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Abstract The objective of the present study was to de-
velop a probiotic of canine-origin for its potential appli-
cation in pet nutrition. Accordingly, 32 lactic acid bac-
teria (LAB) strains were isolated from faeces of dogs,
out of which 9 strains were short-listed for further
in vitro testing based on the aggregation time and cell
surface hydrophobicity. The results of acid-, bile- and
phenol-tolerance tests indicated that out of the nine,
isolate ¢cPRO23 was having better resistance to these
adverse conditions likely to be encountered in the gas-
trointestinal tract. The isolate also showed optimal en-
zymatic activities for amylase, lipase and protease.
Further assessments also indicated its superiority in
terms of co-aggregation and antagonistic activity against
pathogenic strains of Salmonella typhimurium and
Salmonella enteritidis. Subsequently, the isolate was
identified through 16S rRNA sequencing and sequence
homology, and designated as Lactobacillus johnsonii
CPN23. The candidate probiotic was then evaluated
in vivo using 15 adult Labrador dogs, divided into 3
groups, viz. CON (with no probiotics), dPRO (with
Lactobacillus acidophilus NCDC 15 as a conventional
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dairy-origin probiotic) and cPRO (with L. johnsonii
CPN23 as a canine-origin probiotic). Results of the 9-
week study indicated that supplementation of cPRO im-
proved (P < 0.05) the faecal concentration of acetate
and butyrate with a concomitant reduction (P < 0.05)
in faeccal ammonia. The cell-mediated immune response,
assessed as delayed-type hypersensitivity reaction to
phytohaemagglutinin-P, was better (P < 0.05) in dogs
fed cPRO as compared to the CON dogs. There were,
however, no variations evident in the antibody response
to sheep-erythrocytes among the three groups. It is con-
cluded that the canine-origin L. johnsonii CPN23, in
addition to possessing all the in vitro functional attri-
butes of a candidate probiotic, also has the potential to
be used as a probiotic in pet nutrition programs.

Keywords Canine-origin - Dogs - Immunity - Gut health -
Invitro - Lactobacillus johnsonii CPN23 - Probiotics

Introduction

The intestinal microbiota is a complex dynamic ecosystem
that harbours ~10'* cfu of bacteria composed of 500 to 1000
different species [1]. These commensal microbes are impor-
tant determinants for maintaining the stability of digestive
tract and help prevent intestinal infections by modulating im-
mune response and supporting overall health of the host [2, 3].
However, in the event of any perturbations in their symbiotic
relationship with the host, either owing to endogenous and/or
exogenous factors, the homoeostasis is lost leading to clinical
conditions. In these scenarios, probiotics play an important
role in restoring the host-bacteria mutualism. Probiotics are
live culture of microbes that are added to the food to exert
beneficial effects on the host, and have been widely used in
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health and disease situations. The most commonly used mi-
croorganisms as probiotics belong to the strains of lactic acid
bacteria [4]. Within the group of lactic acid bacteria (LAB),
Lactobacillus species is the most commonly utilized microor-
ganisms used as probiotics [5].

Host species specificity is often considered as a re-
quirement for optimizing the beneficial impacts of a
probiotic [6, 7]. This is particularly important if the
probiotic is intended to be used as a therapeutic for
management of GI disorders. The specificity of adhe-
sion of probiotic bacteria, lactobacilli for example, to
epithelial cells is host-specific, and if the colonization
is to be reached, it is essential to administer the bacteria
that have been originated from the host species for
which they are being given [8]. It is therefore important
for the introduced microbes not to disturb the indige-
nous population, which has already been adapted to the
environment of the GI tract to work both for and with
the host [9]. This concept has led to successful deve-
lopment and validation of several of species-specific
probiotics involving human [10], farm animals [11],
commercial poultry [12, 13], aquatic species [14], etc.
However, research on the development of probiotic of
canine-origin has not taken up in the right earnest yet.
It has been conceptualized that a successful canine pro-
biotic organism should ideally be derived from the canine GI
tract [5]. There are some in vitro studies on the probiotic
properties, including the probiotics of canine-origin, conduct-
ed by several researchers [5, 15-17]. However, studies on
using canine origin probiotic are very limited and, as a
result, the probiotics widely used in the dogs are mainly
of non-canine origin. Most of the commercial probiotic
strains for dogs also do not have a canine origin [18].

Safety and functional properties for the selection of a novel
probiotics are of paramount importance, and are generally
based on a series of in vitro assays. Because, there are a num-
ber of requirements for probiotic strains to adapt to the intes-
tinal environment of an animal species, e.g. bile acid tolerance
and affinity to the intestinal mucosa and glycoproteins [9], and
it applies to candidate probiotics of both allochthonous and
autochthonous origins. Hence, for a probiotic to be successful,
it must not only survive exposure to gastric acid and bile after
ingestion but must also be capable of colonizing the GI tract in
the presence of the pre-existing microflora [19, 20]. This is all
the more important for potential clinical use of the probiotics,
because when used therapeutically, probiotic supplementation
is intended to re-establish a healthy bacterial balance [21].
Hence, a successful canine-origin probiotic development pro-
gram should not only involve development and in vitro con-
firmation of the safety and functional attributes but also its
successful validation using dogs, the target animal. Keeping
the above background in view, the present study was under-
taken to isolate and characterize a lactobacilli strain of canine-

origin from the faeces of dog and test its efficacy in vivo using
adult Labrador dogs.

Material and Methods
Isolation and Characterization of LAB Isolates

Fresh faecal samples, collected aseptically from rectum of five
Labrador dogs, were homogenized in phosphate-buffered sa-
line (PBS) and centrifuged. One millilitre of the supernatant
was inoculated in to 9 ml Lactobacillus-selective broth (MRS
broth; Difco Laboratories) and incubated at 37 °C for 24 h for
enrichment. Subsequently, 1 ml of this enriched culture was
serially diluted (ten-fold) in sterile normal saline (0.85% w/v
NaCl) and appropriate dilution was plated on MRS agar and
incubated at 37 °C for 24-48 h. Thirty-two well-isolated col-
onies were picked up with sterile needles into sterile MRS
broth (10-ml tubes) and incubated for 24 h at 37 °C and puri-
fied by streaking twice on MRS agar. The colonies appeared
were examined based on microscopic, morphological and bio-
chemical tests involving Gram-staining, catalase test and car-
bohydrate fermentation profile for identification of prospec-
tive LAB. All the isolates were stored at refrigeration temper-
ature (2 to 5 °C) between subcultures, and all stock cultures
were stored at =70 °C in 50% glycerol. Each isolate was
maintained by sub-culturing in MRS broth using 1% inocu-
lum. The probiotic properties of the isolates were compared
with the dairy-origin probiotic Lactobacillus acidophilus
NCDC 15 (dPRO) procured from the National Collection of
Dairy Cultures, Karnal, India.

All isolates were subjected to the Gram staining procedure
for confirming the LAB as Gram-positive rods. The isolates
were then tested for the presence of catalase. The 24-h-old
cultures picked from a MRS agar were placed on a slide and
added with a drop of 3% H,0,. Appearance of instant bub-
bling due to release of oxygen indicated a catalase-positive
reaction.

Aggregation Test

The isolates were subjected to aggregation test [22] by putting
the overnight cultures of LAB into microfuge tube. It was
allowed to be kept undisturbed for 2 h and examined every
15 min to denote the time taken for complete aggregation of
the bacterial cells to the bottom of the tubes, leaving a clear
supernatant fluid.

Cell Surface Hydrophobicity Assay
The degree of hydrophobicity of the isolates based on the

affinity of the bacterial cells (cultured overnight in MRS
broth) to toluene or xylene in a two-phase system was
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determined [23]. Hydrophobicity was calculated from three
replicates as the percent decrease in OD of the original bacte-

rial suspension due to cells partitioning into the hydrocarbon
layer as:

Hydrophobicity % = [(A(,OO before mixing—Aggo after mixing) / (Ag00 , after mixing)} x 100

Biochemical Characterization

Based on the time taken for aggregation (<75 min) and hydro-
phobicity (>80%), nine isolates were chosen for further studies.
These selected isolates were evaluated further for their growth at
diverse culture conditions involving varied temperature (15, 37,
45 and 60 °C), pH (2.0, 4.0 and 6.0) and salt (NaCl; 6.5 and
10%) by inoculating 10-ml tubes of MRS broth with 1% inocula,
and assessing the growth at the end of 24-h incubation (at 37 °C
in case of different pH and NaCl). In all three cases, the growth
indicated by appearance of turbidity was observed visually. The
ability of the selected isolates to ferment various sugars was also
examined using HiCarbohydrate™ kit (HiMedia Laboratories
Pvt. Ltd., Mumbai, India).

Detection of Enzymatic Activities

The selected LAB strains were tested for the presence of enzyme
(viz., amylase, protease and lipase) activities [24] as
Lactobacillus secretes enzymes on overnight culture for facilitat-
ing digestion process. To detect the enzyme activity, the LAB
cultures were sub-cultured and cell-free supernatant (CFS) ob-
tained by centrifugation at 7500 g for 5 min. It was followed by
spot-inoculation of the CFS into respective media (MRS medium
containing starch for amylase, olive oil and gum Arabic for li-
pase, and skim milk for protease). The plates were incubated
anaerobically at 37 °C for 48 h. The relative enzymatic activity
was identified by visual observation and the halo zone formed
surrounding each colony was measured for qualitative assay of
the enzymes.

Evaluation of Probiotic Attributes

The nine short-listed LAB isolates were tested for their ability to
thrive in simulated (in vitro) gut-like conditions involving low
pH, bile salt and presence of phenol. Overnight cultures of the
isolates were centrifuged at 7500xg for 5 min at 4 °C. After re-
suspending the culture pellets in the phosphate buffer (pH 6), it

was diluted to a concentration of ~10"/ml. Subsequently, the
counts of viable cells were determined by growing the suspen-
sions on MRS containing different concentration (viz. 0.0, 0.03
and 1.0% w/v) of purified bile (Ox Bile; HiMedia Laboratories,
Mumbai, India) anaerobically at 37 °C for 48 h [25].
Additionally, 5-ml tubes of MRS broth with and without 0.3
and 1% (w/v) bile were inoculated (1%) with freshly prepared
cultures of the isolates. All tubes were incubated in a water bath
at 37 °C for 6 h and absorbance was read hourly at 620 nm using
uninoculated broth as the blank. The time taken for the Agyo nm
of each culture to increase by 0.3 units was taken as the basis for
comparison of bile tolerance [5].

Similarly, bacterial suspensions of the isolates were inocu-
lated (1%, v/v) in MRS broth adjusted at pH 6, 4 and 2 or MRS
broth without or with 0.4% phenol for determining
growth/survival of LAB under low pH [25] and pres-
ence of phenol [2, 10]. After 24 h of incubation at
37 °C, the cultures were appropriately diluted and
spread plated on MRS agar, and viability was deter-
mined by standard plate count.

Interaction of the LAB Strains with Pathogens
Co-aggregation Test

The co-aggregation potential of the LAB isolates with two
pathogenic bacteria viz. Salmonella enteritidis and
Salmonella typhimurium was carried out [26]. Suspensions
of the respective LAB cultures and both the pathogenic strains
were adjusted to an OD of 0.5 using phosphate buffer at pH 7.
Equal volumes (0.5 ml) of the cell suspension of each patho-
gen and the test isolates were placed together in a test tube and
mixed thoroughly using a vortex. The ODg of the bacterial
mixture was measured following incubation at 37 °C for 4 h
against control (tube containing 1-ml of a suspension of indi-
vidual bacterial strains). The percentage of co-aggregation
was calculated [27] as:

Percentage of coaggregation = {[(PC + LC)/2—(P + L)]/(PC + LC)/2} x 100

Where PC and LC represent the ODgqg in control tubes
containing only pathogen or LAB cultures, respectively, and
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Antagonistic Activity

The inhibitory activity of the isolates was assessed by well
diffusion assay [28]. Plates containing solidified nutrient agar
was overlaid with soft nutrient agar (0.7% agar in nutrient
broth) and inoculated with an overnight culture of S.
typhimurium or S. enteritidis. Wells were made in the agar at
the periphery and one at the center each 6 mm in diameter, and
30 pl of CFS of the LAB isolates (obtained by centrifugation
at 7500xg for 5 min) was transferred into each well. The plates
were incubated aerobically for 24 h at 37 °C following which
these were examined for clear inhibition zones around the
wells, which were then measured.

Antibiotic Sensitivity Profile of Lactobacilli Isolates

Overnight grown cultures of each isolates was spread evenly
on MRS agar plates and readymade Octo Disc antibiograms
(HiMedia Laboratories Pvt. Ltd., Mumbai, India) were placed
upside down, pressed on the top of agar plates and incubated
overnight at 37 °C, and checked for growth inhibition zones
[29]. Bacterial resistance was defined as the absence of growth
inhibition zone around the antibiotic discs.

Molecular Characterization

Out of the nine short-listed LAB isolates, the isolate cPRO23
which showed the optimal desirable functional attributes as a
candidate probiotic processed for genomic DNA extraction
and identified based on PCR amplification and sequencing
of 16S rRNA gene using bacterial universal primers (27F 5'-
AGAGTTTGATCCTGGCTCAG and 1492R 5'-GGTT
ACCTTGTTACGACTT) [30]. The PCR was performed in
25 pl reaction volumes containing 2X Taq Master Mix,
0.25 mM forward primer, 0.25 mM reverse primer and
0.4 ng of genomic DNA and nuclease-free water to make
volume 25 pl. Temperature cycling conditions for PCR were
as follows: an initial heating of 95 °C for 3 min, followed by
40 cycles of denaturation at 95 °C for 30 s, annealing at 55 °C
for 30 s, extension at 72 °C for 90 s and terminating with a
5 min final incubation of 72 °C. Gradient temperature PCR
was utilized to improve primer-annealing temperatures to
make certain a high degree of primer specificity during assays
[31]. The PCR products were examined with electrophoresis
(Gel Electrophoresis Systems. Major Science, Taiwan) on a
1.5% w/v agarose gel, stained by Safe Lab nucleic acid stain.
The PCR products were purified, and sequenced and analysed
for sequence homology by BLAST (http://www.ncbi.nlm.nih.
gov/). Sequences of close relatives together with the newly
determined sequences were aligned using the ClustalW
software program (NCBI, Bethesda, MD, USA) [32]. The
sequence was submitted to NCBI for obtaining GenBank
Accession Number.

In Vivo Evaluation
Animals and Feeding

Fifteen adult healthy Labrador female dogs (~5 years;
22.9 + 0.6 kg average BW) were divided into 3 equal groups
and fed on a pressure-cooked semi-moist diet nutritionally
adequate as per NRC [33] for a period of 15 days for adapta-
tion. Subsequently, the basal diet was supplemented with ei-
ther no probiotics (CON), or with the probiotic of canine-
origin (LAB isolate cPRO23; cPRO) or dairy-origin (L.
acidophilus NCDC 15; dPRO) at 2-3 x 10® cfu per animal/
day. The CON group received a placebo (MRS broth). All the
dogs had 24 h access to ad libitum clean and fresh water. The
dogs were provided access to socialization and exercise in an
open area adjacent to the kennel.

Study Protocol and Analyses

During the 9-week experiment, faecal samples were collected
for four consecutive days after 7 weeks of feeding trial. Faeces
excreted by dogs were pooled over 24-h periods and stored in
individually marked clean and sterile polyethylene bags in
refrigerated (4 °C) conditions until the time of sampling.
The faeces thus collected were weighed individually for each
dog, mixed thoroughly, and brought to the laboratory for fur-
ther sampling. Aliquots were drawn from the faecal samples
and processed for determination of dry matter (DM) and fer-
mentative metabolites as described elsewhere [3]. The pH of
the faccal samples was measured with the help of pH meter
(pH Spear; Eutech Instruments, Malaysia). Lactate, ammonia
and short-chain chain fatty acids (SCFA) in the faccal samples
were estimated adopting standard procedures as detailed in an
earlier publication [34].

Enumeration of select bacterial species in the faecal sam-
ples was done using culture-dependent methods as detailed
elsewhere [35]. About 5 g fresh faeces was collected asepti-
cally from the rectum of individual animals and processed
using selective media for Lactobacilli (Rogosa agar),
Coliforms (MacConkey agar), Clostridia (Reinforced
Clostridial agar) and Bifidobacteria (Bifidobacteria agar).
The bacterial colonies were counted between 24 to 48 h as
colony forming units (cfu) per g faeces and expressed as log;
cfu/g.

On day 58 of the study, all dogs were injected intra-
dermally with 50 pg phytohaemagglutinin-P (PHA-P;
Sigma, St Louis, MO, USA) dissolved in 100 pl PBS in order
to assess the cell-mediated immunity (CMI) [36]. The resul-
tant type-IV delayed-type hypersensitivity (DTH) response
was assessed by measuring the skin induration at 0, 12, 24,
48 and 72 h post-injection using a digital Vernier’s calliper.

Following 5 weeks of experimental feeding, dogs were
intravenously injected with 1 ml of a 10% suspension of
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washed sheep red blood cell (SRBC; in 0.15 M NaCl) as an
antigen for assessing their humoral immune (HI) response
[35]. Sera samples were collected before injection (day 0)
and subsequently at days 7, 14, 21 and 28, and stored at
—20 °C for antibody measurement using the microtitre
haemagglutination (HA) procedure [37].

Statistical Analyses

The experimental data generated from the in vitro tests were
analysed by one-way analysis of variance using SPSS 18.0
(SPSS Inc., Chicago, IL, USA). The in vivo faecal metabolites
data were also subjected to one-way ANOVA. Differences
between the means were determined by Duncan’s multiple
range test. Additionally, contrast analysis was employed to
ascertain the differences, if any, between the treatments
cPRO and dPRO. The immunological data were analysed
adopting ANOVA for repeated-measures procedure.
Analysis included between-subjects main effect of diet,
within-subjects main effect of period of sampling and interac-
tion between periods of sampling % diet. The effects were
considered significant at P < 0.05 and declared as trend at
0.05< P <0.10.

Results and Discussion
Isolation and Characterization

The bacterial populations of GI tract are specific and particular
for the different class of animals [38]. In the present investi-
gation, we isolated 32 different isolates and identified all of
them as Gram-positive and catalase-negative. Likewise,
Perelmuter et al. [16] isolated and identified Lactobacillus
murinus from faeces of a healthy dog and characterized the
LAB as Gram-positive, non-sporulated rods, glucose
homofermenter, catalase- and oxidase-negative.

Aggregation Time and Cell Surface Hydrophobicity

Aggregation test is appropriate as first step for screening of
probiotic strains owing to its simplicity and applicability to a
large number of test strains [25, 12, 39]. It shows clumping of
strains together and potential adhesion ability to the epithelial
cells indirectly but in a strong way [39]. It has been reported
that bacterial cell surface hydrophobicity and auto-
aggregation ability are directly correlated [40].

In the present investigation, those isolates having aggrega-
tions time <75 min and hydrophobicity >80% were selected
for further evaluation (Table 1). On this basis, nine isolates
(cPRO4, cPRO6, cPRO7, cPROS, cPRO16, cPRO22,
cPRO23, cPRO29 and cPRO30) were selected for further
screening. Isolates cPRO4, cPRO22 and cPRO23 showed
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Table1l Comparative cell surface hydrophobicity and aggregation time
of the nine short-listed LAB isolates

Isolates Hydrophobicity (%)l Aggregation time (min)
Toluene Xylene

dPRO 56.41° 50.89° 60
¢cPRO-4 86.10% 85.88% 75
cPRO-6 85.13% 83.89% 75
¢PRO-7 87.18% 84.31% 75
cPRO-8 88.19" 81.90° 75
¢PRO-16 83.98° 89.46° 75
cPRO-22 85.63" 82.35° 60
cPRO-23 89.87° 89.50° 60
cPRO-29 89.66° 80.91° 75
¢PRO-30 89.05" 82.81° 75
SEM 1.59 1.84 -
P value <0.001 <0.001 -
Contrast® <0.001 <0.001 -

Means bearing different superscripts in a column differ significantly
(P <0.05)

! Mean of three observations each

2 Significant difference between dPRO vs. all cPRO isolates taken
together

aggregation time of 60 min while others did show 75 min.
In terms of cell surface hydrophobicity, cPRO23 exhibited
the highest (P < 0.001) hydrophobicity both in toluene as well
as in xylene. The reference strain dPRO (L. acidophilus
NCDC 15) showed less aggregation time and lower hydro-
phobicity (P < 0.001) as compared to canine-origin dPRO
isolates. Strains with high aggregation had better attachment
to the epithelial cells [25]. Considering the fact that the strains
can adhere to cell monolayers if they can auto-aggregate and
manifest strong hydrophobicity [41], isolate cPRO23 is appar-
ently a better probiotic candidate.

Biochemical Characterization

The results of the biochemical attributes of the isolates
(Table 2) indicate that all the nine isolates exhibited luxurious
growth at pH 4, moderate growth at pH 6 and weak growth at
pH 2, and apparently were not different from the reference
strain dPRO. All the isolates recorded maximum (luxurious)
growth at 37 and 45 °C with comparatively weaker growth at
15 °C. However, at higher temperature (60 °C), none of the
isolates could grow except for the cPRO4, cPRO22 and
cPRO23, and the reference strain dPRO. Likewise, there
was no variations among the test isolates (including dPRO)
when grown in media with low (6.5%) or high (10%) NaCl
concentrations, although there was a reduction in the extent of
growth across the isolates with increasing the salt levels in the
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Table 2 Comparative growth' of the LAB isolates upon exposure to
varied conditions of pH, temperature and salt (NaCl) concentrations

Table 3  Carbohydrate fermentation' of LAB isolates using API CHL
identification systems>

Isolates pH Temperature (°C) NaCl (%) Attributes dPRO cPRO
20 40 60 15 37 45 60 6.5 10 4 6 7 8 16 22 23 29 30

dPRO + +H+ o+ A+ + ++ + Lactose

cPRO-4 + 4+ 4+ + + Xylose

cPRO-6 + +++  ++ + +++ S+ - ++ + Maltose

cPRO-7 + +++  ++ + +++ A+ - ++ + Fructose

cPRO-8 + =+ 4+ S T S ++ + Dextrose

cPRO-16 + +++ o+ +H+ A+ - ++ + Galactose

cPRO-22  + +++ o+ o+ A+ ++ + Raftinose

cPRO-23  + R o S i A S = + Trehalose

cPRO-29 + +H+ - + Melibiose

cPRO-30 + e e A o o T + Sucrose

! Growth criteria: +++ (luxurious growth), ++ (Moderate growth), +
(weak growth), — (no growth)

media. There were no variations among the isolates in terms of
their carbohydrate fermentability (Table 3). Out of the 34
sugars tested, the isolates could hydrolyze all except the four
sugars viz. esculin, ONPG, citrate and malonate.

Enzymatic Activity

All the candidate isolates showed the variable (P < 0.001)
ability to secrets the enzymes tested viz. amylase, lipase and
protease (Fig. 1). The highest (P < 0.001) activities for amy-
lase and lipase was shown by isolates cPRO16, cPRO22 and
cPRO23 (although not in the same order); these values are
apparently at par with the reference strain dPRO. However,
protease activity was the maximum in cPRO23 followed by
cPRO22 and cPRO4 being significantly (P < 0.001) higher in
comparison to dPRO. The enzymatic release assays are im-
portant for characterizing the probiotic potential of bacterial
strains. A probiotic possessing enzymatic activities involving
amylase, protease and lipase can improve the digestion pro-
cess. There are reports that Lactobacillus with high amylase
activity resulted in improved feed conversion in pigs [42].
Although there are differences among the isolates in the extent
of individual enzyme activity, the isolate cPRO23 was found
to possess optimal activities for all the three enzymes tested.
Furthermore, when compared against the dPRO, it showed
higher (P < 0.001) amylase and protease activities which
was accompanied by a comparable (6.25 + 0.48 vs.
6.75 £ 0.25; P > 0.05) lipase activity. The current re-
sults are in accordance with earlier reports involving
LAB isolated from poultry where the authors found that
bacterial isolates from poultry displayed different amy-
lase and protease activities [39].

L-arabinose
Mannose

Inulin

Sodium gluconate
Glycerol

Salicin

Dulcitol

Inositol

Sorbitol

Mannitol

Adonitol

Erythritol
a-Methyl-D-glucoside
Rhamnose

Cellobiose

Melezitose
«-Methyl-D-mannoside
Xylitol

ONPG

Esculin

+ + 4+ + o+ o+ A+ o+ +F o+ o+ o+ o+ o+ A+
+ o+ 4+ F o+ o+ o+ A+ o+ o+ o+ o+ o+ o+ o+ A+ o+
+ + 4+ + o+ o+ A+ o+ o+ o+ o+ o+ o+ o+ A+ o+
+ + 4+ F o+ o+ A+ o+ o+ o+ o+ o+ A+ o+
+ + + + o+ A+ A+ o+ o+ o+ A+ o+ o+ o+ A+
+ + + + o+ o+ A+ F o+ o+ o+ o+ o+ o+ A+ o+
+ o+ + + + + F o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ A+ +
+ + 4+ + + + + + + + + F + + + + + o+ o+ + o+ + o+
+ + 4+ + + + + + + + o+ + o+ + o+ o+ + o+
+ + 4+ + + + + + + + o+ o+ o+ o+ + o+ o+ + o+ o+

+
+
+
+
+
+
+

D-arabinose
Citrate

Malonate

Sorbose + + + + + + + o+ o+ o+

! Readings were recorded after 24 h at 37 °C; ‘+” denotes positive reac-
tion, and ‘-’ denotes negative reaction

2 Carried out using HiCarbohydrate™ kit (HiMedia Laboratories Pvt.
Ltd., Mumbai, India)

Probiotic Attributes
Bile Salt and Acid Tolerance
All the isolates showed resistance to bile at 0.3% oxgall concen-

tration while there was a decrease in cfu count of all isolates at
1% level (Table 4). Nonetheless, isolates cPRO8, cPRO16,
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cPRO22 and cPRO23 grew significantly faster (P < 0.001) in
MRS agar containing 1% oxgall concentration in comparison to
others with the values being comparable to the dPRO. Moreover,
when bile tolerance was compared in terms of the time taken by
isolates to increase absorbance by 0.3 units, it was observed that
isolate cPRO23 grew faster (P < 0.001; indicated by the lowest
time) in the presence of bile salt at both the levels even when
compared to dPRO (Table 4).

All the isolates did show a decrease in resistance as pH
decreased from 6.0 to 2.0 (Table 5). However, except for iso-
lates cPRO4 and cPROG®, all the other LAB isolates showed

Lactobacilli isolates

similar values indicative of comparable resistance to low pH
(2.0) as that of the reference probiotic dPRO.

The ability to survive under low pH during gastric transit
and tolerance to bile salts are the foremost requisites for a
probiotic culture to be established in the gut [43, 44]. It has
been reported that bile resistance could differ among strains of
a single species of enteric lactobacilli and that this difference
could account for differences in ability to colonize the intesti-
nal tract [45]. Bacteria are stressed both by bile salts and by
low-pH condition in stomach [2]. In a study of canine-sourced
probiotic Lactobacillus fermentum AD], it was observed that

Table 4 Bile salt tolerance of

LAB isolates exposed to varied Bacterial isolates

Bacterial count (log;, cfu/ml)

Time! (h)

concentration of bile in the media

Bile concentration? (%)

Bile concentration? (%)

(at 37 °C for 24 h)
0.0 0.3 1.0 0.0 0.3 1.0
dPRO 10.30% 10.11 8.995d 3.12% 3.19bd 5.12¢
cPRO4 10.39° 10.11 8.81° 3.06% 3.20%4 5.46°
cPRO6 10.38° 10.06 8.91%° 2.84° 3.04% 5.42°
¢PRO7 10.31° 10.12 8.95% 3.15° 3.52° 6.65"
¢PROS 10.39° 10.14 9.01¢¢ 3.16° 3.29¢ 457°
¢PRO16 10.41° 10.15 9.00% 3.05% 3.22% 4.83°
cPRO22 10.42° 10.16 9.06¢ 2.89% 3.23% 5.73F
¢cPRO23 10.43° 10.16 9.07¢ 2.70° 3.02° 424*
¢PRO29 10.39° 10.12 8.89% 2.90 3.07%® 5.55°
¢PRO30 10.40° 10.10 8.95% 3.00% 3.10% 6392
SEM 0.08 0.11 0.14 0.039 0.049 0.086
P value <0.001 0.212 <0.001 <0.001 <0.001 <0.001
Contrast® <0.001 0.335 0.200 0.001 0.436 0.002

Each value is represents the mean of three replicates

Means bearing different superscripts in a column differ significantly (P < 0.05)

! Time taken by isolates to increase absorbance by 0.3 units at Agy, nm
2 purified bile (Ox Bile; HiMedia) concentration (%) in MRS agar
3 Significant difference between dPRO vs. all cPRO isolates taken together
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Table 5 Bacterial cell count

(logjo cfu/ml) of LAB isolates Isolates Acid tolerance Phenol tolerance

exposed to varied acidity (pH)

and 0.4% phenol in the media (at pH Phenol ~ Phenol +

37 °C for 24 h)

6.0 4.0 2.0 0h 24h % 0h 24h %
change change

dPRO 1025 8.97 6.87°% 7.11° 9.12*  28.26° 7.10° 8.15¢  14.76°
cPRO4 1023 8.92 6.76" 722¢ 913" 26.44° 7.22° 8.08°°  12.03°
cPRO6 1029°  9.05 6.52° 7.41¢ 899  21.39° 737% 798 8.18°
¢PRO7 1027°  8.89 6.89% 7429 10.16"  36.87% 7.45° 9.12%  2236°
¢PROS 10.28°  9.03 6.81° 7.17°°  10.02°  39.80° 7.10° 9.03° 27.13"
¢cPRO16 1024  9.01 6.87°°%  727°  10.04®  38.03% 729%  901°  23.70°
cPRO22 1015 8.94 6.94° 7424 10.04°  3526° 7.43° 9.06%  21.92°
¢cPRO23 1029  9.00 6.92% 740 1021 37.81% 7.43° 920¢  23.76°
¢cPRO29  10.10°  8.90 6.77% 739%  10.15%  37.49% 739%  909% 2299
cPRO30 1028 892 6.82°4 6.93° 9.11°  31.49° 6.86 8.10"  18.04¢
SEM 015  0.18 0.15 0.16 0.22 439 0.15 0.21 3.16
P value 0.008  0.088  <0.001 <0.001  <0.001 <0.001  <0.001 <0.001 <0.001
Contrast' 0360  0.438  0.100 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Means bearing different superscripts in a column differ significantly (P < 0.05)

! Significant difference between dPRO vs. all cPRO isolates taken together

the strain expressed in vitro survival at pH 3.0 after 3 h
(86.8%) and in the presence of 1% bile (75.4%) [46]. In the
present study, the demonstrated ability of cPRO23 to survive
in bile acid and at low pH are suggestive of it being a good
probiotic candidate; apparently, it possesses the potential to
colonize and persist in the GI tract.

Phenol Tolerance

Phenols may be formed in the intestine by bacterial deamination
of various aromatic amino acids derived from dietary or endog-
enously produced proteins [47, 48], and may have bacteriostatic
effect [49]. Thus, phenol tolerance assay may therefore generate
additional information on the potential for survival of lactobacilli
in the GI tract [10, 49]. All LAB isolates in the present study
exhibited a reduction in growth with the addition of phenol as
could be seen from the comparative growth data of the control
(Table 5). However, the LAB isolates exhibited better
(P < 0.001) phenol tolerance when compared to the reference
dPRO strain, with the exception of cPRO6 and cPROS.
Moreover, isolates cPROS, cPRO23 and cPRO16 exhibited the
maximum tolerance among the test isolates.

Pathogen Interaction
Co-aggregation

All LAB isolates were able to co-aggregate with both the
pathogens (Fig. 2). Percentage of co-aggregation with S.

typhimurium was maximum with isolates cPROS, cPRO16,
cPRO22 and cPRO23 being significantly (P < 0.001) higher
than the reference dPRO strain. Likewise, co-aggregation with
S. enteritidis was strongest in cPRO6 followed by cPRO30
and cPRO23 and were significantly (P < 0.05) higher than the
dPRO. Co-aggregation test has become an established criteri-
on for the selection of bacteria as probiotic since it
shows the ability of lactobacilli to interact with patho-
genic bacteria [2, 50]. In the present study, cPRO23 had
shown the strongest co-aggregation percentage against
both the pathogens, which suggested that this isolate
could be a good probiotic candidate. The ability of the
isolates to co-aggregate with the pathogens could con-
tribute potential probiotic properties, which may enable
them to form a barrier to prevent colonization by path-
ogenic microbiota in the gut [51].

Antagonistic Activity

The antagonistic activity of the lactobacilli isolates
against the two pathogens was shown in Fig. 3. With
the exception of isolates cPRO16, cPRO22 and
cPRO23, all other isolates showed lower (P < 0.001)
antagonistic activity against S. fyphimurium. The same
three isolates also exhibited maximum antagonistic ac-
tivity against S. enteritidis, and in this case, the values
were higher (P < 0.001) than the reference dPRO strain.
The antagonistic activity of the isolates that represents
their antimicrobial action is due to the potential of LAB
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to produce lactic acid and bacteriocins. Environment of
GI tract is suitable for growing of pathogenic bacteria if
the luminal pH goes towards the basic [52, 53]. A re-
duction of pH due to lactic acid inhibits the growth of
pathogens. The production of antimicrobial agents could
be easily demonstrated in vitro by the disc diffusion
assay; they include fatty acids, organic acids, hydrogen
peroxide, diacetyl, acetoin and the small, heat-stable in-
hibitory peptides called ‘bacteriocins’ [54, 55]. The
present findings are also similar to those observed by
earlier researchers [25, 56].

Antibiotic Sensitivity Profile

One of the required properties of the candidate probiotic iso-
lates is that they should be safe for consumption, i.e. they
should lack antimicrobial resistance. The nine LAB isolates
including the reference isolate dPRO, in the present
case, were found susceptible to all the tested antibiotics
except vancomycin (Table 6). Similar to our findings,
Jena et al. [2] observed that lactobacilli strains isolated
from rat faeces were susceptible to antibiotics except
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vancomycin, which has been recognized as intrinsic
property of Lactobacillus species [57].

Molecular Characterization

Out of the nine short-listed LAB isolates, cPRO23 isolate
exhibited the most desirable characteristics of a candi-
date probiotic and therefore processed for molecular
identification. The PCR amplification of the isolated
DNA resulted in a product of 1447 bp (Fig. 3a). Its
sequencing (partial sequencing of 16S rDNA) and sub-
sequent homology analysis through BLAST showed that
the isolate had 99.9% homology with L. johnsonii
(NCBI data base). Thus, it was identified as L.
johnsonii and designated as L. johnsonii CPN23
(Fig. 3b). The sequence has been submitted to
GenBank under accession number KP065494. Similar
to the present findings, Lactobacillus reuteri [5] and L.
murinus [16] have been isolated from dog faeces and
were found to have good probiotic activity in vitro.
The type of diet, pattern of feeding and food format
affect the microbiota composition of the GI tract.
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Fig. 3 Isolation of genomic
DNA [a; lane M: 1 kb ladder,
lanes 1-3: PCR product of LAB
isolate cPRO23; 1447 bp] and
sequence homology of 16S rRNA
of isolate cPRO-23 with that of
others available in GenBank da-
tabase (b)

S S
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In Vivo Evaluation
Gut Health Indices

Supplementation of probiotics had no effect (P > 0.05) on the
faecal pH, which were in the close range of 6.02 to 6.26.
However, faecal ammonia was reduced (P = 0.012) in both
the cPRO and dPRO groups vis-a-vis the CON (Fig. 4a).
Faecal lactate, on the other hand, tended to be higher
(P =0.091) in cPRO as compared to CON (Fig. 4a).
Contrary to the present observation, a reduction in faccal pH
in L. fermentum supplemented dogs was reported [46].
Although it is clear that the pattern of fermentation in the
intestinal tract determines the faecal pH [58], the differences
in the findings could be due to variability in terms of the basal
diet and type of probiotics besides the method and duration of
probiotic feeding. Dietary supplementation of both the

Bacillus subtilis subsp. subtilis

probiotics, irrespective of their origin, resulted in a reduction
in faccal ammonia accompanying a trend for increased lactate,
more so with supplementation of the canine-origin L.
Jjohnsonii CPN23. Ammonia is formed during colonic fermen-
tation of protein and is presumed to be formed in smaller
amounts in the presence of probiotic bacteria.

The data on faecal concentrations acetate and butyrate var-
ied significantly (P < 0.001) among the three dietary groups
and were higher in dogs supplemented with the canine-origin
probiotic (cPRO) than the dairy-origin probiotic supplement-
ed dPRO which, in turn, was higher than the CON values
(Fig. 4b). Faecal levels of propionate, on the other hand, was
comparable between cPRO and dPRO, although it tended
(P = 0.086) to be higher in dPRO compared to CON. The
faecal concentrations of total SCFA were, however, higher
(P <0.01) in both the probiotic-supplemented groups irrespec-
tive of origin, when compared to CON. An increase in faecal
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Table 6 Antibiotic sensitivity (diameter of inhibition zone; mm)
profiles of lactobacilli isolates

Isolates  Antibiotics
CIP OF SPX GAT AT AZM VA DO
dPRO 177 27¢ 23 25s 26 25 Tw) 25s)

cPRO4 195, 09k 26s 22s 175 185 6m 20
CPRO6 245, 205 24s 2l 255 208 Tm  20s
cPRO7T 165 165 28s 205 24s 24s 6 22s
cPRO8 255 185 2l 23s 2B 170 9% 28
cPROI6 225, 235 20s, 23s 285 150 Ta 24
cPRO22 255 255 26s 23s 25 19 6w 17s
cPRO23 285, 20 25s 225 20 225 6@ 24
cPRO29 20, O00r, 24s 24s 24s 27s To 209
cPRO30 165, 185 29s 26s 2ls 29 Tm 19

Lcip ciprofloxacin (5 pg), OF ofloxacin (5 png), SPX sparfloxacin (5 pg),
GAT gatifloxacin (5 ng), AT aztreonam (30 pg), AZM azithromycin
(15 pg), VA vancomycin (30 pg), DO doxycyclin hydrochloride (30 pg)
2 Subscripts (within parentheses) following the values indicates: S sensi-
tive, R resistant

acetate and butyrate in dogs of cPRO group vis-a-vis dPRO is
indicative of better adaptation of the canine-origin probiotic in
the hindgut of the dogs in comparison to the dairy-origin
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Fig. 4 Faecal fermentative metabolites (a) and short-chain fatty acids
(bz) concentrations of dogs supplemented with probiotics of canine-
(cPRO), and dairy- origin (dPRO) vis-a-vis non-supplemented control
(CON)
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probiotic. Furthermore, while the total SCFA in the faeces
was statistically similar between cPRO and dPRO, the value
in the former was ~8% higher than that of the dPRO group.
The higher production of SCFA is expected by the action of
probiotic bacteria accelerating the breakdown of carbohy-
drates that are resistant to indigenous bacteria [59]. Further
in situations of limited energy supply, microbiota ferment ami-
no acids to SCFA and ammonia to obtain energy. The SCFA
serve as an energy source for the host, providing 10-30% of
basal metabolic requirements including energy for liver cells,
colonocytes and peripheral tissues with only about 5% excret-
ed in the faeces [60]. It has been a general observation that
acceleration in the net production of SCFA and lactic acid by
probiotics use diminishes the net production of ammonia, a
trend, which is apparent in the current study as well.
Corroborating the present observations, faecal ammonia con-
centration was found to be significantly lower because of L.
acidophilus administration in Labrador dogs fed on a wheat-
based homemade diet [61]. On the contrary, no variations in
the levels of faeccal ammonia among dietary groups fed probi-
otic or synbiotic [62]. Overall, the differences in response
could be assumed to be brought about by diet matrix and/or
food format as these factors affected the response of probiotics
in terms of probiotic survival, physiology and efficacy [63].
The data on faecal bacteria counts (Fig. 5) shows that
lactobacilli population was significantly (P < 0.01) higher in
both the probiotic-fed groups irrespective of their origins as
compared to the CON. There was, however, no effect
(P > 0.05) of probiotic administration on the faecal
bifidobacteria count. The faecal coliforms count was signifi-
cantly lower (P < 0.01) in both the probiotic-supplemented
groups cPRO and dRO as compared to CON. On the other
hand, a reducing trend (P = 0.071) in clostridia count was
evident in dogs supplemented with cPRO as compared to
CON. The GI microbiota is of great importance and plays an
important role in host health due to its involvement in nutri-
tional, immunologic and physiological functions [64]. It is the
most adaptable and renewable metabolic organ of the body
that acts as significant barrier to exogenous pathogenic micro-
bial infection [62] and its composition and activities can affect
both intestinal and systemic physiology [65]. Faecal coloniza-
tion is widely used to assess probiotic colonization [66]. A
significantly lowering in faecal coliform count in groups sup-
plemented with probiotics was recorded in the present study.
Similarly, a reducing trend in clostridium count was also evi-
dent in dogs supplemented with the canine-origin probiotic
cPRO. However, these results need to be further confirmed
using molecular characterization of the faccal microbiota.
Nonetheless, both clostridia and coliforms are considered as
health-negative while lactobacilli and bifidobacteria are
regarded as health-positive. There are many reports that sup-
port the present findings. The use of L. acidophilus strain
DSM13241 in the food as a probiotic was associated with
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Fig. 5 Faecal microbial count in dogs supplemented with probiotics of
canine- (cPRO) and dairy-origin (dPRO) vis-a-vis non-supplemented
control (CON)

increased numbers of faecal lactobacilli but decreased num-
bers of clostridial organisms in healthy adult dogs [67].
Supplementation of potential probiotic L. fermentum ADI
strain in healthy dogs has shown significant increases in
lactobacilli and enterococci in the canine faeces [46].
Likewise, supplementation of Lactobacillus rhamnosus strain
GG (LGG) to dogs resulted in significant increase in faecal
level of LGG than control [68]. Dietary administration of dogs
with the probiotic strain L. fermentum CCM 7421 resulted in
significant increase in mean LAB populations and a reduction
in clostridial numbers in the faeces [62]. On contrary, the
faecal population of both health positive and health negative
bacteria was found to be similar when L. acidophilus was
administered to dogs on homemade diets [61]. The survival
and persistence of the probiotic bacteria depend on the many
factors such as survivability in acid and bile besides their
ability to adhere to intestinal epithelial cells and to colonize
the intestinal tract. The present results are indicative of the
functional role of the canine-origin L. johnsonii CPN23 as a
potential probiotic, which can also be assumed to have an
edge over the dairy-origin probiotic, especially with the ob-
served reducing trend in faecal clostridium count in dogs sup-
plemented with cPRO.

7.0

6.0

—e—CON -4&-cPRO

—e- dPRO

5.0

DTH response (skin thickness, mm)

4.0
Oh 12h 24h 48h 72h

Hours post-inoculation
Fig. 6 Cell-mediated immune response (DTH reaction to PHA-P) by
dogs supplemented with probiotics of canine- (¢PRO) and dairy-origin
(dPRO) vis-a-vis non-supplemented control (CON)

Immune Response

The DTH response data in the form of absolute increase in skin
induration showed the maximum values in all the three groups at
12-h post-inoculation of PHA-P, beyond which there was a
steady decline till 96-h post-inoculation (Fig. 6). Furthermore,
there was a significant (P = 0.053) improvement in the skin
induration in cPRO (8.3 = 0.3 mm) group when compared with
CON (7.5 + 0.2 mm) while that of dPRO (7.9 £ 0.3 mm) group
was comparable to both CON and dPRO. The corresponding
values were 116.6 + 2.6 for CON, 128.2 + 5.9 for cPRO, and
123.0 + 3.2 for dPRO, when compared on the basis of % in-
crease in skin induration than the respective 0-h values. The HI
response data indicated that the antibody (HA) titre in all the
three groups showed a gradual increase up to 14-day post-inoc-
ulation followed by a decline thereafter till day 28 (Fig. 7). There
was, however, no variation (P > 0.05) in the antibody response
against SRBC among the three dietary groups.

The CMI response is mediated by the thymus-derived T lym-
phocytes, which are responsible for DTH reactions. The DTH
reaction is based on an antigen-specific, T cell-dependent recall
response manifested as an inflammatory reaction that reaches
peak intensity between <24 to 48-h after the antigenic challenge
[69], and often considered as a good indicator of CMI response
in vivo [70]. Probiotics are able to prevent intestinal diseases
through both humoral- and cell-mediated immune modulation
[71] which endorsed the present improvements seen in terms of
the improved DTH response by the cPRO group dogs vis-a-vis
the CON. This, in turn, could be construed as an indication that
the current canine-origin probiotic L. johnsonii CPN23 facilitat-
ed improved CMI response capability by the host than that of the
dairy-origin probiotic. The mechanisms by which probiotic bac-
teria affect the immune system are largely unknown, but many of
the probiotics have been reported increase the innate or the ac-
quired immune response [72]. Probiotics may lead to an in-
creased IgA production and stimulation of macrophage, contrib-
uting thereby to improved immunity [73]. Several studies have
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Fig. 7 Humoral immune response (antibody titre against sheep-RBC) by
dogs supplemented with probiotics of canine- (¢PRO) and dairy-origin
(dPRO) vis-a-vis non-supplemented control (CON)
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reported that probiotics are able to regulate both anti- and pro-
inflammatory cytokine productions [74]. Similar to the present
observation on the positive effect of the canine-origin probi-
otic on CMI response, the results of another study
showed that a dietary probiotic enhanced specific im-
mune functions in young dogs [75]. Stimulation of sys-
temic components of the immune system, in particular
the CMI, may help to regulate changes in the gut micro-
biota, for example by increasing macrophage phagocytic ac-
tivity using lactic acid bacteria [76]. Similar to our observa-
tions, a study evaluating the effects of E. faecalis on the im-
mune function of mice has reported an improved CMI indi-
cated by enhanced DTH response compared to the control
[77].

L. johnsonii is a Gram-positive non-spore-forming bacillus
named for its capacity to produce lactic acid, and has been
subjected to extensive studies due to their probiotic activity
in recent years [78]. Various studies carried out using different
strains across human, laboratory animals and agriculturally
important species of animals have shown that the bacteria
can be used as a probiotic for beneficial results in a variety
of clinical conditions.

L. johnsonii FI9785 has been reported as a potential compet-
itive exclusion agent to control C. perfringens and other patho-
gens in poultry [79], as has been confirmed in our study using
Salmonella spp. Moreover, L. johnsonii P47-HY was able to
interact with enterotoxigenic Escherichia coli directly and re-
duced its detrimental effect on IPEC-J2 cells, highlighting its
probiotic potential [80]. Another novel strain of L. johnsonii
No. 1088 isolated from the gastric juice of human was found
to have the strong acid resistance, inhibited the growth of E. coli
O-157, S. typhimurium and Clostridium difficile, and shown
potential attributes beneficial for supporting Helicobacter pylori
eradication [81].

Potential regulatory action of L. johnsonii LA1 on the mucosal
immune system is mediated by its ability to sensitize human
intestinal epithelial cells to express TGFf3, which may in turn
control mucosal T cell homeostasis [82]. Similarly, another strain
of L. johnsonii (JCM 2012T) has been identified to be involved in
the regulation of IL-12 production [83], which influences T cell
responses. Dietary supplementation of a probiotic cocktail con-
taining L. johnsonii (NCC2667) has been demonstrated to be
useful in dogs with food responsive diarrthoea and proved bene-
ficial in terms of intestinal cytokine patterns and microbiota,
diminishing numbers of enterobacteria and increasing lactobacilli
in faeces [84].

Feeding of another strain of L. johnsonii (N6.2) was asso-
ciated with a reduction of diabetes prevalence in BioBreeding
diabetes-prone (BB—DP) rats [85], indicating possible role of
the current probiotics in metabolic modification of glucose
homoeostasis.

The above findings are a clear indication that the identified
bacteria L. johnsonii CPN23 has potential for use as a probiotic
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in the diets of dogs, in both healthy as well various clinical
scenarios warranting immunomodulation. Future research
should therefore aim at establishing its effectiveness when fed
alone as well in combination with proven prebiotics, in order to
maximize the beneficial effects. In one of our previous studies,
we have found that supplementation of prebiotics in the diet of
carnivores has been beneficial in terms of gut health indices [86].
Another study with swine has demonstrated that Lactobacillus
spp. (mainly L. johnsonii and L. reuteri species) dominate the
porcine small intestine and are promoted by dietary inclusion of
chicory pectin and prebiotic inulin [87].

Use of another strain of L. johnsonii XS4 to pregnant sows
has resulted in better reproductive outcome [88]; hence, similar
studies could be carried out in the future to explore the potential
application of L. johnsonii CPN23 in dogs under different phys-
iological stages including growing, lactating and geriatric
animals.

Conclusion

Based on above findings, it may be concluded that out of the
nine strains of LAB isolates derived from canine faeces and
screened further using a battery of in vitro tests, the isolate
cPRO23 was found to possess desirable characteristics of a can-
didate probiotic. The isolate, identified as L. johnsonii cPRO23
through 16S rRNA sequencing, was found to impart positive
influence on the hindgut fermentative metabolites and cell-
mediated immune response when supplemented in the diet of
dogs. However, further in-depth studies involving its influence
on faecal microbiota, metabolic and immunologic competence
of dogs are warranted to validate its species-specific probiotic
potential.
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