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ABSTRACT
Aims: The aim of this study was to screen lactic acid bacteria (LAB) isolates from fermented Sumbawa mare‘s milk that
meet the requirements as starter cultures, and to evaluate the effect of the selected starter culture in improving the
organoleptic quality of mare‘s milk fermentation.
Methodology and results: The LAB isolates (13 isolates) derived from naturally fermented Sumbawa mare‘s milk were
firstly screened for acidification activity. Afterwards, the selected isolates were evaluated for the starter culture criteria
such as technological properties (proteolytic test, lipolytic test, and exopolysaccharide production), food safety test
(hemolytic test and antibiotic sensitivity test), antimicrobial activity test. The selected culture (SC) together with yogurt
starter cultures (YC) and combination between the selected isolate and a mixture of both (MC) were used to ferment
fresh mare’s milk. Six LAB isolates (DB7, BC10, DC4, BC9, DC10, and BC7) were obtained from the acidification
screening. Isolate BC10 was the most potential isolate as starter culture due to its ability in terms of acidification and
proteolytic activity, lack of lipolytic activity, no indication of pathogenic potency, as well as able to inhibit the growth of
Escherichia coli ATCC 25922. However, this isolate was resistant to antibiotics kanamycin, trimethoprim, and cinoxacin.
The isolate BC10 presented 99.99% sequence similarity with respect to Lactobacillus plantarum.
Conclusion, significance and impact of study: The selected starter culture (isolate BC10) was able to improve the
organoleptic quality of fermented mare‘s milk especially aroma compared to the other starter cultures. Therefore, L.
plantarum BC10 is a potential isolate to be used as starter culture for mare’s milk fermentation.
Keywords: Lactic acid bacteria, starter cultures, technological characterization, organoleptic, Sumbawa mare‘s milk
Although the nutrition and health benefits of mare’s
milk is categorized as good, however, in Indonesia, the
types of mare’s milk food products are still limited to
traditional fermented milk products. This traditional
fermented milk products made from unpasteurized fresh
mare’s milk and fermented without the addition of starter
cultures, so called naturally fermented milk. The
fermented Sumbawa mare’s milk is part of naturally
fermented milk (NFM) products that categorized as
functional foods due to its health promoting potential, in
terms of nutritional values and probiotic microorganism
sources (Jatmiko et al., 2018). Traditional fermented
mare’s milk products through spontaneous fermentation
require a longer time in the production process, with high
possibility of microbial contamination, and lack of
consistency of product quality due to the lack of control
over the microbes involved in fermentation. Besides,
traditional natural fermentation allows the fermented
products to have taste and flavor variations due to diverse
microbes playing a role in the fermentation process.
Starter culture is a selected microbial strain with a

INTRODUCTION
Mare’s milk has more advantages over cow's milk and
has similarities with human milk in terms of nutritional
content. Mare’s milk contains lactose and immunoglobulin
(IgG) which is equivalent to human milk, so it is
recommended to substitute human milk for toddlers who
were allergic to cow's milk. Its fat content is also lower
than human milk, thus it is low in calories (Malacarne et
al., 2002). In addition to high nutrition, mare’s milk also
contains active compounds such as lactoferrin, oleic acid,
and lysozyme. Lactoferrin has anti-inflammatory,
immunomodulatory, antibacterial, antifungal, and antiviral
activities (Danków et al., 2012). The calcium and
phosphorus ratio of mare’s milk (1.6-1.8: 1) is higher than
cow's milk (1.4: 1), and is almost similar to that in human
milk (1.9: 1) (Sheng and Fang, 2009). Mare’s milk also
contains vitamins A, D3, and E which are similar to human
milk, and has a high vitamin C content (Csapo et al.,
1995; Jastrzębska et al., 2017).
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constant characteristic for the production of the expected
characteristic under controlled conditions (Ravindra,
2015). The expected characteristic of fermented products
used is product quality consistency, either in taste, flavor,
or other organoleptic parameters. Application of starter
cultures for Sumbawa mare’s milk will not only able to
increase product diversification, but also increase product
safety because lactic acid bacteria (LAB) in starter culture
will inhibit the growth of undesired microbes.
Lactic acid bacteria in the starter cultures also could
increase the value added of the product through
increasing technological characteristics (acidification
activity, and production of bioactive compounds such as
diacetyl, exopolysaccharide and enzymes) (de Souza and
Dias, 2017). Studies of LAB from Sumbawa mare’s milk
was still limited to the LAB diversity, and study on the
potency of LAB isolated from Sumbawa mare’s milk has
not been elucidated yet (Jatmiko et al., 2019; Mulyawati
et al., 2019). Therefore, this paper is aimed to determine
some technological properties of the LAB isolates from
fermented Sumbawa mare’s milk to be used as a starter
culture to develop fermented mare’s milk products with
high quality.

test, and exopolysaccharide production), food safety
properties (hemolytic test and antibiotic sensitivity test),
protective property (antimicrobial activity test).
Acidification rate/ pH change (pH) =
pHat time - pHzero time.........………… (Equation 1)
Proteolytic activity test
Proteolytic activity was tested using agar well-diffusion
method in triplicates. A 8-mm-diameter well was made in
1% skim milk agar containing 0.05% natrium chloride
(NaCl), 0.1% yeast extract, 0.2% tryptone, 0.01% calcium
chloride (CaCl2), and 1.5% bacteriological agar. The LAB
cultures (50 µL) were inoculated into the wells, and then
incubated at 37 °C for 24 h. This test was performed in
triplicates, and the wells filled with the sterile distilled
water ware served as the negative control. The proteolytic
activity was shown by the presence of clear zones around
the wells, and it was measured using Equation 2 as
shown in below (Vijayaraghavan and Vincent, 2013).
Diameter of clear zones (mm) =

MATERIALS AND METHODS
Diameter of total clear zone – Diameter of the well
………………….(Equation 2)

Lactic acid bacteria cultures
This study used 13 LAB strains derived from previous
research (Mulyawati et al., 2019). These strains were
isolated from fermented Sumbawa mare’s milk, collected
from three regency (Dompu, Sumbawa, and Bima) in
Sumbawa Island, Province of West Nusa Tenggara using
two different isolation media, namely De Man, Rogosa,
and Sharpe agar (MRS) agar and M17 agar containing
1% calcium carbonate (CaCO3). Seven isolates (DB4,
DB9, DB2, DB6, DB3, DB7, DB11) isolated using MRS
agar, were re-cultured in MRS agar containing 2%
lactose, while the six isolates (DC13, BC10, BC7, DC10,
BC9, and DC4) isolated using M17 agar, were re-cultured
in M17 agar media containing 2% lactose. Before the
examination was performed, all isolates were grown in the
respective media at 37 °C for 24 h to obtain the similar
density.

Lipolytic activity test
Lipolytic activity was tested using agar well-diffusion
method in four replicates. The selected LAB cultures with
50 µL were inoculated in the 8-mm-diameter wells on
Sierra agar containing 1% peptone, 0.5% NaCl, 0.01%
CaCl2, 1.5% Bacto agar, and 1% Tween 80 (Sierra,
1957). The plates were incubated at 37 °C for 96 h. This
test was performed in triplicates, and wells with the sterile
distilled water served as the negative control. The lipolytic
activity was indicated by the presence of clear zones
around the wells, and it was determined using Equation 2
(Akabanda et al., 2014).
Exopolysaccharide (EPS) production test
Production of EPS of LAB was detected qualitatively by
the presence of ropy colony on the agar surface. One
loopful of selected LAB isolates were streaked onto MRS
or M17 agar medium supplemented with 5% sucrose,
then incubated at 37 °C for 24-48 h. This test was
conducted in triplicates, and the medium without inoculum
served as the negative control.

Screening LAB as starter culture
The LAB isolates with rapid acidification rate were
selected as starter culture candidates. The cultures (3
mL) were transferred to 27 mL of 1% skim milk broth
(containing 0.3% yeast extract and 0.2% glucose). The
cultures were then incubated at 37 °C for 24 h. The pH
value was measured at 0, 2, 4, 6, and 24 h to determine
the acidification rate/ pH change (Equation 1). The pH
reduced by 0.4 after 3, 3.5, and >5 h of incubation was
categorized fast, medium and slow acidification rate,
respectively (Akabanda et al., 2014). This test was
performed in triplicates. The isolates with the fastest
acidification were used for further tests, namely
technological characterization (proteolytic test, lipolytic

Antimicrobial activity test
Screening of antimicrobial activity was evaluated using
agar disk-diffusion method in triplicates. The selected
LAB cultures with density 107 CFU/mL were centrifuged at
10,000 × g at 4 °C for 10 min. The cell free supernatant
(CFS) was separated from the pellet, and the pH of CFS
was adjusted to 6.5-6.8. The neutralized CFS was filtered
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using 0.22 µm Millipore membrane. The 50 µL of sterile
neutralized CFS was inoculated onto the blank-disk, and
the disks were placed onto NA agar containing 100 μL
(106 CFU/mL) of indicator bacteria (Escherichia coli ATCC
25922, Staphylococcus aureus, Bacillus cereus and
Salmonella Typhi). Inhibition zones were measured based
on Equation 3 after incubation at 37 °C for 24 h. Sterile
distilled water and streptomycin were served as the
negative and positive control, respectively.

Acidification rate (%) =
(initial pH – final pH) / initial pH × 100%........(Equation 4)
Organoleptic test
The organoleptic characteristics was evaluated by 31
unskilled panelists (12 male and 19 female panelists)
aged between 18-22 years old using hedonic scale
method. This panelist size has met the requirement of
sensory panels for hedonic method (Watts et al., 1989).
Panelists tasted three mare’s milk fermentation products
and determined the score (scale 1–7) of a range of
organoleptic parameters namely color, taste, aroma,
mouthfeel, and overall. Score 1 is dislike very much,
score 2 is dislike moderately, score 3 is dislike slightly,
score 4 is neither like nor dislike, score 5 is like slightly,
score 6 is like moderately, score 7 is like very much
(Granato et al., 2010).

Diameter of inhibition zones (mm) =
Diameter of total clear zone – Diameter of the disk
………………(Equation 3)
Antibiotic susceptibility test
The selected LAB cultures (100 μL) were spread on MRS
or M17 agar plates. Then, antibiotic disks (kanamycin 30
µg, erythromycin 15 µg, cinoxacin 100 µg, trimethoprim 5
µg) were placed on the agar plate. The diameter of
inhibition zones was measured after incubation at 37 °C
for 48 h. The test was conducted in triplicates.

Molecular identification

Hemolytic test was performed by streaking LAB isolates
on sheep blood agar media. Hemolytic activity was
observed after incubation at 37 °C for 24 h. Partial
hydrolysis of red blood cells forms a greening zone
around the colony and the edge of the colony which is
labeled as α-hemolysis. A clear zone around the colony
was detected as β-hemolysis. The absence of color
changes on blood agar was detected as ɤ-hemolysis, and
the isolates with this character was selected as starter
culture candidate (Monika et al., 2017).

Total DNA of the selected LAB isolate was extracted
using Zymo-SpinTM Lysis Kit by following the
manufacturer’s instruction. The DNA was amplified using
16S rDNA universal primers namely 27f (5'-AGA GTT
TGA TCC TGG CTC AG-3 ') and 1492r (5'-GGT TAC CTT
CTG ACT ACT T-3') (Chen et al., 2015). The PCR
reaction was run with initial denaturation at 95 °C for 5
min, followed by 35 cycles of 95 °C for 30 sec, 52 °C for
45 sec, 72 °C for 90 sec, with a final extension at 72 °C
for 5 min. The 16S rDNA amplicon was confirmed using
agarose gel electrophoresis (1.5%). The phylogenetic tree
was constructed using MEGA 6 software for windows
based on Neighbor-Joining algorithm and Tamura-Nei
model with bootstrap of 1000.

Mare’s milk fermentation

Data analysis

One of the LAB isolates was selected as the most
potential LAB starter culture was selected based on the
tested criteria, such as highest proteolytic activity, lowest
lipolytic activity, produced EPS, sensitive to antibiotics,
exhibited antimicrobial activity, and no hemolytic activity.
Three types of starter cultures were used in mare’s milk
fermentation namely SC (selected culture), YC (yogurt
cultures), and MC (mixture of both starter cultures or
mixed cultures). The commercial yogurt starter contains
Streptococcus thermophilus, Lactobacillus bulgaricus,
and Lactobacillus acidophillus. Each starter culture (3%)
was added into 900 mL of pasteurized mare’s milk.
Fermentation was carried out at room temperature for 24
h. The change of pH value was measured to determine
the acidification rate (Equation 4), and the total LAB was
calculated using total plate count (TPC) method on MRS
agar.

All assays (acidification, proteolytic activity, antimicrobial
activity, and antibiotic susceptibility) were conducted in
triplicates. The quantitative data were analyzed using
one-way analysis of variance (ANOVA) and Tukey’s HSD
test (p<0.05). Meanwhile, the organoleptic test was
analyzed using Kruskal Wallis test and Tukey’s HSD test
(p<0.05). All statistical analyses were completed using
SPSS for windows version 20.0.

Hemolytic test

RESULTS AND DISCUSSION
Screening of potential LAB as starter culture
Rapid acidification is the main characteristic of starter
culture for the development of fermented milk products
(Akabanda et al., 2014). Six of the thirteen isolates had
the fastest acidification because they achieved ΔpH of 0.4
after 6 h. The six isolates were DC4, BC10, BC9, DC10,
DB7 and BC7 (Figure 1, Table 1). Despite having the
fastest rate of acidification, these isolates were

13

ISSN (print): 1823-8262, ISSN (online): 2231-7538

Malays. J. Microbiol. Vol 17(1) 2021, pp. 11-19
DOI: http://dx.doi.org/10.21161/mjm.190691

Proteolytic activity
Proteolytic activity of selected LAB was observed from the
formation of clear zones around the wells. The isolates
which had the highest proteolytic activity was isolate BC9,
then followed by BC10, and DC10 (Table 1). Therefore,
these three isolates with the highest proteolytic activity
were selected and suitable candidates for starter culture.
Lactic acid bacteria as starter culture were expected to
have a high proteolytic activity so it can improve the
organoleptic characteristics of the fermented milk
products (Christensen et al., 1999; Moslehishad et al.,
2013) as well as increase the production of bioactive
peptides (Chaves-López et al., 2014).
Lipolytic activity

Figure 1: Acidification rate of selected LAB (WI: without
inoculum). Data were expressed as the mean from three
replicates of each isolate while error bar indicates its
standard deviation.

Lipolytic activity of selected LAB was observed from the
formation of clear zones around the wells. However, none
of the isolates formed clear zones on the media (Table 1).
According to Tsakalidou et al. (1994), lipolytic activity in
LAB was low even though some strains of Enterococcus
showed higher lipolytic activity. The lipase enzyme activity
of the starter culture used is needed to hydrolyze milk fat
in the cheese ripening process (Aravindan et al., 2007).
However, high lipolytic activity can cause rancidity in milk.
Therefore, LAB isolates with no lipolytic activity was
suitable character for starter culture of milk fermentation.

Control
DB7
BC10
DC4
BC9
DC10
BC7

0.10 ± 0.00a
0.42 ± 0.03b
0.67 ± 0.02c
0.41 ± 0.03b
0.45 ± 0.01b
0.43 ± 0.03b
0.40 ± 0.04b

0 ± 0.00a
2.13 ± 0.10bc
2.29 ± 0.27bc
1.97 ± 0.15b
2.38 ± 0.27c
2.16 ± 0.16bc
2.07 ± 0.08bc

0.00
0.00
0.00
0.00
0.00
0.00
0.00

EPS
production*

Lipolytic
activity (mm)

Proteolytic
activity (mm)

Acidification
rate in 6
hours/ pH
change

Isolate

Table 1: Technological characteristics of selected LAB
isolates.

Exopolysaccharide (EPS) production

+

Production of EPS qualitatively can be observed from the
forming of ropy colonies. Only isolate BC7 had ropy
colony texture (Table 1). According to Dinoto et al. (2011),
isolates that did not exhibit ropy colony character did not
mean they did not produce EPS. Isolates with soft colony
texture do not form sticky strand but produce EPS with
quite high concentration. EPS production is a desirable
character in starter cultures for dairy products because
EPS role as a natural thickener which will increase
product consistency and viscosity (Ruas-Madiedo, 2005).
Based on the results of EPS production test, isolate BC7
was the most potential isolate as a starter culture
candidate.

Data were expressed as the mean from three replicates of each
isolate while error bar indicates its standard deviation. Different
letters were significantly different (p<0.05).
*(-) soft colony texture (did not produce EPS); (+) ropy colony
texture (produce EPS).

categorized as slow acidification (after 5 h of incubation).
Strains with slow acidification can be used as adjunct
cultures depending on other characteristics (Ayad et al.,
2004). The rate of acidification of isolates depends on
their metabolic pathway. Isolates with homofermentative
metabolic pathways produced higher lactic acid as a
consequence they had faster acidification rates
(Mahmoudi et al., 2013).
The six selected isolates were subsequently evaluated
for the technological properties [proteolytic tests, lipolytic
tests, and exopolysaccharide production (Table 1)],
protective properties (antimicrobial activity tests), and
food safety tests (antibiotic sensitivity tests and hemolytic
tests).

Susceptibility

of

selected

LAB

to

antibiotics

Each selected LAB isolate had different susceptibility to
the four antibiotics tested (Table 2). Some isolates that
have sensitivity to antibiotics were isolate DC4 to
kanamycin (30 μg), and isolates DB7, BC9, DC10, BC7 to
trimethoprim (5 μg). While isolate BC10 showed character
that was resistant to the three antibiotics tested, but this
isolate was intermediates to erythromycin. Therefore,
among the six isolates, isolates DB7, BC9, DC10, BC7,
and DC4 were the most qualified isolates as starter
cultures based on their level of sensitivity to antibiotics.
The risk of antibiotic resistance was the ability of
antibiotic-resistant strains to transfer resistant genes to
pathogenic bacteria (Mathur and Singh, 2005). These
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Table 2: Susceptibility of selected LAB isolates to
antibiotics and its hemolytic test.

Cinoxacin
(100 μg)

Isolates

Trimethoprim
(5 μg)

Kanamycin
(30 μg)

Erythromycin
(15 μg)

Antibiotics

Hemolytic test

DB7

R

I

S

R

ɤ-hemolysis

BC10

R

I

R

R

ɤ-hemolysis

DC4

S

I

R

R

ɤ-hemolysis

BC9

R

I

S

R

ɤ-hemolysis

DC10

R

I

S

R

β-hemolysis

BC7

I

I

S

I

β-hemolysis

Figure 2: Antimicrobial activity of selected LAB isolates.
Data were expressed as the mean from three replicates of
each isolate while error bar indicates its standard
deviation. Different letters were significantly different
(p<0.05). C(-): negative control (sterile distilled water),
C(+): positive control (streptomycin).

R = resistance, I = intermediate, S = sensitive.

genes could be transferred to other bacteria through
conjugation mechanisms. This resistance was due to the
presence of D-Ala-D-Lactate in peptidoglycan in greater
amounts than D-Ala-D-Ala dipeptide which is the target of
antibiotics (Danielsen and Wind, 2003). Lactobacillus sp.
has been reported resistant to the class of
aminoglycoside (kanamycin) (Gueimonde et al., 2013),
trimethoprim (Danielsen et al., 2004), and quinolones (Li
et al., 2015). Generally, the location of the resistant gene
was in the plasmid, but the detection of the location of the
antibiotic resistant gene in isolate BC10 still requires to be
conducted to ascertain whether the antibiotic resistant
gene could be transferred to bacteria in the digestive
tract, especially pathogenic bacteria. The strains with
mobile genetic element carrying gene encoding resistant
to antibiotics should not be used as starter cultures
(Duškova and Karpiskova, 2013).

Hemolytic activity
Isolates DC10 and BC7 could lyse red blood cells which
were characterized by the formation of clear zones
around bacterial colonies, so that they were categorized
as having β-hemolysis. Isolates BC10, BC9, DB7 and
DC4 were reported as ɤ-hemolysis which were
characterized by the absence of clear zones formed
around bacterial colonies (Table 2). Most LAB isolated
from food have been reported as gamma-type hemolysis
(Kumar and Murugalatha, 2012). Hemolysis is known as
an indication of virulence factors in pathogenic microbes
(Tallapragada et al., 2018). Therefore, bacteria with
gamma type hemolysis are the main requirement for the
selection of strains that are safe for human consumption
(Bassyouni et al., 2012).
Organoleptic evaluation of fermented mare’s milk

Antimicrobial activity
Isolate BC10 was selected as isolates that was used as
starter cultures with the consideration that this isolate had
the fast acidification properties (initial screening), had
high proteolytic activity, antimicrobial activity, and did not
demonstrate hemolytic activity. There were three types of
fermented mare’s milk tested organoleptically, namely YC
(yogurt cultures), SC (selected culture: isolate BC10), and
MC (mixture of yogurt starter culture and isolate BC10 or
mixed culture).
The results of the organoleptic evaluation showed that
mare’s milk fermented using SC (BC10) had the highest
score on almost all parameters tested except color
(Figure 3). The panelists like very much the aroma of
mare’s milk fermented by SC (isolate BC10). Mare’s milk
fermented using SC produced distinctive aroma, which
was similar to young coconut. The aroma of fresh mare’s
milk is like straw and has an after taste like coconut
(Potočnik et al., 2011). Overall, SC fermented milk was
the most preferred fermented mare’s milk. Therefore,
isolate BC10 was a potential candidate to be used as a

Antimicrobial activity was observed from six LAB isolates
by the agar disk-diffusion agar method. There were two
out of six isolates that showed antimicrobial activity,
namely BC10 and BC9 (Figure 2). Each isolate showed
inhibition against different indicator bacteria. Isolate BC10
could inhibit the growth of E. coli ATCC 25922 (0.88 mm),
while isolate BC9 could inhibit the growth of B. cereus
(4.74 mm) (p<0.05). The selected LAB as a starter culture
of fermented milk products need to have antimicrobial
activity, so it could reduce the contaminant microbial
population and hence could improve food safety.
Therefore, isolates BC9 and BC10 were the most
potential candidates as starter culture.
Antimicrobial compounds such as lactic acid,
bacteriocin, hydrogen peroxide, and diacetyl produced by
LAB could inhibit the growth of pathogenic bacteria in
fermentation products. The bacteriocin which is a protein
was stable when the pH value is near neutral (Apolonio et
al., 2007).
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density by 7.98 log10 CFU/mL, while the lowest LAB
density found in mare’s milk fermented using YC starter
culture by 5.2 log10 CFU/mL (Figure 4). The acidification
rate is not merely interfered by the cell density, but it is
depended on the metabolic pathway. Starter culture
consisting of homofermentative LAB produces higher
acidity than heterofermentative LAB. Moreover, MC
reduced pH value more rapidly as a result of lactose
fermentation compared to SC. Isolate BC10 as starter
culture demonstrated slow acidification properties
compared to other starter culture type as can be seen in
the rate of acidification of SC (Figure 4). As a result, when
isolate BC10 was combined with YC, the rate of
acidification of MC starter culture was relatively similar to
YC starter culture. Strain with slow acidification rate is
suitable to be used as adjunct cultures in fermented
products (Sarantinopoulos et al., 2001; Akabanda et al.,
2014).

Figure 3: Scoring of organoleptic evaluation of fermented
mare’s milk. Data were expressed as the mean from 31
unskilled panelists while error bar indicates its standard
deviation. SC: selected culture, YC: yogurt cultures, and
MC: mixed cultures.

Molecular identification 16S rDNA of the selected LAB
strain
Based on the molecular identification, isolate BC10 was
identified as Lactobacillus plantarum with similarity value
of 99.99% towards Lactobacillus plantarum NBRC 15891T
(Figure 5). The evolutionary distance between isolate
BC10 and the reference strain was 0.001, so that the
similarity was 99.99%. The smaller the evolutionary
distance among isolates, the greater the similarity value.
A similarity value of 89–98% indicates that isolates belong
to the same Genus, while 99–100% similarity values
indicate isolates belong to the same species with the
reference species (Suharjono et al., 2010). A high
similarity value between isolate BC10 and reference
species does not mean that they are same strain. This is
due to the analysis of the 16S rDNA sequence, which
cannot distinguish species until strain level.
Lactobacillus is perhaps the most predominant genus
of LAB (Elagoz et al., 1996). Lactobacillus plantarum is
the most versatile species/strain with useful properties
and usually found in numerous fermented food products
(Guidone et al., 2014). Some of these fermented products
include vegetables, cereals, meat, fish, milk, several
ethnic fermented products, novel foods, mainly plant
based foods, and beverages (Behera et al., 2018).
Moreover, L. plantarum is widely employed in industrial
fermentation and processing of raw foods and generally
recognized as safe (GRAS) and has qualified
presumption of safety status (Ricci et al., 2017).
Lactobacillus plantarum strains must have a high ability to
survive in the gastrointestinal tract (GI) and adhere to
epithelial cells and most importantly be a safe strain
towards animals and human (Jia et al., 2017). Two
concerns were noticed in L. plantarum BC10 as the
potential starter culture, namely a low acidification rate
and multidrug resistance (kanamycin, trimethoprim and
cinoxacin). It would be of interest to determine the
optimum fermentation conditions to increase the
acidification rate by using the selected strain, as well as to

Figure 4: Acidification rate and LAB density of starter
cultures in mare’s milk fermentaton product. SC: selected
culture, YC: yogurt cultures, and MC: mixed cultures.
starter culture for mare’s milk fermentation products. In
addition, the advantage of BC10 as a starter culture was
its antibacterial activity against E. coli ATCC 25922 to
enhance the microbiological safety of the fermented
products. The survival of food-borne pathogens,
especially E. coli during fermentation was demonstrated
in yogurt and kefir due to a high level of contamination
(Gulmez and Guven, 2003). Even if the starter cultures
with antibacterial activities are ingested, they will not
interfere a dramatic effect on the overall intestinal
microbial populations (Guinane et al., 2016).
Although the lowest acidification rate was determined
from the fermented mare’s milk using SC starter culture
(isolate BC10), however, it produced the highest LAB cell
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Figure 5: Phylogenetic tree of BC10 isolate and the reference strain based on similarity 16S rDNA sequence with
Neighbor-Joining algorithm and Tamura-Nei model with bootstrap of 1000.

identify the encoding genes responsible for resistance
and its transferability.
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