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ABSTRACT In this study, we aimed to assess the
feasibility of the lactic acid bacterium Lactobacillus
kefiranofaciens DN1 (LKF _DN1) and the yeast Kluy-
veromyces marzianus KU140723-05 (KMAS5), recently
isolated from kefir, as probiotics. Specifically, we evalu-
ated the effect of early administration of these 2 microbes
on the inhibition of Salmonella Enteritidis (SE) coloni-
zation in neonatal chicks. We also examined the effects of
exposure of chicks to probiotics before SE exposure on
the reduction in the number of gut SE. A total of 108 1-
day-old specific-pathogen-free male layer chicks were
used for 3 independent experiments. The experimental
chicks were randomly divided into 6 groups (negative
control: basal diet [BD] without probiotics and SE; pos-
itive control: BD; probiotic group [PG] 1:
BD + LKF DNI1; PG2: BD + KMA5; PG3:
BD + LKF DN1 + KMAS5; and PG4: BD+ a com-
mercial product IDF-7), all of which, except negative
control, were coadministered with SE strain resistant to
rifampicin (SERR). We found that the administration of

LKF DNI1 and/or KMA5 reduced the number of viable
cells of the SERR strain in chicks by up to 1.90 log;o,
relative to positive control chicks. Compared with late
administration (day [D] 10 and D11), early administra-
tion (D1 and D2) of the probiotics was more effective in
reducing SERR cell numbers in the gut. Furthermore, we
detected no significant difference in the reduction of gut
SERR cell numbers in chicks from the same groups
exposed to the probiotics at D10 and D11 before and
after administration with SERR. Collectively, our find-
ings indicate that, as dietary additives, LKF DN1 and
KMAS5 showed potential probiotic activity in chicks.
Moreover, the combination of the lactic acid bacteria
and/or yeast strain was found to rapidly reduce SE
numbers in the chick gut and showed a prolonged
inhibitory effect against SE colonization. We, thus,
propose that the administration of these 2 probiotics, as
early as possible after hatching, would be considerably
effective in controlling SE colonization in the guts of
chicks.
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INTRODUCTION

It is estimated that approximately 1.2 million cases of
the human disease salmonellosis occur annually in the
United States, including 23,000 hospitalizations and
450 deaths (CDC, 2019). A significant proportion of hu-
man salmonellosis cases is caused by Salmonella enterica
subsp. enterica serovar Enteritidis (S. Enteritidis, SE), a
zoonotic pathogen, which is contracted via the
consumption of poultry and poultry-derived products
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contaminated with pathogenic Salmonella spp. (Ao
et al., 2015; Lee et al., 2015; Eguale, 2018). Poultry
meats and eggs have been considered as the main reser-
voirs of SE (CDC, 2018; ECDC, 2018). The subthera-
peutic use of antibiotics, which have prophylactic and
growth-promoting effects in food-producing animals,
contributed to meeting the demands for animal proteins
and preventing bacterial diseases (Hao et al., 2014;
Nhung et al., 2016). However, over the past few decades,
restrictions on the prophylactic usage of antibiotics in
animal feed have led to reductions in meat production
and a concomitant increase in bacterial infections,
resulting in economic losses in the poultry industry
(Gadde et al., 2017). Moreover, there has been an in-
crease in the frequency with which Salmonella-contami-
nated meats, eggs, or animal-derived products can enter
the food chain, which may potentially have a high
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economic cost with respect to the outbreak of foodborne
diseases (Morley et al., 2011; Lee et al., 2013; McEwen
et al., 2018; Tang et al., 2019). In accordance with the
latest report published by the USDA Food Safety and
Inspection Service, approximately 1,532 to 174,207
pounds of poultry or poultry-derived products from
each case have been recalled as a consequence of sus-
pected contamination with Salmonella in 2018 to 2019
(USDA-FSIS, 2019). Consequently, there is an urgent
need to identify novel methods of farm management as
an alternative to the use of antibiotics that can be used
to reduce the pathogen load in the guts of poultry
(from neonatal to adult chickens).

Alternatives to antibiotics, including the use of bacte-
riophages, vaccines, and probiotics, have been widely
studied for their ability to reduce or inhibit Salmonella
colonization in the guts of chickens (Andreatti et al..
2007; Prado-Rebolledo et al., 2017; McWhorter and
Chousalkar, 2018). An ideal alternative for gut pathogen
control would entail the selective and effective eradica-
tion of foodborne pathogens without any appreciable
changes (or with beneficial changes) in gut microbial
structure and function. Following the study conducted
by Rantala and Nurmi, who demonstrated the effects
of the gut microbiota of mature birds on protecting
young chicks from Salmonella infection, numerous
studies have assessed the usage of probiotics in the
poultry industry, with a view toward promoting the
gut health of birds and reducing potential human path-
ogen levels in this organ (Rantala and Nurmi, 1973;
Higgins et al., 2007; 2008; De Oliveira et al., 2014;
Prado-Rebolledo et al., 2017).

Kefir, a fermented dairy product originated from the
Caucasus mountain region, contains multiple species of
probiotic bacteria and yeast that has been demonstrated
to promote host gut health and immune functions
(Trigoyen et al., 2005; Vinderola et al., 2006; Bellikci-
Koyu et al., 2019; Kim et al., 2019b). Our earlier studies
showed that 2 probiotics isolated from kefir, the lactic
acid bacterium Lactobacillus kefiranofaciens DN1
(LKF_DN1) and the yeast Kluyveromyces marzianus
KU140723-05 (KMAS), also appeared to have potential
probiotic activity through high antibacterial activity,
resistance to gastrointestinal environments (e.g., acid
and bile tolerance), and adhesion ability to intestinal
cells (Kim et al., 2016; Jeong et al., 2017a; Cho et al.,
2018; Lim et al., 2019). The studies showed the probiotic
strains with excellent performance on high survivability
in the host gastrointestinal tract, low pathogenicity,
antimicrobial activity against pathogens including Sal-
monella and Listeria spp., and modulation of the intesti-
nal microbiota in mice (Jeong et al., 2017a; Lim et al.,
2019). In accordance with a previous study, supplemen-
tation of drinking water with kefir has been found to
effectively prevent the colonization of Campylobacter
jejuniin chicks (Zacconi et al., 2003). In the current pre-
sent study, we evaluated the single and mixed probiotic
strains with LKF _DN1 and KMAS for the prospective
applicability to reduce the colonization of SE in the
gut of young chicks.
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Although the production of pathogen-free chicken
meats and eggs is theoretically achievable, it is practi-
cally unrealistic. Thus, a regimen to reduce pathogens
in the gastrointestinal track of chickens during the entire
rearing period may be required to ensure safe poultry
production and promote intestinal microbial eubiosis.
Notably, SE infection can cause more severe and sus-
tained illness in young chicks than in older birds, owing
to a higher susceptibility to enteropathogens (Mon et al.,
2015) at this age. Unlike antibiotics that can reduce gut
microbial diversity involved in a healthy gut, probiotics
can potentially be more suitable for enhancing the intes-
tinal mucosal barrier and immune function in chicks.
Mon et al. demonstrated that the SE infection in young
chicks significantly reduced cecal microbial diversity
with expansion of the family FEnterobacteriaceae
(including many pathogens) and reduction of the family
Lachnospiraceae (including butyrate-producing bacte-
ria) when compared with older and noninfected chicks.
Consequently, protection against external pathogens in
neonatal animals may be more important than that in
older animals. Therefore, in the present study, we aimed
to assess the feasibility of using LKF DN1 and KMA5
as dietary additives for chickens and evaluated the
optimal effect of early administration of these probiotics
on SE colonization in newly hatched chicks based on 3
different experimental approaches.

MATERIALS AND METHODS

Cultures, Diet, and Animals

The 2 probiotic organisms LKF _DNT1 (lactic acid bac-
terium) and KMAS5 (yeast), which were previously iso-
lated from kefir (SensorGen Inc., Seoul, Republic of
Korea), were grown in de Man, Rogosa, and Sharpe
broth (MRS) (Difco Laboratories, Detroit, MI) at
30°C for 72 to 96 h and in potato dextrose broth
(PDB) (Difco Laboratories) at 30°C for 48 h, respec-
tively, as previously described (Cho et al., 2018; Jeong
et al., 2017a). We also used a commercial probiotic prod-
uct, IDF-7, which contains a mixed culture of Lactoba-
cillus casei, Lactobacillus rhammnosus, Lactobacillus
plantarum, Lactobacillus acidophilus, Lactococcus lac-
tis, Bifidobacterium breve, and Bifidobacterium animalis
ssp. lactis. (Ildong Foodis Co., Ltd., Seoul, Republic of
Korea). The probiotics were incubated anaerobically in
a Whitley DG250 Anaerobic Workstation (Don Whitley
Scientific Ltd., Shipley, England) with a gas mixture of
90% N, 5% Hs, and 5% COs. A strain of SE resistant
to rifampicin (SERR) (>128 mg/L), obtained from
Dr. Richard K. Gast (USDA/ARS Southeast Poultry
Research Laboratory, GA), was used as a reference
strain and maintained as previously described (Holt
et al.,, 1999). The SERR strain was grown in tryptic
soy broth (TSB) (Difco Laboratories) containing
64 pg/mL rifampicin and stored in TSB containing
20% glycerol at —70°C until use. Chicks were fed a
diet purchased from AT Immune Inc. (Cheongju,
Choongbuk, Republic of Korea). During the
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experimental period, there was no supplementation of
feed with either antibiotic agents or growth promoters.
The Hy-Line Brown commercial male layer chicks used
in this study were obtained from a commercial hatchery
(Korean Poultry TS Co., Ltd., Icheon-si, Gyunggi-do,
Republic of Korea).

Experiment 1

A total of 108 day-of-hatch specific-pathogen-free
layer chicks (Hy-Line Brown) were randomly divided
into 6 groups, 18 birds/group, as shown in Table 1. On
day 1 at the hatchery, chicks in the probiotic-treated
groups (PG1, PG2, PG3, and PG4) were orally adminis-
trated 0.2 mL of the activated LKF_DN1 (1.22 X 107/
chick), 0.2 mL KMA5 (1.23 X 10°/chick), 0.1 mL
LKF DNI1 and 0.1 mL KMA5 (LKF_DNI1 + KMAS5),
or 0.2 mL IDF-7 (3.24 X 107/chick) cultures before
initial feeding and drinking, respectively. The chicks
were transported and placed into 1 of the 6 dedicated
chicken SK-ISO-600 HBC2 isolators (Three-shine Inc.,
Daejeon, Republic of Korea) at an experimental station
for chickens (Konkuk University, Seoul, Republic of Ko-
rea). On day 2, probiotics were again administered to the
chicks in the probiotic-treated groups, followed by
SERR challenge (3.20 X 107/chick) at 3 d of age. L.
kefiranofaciens DN1land KMAS5 were cultured in MRS
and PDB, respectively, and orally administered. There-
fore, in the effort to minimize the potential nutritional
impact between groups, 3 of 6 chicks in the negative con-
trol (NC) and positive control (PC) groups were orally
administered 200 pL. of MRS, and the other 3 chicks
were orally administered 200 pL of PDB on day 1 and
day 2 corresponding probiotics administration. On day
3, the chicks in NC group were orally administered
200 pL of TSB corresponding SERR administration.
During the first week of the experiment, the temperature
in the chicken isolator was set to 34°C and was thereafter
reduced to 30°C until the end of the experiment (day
14). Throughout the 2-wk experimental period, the
chicks were illuminated with a 23L:1H schedule. During
this period, feed and drinking water were provided ad
libitum. The scheme of experiment 1 is shown in
Figure 1A. Briefly, 6 chicks in each group were randomly
selected, euthanized with CO, asphyxiation, and
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sacrificed on day 4, 9, and 14. After sacrifice, cecum sam-
ples were collected from the 36 chicks from the 6 isolators
(=6 replicates for each group). The cecal digesta ob-
tained from the intestinal segments were used immedi-
ately to determine the number of SERR. To obtain
plate cell counts, the cecal and external mucosal con-
tents that ranged from 0.1 g to 0.7 g were scraped and
placed into 15-mL conical sterile polypropylene centri-
fuge tubes (SPL Life Sciences Co. Ltd., Pocheon-si, Re-
public of Korea), serially diluted 10-fold in sterile PBS,
and then homogenized using a Vortex-Genie 2 Vortex
(Scientific Industries Inc., Bohemia, NY) at a maximum
speed for 15 s. The resulting homogenates were serially
diluted, and 100 puL of each homogenate dilution was
spread plated on xylose lysine deoxycholate agar (Difco
Laboratories) containing 64 pg/ml rifampicin. The
plates were incubated at 37°C for 24 h, and thereafter,
the number of black colonies, which were assumed to
be the SERR strain, was determined using the plate
count method. All animal procedures used in this study
were approved by the Institutional Animal Care and Use
Committee at Konkuk University. The approval number
is KUIBC-2019-10.

Experiment 2

Figure 1B presents the scheme of experiment 2 to pro-
vide a comparison for the effects of probiotics exposure
period on anti-SE colonization in the gut of neonatal
and young chicks. For this experiment, 36 chicks were
randomly assigned into 6 groups of 6 chicks/group and
similarly housed in the 6 chicken isolators described in
experiment 1. Over 2 consecutive days (day 10 and
11), chicks in PG1, PG2, PG3, and PG4 were adminis-
tered LKF DNI1 (1.53 X 107/chick), KMA5
(7.50 X 10°/chick), LKF_DNI1+ KMAS5, and IDF-7
(3.73 X 107 /chick), respectively. Chicks in the NC group
were orally administered 200 pL of MRS or PDB as
described previoulsy. On day 12 chicks in groups PG1—
PG4 were orally administered the SERR strain
(3.00 X 107/chick). Chicks in the NC group were also
orally administered 200 pL. of TSB as described pre-
vioulsy. On day 13, the chicks from each group were
sacrificed, and samples of cecal digesta were collected

Table 1. The lactic acid bacterium, yeast, and Salmonella Enteritidis strain administered to experimental groups'.

Lactobacillus kefiranofaciens DN1

Group (LKF_DN1)

Kluyveromyces marxianus KU140723-05
(KMA5)

S. Enteritidis resistant to rifampicin

IDF-7* (SERR)

NC
:SPC
PG1
PG2
PG3
PG4

I+ 1+ 11

I+ + 1 11

R

+

Three of 6 chicks in the NC and PC groups were orally administered 200 pL of MRS corresponding LKF _DN1 culture medium, and the other 3 chicks
were administered 200 pL of PDB corresponding KMAS5 culture medium. Chicks in NC group were orally administered 200 uL of TSB corresponding SERR.

2NC, negative control.
3PC, positive control.

“IDF-7, a commercial product containing Lactobacillus casei, Lactobacillus rhamnosus, Lactobacillus plantarum, Lactobacillus acidophilus, Lactococcus

lactis, Bifidobacterium breve, and Bifidobacterium animalis ssp. lactis.
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Figure 1. In experiment 1, 108 day-of-hatch SPF layer chicks were randomly divided into 6 groups. Chicks were orally administered the probiotics
LKF DNI1 and KMA5 on day 1 (D1) and D2, followed by Salmonella Enteritidis resistant to rifampicin (SERR) on D3. Six chicks from each group
were sacrificed at D4, D9, and D14 to collect the ceca for viable cell counting of the SERR strain (A). In experiment 2, probiotics were administered
consecutively on D10 and D11, followed by administration of the SERR strain on D12. Six chicks from each group were sacrificed on D13 (B). In exper-
iment 3, the SERR strain was administered at D9 before probiotic administration (D10 and D11). Six chicks from each group were sacrificed on D12
(C). Abbreviations: KMAS5, Kluyveromyces marzianus KU140723-05; LKEF DN1, Lactobacillus kefiranofaciens DN1; NC, negative control; PC, pos-

itive control; SPF, specific-pathogen-free.

and processed for SERR cell counts using the procedures
described in experiment 1.

Experiment 3

Figure 1C shows the scheme of experiment 3 to
compare the effects of the order of probiotics and
SERR on anti-SE colonization in the gut of young
chicks. For this experiment, 36 layer chicks were
randomly divided into 6 groups with 6 replicates of 6
chicks/group and similarly housed respectively in the 6
chicken isolators as described previously. On day 9,
chicks in PC and PG1-PG4 were orally administered
the SERR strain (3.43 X 107/chick). Chicks in the NC
group were orally administered 200 pL. of TSB. At day
10 and day 11, the chicks in PG1, PG2, PG3, and PG4
groups  were then  administered LKF DNI1
(1.35 X 107"/chick), KMA5 (6.12 X 10°/chick),
LKF DN1 and KMAS5, and IDF-7 (3.43 X 107/chick),

respectively. Three chicks and the other 3 chicks in the
NC group were orally administered 200 pL of TSB and
PDB, respectively. On day 12, the chicks from each
group were sacrificed, and cecal SERR cells were
enumerated using xylose lysine deoxycholate agar plates
containing rifampicin (64 pg/mL) as described
previously.

Statistical Analysis

All experiments performed in the present study were
arranged in a completely randomized design. All data
sets obtained from the experiments were considered nor-
mally distributed. For all groups, data for viable cell
numbers of the SERR reference strain were analyzed
by one-way ANOVA followed by Tukey’s test using
SAS (v.9.4; SAS Institute Inc., Cary, NC). Differences
between the group means were considered to be statisti-
cally significant at a P-value of less than 0.05 (P < 0.05).



SALMONELLA COLONIZATION IN CHICKENS

RESULTS AND DISCUSSION

In this study, we evaluated the inhibitory effects of
early administration of probiotics on SE colonization of
the guts of newly hatched chicks based on 3 independent
experiments. L. kefiranofaciens DN1 and/or KMA5 and
IDF-7 were orally administered on day 1 and 2. The
number of viable SERR cells in the cecal digesta and
external mucosal surfaces in chicks from the groups
treated with probiotics (LKF _DN1, KMA5, LKF DN1
+ KMAS5, and IDF-7) and without probiotics (PC) on
day 4, 9, and 14 are shown in Figure 2. On day 1 of after
SERR challenge (day 4), we observed a significant
reduction in the total number of cecal SERR in chicks
in the probiotic-administered groups (P < 0.05) relative
to the PC group (Figure 2). We observed a gradual
decrease in the numbers of SERR cells in all groups
with an increase in the number of days after probiotic
administration (P < 0.05), whereas the total number
of cecal SERR in the KM A5 group showed no significant
difference between time points (day 4, 9, and 14) during
the entire experimental period (P = 0.73). The effective
reduction in the number of cecal SERR in chicks admin-
istered KMAS for 2 d (day 1 and 2) clearly persisted from
the beginning (day 4) to the end (day 14) of experiment 1
(Figure 2). Notably, the KMAS yeast strain showed the
strongest inhibitory effect against SE colonization in the
large intestine of chicks on day 4. Six days after SERR
challenge (day 9), we detected no significant differences
in SERR strain numbers between the PC and the
LKF_ DN1 and KMA5 groups (Figure 2). In contrast,
we observed a significant difference between the number
of viable SERR between PC and LKF DN1+ KMA5

Log;, (Viable SERR number)

D4
mPC LKF DI

BKMAS5 ®mLKF_DI1+KMAS
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and the commercial product IDF-7 groups. Further-
more, on day 11 of post-SERR challenge (day 14), we
noted a significantly lower number of SERR viable cells
in the cecum of chicks administered KMAS5,
LKF DNI1+ KMAS5, and IDF-7 than that in the PC
group (P < 0.05; Figure 2).

To ensure that we were able to assess the effect of early
probiotic administration on inhibiting the colonization
of the SERR strain in the guts of chicks, we administered
probiotics on day 10 and 11 before (day 9) and after (day
12) SE administration on the assumption that chicks are
increasingly becoming contaminated with Salmonella
spp. derived from external sources (e.g., feed and water)
(Figures 1B, 1C). Data obtained from experiments 2 and
3 revealed that the administration of probiotics before
and after potential exposure to an external source Sal-
monella (day 9-12) was ineffective in reducing the num-
ber of gut SERR (Figure 3). The results of experiments 2
and 3 show that there were no significant differences in
the number of SERR cells in the guts of chicks from
the same groups in each of the 2 experiments
(P > 0.05; Figure 3). Regarding the observed data for
the ineffectiveness of later probiotic administration on
reducing the SERR cecal colonization in young chicks,
early probiotic administration in neonatal chicks may
be critical to circumvent the cecal colonization of patho-
gens via the effect of competitive exclusion (CE) using
probiotics. Revolledo et al. (2009) demonstrated the effi-
cacy of CE products or a combination product with CE
and other products (including probiotics) on reducing
Salmonella contamination in only a few day-old chicks.
Bolder et al. (1992) also demonstrated that CE cultures
can be administered to neonatal chicks after hatching to

D9 D14

u IDF-7

Figure 2. The number of viable cells of the Salmonella Enteritidis resistant to rifampicin (SERR) strain in the cecal content of chicks in different
treatment groups. SERR cell numbers were counted on day 4 (D4), 9, and 14 during the experimental period (D1, D6, and D11 after Salmonella Enter-
itidis administration, respectively). LKF _DN1 (1.22 X 107/chick), KMA5 (1.23 X 10°/chick), and IDF-7 (3.24 X 107/chick) strains were adminis-
tered on D1 and D2, followed by the SERR strain (3.20 X 107/chick) on D3. Data from experiment 1 were used. Differences in the number of viable
SERR cells within each group were considered to be statistically significant at a P-value of less than 0.05 (P < 0.05). Significant differences between
groups at the time points are indicated by lowercase letters. Graphs represent the mean of SERR number expressed as logo cfu/g cecal content. Scale
bars represent the SD of the mean. Abbreviations: IDF-7, a commercial product containing Lactobacillus casei, Lactobacillus rhammnosus, Lactobacillus
plantarum, Lactobacillus acidophilus, Lactococcus lactis, Bifidobacterium breve, and Bifidobacterium animalis ssp. lactis; KMAD, Kluyveromyces
marzianus KU140723-05; LKF DN1, Lactobacillus kefiranofaciens DN1; NC, negative control; PC, positive control.
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Figure 3. The number of viable cells of the Salmonella Enteritidis
resistant to rifampicin (SERR) strain in chicks in each group from exper-
iments 2 and 3 (probiotic administration before and after SERR expo-
sure, respectively). Graphs represent the mean of SERR number
expressed as logjg cfu/g cecal content. Scale bars represent the SD of
the mean. Abbreviations: IDF-7, a commercial product containing
Lactobacillus casei, Lactobacillus rhamnosus, Lactobacillus plantarum,
Lactobacillus acidophilus, Lactococcus lactis, Bifidobacterium breve,
and Bifidobacterium animalis ssp. lactis; KMAS, Kluyveromyces marx-
tanus KU140723-05; LKF DN1, Lactobacillus kefiranofaciens DN1,
NC, negative control; PC, positive control.

prevent intestinal Salmonella colonization in poultry.
These data including our results may be explained by
the protective effect of CE with LKF DN1 and KMA5
in neonatal chicks against Salmonella spp. introduced
from external sources and environment.

Effect of a Combination of Probiotics
(LKF_DN1 and KMAS5) Isolated From Kefir
on the Reduction of SE in Chicks

To evaluate the inhibitory effects of a single lactic acid
bacterium, a single yeast, or their combination on Salmo-
nella colonization in the guts of chicks, we attempted to
minimize exposure to potential external sources of these
bacteria by administering chicks with probiotics soon after
they had hatched at a hatchery. Oral administration of
the kefir-derived probiotics LKF DN1 and KMAb was
shown to be considerably effective in reducing SE in the
intestine of the chicks at day 4, and then, a significant
reduction of SE was shown in the groups with probiotic
mixtures until the end of the experimental period
(Figure 2). The KMA5 and LKF DN1 strains lowered
the numbers of SERR cells in chicks by up to 1.90 logyg
and 0.99 logo, respectively, than that in chicks in the
PC group on day 4 (Figure 2). Interestingly, we observed
that the administration of KMAS5 resulted in a marked
reduction in the total number of cecal SERR on day 1
and 11 after SERR administration, indicating that oral
administration of the yeast strain to neonatal chicks would
be a highly effective approach for inhibiting gut coloniza-
tion by SE strains. In addition, we found that the synergis-
tic effect of LKFDN1 and KMASB strains, with respect to
a reduction in the number of viable SERR cells in chicks,
persisted up to day 14 (Figure 2). Previously, Higgins et al.
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(2007) showed that a commercial lactic acid bacterium
product administered at day 1 reduced SE in the ceca of
chicks by more than 1.5 log,q (Higgins et al., 2007), and
consistently, in the present study, we observed that the
number of SERR cells in the lactic acid bacterium-—
treated chicks at day 1, 6, and day 11 after SE administra-
tion was reduced by 1.90, 0.53, and 1.18 log;, respectively,
when compared with the PC group (Figure 2). Accord-
ingly, these data may indicate that the 2 probiotics
LKF DNI1 and KMAS could be used as the effective die-
tary additive in the poultry industry.

Effect of Early Probiotic Administration on
the Reduction in SE in Chicks

Few studies have compared the effects of adminis-
tering hatchery chicks with probiotics before and after
exposure to feed, water, and the general external envi-
ronment (Higgins et al., 2007). In experiments 1 and 2
of the present study, we therefore sought to examine
the importance of the time point of probiotic administra-
tion (1-2 d vs. 10-11 d of age), before SERR administra-
tion, in reducing the number of SERR cells in chicks. We
found that earlier administration of probiotics at day 1
and 2 resulted in a significantly higher reduction in the
number of viable SERR cells in chicks than PC chicks
(Figure 2). Specifically, we observed that reductions in
the number of SERR cells in chicks orally administered
the 2 probiotics, LKF DN1 and KMA5 isolated from
kefir, were 0.99 log,, and 1.90 log;, respectively, relative
to the PC group on day 4 (Figure 2), whereas the reduc-
tion in the number of SERR cells in chicks administered
probiotics at day 10 and 11 was not significantly shown
(Figure 3). In addition, in experiment 1, we observed
that the reduction in SE colonization in chicks adminis-
tered probiotics (LKF_DN1 and KMAS5) soon after
hatching persisted for up to 2 wk (Figure 2), indicating
that early probiotic administration could be extremely
effective in reducing the number of enteropathogenic
bacteria or inhibiting bacterial colonization. Thus,
initial exposure of chicks to probiotics immediately after
hatching could represent an ideal approach for inhibiting
Salmonella gut colonization and thereby enhancing
chick health.

Exposure to Probiotics Before Pathogens in
Neonatal Chickens May Reduce the Number
of Gut SE Strains

In experiments 2 and 3, we examined the changes in
the number of viable SE cells in chick guts after exposure
to external source Salmonella spp. and evaluated the ef-
fects of administering chicks with probiotics before and
after exposure to SERR. Figure 3 shows that late admin-
istration of the probiotics did not significantly reduce the
number of SERR cells between groups. Consequently, a
comparison between the results obtained from the 2 ex-
periments revealed that there were no significant differ-
ences between the same groups in the 2 studies with
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respect to the number of viable SERR cells in chicks,
regardless of whether probiotics were administered
before or after exposure to the SERR strain (Fig. 3).
Combined, these findings indicate that the inhibitory ef-
fect of probiotic administration on SERR strains in
chicks after being exposed to external sources for a suffi-
cient time was somewhat lower than that observed after
probiotic administration immediately after hatching.

Here, we observed that strains of both the lactic acid
bacterium and yeast derived from kefir can substantially
inhibit the colonization of SERR in chick cecum as single
probiotic agents and that this effect may be even supe-
rior to that obtained in response to administering a com-
mercial multiple probiotic supplement, that is currently
used on avian farms. Although countless avian probiotic
agents have been developed and used in the field, most of
these are used to achieve limited goals, such as
improving growth performance and general health con-
ditions, and are not explicitly designed to prevent the
colonization of specific pathogens, which, nevertheless,
can pose a huge public health risk (Jadhav et al.,
2015). However, we found that 2 novel probiotics,
LKF DNI1 and KMAS5, exerted a potent anti-Salmo-
nella effect in chicks, which might have been expected
given our previous findings that LKF DN1 produces
an exopolysaccharide that has a bactericidal effect on
SE and is able to survive in simulated gastric and intes-
tinal environments. Moreover, this bacterium was found
to have the effect of modulating gut microbiota by
reducing populations of bacteria in the family Entero-
bacteriaceae and increasing those of species belonging
to the genus Lactobacillus (Jeong et al., 2017b). Further-
more, we found that a crude metabolite of KMA5 can
inhibit the growth of SE (unpublished data) and could
contribute to stearic hindrance against Salmonella spp.
(i.e., CE) based on its exceptionally larger size than
that of bacteria (Czerucka et al., 2007).

However, even considering the aforementioned evi-
dence, it is clearly noteworthy that kefir microorganisms
were successfully introduced to chicks as a novel host.
Nevertheless, interspecific differences with respect to
anatomy, metabolism, and physiology represent an inev-
itable hurdle in applying probiotic microorganisms to a
wide range of different animal species (Smith, 2014).
Although the effects of kefir have previously been exam-
ined in humans and some animals, including mice and
dog (Kim et al., 2019a; Kim et al., 2019b), the present
study is, to the best of our knowledge, the first to eval-
uate and demonstrate the efficacy of single kefir isolates
on reducing Salmonella populations in the guts of young
chicks. Previously, however, the effects of kefir as a
whole have been examined in young chicks, and it was
accordingly found that ad libitum consumption of drink-
ing water supplemented with kefir significantly reduced
the number of Campylobacter spp. in the chick cecum
(Zacconi et al., 2003). The results of the present study
are consistent with these findings, although it is particu-
larly notable that we used single isolates of kefir, which
are more amenable to scale-up production than that by
using whole kefir (Kim et al., 2018). In addition, the
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chicks in the present study received only a single dose
of probiotics, thereby indicating that selected kefir mi-
croorganisms could exert a long-term protective effect
against Salmonella spp. On the basis of the promising
findings of this study, we intend in future studies to focus
on elucidating the underlying mechanisms via the use of
multiomics technology and by evaluating the effects of
kefir microorganisms on subsequent growth and laying
performances. In addition, data from field experiments
for growth and performance of chicks are needed to over-
come the limitations of the present study.

CONCLUSIONS

In conclusion, LKF DN1 and KMAS5, recently iso-
lated from kefir, would be effective dietary additives
with respect to reducing SE colonization in chicks. More-
over, a combination of a lactic acid bacterial strain
(LKF_DNI1) and a yeast strain (KMA5) may be more
effective in controlling foodborne pathogens in poultry
than the use of single isolates. Furthermore, we demon-
strated the advantage of an early administration of these
2 probiotics soon after hatching, given that compared
with later administration, this was found to result in a
considerably more pronounced inhibition of SE coloniza-
tion in the guts of chicks. Consequently, we believe that
these probiotics can be effectively used to enhance host
health, particularly during the rearing of chickens.
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