resistance because
of the bile salt hydrolase (BSH) enzyme, which hydrolyzes
conjugated bile salts and lessens their toxicity [42].

As a result of the bactericidal effects of protease-sensitive
bacteriocins, LAB has been shown to have inhibitory properties,
primarily against Gram-positive pathogens and closely related
bacteria [43]. LAB strains are usually inactive against Gram-
negative bacteria due to the resistance provided by the outer
membrane. In the current study, isolates exhibited inhibition
against Gam-positive bacteria but not against Gram-negative
bacteria, such as E. coli. These results are similar to Jack, et
al. 1995 [43]. This antagonistic activity of isolated bacterial
strains might be due to acid production.

Bacterial colonisation of the GIT and adhesion to the
intestinal lining depend on cell surface hydrophobicity [29]. As
reported by Rijnaarts, et al. 1993 [44], as the hydrophobicity of
the cell increases, the cell adhesion level also increases and the
hydrophobicity of both isolates was also found in this research.

The results clearly showed that an increase in NaCl content
had an effect on the growth of both strains. The LAB isolated
from traditional drinking yoghurt was able to grow at a 4%
NaCl concentration but not at a 6.5% NaCl concentration,
according to Azadnia and Khan Nazer 2009 [45]. According to
Vaibhav, et al. (2012) [46], all 15 isolated lactic acid bacteria
were able to withstand 2% NaCl.

Mesophilic bacteria known as the LAB thrive best at
temperatures between 10 and 45 °C. Stamer in 1979 [47] stated
that 30-45 °C is the ideal temperature for LAB development. In
the current investigation, the optimal growth temperature was
found to be 37 °C and both strains were unable to grow at 50 °C.

The A, isolates used in the current study demonstrated a
high tolerance for phenol concentration (0.4%), indicating
that they may withstand the bacteriostatic effects of phenol in
the GIT. Actually, phenol is a by-product of the metabolism of
aromatic amino acids, which occurs in the gut [29].

According to Vaibhav et al. (2012) (46], the probiotic
bacteria isolated from human breast milk showed positive
results for the sugars such as glucose, xylose, ribose, arabinose,
melibiose, raffinose, galactose, maltose, sucrose, fructose, and
lactose. In the current study, both strains were also capable of
fermenting glucose, fructose, sucrose, lactose, and mannose.
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Both isolates were capable of producing exopolysaccharides.
EPS production is essential for defense, colonisation, and
acting as an intermediate between the host and the bacterium
[48]. EPS serves as a growth medium for the gut microbiota and
provides resistance against phagocytosis and bacteriophage
attack [29].

Various physicochemical parameters seem to influence
bacteriocin activity. Meera, et al. (2012) [33], found that the
maximum bacteriocin synthesis occurred when glucose was
used as a carbon source and 1% NaCl. The current research
reveals that for the A, strain, glucose as a carbon source, 2%
NaCl, 1% bile salts, and pH 6 were the ideal conditions for
bacteriocin production, while sucrose as a carbon source, 1%
NaCl, 1% bile salts and pH 6 were the optimal conditions for
A5 strain.

The pH values for the various types of curd samples were
4.400.10, 4.230.06, 4.030.06, and 3.900.10, according to
Sarker, et al. (2018) [11]. In the present research, the pH of curd
produced by the A, strain was 4.33, whereas curd produced by
the A5 strain had a pH of 4.48.

Probiotic curd made by the A, strain had a titratable acidity
of 0.9 whereas that made by the A5 strain had a titratable
acidity of 1.10. The titratable acidity of typical fermented milk
products ranges from 0.7% to 1.2%, according to Staffolo, et al.
(2004) [49]. The A5 strain in the current study was shown to be
more efficient at storing water than the A, strain.

Conclusion

Probiotics are now extremely beneficial in maintaining a
healthy lifestyle. The current investigation focused on isolating
probiotic lactic acid bacteria from the pulp of kiwi fruit. Out of
the total isolated eight strains of bacteria found in kiwi fruit
pulp, only two were shown to have all probiotic and safety
properties and evaluated for their ability to form probiotic
curd. These strains were capable of growing at various pH
values, temperatures, bile salt concentrations, and NaCl
concentrations. Both bacteria produce EPS, bacteriocins and
can withstand phenol concentrations of 0.4%. An antibacterial
protein molecule called bacteriocin is currently important in
the medical industry and certain other industries. Various
physical and chemical factors, such as the carbon supply, NaCl
concentration, bile salts concentration, pH, and temperature
have an impact on the production of bacteriocins. In The present
study, physical and chemical parameters were optimized for
the maximum production of bacteriocin protein. The findings
led to the conclusion that for the A, strain, the ideal conditions
for the formation of bacteriocins were glucose as a carbon
source, pH 6, 2% NaCl, and 1% bile salt concentration. The best
circumstances for the A5 strain’s production of bacteriocin
were sucrose as the carbon source, pH 6, 1% NaCl, and 1% bile
salt concentration. Therefore, isolated bacteriocin-producing
probiotic strains have the potential to be used in the food and
pharmaceutical industries.
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