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ABSTRACT

Background: The increasing prevalence of antibiotic resistance in poultry pathogens necessitates the development of
sustainable alternatives to antibiotics. Probiotics, particularly Lactobacillus spp., have shown promise in combating
bacterial infections in poultry. Purple onion extract (OE) possesses antibacterial properties and can potentially enhance
the probiotic efficacy of Lactobacillus strains.

Aim: This study aimed to develop a biological product based on Lactobacillus-fermented OE (LFOE) as a sustainable
alternative to antibiotics for the control of Sa/monella-induced diarrhea in poultry.

Methods: Lactobacillus strains were isolated from native free-range chicken feces and screened for their antibacterial
activity against Salmonella pullorum NCTC10705 and Salmonella typhimurium FC13827, as well as their survival
rate in OE. Six promising strains were selected and further characterized for their ability to ferment OE and their
co-aggregation ability against the pathogenic bacteria using scanning electron microscopy (SEM). 16S rRNA gene
sequencing was performed for bacterial identification. The selected strain was used for fermentation in OE, and the
resulting product was freeze-dried into a biological preparation. /n vivo studies in chicks were conducted to assess the
safety and intestinal persistence of LFOE.

Results: From an initial pool of 68 Lactobacillus strains, six promising candidates (L. plantarum 1582, L. plantarum
WCESI, L. plantarum JDM1, L. acidophilus NCFM, L. agilis DSM 20509, and L. agilis La3) were selected based
on their antibacterial activity and high survival rate in OE. SEM confirmed the ability of these strains to ferment
OE and co-aggregate with pathogenic bacteria. 16S rRNA gene sequencing confirmed their taxonomic identity as
Lactobacillus. L. plantarum 1582, selected for its superior probiotic properties, was used to ferment LFOE, which
proved safe for chicks and demonstrated the strain’s ability to survive temporarily in the intestine.

Conclusion: This study successfully developed a biopreparation based on LFOE as a potential alternative to antibiotics
for the control of Sa/monella-induced diarrhea in poultry. However, regular re-supplementation is required to maintain
probiotic efficacy due to the transient nature of intestinal colonization.

Keywords: Antibiotic resistance, Chicken, Lactobacillus, Onion, Salmonella.

Introduction

Salmonella, a Gram-negative bacterium belonging
to the Enterobacteriaceae family, causes intestinal
diseases like dysentery and typhoid in poultry, which
can be transmitted to humans (Nair et al., 2018).
Controlling Salmonella in poultry production is
crucial, especially since the WHO has listed it as a
pathogen requiring antibiotic susceptibility testing
before treatment (WHO, 2023). Antibiotic resistance is
on the rise due to the overuse of antibiotics in livestock,

rendering many common antibiotics ineffective against
Salmonella spp. (Farhat et al., 2023). This resistance
compromises treatment efficacy, alters the intestinal
microbiota, and negatively impacts animal health (Kim
et al., 2017). Consequently, there is a need to develop
alternatives to antibiotics, such as herbal medicines, as
bacteria are less likely to develop resistance to these
natural compounds (Brijesh ef al., 2009; Singh, 2013).
Purple onion, an agricultural product prevalent in the
Central region of Vietnam, is a rich source of health-
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promoting bioactive compounds, including phenolic
compounds, particularly flavonoids, and sulfur-
containing organic compounds with antibacterial
and antioxidant properties (Wilson and Demmig-
Adams, 2007). Recent studies have demonstrated the
bacteriostatic and bactericidal effects of purple onion
against E. coli causing diarrhea in broilers, even in
strains resistant to gentamicin and amoxicillin (Hai
et al.,2020a). Additionally, supplementing broiler diets
with 0.5% and 0.7% purple onion extract increased
antibody titers against the Newcastle disease virus (Hai
and Hoa, 2020). Furthermore, dietary supplementation
with 300 mg/kg of the extract improved chicken
performance and health (Hai ef al. 2020b). However,
some plant extracts, including purple onion, can
disrupt the balance of beneficial gut bacteria (Myers
et al., 2009), necessitating the exploration of beneficial
biological compounds to restore the intestinal
microbiota.

Probiotics play a vital role in regulating the microbiota
and inhibiting pathogen growth (Wang et al., 2018),
while prebiotics are selectively metabolized by
beneficial intestinal bacteria (Sunu et al.,, 2019).
Fermenting herbs with probiotics can enhance the
bioactivity and efficacy of functional ingredients.
Pickled purple onions, a traditional dish in Vietnamese
cuisine, rely on spontaneous fermentation with
indigenous lactic acid bacteria. However, spontaneous
fermentation can lead to uncontrolled transformations
and the generation of harmful microorganisms or
toxins (Xiang et al., 2019). Isolating probiotic strains
from natural hosts is preferable as these strains are
well adapted to the host’s gastrointestinal environment
(Reuben et al., 2019). Creating probiotic strains
tailored to specific hosts is crucial for maximizing
health advantages and improving animal production
efficiency (Dowarah et al., 2018).

Currently, there is a lack of research on the effects of
probiotic fermentation of purple onion substrates at
concentrations lethal to enteric pathogens. This study
aimed to evaluate the synergistic effects of potential
Lactobacillus (LAB) strains isolated from chicken
feces in fermented purple OE against Salmonella spp.
in chickens, contributing to a sustainable approach for
disease control in poultry production.

Materials and Methods

Materials

Bacterial strains

Probiotic strains: Sixty-eight Lactobacillus strains
were isolated from the feces of native free-range
chickens raised without probiotic supplementation.
The strains were screened based on morphological and
biochemical characteristics.

Pathogenic bacteria: Pathogenic bacteria were
isolated from the feces of native chickens exhibiting
diarrhea suspected to be caused by Salmonella spp.
Two isolates, carrying the virulence genes /nvA and

Stn, were selected for further analysis. Identification
of the isolates was performed using the 16S PCR
method, which involves amplifying the 16S rRNA
gene region, analyzing the PCR product via agarose
gel electrophoresis, purifying it, and sequencing. The
obtained sequences were compared with the GenBank
database using BLAST to determine the species.
The isolates were identified as Salmonella pullorum
NCTC10705 (GenBank ID: UGWX01000002.1) and S.
Typhimurium FC13827 (GenBank ID: MK886517.1).
Strain maintenance: All bacterial strains were
maintained in sterile glycerol (20%) and stored at —80°C
at the Microbiology Laboratory, Faculty of Animal
Husbandry and Veterinary Medicine, University of
Agriculture and Forestry, Hue University, Vietnam.
Purple OF preparation

Purple onions (Allium cepa L. var. aggregatum -
NCBI Genbank ID: NC 057575.1), aged 4-5 months,
were cultivated under biosafety conditions according
to VietGAP standard TCVN 11892-1:2017 in Dien
Mon, Phong Dien district, Thua Thien Hue province,
Vietnam. The onion extraction process was adapted
from Yadav et al. (2015) with modifications. Briefly,
after washing and removing substandard bulbs, the
onions were surface-sterilized by soaking in a 5%
NaCl solution for 120 minutes. One hundred grams
of onions were then crushed to obtain the extract by
Philips HR3770/00 Juicer (capacity: 1500W, 2 1),
which was filtered through two layers of 25 micron
PET gauze and centrifuged at 5,000 rpm for 15 minutes
to remove insoluble debris. The resulting extract was
sterilized using UV irradiation (30 mW/cm? for 15
minutes) to obtain purple OE, which was stored at 4°C.
Quantification of the main bioactive compounds in OE
was performed using HPLC at the Center for Drug and
Food Testing (HueQC, TT-Hue) (Table 1).

Production of a fermented OE biopreparation

The production process for the fermented OE
biopreparation was adapted from Mangisah et al.
(2021). Pure selected LAB cultures were propagated
on MRS agar plates and incubated anaerobically at
38°C for 48 hours. Skim milk was diluted with distilled
water at a ratio of 1:14 (v/v) and mixed thoroughly to
create a growth medium for the bacteria, providing
a source of lactose. LAB from two agar plates was
inoculated into 200 ml of the diluted skim milk and
incubated anaerobically at 38°C for 2 days.

To produce the fermented product, OE was combined
with the LAB-inoculated skim milk at a ratio of 1:2 (v/v)
and mixed thoroughly. Fermentation was carried out at
30°C for 18 hours with shaking at 100 rpm, achieving
an initial LAB inoculum density exceeding 10% CFU/
ml. Post-fermentation, the product was freeze-dried at
a pressure of 63 Pa for 96 hours utilizing an HT-FD
freeze dryer (Hai Tan Joint Stock Company, Vietnam).
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Table 1. Quantification of major bioactive compounds in OE.
Ingredients Concentration* (¢, minute)
Total flavonoid 305.13 +0.08 (20.43)
Total glucoside 467.21 £ 0.06 (18.65)
Quercetin 3,4°-diglucoside 240.01 +0.39 (33.30)
Quercetin 4’-monoglucoside 159.86 + 0.09 (42.45)
Quercetin aglycone 24.13 +£0.08 (48.17)
Sulfur containing compounds
Isoalliin 177.04 £ 0.00 (4.35)
Methyl-1-propenyl disulfide 122.02 £ 0.00 (4.72)
Diallyl disulfide 145.15+0.00 (9.37)
“Concentration in mg/100 g dry weight; 7,: retention time.
Methods were treated with 12.5% (v/v) OE and incubated for 8

Antibacterial sensitivity assessment

Antibacterial activity of OE and LAB against
gastrointestinal pathogens

The antibacterial activity of OE against common
poultry gastrointestinal pathogens was evaluated using
the agar well diffusion method as described by Aujoulat
et al. (2011). Briefly, Muller Hinton agar (MHA)
plates were overlaid with a 0.5 OD,,; suspension of
Salmonella spp. to achieve a bacterial density of 1 x
10 CFU/ml. After 15-20 minutes, six wells (30 mm
apart) were punched into the MHA agar. Each well was
filled with 100 pl of an overnight MRS broth culture
of the selected LAB strains (adjusted to 0.5 OD,, ) to
achieve a bacterial density of 1 x 10® CFU/ml. The
lid ajar was left for from 3 to 5 minutes with no more
than 15 minutes in the sterile cabinet and the plates
were incubated at 37°C for 20 hours. The antibacterial
activity was evaluated by measuring the diameter of
the inhibition zone (DIZ, mm) using the formula: DIZ
= Diameter of the inhibition zone—Diameter of the
well. Antibacterial activity was considered significant
when DIZ > 10 mm (Georgieva et al., 2015).

LAB survival in OE

The survival of LAB strains in OEs was assessed as
described by Fadare et al. (2022). MRS medium
supplemented with 12.5% (v/v) OE was prepared.
The test samples were inoculated with 100 pl of LAB
suspension (1 x 108 CFU/ml) and incubated in the OE-
supplemented MRS broth at 37°C for 24 hours. Control
samples were inoculated into MRS broth without OE.
Growth efficiency was determined using the plate count
method. The survival rate (%) of LAB was calculated
using the formula: Survival rate (%) = 100 x (log CFU
of test sample / log CFU of control sample).
Bactericidal and synergistic effects of OE

The bactericidal and synergistic effects of OE were
investigated using scanning electron microscopy (SEM)
following a modified protocol from Kim et al. (2020).
Bacterial suspensions of S. typhimurium FC13827 and
L. plantarum 1582 (100 pl, 0.5 McFarland standard)

hours at 37°C. The cultures were then centrifuged at
10,000 rpm for 10 minutes and washed twice with 0.1 M
phosphate buffer. A 25 pl aliquot of the cell suspension
was smeared onto a coverslip and incubated overnight
at 37°C. The cells were fixed with 2.5% glutaraldehyde
in 0.1 M phosphate buffer at room temperature for 2
hours and washed three times. Subsequently, the cells
were fixed with 2% osmium tetroxide in phosphate
buffer, washed three times, and dehydrated through a
graded ethanol series (30%—100%). The dried samples
were then examined using a ZEISS Leo 1560 SEM
(Germany).

Molecular identification of LAB strains

The test was conducted at DNA Sequencing
Company (Vietnam). The selected LAB strains
were identified genetically by sequencing the 16S
rRNA gene. A 1500 bp fragment of the 16S rRNA
gene was amplified using the forward primer
27F (5’-AGAGTTTGATCMTGGCTCAG-3’)
and the reverse primer 1492R
(5’-TACGGCTACCTTGTTACGACTT-3) as
described by Shokryazdan ef al. (2014). PCR reactions
were performed in a total volume of 18.5 pl, containing
10 pul NZYTaq 2x Green Master Mix, 0.5 pl of each
primer, 6 pl of DNase-free water, and 2 pl of DNA
template. PCR products (10 pl) were analyzed by
electrophoresis and visualized under UV illumination
using the ImageMaster system (Pharmacia Biotech,
UK). The DNA dye used was Ethidium Bromide
((UltraPure™, Thermo Fisher Scientific), the DNA
standard was a 1 kb DNA ladder (New England
Biolabs), and the agarose gel concentration was 1%.
The 1.5 kb PCR product was purified and sequenced
using the Sanger method. The resulting sequences were
compared with the NCBI GenBank database using the
BLAST tool to identify the LAB strains.

Evaluation of probiotic properties of LAB strains
Extracellular enzyme production

The ability of LAB strains to produce extracellular
enzymes was assessed using the agar well diffusion
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method (Taheri ez al., 2012). LAB strains were cultured
in MRS broth, and the cultures were centrifuged to
obtain cell-free supernatants containing extracellular
enzymes. The supernatants were then added to wells
punched in MRS agar plates supplemented with either
starch (for amylase activity) or gelatin (for protease
activity). Enzyme production was evaluated after 24
hours of incubation by observing the formation of a
clear zone of substrate degradation around the wells.
Cell surface hydrophobicity

Cell surface hydrophobicity was determined according
to the method described by Thapa ef al. (2004), using
microbial adhesion to xylene. LAB strains were grown
in 10 ml of MRS broth, centrifuged at 6,000 rpm for
5 minutes, and washed twice with Ringer’s solution.
The cells were resuspended in Ringer’s solution to an
optical density (OD,,) of approximately 0.08. One
milliliter of xylene was added to 5 ml of the bacterial
suspension, vortexed vigorously for 2 minutes, and
allowed to stand for 5 minutes. The aqueous phase
was gently extracted, and the OD,, was measured.
The hydrophobicity percentage was determined using
the following equation: Hydrophobicity (%) = [(OD,
—0D)/0D,] x 100, where OD, and OD represent the
optical densities before and following the addition of
xylene, respectively.

Self-aggregation and co-aggregation

Self-aggregation and co-aggregation abilities were
assessed using the methods described by Mallappa
et al. (2019). For self-aggregation, LAB strains were
cultured overnight, centrifuged at 8,500 rpm for 10
minutes, washed, and resuspended in phosphate-
buffered saline. The suspensions were incubated at
37°C for 4 hours. A 0.2 ml aliquot of the suspension
was taken before and after incubation, and the OD
was measured. The auto-aggregation percentage was
calculated as follows: Auto-aggregation (%) = 1 — [At
/ Ao] x 100 where Ao and At are the optical densities
before and after incubation, respectively.
Co-aggregation assays were performed similarly to the
self-aggregation assay. Suspensions of S. pullorum and
S. typhimurium in brain heart infusion (BHI) broth were
prepared and standardized to approximately 1 x 108
CFU/ml. One milliliter of LAB suspension was mixed
with 1 ml of Salmonella suspension and vortexed for
10 seconds. The mixture was allowed to settle, and
the OD,,, was measured after 5 hours of incubation
at 37°C. A control containing only 2 ml of bacterial
suspension (without mixing) was also included. The
co-aggregation percentage was calculated using the
formula: Co-aggregation (%) = (OD,, (x) + OD,, (v)
-0D,,, (x+y))/(0OD,, (x) + OD,, (y)) x 100 where x
and y represent the LAB and Sa/monella suspensions,
respectively.

Acid and bile tolerance

Acid and bile tolerance were evaluated according to the
method of Mallappa et al. (2019). LAB strains were
cultured overnight and then inoculated into 10 ml of

MRS broth adjusted to pH 2 and 50 ml of MRS broth
containing 0.3% (w/v) bile salts (Himedia, India).
The initial inoculum concentration was adjusted to
0.5 McFarland standard turbidity (~1.5 x 10% CFU/
ml). The cultures were incubated at 37°C for 3 hours.
Samples (300 pl) were collected at 0, 1, 2, and 3 hours
to monitor growth kinetics by measuring the OD.
Simultaneously, 100 ul samples were taken for viable
cell counts using the plate count method.

Viability of probiotics in the chicken intestine
Thirty-six one-day-old 3F-Viet chicks were randomly
divided into two groups of 18 chicks each, with each
group further divided into three cages (6 chicks per
cage). The experimental group received 1 ml of the
probiotic product containing 10° CFU/ml of LAB, while
the control group received 1 ml of distilled water. The
chicks were housed in iron cages (0.9 x 0.5 x 0.5 m)
under continuous lighting and a constant temperature
of 35°C throughout the experimental period (1-3 days
old). Before the experiment, the cages and flooring
system were sterilized using a gas torch and Povidine
10% disinfectant. The chickens were fed a diet
formulated from local ingredients, including rice bran,
corn flour, peanut meal, and soybean meal, meeting the
standards of the Vietnam Ministry of Agriculture and
Rural Development (10 TCVN 661-2005). Feed and
water were sterilized by UV irradiation (300 pW-s/cm?
for 30 minutes) before use and provided ad libitum. At
24,48, and 72 hours, three chicks from each group (one
chick per cage) were randomly selected and euthanized.
Samples were collected from the ileum, cecum, and
colon to determine Lactobacillus counts using the plate
count method. The average LAB count was calculated
per gram of each intestinal section.

Statistical analysis

All assays were performed in triplicate, and data are
presented as mean + standard deviation (SD) and
percentage. Viable cell counts were transformed to
log,, CFU/ml. Statistical analysis was conducted using
IBM SPSS Statistics (Version 22). One-way ANOVA
followed by Tukey’s post hoc test was used to determine
significant differences between groups. Results were
considered statistically significant at o < 0.05.

Ethical approval

All procedures involving chickens in this study were
conducted in accordance with the ethical standards
and guidelines approved by the Animal Ethics
Committee of Hue University, Vietnam (Approval No.:
HUVNO39.1).

Results

The results of the criteria for identifying and selecting
potential Lactobacillus strains as antibiotic alternatives
in broiler farming are presented in the diagram of
Figure 1.
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Selection of potential antibiotic alternatives based on antibacterial activity

18/68 LAB strains were resistant to 1 of 2 pathogens, Salmonella spp.

11/18 L AB strains were not inhibited by OE.

8/11 LAB strains had a h‘i'gh survival rate in OE.

Identification of selected LAB strains was conducted through gene

6/8 LAB strains were confirmed

Evaluation of probiotic properties

1/6 LAB strains were selected based on extracellular enzyme production, hydrophobicity,

coaggregation, auto-aggregation, and tolerance to acid and bile salts.

Evaluation of probiotic survival ability in vive

LAB strains can survive temporarily in the digestive tract of chickens

Fig. 1. Results of selection criteria for potential Lactobacillus strains.

Selection of LAB strains based on antibiotic alternative
properties

Testing the ability of LAB strains to resist pathogenic
bacteria in chickens

Antagonistic activity against S. pullorum and S.
typhimurium causing digestive diseases was tested in
68 isolated LAB strains. Using the agar well diffusion
assay, 18 LAB strains (26.86%) demonstrated
inhibitory activity against at least one of the pathogens
(DIZ > 10 mm) at varying levels (Fig. 2). These strains
were selected for further experiments. In contrast, 49
strains (73.14%) showed no inhibitory effect. Among
the selected strains, three strains - LA3, LA7, and
LAA43 - exhibited strong antibacterial activity against
both pathogens, with DIZ averaging 17-19 mm,
significantly higher (»p < 0.05) than the other four
strains (LA6, LA22, LA36, and LA45), which had DIZ
of only 7-12 mm. Consequently, the latter four strains
were excluded from the list of potential candidates.
Evaluation of the antibacterial activity of OE

Figure 3 presents the antibacterial activity of 100%
OE against digestive pathogens (S. typhimurium and S.
pullorum) and the 18 LAB strains. The agar diffusion
test indicated that OE initially inhibited the growth of
these intestinal pathogens, producing inhibition zones

of approximately 15—-17 mm, which were larger than
those of the selected LAB strains. Notably, 11 LAB
strains (LA3, LA6, LA7, LAS, LA11, LA1S, LA22,
LA24,LA36, LA45, and LA58) showed low inhibition
by OE (DIZ < 10 mm), suggesting their potential for
submerged fermentation in OE. These strains were
selected for subsequent trials.

Evaluation of LAB strain compatibility with OE

The effect of OE at a concentration of 12.5% on
both co-cultures and individual cultures of the two
enteric pathogens—Salmonella spp. was assessed via
submerged fermentation, based on bacterial counts
and survival rates (Fig. 4). Results revealed that eight
strains (LA3, LA7, LAS8, LA18, LA22, LA24, LA36,
and LAS8) had survival rates nearly equivalent to the
control, with viable bacterial counts around 10 log
CFU/ml. In contrast, three strains (LA6, LA11, and
LAA45) displayed lower survival rates, approximately
50%—60%, which were significantly lower (p < 0.05)
than the other strains, leading to their exclusion from
further experiments. Meanwhile, the activity of 12.5%
OE against intestinal pathogens was substantial, as the
pathogen population density decreased over time, with
no detectable pathogens after 20 hours of incubation.
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Fig. 3. Inhibition of enteric pathogens and LAB strains by OE (100% concentration).

Visualization of the interaction between OE, LAB,
and pathogenic bacteria

SEM was employed to visualize the interaction among
OE, LAB, and pathogenic bacteria. Distinct differences
in morphology were observed between L. plantarum
(short rods, approximately 1.5 um in length) and S.
typhimurium (long rods, approximately 2.2 um in
length) when cultured individually (Fig. 5A, B) and in
co-culture (Fig. 5C). In the co-culture, the number of S.
typhimurium cells was significantly reduced compared
to L. plantarum (Fig. 5C). Moreover, S. typhimurium
cells exhibited clear signs of damage, including
cell membrane swelling (Fig. 5D), membrane pore
formation (Fig. 5SE), and membrane sloughing (Fig. 5F).
In contrast, S. typhimurium cells in the control sample
(Fig. 5B) maintained nearly intact cell membranes.
Molecular identification of LAB strains

Six LAB strains, chosen due to their significant
antibacterial effectiveness against S. pullorum and

Salmonella typhimurium, lack of inhibition by OE,
and safety for use in animal feed, were identified
at the genus level using PCR assays. All six strains
were confirmed to belong to the genus Lactobacillus
(Table 2). Species-level identification was achieved
through 16S rRNA gene sequencing. The six LAB
strains, initially designated as LAS, LA22, LA24,
LA18,LA7, and LAS8, were identified as L. plantarum
1582, L. plantarum WCFSI1, L. plantarum JDM1, L.
acidophilus NCFM, L. agilis DSM 20509, and L.
agilis La3, respectively (Fig. 6). The 16S rRNA gene
sequences were deposited in the NCBI GenBank
database under the accession IDs MT597487.1,
AL935263.2,CP001617.1,CP000033.2, KM886859.1,
and CP016766.1.

Selection of LAB strains based on probiotic properties

As presented in Table 3, The protease activity of
strains LA7 and LA22 (inhibition zone ~20 mm)
was significantly higher (p < 0.05) than that of strain
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Fig. 4. Survival rates of LAB strains in OE medium (12.5% v/v) compared to the control group after 24 hours of
incubation at 37°C. Note: *indicates a statistically significant difference (p < 0.05).

LA8 (~14 mm). Meanwhile, amylase activity was
comparable (p = 0.214) across the LAB strains, with
inhibition zones ranging from 1.2 to 1.6 mm. Regarding
hydrophobicity, strains LA8 and LAI18 exhibited
high levels of water repellency (66.07% and 66.98%,
respectively), which were significantly higher (p <
0.05) than those of strains LA7 and LA24 (~50%). Co-
aggregation ability with S. pullorum was similar across
the selected strains, ranging from 32.5% to 41.1%.
However, for S. typhimurium, strains LAS8, LAIS,
and LA24 showed significantly higher co-aggregation
ability (39.8%-44.0%) (p < 0.05) compared to the
remaining strains (17.9%—22.1%).

In this study, all LAB strains isolated from native
chicken manure demonstrated good acid tolerance at pH
2 and pH 3, and resistance to bile salts at concentrations
of 0.3% and 0.5%, with survival rates exceeding 70%.
Among these, strains LA7, LAS, LAI18, and LA22
exhibited significantly higher survival rates (p < 0.05)
under acidic conditions compared to LA24 and LASS.
However, for bile salt tolerance, strains LAS8, LA24,
and LAS58 had significantly lower survival rates (p <
0.05) than the other strains.

Overall, the probiotic evaluation showed that strain
LAI18 (L. plantarum 1582) exhibited superior probiotic
properties (eight characteristics) compared to the other
strains (2—6 characteristics). As a result, LA18 was
selected for use in the production of biological test
products.

Probiotic survival in the chicken intestine

Throughout the 72-hour observation period following
the administration of L. plantarum 1582 fermented OE
biopreparation to chickens at a dose of L. plantarum

1582 10° CFU/ml, no adverse clinical signs were
observed, and the chickens maintained a normal
appetite, indicating that the LAB strain used is safe and
does not produce any negative reactions.

Figure 7 illustrates the survival of L. plantarum
1582 with the administration of the fermented OE
biopreparation in the ileum, cecum, and colon of
chickens at 24, 48, and 72 hours post-administration.
Overall, probiotic survival in the chicken intestine
decreased over time, although both strains maintained
relatively high counts after 24 hours (5.73-5.80 log
CFU/g) and 48 hours (5.46-5.81 log CFU/g). However,
a significant decrease (p < 0.05) in bacterial numbers
was observed after 72 hours (4.78-5.47 log CFU/g).
The density of LAB was higher in the ileum and cecum
compared to the colon (5.27-5.80 vs. 4.78-5.73 log
CFU/g).

Discussion

The gut microbiota of indigenous free-range chicken
breeds differs significantly from that of commercial
breeds due to a variety of factors (Paul et al.,
2021). The diverse natural diet consumed by free-
range chickens enhances their microbial diversity,
which in turn strengthens their immune system. As
a result, free-range chicken breeds exhibit greater
resistance to various infectious diseases compared
to commercial breeds (Kannaki et al., 2021). One of
the key components of the chicken gut microbiota is
Lactobacillus, with concentrations reaching up to 10°
g in the cecum (Barnes, 1979).

The evaluation of antibacterial activity is a crucial step
in the search for potential bacterial strains to replace
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Fig. 5. Scanning electron micrographs of L. plantarum and S. typhimurium. (A) L. plantarum cultured alone;

(B) S. typhimurium cultured alone; (C) L. plantarum and S. typhimurium co-cultured in OE medium; (D) S.
typhimurium in OE medium; (E) S. #yphimurium in cell-free culture supernatant of L. plantarum; (F) S.
typhimurium in cell-free culture supernatant of L. plantarum and OE.
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Fig. 6. Agarose gel electrophoresis of PCR products after 16S rRNA gene amplification.
Lane M: 1 kb DNA ladder; Lane PC: positive control; Lanes 1-6: PCR products from LAB
strains LAS, LA22, LA24, LA18, LA7, and LA58 (1500 bp).
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Fig. 7. Survival of L. plantarum 1582 in the ileum, cecum, and colon of chickens. Note: values
with different superscript letters (a—c or A, B) indicate statistically significant differences (p <
0.05) at each time point or within each intestinal section.

antibiotics. In this study, 26.86% of the 68 LAB strains
isolated from free-range chicken manure demonstrated
inhibitory activity (DIZ > 10 mm) against S. pullorum
NCTC10705 and S. typhimurium FC13827. This
finding aligns with study of Mulaw et al. (2020),
where LAB isolated from pig manure exhibited
antibacterial activity against intestinal pathogens,
including Salmonella spp. LAB inhibits pathogenic
bacteria through multiple mechanisms, including
lactic acid production from carbohydrate fermentation,
which lowers the environmental pH, thereby inhibiting
bacterial growth (O’Shea et al., 2012). Additionally,

LAB produces bacteriocins (Alvarez-Sieiro et al.,
2016), H,O, (Hertzberger et al., 2014), and other
organic acids such as acetic acid and propionic acid
(Makras and De Vuyst, 2006), further contributing
to its antibacterial effects. Besides, the competitive
exclusion mechanism, where beneficial LAB strains
compete with pathogens for nutrients and attachment
sites, also plays a vital role in preventing pathogen
colonization in the gut.

Onion has long been recognized for its antimicrobial
properties due to the presence of compounds such
as flavonoids, saponins, and sulfur-containing
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compounds (Yang et al., 2012). In this study, OE
demonstrated strong inhibitory effects against S.
pullorum and S. typhimurium, with DIZ about 15-17
mm, suggesting its potential as a natural antibiotic
alternative. These findings are consistent with previous
research on the antimicrobial properties of purple
onion. Rattanachaikunsopon and Phumkhachorn
(2008) reported that chive’s bulb effectively inhibits
the growth of various gastrointestinal pathogens.
Specifically, onion exhibits strong antibacterial activity
against Salmonella spp. isolated from broiler chickens
with diarrhea (Hai ef al., 2020a). Plants in the Aliaceae
family, including onions, are known to synthesize
antibacterial compounds such as saponins, flavonoids,
and sulfur-containing compounds during secondary
metabolism (Yang et al., 2012). These compounds
are also responsible for the antimicrobial activity of
garlic, which disrupts bacterial cell membranes and
inhibits the synthesis of essential proteins and enzymes
(Melguizo-Rodriguez et al., 2022). Previous studies
have shown that flavonoids, especially quercetin, can
inhibit Gram-negative bacteria such as Sal/monella
(Cushnie and Lamb, 2005). The antibacterial effect of
quercetin is thought to be due to its ability to inhibit
enzymes, disrupt cell membranes, and inhibit bacterial
DNA synthesis (Rauha et al., 2000).

The results of gas chromatography analysis (Table 1)
revealed that the OE contained various compounds with
significant antibacterial potential. Notably, the total
flavonoid content was relatively high (305.13 mg/100
g), with flavonols such as quercetin 3,4’-diglucoside,
quercetin 4’-monoglucoside, and quercetin aglycone,
alongside sulfur-containing compounds, particularly
isoalliin (177.04 mg/100 g). Isoalliin can hydrolyze
into allicin, a potent antibacterial agent. The
combination of these compounds is likely to produce
a synergistic effect, enhancing the antibacterial activity
of the extract. Meanwhile, 11 LAB strains (LA3, LA6,
LA7, LA8, LA1l, LAI1S, LA22, LA24, LA36, and
LA45) exhibited inhibition zones with diameters of
less than 10 mm, suggesting that the OE had little to
no antibacterial effect on these strains, making them
potential candidates for submerged fermentation with
OE. This finding is consistent with previous studies,
which have shown that plant extracts may affect the
survival of LAB strains without completely inhibiting

their growth (Borges et al., 2016). This persistence
may be explained by several factors. First, LAB strains
may possess specific resistance mechanisms, such as
degrading enzymes or membrane proteins that prevent
the penetration of antimicrobial compounds (Arqués
et al., 2015). Second, the biofilm formed by LAB acts
as a physical barrier against environmental stressors,
including antimicrobial compounds (Williams and
Ciorba, 2010). Finally, the presence of other compounds
in OEs, such as antioxidants, may reduce the inhibitory
effect of antimicrobial compounds on LAB (Jacobsen
etal., 1999).

The evaluation of bacterial survival in combination
with OE at a 12.5% concentration showed that 8
out of 11 LAB strains had the highest survival rate
after 20 hours of incubation. This contrasts with the
study by Belguith et al. (2010), which reported that
Salmonella strains exposed to garlic bulb extract
concentrations (11-13 mg/ml) initially overcame
inhibition and resumed growth. This discrepancy may
be attributed to the lower extract concentration in the
previous study compared to the present study (65-125
mg/ml). Conversely, when LAB were cultured with
12.5% OE (v/v), the number of viable cells initially
decreased by 1-2 logs, but then increased again. This
suggests that the LAB strains were able to overcome
the inhibitory phase and continue growing, possibly by
metabolizing some of the compounds in the extract. A
similar growth pattern was observed in the study by
Belguith et al. (2010), where LAB strains initially
experienced inhibition but resumed growth after 4-8
hours of exposure to garlic bulb extract. SEM images
further demonstrated the synergistic effect of OE and
LAB in inhibiting the growth and causing cellular
damage to S. typhimurium. Genus-level PCR analysis
identified six of the eight selected strains as belonging
to the Lactobacillus genus, specifically L. plantarum,
L. acidophilus, and L. agilis.

The ability of LAB strains to produce extracellular
enzymes is a crucial probiotic characteristic, as
it supports digestion and reduces fecal excretion
(Lee et al., 2001). The findings of this study align
with previous research by Kim e al. (2008), which
demonstrated that all LAB strains isolated from
chicken cecum were capable of producing protease
and amylase enzymes. Variations in enzymatic activity

Table 2. Identification of LAB strains by 16S rRNA gene sequencing.

Isolate LAB strain Similarity ratio (%) GenBank ID of reference strain
LA18 L. plantarum 1582 99.86 MT597487.1
LA22 L. plantarum WCFS1 99.64 AL935263.2
LA24 L. plantarum JDM1 100 CP001617.1
LAS L. acidophilus NCFM 98.73 CP000033.2
LA7 L. agilis DSM 20509 100 KM886859.1
LASS L. agilis La3 100 CP016766.1
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Table 3. Probiotic properties of the isolated LAB strains.

Properties LA7 LAS LA18 LA22 LA24 LAS8
Extracellular enzyme

production (mm)

protease 20.0°+ 1.7 14.0°£2.0 17.3®°+ 1.7 19.32+£1.3 17.7%® £ 2.1 16.6® £ 1.6
amylase 14+04 1.2+0.0 1.6+0.5 1.5+0.5 1.6+04 1.3+0.5
Hydrophobicity (%) 50.9°+3.9 66.1°+2.4 67°+2.8 58.7% + 0.6 49.2°+2.6 61.7*+2.9
Coaggregation (%)

with S. pullorum 39.8+3.0 41.1+£3.7 34.7+3.0 345+23 33.1+23 325+24
with S. typhimurium 22.1°+2.3 39.8°+3.6 44.0°+3.6 19.8°+2.3 39.8:+2.3 17.9°+2.3
Self-aggregation (%) 57.7*+£3.7 623+ 1.2 56.7°+ 1.9 447+ 1.3 35.5+2.6 23.2°+2.1
Acid tolerance (%)

atpH =2 84.6*+ 3.6 83.92+£2.9 83.7°£2.5 84.42+£2.1 70.4°+£2.2 71.8°+ 0.1
atpH=3 91.0°+2.2 90.5*+ 3.3 89.5¢+2.8 91.4°+2.0 76.7°+1.3 75.8°+0.1
Bile salt tolerance (%)

at 0.3% 96.02* 85.54° 96.75 94.32¢ 85.13" 82.00°
at 0.5% 82.35% 72.66° 82.61° 83.49° 78.24° 74.34°
;‘:(:;Lﬂiiil:*probiotic 6 5 3 6 ) )

Note: In the same row, values with different superscripts (a, b, ¢) represent statistically significant differences (p < 0.05). *values with

superscripts a or ab.

among LAB strains may be attributed to their origin; for
instance, strains isolated from fermented starchy foods
typically exhibit strong starch-degrading capabilities
(Sanni et al., 2002). Additionally, the degree of enzyme
association with the bacterial cell wall can influence
their biochemical properties. Lee et al. (2001) found
that the amylolytic activity of L. acidophilus 123
was closely associated with intestinal mucosal cells,
suggesting that the enzyme is integrated into the cell
wall.

Hydrophobicity on the cell surface affects overall
adhesion and may facilitate contact between the host
and probiotic epithelial cells, allowing probiotics
to compete with pathogenic bacteria and produce
digestive enzymes (Sanchez-Ortiz et al., 2015). High
hydrophobicity indicates that bacteria can better bind
to the intestinal mucosa and is classified into three
categories: low (<33%), medium (33%—-66%) or high
(>66%) (Bouchard et al., 2015). In this study, 2 strains
LA8 and LA18 exhibited high hydrophobicity (66.07%
and 66.98%), and 2 strains LA7 and LA24 were at the
intermediate level (about 50%).

The ability of probiotics to form cell aggregates through
auto-aggregation (aggregation of bacteria of the same
strain) or coaggregation (aggregation of bacteria of
genetically different strains) may also contribute to the
persistence of probiotic strains in the gut. Furthermore,
coaggregation may exert antagonistic activity against
pathogenic microorganisms (Sidira et al., 2015). In
this study, against S. typimurium, strains LAS8, LA18S,

and LA24 showed high coaggregation ability (39.8%—
44.0%).

Acid and bile salt tolerance are two important factors
for probiotic bacteria to survive and grow in the
gastrointestinal environment of chickens. The pH of
the glandular stomach and muscular stomach is 1.9—
4.5 and the feed has to move within 2 hours, while the
concentration of bile salts in the upper part of the small
intestine (duodenum) in chickens can range from 0.1%
to 0.5% (Scanes, 2015). According to Prabhurajeshwar
and Chandrakanth (2017), bacteria originating from
the host are often better adapted to their digestive
conditions, helping them colonize more effectively than
bacteria from other sources. This study demonstrated
that LAB strains isolated from the feces of native
chickens exhibited strong acid tolerance at pH levels of
2 and 3, as well as good survival rates exceeding 70%
in the presence of bile salts at concentrations of 0.3%
and 0.5%.

LAI18 (L. plantarum 1582) was selected for its resistance
to acid and bile salts and its production of high levels
of organic acids, which are more compatible with the
poultry digestive tract, leading to increased growth
performance and simultaneously improved immune
system. In addition, these isolates showed a high ability
to adhere to intestinal epithelial cells and competitively
exclude S. pullorum va S. typhimurium from invading
the intestinal mucosa.

During the 72-hour observation period after LAB
supplementation at a dose of 10° CFU/ml, chickens
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did not show any abnormal clinical symptoms and
maintained normal feed consumption. Although Fuller
(1989) mentioned the possibility of side effects such
as diarrhea or anorexia when using probiotics, these
phenomena were not observed in this study, suggesting
that the dosage and method of LAB administration
were safe.

However, the survival of L. plantarum 1582 in the
chicken intestinal tract varied between locations.
Bacterial density decreased rapidly in the small
intestine, likely due to digestive enzymes and bile,
but persisted longer in the cecum and large intestine,
where a more stable environment and support from
indigenous microflora were observed. This reinforces
the view of Valerio et al. (2006) that probiotics only
reside temporarily in the intestinal tract and need to be
regularly replenished to maintain efficacy.

Conclusion

From an initial pool of 68 LAB strains isolated from
native chicken feces, 18 strains were selected based
on their antibacterial activity against poultry diarrheal
pathogens. Among these, 11 strains were not inhibited
by OE, and 8 strains demonstrated high survival rates
in OE, indicating their potential for fermenting OE.
LA18 strain (L. plantarum 1582) exhibited superior
probiotic properties, including the production of
digestive enzymes, adhere to intestinal epithelial
cells, and withstand acidic conditions and bile salts.
In vivo studies in chicks confirmed the safety of the
L. plantarum 1582 fermented OE biopreparation and
demonstrated its ability to temporarily survive in the
chicken intestine. These findings highlight the potential
of combining probiotics with herbal extracts as an
alternative to antibiotics for controlling gastrointestinal
diseases in poultry.
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