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ABSTRACT

Potential probiotic bacteria can be used as a biotherapeutic agent and a sustainable alternative to antibi-
otics, as an anti-oxidative, anti-inflammatory, and anti-diabetic agent without causing any serious side
effects. Mostly human-friendly Lactic acid bacteria (LAB) have been isolated from the animal-human ori-
gin to be used as biotherapeutic agents or to produce useful metabolites (nutraceutical). However, less
information is known about the role of medicinal plants associated LAB as biotherapeutic agents. The iso-
lation of 115 human-friendly Lactobacillus strains was done from the rhizosphere of the medicinal plants
Ocimum tenuiflorum, Azadirachta indica, Ficus carica. The obtained bacteria were then tested for their safe
status before being using it for a beneficial purpose. Out of 115 strains, 29 (25%) were negative for blood
hemolytic activities. Among these 29 isolates, three isolates did not show a breakdown of gelatin and were
recognized as safe. Antibiotic resistance assay showed resistance of two of them against antibiotics discs of
Streptomycin (10 pg), Ciprofloxacin (20 pg), Vancomycin (30 pg), Metronidazole (10 pg), Ampicillin (5 pg),
Chloramphenicol (30 pg), Kanamycin (30 pg), Erythromycin (15 pg), Penicillin (10 pg) and Tetracycline
(30 ng). The bacterial isolate (T-2) was found safe that was identified as Lactobacillus agilis by sequence
analysis of 16 s rRNA gene and processed in vitro as an anti-bacterial, anti-oxidant, anti-diabetic, and
anti-inflammatory agent. Free radical scavenging activities and inhibition of a-amylase activities for
Lactobacillus agilis were found relative to standard drug values as 68% and 73% and 51.3% and 65.3%,
respectively. The in-vitro anti-inflammatory assay showed 61.6% (Lactobacillus agilis) while showed 69%
(aspirin) activity for denaturation albumin protein. The results suggested that Lactobacillus agilis can be
used as a potential probiotic strain as well as can be used to produce nutraceuticals.
© 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Probiotics are used as food additives that have beneficial effects
on the healthy body by setting microbial balance in the gastroin-
testinal tract. According to scientific reports, probiotics have anti-
allergic and anticancer effects, cholesterol-lowering effects,
improvement of host immune response, treating irritable bowel
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syndrome and improving intestinal inflammation (Shokryazdan
et al.,, 2014). These probiotics strains have been collected directly
from the gastrointestinal tract (GIT) or other sources such as feces
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and milk. The most common organism used in the essential prepa-
ration of probiotics is the lactic acid bacteria (LAB), which is also
part of the natural flora of organism GIT system and is considered
safe according to Food and Drug Administration (FDA) (Fijan,
2014). They are a group of non-sporulating, Gram-positive, anaer-
obic, or facultative aerobic, cocci or rods, which produce lactic acid
(Zheng et al., 2020).

The LAB helps to induce an immune response and reduce/in-
hibit the pathogens through several mechanisms. Many studies
reported o-glucosidase inhibition activity (Khan et al., 2017), pro-
duction of bacteriocins (protein compounds) which have antago-
nistic potential against pathogenic bacteria, and a different
degradation system in the digestive system (Hawaz, 2014).
Hernandez-Gonzalez et al. (2021) also studied the antimicrobial,
probiotics, and immunomodulatory potential of LAB in veterinary
medicine. Moreover, several studies have documented the antibac-
terial effects of probiotics as antagonistic bacteria against Gram-
negative and Gram-positive pathogenic bacteria such as E. coli, P.
aeruginosa and S. aureus and proved that probiotics can be used
as antimicrobial agents instead of antibiotics to minimize antibi-
otics resistance (Sharafi et al., 2013).

Diabetes mellitus is caused by insulin deficiency, hyper-
glycemia and sugar, fat, and protein metabolism dysfunctions
(Vieira et al., 2019). The data from 1980 to 2014 shows a world-
wide increase in diabetes from 108 million to 422 million respec-
tively. Global prevalence rose from 4.7% in 1980 to 8.5% in 2014.
In 2012, 2.2 million deaths were reported before age of 70 due to
hyperglycemia in blood similarly in 2016, approximately, 1.6 mil-
lion death were caused by diabetes (World Health Organization,
2017). Additional health problems experienced by diabetic
patients like blindness, kidney failure, heart attacks, amputation
of the lower limb (Papatheodorou et al., 2017).

Type-2 diabetes happens due to an increase in blood glucose
level and reactive oxygen species (ROS), which leads to cell mal-
functioning and insulin resistance (Asmat et al, 2016;
Hannoodee & Nasuruddin, 2020). According to the World Health
Organisation (WHO) report, about 70-80% of the world’s popula-
tion rely on non-conventional medicine mainly from herbal
sources. Its demand is increasing gradually in developing countries
(Wirtz et al., 2017). Therefore, the use of safe, natural, and eco-
nomic alternatives like the use of probiotics can be used to cope
with these issues. Chen et al. (2020) evaluated the safe status of
Lactococcus lactis and Leuconostoc lactis strains and further exam-
ined the strains via in vitro tests for antimicrobial activity, cell sur-
face characteristics, heat treatment, antibiotic susceptibility, and
acid/bile tolerance.

A survey of the literature showed no systemic approach has
been made to evaluate the antibacterial, antioxidant, anti-
inflammatory and anti-diabetic potential of Lactobacillus agilis
in vitro. The present study involves the determination of the
antibacterial activity of L. agilis by growth inhibition of the patho-
genic bacteria, antioxidant by scavenging potential of free radical,
anti-inflammatory activity by inhibition of albumin denaturation
and anti-diabetic potential by inhibition o. amylase activity. This
study was aimed at the isolation of safe Lactobacillus species from
the rhizosphere of the Ocimum tenuiflorum (Tulsi), Azadirachta
indica (Neem), Ficus carica (Anjeer), which were tested in vitro for
their beneficial effects.

2. Materials and methods

2.1. Sample collection

Rhizospheric soil (10--20 cm depth) samples of Ocimum tenui-
florum (Tulsi), were collected from Bannu (32.9910° N, 70.6455° E),
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Bhakkar (31.6082° N, 71.0854° E), Islamabad (33.6844° N, 73.0479°
E), Mian wali (32.5839° N, 71.5370° E) and Multan (30.1575°
N,71.5249° E) (03 from each site) in March. The rhizosphere soil
of Ficus carica was obtained from Bannu, Mian wali and Muree
(33.907774° N, 73.3915° E) while, soil samples of Azadirachta indica
(Nim/ margosa/ nimtree/ indian lilac) were collected from Islam-
abad, Mian wali, Bakhar and Sahiwal (30.677717° N, 73.106812°
E). These samples were stored in zipper bags and transported to
lab in ice for further processing.

2.2. Isolation of Lactobacillus from the rhizosphere of medicinal plants

Each (1 g) of soil sample collected from the rhizospheric regions
was serially diluted up to 107!, 102, 103, 104, 10°. Dilutions were
spread (50 pL) on MRS agar media (selective for Lactobacillus spe-
cies) (De Man et al.,, 1960). Plates were incubated for 24 h at
32 °C. After incubation, individual colonies were again subcultured
on MRS agar and incubated at 32 °C for 24 h to get pure colonies of
each isolate. All the obtained isolates were observed for colony
morphology and Gram staining was performed.

2.3. Characterization of Lactobacillus isolates for their safe status

Safe status of the isolated bacterial strains was confirmed by the
following assays before using it for useful purpose.

2.3.1. Blood hemolytic test

Blood hemolytic assays according to the protocol of Harrigan
were performed (Harrigan, 1998). Colonies were inoculated on
the blood agar media and plates were incubated for 24 h at
32 °C. After incubation, the bacterial colonies were checked for
blood hemolysis forming a clear zone on media.

2.3.2. Gelatinase and DNase tests

Gelatinase and DNase tests were performed by culturing the
bacterial colonies on gelatin agar media and DNase agar media
for 24 h at 32 °C (Gupta & Malik, 2007). The isolates positive for
gelatinase and DNase enzyme showed clear zones on media.

2.3.3. Antibiotic resistance assay

Antibiotic resistance assays were performed by disc diffusion
method according to the protocol of Thirabunyanon et al., (2009).
The three isolates were spread on Muller Hinton agar plates sepa-
rately. Antibiotics discs of Streptomycin (10 pg), Ciprofloxacin
(20 pg), Vancomycin (30 pg), Metronidazole (10 pg), Ampicillin
(5 pg), Chloramphenicol (30 pg), Kanamycin (30 pg), Erythromycin
(15 pg), Penicillin (10 pg) and Tetracycline (30 pg) were used
against each isolates. These assays were done in triplicates after
incubation for 24 h at 37 °C. The selection was done based on
the zones diameter. The larger zone (mm) area showed sensitive
strain (no resistance) while smaller zone area meant more resis-
tance. The isolates showing high percentage of resistance to antibi-
otics were also excluded.

2.4. Molecular identification

Potential isolates of the bacteria were selected based on the
above-performed assays. For molecular identification, the genome
of the isolate was extracted through the CTAB method. According
to the protocol of Ahmad et al. (2008) universal primer P1 (5’-PA
GAGTTTGATCCTGGTCAGAACGAACGCT-3’) and P6 (5-TACGGC
TACCTTGTTACGACTTCACCCC — 3'), was used to amplify the 16S
rRNA gene. The amplified product of the isolate was sequenced
by MACROGEN (Seoul, Korea). The gene sequences were then
assembled using BioEdit software as described by Hall (Hall,
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1999). The identified sequences were submitted for accession
number to NCBI (National center for biotechnology information).

2.5. Phylogenetics analysis

Evolutionary analyses were conducted in MEGA X according to
Kumar et al (2018). To construct a Phylogenetic tree, the sequence
was Blast for the most similar sequences. The most similar
sequences were retrieved from NCBI in FASTA format and aligned
using Mega X software. Mega X was used for tree construction
using MSA data. The evolutionary history was inferred by using
the Maximum Likelihood method and Tamura-Nei model
(Tamura & Nai, 1993).

2.6. In vitro assays of L. agilis NMCC-15

2.6.1. Antibacterial properties

Antagonistic activity of L. agilis NMCC-15 was determined
against pathogenic strains of Escherichia coli (ATCC8739), Pseu-
domonas  aeruginosa  (ATCC9027), Staphylococcus  aureus
(ATCC6538), Listeria monocytogenes (ATCC13932) and Bacillus cer-
eus (ATTCC11778). The screened isolates were cultured on MRS
broth at 35 °C for 5 days on a rotary shaker. Antibacterial assay
of the crude supernatant from culture was done using the well dif-
fusion method (Kimura et al., 1998). The pathogenic cultures were
spread on Muller Hinton agar (MHA) media. MHA plates were then
punched using a sterilized cork borer to make wells at equal inter-
vals. Thereafter, 150 pL of each rhizobacterial supernatant from
fermented culture was poured into wells. Plates were incubated
at 35 °C £ 2 for 24 h. This assay was done in triplicates. Zones of
inhibition in millimeters were measured as mean values. Accord-
ing to the diameter of the inhibition zone, the antipathogen activ-
ity was classified into strong (diameter > 20 mm), moderate
(diameter > 10 mm), and weak (diameter < 10 mm).

2.6.2. Antioxidant activity

Antioxidant activity of L. agilis NMCC-15 was tested by using
DPPH (2,2-diphenylpicrylhydrazyl) as a free radical using the
method of (Farzana et al., 2011). For free radical solution, DPPH
of 0.003 g was dissolved in 100 mL of methanol. The volume of
200 pL from the supernatant (L. agilis broth culture) was added
to 800 uL of DPPH solution. The same solution was made for ascor-
bic acid as standard. Both the solution was then kept for 30 min at
37 °C. Scavenging or the inhibition of free radicals by the super-
natant and ascorbic acids were measured at 517 nm by a UV-vis-
ible spectrophotometer. This assay was repeated three times and
the mean value was calculated by using the given formula:

Inhibition (%) = [(Absorbance of control — Absorbance of tests)/
Absorbance of control] x 100

2.6.3. Antidiabetic activity

Antidiabetic activity (Inhibition of a-amylase activity) of L. agilis
NMCC-15 (MK614016) was done through o-amylase inhibition
assay by following the method of Sathiavelu et al. (2013). Volume
500 pL of supernatant (Lactobacillus agilis broth culture) was added
to 500 pL volume of phosphate buffer solution containing o-
amylase. The same solution was made for sitagliptin as standard.
After incubation for 10 min at 25 °C, both the mixtures were trea-
ted with dinitrosalicylic acid (DNSA). Treated mixtures were kept
at boiling point in the water bath for 5 min and then cooled at
room temperature. Thereafter, 10 mL of dH,0 was added to both
mixtures, and absorbance was measured for both mixtures at
540 nm using UV-visible spectrophotometer. This assay was
repeated three times and the mean value was calculated. Percent-
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age inhibition% was calculated by the method of Oboh et al,
(2012).

% Inhibition = [(Absorbance of Control — Absorbance of tests)/
Absorbance of Control] x 100

2.6.4. Anti-inflammatory activity

Anti-inflammatory activity of the L. agilis NMCC-15 was per-
formed in vitro with the modified protocol of Sakat et al., (2010)
by inhibition of albumin denaturation assay. A reaction mixture
of the culture supernatant (500 pL/mL) and an aqueous solution
of bovine albumin fraction (1%) was prepared. In the same ratio,
a mixture of aspirin was prepared as standard. The mixtures were
kept at room temperature for 20 min and then were heated up to
51 °C for 20 min to induce inflammation. The mixtures were then
allowed to cool down and then turbidity of albumin protein was
measured in both the mixtures at 660 nm via UV-visible spec-
trophotometer. This assay was repeated three times and the mean
value was calculated.

Percentage Inhibition% was calculated from the mean value as:

% inhibition = [(Absorbance of control — Absorbance of tests)/
Absorbance of control] x 100

2.7. Statistical analysis

Statistical analysis of the data set was performed using software
Statistix version 8.1. The variation in the data set in triplicates was
analyzed using the technique ANOVA (analysis of variance). Stan-
dard error was calculated between three replicates of each treat-
ment. Comparison between the treatments was done using the
least significant difference (LSD) at p = 0.05.

3. Results
3.1. Isolation

Initially, 115 isolates were obtained from the sub culturing of
samples on MRS agar which were different biochemically and mor-
phologically. Fig. S1 indicates the distribution of bacterial strains
from the rhizosphere of Ocimum tenuiflorum, Azadirachta indica,
Ficus carica. All were found to be Gram'’s-positive, catalase-
negative and oxidase-positive. Morphologically, all the strains var-
ied in their color (creamy/white), shapes (circular/ rods), surface
with the surface (smooth/rough).

3.2. Safe status assays

To exclude potentially harmful bacterial strains, testing of safe
status was done before selection of bacterial strains for human as
probiotics. All the 115 isolates that were obtained after subcultur-
ing were negative for the DNase enzyme. These isolates were then
tested for blood hemolytic properties, out of 115 strains 29 (25%)
were negative for blood hemolytic activities and the 86 isolates
showed blood hemolysis effects, therefore, these positive strains
were excluded from the study. The 29 strains were then tested
for the presence of gelatinase, out of which 26 isolates break down
gelatin and such isolates were also excluded. In the end, three (03)
isolates were recognized as safe and all these were isolated from
rhizospheric samples of Ocimum tenuiflorum, having no such prop-
erties to degrade DNA, blood and gelatin (Fig. S2).
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3.3. Antibiotic susceptibility
. 5 & g
% T S 3 £ The antibiotic susceptibility of the selected three isolates
3 @ N b & against the high consumption of clinically important antibiotics
) . . R
Bln S = g was assessed based on the formation of inhibition zones (Table 1).
[l 32l — o . .
£ The results were expressed as to select the strain which shows less
5 = or no resistance to antibiotics. Table 1 shows that strain T-2
< E g (NMCC-15) is more sensitive to antibiotics as compared to strain
2l 2 3 % A-1 and N-3 and hence strain A-1 and N-3 were excluded.
2l s >
Elv & = 5 3.4. Molecular analysis
a | o — < =
k=
& & The amplification and sequence analysis of the 16S rRNA gene
< E g of screened bacterial isolate NMCC-15 showed a partial 641 bp
Clp= 3 3 g sequence length of the 16S rRNA gene. The sequence was BLAST
n | g s 3 ) in NCBI which showed 99.69% to L. agilis strain JCM 1187 16S ribo-
z X = - g somal RNA (Fig. 1). The strain was submitted to GenBank as L. agilis
gl & F P strain NMCC-15 16S ribosomal RNA gene, partial sequence. The
- = accession no. obtained for L. agilis strain NMCC-15 was MK614016.
Q S
s/ 3 B 5
29 2 < = 3.5. Evolutionary analysis by maximum likelihood method
o | o [} -
213 * o m
g h 5 - : The tree with the highest log likelihood (—143025.57) is shown.
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®|8 3 & 8 pairwise distances estimated using the Tamura-Nei model, an
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ol I 2 < g Th is d 1 ith b h 1 h d in th
2= 2 05 g number of substitutions per site. This analysis involved 101
el L = nucleotide sequences. There were a total of 1573 positions in the
T & final dataset. The tree shows that L. agilis NMCC-15 is more closely
o < é E related to L. hordei strain UCC128, L. oligofermentans strain
B A 3 g 2 AMKR18, Pediococcus parvulus strain S-182 and L. herbarum strain
g 9 2 g TCF032-E4 (Fig. 2).
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Elh = 3 S 3.6. In-vitro antibacterial assay
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2l=|/8 3z 8 g NMCC-15 to kill hibit th h of the b 1 path
Szl S I = scherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Lis-
2|8 = 3 5 Escherichia coli, Pseud, Staphyl L
£ =S @ < S teria monocytogenes and Bacillus cereus (Fig. 3). The antibacterial
“f g 8 2 ; results showed the significant marked antagonistic activity of L.
g 5 agilis -15 to kill or inhibit the growth of all the tested bacte-
g oo v s ilis NMCC-15 to kill or inhibit th h of all th db
z & = rial pathogens. The L. agilis NMCC-15 showed maximum inhibitory
2 & g tivity against Escherichia coli and Staphyl
= < & 3 activity against Escherichia coli and Staphylococcus aureus.
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Slols 2 2 v o o .
E|2 S I 3 3.6.1. Antioxidant, anti-diabetic, and anti-inflammatory assays
i Elrpn = = Table 2 represents the results of the antioxidant, antidiabetic,
gl|7|e?- v 2 and anti-inflammatory activities of L. agilis NMCC-15. Supernatant
3 T o< 3 é from the broth culture of L. agilis NMCC-15 showed varying effects
2 |5 E S & S on inhibition of free radical, a-amylase and albumin protein
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Slslg S 2 5 denaturation.
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= =l ™M © (= = .. .. ors
§ Sl o 2 = 3.6.2. Antioxidant activity of L. agilis
o < = Results of antioxidant assay suggested the potential of Lacto-
f — S 8 g bacillus agilis NMCC-15 as an antioxidant. Percentage inhibition
° | g = < § z of the free radical from the mean values showed the comparable
% _i 2 a H = effects of L. agilis supernatant to the standard drug with values
alg|ld = 2 _ _§ 68% and 73%, respectively.
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2 D |858E5.2:2%8 ¢ 3.6.3. Anti-diabetic activities of L. agilis
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2 g gl & =z 29”7 f ToxaErE dard Sitagliptin drug) showed significant inhibition of a-amylase
e < activities with 51.3 and 65.3, respectively. These results showed
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Description

Lactobacillus agilis strain JCM 1187 16S ribosomal RNA,_partial sequence

Lactobacillus agilis strain DSM 20509 16S ribosomal RNA, partial sequence

Lactobacillus satsumensis strain NRIC 0604 16S ribosomal RNA, partial sequence

Lactobacillus ruminis strain NBRC 102161 16S ribosomal RNA, partial sequence

Lactobacillus oeni strain 59b 16S ribosomal RNA, partial sequence

Lactobacillus sucicola strain NRIC 0736 16S ribosomal RNA, partial sequence

Lactobacillus mali KCTC 3596 = DSM 20444 strain NBRC 102159 16S ribosomal RNA partial sequence

Saudi Journal of Biological Sciences 28 (2021) 6069-6076

Lactobacillus aquaticus strain IMCC1736 16S ribosomal RNA, partial sequence

Lactobacillus uvarum DSM 19971 strain 8 16S ribosomal RNA, partial sequence

Lactobacillus salivarius strain JCM 1231 16S ribosomal RNA, partial sequence

[CE<E<N<N<B<N<N<H<N<]

ST NS Sl\lax Total Query E Per. Acc. P
v cgre Scire Co:/yer valvue Idint Lg_p
Ligilactobacillus agilis 1175 1175 100% 0.0 99.69% 1485 NR 1132591
Ligilactobacillus agilis 1129 1129 100% 00 97.82% 1511 NR_0447002
Lactobacillus satsumensis 928 928 95% 00 9397% 1556 NR_028658.1
Ligilactobacillus ruminis MM 911 97% 00 93.10% 1488 NR_041611.1
Lactobacillus oeni 909 909 94% 00 93.75% 1556 NR_043095.1
Lactobacillus sucicola 907 907 94% 00 9361% 1503 NR_1127851
Lactobacillus mali KCTC 3 904 904 93% 0.0 93.84% 1485 NR_112691.1
Lactobacillus aquaticus 904 904 93% 0.0 93.84% 1528 NR_115847.1
Lactobacillus uvarum DS 900 900 93% 00 93.82% 1520 NR_115308.1
Ligilactobacillus salivarius 898 898 94% 00 93.55% 1486 NR_112759.1

Fig. 1. BLAST results shows the similarity to Lactobacillus agilis.

that L. agilis inhibited the activities of the o.-amylase (anti-diabetic
potential) by 51.3% than control.

3.6.4. Anti-inflammatory activities of L. agilis

Results for the denaturation albumin protein (anti-
inflammatory) showed the pronounced anti-inflammatory effects
for both L. agilis supernatant and aspirin (standard drug). The
supernatant of L. agilis showed 61.6% while aspirin showed 69%
activity for denaturation albumin protein.

4. Discussion

Probiotics have been used as nutraceuticals but their safe status
for human health must be assured before their use as ecofriendly
gut bacteria. Plenty of probiotic strains are currently available in
markets, using the accessible alternative resource to isolate and
develop new enhanced probiotic strains with valuable medical sig-
nificance is a successful way to develop new better probiotic
strains (Halder et al., 2017). Information is still scanty about the
potential of medicinal plants associated with lactobacillus strains
as nutraceuticals. Therefore, the current study focuses on the isola-
tion, molecular identification and characterization of medicinal
plants associated with rhizobacteria for their safe status for human
consumption. Moreover, the safe strains that showed less antibi-
otic resistance were identified as L. agilis NMCC-15 based upon
16S rRNA gene sequencing. To our knowledge, this is the first
report for L. agilis NMCC-15 associated with the rhizosphere of
medicinal plants for their significant potential as anti-
inflammatory, anti-diabetic, antioxidant, and antagonist against
lethal human pathogens.

The probiotic bacteria must be incapable of causing hemolysis
and gelatin liquefaction in the human host. All the lactobacillus
strains isolated from the rhizosphere of medicinal plants were
measured by blood haemolytic test, gelatinase, DNase tests and
antibiotic resistance assay to exclude the strains that are not safe.
Somashekaraiah et al., (2019) excluded those lactic acid bacteria
which possess blood haemolytic, gelatinase, DNase test properties.

In this study antibiotic sensitivity of the L. agilis NMCC-15
against the tested antibiotics Streptomycin (10 pg), Ciprofloxacin
(20 pg), Vancomycin (30 pg), Metronidazole (10 pg), Ampicillin
(5 pg), Chloramphenicol (30 pg), Kanamycin (30 pg), Erythromycin
(15 pg), Penicillin (10 pg) and Tetracycline (30 pug) was noted which
showed that the strain is not resistant to antibiotics.

According to the WHO/FAO (food and agriculture organisation),
the true probiotics should present their antimicrobial actions par-
ticularly to the pathogens in the GI system. Probiotics have been
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used as growth promoters to replace the widely used antibiotics
and synthetic chemical feed supplements (AFRC, 1989). Lactobacilli
are highly competitive due to their production of several antimi-
crobial compounds such as organic acids, ethanol, diacetyl, carbon
dioxide, hydrogen peroxide and bacteriocins (Reis et al., 2012).

Results exhibited the positive antibacterial activity of the L. agi-
lis NMCC-15 against E. coli, P. aeruginosa, S. aureus, Listeria monocy-
togenes and B. cereus. The inhibitory characteristics of probiotics
against pathogens can be considered as their most important
health-promoting properties (Gerez et al., 2013). These results
were in accordance with Prieto et al., (2012) who reported antibac-
terial activities of bacterial strains B. cereus, B. licheniformis, B. sub-
tilis and B. pumilus isolated from marine plants against P.
aeruginosa, S. aureus, S. enterica, B. sp., Proteus vulgaris, E. coli, and
S. typhimurium. Similar, results were reported by Weschenfelder
et al.,, (2018) who prepared a kefir and assessed its antagonistic
activity against S. aureus and E. coli.

Antioxidant enzymes are regarded as important enzymatic
defense systems against oxidative stress in LAB. L. agilis NMCC-
15 also showed antioxidant properties against free radicals. In
accordance to our finds, L. plantarum AR113, AR269, AR300,
AR501, and P. pentosaceus AR243 exhibited strong resistance to
hydrogen peroxide (Antolovich et al., 2002). In the current study
we found strong anti-oxidant activities of L. agilis NMCC-15. Simi-
lar results were reported by Li et al., (2012) who reported the anti-
oxidant potential of L. plantarum strains isolated from traditional
Chinese fermented foods. The hydroxyl radical and DPPH scaveng-
ing activities of L. plantarum C88 at a dose of 10'° CFU/ml were
maximum against hydrogen peroxide.

LAB is known to release polysaccharides which can prevent the
activity of the enzyme o- glucosidase (Reuben et al., 2020). In this
study, L. agilis NMCC-15 was in vitro screened for the effective anti-
diabetic property. This showed that NMCC-15 strain can inhibit the
activity of a-glucosidase. Muganga et al., (2015) have reported L.
Plantarum, L. acidophilus with antidiabetic potential. Similarly, L.
sakei was reported by Bajpai et al., (2016) and L. brevis by Son
et al., (2017) for effective anti-diabetic properties.

These results further indicate the potential of L. agilis NMCC-15
to be used as anti-inflammatory agents. As reported that L. casei
and L. acidophilus had very reliable anti-inflammatory activity
and thus showed a substantial decrease in the paw thickness of
rats (Amdekar et al., 2012). A study conducted by Ganji-Arjenaki
and Rafieian-Kopaei (2018) also showed that many stains of lacto-
bacillus exhibit the potential to treat inflammatory bowel disease.
The results obtained from the study of L. agilis NMCC-15, suggest
that the tested strain can produce secondary metabolites with
good abilities as antimicrobial, antioxidant, anti-diabetic and
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NR 158060.1 Lactobacillus pentosiphilus strain IWT25 16S ribosomal RNA partial sequonce

NR 114388.1 Lactobacillus silagei JCM 19001 strain IWT126 16S ribosomal RNA partial sequence

NR 158059.1 Lactobacillus silagincola strain IWTS 16S ribosomal RNA partial sequence

NR 135897.1 Lactobacillus mixtipabull strain IWT30 16S ribosomal RNA partial sequence

NR 114251.1 Lactobacillus senmaizukei DSM 21775 = NBRC 103853 16S ribosomal RNA partial sequence

NR 042456.1 Lactobacillus parabrevis strain LMG 11984 16S ribosomal RNA partial sequence

NR 114385.1 Lactobacillus backil strain JCM 18665 16S ribosomal RNA partial sequence

NR 114365.1 Lactobacillus iwatensis strain IWT246 165 ribosomal RNA partial sequence

NR 136786.1 Lactobacillus modostisalitolorans strain NB446 16S ribosomal RNA partial soquence

NR 136785.1 Lactobacillus plajomi strain NBS53 16S ribosomal RNA partial sequence

NR 113338.1 Lactobacillus plantarum strain NBRC 15891 16S ribosomal RNA partial sequence

NR 115605.1 Lactobacillus plantarum strain JCM 1149 16S ribosomal RNA partial sequence

NR 029133.1 Lactobacillus pentosus strain 124-2 16S ribosomal RNA partial sequence

NR 042539.1 Lactobacillus coti strain 142-2 16S ribosomal RNA partial sequence

[ NR 043095.1 Lactobacillus ceni strain 59b 16S ribosomal RNA partial sequence

NR 028658.1 Lactobacillus satsumensis strain NRIC 0604 16S ribosomal RNA partial sequence
NR 114391.1 Lactobacillus faccie strain AFL13-2 16S ribosomal RNA partial soquence

NR 115308.1 Lactobacillus uvarum DSM 19971 strain 8 16S ribosomal RNA partial sequence.

NR 028725.2 Lactobacillus salivarius strain HO 66 165 ribosomal RNA partial scquence

NR 042254.1 Lactobacillus plantarum subsp. argentoratensis strain DKO 22 16S ribosomal RNA partial sequence

NR 042190.1 Lactobacillus suebicus strain CECT 5917 16S ribosomal RNA partial sequence

NR 042232.1 Pediococcus claussenii strain P06 16S ribosomal RNA partial sequence

NR 109538.1 Lactobacillus curieae strain S1L19 16S ribosomal RNA partial sequence

NR 028810.1 Lactobacillus ingluviei strain KR3 165 ribosomal RNA partial sequence
NR 042677.1 Lactobacillus cacaonum strain LMG 24285 16S ribosomal RNA partial sequence
NR 025447.1 Lactobacillus paraplantarum strain DSM 10667 16S ribosomal RNA partial sequence
NR 115847.1 Lactobacillus aquaticus strain IMCC 1736 16S ribosomal RNA partial sequence
NR 042194.1 Lactobacillus tucceti strain CECT 5920 16S ribosomal RNA partial sequence
NR 075029.1 Pediococcus claussenii strain ATCC BAA-344 16S ribosomal RNA partial sequence
NR 041655.1 Lactobacillus capillatus strain YIT 11306 16S ribosomal RNA partial sequence
NR 126193.1 Lactobacillus furfuricola strain JCM 18764 16S ribosomal RNA partial sequence
NR 114790.2 Lactobacillus suebicus strain CCUG 32233 16S ribosomal RNA partial sequence
NR 113922.1 Pediococcus parvulus strain NBRC 100673 16S ribosomal RNA partial sequence
NR 042196.1 Lactobacillus vini strain Mont 4 16S ribosomal RNA partial sequence
NR 024645.1 Lactobacillus collinoides strain JCM1123 16S ribosomal RNA partial sequence
NR 041468.1 Lactobacillus parafarraginis strain NRIC 0677 16S ribosomal RNA partial sequence
NR 112645.1 Lactobacillus similis DSM 23365 = JCM 2765 16S ribosomal RNA partial sequence
NR 112541.1 Lactobacillus vaccinostercus strain NRIC 1075 16S ribosomal RNA partial sequence
NR 115116.1 Lactobacilius parabuchneri strain LMG 11457 16S ribosomal RNA partial sequence
NR 044709.2 Lactobacillus mali KCTC 3596 = DSM 20444 16S ribosomal RNA partial sequence
NR 042087.1 Pediococcus damnosus strain DSM 20331 16S ribosomal RNA partial sequence
NR 125563.1 Lactobacillus nenjiangensis strain 11102 16S ribosomal RNA partial sequence
NR 125561.1 Lactobacillus mudanjiangensis strain 11050 16S ribosomal RNA partial sequence
NR 119275.1 Lactobacillus nagelil strain LUE10 16S ribosomal RNA partial sequence
NR 041007.1 Lactobacillus nagelii strain NRIC 0559 16S ribosomal RNA partial sequence
[NRo'nouJ Lactobacillus coryniformis subsp. torquens strain 30 16S ribosomal RNA partial sequence

NR 044700.2 Lactobacillus agilis strain DSM 20509 165 ribosomal RNA partial sequence
NR 044703.2 Lactobacillus aviarius strain DSM 20655 16S ribosomal RNA partial soquence
NR 112690.1 Lactobacillus plantarum strain NBRC 15891 16S ribosomal RNA partial sequence
NR 029014.1 Lactobacillus rossiac strain CS1 16S ribosomal RNA partial sequence
NR 118975.1 Lactobacillus animalis strain NCDO 2425 16S ribosomal RNA partial sequence
NR 147740.1 Lactobacillus insici strain TMW 1.2011 16S ribosomal RNA partial sequence
NR 043290.1 Pediococcus cellicola strain Z-8 16S ribosomal RNA partial sequence
NR 042231.1 Lactobacillus murinus strain LMG 14189 16S ribosomal RNA partial sequence
E NR 116411.1 Lactobacillus kimchicus JCM 15530 strain DCY51 16S ribosomal RNA partial sequence
NR 041457.1 Lactobacillus cameliiac strain MCH3-1 16S ribosomal RNA partial sequence
NR 042322.1 Lactobacillus paracollinoides strain DSM 15502 16S ribosomal RNA partial sequence
NR 112754.1 Lactobacillus nagelii strain JCM 12492 16S ribosomal RNA partial sequence
NR 024885.1 Lactobacillus selangorensis strain LMG 17710 16S ribosomal RNA partial sequence
NR 041458.1 Pediococcus siamensis strain MCH3-2 16S ribosomal RNA partial sequence
NR 117813.1 Lactobacillus plantarum strain JCM 1149 16S ribosomal RNA partial soquence
NR 042367.1 Lactobacillus apodemi strain ASB1 16S ribosomal RNA partial sequence
NR 042243.1 Lactobacillus hammesii strain type strain: TMW 1.1236 16S ribosomal RNA partial sequence
NR 112755.1 Lactobacillus parabuchneri strain DSM 5707 16S ribosomal RNA partial sequence
NR 114962.1 Lactobacillus parabuchneri strain LMG 11457 16S ribosomal RNA partial sequence
NR 112739.1 Lactobacillus odoratitoful DSM 19909 = JCM 15043 strain YIT 11304 16S ribosomal RNA partial sequence
NR 041584.1 Lactobacillus senmaizukel DSM 21775 = NBRC 103853 strain L13 16S ribosomal RNA partial sequence
NR 109000.1 Lactobacillus xiangfangensis strain 3.1.1 16S ribosomal RNA partial sequence
NR 170423.1 Lactobacillus garii strain FI11369 16S ribosomal RNA partial sequence
NR 028623.1 Lactobacillus equi strain YIT 0455 16S ribosomal RNA partial sequence
NR 043291.2 Pediococcus ethanolidurans strain 2-9 16S ribosomal RNA partial sequence

1NR 041294.1 Lactobacilius parabuchneri strain JCM 12493 16S ribosomal RNA partial sequence

NR 112785.1 Lactobacillus sucicola strain NRIC 0736 16S ribosomal RNA partial sequence

NR 041498.1 Lactobacillus hayakitensis strain KBL13 16S ribosomal RNA partial sequence

NR 024718.1 Lactobacillus acidipiscis strain FS60-1 16S ribosomal RNA partial sequence

NR 112691.1 Lactobacillus mali KCTC 3596 = DSM 20444 strain NBRC 102159 16S ribosomal RNA partial sequence
NR 042394.1 Lactobacillus plantarum strain NRRL B-14768 16S ribosomal RNA partial sequence

NR 104573.1 Lactobacillus plantarum strain CIP 103151 16S ribosomal RNA partial sequence

NR 043896.1 Lactobacillus ghanensis strain L489 16S ribosomal RNA partial sequence

NR 113290.1 Lactobacillus scnioris DSM 24302 = JCM 17472 strain YIT 12364 16S ribosomal RNA partial scquence
lNRms,immmcﬂAwA 16S ribosomal RNA partial sequence
NR 114977.1 Lactobacillus suebicus strain DSM 5007 16S ribosomal RNA partial sequence

NR 113259.1 Lactobacillus agilis strain JCM 1187 16S ribosomal RNA partial sequence

NR 028617.1 Lactobacillus aigidus strain M 6 A9 16S ribosomal RNA partial sequence
NR 112752.1 Lactobacillus apodemi strain DSM 16634 16S ribosomal RNA partial sequence
NR 112692.1 Lactobacillus aviarius strain NBRC 102162 16S ribosomal RNA partial sequonce
NR 104979.1 Lactobacillus aviarius subsp. araffinosus strain LMG 23560 16S ribosomal RNA partial sequence
NR 112759.1 Lactobacillus salivarius strain JCM 1231 16S ribosomal RNA partial sequence
NR 041611.1 Lactobacillus ruminis strain NBRC 102161 16S ribosomal RNA partial sequence
NR 041610.1 Lactobacillus animalis strain KCTC 3501 16S ribosomal RNA partial sequence
NR 112689.1 Lactobacillus murinus strain NBRC 14221 16S ribosomal RNA partial sequence
NR 112756.1 Lactobacillus paracoliinoides strain JCM 11969 16S ribosomal RNA partial sequence

NR 112694.1 Lactobacillus pobuzihil strain £100301 16S ribosomal RNA partial sequence

— NR 145899.1 Lactobacillus herbarum strain TCF032-E4 16S ribosomal RNA partial sequence

NR 029136.1 Pediococcus parvulus strain S-182 16S ribosomal RNA partial sequence
NR 043148.1 Lactobacillus oligofermentans strain AMKR18 16S ribosomal RNA partial sequence
NR 044394.1 Lactobacillus hordei strain UCC128 16S ribosomal RNA partial sequence
MK614016.1 Lactobacillus agilis strain NMCC-15 16S ribosomal RNA gene partial sequence

Fig. 2. Unrooted phylogenetic tree based on 16S rRNA comparisons showing the relationships of Lactobacillus agilis NMCC-15 to other Lactobacillus strains.
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Fig. 3. Antagonistic activity of Lactobacillus agilis NMCC-15 against pathogenic bacteria and their zones diameter (mm). ATCC: American-type culture collection, Virgina, USA.
Halo size > 8 mm (strong), 4-8 mm (moderate) and 1-4 mm (weak). Alpha 0.05. Standard Error for Comparison 0.8882. Critical T Value 2.042. Critical Value for Comparison
1.8139. There are 6 groups (A, B, etc.) in which the means are not significantly different from one another.

Table 2

In vitro antioxidant, antidiabetic, and anti-inflammatory activities of L. agilis in
comparison to respective standard drug ascorbic acid, Sitagliptin and Aspirin,
respectively.

In-vitro assay Treatments % inhibition

Antioxidant at 517 nm Supernatant 68.000 + 0.86B
Ascorbic acid (drug) 73.333+0.86 A
Control 0 +0.86C

Antidiabetic at 540 nm Supernatant 51.333 + 1.0184B
Sitagliptin (drug) 65.333 £ 1.0184 A
Control 0+ 1.0184C

Anti-inflammatory at 660 nm Supernatant 61.667 + 0.86B
Aspirin (drug) 69 + 0.86 A
Control 0 +0.86C

Alpha 0.05. Standard Error for Comparison 0.8607. Critical T Value 2.447. Critical
Value for comparison 2.1060. All 3 means are significantly different from one
another.

anti-inflammatory. However, in vivo studies will be needed to con-
firm the potential of L. agilis NMCC-15 for their ability to be a
potential biotherapeutic agent

5. Conclusions

L. agilis NMCC-15, potentially novel and safe rhizobacteria,
showed significant antagonism against lethal human pathogens
and positive activity as an anti-diabetic, anti-inflammatory, and

antioxidant agent. In vivo studies will be needed to validate L. agilis
NMCC-15's potential as a biotherapeutic agent.
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