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The present study was conducted on 250 random samples of meat and meat products (minced

meat, kofta, beef burger and sausage, 50 for each) collected from small retails and different
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supermarkets at Kaliobia Governorate, Egypt for inspection of Lactobacillus (LAB) species
and studying the bioactivities of them. The results revealed that 252 strains of LAB strains were
recovered from 250 examined samples. P. acidilactici were the most isolated (102 = 40.5%)

followed by L. plantarum (76=30.2%), L. acidophilus (38=15.1%); L. brevis (19=7.5%) and
P. pentosaceus (17=6.7%). All of them produced bacteriocin and biosurfactant that inhibited
the growth of tested pathogenic bacteria. In addition, most isolated strains had the ability for
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biofilm production which able to inhibit the biofilm formation of tested pathogenic strains.
Moreover, the sequences obtained for 16S rRNA genes had accession numbers MK850930 and
MK852180, MK852397 and MK852398, MK806485 and MKB850564, MK871658 and
MK871674, MK852683 and MK852691, and were 91% to 98% identical to the corresponding

1. INTRODUCTION

Lactic acid bacteria (LAB) produced bacteriocins are of
particular interest to food industry, since these bacteria are
GRAS (generally regarded as safe) (Altuntas et al., 2010;
Zendo, 2013). They have been used in food production as an
effective method for extending shelf-life of food stuffs by
simple fermentation (Galvez et al., 2008).

LAB are Gram-positive cocci or rods, able to ferment
carbohydrates for energy and lactic acid production (Parada
et al., 2007). From the genera lactobacilli (L.) species; L.
acidophilus, L. brevis, L. plantarum, Pediococcus (P.)
acidilactici and P. pentosaceus are versatile strains with
useful properties and found abundantly in meat and food
products (Guidone et al., 2014). They produce some
antimicrobial compounds including; organic acids,
hydrogen peroxide, carbon dioxide, diacetyl, acetaldehyde,
reuterin, bacteriocins and biosurfactants (Gurakan, 2007;
Cornea et al., 2016).

Bacteriocins are proteinaceous antibiotics produced by LAB
with bactericidal activity against Gram-positive and Gram-
negative spoilage organisms and food-borne pathogens as E.
coli, L. monocytogenes, Staph. aureus and S. Typhimurium
(Altuntas et al., 2010; Martinez et al., 2013). Bacteriocins
are commonly referred to be ribosomal synthesized
antimicrobial peptides that usually display a high degree of
target specificity against strains of bacteria closely related
and/or broad range antimicrobial activity (Guerra and
Pastrana, 2002). They are generally low molecular-weight
proteins that gain entry into target cells by binding to cell
surface receptors and which bactericidal mechanisms vary,

including pore formation of the cytoplasmic membrane; by
inhibiting synthesis of the cell wall, degradation of cellular
DNA, disruption through specific cleavage of 16S rRNA and
inhibition of peptidoglycan synthesis (Diep et al., 2006;
Murua et al., 2013). Microbial biosurfactants are
amphiphilic metabolites with a pronounced surface activity
with a broad range of chemical structures. They have several
advantages over chemical surfactants, including low
toxicity, biodegradable, and effective at different ranges of
temperature and pH (Saharan et al., 2011).

Biosurfactant derived from various microorganisms has
been reported for antimicrobial properties (Sharma et al.,
2015). Gram-positive bacteria are more profound against the
biosurfactants than Gram-negative ones, which are
moderately inhibited. As it affects in the permeability of
cellular plasma membranes. Biosurfactants play role in
prevent biofilm formation through the reduction of the
interaction of bacteria with the surface by changing the
wettability properties and charge of the surface (Banat et al.,
2010). In addition, the biofilm formation by Lactobacillus
spp., is considered a beneficial property because it could
promote colonization and longer permanence in the mucosa
of the host, avoiding colonization by pathogenic bacteria
(Terraf et al, 2012). Proper identification and
characterization of lactobacilli includes not only phenotypic
but also molecular studies (Donelli et al., 2013). As
lactobacillus species had useful properties and usually found
in meat and products, the present study was conducted to
throw light over their prevalence in meat and meat products
beside phenotypic characterization, bioactivities and genes
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that code for the 16S ribosomal ribonucleic acid (rRNA) is
sequencing and

analysis to study the bacterial phylogeny and diversity of
them.

2. MATERIAL AND METHODS

2.1. Samples

The present study was conducted on 250 random samples of
meat and meat products (minced meat, Kofta, beef burger
and sausage), 50 of each, were collected from small retails
and different supermarkets at Kaliobia Governorate, Egypt,
for isolation of Lactobacillus species and studying the
bioactivities of them.

2.2. Isolation and phenotypic characterization of lactic acid
bacteria.

Twenty-five grams of each sample was aseptically weighed
and pooled in 225 ml sterile 0.1% peptone water in sterile
Stomacher bag and blended with stomacher for 2 min. One
ml of prepared sample was inoculated into MRS agar and
incubated anaerobically at 30 °C for 24-48 h (Russo et al.,
2006). The creamy white colonies were picked up and
Catalase test was performed. The suspected colonies that
gave catalase negative were taken and inoculated into MRS
broth and were incubated aerobically at 35 °C for 48-72 h.
The colonies were purified by further sub-culturing on MRS
agar plates and incubated aerobically at 35 °C for 18 h and
stored at -20 °C in MRS supplemented with 20% glycerol.
The purified colonies were morphologically identified by
Gram stain and biochemical tests (Oliveira et al., 2008; De
Vos et al., 2009) and confirmed by using MALDI-TOF mass
spectrometry.

2.3. Bacteriocins and Biosurfactants Extraction: (Bromberg
et al., 2006; Gudina et al., 2010)

Each isolate was grown in 100 ml MRS broth at 37 °C for 48
h and centrifuged at 8000 rpm for 30 min at 4 °C for the
extraction of bacteriocin. The cell free supernatant was
adjusted to pH 6 with 1 M NaOH and heated at 80 °C for 10
min to inactivate extracellular proteases and hydrogen
peroxide, then filter-sterilized and submitted to the critical
dilution method in 10 mM phosphate buffered saline at pH
6.5 for the recovery of bacteriocins.

On the other hand, the biomass was washed twice with
demineralized water, centrifuged (10,000 xg, 15 min, 10
°C), resuspended in a volume of phosphate buffer saline (pH
7.0), incubated for 2 h at room temperature, and centrifuged
at (10,000 xg, 15 min, 10 °C) to take the cell-free
supernatants which used for specific tests .

2.4. The antimicrobial activities of extracted bacteriocins
and biosurfactants:

The inhibitory activities of bacteriocins and biosurfactants
were performed using the disc diffusion assay method of
Ochei and Kolhatkar (2008) against the following
pathogenic strains (L. monocytogenes NCTC 13372, E. coli
NCTC 12241 and S. Typhimurium NCTC 12023) obtained
from Cairo-MIRCEN (Microbiology resource center).
Faculty of Agriculture, Ain Shams University, Cairo, Egypt.
Besides, filed isolated Methicillin resistant Staph. aureus
(MRSA) from meat samples.

2.5. Detection of ability of isolated strains for biofilm
formation.

The isolated strains were examined for the development of
biofilm using tube method of Christensen et al. (1985).

The antibiofilm effects of isolated strains were detected by
Sancineto et al. (2016) by inoculation of each tested
pathogenic strain firstly confirmed to produce strong biofilm
with each isolated LAB (L. acidophilus, L. brevis, L.
plantarum, P. acidilactici and P. pentosaceus) strains in test
tubes containing 10 ml of trypticase soy broth with 1 %
glucose, then the tubes were incubated at 37 °C for 24 h and
the ability of LAB to prevent biofilm formation was
mentioned and recorded.

2.6. DNA extraction and 16S rRNA sequencing following
(Syukur et al., 2014)

The isolated strains were confirmed using polymerase chain
reaction (PCR) by using a pair of universal primers 27 F: (5’-
AGAGTTTGATCCTGGCTAG-3") and 1525 R: (5’-
AGAAAGGAGGTGATCCAGCC-3") for 16S rRNA. After
amplifications at 1500 bp. The purified PCR product was
sequenced using Sanger Dideoxy method (Sanger et al.,
1977). The sequences of the gene fragment of the isolates
were compared with other bacterial sequences by using
NCBI GenBank database using the BLAST program,
available at website (http://blast.nchi.nlm.nih.gov/Blast.cgi)
for their pairwise identities. The phylogenetic tree was
performed by using MEGA 6 program.

3. RESULTS AND DISCUSSION

The results of bacteriological examination of examined meat
and meat product samples, in vitro antimicrobial activities of
extracted bacteriocins and  biosurfactants, biofilm
production and phylogenetic tree for the isolated strains
were tabulated in tables (1-4) and figures (1-5).
Bacteriocins producing LAB strains are generally regarded
as natural in meat and meat products that could ensure the
safety and extend the shelf-life of these foods (Oliveira et
al., 2008; Dhewa, 2012). The results of bacteriological
examination of examined samples table (1) revealed that a
total of 252 strains of LAB strains were recovered from 250
samples. All positive examined samples were mixed isolate
cultures.

Table 1 Prevalence of lactic acid bacteria species in examined samples

Fresh meat Beef burger Kofta Minced meat Sausage Total
Isolates NO. %* NO. %* NO. %* NO. %* NO. %* NO. %o**
L. acidophilus 4 8.0 9 18.0 8 16.0 6 12.0 11 22.0 38 15.1
L. brevis 0 0.0 7 14.0 5 10.0 0 0.0 7 14.0 19 75
L. plantarum 8 16.0 20 40.0 12 24.0 12 24.0 24 48.0 76 30.2
P. acidilactici 11 22.0 26 52.0 22 44.0 17 34.0 26 52.0 102 40.5
P. pentosaceus 2 4.0 3 6.0 5 10.0 2 4.0 5 10.0 17 6.7
Total %*** 25 9.9 65 25.8 52 20.6 37 14.7 73 29.0 252 100.0

%* Percentage in relation to total number of each sample (50). %** Percentage in relation to total number of isolates (252)
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Moreover, P. acidilactici were the most isolated (102= 40.5
%) followed by L. plantarum (76= 30.2%), L. acidophilus
(38=15.1%), L. brevis (19= 7.5%) and P. pentosaceus (17=
6.7%). In addition, L. acidophilus was mostly isolated from
sausage samples (11=22.0%) followed by beef burger (9=
18.0%), kofta (8= 16.0%), minced meat (6= 12.0%) and
meat samples (4= 8.0%). L. brevis was isolated from beef
burger and sausage samples (7= 14.0% for each) and kofta
samples (5= 10.0%) but failed to be isolated from both
minced meat and meat samples. L. plantarum was mostly
isolated from sausage samples (24= 48.0%) followed by
beef burger (20=40.0%), kofta, minced meat (12=24.0% for
each) and meat samples (8= 16.0%). P. acidilactici was
mostly isolated from sausage and beef burger samples (26=
52.0% for each) followed by kofta (22= 44.0%), minced
meat (17=34.0%) and meat samples (11=22.0%). Moreover,
P. pentosaceus was mostly isolated from kofta and sausage
samples (5= 10.0% for each) followed by beef burger (3=
6.0%) and meat, minced meat samples (2= 4.0% for each).
Nearly similar results were recorded by Bromberg et al.
(2004), Oliveira et al. (2008), Dhewa (2012), Miranda et al.
(2014) and Kalschne et al. (2015), who isolated the same
LAB strains and other ones from meat and meat products.
Regarding to the colonial appearance and the biochemical
profile of LAB isolated strains, they were similar to those
previously reported such as the fermentation of
carbohydrates (Oliveira et al., 2008; De Vos et al., 2009;
Dhewa, 2012; Naimi and Khaled, 2014).

Regarding to the bioactivities of LAB isolated strains, the
results revealed that, all isolated LAB strains were found to
produce bacteriocin. In addition, the in vitro antimicrobial
activity of the extracted bacteriocins of isolated LAB strains
in table (2) declared that, they inhibited the growth of tested
pathogenic bacteria and the diameters of the inhibition zones
were varied from 2-15 mm. Meanwhile, extracted
bacteriocins from both L. brevis and P. pentosaceus strains
had no effects on E. coli strains. Moreover, the bacteriocins
were more effective against Gram-positive bacteria (L.
monocytogenes; S. aureus and MRSA) than Gram-negative
ones (E. coli and S. Typhimurium). The resistance pattern of
Gram-negative bacteria is attributed to the protective barrier
provided by the LPS of their outer cellular envelope. Nearly
similar results were recorded by Bromberg et al. (2004),
Oliveira

et al. (2008), Dhewa (2012) and Isa and Razavi (2018).
Regarding biosurfactant extraction, the results revealed that,
all isolated LAB strains were found to produce biosurfactant.
In addition, the in vitro antimicrobial activity of the
extracted biosurfactant of isolated LAB strains (Table 3)
showed that, biosurfactant of L. acidophilus inhibited the
growth of tested pathogenic bacteria except S. Typhimurium
and the diameters of the inhibition zones were 1-7 mm; of L.
brevis, it inhibited the growth of L .monocytogenes and S.
Typhimurium strains only and the diameters of the inhibition
zones were 2-7 mm; of L. plantarum it inhibited the growth
of tested pathogenic bacteria except E. coli and the diameters
of the inhibition zones were 1-7 mm; of P. acidilactici it
inhibited the growth of S. aureus; MRSA and L
.monocytogenes strains only and the diameters of the
inhibition zones were 1-9 mm and biosurfactant of P.
pentosaceus inhibited the growth of tested pathogenic
bacteria except E. coli and the diameters of the inhibition
zones were 1-7 mm. Nearly similar results were recorded by
Gudina et al. (2011) and Cornea et al. (2016), who recorded
that, the antimicrobial activity of the microbial surfactants is
due to the adhesion property of these surface-active agents
to the cell surfaces instigating decline of cell membrane
integrity leads to subsequent collapse of the nutrition cycle.
Also, able to form pores and disrupt the plasma membrane.
As a result of their action, several biosurfactants are
recognized to have therapeutic claims as antifungal,
antibacterial, and antiviral complexes.

Moreover, the results of biofilm formation for isolated LAB
strains (Table 4) showed that, most isolated bacteria had the
ability for biofilm production that was clearly marked by a
visible film lined the wall and the bottom of the tubes and
according to the intensity of stain colour , 9 L. acidophilus
(23.7 %) showed strong biofilm, 25 (65.8%) medium biofilm
and 4 (10.5 %) isolates failed to produce biofilms; for L.
brevis 2 (10.5%) had strong biofilm, 13 (68.4%) medium
biofilm and 4 (21.1%) isolates failed to produce biofilms; for
L. plantarum 46 (60.5%) had strong biofilm, 14 (18.4%)
medium biofilm and 16 (21.1%) isolates failed to produce
biofilms; for P. acidilactici 52 (51.0%) had strong biofilm,
23 (22.5%) medium biofilm and 27 (26.5%) isolates failed
to produce biofilms; meanwhile, only 3 P. pentosaceus
(17.6%) produce medium biofilm and 14 (82.4%) isolates
failed to produce biofilms.

Table 2 In vitro antimicrobial activity of the extracted bacteriocins

LAB strains Bacteriocin production Efficiency of bacteriocins (diameter measure by mm)
Staph. aureus MRSA L. monocytogenes E. coli S. Typhimurium
L. acidophilus + 4-8 3-7 3-7 5-8 2-3
L. brevis + 3-8 3-7 3-5 0 1-4
L. plantarum + 7-9 6-8 9-12 4-8 2-4
P. acidilactici + 7-13 7-11 9-15 2-5 4-7
P. pentosacus + 5-10 4-8 1-3 0 4-8
Table 3 In vitro antimicrobial activity of the extracted biosurfactant
LAB strains Biosurfactant Efficiency of biosurfactant (diameter measure by mm)
production Staph. aureus MRSA L. monocytogenes E. coli S. Typhimurium
L. acidophilus + 4-7 4-6 3-6 1-2 0
L. brevis + 0 0 4-7 0 2-5
L. plantarum + 3-5 2-4 5-7 0 1-2
P. acidilactici + 2-4 1-3 5-9 0 0
P. pentosacus + 3-6 3-5 5-9 0 2-5
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Similar results were recorded by Jalilsood et al. (2015) and
Laavanya-Kumar et al. (2017). In addition, all isolated LAB
were able to inhibit the biofilm formation of tested
pathogenic strains (L. monocytogenes; S. aureus; MRSA, E.
coli and S. Typhimurium) where no biofilms were produced
after inoculation of both tested pathogenic strain with
isolated LAB strains in test tubes i.e., they had antibiofilm
effects on pathogenic strains. These results came in harmony
with those reported by Fernandez et al. (2015), Gdmez et al.
(2016) and Laavanya-Kumar et al. (2017), who reported that
the antibiofilm effects could be attributed to their inhibition
mechanism through organic acid production as well as the
mechanisms of pathogens exclusion through their trapping
(killing of cells embedded in biofilms).

Table 4 Biofilm formation of isolated lactic acid bacteria

LAB strains Number of Biofilm formation
strains . L

Strong Medium No biofilm
No.  %* No.  %* No.  %*

L. 38 9 23.7 25 65.8 4 10.5

acidophilus

L. brevis 19 2 105 13 684 4 211

L. plantarum 76 46 605 14 184 16 211

P. 102 52 510 23 225 27 265

acidilactici

P. 17 0 0.0 3 17.6 14 82.4

pentosaceus
%* Percentage in relation to total number of each isolated strain

The phenotypic analysis for LAB did not allow the
identification of the species strains so, identification was
confirmed by using MALDI-TOF mass spectrometry and
the molecular analysis. Because of this, identification of the
LAB species selected was performed by DNA sequences of
the 16S rRNA. So, the genomic DNA of LAB tested strains
using specific 27F and 1525R primers for the 16SrRNA gene
(Fig. 1) cleared that, the 16SrRNA gene was amplified in all
5 studied strains giving product of 1500 bp. and these results
were correlated with those obtained by MALDI-TOF mass
spectrometry for the isolates and they identified as L.
acidophilus, L. brevis, L. plantarum, P. acidiolactici and P.
pentosaceus.

Regarding the sequence detection of 16S rRNA gene in
isolated LAB strains, the sequences obtained for L.
acidophilus with provided in Gene Bank with accession
number MK850930 and MK852180 (phylogenetic tree, Fig.
2) seemed to be identical by 97% identity with the strains of

Fig. 1 PCR amplification of specific gene of Lactic acid bacteria

L. acidophilus with the following Gene Bank sequences
(HQ293108.1 for Nawaz et al. (2011); JN188382.1 for
Shokryazdan et al. (2014) and KU922757.1 for Gao (2016)
Also, the sequences obtained for L. brevis with provided in
Gene Bank with accession number MK852397 and
MK852398 (phylogenetic tree, Fig., 3) seemed to be
identical by 93% identity with the strains of L. brevis with
the following Gene Bank sequences (MH844891.1 for Kim
et al. (2018); MK614499.1, MK614498.1 and MK614488.1
for Abdeslam-Ait (2019); and MK408481.1 for Jianwen et
al. (2019). Meanwhile, the sequences obtained for L.
plantarum with provided Gene Bank accession number
MK806485 and MK850564 (phylogenetic tree, Fig., 4)
seemed to be identical by 95% to 96.3% identity with the
strains of L. plantarum with the following Gene Bank
sequences (KR011005.1 for Gulluce et al. (2015);
MH762174.1 and MH762169.1 for Rajawardana et al.
(2018) and MK156350.1 for Sharma et al. (2018). In
addition, the sequences obtained for P. acidilactici with
provided Gene Bank accession number MK871658 and
MK871674 (phylogenetic tree, Fig., 5) seemed to be
identical by 98% identity with the strains of P. acidilactici
with the following Gene Bank sequences (FJ538571.1,
FJ538588.1, FJ538581.1 and FJ538576.1 for Rodriguez-
Buenfil et al. (2009) and JQ801714.1 for Adimpong et al.
(2012). Moreover, the sequences obtained for P.
pentosaceus with provided Gene Bank accession number
MK852683 and MKB852691 (phylogenetic tree, Fig., 6)
seemed to be identical by 91% identity with the strains of P.
pentosaceus with the following Gene Bank sequences
(AB236939.1 and AB236938.1 for Chen et al. (2006)
MHB844906.1 and MH844907.1 for Kim et al. (2018) and
NR_042058.1 for Heinz et al. (2019).

Finally, LAB strains were isolated from studied meat and
meat products and due to synergistic properties of their
bioactivities  through  production of  bacteriocin,
biosurfactant with antimicrobial activities and biofilms, so
their use in the food industry can help reduce the addition of
chemical preservatives. This can be an alternative to satisfy
the increasing consumer’s demands for safe, meat and their
products. Further work to evaluate the applicability of these
substances in bio-preservation techniques for meats is in
progress
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(16SrRNA) on

agarose gel. Lane L: 100-1500 bp. DNA Ladder. Lane -Ve: Negative control (has no
product). Lane 1: L. acidophilus strain. Lane 2: L. brevis strain. Lane 3: L. plantarum
strain. Lane 4: P. acidilactici strain. Lane 5: P. pentosaceus strain
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KF408301.1 Lactobacillus acidophilus strain WAS 16S ribcsomal RINA gene partial sequence
JQ031741.1 Lactobacillus acidophilus strain 1001H 16S ribosomal RNA gene partial sequence
JN188382 1 Lactobacillus acidophilus strain HM1 16S ribosomal RNA gene partial sequence
LC064893 1 Lactobacillus acidophilus gene for 16S ribosomal RNA partial sequence strain JCM 1132
MK123405.1 Lactobacillus acidoghilus strain PRW3 163 ribosomal RNA gene partial sequence
KF738669.1 Lactebacillus acidophilus strain CMULG7 165 rbasomal RNA gene partial sequence
AB911464 1 Lactabacillus acidophilus gene for 168 1RNA parial sequence strain JCM 7711
— HQ293102 1 Lactobacillus acidophilus strain NWL79 165 nbosomal RNA gene partial sequanca
2293046 1 Lactobacillus acidophilus strain NWL273 168 ribosomal RNA gene partial sequence
| HQ293108 11 idophilus strain NVVLBS 16S ribosomal RNA gane partial saquance
MK024212 1 Lactobacillus acidophilus strain P1-1 16S ribosomal RNA gene pattial sequence
MK852180.1 Lactobacilus acidophilus strain ze€ 16S ribosomal RNA gene partial sequence  “eem
KUIS22757 1 Lactobacillus acidophilus strain 1 2-16 165 nbosomal RNA gene partial sequence
FJE57000.1 Lactobacillus acidophilus strain CECT 4178 165 ibosomal RNA gens partial sequance
MKB50930 1 Lactobacillus acidophius strain 7e5 165 ribosamal RNA gene partial sequence — =aiem
L ABES0248 1 Lactobacillus acidophilus gona for 165 rRHA partial saquence strain: JCM 2121
11 strain TS1 168 ribosomal RHA gane partial saguence
MH701911 1 Lactobacillus acidophilus strain HBUASS4120 165 ribosomal RNA gena partial sequance
MGB47311.1 Lactobacillus acidophilus strain IMAUS0370 16 ribosomal RMA gene panial sequence
NR_113638 1 Lactobacillus acidophilus strain NBRC 13951 165 nbosomal RNA partial ssquence
Fsesw 1 Lactebacillus acidophilus strain CECT 4529 168 rbosomal RNA gene partial sequence

JQE05676 1 Laczabacillus acicophilus strain IMAUFBOSS 165 nbosomal RHA gene partial sequence
MR_117062.1 Lactobacillus acidophilus strain VI 6032 165 nbosomal RNA partial sequance

Fig. 2 The phylogenetic tree for the strains related to the isolated L. acidophilus

MIK713790.1 Lactobacillus brevis strain AV14.2 16S ribosomal RNA gene partial sequence
MH924334 1 Lactobacillus brevis strain 28.156 E 16S ribosomal RNA gene partial sequence
1L brevis strain An27 168 ribosomal RNA gene partial segquence
MKB52398 1 Lactobacillus brevis strain ze6 163 ribosomal RNA gene partial sequence — wgum
~ MKE52397.1 Lactobacillus brevis strain ze6 163 ribosomal RNA gene partial sequence <=
MKB14498 1 Lactobacillus brevis strain LB62 16S ribosomal RNA gene partial sequence
MK614467 1 Lactobacilus brovis strain LB4 168 ribosomal RNA gene partial sequence
MKETG009 1 Lactobacillus brevis strain LVP41 165 ribosomal RNA genae partial sequance
MHA73181 1 Lactobacillus brevis strain SK335 165 ribasomal RNA gene pattial sequence
MK318655 1 L brevis strain TMC4 16S ribosomal RNA gona partial sequenco
MH924326 1 Lactobacillus brevis strain 28 4 E 16S ribosomal RNA gene partial sequence
MH924324 1 Lactobacillus brevis strain 28.2 E 18S ribosomal RNA gene partial sequence
MK530232 1 Lactobacillus brevis stran G TIP 16S ribasomal RMNA gene partial sequence

1L illus brovis strain 3.12 SE 16S ribosomal RMA gene partial sequence
MHB44891 1 Lactobacillus brevis strain SKB1021 168 nbosomal RNA gene partial sequence

MK332370 1 Lactobacillus brovie stran PML1 168 ribasomal RMA gena partial sequence

LCABITTS 1 Lactobacillus brevis JANMA1S0 gena for 165 rRNA partial sequenca

LCA36G706 1L brevis gene for 165 RNA partial sequence

,— LR216276.1 Lactobacillus brevis partial 16S rRNA gene isolate 316 _McF4-12
2211 brews strain NWAFU1579 165 nbosomal RNA gene partial sequence
I 111 brevis strain WT-Z2 188 ribosomal RNA gene partial sequence

‘lemswsaa 1 Lactobacillus brevis stain LE63 165 ribosomal RNA gene partial sequence
MKE14488 1 Lactobacillus brevis stain LB49 168 nibosomal RNA genae partial sequence

Fig. 3 The phylogenetic tree for strains related to the isolated L. brevis

| MK045959.1 Lactobacillus plantarum strain KLDS 1.0728 16S ribosomal RNA gene partial sequence
1L plantarum strain 8m-21 16S ribosomal RNA gene partial sequence

| I 1L plantarum strain L168 16S ribosomal RNA gene partial sequence
L MH973185 1 Lactobacillus plantarum strain SK321 16S ribosomal RNA gene partial sequence
MK806485 1 Lactobacillus plantarum strain ZE3 168 ribosomal RNA gene partial sequence
I.— MK850564.1 Lactobacillus plantarum strain zed 16S ribosomal RNA gene partial sequence e
KR011005 1 Lactobacillus plantarum strain $61 16S nibosomal RNA gene partial sequence
MH762169.1 Lactobacillus plantarum strain SLDL 007 16S ribosomal RNA gene portial sequence
MK333777 1 Lactobacillus plantarum strain OZD95-42 16S nibosomal RNA gene partial sequence
HIM125061.1 Lactobacillus piantarum strain GUZ 165 nbosomal RNA gene partial saquence
_—{ MH656872 1 Lactobacillus plantarum strain HBUAS52289 16S ribosomal RNA gene partial sequence
‘MKJBSG&DJ L plantarum strain HBUAS56022 16S nbosomal RNA gene partial sequence
1 MK396528.1 Lactobacillus plantarum strain HBUASS2422 16S ribosomal RNA gene partial sequence
MHE56846.1 Lactobacillus plantarum strain HBUASS2263 16S ribosomal RNA gene partial sequence
MK156360.1 Lactobacillus plantarum strain DHYY 14 16S nbosomal RNA gene partial sequence

MHT04103.1 L illus plantarum strain BL635 16S ribosomal RNA gene partial sequence

MK333783 | Lactobacillus plantarum strain RKE96-48 16S ribosomal RNA gene partial sequence

L illus plantarum strain CQ44-1-2 16S ribosomal RNA gene partial sequence

—

1L strain 14 5 E 16S ribosomal RNA gene partial sequence
ﬁ MH762174.1 Lactobacillus plantarum strain SLDL-009 16S ribosomal RNA gene partial sequence
MK333779 1 Lactobacillus plantarum strain OZD99-44 16S ribosomal RNA gene partial sequence
MH924343 11 strain 56 16 SE 16S ribosomal RNA gene partial saquance
1 MKD027020 1 Lactobacillus plantarum strain 1 168 rbosomal RNA gene partial sequence
MG646735.1 L plantarum strain CQ33-1-1 168 ribosumal RNA gene partial suquence

MH924312 1 Lactobacillus parsplantarum strain 14.19 £ 16S ribosomal RNA gene partial sequence
MH924303.1 Lactobacillus plantarum strain 14.1 £ 16S ribosomal RNA gane partial sequence

Fig 4 The phylogenetic analysis for the strains related to the isolated L. plantarum

KU504251 1 Pediococcus acidilactici strain NRCC1 165 nbosomal RNA gene partial sequence.
MHB65823.1 Pediococcus acidilactici strain HBUASS 1206 16S ribosomal RNA gene partial sequence
FJ538681 1 Pediococcus acidilactici strain CSI2MX 16S ribosomal RNA gene partial sequence
KJ729069.1 Pediococcus acidilactici strain SM65 165 ribosomal RNA gene pantial sequence
KF057953 1 Pediococcus acidilactici strain CE75b 168 ribosomal RNA gene partial sequence
FJ538588.1 Pediococcus acidilactici strain YFPB3BMX 165 ribosomal RNA gene partial sequence.
ABEB0157.1 Pediococcus scidilactici gene for 16S RNA partial sequence strain: NERC 3888
MHT01949.1 Pediococcus acidilactic: strain HEUAS54160 16S ribosomal RNA gene partial sequence
MG547285 1 Pedioceccus acidilactici strain IMAUS0344 16S ribosomal RNA gene partial sequence

KF057958.1 Pediococeus acidilactici strain CE73b 16S ribosomal RNA gene pantial sequence
[—MGGMM!. 1 Pedi sp. strain L2 1S ribosomal RNA gene partial sequence
FJ538579 1 Pedococcus acidlactici strain CSI30MX 16S ribosomal RNA gene partial sequence
FJ538576 1 Pediococcus acidiactici strain CSI2TMX 16S ribosomal RNA gene partial sequence
FJ538571.1 Pediococcus acidilactici strain YTX2082MX 168 ribosomal RNA gene partial sequence
LC274607.1 Pediococcus acidilactici gene for 16S ribosomal RNA partial sequence strain: BP110
MG245819 1 Padiococcus acidiactici strain G1:36-1 4a 165 rbosomal RNA gene partial sequence
Emuzswv 1 Pediococcus acidilactici gene for 16S ribosomal RNA partial sequence isolate: VMCU72N
JQ801714.1 Pediococcus acidilactici strain N8 168 ribosomal RNA gene partial sequence
MK871658 1 Pediococcus acidilactici strain Ze1 165 ribosomal RNA gene partial sequence =
KJ886573.1 Uncultured Pediocaccus sp. clone SWOS 16S ribosomal RNA gene partial sequence
FJ538495 1 Pediococcus acidilactici strain 655YCUZMX 16S ribosomal RNA gene partial sequence
MK871674.1 Peciococcus acidilactici strain Ze1 16S ribosomal RNA gene partial ssquence <
GUS0684 1 Pediococcus acidilactici strain L9 16S ribosomal RNA gene partial sequence

Fig 5 The phylogenetic tree for the strains related to the isolated P. acidilactici
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AB235938.1 Pediococcus pentosaceus gene for 165 rRNA partial sequence strain E051630

AB2356939 1 Pediococcus pantosaceus gens for 165 RNA partial sequance strain E051636
«{n}:

MKB52683.1 Pedi

Pediococcus pentosace

cus pentosace!

ze7 168 ribosomal RNA gene partial sequence

MHT80139 1 Pediococcus pentosaceus strain LIOSL 165 ribosomal RNA gens partial sequence
L MKB52691 1 Pediococcus pentosaceus strain ze7 165 ribosomal RNA gene partial sequence «esem
— MG850843.1 Pediococcus pentosaceus strain UIM 163 ribosomal RIA gene partial sequsnce
L MH844908 1 Padiococcus pentosaceus strain SKB4033 165 ribosomal RNA gene partial sequence
’— MK402192.1 Pediococcus pentosaceus strain HBUAS53405 168 nbosomal RNA gene partial sequence

<=

n DSM 20336 16S ribosomal RNA partial sequence

Padiococcus sp strain P16 165 nbasomal RNA gene partial sequence

MK560054 1 Pediococcus pentosaceus strain SDL1409 16S ribosomal RNA gene partial sequence

MH844906.1 Pediococcus pentosaceus strain SKB4031 16S nbosomal RNA gene partial sequence

MH094122.1 Padiococcus pemtosaceus strain L19 165 ribosomal RNA gene partial sequence

MGB50857.1 Pediococcus pentosaceus strain UIO21 16S ribosomal RNA gene partial sequence

| 'MK418636 1 Padiococcus pantosaceus strain HBUAS56033 16S ribosomal RNA gene partial saquence

MGB50845 1 Pediococcus pentosaceus strain UIAS 16S ribosomal RNA gene partial sequence

MG271843.1 Pediococcus sp. strain RAI2 16S ribosomal RNA gene partial sequence

— MHB28357 1 Pediococcus pentosaceus strain S$1-3 16S ribosomal RNA gene partial sequence

MH844907.1 Pediococcus pentosaceus strain SKB4032 165 ribosomal RNA gene partial sequence

L
‘ MG245820 1 Pediococcus pantosaceus strain H2-0-L3 165 nibasomal RNA gena partial saquance

3

Fig. 6 The phylogenetic analysis for the strains related to the isolated P. pentosaceus
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