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a b s t r a c t

The aim of the present study was to determine the probiotic potential of the lactic acid bacteria Lacto-
bacillus plantarum KCC-24 (L. plantarum KCC-24), that was isolated and characterized from Italian
ryegrass (Lolium multiflorum) forage. The following experiments were performed to assess the probiotic
characteristics such as antifungal activity, antibiotic susceptibility, resistance to low pH, stimulated
gastric juice and bile salts, proteolytic activity, auto-aggregation, cell surface hydrophobicity, and in vitro
antioxidant property. The isolated L. plantarum KCC-24 exhibited significant antifungal activity against
the various fungal strains of Aspergillus fumigatus (73.43%), Penicillium chrysogenum (59.04%), Penicillium
roqueforti (56.67%), Botrytis elliptica (40.23%), Fusarium oxysporum (52.47%) and it was susceptible to
numerous antibiotics, survived in low pH, was resistant to stimulated gastric juices and bile salts (0.3% w/
v). Moreover, L. plantarum KCC-24 exhibited good proteolytic activity. In addition L. plantarum KCC-24
showed potent antioxidant and hydrogen peroxide resistant property. In conclusion, the isolated
L. plantarum KCC-24 exhibited several characteristics to prove it's excellent as a potential probiotic
candidate for developing quality food for ruminant animals and human.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

The demand of lactic acid producing bacteria (LAB) in food,
pharmaceutical and chemical industries is increasing due to their
ability to prevent food spoilage, and their make up in production of
biodegradable polymers and green solvents. The industrial pro-
duction of lactic acid occurs by chemical synthesis or microbial
fermentation. Chemically produced lactic acid is always a racemic
mixture. Whereas, a biologically produced lactic acid is optically
pure and can be obtained using lactic acid producing bacteria.
Nowadays, increasing attention to the health benefits of consuming
probiotic micro-organisms such as lactic acid producing bacteria
has been increased worldwide. Probiotics are defined as live micro-
organisms that, when is administrated in sufficient amounts, pro-
vides a health benefit to the host. It plays an important role in
improving physiological functions, competing with potential
pathogenic bacteria for nutrition, killing harmful bacteria, and
boosting the immune system [1]. There are many micro-organisms
that can be classified as probiotics belonging to the Lactobacillus
and Bifidobacterium genera. Among them, Lactobacilli are consid-
ered an enteric organism in the industrial processing of fermented
dairy, meat, vegetable and cereal products.

Lactobacillus plantarum is a lactic acid producing, gram positive,
non-spore forming, fermentative bacteria, that grows anaerobi-
cally, and exist in a wide range of environmental places including
some agitated foods, and gastrointestinal and urogenital tract of
animals. It has many physiological, biochemical, and genetic
properties. These bacteria can produce antimicrobial compounds
such as peptides, exo-polysaccharides, secondary metabolites, and
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organic acids such as, acetoin reuterin, reutericyclin, hydrogen
peroxide, and diacetyl [2]. It plays an important role in the food
industry and consumers for the production and consumption of
fermented foods and beverage due to their long and safety appli-
cation [3]. Therefore, whole genome sequencing of probiotics
elucidated their complex nutritional requirements [4]. The physi-
ological properties of probiotic micro-organism associated with pH
reduction, the production of some digestive enzymes and vitamins,
production of antibacterial substances and other unidentified
substances, and the reconstruction of normal intestinal micro-flora
after it has been damaged by disease [5]. According to the guide-
lines put forth by the World Health Organization, for a food to
attain a probiotic status, micro-organisms have tomeet a number of
principles related to their safety and biological properties. In terms
of safety, the probiotic micro-organism should not be pathogenic,
and should not be able to transfer antibiotic resistance genes and
sustain genetic stability. As a functional component in food, they
should provide acid-base stability, be resistant to digestive en-
zymes, have antagonist properties, be anti-carcinogenic, stimulate
the immune system, produce vitamins and enzymes, and improve
the bioavailability of food [6]. Therefore, the aim of the present
study was to assess the potential probiotic of L. plantarum KCC-24,
that was isolated and characterized from Italian rye-grass (Lolium
multiflorum) forage.

2. Materials and methods

2.1. Sample collection and isolation of lactic acid bacteria

Italian rye-grass (L. multiflorum) forage was collected from
various places in Cheonan, South Korea and the sample stored in
the laboratory for the isolation of the lactic acid producing bacteria
L. plantarum as a potential probiotic. Isolated Lactobacillus strain
data were recorded in the laboratory for further reference. For
isolation, the sample was mixed with distilled water and centri-
fuged (Hanil centrifuge MF 300, Korea) at 8000 � g for 15 min to
remove heavy particles. The supernatant was serially diluted with
distilled water and poured onMRS (de Man, Rosga, and Shape) agar
petri dish plates that were incubated at 30 �C for 48 h [7]. After the
incubation period, we isolated 10 lactic acid bacterial strains.
Among these, a single strain KCC-24 showed a good antifungal and
probiotic activity (data not shown). Therefore, we selected this
strain for further experiment and it was deposited into the Korean
Agricultural collection and type culture (KACC91962P), Korea
Research Institute of Bioscience and Biotechnology, Republic of
Korea. The purified strain was labeled KCC-24 and stored at �80 �C
in MRS broth with 40% glycerol for further use.

2.2. PCR amplification of the 16S rRNA and molecular identification
of lactobacillus strain

The 16S ribosomal DNA gene sequencing was done at the Sol-
Gent Co (Seoul, South Korea) by the method of Sanger et al. [8].
Genomic DNA was isolated from L. plantarum KCC-24 and purified
by QIAquick® PCR purification kit (Qiagen Ltd., Crawley, UK), fol-
lowed by the amplicons were sequenced with Taq DNA polymerase
using the 27 forward primer (50 AGA GTT TGA TCG TGG CTC AG 30)
and the 1492 reverse primer (30 GCT TAC CTT GTTACGACT T 50). The
thermocycler conditions are as follows; initial denaturation of
target DNA at 95 �C for 10 min followed by 30 cycle amplification,
annealing at 58 �C for 1 min, elongation at 72 �C for 2 min and
cooled to 4 �C. The obtained sequence homologies were analyzed
by comparing with those sequences was obtained in the BLAST.
During the similarities comparison, sequence was required an
initial threshold 99% homology when comparing with raw
sequence. The obtained 16s rRNA sequence of KCC-24 was depos-
ited into NCBI Genbank and assigned the NCBI accession number is
KM396462.

2.3. Preliminary screening of antifungal activity of isolated
L. plantarum KCC-24

The Aspergillus fumigatus (KACC 40080), Penicillium chrys-
ogenum (KACC 40399), Penicillium roqueforti (KACC 41354), Botrytis
elliptica (KACC 43461), and Fusarium oxysporum (KACC 40051) were
obtained from Korean Agricultural Culture Collection (KACC), South
Korea. The antifungal activity of isolated L. plantarum KCC-24 was
determined by the agar diffusion method of Valan et al. [7] with
slight modifications. Briefly, Petri dish plates were prepared with
30 mL of sterilized MRS media followed by overnight culture of
isolated L. plantarum on the surface of MRS media and incubated at
30 �C for 48 h to allow colonies development. Thereafter, 10 mL of
potato dextrose agar (PDA) containing 50 mL of fungal suspension
was poured over the MRSmedia on the same plate. The plates were
incubated at 37 �C for 72 h under aerobic condition and clear in-
hibition zones were recorded. The experiment was repeated three
times.

2.4. Antifungal activity of isolated L. plantarum KCC-24 by
microdilution method

Antifungal activity of KCC-24 was analyzed by the method of
Lavermicocca et al. [9] with slight modification. Breifly190 mL of
fermentative metabolites of KCC-24 was dispensed in to 96 well
and then 10 mL conidial suspensions were inoculated. Without
fermentative metabolites considered as a control. All the experi-
mental plates were incubated at 30 ± 2 �C for 72 h. Fungal growth
was measured at 580 nm using microplate reader. Here, growth of
fungi in control was considered as a 100% growth. From that we
have calculated the percentage of fungal growth inhibition.

2.5. Biochemical analysis of isolated L. plantarum KCC-24 by API 50
CHB system

The overnight culture of isolated L. plantarum KCC-24 was used
to analyze its biochemical and physiological properties. Phenotypes
were analyzed by API 50 CHB system (bioMerieux, Inc, USA), and
the strip was prepared and used according to the manufacturer's
instructions. The strips were kept in an incubator at 37 �C for 48 h.
After the incubation period, the results were noted.

2.6. Antibiotic susceptibility analysis of isolated L. plantarum KCC-
24

Antibiotic sensitivity and resistance were analyzed according to
the agar diffusion method of Bauer et al. [10]. Twenty five ml of
sterilized MRS media was poured into the petri dish plates and
allowed to sit for 10 min. Then the overnight culture of L. plantarum
KCC-24 was swabbed on the MRS media. After the media solidified,
the antibiotic disc was placed on the top of MRS media and left for
30 min at room temperature for antibiotic diffusion. The plates
were incubated at 37 �C for 48 h, and after the incubation period,
the zones of inhibition were observed.

2.7. Evaluation of probiotic characteristics of isolated L. plantarum
KCC-24

2.7.1. Tolerance to low pH
Low pH tolerance of L. plantarum KCC-24 was evaluated, ac-

cording to the method described by Tambekar and Bhutada [11].
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Briefly, the isolated bacterial culture was inoculated into the ster-
ilized MRS broth of various pH (2, 3, 4, and 5.7) and then the broth
was incubated at 37 �C for 48 h. After the incubation, 100 mL of
inoculum from each tube was poured onto the MRS medium by the
pour plate method. The plates were incubated at 30 �C for 48 h and
the colonies were counted.

2.7.2. Tolerance to stimulated gastric juice
The analysis of L. plantarum KCC-24 resistance against stimu-

lated gastric juice was evaluated by the method of Charteris et al.
[12]. The stimulated gastric juice was prepared with 3 mg/mL of
pepsin and 0.5% w/v sodium chloride, water, and the pH were
adjusted to 2 and 3. Thirty milliliters of overnight bacterial culture
was centrifuged at 6000 � g for 20 min. After centrifugation, the
supernatant was removed and the cells were washed twice with
10 mL of 50 mM K2HPO4 and were resuspended in 3 mL of K2HPO4.
Then 9mL of gastric juice of varying pHwasmixedwith 1mL of cell
suspension and incubated 37 �C for 3 h. Then 100 mL of cell sus-
pensionwas poured on the MRSmedium at different time intervals
and the plates were incubated at 30 �C for 48 h. The number of total
viable cells was counted.

2.7.3. Resistance to bile salts
The measurement of growth resistance of isolated L. plantarum

KCC-24 against two bile salts was studied by the followingmodified
method of Vinderola and Reinheimer [13]. Two kinds of MRS broth
were prepared with 0.3% oxgall and 0.3% sodium thioglycollate, and
both were inoculated with 1% bacterial culture suspension and
incubated at 37 �C for 48 h. After the incubation period, the optical
density of the cell culture at 600 nm was compared that of the
control (without bile salts).

2.7.4. Screening of proteolytic activity of isolated L. plantarum KCC-
24

Proteolytic activity was assayed by the method of Rajagopal and
Sandine [14]. Three milliliters of overnight bacterial culture was
centrifuged at 4000 � g (4 �C) for 10 min. The collected bacteria
were used as a source of protease enzyme in this assay. The agar
plates were prepared with 1% agar, 0.5% peptone, 0.3% beef extract,
and 0.5% skim milk. Five microliters of bacteria was spotted on the
agar media and plates were incubated at 30 �C for 48 h. The clear
zone demonstrated the isolated bacteria ability to produce pro-
teases enzyme.

2.7.5. Auto-aggregation assay
Aggregation between the cells membrane and interacting sur-

face were performed according to the method described by Del Re
et al. [15] with some modification. The overnight MRS broth bac-
terial isolate was centrifuged at 8000 � g for 10 min, and the pellet
was resuspended with PBS (pH 7) to a concentration of approxi-
mately 108 CFU mL�1. Four milliliters of cell suspension was mixed
by vortexing for 10 s and auto-aggregationwas analyzed during the
3 h incubation at room temperature. Each hour, 100 mL of upper cell
suspension was mixed with 3.9 mL of PBS and the absorbance at
600 nm was measured. Auto-aggregation was calculated by the
following equation:

1-(At/A0) x 10, whereas At represents the absorbance at time
t ¼ 1, 2 and 3and A0 ¼ absorbance at t ¼ 0.

2.7.6. Determination of cell surface hydrophobicity
To determine the hydrophobicity of L. plantarum KCC-24, a hy-

drophobicity assay was performed according to the protocol of
Rosenberg et al. [16], which measure a microorganism ability to
bind to the hydrocarbons from the phosphate buffer solution. A day
old of isolated bacterial culture was centrifuged at 5000 � g for
15min. The cell suspensionwas collected and washedwith PBS (pH
7), the absorbance at measured at 540 nm. One milliliter of cell
suspension was mixed with equal volume of hydrocarbons (xylene
and chloroform), and the absorbance was measured at 540 nm.
After 30 s, the aqueous solution was measured and compared with
the initial measurements. The hydrophobicity was calculated using
the following formula:

Hydrophobicity% ¼ �
ODinitialeODfinal

��
ODinitial � 100

2.8. Antioxidant properties of isolated L. plantarum KCC-24

2.8.1. Determination of DPPH free radical scavenging activity
The DPPH (2, 2-Diphenyl-1-picrylhydrazyl) radical scavenging

capacity of isolated L. plantarum KCC-24 was measured by the
modified method of Chen et al. [17]. Briefly, various 10, 20, 30, 40
and 50 mL concentrations of freshly prepared isolated cells
(109 CFU/ml) were mixed with 1 mL of (0.05 mM) DPPH solution
then vortex and incubated in a dark place at room temperature for
30 min. DPPH solution was used as a control. A combination of
methanol and cells were used as blank. The absorbance was
measured at 517 nm.

The DPPH scavenging capacity was calculated using the
following formula:

DPPH scavenging capacity
�
%
�

¼
h�
Asample � Ablank

��
Acontrol

i
� 100

2.8.2. Determination of resistance to hydrogen peroxide
This assay was performed according to the method of Buch-

meier et al. [18] with slight modifications. Briefly, 10 mL of over-
night growing bacterial culture was centrifuged, and the pellets
were collected andmixed with 10ml 0.9% of NaCl in various conical
flask with different concentrations (0.5, 1.0 and 1.5 mM) of H2O2.
The bacterial cell viability was measured initially and after 30 min
of incubation at 37 �C by using the BCP agar plate with respective
dilution of the sample. The experiments were repeated three times.

2.9. Statistical analysis

All the numerical data were obtained from three independent
experiments and these data analysis was carried out with MS-Excel
and SPSS 16 statistical analysis (SPSS Inc., Chicago, IL, USA). The
results were presented as mean ± standard of error. The significant
difference between the means was analyzed using One-Way
ANOVA with a significant level of P < 0.05.

3. Results

3.1. Isolation and identification of L. plantarum KCC-24

The aim of the present study was to isolate and, identify pro-
biotic L. plantarum from Italian rye-grass forage collected from
Cheonan, Republic of Korea. A totally 10 Lactobacillus strains were
isolated from the Italian ryegrass forage. Among these, single strain
showed a potent antifungal and probiotic properties. It named as
KCC-24. Therefore we selected the KCC-24 for further character-
ization. The 16S rRNA from selected strain was sequenced and it
was compared with the information in the NCBI database. The
BLAST result showed that the isolated lactic acid bacteria KCC-24 as
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L. plantarum which displayed a similarity of �99% to other
L. plantarum strains. The 16sRNA sequence was submitted to the
NCBI Genebank data base (KM396462).
3.2. Physiological and biochemical characterization of L. plantarum
KCC-24

After 48 h grown, isolated L. plantarum KCC-24 bacterium was
observed by visually and microscopically. The L. plantarum KCC-24
was a creamy color, rod shaped, anaerobic, gram positive, and non
spore forming bacteria. The bacterial culture was identified by
biochemically using API 50CH (BioMerieux, Marcy L'Etoile, France).
The isolated bacterial culture KCC-24 had ability to ferment the
numerous carbohydrate such as L-Arabinose, D-Ribose, D-Galactose,
D-Glucose, D-Fructose, etc., and non fermented the glycerol,
erthritol, D-Arabinose, D-xylose, L-xylose, etc., (Table 1) and the
Table 1
Biochemical characterization of isolated L. plantarum KCC-24 by API 50 CHB
system.

Name of carbohydrates L. plantarum KCC-24

Glycerol �
Erythritol �
D-Arabinose �
L-Arabinose þ
D-Ribose þ
D-Xylose �
L-Xylose �
D-Adonitol �
Methyl- b D-xiloside �
D-Galactose þ
D-Glucose þ
D-Fructose þ
D-Mannose þ
L-Sorbose �
L-Rhamnose �
Dulcitol �
Inositol �
D-Mannitol þ
D-Sorbitol �
Methyl- a D-mannoside þ
Methyl- a D-glucoside �
N-acetyl glucosamine þ
Amygdalin þ
Arbutin þ
Esculin ferric citrate �
Salicin þ
D-Celiobiose þ
D-Maltose þ
D-Lactose þ
D-Melibiose þ
D-Saccharose þ
D-Trehalose þ
Inulin �
D-Melezitose þ
D-Raffinose þ
Amidon �
Glycogen �
Xylitol �
Gentiobiose þ
D-Turanose �
D-Lyxose þ
D-Tagatose þ
D-Fucose þ
L-Fucose þ
D-Arabitol �
L-Arabitol �
Potassium gluconate þ
Potassium 2-ketogluconate �
Potassium 5-ketogluconate þ

þ: Positive response; �: Negative response.
L. plantarum KCC-24 produced the different types of intra and extra
cellular enzymes (Table 2).

3.3. Antifungal activity of isolated L. plantarum KCC-24

The antifungal activity of the spent media of isolated
L. plantarum KCC-24 was determined against various fungi. From
the study, the pore plate method results revealed that the isolated
bacterial culturewas able to inhibit the growth of fungal pathogens,
which was observed visually. The micro dilution method results
also confirmed the antifungal activity against Aspergillus fumigatus
(73.43 ± 0.96), P. chrysogenum (59.04 ± 0.74), P. roqueforti
(56.67 ± 0.72), B. elliptica (40.23 ± 0.43), and F. oxysporum
(52.47 ± 0.68) (Fig. 1).

3.4. Susceptibility of L. plantarum to antibiotics

An important requirement of probiotic strains is that they
should not take genes that confer antibiotic resistance. The anti-
biotic susceptibility of the isolated KCC-24 strain was determined
using various antibiotic agents. The results showed that the isolated
KCC-24 strain was susceptibility to chloramphenicol, nitro-
furantoin, tetracycline, dicloxacillin, ampicillin, cefalexin, cefurox-
ime also resistance to kanamycin, sulphafurazole, colistin methane
sulphonate, amikacin, gentamicin, cefoxitin, and co-Trimoxazole
(Table 3). Further, the isolated L. plantarum KCC-24 produced a
significant amount of fermentative acids such as lactic acid, acetic
acid and succinic acid (Table 4).

3.5. Probiotic properties of isolated L. plantarum KCC-24

We have analyzed the survival ability of KCC-24 in low pH and
bile salt environmental conditions because as a probiotic must be
survived in the low pH and bile salts conditions in digestive tract.
L. plantarum KCC-24 was survived in the acidic conditions such as
pH 5.7, 4.0, 3.0, and 2.0 after 3 h of incubation (Fig. 2a). No viable
cells were found at 1.5 pH. However, the bacterial count did not
change within 1 h at pH 5.7 to 2.0. The L. plantarum KCC-24 showed
significant resistance property against gastric juice stress (Fig. 2b).
For bile salts tolerant study, we used oxgall (0.3%) and sodium
taurocholate (0.3%). The results showed that the KCC-24 had ability
to grow in the presence of bile salts (Fig. 2c).
Table 2
Intra and extra cellular enzyme production by isolated L. plantarum KCC-24.

Intra and extra cellular enzymes L. plantarum KCC-24

Alkaline phosphatase þþ
Esterase (C4) þþ
Esterase lipase (C8) þþ
Lipase (C14) þþ
Leucine arylamidase þþþ
Valine arylamidase þþþ
Cystine arylamidase þþ
Trypsin þþ
a-Chymotrypsin þþ
Acid phosphatase þþþ
Naphthol-AS-biphosphohydrolase þþþ
a-Galactosidase þþþ
b-Galactosidase þþþ
b-Glucuronidase þþþ
a-Glucosidase þþþ
b-Glucosidase þþþ
N-acetyl-b-glucosaminidase þþþ
a-Mannosidase þ
a-Fucosidase þ

þ Weak production; þþModerate production; þþþ Strong production.



Fig. 1. Inhibition of A. fumigatus, P. chrysogenum, P. roqueforti, B. elliptica and F. oxysporum growth by isolated L. plantarum KCC-24.
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3.6. Proteolytic activity of L. plantarum KCC-24

The proteolytic activity of isolated L. plantarum KCC-24 was
analyzed on an agar plate containing skim milk. The L. plantarum
showed proteolytic activity by forming a clear zone on the skim
milk medium (Fig. 3).

3.7. Sedimentation rate and cell surface hydrophobicity

The aggregation and hydrophobicity properties were used to
determine the interaction ability of bacteria with epithelial cells
and desirable bacteria. As shown in Fig. 4, the isolated L. plantarum
KCC-24 revealed strong auto-aggregation property of 50e73 % after
3 h incubation period. Furthermore, we analyzed cell surface hy-
drophobicity using xylene and chloroform. Based on the results,
L. plantarum exhibited a significant cell surface hydrophobicity in
xylene (41.13%) and chloroform (24.17%).

3.8. Antioxidant activity of L. plantarum KCC-24

Fig. 5a shows the DPPH radical scavenging activity of isolated
L. plantarum KCC-24 cells free extract. The scavenging activity of cell
free extract significantly increased in a dose dependent manner.
This result was comparable with ascorbic acid. From the results, we
concluded that the DPPH radical scavenging property of
L. plantarum may be due to the production of secondary metabo-
lites. Fig. 5b shows the impact of H2O2 on the viability of isolated
bacteria of L. plantarum KCC-24 showed moderate resistance
against various concentrations of H2O2.

4. Discussion

L. plantarum is a gram positive, non pathogenic, lactic acid
producing bacteria, and have already exhibited several functions of
a probiotic bacteria, such as existing in human gastrointestinal tract
and saliva [19]. It is generally found in fermented food products,
considered a harmless (GRAS- generally recognized as safe) micro-
organism for human consumption [20] and also plays an important
role in the food products. Because of these properties, several re-
searchers have been paying attention to lactic acid producing
bacteria such as L. plantarum as a probiotic because of the
increasing demand for probiotic products. In addition, L. plantarum
was shown to possess probiotic properties with a wide range of
health benefits, such as reducting cholesterol, pain, intestinal
infection, regulating the immune system, and alleviating con-
stipation [21]. At present, only a few of lactic acid producing bac-
terial strains such as L. plantarum 299v and L. plantarum Lp01 are
commercially available for probiotic applications and these strains
have been clinically proven to have probiotic properties in human
intestinal tract [22].

The growing concern about human pathogens is a major issue
worldwide. Therefore, searching for new antimicrobial compounds
to treat pathogens is an important task. Many researchers have
established the antifungal efficacy of lactic acid producing bacteria
against several strains of fungi s by using the disc diffusion method.
We examined the antifungal activity of isolated L. plantarum against
A. fumigatus, P. chrysogenum, P. roqueforti, and Botrytis elliptic and
F. oxysporum. KCC-24 exhibited strong fungal growth inhibition
against A. fumigatus followed by P. chrysogenum, P. roqueforti, and F.
oxysporum and B. elliptic. Generally, antimicrobial activity has been
attributed to the production of various antimicrobial substance or
metabolites such as organic acids, H2O2, ethanol, acetoin and bac-
teriocins etc. Among these, lactic acid, acetic acid, H2O2 and bac-
teriocins are the most powerful antimicrobial agents which are
produced by the probiotics [23]. The present study, KCC-24 pro-
duced a significant amount of lactic acid, succinic acid and acetic
acid. It is an important reason behind this antifungal activity of
KCC-24.

One of the important required properties for acting as a good
probiotic strains is their safety for human consumption without
harboring acquired and transferable antibiotic resistance [24]. The
present study, KCC-24 strain exhibited a susceptibility to chlor-
amphenicol, nitrofurantoin, tetracycline, dicloxacillin, ampicillin,
cefalexin, cefuroxime also resistance to kanamycin, sulphafurazole,
colistin methane sulphonate, amikacin, gentamicin, cefoxitin, and
co-Trimoxazole. Generally, lactobacillus strains exhibited resistance
to amino glycoside group antibiotic such as gentamicin, kanamycin,
neomycin, streptomycin and susceptibility to penicillin, ampicillin,
erythromycin, novobiocin Chloramphenicol, rifampin, tetracycline
antibiotics. KCC-24 showed similar susceptibility patterns to those
of pervious investigations [24,25]. Hydrolysis of milk casein into
smaller peptides and free amino acids by the action of the bacterial
protease and peptidases are playing an important role chess
ripening industries [26]. Present study, L. plantarum KCC-24 pro-
duced different types of proteolytic and glycolytic enzymes. This
could be useful in the fermented food products related industries.

One more important criteria need to be met for a probiotic or-
ganism is their resistance to low pH of GI tract [27]. Generally
bacteria are very sensitive to the low pH in the stomach [28], but a
number of lactic acid producing bacteria can survive and grow in
the lower pH because the transport lactic acid and protons to the
cell's exterior. Present results showed that the isolated L. plantarum
KCC-24 had significant tolerant property against low pH. Our study
result was supported by Goldin et al. [29] reported that the



Table 3
Antibiotic susceptibility of isolated L. plantarum KCC-24.

Name of antibiotics Disc potency
(mg)

Susceptibility by L. plantarum
KCC-24

Chloramphenicol (C) 50 S
Kanamycin (K) 30 R
Nitrofurantoin (NIT) 50 S
Tetracycline (TE) 100 S
Streptomycin (S) 25 R
Sulphafurazole (SF) 300 R
Colistin methane sulphonate

(CL)
100 R

Dicloxacillin (D/C) 1 S
Ampicillin (AMP) 10 S
Amikacin (AK) 30 R
Gentamicin (GEN) 10 R
Cefoxitin (CX) 30 R
Cefalexin (CN) 30 M
Cefuroxime (CXM) 30 S
Co-Trimoxazole (COT) 25 R

<8 mm Moderate ¼ M; > 10 mm Susceptibility ¼ S; R ¼ Resistant.

Table 4
Fermentative acids production of isolated Lactobacillus plantarum KCC-24.

Name of fermentative
acids

Aerobic condition (mg/
mL)

Micro-aerobic condition (mg/
mL)

Lactic acid 124.90 ± 0.77 160.71 ± 2.25
Acetic acid 23.87 ± 0.93 25.68 ± 1.25
Succinic acid 3.624 ± 0.15 2.25 ± 0.16

The results are expressed as mean ± SD of three replicates.

Fig. 2. a Showed the effects of acidity on the viability of L. plantarum KCC-24 at pH 2.0, 3.0, 4.0 and 5.7 after 0 min and 3 h. b showed the resistance to the stimulated gastric juice at
pH 2 & 3 for 0 min and 3 h interval. c revealed the tolerance to bile salts at various time intervals. The results were expressed as mean of three replicates ± STD. abdifferent letters
within treatment represent significant difference (p < 0.05).

Fig. 3. Proteolytic activity of L. plantarum KCC-24 was observed on skim milk.
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Lactobacillus GG survived at pH 3 for 4 h incubation. Charteris et al.
[12] demonstrated that Lactobacillus GG could grow at pH 2.3 for
3 h. The L. plantarum KCC-24 had ability to survive in the artificial
gastric juices stress conditions. These results suggested the isolated
L. plantarum had survival ability against harsh condition of
digestive systems and these results agree with those of Turchi et al.
[30]. Resistance to bile salts is an important property required for
LAB to be functionally effective in the small intestine, and plays an
important role in the gut's defense mechanism [31]. The
L. plantarum KCC-24 exhibited a significant bile salts tolerant
property. It suggested that the KCC-24 had ability to grow in the
intestinal conditions.

The isolated L. plantarum KCC-24 exhibited proteolytic activity
by releasing protease enzyme, which was confirmed by the for-
mation of a clear zone on the medium. During the fermentation
process, milk protein was hydrolyzed by proteolytic enzymes such
as proteinases and peptidases, enhancing the amount of free amino
groups and peptidase. Amino acids and peptidases levels are low in
milk, so the probiotic bacterium depends on the proteolytic system



Fig. 4. Ability of L. plantarum KCC-24 on auto-aggregation and cell surface hydro-
phobicity. The results were expressed as mean of three replicates ± STD. abdifferent
letters within treatment represent significant difference (p < 0.05).

Fig. 5. a DPPH radical scavenging activity of L. plantarum KCC-24, b resistant of L. plantarum KCC-24 against H2O2 treatment. The results were expressed as mean of three
replicates ± STD.
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in the growth medium. Christensen and Steele [32] reported that
impairment in the growth rate in milk is due to the loss of pro-
teolytic enzymatic activity.

Cell adhesion may be defined as process by which interaction
between the cell surfaces and membranes of the other micro-
organism. The ability to adhere to epithelial cells and mucosal
surface is another important property in the selection of potential
probiotic micro-organisms. It plays an important role in the
removal of pathogens [33] and immunomodulation [34]. Classes of
bacterial surface structures are involved in the aggregation with
bacteria of the same strain. The present study, isolated L. plantarum
KCC-24 showed potent auto-aggregation and it may play an
important role in the preventing pathogenic bacteria from forming
biofilms and in eliminating them from the GI tract. Cell surface
hydrophobicity is a vital mechanism mainly involved in the auto-
aggregation process. In this study, the isolated L. plantarum KCC-
24 showed significant cell surface hydrophobicity. Generally,
Lactobacillus bacteria with a high negatively charged cell surface
has minimal adherence, whereas a cell surface with a low negative
charge will strongly adhere. An increased concentration of salt ions
decreases the number of water molecules to interact with the
bacterial cell wall.

Free radicals may be defined as unavoidable molecules (end
product) produced during normal metabolism. They are highly
unstable, reactive, and can oxidize biomolecules, which results in
oxidative damage. An antioxidant defense mechanism is important
mechanism to scavenge free radicals. The DPPH radical assay is
commonly used to detect free radical scavenging activity [35]. The
present study, cell free supernatant of KCC-24 showed significant
free radical scavenging activity in a concentration dependent
manner. It confirmed that the free radical scavenging activity of
KCC-24.

In summary, L. plantarum KCC-24 showed significant antifungal
activity against various pathogens, and displayed all of the prop-
erties of a probiotic, including resistance to pH, gastric juice, and
bile salts in conditions mimicking the gastrointestinal tract.
Furthermore, L. plantarum KCC-24 showed strong aggregation ac-
tivity, which is related to its ability to adhere. Additionally,
L. plantarum KCC-24 demonstrated the antioxidant activities by
DPPH radical scavenging and resistance to hydrogen peroxide. To
the best of our knowledge, L. plantarum KCC-24 isolated and char-
acterized from Italian rye-grass forage met all the criteria required
for consideration as a potential of probiotic. Therefore, L. plantarum
KCC-24 could be useful for developing the quality food for ruminant
animals and human.
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