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ABSTRACT

Bacillus salmalaya 139SI| and Lactobacillus sp. isolated from Kerinci buffalo milk yogurt were investigated for their potential probiotics
properties. Three isolates from the milk yogurt were identified as L. plantarum 1, L. plantarum 2 and L. delbrueckii. The three isolates and
B. salmalaya 139SI exhibited tolerance to gastric acid of pH 3.5, resistance to bile salts and were able to produce lactic acid. All the four
strains exhibited antimicrobial activity against Sa/monella Enteritidis, Escherichia coli and Staphylococcus aureus. Combination of isolates
of L. plantarum 1 and L. plantarum 2 exhibited the highest coaggregation activity. L. plantarum 1 showed the highest hydrophobicity and
had no adverse effects for the toxicity test (Lethal Dose 50). Characterization of probiotic properties /in vitro and in vivo indicate that both
bacteria L. plantarum and B. salmalaya 139SI are potential candidates for probiotic therapeutic application against Sa/monella Enteritidis.
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INTRODUCTION

Food of animal products are the main source of
the Salnonella causes of human disease (Gast, 2003). Diarrhea is
one of the biggest health problems in the world in recent years.
According to Humprey (1988) the increasing case of diarrhea
in humans is usually caused by increasing cases of salmonellosis
(Humprey, 1998). Salmonellosis is an infectious zoonotic disease
and included in a foodborne disease (Gast, 2003). Salmonellosis
is very important in relation to public health because it causes
tremendous economical disadvantages. The UK reported
on average 4,000 cases of salmonellosis in humans per year.
The United States estimated 50% incidence of salmonellosis
in humans caused by serovar Salmonella Enteritidis, Salmonella
typhinmurinm and Salmonella heidelberg (Pascual et al., 1999).
Center of Disease Control and Prevention (CDC, USA)
reports that there are 1.2 million cases of salmonellosis
which causes the death of 450 people each year (CDC,
2019). Salmonella Exteritidis and Salmonella typhimurinm were
reported as the primary causes of salmonellosis. Therefore, the

control of salmonellosis becomes a major problem especially in
industrial poultry farming (Mouttotou et al., 2017; Gast, 2003).

In recent years, scientists have paid more attention to
the advantages that microbes residing within mammals
give. Probiotic bacteria are microbial inhabitants of the
gastrointestinal system that are hypothesized to have
health advantages through boosting an animal’s intestinal
microbial balance (Yun et al., 2009). Buffalo fermented
milk locally called dadih, has been studied extensively
in Indonesia for its use as probiotics (Surono, 2015).
Studies have been carried out to investigate probiotics’
ability to survive conditions in the host digestive tract.
According to Chou et al. (2008) probiotics must have
the ability to withstand very low pH (around 3.0)
during at least 90 minutes of their transition time in the
stomach. Once probiotics pass through the stomach,
these microorganisms enter the upper intestinal tract
where bile salts are secreted. Probiotics must be able to
withstand these two extreme transient acidic and basic
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environments prior to colonizing the lower intestinal
tract.

The probiotic bacteria used as an alternative treatment
against Salmonellosis include Streptococcus lactis (Sugitha,
1995), Lactobacillus brevis (Sirait et al., 1995), Lactobacillus sp.
strains T6 and B14, Leucosnostoc paramesentroides R-62
and Lactococens sp. strain T11, K5 and B9 (Surono,
1999), Pedzococcus pentosacens (Yuliawati et al., 2012). The usage
of these bacteria can be useful since they have antibacterial
activity and boost both immune and anti -tumorigenic
activity (Yun et al.,, 2009). The poultry industry is an
important economic activity in many countries. In
large-scale rearing facilities, where poultry are exposed
to stressful conditions, problem-related to diseases and
deterioration of environmental conditions often occur and
result in serious economic losses. Prevention and control
of diseases have led during recent decades to a substantial
increase in the use of veterinary medicines. However, the
utility of antimicrobial agents as a preventive measure has
been questioned, given the extensive documentation of the
evolution of antimicrobial resistance among pathogenic
bacteria. This has raised the possibility of antibiotics
ceasing to be used as growth stimulants for poultry due to
consumers’ concern about the side-effects of their use as
therapeutic agents, thus putting pressure onto the poultry
industry to look for alternatives.

Many farmers administer probiotics to their livestock
in place of certain antibiotics to minimize the usage of
antibiotics while maintaining or even enhancing production
efficiency. Several studies have demonstrated that ingesting
fermented foods with probiotics may reduce the number
of harmful bacteria in the gastrointestinal system while
increasing liveweight growth (Angelakis, 2017; C De et al.,
2014; Geary et al., 1999). These factors make probiotics
derived from fermented food sources appealing for use
in domestic poultry. Lactobacillus plantarum and Bacillus
salmalaya 139S1 have the potential to be used as probiotics
bacteria against salmonellosis in farm layer chickens.
However, little is reported regarding their potential to
be used as a probiotic. Therefore, this research work was
aimed to isolate and identify Lactobacillus sp. isolated from
Kerinci buffalo milk yogurt using several screening tests
and to analyze and characterize the potential probiotic
properties of Lactobacillus sp. and Bacillus salmalaya 139S1
against Salmonella Enteritidis.

METHODS

Bacterial isolates
Lactobacillus bacteria used in this study were isolated from
buffalo milk purchased from local markets in Kerinci,
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Jambi, Sumatera Indonesia according to the methods used
by Adnan & Tan (2007) and Khedid et al. (2009). The
milk was fermented and isolated at the R & D section of
Agro Premier Biotech Sdn Bhd, Kuala Lumpur, Malaysia.
All lactic acid bacteria (LAB) were further analyzed and
maintained at University Malaya Molecular Bacteriology
& Toxicology (UMMBTL), Institute of Biological
Sciences, Faculty of Science, Universiti Malaya. Bacillus
salmalaya 13981, an identified novel species of bacteria
strain 13981 (Accession No. JF825470) originated from
local agricultural soil maintained at UMMBTL, Institute of
Biological Sciences, Faculty of Science, Universiti Malaya.
The pathogenic bacterial isolates used in this study included
Salmonella Enteritidis strain ATCC BAA-711, Escherichia coli
strain ATCC 35401 and Staphylococcus anrens strain ATCC
25923. Also, Salmonella Enteritidis local Malaysia (code
number: 4301/15) was obtained from the Veterinary
Research Institute (VRI), Ipoh Malaysia.

Analysis and characterization of potential probiotic
properties of lactobacillus and bacillus salmalaya
139sI

Resistance of Lactobacillus and B. salmalaya 139S/
against gastric acid of pH 3.5

The test was performed to determine the ability of isolates
to survive in acidic conditions of pH 3.5 (pH of gastric).
Isolates were grown in 5 mI. MRS/BHI broth media and
incubated at 37°C for 24 hours. Inoculum (0.5 mL) was
grown in 5 mL of sterile PBS under acidic conditions of
pH 3.5 (pH adjustment was performed with the addition
of 0.IN HCI or 0.1N NaOH and incubated at 37°C. At
every 2 hours interval for a total period of 24 hours the
culture was taken and streaked onto MRS/BHI agar. The
assays were carried out in triplicates by Duplo, and the
average value was calculated. All plates were incubated at
37°C for 24 hours for viability checking against the acidic
condition (Conway etal., 1987; Zavaglia et al., 1998; Taheri
et al,, 2009).

Bile salt resistance

The screening for bile tolerance was carried out by growing
the Lactobacillus and B. salmalaya 139S], respectively, in MRS/
BHI broth containing 0.3% of bile salt (Merck, Germany)
for 24 hours at 37°C. The control used was without bile
salts. Bacteria from MRS/BHI broth was serially diluted
to 10° and 100 uL at each dilution was plated on MRS/
BHI agar followed by incubation (at 37°C) for 0, 4, 7 and
24 hours. The isolated resistance to bile salts was observed
by counting the number of bacteria that could survive at
the end of the incubation. The assays were carried out in
triplicates by Duplo, and the average value was calculated
(Taheri et al., 2009). Tolerance to bile was calculated by
the equation of /g N#/No as a percentage of the control
(without bile, pH 7) which was assigned a value of 100%.
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Production of the cell free culture supernatants
(CFCS) antimicrobial compounds

Cell free culture supernatants (crude extract) containing
antimicrobial compound testing was performed by
determining the ability to produce acids and bacteriocin
activity. The former was determined by the titration method
(Hadiwiyoto, 1994; Nielsen., 2010). The microbes were
grown in synthetic medium containing 50 grams/Liter
of glucose, 0.4% of urea, 0.1% of KH,PO,, 0.05% of
MgSO,, 0.01% of FeSO,.7H,0, 0.05% of KCl dan 0.05%
of Yeast extract. Lactobacillus sp. and Bacillus salmalaya 139S1
were tevived respectively, in MRS/BHI broth medium for
24 hours at 37°C. The bacterial broth was diluted (1:10)
in the synthetic medium and incubated in a shaking water
bath (30°C).

The analysis of the resulting acids was performed daily until
the fourth day of incubation. The analysis was performed
using an aseptic growth synthetic medium and centrifuged
at 3,000 rpm for 10 minutes in order to separate the
bacteria from the metabolites (soluble solids). The resulting
supernatant was diluted 50 times before being titrated
with 0.1N NaOH and phenolphthalein (1%) present as
an indicator change to light pink. The resulting titration is
expressed as %o acid (total acid titrated), calculated by the
following equations:

% of acid= N x 17, x Eq. wt.
17, x10

Where : N NaOH = Normal titrant (mol/mL),
17, = Volume of titrant (mL), I, = Volume of samples
(mL), Eq.wt = Weight equivalent to acid

The assays were carried out in triplicates by Duplo and the
average value was calculated.

For bacteriocin activity a single colony of Lactobacillus and
B. salmalaya 139S1 were determined using disc diffusion
method (Diop et al,, 2008; Abbasiliasi et al.,, 2009). The
assays were carried out in triplicates and the mean diameter
of the zone was computed.

Test of coaggregation

Co-aggregation test was conducted using a method by
(Vlkova et al., 2008). This method uses a mixture of single
cultures at a ratio of 1:1, and coaggregation is expressed
in relative OD decrease between bacteria mixed with
single bacteria. Each single strain of Lactobacillus spp. and
B. salmalaya 139S1 was grown in MRS and BHI broth
medium, respectively for 24 hours at 37°C and centrifuged at
10,000 £.p.m for 10 minutes (Eppendotf® Centrifuge 5810R,
Germany). It was then washed 3 times with sterile phosphate
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buffer saline solution (PBS) containing 8 g/Litre of NaCl,
0.34 grams/liter KH,PO,, and 1.21 grams liter K HPO,

The cultures were then resuspended and mixed in the same
buffer. After mixing, 1.5 mL of suspension was transferred
into a cuvette and a decrease of initial OD at 600 nm to
a final OD of 0.6 (+0.02), was observed for 4 hours at
room temperature using a Spectrophotometer UV-vis 2700
(Shimadzu, Japan). The assays were carried out in triplicates
by Duplo, and the average value was calculated.

Percentage of co-aggregation can be calculated using the
following equation:

% of coaggregation = (O.D.1 + O.D.2)— 2. 0.D1.2 X 100
(O.D.1 + 0.D.2)

Where: O.D.7 = optical density of species 1, O.D.2 = optical
density of species 2, O.D.7.2 = optical density mixed of
species 1 and 2

Test of cell surface hydrophobicity

The tested bacteria (Lactobacillus spp. and Bacillus
salmalaya 139SI) were grown in their respective broth
medium (MRS and BHI broth) at 37°C under anaerobic
conditions following method outline by Klayraung et al.
(2008). The 18-24 hours (stationary phase) test culture
was harvested after centrifugation at 6,000 r.p.m for
10 minutes (Eppendotf® Centrifuge 5810R, Germany),
washed twice and resuspended in 50mM K, HPO, buffer
(pH 6.5) to optical density (OD 560) of 0.8-1.0 (AO)
measured spectrophotometrically. A portion of 0.6 ml of
n-hexadecane was added to 3 mL of bacterial suspension.
The mixture was mixed thoroughly using a vortex mixer
for 120s. The tubes were allowed to stand at 37°C for
30 minutes to separate the two phases. The aqueous
(phase A) was carefully removed and the OD_ determined.
Hydrophobicity is calculated from three replicates by
duplo as the percentage decrease in the optical density
of the initial aqueous bacterial suspension due the cells
partitioning into a hydrocarbon layer. The percentage of
cell surface hydrophobicity (%oH) of the strain adhering to
hexadecane is calculated using the equation:

%H = {(A0-4)/.A0 x 100}.

Where: A0: value of O.D.  initial bacterial suspension,
A: value of O.D. after suspension mixed with

hexadecane.

Toxicity test (Lethal Dose 50)
Acute oral toxicity studies have been approved by the
Ethics Committee of the University of Technology
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MARA (UiTM) Puncak Alam Campus Selangor and by
the guidelines for the care and use of laboratory animals
NRC, (2010). In accordance to OECD Test Guidelines
425 (Up and Down Procedure) (Saleem et al., 2017), the
rats used were adult female Sprague Dawley (SD) strain
(9 weeks old, nulliparous and non-pregnant) weighing
between 213-249g. The animals (n=20) were equally
and randomly divided into 4 treatment dose levels
consisting of () 1 mL reverse osmosis water (control),
(ii) 175 mg/kg weight/day, (iii) 550 mg/kg weight/
day, and 2000 mg/kg weight/day. Feeds and drinking
water were provided ad /ibitum. Reverse osmosis water
was supplied through a 250 mL water dispenser bottle.
The water was changed twice a week. Each animal was
individually caged for a minimum of 5 days to allow for
acclimatization. Each animal was fasting overnight by
withholding food but not water, prior to dosing. Food
was returned to the animals approximately 3 hours after
dosing. Each animal was individually weighed on Day
0, before administration of the test item (initial). Oral
administration on each rat was conducted using a round-
headed stainless steel gavage tube measuring 2 inches
long and 18G in-diameter, fitted with a syringe.

The observations made include cage-side observation,
body weight, and pathology. For cage-side observation
the animals were individually observed for mortality and
signs of illness, injury or abnormal behavior, once during
the first 30 minutes after dosing, and periodically during
the first 48 hours (with special attention given during the
first 4 hours), and daily thereafter for a total period of
14 days. Each animal was individually weighed on Day 7
and Day 14 (termination) after dosing. All animals were
sacrificed on Day 14 and gross necropsies were performed.
Microscopic examination was performed on selected
vital organs. The histopathological information may be
considered for further toxicity studies. After each level
was conducted, the short-term and long-term outcomes
were input into the Oral Toxicity (Guideline 425) statistical
program “(AOT425StatPgm)”. When the stopping criteria
were engaged, the LD, and 95% confidence intervals were
calculated.

RESULTS

Isolation and identification of lactic acid bacteria (LAB)
Isolation of LAB

Twenty-nine (29) colonies were obtained from the isolation,
selection, and identification of the Kerinci dadih, Jambi with
different characteristics. Overall, colonies were milky white
or creamy, circular-shaped, with an entire edge and convex
elevation. Based on the size, colonies were distinguished into
3 types; consisting of 17 small isolates, 6 medium-sized and
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6 large-sized isolates (Table 1). A-Group shows the highest
percentage of 58.62% which consist of isolates B1.1, B1.2,
B2.1A,B2.1.B,B2.1.C,B4.1.1,B4.2.1,B4.3.1,B4.3.2, B7.B,
B8.1.1,B8.2.1,B8.3.1,B8.3.3A. B9.A, B9.B and B11.B, while
B Group isolates (B6.1.1.B,B7.A, B8.1.2,B8.3.2, B10.1 and
B11.A) and C Group isolates (B2.2, B3.A, B4.3.3, B5.2,
B6.1.1.A and B6.2) showed 20.69%, respectively (Fig; 1).

Analysis and characterization of potential probiotic
properties of Lactobacillus and Bacillus salmalaya
139slI

Resistance to gastric acid of pH 3.5

Resistance to low pH is one of the probiotic requirements
because the cellular stress experienced by probiotic isolates
begins with exposure to gastric acid in the stomach. The
results of testing the resistance of isolated Kerinci dadih LAB
and Bacillus salmalaya 13981 to the pH of gastric (pH 3.5)
are presented in Table 2. The number of isolates that could
survive up to 24 hours of incubation time was expressed in
relative resistance (Vo). Experimental results show that all tested
isolates survive pH 3.5 with the relative resistance value range
88.69+ 6.71 to 94.42 + 4.452% with a dectease in the total
of bacterial cells that survived after 24 hours of incubation
at 10° CFU/mL from baseline of 10'> CFU/mL (Table 2).
Lactobacillus plantarnm 1 had the highest relative resistance
at pH 3.5 around 94.42 + 4.45% followed by Lactobacillus
Pplantarum 2, Lactobacillus delbruecksi and Bacillus salmalaya 139S1.

Bile salt resistance

The ability of bacteria to withstand bile stress is one of the
criteria used in probiotic selection. After exposure to acidic
pH, the isolates were then tested for resistance to bile salts.
The results of testing the isolates resistance to bile salts are
shown in Table 2. The number of isolates that could survive
up to 24 hours of incubation time was expressed in relative
resistance (%0). The results of the experiment show that all
isolates have high bile salt resistance ranging 86.49+6.98
to 90.36 + 4.94% a decrease in the total of bacterial cells
that survived after 24 hours of incubation at 10° CFU/mL
from baseline of 10" CFU/mL. Lactobacillus plantarum 1 had

75%

25%

Total Isolates (%)

0%

B Group

C Group

Fig 1. Total Lactobacillus isolates. The colonial morphology group
characteristics. A- Small, milky white or cream, circular, entire and
convex; B- Medium, milky white or cream, circular, entire and convex;
C- Big, milky white or cream, circular, entire and convex.
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Table 1: Characteristic morphology of colony of lactic acid bacteria originated from the fermented milk (dadih).

Isolate No. Isolate Code Size Pigmentation Shape Edge Elevation Group
1 B1.1 small milky white or cream circular entire convex A
2 B1.2 small milky white or cream circular entire convex A
3 B2.1.A small milky white or cream circular entire convex A
4 B2.1.B small milky white or cream circular entire convex A
5 B2.1.C small milky white or cream circular entire convex A
6 B2.2 big milky white or cream circular entire convex C
7 B3. A big milky white or cream circular entire convex C
8 B4.1.1 small milky white or cream circular entire convex A
O B4.2.1 small milky white or cream circular entire convex A
10 B4.3.1 small milky white or cream circular entire convex A
11 B4.3.2 small milky white or cream circular entire convex A
12 B4.3.3 big milky white or cream circular entire convex C
i3 B5.2 big milky white or cream circular entire convex C
14 B6.1.1.A big milky white or cream circular entire convex C
15 B6.1.1.B medium milky white or cream circular entire convex B
16 B6.2 big milky white or cream circular entire convex C
17 B7.A medium milky white or cream circular entire convex B
18 B7.B small milky white or cream circular entire convex A
19 B8.1.1 small milky white or cream circular entire convex A
20 B8.1.2 medium milky white or cream circular entire convex B
21 B8.2.1 small milky white or cream circular entire convex A
22 B8.3.1 small milky white or cream circular entire convex A
23 B8.3.2 medium milky white or cream circular entire convex B
24 B8.3.3A small milky white or cream circular entire convex A
25 B9. A small milky white or cream circular entire convex A
26 B9. B small milky white or cream circular entire convex A
27 B10.1 medium milky white or cream circular entire convex B
28 B11.A medium milky white or cream circular entire convex B
29 B11.B small milky white or cream circular entire convex A

A Group: Small, milky white or cream, circular, entire and convex. B Group: Medium, milky white or cream, circular, entire and convex. C Group: Big, milky white

or cream, circular, entire and convex.

Table 2: Resistance to gastric acid
Resistance to gastric acid.
Isolate Relative resistance (%)

Lactobacillus plantarum 1 94.42+4.45
Lactobacillus plantarum 2 92.68+5.20
Lactobacillus delbrueckii 92.50+3.54
Bacillus salmalaya 139SI 88.69+6.71
Negative Control (non pH 3.5) 93.05+2.00
Bile salt resistance.
Lactobacillus plantarum 1 90.36+4.94
Lactobacillus plantarum 2 86.87+3.00
Lactobacillus delbrueckii 86.49+6.98
Bacillus salmalaya 139SI 89.26+2.81
Negative Control (non-salt oxgall) 92.40+2.69

*Total averaged from number of replicates, n =3

the highest relative resistance followed by Bacillus salmalaya
13981, Lactobacillus plantarum 2 and Lactobacillus delbrueckii.

Production of the cell-free culture supernatants
containing bacteriocin antimicrobial compounds

The ability to produce acid

The ability of bacterial isolates to produce acids is
presented in Table 3, where acid production is expressed in
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% lactic acid. The ability of microbes to produce acids has
been proven in this study. The ability strength producing
acid among the isolates: L. plantarum 1 (3.86+0.70%)
> L. plantarum 2 (2.04+0.24%) > L. delbrueckii (1.25+
0.11%) > B. salmalaya 139SI (0.70+0.05%).

Cell-free supernatant containing Bacitracin activity

The Kirby-Bauer disc diffusion assay was cartied out based
on recommendations given by the Clinical Laboratory
Standards Institute. For [actobacillus, the results are presented
in Table 4 and Fig. 2(a). For Bacillus salmalaya 139SI,
bacteriocin tests against pathogenic bacteria are presented in
Table 5 and Fig. 2(b). Bacteriocins test was conducted using
the good diffusion test and the test results of antibacterial
activity against Salmonella Enteritidis local Malaysia (code
number 4301/15), Salmonella Enteritidis strain ATCC BAA-
711, Escherichia col strain ATCC 35401 and Staphylococcus anrens
strain ATCC 25923 (Table 4 and Table 5). The strength for
antibacterial activity against gram-negative bactetia Salnonella
Enteritidis local Malaysia (code number 4301/15), Salnonella
Enteritidis strain ATCC BAA-711 and Escherichia coli strain
ATCC 35401 was sequenced as L. delbrueckii > B. salmalaya
13981 > L. plantarum 2 > L. plantarum 1. The three tested
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Lactobacillus and B. salmalaya strain 13981 showed good
antibacterial activity against Sa/wonella Enteritidis.

Test of co-aggregation

Coaggregation between lactic acid bacterial isolates is
needed to evaluate the effectiveness of probiotics adhering
in the intestine (Handley ez af, 1987). Coaggregation tests
were performed on single and pair isolates, the test results
are presented in Table 6. From the test results it was
found that the highest coaggregation activity occurred in
the combined isolates of I.. plantarum 1 and L. plantarum
2 of 6.03+0.41% with a reduction in OD of 0.600 nm
to 0.520 nm after 4 hours of incubation, followed by a
combination isolates of L. plantarum 1 with L. delbrueckii
of 3.84+0.24% and combination isolates of L. plantarum 2
with L. delbrueckii of 2.16+0.18% (Table 6).

Test of cell surface hydrophobicity

Hydrophobicity properties testing was performed to
measure cell distribution between a hydrophobic phase
and water (hydrophilic). Hydrophobicity properties indicate

Table 3: Acid production.

Isolate Acid production (%)

1 day 2 days 3 days 4 days
Lactobacillus 0.56+0.05 0.70+0.02 1.62+0.28 3.86+0.70
plantarum 1
Lactobacillus 0.41+0.08 0.77+0.04 1.15+0.09 2.04+0.24
plantarum 2
Lactobacillus 0.35+0.04 0.47+0.03 0.91+0.06 1.25+0.11
delbrueckii
Bacillus 0.51+0.02 0.92+0.04 1.23+0.05 0.70+0.05

salmalaya 139SI

the tendency of bacteria to form aggregates and further
colonize or adhere to the surface of epithelial cells. The
principle of this test is that the hydrophobic components
are united and separate from the non-hydrophobic ones.
The method used in hydrophobicity testing is Microbial
adhesion to hydrocarbons (MATH) (Klayraung et al.,
2008). The results of the hydrophobicity isolates using
the MATH method are presented in Table 7. Overall
the Lactobacillus tested was classified as the moderate
hydrophobic bacteria with hydrophobicity values of 20 to
50%. L. plantarum 1 was the highest hydrophobic isolate
with a value of 24.76+4.05%, followed by L. plantarum 2 at
23.16+2.37% and L. delbrueckii at 20.26+3.33%. For Bacillus
salmalaya 13951 the hydrophobicity value was 11.93+1.79%
and it was classified in hydrophilic bacteria because the
hydrophobicity value was < 20%.

Toxicity test (Lethal Dose 50) of L. plantarum

The results of observing the body weight and necropsy of rats
during the Iactobacillus plantarum 1 toxicity test were presented
in Table 8. In this experiment, the safety assessment of strain
L. plantarum 1 used an oral toxicity test conducted on the rat.
A 14-day oral toxicity trial on Sprague Dawley rats with female
sex was conducted to investigate articles of acute toxicity test.
Experimental results can provide early toxicological data that
are useful in determining the appropriate dose level for future
repeated dose oral toxicology studies and for determining
possible long-term toxicity studies.

During the experimental period, no change in behavior or
activity was observed in the rats. The single oral dosage of

Table 4: Inhibition zone of Lactic Acid Bacterial isolates against pathogenic bacteria.

Isolate S. Enteritidis strain S. Enteritidis E. coli strain S. aureus strain
ATCC BAA-711 local Malaysia ATCC 3540 ATCC 2592

L. plantarum 1 8.37+0.47 8.70+0.46 11.64+0.57 13.36+0.23

L. plantarum 2 9.28+0.54 9.24+0.64 11.54+0.11 12.23+0.53

L. delbrueckii 13.11+0.14 13.14+0.28 11.56+0.61 13.13+0.15

Negative control 6.00+0.00 6.00+0.00 6.00+0.00 6.00+0.00

Positive control 18.10+2.21 19.33+1.90 15.24+0.92 14.72+0.59

*Total averaged from number of replicates, n = 3

Table 5: Inhibition zone of Bacillus salmalaya 139SI against pathogenic bacteria.

Isolate S. Enteritidis strain S. Enteritidis E. coli strain S. aureus strain

ATCC BAA-711 local Malaysia ATCC 3540 ATCC 2592
Negative control 6.00+0.00 6.00+0.00 6.00+0.00 6.00+0.00
Positive control 19.70+1.02 19.78+0.98 20.82+0.61 13.06+0.13
B. salmalaya 139SI 11.40+0.28 11.66+0.11 13.83+0.12 8.16+0.22
*Total averaged from number of replicates, n = 3
Table 6: Co-aggregation of isolate combinations.
Description The combination of isolates used in this study

AB AC AD BC BD CD

% Co-aggregation 6.03+0.41 3.84+0.24 -0.30+0.10 2.16+0.18 -0.45+0.06 -2.45+0.24

*Description: A. L. plantarum 1; B. L. plantarum 2; C. L. delbrueckii and D. Bacillus salmalaya 139SI.

*Total averaged from number of replicates, n = 3
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175 mg/Kg body weight/day, 550 mg/Kg body weight/
day, and 2000 mg/Kg body weight/day did not cause illness
or death as well as signs of poisoning related to treatment in
any animal. All animals were healthy and survived inoculation
after 14 days. From the test results, the probiotic strain of L.
plantarum 1 acute oral toxicity shows the good status of health,
growth and general development of experimental animals. Oral
administration of the probiotic L. plantarum 1 had no adverse
effects and was the effect on an increase in animal weight.
Based on the test results of the weight gain of the animal was
adose of 2000 mg/Kg body weight/day > 550 mg/Kg body
weight/day > control > 175 mg/Kg body weight/day.

Table 7: Hydrophobicity value of isolates.

Lactobacillus plantarum 1 24.76+4.05
Lactobacillus plantarum 2 23.16+2.37
Lactobacillus delbrueckii 20.26+3.33
Bacillus salmalaya 139SI 11.93+1.79

*Total averaged from number of replicates, n =3

Table 8: Individual gross necropsy observation.

Control R 100 All tissues/ No gross
organs abnormallities
175 R 102 All tissues/ No gross
organs abnormallities
250 R 102 All tissues/ No gross
organs abnormallities
2,000 R 103 All tissues/ No gross
organs abnormallities

Result of the necropsy test, overall, all of the organs
examined in the female rats showed no pathological changes
or no abnormalities in the organs (no gross abnormalities)
(Table 8). Therefore according to the guidelines of OECD
Number 425 (2008), histopathological examination is not
required. No evidence of toxicity was detected in the study
of acute toxicity in this trial.

DISCUSSION

Based on the results of an in vitro investigation as a
probiotic potential, . plantarum 1 isolated from fermented
buffalo milk (dadih) had the best probiotic characteristic
in the current study. Good probiotic characteristics of
L. plantarum 1 include:, (i) high tolerance to low pH and
bile salts, (i) high acid production capacity, (iii) has a high
coaggregation activity with other Lactobacillus and (iv)
are the most hydrophobic isolates (Heravi ez al, 2011).
Probiotic bacteria should be able to tolerate acid for at
least 90 minutes, be able to tolerate bile salts, adhere to
the epithelial or intestinal mucosa, and develop in the
lower intestinal tract. Probiotic bacteria that successfully
overcome these batriers are beneficial to health (Minellia et
al., 2004). Elida (2002) claimed 16 isolates were selected as
candidates probiotically isolated from dadib fermentation
that are relatively resistant to pH 3.5 ranged from 80 - 95%
after 24 hours of incubation average of 107 CFU/mL
of the initial amount of 10 CFU/mL. He also reported
that the strain of Lactobacillus casei survived to pH 3.0
but not to pH 1.0. Some researchers have conducted

Fig 2. Bacteriocin (cell-free supernatant) test of Lactobacillus isolates against pathogenic bacteria. a. Salmonella Enteritidis strain ATCC BAA-711;
b. Salmonella Enteritidis local Malaysia (code number 4301/15); c. Escherichia coli strain ATCC 3540; d. Staphylococcus aureus strain ATCC
2592; 1. Lactobacillus plantarum 1; 2. Lactobacillus plantarum 2; 3. Lactobacillus delbrueckii; 4. Negative control and 5. Positive control. (b)
Bacteriocin (cell-free supernatant) test of Bacillus salmalaya 139SlI isolates against pathogenic bacteria. a. Salmonella Enteritidis strain ATCC
BAA-711; b. Salmonella Enteritidis local Malaysia (code number 4301/15); c. Escherichia coli strain ATCC 3540; d. Staphylococcus aureus strain
ATCC 2592; 1. Negative control; 2. Positive control; and 3. Bacillus salmalaya 139SI.
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experiments on bacterial survival against bile salts.
The results show that variations in species and strains
affect their ability to survive in conditions containing
bile salts. Pereira et al., (2003) reported that Lactobacillus
Sfermentum KC5b had a high tolerance to gastric acid
conditions and bile salts and had the high activity of
bile salt hydrolase (BSH). Lin et al., (20006) tested yogurt
containing Lactobacillus acidophilus and Bifidobacteria which
were previously resistant to pH 2.0 but were able to survive
in the condition of 0.3% bile salts.

The acid produced by bacteria can reduce gastric acid
expenditure, stimulate peristaltic intestines and prevent
gastric infections. Most acids combine with Ca ions to form
lactic-calcium acid complexes, making them more easily
absorbed by the gut (Mitsuoka, 1978). Ogunbanwo et al.,
(2003) has reported bacteriocins produced by Lactobacillus
plantarum F1 and Lactobacillus brevis OG1 isolated from
Nigerian fermented foods can inhibit I isteria monocytogenes,
Salmonella typhimurinm, Staphylococcus aurens, and Escherichia
coli. Production of bacteriocins from Lactobacillus sp.
that isolated from whole milk can inhibit Escherichia coli,
Salmonella typhimurinm and Listeria monocytogenes (Usmiati
& Marwati, 2007). Khoiriyah & Ardiningsih (2014) also
reported that the bacteriocin activity of Lactobacillus sp.
RED4 inhibited Bacillus cerens, Bacillus subtilis, Salmonella sp.,
Aeromonas hydrophila, Escherichia coli, Psendomonas aernginosa,
and Candida albicans.

Vandevoorde et al., (1992) reported that the isolate pairs
of Lactococcus lactis and Lactobacillus crispatus isolates after 4
hours incubation decreased OD of 0.600 nm to 0.490 nm.
Although the treatment reduced the solution pH to 4,
the percentage of the coaggregation increased from 65%
to 85%. The findings by Syafia (2002) on the properties
coaggregation isolates Lactococcus lactis from dadib relatively
weak (+), against both planktonic cells and biofilm cells. The
findings Elida (2002) showed the highest coaggregation in
the combination that occurred in Leuconostoc mesenteroides. 12
pairs of with Streptococcus raffinolactis ct4. Kos et al., (2003) in
their experiments found that the combination of Lactobacillus
Plantarum LA and Lactobacillus acidgphilus M92 isolates produced
a coaggregation of 4.36 (+1.81%) after 5 hours incubation
at room temperature in PBS solution that had with pH 7.2.

Reid et al., (1992) reported hydrophobicity value of several
Lactobacillus acidophilus isolates, including strain 68 for 32%,
75 for 13%, RC 14 for 55% and T'13 for 29% and Lactobacillus
casei for 0%. Syafia (2002) reported that strains of Lactococcus
lactis derived from the dadih fermented in brushed bamboo
tubes had 16% hydrophobicity and classified in hydrophilic
bacteria with a number of cells attached on SS/cm? plates
of 2.4 x 10* CFU/cm? from baseline of 10° CFU/cm?
From the experiments, results of Elida (2002) reported
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that Streptococcus raffinolactis Ct4 isolates from bamboo betung
originated 50 Kota District has hydrophobicity of 15.7%.

The safety of probiotic strains has been the subject of
active discussion in recent years and there are still no
general guidelines or specific policy requirements on this
issue. Acute oral toxicity studies have been advocated as
a fundamental test to assess safety (Jia et al., 2011) and
have been used before in many safety assessment studies
(Laulund et al., 2017). Some tesearchers have conducted
studies regarding the toxicity of Lactobacillus plantarnm as
a probiotic culture. Lastly, Liao et al., (2019) carried out
a toxicity study of Lactobacillus plantarum PS128™ isolated
from spontaneously fermented Mustard Greens. From the
results of the study, it can be said that Lactobacillus plantarum
strain PS128™ is safe for human consumption. Besides,
Lactobacillus plantarum strains ZS07 and K21 originated from
Slovak Bryndza Cheese were also considered safe for use
as probiotic cultures (Belicova et al., 2013).

CONCLUSION

The test results of the analysis and characterization of
probiotic properties # vitro and in vivo indicate that both
bacteria Lactobacillus plantarum and Bacillus salmalaya 139S1 are
potential candidates for probiotic therapeutic application
against Salmonella Enteritidis. Overall, Lactobacillus plantarnm
has the best activity compared to other bacterial isolates.
Further research of the applications of these probiotics in
the poultry industry is needed to examine its effectiveness
at a larger scale.
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