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Abstract The present study evaluates the probiotic prop-
erties of three Lactobacillus plantarum strains MIM60319,
MIM60298, and MIM60399 possessing antimicrobial
activity against animal enteric pathogens. The three strains
did not show bioamine production, mucinolytic and
hemolytic activity and were susceptible to common
antibiotics. The L. plantarum strains survived well in the
simulated orogastrointestinal transit condition and showed
adherence to Caco-2 cells in vitro. The L. plantarum strains
showed strong antimicrobial activity against enterotoxi-
genic Escherichia coli, Shiga toxin-producing E. coli,
Salmonella enterica subsp. enterica serovar Typhimurium,
Choleraesuis and Gallinarum compared to the commercial
probiotic strain Lactobacillus rhamnosus GG. The mech-
anism of antimicrobial activity of the L. plantarum strains
appeared to be by the production of lactic acid. Further-
more, the L. plantarum strains tolerated freeze-drying and
maintained higher viability in the presence of cryoprotec-
tants than without cryoprotectants. Finally, the three L.
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plantarum strains tolerated NaCl up to 8% and maintained
>60% growth. These characteristics of the three L. plan-
tarum strains indicate that they could be applied as animal
probiotic after appropriate in vivo studies.

Keywords Lactobacillus plantarum - Antimicrobial -
Enteric pathogens - NaCl tolerance - Probiotic

Introduction

Gastrointestinal infections caused by Escherichia coli ser-
otypes and Salmonella enterica serovars are among the
major problems hampering livestock production. These
pathogens are gram-negative, rod-shaped and belong to the
family Enterobacteriaceae and commonly occur in the
intestine of warm-blooded animals. Gastrointestinal infec-
tions by E. coli and Sal. enterica strains cause illness and
death in weaned piglets, young calves and in poultry. E. coli
pathotypes such as enterotoxigenic E. coli (ETEC), enter-
opathogenic E. coli (EPEC), and enterohemorrhagic E. coli
(EHEC) cause diarrhea in animals such as pig, sheep, goat,
dog and horse [1]. Sal. enterica subsp. enterica cause severe
infections in animals with crucial serotypes being Sal.
enterica subsp. enterica serovar Typhimurium and Sal.
enterica subsp. enterica serovar Choleraesuis [2]. Sal-
monella Typhimurium infection in pigs results in inflam-
mation in the gut, diarrhoea and may lead to sepsis [3],
whereas serovar Choleraesuis causes septicaemia in pigs [2].
Sal. enterica subsp. enterica serovar Gallinarum biotype
Gallinarum cause fowl typhoid in broiler chickens and cau-
ses severe economic losses in the poultry industry [4]. The
symptoms of fowl typhoid in chickens include anorexia,
diarrhea, dehydration and decreased egg production [5].
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Several of these disease-causing pathogens are poten-
tially transferred from animals to humans through contact,
undercooked meat and other animal products causing out-
breaks. Cattle, sheep, goats and poultry are the common
cause of such outbreaks, which resulted in a total of 55
enteric disease outbreaks in the United States alone
between the years 1991-2005 [6]. Livestock animals are
more prone to infection by enteric pathogens due to the
crowded and unhygienic environment in animal production
systems. Management of these diseases were accomplished
with the use of human clinical antibiotics as growth-pro-
moters in animal production systems [7]. However, due to
the evolution of antibiotic resistant pathogens, several
countries have now banned the use of antibiotics as feed-
additives and growth promoters [8]. This scenario has led
to the search for alternative strategies for disease preven-
tion and control in livestock animals.

In recent years, there has been interest in the use of
probiotics as alternative to antibiotics in the prevention and
control of diseases in animal farms. Probiotics are live
microbes, which when administered in adequate amount
confer beneficial effects in the host animal [9]. Several
strains of Lactic acid bacteria (LAB) and Bifidobacteria,
which are common inhabitants of animal intestine, are
recognized as probiotics. In order to be considered a pro-
biotic, a microbe should satisfy several criteria recom-
mended by the FAO/WHO, which are survival in the
gastrointestinal passage, colonization of the intestine, and
suppression of intestinal pathogens, modulation of the host
intestinal microflora beneficially and stimulation of the
host immune system [9]. Additionally, the microbe should
also satisfy safety criteria to be used in animals [9].

Probiotics have been shown to be effective in the
suppression of enteric pathogen infection in several
livestock animals. Probiotic Lactobacillus casei was
reported to inhibit the adhesion of enterotoxigenic
E. coli K99 to the intestinal mucosa in gnotobiotic lambs
[10]. Bifidobacterium lactis Bbl2 and Lactobacillus
rhamnosus LGG in combination was reported to be
probiotic and prevented enteric pathogen adhesion to pig
intestinal mucosa [11]. Probiotic Lactobacillus plan-
tarum B2984 was shown to enhance antibody-based
immune response against Salmonella Typhimurium in
pigs [3]. Probiotics have also been shown to reduce
mycotoxin levels in chicken feed when used as a feed-
additive [12]. Meta-analysis of randomised controlled
trials showed that probiotic supplementation increased
body weight gain and feed efficiency in pigs [13] and in
broiler chickens [14].

In the present study three Lactobacillus plantarum
strains such as MJM60319, MIM60298, and MJM60399
were characterized for their putative probiotic activity,
particularly for use against infection in livestock caused by
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gastrointestinal pathogens such as enterotoxigenic and
Shiga toxin-producing E. coli, Sal. enterica serovars
Typhimurium, Choleraesuis and Gallinarum for the general
health of the livestock animals such as swine, cattle and
poultry.

Materials and Methods
Isolation of LAB Strains and Safety Assessment

Lactic acid bacteria (LAB) strains were isolated from fer-
mented cow milk called “Thayir”, a yogurt-type dairy
product collected from the Indian state of Tamil Nadu. The
LAB were isolated using de Man, Rogasa and Sharpe
(MRS) medium. LAB were isolated based on morphology
and subcultured in MRS medium. The LAB were then
screened for safety assessments such as hemolytic activity,
bioamine production, mucin degradation and antibiotic
susceptibility to European Food Safety Authority (EFSA)
recommended antibiotics.

Biogenic Amine Production Test

The biogenic amine production of the isolates was
determined using decarboxylase medium (0.5% Tryptone,
0.5% yeast extract, 0.5% beef extract, 0.25% NaCl,
0.05% glucose, 0.1% tween 80, 0.02% MgSQ,, 0.005%
MnSO,, 0.004% FeSO,, 0.2% Ammonium citrate,
0.001% Thiamine, 0.2% K,HPO,, 0.01% calcium car-
bonate, 0.005% pyridoxal 5-phosphate, 1% Amino acid,
0.006% bromocresol purple, 2% agar, pH 5.3) as
described previously [15]. The amino acids were L-ty-
rosine, L-histidine, L-ornithine, L-arginine, L-phenylala-
nine, L-lysine or L-tryptophan. Control medium was
without any amino acids.

Mucin Degradation Test

Mucin degradation was studied using 0.3% porcine stom-
ach mucin supplied agarose medium with or without glu-
cose [16]. The basic composition of the medium included
(g L™Y): tryptone—7.5; casitone—7.5; yeast extract—?3.0;
meat extract—5.0; NaCl—5.0; K,HPO,-3H,0—3.0; KH,_
PO4—0.5; MgS0,4-7H,0—0.5; cysteine HCI—O0.5; resa-
zurin—0.002. D-(4)-glucose—3, purified hog gastric
mucin—0.5, and agarose—1.5. The pH of medium was
adjusted to 7.2 £ 0.2 with 2 N NaOH. Ten microlitre of
24-h viable bacterial cultures were inoculated onto the
surface of the agarose medium in a petri dish. The plates
were incubated at 37 °C anaerobically (BBL Gas Pack
System) for 72 h and subsequently stained with 0.1%
Amido black in 3.5 M acetic acid for 30 min. They were
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then washed with 1.2 M acetic acid until the mucin lysis
zone (discoloured halo) around the colony of positive
control cultures (faecal flora) appeared. The mucin degra-
dation activity was defined as the size of the mucin lysis
zone. Bacillus sp. from human faeces was used as the
positive control.

Hemolytic Activity

Hemolytic activity of LAB strains was assessed with
Columbia blood agar base (BD, Difco) containing 5%
defibrinated sheep blood. A zone of clearance around the
colony in blood agar indicates positive for hemolytic
activity otherwise negative.

Susceptibility of LAB to Antibiotics

The susceptibility of LAB to antibiotics was determined by
twofold broth microdilution method [17]. The MIC values
obtained for the LAB strains were compared with the
EFSA cutoff values to determine the antibiotic
susceptibility.

Phylogenetic Analysis of Strains MJM60319,
MJM60298, and MJM60399

Phylogenetic analysis of strains MIM60319, MIM60298,
and MJM60399 was done according to our previous report
[18]. Genomic DNA from the three strains was isolated
using commercial kit (GeneALL, Seoul, Republic of
Korea). Thel6S rRNA gene sequences of the strains were
analyzed according to our previous report [18]. The
sequences were compared with 16 rRNA gene sequences in
the Eztaxon database using BLAST program and the
neighbour joining phylogenetic tree was constructed using
MEGA 6 software [19].

GTGS5-PCR Fingerprint

The (GTG)s-rep-PCR fingerprinting was performed using
the primer (5'-GTGGTGGTGGTGGTG-3') [20]. A 20 wl
total PCR reaction mixture consisted of 1 pl genomic
DNA (50 ng), primer 1 ul (100 pmol), and 18 pl sterile
deionized water added to maxime i-Taq PCR premix
tubes (iNtRON Biotechnology, INC, Gyeonggi-do,
Korea). The PCR reaction was performed following the
condition: initial denaturation at 95 °C (7 min), denatu-
ration at 90 °C (30 s), annealing at 40 °C (1 min),
extension at 65 °C (8 min) and final extension at 65 °C
(16 min). The PCR products were visualised using 2%
agarose gel electrophoresed using 1x TBE buffer at
130 V for 4 h.

Antimicrobial Activity

The anti-microbial activity of strains MJIM60319,
MIM60298, and MIM60399 was determined against ani-
mal pathogens such as Salmonella Typhimurium
KCTC2514 (Sal. enterica subsp. enterica serovar. Typhi-
murium), Sal. Choleraesuis KCTC2932 (Sal. enterica
subsp. enterica serovar. Choleraesuis), Sal. Gallinarum
KCTC2931 (Sal. enterica subsp. enterica serovar. Galli-
narum biotype Gallinarum), Escherichia coli 0138
KCTC2615, E. coli O1 KCTC2441, and E. coli K99 KCTC
2617. The bacterial culture filtrate was concentrated ten-
fold in a rotary vacuum evaporator and dissolved in sterile
distilled water. One hundred microliter of concentrated
crude culture filtrate was loaded on to 8§ mm paper disc and
dried. The disc was placed on the pathogen swabbed LB
agar plates and incubated for 18 h and the zone of inhibi-
tion was measured. The entire assay was performed in
triplicates to check the reproducibility.

Analysis of the Production of b, L-Lactate by Strains
MJM60319, MJM60298, and MJM60399

The strains were cultured in MRS liquid medium for 24 h
at 37 °C. The culture supernatant was analyzed by D, L-
lactate by an enzymatic method using the b, L-Lactate
assay kit (Megazyme, Ireland, Cat.No. K-DLATE) fol-
lowing the manufacturer’s protocol.

Physiological Characteristics

Tolerance of Strains MJM60319, MIM60298,
and MJM60399 to Oro-Gastrointestinal Transit Condition

Oro-gastro intestinal transit tolerance assay was performed
as previously described [21] with minor modification. The
LAB strains were initially subjected to oral stress by
treating the bacterial cells (1 x 10° mLfl) for 10 min in
electrolyte solution (g | NaCl, 6.2; KCl, 2.2; CaCl,,
0.22; NaHCOs, 1.2) [22] containing 150 mg L™ Iysozyme.
The cells were removed from oral stress solution by cen-
trifugation at 1800x g for 5 min and subjected to gastric
stress by incubating in gastric electrolyte solution con-
taining 0.3% pepsin at pH 3 for 1 h. Then, the cells were
removed by centrifugation and incubated for 120 min in
the intestinal electrolyte solution (g L NaCl, 5; KCI,
0.6; CaCl,, 0.25) [22] containing 0.1% pancreatin, 0.3%
bile oxgall, and pH 7. Strains incubated in PBS without
stress were used as control. The cell viability was deter-
mined at each step by plating the cells in MRS medium,
incubated at 37 °C and counting the number of colony
forming units (CFU) after 48 h.
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Adhesion of Strains MIM60319, MIM60298,
and MJM60399 to Caco-2 Cell Line

Caco-2 cell line was purchased from KCTC, Republic of
Korea and routinely cultured in MEM high glucose med-
ium supplemented with 20% (v/v) heat inactivated fetal
bovine serum and 1 unit antibiotics, penicillin—strepto-
mycin. For the adhesion assay, well differentiated 21 days
cultured Caco-2 cell line was used. Adhesion assay was
performed according to the method described previously
[23] using the LAB cell concentration of
6.2 + 0.5 Log CFUmL™" per well. After adherence
assay, the non-adhered LAB was removed by washing
thrice with PBS (pH 7.2). The adhered LAB and Caco-2
cells were detached by adding 1 ml of 0.05% (v/v) Triton-
X 100 and CFU of adhered bacteria was calculated by
serial dilution and spreading the bacterial suspension of
appropriate dilution on MRS agar plates. The percentage of
adherence was calculated using the formula (% Adhe-
sion = [CFU of adhered bacteria per mL/CFU of initially
added bacteria per mL] x 100).

Technological Characteristics

Study of Sodium Chloride Tolerance of Strains MJM60319,
MJIM60298, and MIM60399

To check the survival of LAB strains in NaCl concentra-
tion, 1 mL of 0.5 OD bacterial culture was inoculated into
MRS broth containing 1-10% NaCl and incubated for
24 h. The bacterial culture inoculated into MRS broth
without NaCl was used as control. After incubation, the
bacterial growth was measured at absorbance 600 nm using
96-well plate reader (infinite M200® PRO, Tecan Austria
GmbH, Untersbergstr). The percentage growth was calcu-
lated using formula (% growth = [Ac — A/Ac x 100).
Where, Ac is the absorbance of control at 600 nm and At
is the absorbance of samples grown in MRS broth con-
taining different NaCl concentrations.

Survival of Strains MIM60319, MIM60298,
and MJM60399 to Freeze-Drying

The initial viable bacterial count was adjusted to
10.08 & 0.32 Log CFU mL™" with or without 10% cry-
oprotectant (1:1 ratio of skim milk powder and maltodex-
trin), frozen at —80 °C and freeze dried under reduced
pressure (5 mbar) using a freeze drier (IIShin lab Co., 1td,
Republic of Korea) for 18 h. After freeze-drying, the
samples were rehydrated using sterile distilled water. The
percentage viability was calculated by comparing viable
bacteria (CFU/mL) after freeze-drying relative to the initial
number of bacteria (CFU/mL) subjected to freeze-drying.
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Results
Safety Assessment of the LAB Strains

Assessment of bioamine production, hemolytic and muci-
nolytic activity showed that the L. plantarum strains
MIM60319, MIM60298, and MJM60399 do not possess
any of these characteristics (Fig. 1). The antibiotic sus-
ceptibility data for the three strains are given in Table 1.
The three strains were susceptible to all the antibiotics
tested in this study (Table 1) and does not pose problem of
antibiotic-resistance.

Identification of the LAB Strains
Microscopic examination of the LAB strains showed rod-

shaped cells (Fig. 2a). BLAST search of the 16S rRNA
gene sequence of MIM60319, MJM60298, and MIM60399

Positive

MJIM60319 MJIMG60298 MJIMG60399 LGG control
=
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=
5 .
kS Lysine . . . . .
£y
e
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Hemolytic
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Fig. 1 Safety assessment of L. plantarum strains. Bioamine produc-
tion was tested using seven different amino acids with a Lactobacillus
brevis strain from our collection as positive control. Hemolytic
activity was tested using 5% sheep blood supplied Columbia agar.
Mucin degradation activity was tested using 3% mucin (from porcine
stomach) supplemented medium. For hemolytic activity and mucin
degradation activity a Bacillus isolate from a human faeces was used
as positive control. L. rhamnosus GG was used as the probiotic
positive control
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Table 1 Antibiotic . ) 1
susceptibility (MIC of Antibiotics MIC (ug ml™") EFSA cutoff (ug ml™")
antibiotics) of L. plantarum MIM60319 MIM60298 MIM60399
strains MIM60319, MIM60298,
and MIM60399 Chloramphenicol 2 2 2 8

Tetracycline 16 16 16 32

Erythromycin 0.5 0.5 0.5

Ampicillin 1 1 1.5 2

MJIM60399
99| MIM60319
52/ MIM60298

100)

—
0.005

Fig. 2 Identification of strains MIJM60319, MIM60298, and
MIM60399. a Morphology of strains MIM60319, MIM60298, and
MIM60399 observed by scanning electron microscopy. Scale bar
indicates 1 pm, b phylogenetic tree constructed based on 16S rDNA
sequence of the strain. The strains MJM60319, MJM60298, and

using the EzTaxon database revealed that the strain showed
more than 99% similarity to L. plantarum. Phylogenetic
analysis of the 16S rRNA gene sequence of the three LAB
strains showed that they belong to the L. plantarum group
(Fig. 2b). (GTG)S5-rep-PCR fingerprinting of the three
strains compared with that of the type strains Lactobacillus
plantarum ssp. plantarum KACC 11451; 5, Lactobacillus
paraplantarum KACC 12373; 6, Lactobacillus pentosus
KACC 12428 revealed that strains MIJM60319,
MIM60298, and MIM60399 belonged to L. plantarum.
These strains were deposited in the Korean Agricultural
Culture Collection (KACC), Republic of Korea with the
strain  numbers KACC92111P for MIM60319,
KACC92110P for MIM60298 and KACC92112P for
MIM60399.

Lactobacillus plantarum subsp. plantarum ATCC 149177
Lactobacillus paraplantarum DSM 106677

Lactobacillus fabifermentans DSM 21115T

Lactobacillus xiangfangensis Strain: 3.1.1T
Lactobacillus mudanjiangensis Strain:11050T

Lactobacillus odoratitofui Strain: YIT11304T

— Lactobacillus koreensis StrainDCY50T

10— T actobacillus yonginensis Strain: THK-V8T

10 Kbp

3 Kbp

[ LEINIE S

1 Kbp

100 bp

MIM60399 possesses 99% similarity with L. plantarum. ¢ GTGS5 PCR
fingerprinting analysis of LAB strains. 1, MIM60319; 2, MIM60298; 3,
MIM60399; 4, L. plantarum ssp. plantarum KACC 11451; 5, L.
paraplantarum KACC 12373; 6, L. pentosus KACC 12428; M, Marker:
100-10,000 bp GeneRulerTM DNA ladder mix (Fermentas)

Antimicrobial Activity of the L. plantarum Strains

The three L. plantarum strains MIM60319, MIM60298 and
MIM60399 showed good but varying level of antimicrobial
activity against the various pathogens tested, which is given
in Fig. 3. The antimicrobial activity was compared to that of
commercial probiotics L. rhamnosus and antibiotic control
such as chloramphenicol, streptomycin and tetracycline. The
three L. plantarum strains showed a relatively better activity
compared to L. rhamnosus GG (Fig. 3). Additionally, the L.
plantarum strains showed the strongest activity against
Salmonella Gallinarum and good activity against Salmonella
Typhimurium, Salmonella Choleraesuis and E. coli Ol
(Fig. 3). The three L. plantarum strains showed relatively
weak activity against E. coli O138 and E. coli K99 (Fig. 3).
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Fig. 3 Antimicrobial activity of E. coli O1
L. plantarum strains
MIM60319, MIM60298, and
MJIM60399 in comparison with
probiotic and antibiotic control
against enteric animal
pathogens. One hundred
microliter of crude culture
filtrate was used for
antimicrobial activity

MJM60319

MJIM60298

LGG

Antibiotic
Control
(100 pg)

MJM60399

70000 »
OD-Lactate OL-Lactate

60000 4 +
500004 1 —

40000 1

30000 4

pmoles/L

20000 4

10000 1

0

MJIM60319 MJIM60298 MIM60399

Fig. 4 Production of p- and vr-lactate by L. plantarum strains
MIM60319, MIM60298, and MIM60399

Lactate Production by L. plantarum Strains

Strains MIM60319, MIM60298, and MIM60399 produced
both p- and L-lactate (Fig. 4). However, all these strains
produced higher amount of p-Lactate than L-lactate
(Fig. 4).

Physiological Characterization

Orogastrointestinal Transit Tolerance of the L. plantarum
Strains

The strains MIJM60319, MIM60298, and MIM60399
demonstrated higher tolerance to oral stress for 10 min and
subsequent exposure to gastric stress pH 3 for 1 h. We
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E. coli 0138

E. coli K99 S. gallinarum

S. typhimurium  S. choleraesuis

I\

Table 2 Viability of L. plantarum strains MJM60319, MIM60298
and MJM60399 after orogastrointestinal transit assay

LAB strains % of viable cells after OGT assay

MIM60319 5.7
MIM60298 6.1
MIM60399 6.9

observed loss in viability of three strains after exposure to
gastric stress pH 3 for 1 h followed by intestinal stress for
120 min. The viability loss is quite usual as most strains
loose viability at pH 2. All the strains maintained >5.5%
viability after the OGT assay (Table 2).

Adherence of L. plantarum Strains to Caco-2 Cells

The three L. plantarum strains MJM60319, MIM60298,
and MIM60399 showed good adherence to Caco-2 cell
monolayer (Fig. 5).

Technological Characterization
Growth of L. plantarum Strains in the Presence of NaCl

All the strains showed decreasing pattern of growth at the
increasing concentration of NaCl (Fig. 6a). The L. plan-
tarum strains MJM60319, MIM60298, and MJM60399
tolerated sodium chloride concentration up to 8% with the
viability of 60% eventually the viability was decreased to
10% at the 10% NaCl concentration (Fig. 6a).
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Fig. 5 Adherence of L.
plantarum strains to Caco-2 cell
line. a Control cells,

b MIM60319, ¢ MIM60298,

d MIM60399. Arrows indicate
bacterial adherence to Caco-2
cell surface. Scale bar indicates
10 pm

srain MIM60310, MIMG03o5, 2 b O o oo
and MIM60399 in the presenc,e 107 —=— MIM60298 100 With Cryoprotectant
Ofafizgltmvi?rlfilriltsyl\(/)lﬁl\l/f60319 & 50 4 TR % 7
§/IJM60298, and MIM60399 < S o % //%
st eseding wior % . | A
g 407 g 40, % %
2 £ nm
% 20 - E 20 4 % %
/ /

2 4 6

8 10 MJIM60319  MJIMG60298  MJIM60399

NaCl Concentration (%)

Tolerance of L. plantarum Strains to Freezing Stress

The relative viability of the strains MIM60319, MIM60298
and MIM60399 in freeze dried samples was higher in the
presence of cryoprotectant than without cryoprotectant
indicating better protection of the cells from freeze-drying
with cryoprotectant than absence of any cryoprotectant
(Fig. 6b).

Discussion

In the present study, three L. plantarum strains MIM60319,
MIM60298, and MIM60399 were evaluated for their
antimicrobial activity against animal enteric pathogens and
their probiotic properties were evaluated to utilize the L.
plantarum strains as probiotic feed supplement for main-
taining general health of the livestock animals. These
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strains were compared with the well-known commercial
probiotic strain L. rhamnosus GG.

New strains intended to be used as probiotic must be
sufficiently characterized according to FAO/WHO and
EFSA guidelines. Accordingly, the probiotic strains must
not possess any transferable antibiotic resistant genes. For
evaluating the antibiotic susceptibility, EFSA [24] has
recommended MIC cut-off value for common antibiotics
and strains be labelled susceptible or resistant to these
antibiotics when the strains are used as feed supplements.
The strains used in this study has MIC value within the cut-
off values recommended by EFSA and are considered safe
for use in animal feed supplements.

Additionally, the probiotic strain must not produce toxic
substances such as biogenic amines. Biogenic amines such
as tyramine, histamine and tryptamine are produced in the
rumen by rumen microbes by the decarboxylation of amino
acids [25]. Among these biogenic amines, histamine has
been linked with the development of laminitis [25].
Additionally, the use of biogenic amine producing strains
as probiotics in feed supplements could lead to the pro-
duction of biogenic amines in feed, which are off-flavours
and decrease feed intake and growth of livestock animals
[26]. Biogenic amines have also been implicated in post
weaning colibacillosis in pigs [27]. Hence, it is important
to select non-bioamine producing strains for use as probi-
otics. In our present study, the three L. plantarum strains
did not show biogenic amine production in any of the
amino acids tested indicating that these are non-bioamine
producing strains and could be used in animal feed.

Mucin degradation and hemolytic activity are other
important safety test as several pathogenic microbes were
known to have these virulence factors [28, 29]. Probiotic
microbes are preferred not to have these activities [18]. The
L. plantarum strains used in this study did not possess
mucinolytic and hemolytic activities.

Probiotic microbes are ingested live and must reach the
colon alive where they exert their function. In order to reach
the colon alive and in desirable population the probiotic
microbe must survive the harsh conditions in the gastroin-
testinal tract. To assess the ability of the L. plantarum strains
to survive the gastrointestinal tract, we simulated the con-
ditions in vitro following the method of [21], which evalu-
ated the performance of mutant strains of L. plantarum. The
L. plantarum strains used in this study tolerated the OGT
condition and all the strains showed a viability of greater
than 5.5% at the end of the OGT assay. This viability is
higher compared to previously reported L. plantarum strains
[30] and can be improved through microencapsulation and
formulations that stabilize the L. plantarum cells.

Apart from these essential characteristics probiotics must
possess specific functional characteristics. This study eval-
uated the antimicrobial activity of the L. plantarum strains
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against enterotoxigenic E. coli (ETEC), Shiga toxin-pro-
ducing E. coli (STEC), Salmonella Typhimurium, Choler-
aesuis and Gallinarum. The L. plantarum strains exhibited
strong activity against all the serovars of Salmonella and an
E. coli serotype. These L. plantarum strains are useful as
animal probiotics in the suppression of these pathogens. The
antimicrobial activity of lactic acid bacteria can be by the
production of organic acid (lactic and acetic acid), hydrogen
peroxide, ethanol, diacetyl, acetaldehyde, acetoine, reuterin,
reutericyclin and bacteriocin [31]. The antimicrobial activity
of L. plantarum strains used in this study could be due to the
production of organic acids. The strains were shown to
produce D- and L-lactate, which inhibit several Gram-nega-
tive pathogens such as E. coli and [32, 33]. Salmonella. The
L. plantarum strains used in this study also showed good
adherence to Caco-2 cell line in vitro, which indicate that
these strains can efficiently colonize the intestine and deliver
their antimicrobial activity.

Additionally, probiotic strains must tolerate production
conditions such as high or low temperature used in spray-
drying or freeze-drying to make powdered formulations and
tolerance to NaCl for cross-stress tolerance to heat [34]. The
probiotic must maintain desirable viability and cell count
during storage and hence selection of the strains based on
the technological properties is essential. Also, Lactobacillus
strains with NaCl tolerance has been shown to effectively
suppress pathogenic bacteria in silage fermentation when co-
treated with NaCl [35]. Hence, selection of probiotic strains
with NaCl tolerance is useful in silage fermentations. Fur-
thermore, the addition of cryoprotectants during freeze
drying of lactobacilli has been used to help overcome
inactivation during drying and stabilization during storage
[34]. The present study demonstrated the viability of the L.
plantarum strains during freeze-drying with or without
cryoprotectants. The L. plantarum strains maintained higher
viability in the presence of cryoprotectants, which is in
accordance with a previous study, where freeze-dried Lac-
tobacillus bulgaricus maintained high viability during stor-
age at —20 °C for 10 months with cryoprotectants [36]. The
L. plantarum strains also showed good tolerance to NaCl,
maintaining more than 60% growth at 8% NaCl, which is
higher than previously reported Lactobacillus strains [35].
This property of the L. plantarum strains of this study make
them useful in silage fermentation with NaCl as additive to
suppress the growth of harmful butyric acid producing
bacteria.

Conclusion
The three L. plantarum strains characterized in this study

demonstrated potential probiotic properties relevant to the
livestock production industry. These strains could be used
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as probiotics to control infections caused by Salmonella
and E. coli strains after appropriate animal study. Addi-
tionally, due to their NaCl tolerance these strains could be
used with NaCl in silage fermentation to suppress patho-
genic microbial growth.
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