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INTRODUCTION

Salmonellosis poses a major global threat to animal 
health and public safety, particularly within the poultry 

industry. The infection, primarily driven by Salmonella 
enterica serovars like S. enteritidis and S. typhimurium, 

inflicts substantial economic damage worldwide through 
high mortality rates, reduced flock productivity, and 
imposed trade limitations (Dar et al., 2017; Ismael et al., 
2021). These versatile serovars readily colonize the poultry’s 
gastrointestinal and reproductive systems, facilitating 
vertical transmission through eggs and chicks (Liu et al., 
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2023; Wigley, 2024). In flocks, the bacteria spread via 
contaminated feed, water, litter, or direct contact (Betiku et 
al., 2025; Nagara, 2023). While some infected birds exhibit 
clinical signs like diarrhea, lethargy, and poor growth, 
subclinical infections are frequent and responsible for 
the silent, sustained spread of the disease within poultry 
operations (Wigley, 2024).

From a public health perspective, non-typhoidal Salmonella 
is a major global foodborne pathogen, responsible for 
approximately 93 million cases of gastroenteritis and 
155,000 deaths annually worldwide (Chlebicz and 
Śliżewska, 2018; Lamichhane et al., 2024). Transmission 
to humans commonly occurs through the consumption 
of contaminated poultry meat and eggs, with poultry and 
poultry products representing key vehicles of infection 
(Eng et al., 2015; Tan et al., 2022). While symptoms 
often manifest as self-limiting gastroenteritis, the disease 
can escalate to severe systemic illness, particularly 
in vulnerable populations (young children, elderly, 
immunocompromised) (Eng et al., 2015; Mkangara, 
2023). Consequently, controlling Salmonella in poultry 
production represents a priority for global food safety and 
animal health sectors (Wahyono and Utami, 2018).

In Indonesia, the burden of Salmonella contamination in 
poultry production remains a significant and persistent 
challenge, with several studies reporting high prevalence 
rates in retail chicken meat and traditional markets. Recent 
investigations have identified contamination levels ranging 
from moderate to high across different regions, reflecting 
gaps in on-farm biosecurity and post-harvest handling 
practices (Nissa et al., 2023; Shalihah et al., 2024; Wardhana 
et al., 2021). In parallel, the emergence of antimicrobial-
resistant (AMR) Salmonella strains in Indonesian poultry 
systems has been increasingly documented, including 
multidrug-resistant isolates from broiler meat, raising 
serious concerns regarding treatment efficacy and public 
health risks (Fanissa et al., 2022). Given Indonesia’s 
strategic objective to expand its poultry product exports, 
implementing effective and safe control measures against 
Salmonella on farms is an urgent necessity to enhance both 
food safety and economic competitiveness (Wahyono and 
Utami, 2018).

Conventional strategies for controlling Salmonella 
enterica in poultry are increasingly hindered by the global 
antimicrobial resistance (AMR) surge, significantly 
reducing the efficacy of standard antibiotic treatments 
(Nabil et al., 2024; Żbikowska et al., 2020). This challenge 
necessitates the development of novel and sustainable 
alternatives. A promising solution is the application of 
bacteriophages, viruses that naturally and specifically 
target and destroy bacteria (Abd-El Wahab et al., 2023; 

Segundo-Arizmendi et al., 2025). Phages work by attaching 
to the bacterial surface, injecting genetic material, and 
ultimately causing the host cell to lyse (burst) and release 
new viral progeny (Atterbury et al., 2007; Żbikowska et al., 
2020). Due to their high host specificity, bacteriophages 
are generally considered capable of targeting pathogenic 
Salmonella strains, including multidrug-resistant (MDR) 
variants, with relatively limited impact on commensal 
gut microbiota compared to broad-spectrum antibiotics, 
although this aspect was not evaluated in the present study 
(Hu et al., 2018; Khan and Rahman, 2022; Kuang et al., 
2026; Nabil et al., 2024). This precise action minimizes the 
risk of dysbiosis and supports overall gut health in poultry, 
establishing phage therapy as a superior alternative or to 
complement traditional antimicrobial measures (Thanki et 
al., 2023).

Despite the promise of phage therapy, challenges such 
as the potential development of bacterial resistance 
remain, and its application against prevalent Salmonella 
strains in Indonesian poultry is underexplored (Abd-El 
Wahab et al., 2023; Ariyanti, 2018). Therefore, this study 
aims to evaluate the efficacy and safety of the VAM-S® 
bacteriophage cocktail as a sustainable control measure 
against Salmonella in live chickens in Indonesia (SK8 
Biotech, 2025). The VAM-S® bacteriophage cocktail used 
in this study was formulated based on Salmonella strains 
prevalent in Indonesia to ensure targeted antimicrobial 
activity. The study includes in vivo experiments to 
comprehensively assess the phages’ biological performance, 
including their safety, colonisation efficiency, and impact 
on reducing Salmonella loads in broiler flocks. The findings 
will provide crucial data on the feasibility of integrating 
phage therapy into routine poultry health management in 
the Indonesian industry, thereby contributing vital insights 
toward enhancing food safety and addressing the urgent 
need for antibiotic-alternative strategies.

MATERIAL AND METHODS

Study design
A controlled field trial was conducted controlled housing 
conditions designed to simulate field-relevant exposure 
in Indonesia to evaluate the efficacy and safety of a 
bacteriophage cocktail against Salmonella enterica infection 
in broiler chickens. Although conducted in a controlled 
housing system, the study design incorporated practical 
management conditions and oral administration protocols 
relevant to poultry production, allowing preliminary 
evaluation of bacteriophage efficacy under field-relevant 
conditions. A total of 60 clinically healthy broiler chickens 
(3 weeks old at arrival) were obtained from a commercial 
source and acclimatized for 7 days prior to the experiment. 
Following acclimatization, birds were 4 weeks of age at the 
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time of Salmonella challenge. Birds were maintained under 
standard husbandry conditions with ad libitum access to 
feed and water throughout the study period. Chickens 
were randomly allocated into six experimental groups (n 
= 10 birds per group) based on treatment regimen and 
dosing schedule Table 1.

Salmonella challenge
A pathogenic Salmonella enterica isolate derived from 
field samples was used for the experimental challenge and 
maintained as a laboratory strain. The isolate was originally 
identified as Salmonella Enteritidis; however, no further 
serovar confirmation, antimicrobial resistance profiling, 
or phage susceptibility testing was conducted prior to the 
study. Birds in Groups 1–5 were orally challenged at 4 
weeks of age (defined as Day 0 of infection) with 1 mL of 
the bacterial suspension 10⁷ colony-forming units (CFU)/
mL. The Normal Control group (Group 6) received no 
bacterial challenge. Baseline bacteriological cultures were 
performed prior to challenge (Day 0), and all birds tested 
negative for detectable Salmonella. Following oral challenge, 
bacterial colonization was monitored using cloacal swab 
and/or fecal culture during the early post-challenge period 
to confirm successful infection prior to or at the initiation 
of bacteriophage treatment. 

No selective marker (e.g., antibiotic resistance marker) 
was used to distinguish the challenge strain from 
potential environmental Salmonella. Although no 
selective marker was used to distinguish the challenge 
strain from environmental Salmonella, several measures 
were implemented to minimize this risk. Baseline 
bacteriological cultures confirmed that all birds were 
negative prior to challenge, and birds were maintained 
under controlled housing conditions with standardized 
feed and management practices. The consistent temporal 

increase in bacterial load following oral challenge further 
supports successful experimental infection.

Bacteriophage preparation and administration
The VAM-S® bacteriophage cocktail used in this study 
consisted of three bacteriophage strains obtained from a 
proprietary phage library (SK-8 Biotechnologies), selected 
based on reported activity against Salmonella isolates 
relevant to the Indonesian poultry production. According 
to the manufacturer, the phages belong to the order 
Caudovirales and include representatives from the families 
Siphoviridae, Autosignataviridae (genus Zindervirus), and 
Andersonviridae (genus Felixounavirus). The phages were 
selected based on their reported host range and in vitro lytic 
activity against Salmonella spp., consistent with previous 
studies demonstrating effective reduction of Salmonella 
in food and poultry-associated environments ( Janania 
Gamez et al., 2025; Spricigo et al., 2013). However, detailed 
genomic characterization, including sequence data, 
accession numbers, and independent confirmation of the 
absence of lysogenic-associated genes, was not available to 
the authors. 

The VAM-S® bacteriophage cocktail was prepared at 
two concentrations: 10⁹ PFU/animal (Treatment A) and 
10⁸ PFU/animal (Treatment B). Phage concentrations 
were expressed as plaque-forming units (PFU)/mL as 
provided by the manufacturer (SK-8 Biotech). Phage was 
administered orally following Salmonella challenge using 
either weekly or daily dosing regimens. The initial dose 
was given 48 hours post-challenge, followed by subsequent 
administrations according to the experimental design 
Table 1. Two control groups were included: a negative 
control (challenged, untreated) and a normal control 
(unchallenged, untreated).

Table 1: Experimental groups and dosing regimens for the field trial.
Group Treatment Dose (PFU/

animal)
Administration schedule n

G1 Treatment A (Weekly) 10⁹ First dose at 48 h post-challenge (Day 2), followed by doses at 
7-day intervals (Days 9 and 16 post-infection)

10

G2 Treatment A (Daily) 10⁹ First dose at 48 h post-challenge (Day 2), followed by daily 
dosing for 7 consecutive days (Days 3-9 post-infection)

10

G3 Treatment B (Weekly) 10⁸ First dose at 48 h post-challenge (Day 2), followed by doses at 
7-day intervals (Days 9 and 16 post-infection)

10

G4 Treatment B (Daily) 10⁸ First dose at 48 h post-challenge (Day 2), followed by daily 
dosing for 7 consecutive days (Days 3-9 post-infection)

10

G5 Negative Control — Challenged at 4 weeks of age, no treatment 10
G6 Normal Control — No challenge, no treatment 10

* Day 0 represents the day of Salmonella challenge. Daily dosing was administered for 7 consecutive days (Days 3–9 post-infection), 
while weekly dosing was administered on Days 2, 9, and 16 post-infection. The total number of administrations differed between 
regimens (daily: 8 doses; weekly: 3 doses); therefore, comparisons reflect both dosing frequency and cumulative exposure.
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Clinical monitoring and growth performance
Birds were monitored daily for clinical signs of 
salmonellosis using a standardized scoring system, 
including activity, faecal consistency, comb and wattle 
condition, feather quality, and cloacal cleanliness (Table 
2). Mortality was recorded separately. For analysis, clinical 
scores were summarized as the proportion of affected birds 
(score ≥1) at each time point to provide a consistent and 
interpretable outcome across groups. Clinical scoring was 
conducted by trained personnel using predefined criteria 
(Table 2). No formal validation or inter-observer reliability 
assessment was performed; therefore, the scoring system 
should be considered semi-quantitative and descriptive in 
nature. Body weight was measured weekly to assess growth 
performance.

Microbiological sampling and quantification
Cloacal swabs
Cloacal swabs were collected at baseline (Day 0), and at 
multiple time points post-infection (Days 3, 5, 7, 14, and 
28) to assess Salmonella shedding. Samples were cultured 
on Xylose Lysine Deoxycholate (XLD) agar.

Fecal culture 
In addition to quantitative cloacal swab analysis, qualitative 
bacteriological assessment was performed using selected 
cloacal or fecal samples collected at key time points (Days 
0, 3, and 7 post-infection). Samples were cultured on 
XLD agar, and representative plates were documented 
to illustrate general trends in Salmonella shedding across 
experimental groups.

Ileum content
At the end of the study (Day 28 post-infection), birds 
were humanely euthanized by electrical stunning followed 
by exsanguination, performed by trained personnel in 
accordance with established animal welfare guidelines, 

including the American Veterinary Medical Association 
(AVMA) Guidelines for the Euthanasia of Animals. Ileum 
contents were aseptically collected, homogenized, serially 
diluted, and cultured on XLD agar for quantification of 
Salmonella load.

Bacterial enumeration and identification
For both cloacal swab and ileum content cultures, colonies 
exhibiting typical Salmonella-like morphology (red 
colonies with or without black centers) were enumerated. 
Counts were expressed as CFU/mL for cloacal swabs and 
CFU/g for ileum content. No additional confirmatory 
identification (e.g., biochemical, serological, or molecular 
testing) was performed; therefore, results are reported as 
presumptive Salmonella counts.

Histopathological examination
Tissue samples from the ileum, cecum, liver, and spleen 
were collected at necropsy and fixed in 10% neutral-
buffered formalin. The samples were subsequently 
processed, embedded in paraffin, sectioned, and stained 
with haematoxylin and eosin (H andE) for microscopic 
evaluation. Histopathological assessment focused on 
key indicators of tissue integrity and inflammation, 
including inflammatory cell infiltration, mucosal oedema, 
epithelial integrity, villus structure and length, and crypt 
architecture. The evaluation was conducted by a veterinary 
pathologist from the School of Veterinary Medicine 
and Biomedical Sciences, IPB University, based on 
qualitative assessment of representative tissue sections. 
No formal blinded or semi-quantitative scoring system 
was applied, and therefore histological findings are 
presented descriptively. As a result, the histopathological 
observations should be interpreted with caution, as 
the absence of blinding and quantitative scoring may 
introduce subjectivity and potential observer bias.
 

Table 2: Clinical sign parameter scoring criteria used for daily monitoring.
Parameter Score 0 (Normal) Score 1 (Mild) Score 2 (Moderate) Score 3 (Severe)
Activity and Posture Active, quick 

response, normal 
posture

Slightly lethargic, mild-
ly fluffed feathers

Lethargic, more stationary, 
obviousfeather fluffing

Refuses to move, hunched 
or lying down posture

Feces (Consistency and-
Color)

Solid, normal 
color

Slightly soft; color 
unchanged

Diarrhea; greenish- yel-
low/mucoid

Watery diarrhea; dark 
green/bloody/strong foul 
odor

Comb and Wattles 
(Color/Edema)

Bright red, no 
swelling

Slightly pale or dull red Pale/mild cyanosis, slight 
edema

Clear cyanosis/severe 
edema

Feather Quality Neat, glossy Slightly dull Dull & fluffed Obvious feather loss/fe-
cal-soiled patches

Cloaca/Soiling Clean Slightly soiled Moderately soiled (obvi-
ous soiling)

Heavily soiled; irritation 
present

Mortality (recorded 
separately)

- - - -
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Organ index assessment
Liver and spleen were excised and weighed. Organ indices 
were calculated as the ratio of organ weight to body weight 
and expressed as a percentage.

Statistical analysis 
All statistical analyses were performed using R software 
(RStudio version 2025.09.1+401). Cloacal Salmonella 
counts were analyzed using a linear mixed-effects model to 
account for repeated measurements within individual birds. 
Treatment group (Dose), time (Day), and their interaction 
were included as fixed effects, and bird ID was included as 
a random effect to account for within-subject correlation. 
Bacterial counts were log₁₀-transformed prior to analysis 
to improve normality and homogeneity of variance. Post 
hoc pairwise comparisons were conducted using Tukey-
adjusted tests. Body weight data were analyzed using one-
way analysis of variance (ANOVA) at each time point, with 
Tukey’s post hoc test applied for multiple comparisons. 
Ileum bacterial load and organ indices were analyzed 
using the non-parametric Kruskal–Wallis test, followed 
by Dunn’s post hoc test with Holm-adjusted p-values 
to account for multiple comparisons. Histopathological 
findings were analyzed descriptively. Data were expressed 
as mean ± standard deviation (SD) or median (interquartile 
range), as appropriate. Statistically significance was set at p 
< 0.05. Multiple comparisons were controlled within each 
outcome using appropriate post hoc adjustments (e.g., 
Tukey or Holm). No global correction across different 
study endpoints was applied; therefore, results should be 
interpreted with consideration of potential type I error 
inflation across endpoints.

Ethical approval 
All experimental procedures involving animals were 
conducted in accordance with institutional and national 
guidelines for the care and use of laboratory animals. The 
study protocol was reviewed and approved by the Animal 
Ethics Committee of the School of Veterinary Medicine 
and Biomedical Sciences, IPB University (Bogor, 
Indonesia), under approval number 407/KEH/SKE/
XI/2025, issued on 25 November 2025.

RESULTS

Clinical symptom score 
Clinical monitoring over the four-week post-infection 
period showed generally similar trends in symptom 
resolution across groups, with gradual improvement over 
time. The Normal Control group remained asymptomatic 
throughout the study. In the Negative Control group 
clinical signs were observed during the post-infection 
period, with 3/10 birds affected at Weeks 3 and 4 post-
infection and 2/10 birds (20%) still showing clinical signs 

at Week 5. Bacteriophage-treated groups showed a trend 
toward lower proportions of affected birds at later time 
points, particularly in the high-dose groups (10⁹ PFU/
animal), where no birds exhibited clinical signs by Week 5. 
In contrast, the low-dose weekly group (10⁸ PFU/animal) 
retained 1/10 affected birds (10%) at Week 5, while the 
daily low-dose group showed complete resolution. Overall, 
these observations suggest a trend toward earlier or more 
consistent resolution of clinical signs in bacteriophage-
treated groups; however, differences in final recovery 
between treated and untreated groups were modest. As 
clinical assessments were based on a semi-quantitative 
scoring system, these findings should be interpreted 
as descriptive trends rather than precise quantitative 
comparisons. These observations should be considered 
alongside growth performance outcomes, as differences 
in body weight gain were observed between treated and 
untreated groups.

Body weight observation
The Negative Control group exhibited the lowest weight 
gain throughout the study, indicating the detrimental 
effect of Salmonella infection on growth performance. 
In contrast, all bacteriophage-treated groups (Daily 10⁹, 
Daily 10⁸, Weekly 10⁹, and Weekly 10⁸ PFU/animal) 
demonstrated improved growth trajectories, approaching 
those of the Normal Control group (Figure 1). One-way 
ANOVA revealed significant differences in body weight 
among groups (p < 0.001). Post hoc Tukey’s test indicated 
that all bacteriophage-treated groups had significantly 
higher body weights compared to the Negative Control 
group (p < 0.05), while no significant differences were 
observed between treated groups. These findings indicate 
that bacteriophage treatment mitigated the negative
 

Figure 1: Growth performance of broiler chickens following 
salmonella challenge and bacteriophage treatment_revised.
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impact of Salmonella infection on growth performance. 
Both dosing levels and administration frequencies were 
similarly effective in maintaining growth comparable to 
uninfected controls, supporting the safety and efficacy 
of bacteriophage therapy as an alternative strategy for 
controlling Salmonella infection in poultry.

Faecal culture
Fecal cultures on selective media provided a qualitative 
visualization of differences in Salmonella shedding among 
experimental groups (Figure 2). Representative plates 
were selected to reflect the overall trend observed across 
birds within each group. At 0 days post-infection (DPI), 
all groups showed minimal or no detectable Salmonella, 
confirming baseline conditions prior to challenge. By 3 

DPI, the Negative Control group exhibited a marked 
increase in bacterial load, characterized by near-confluent 
growth, confirming successful establishment of infection 
following challenge. In contrast, all bacteriophage-treated 
groups (10⁸ and 10⁹ PFU/animal) showed visibly lower 
colony densities, indicating an early effect of phage 
treatment on bacterial shedding. At 7 DPI, the Negative 
Control group maintained a high bacterial burden, whereas 
phage-treated groups showed reduced colony density. 
The Normal Control group remained free of Salmonella 
colonies throughout the study, confirming the absence 
of contamination. These qualitative observations are 
consistent with the trends observed in quantitative cloacal 
swab analysis (Figure 3), particularly during the early post-
infection period.

Figure 2: Representative fecal culture plates illustrating qualitative differences in Salmonella colony growth across 
treatment groups at 0, 3, and 7 days post-infection.

Figure 3: Effect of bacteriophage treatment on cloacal salmonella shedding over time_revised_r2.
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Cloacal swab culture
Quantitative analysis of presumptive Salmonella 
concentrations from cloacal swab samples over the 28-day 
period was performed using a linear mixed-effects model 
to account for repeated measurements within individual 
birds. The analysis revealed significant effects of treatment 
group (Dose), time (Day), and a significant Dose × Day 
interaction (p < 0.001 for all; Figure 3), indicating that 
changes in bacterial shedding over time differed between 
groups. At baseline (Day 0), all groups exhibited low 
bacterial counts, and post hoc comparisons showed no 
significant differences between groups. Following challenge, 
all infected groups demonstrated a marked increase in 
bacterial load by Day 3, with significantly higher counts 
compared to the Normal Control (p < 0.001), confirming 
successful establishment of infection. No differences were 
observed among infected groups at this time point. From 
Day 7 onward, bacteriophage-treated groups exhibited a 
progressive decline in bacterial shedding compared to the 
untreated Salmonellosis Control group (Figure 3). Post hoc 
analysis indicated that several treated groups, particularly 
the 10⁹ PFU regimens, had significantly lower bacterial 
counts than the untreated group from Day 7 onward 
(p < 0.05). Differences between treated and untreated 
groups were most pronounced during the early post-
treatment period (Days 7–14), reflecting an accelerated 
reduction in bacterial load associated with bacteriophage 
administration.

A dose-dependent effect was observed, with the 10⁹ PFU 
groups generally showing greater reductions compared 
to the 10⁸ PFU groups at intermediate time points. 
However, while some pairwise differences between 
dosing regimens were detected at specific time points, no 
consistent superiority of daily over weekly administration 
was observed across the study period. By Day 28, 
including the untreated control, indicating substantial 
natural clearance over time. Although treated groups 
maintained significantly lower bacterial loads compared to 
the Salmonellosis Control at this time point (p < 0.001), 
the magnitude of differences between groups was reduced 
relative to earlier time points. Overall, these findings 
indicate that bacteriophage treatment is associated with a 
time-dependent and accelerated reduction in Salmonella 
shedding, particularly during the early phase following 
treatment initiation, while later-stage declines likely 
reflect combined effects of treatment and host-mediated 
clearance.

Ileum content culture
Quantitative analysis of bacterial load in ileum content 
revealed significant differences among treatment groups 
(Kruskal–Wallis test, p < 0.001). The Negative Control 
group exhibited the highest bacterial load (median 5.30 

log₁₀ CFU/g; IQR 5.23–5.64). In contrast, bacteriophage-
treated groups showed lower median values, with the daily 
10⁹ PFU group at 4.30 log₁₀ CFU/g (IQR 0.00–4.73). 
This corresponds to an approximate reduction of ~1.0 log₁₀ 
CFU/g relative to the Negative Control. Dunn’s post hoc 
test with Holm-adjusted p-values indicated that treated 
groups had significantly lower counts than the Negative 
Control (adjusted p < 0.05). However, no statistically 
significant differences were detected among treatment 
regimens, including between daily 10⁹ and daily 10⁸ groups. 
Given the sample size (n = 10 per group), these comparisons 
may be underpowered. Overall, bacteriophage-treated 
groups showed a consistent reduction in ileal bacterial load 
relative to the untreated group, although the magnitude 
of reduction was modest and should be interpreted with 
caution. These patterns, including the higher bacterial 
load in the Negative Control and lower median values in 
treated groups, are illustrated in Figure 4.

Figure 4: Ileal bacterial load across experimental groups at 
Day 28 post-infection_R2

Histopathology cecum and ileum
Microscopic evaluation of representative intestinal tissues 
evealed observable differences among groups. In the 
cecum, the Negative Control group showed alterations 
consistent with intestinal inflammation, including 
disruption of mucosal and crypt architecture and the 
presence of inflammatory cell infiltration (Figure 5). In 
contrast, bacteriophage-treated groups (10⁹ and 10⁸ PFU/
animal, administered weekly or daily) appeared to exhibit 
less pronounced structural alterations, with relatively 
preserved mucosal and crypt architecture in some sections. 
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Mild to moderate mononuclear cell infiltration was still 
observed in certain treated samples. Similarly, in the ileum, 
the Negative Control group exhibited notable pathological 
changes, including villus disruption, epithelial damage, and 
inflammatory cell infiltration (Figure 7). Bacteriophage-
treated groups showed partial preservation of villus 
structure and crypt organization in representative sections, 
although variability in tissue integrity was observed 
across treatments. These findings are based on qualitative 
evaluation of representative tissue sections without blinded 
analysis or a standardized scoring system and should 
therefore be interpreted as descriptive observations rather 
than quantitative evidence of treatment effect.

Organ index
Analysis of organ indices revealed differences among 
groups, particularly for the liver index (Figure 7). For the 
liver index, the Kruskal–Wallis test indicated a significant 
difference among groups (p = 0.011), and post hoc Dunn’s 
test showed that this difference was primarily between 
the Normal Control and the Negative Control groups (p 
< 0.01). The bacteriophage-treated groups exhibited liver 
index values comparable to the Negative Control and 
remained higher than those of the Normal Control. These 
findings indicates that Salmonella infection was associated 
with an increase in liver index, and bacteriophage

Figure 5:  Histopathological findings in the cecum (A), and ileum (B) following Salmonella challenge and bacteriophage 
treatment_revised.

Figure 6:  Histopathological findings in the cecum (A), and ileum (B) following Salmonella challenge and bacteriophage 
treatment_revised.
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treatment did not restore this parameter to baseline levels 
within the study period. The persistence of elevated liver 
index in treated groups should be interpreted with caution, 
as it may reflect infection-related physiological responses 
rather than a treatment-specific effect. In contrast, the 
spleen index did not differ significantly among groups 
(Kruskal–Wallis, p = 0.42), indicating similar spleen size 
across treatments and controls. 

Intestinal villi length and integrity
Quantitative measurement of intestinal villi length 
revealed significant differences among treatment groups 
(Kruskal–Wallis test, p < 0.001). The Negative Control 
group exhibited the shortest villi length, consistent with 
villous atrophy associated with Salmonella infection. 

In contrast, the Normal Control group maintained the 
longest villi. All bacteriophage-treated groups (weekly and 
daily administration at 10⁸ and 10⁹ PFU/animal) showed 
improved villi length compared to the Negative Control. 
Post hoc Dunn’s test indicated that the Negative Control 
group had significantly reduced villi length compared to 
the Normal Control and most treatment groups (p < 0.05). 
Notably, the high-dose weekly (10⁹ PFU) and daily (10⁸ 
PFU) regimens showed villi lengths comparable to the 
Normal Control group (Figure 8), indicating preservation 
of intestinal structure following bacteriophage treatment. 
These quantitative findings are consistent with the 
histopathological observations (Figure 5), where 
bacteriophage-treated groups showed partial preservation 
of villus structure compared to the Negative Control.

Figure 7: Effect of salmonella infection and bacteriophage treatment on liver index and spleen index_revised.

Figure 8: Effect of salmonella infection and bacteriophage treatment on intestinal villi length and integrity_revised.
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DISCUSSION

This study demonstrates that oral administration of 
the VAM-S bacteriophage cocktail reduces Salmonella 
enterica infection in broiler chickens, as evidenced 
by decreased bacterial shedding, reduced intestinal 
colonization, improved clinical outcomes, and preservation 
of intestinal morphology. These findings support the 
potential of bacteriophage therapy as an alternative 
strategy for controlling Salmonella in poultry under 
controlled experimental conditions relevant to Indonesian 
poultry productions. The observed reduction in cloacal 
shedding and ileal bacterial load across treated groups is 
consistent with previous studies reporting the effectiveness 
of bacteriophages in reducing Salmonella colonization 
in poultry (Atterbury et al., 2007; Borie et al., 2008a; 
Nabil et al., 2024). The progressive decline in bacterial 
shedding following treatment, particularly in daily dosing 
regimens, reflects the lytic activity of bacteriophages. This 
may contribute to enhanced bacterial clearance at the site 
of the infection (Pelyuntha et al., 2022; Wernicki et al., 
2017). While reductions in bacterial shedding may have 
implications for limiting environmental contamination and 
potential transmission within flocks (Abd-El Wahab et al., 
2023; Żbikowska et al., 2020), this study did not directly 
assess transmission dynamics between birds. Therefore, 
the impact of bacteriophage treatment on transmission 
pathways should be interpreted cautiously and warrants 
further investigation under commercial or flock-level 
conditions.

In addition to microbiological outcomes, bacteriophage 
treatment was associated with improved clinical status and 
growth performance. Although a substantial proportion 
of birds in the Negative Control group showed clinical 
recovery by the end of the study, bacteriophage-treated 
groups generally exhibited earlier and more consistent 
resolution of clinical signs. Notably, treated birds maintained 
body weight closer to the Normal Control group, whereas 
untreated birds showed reduced growth performance 
despite apparent clinical recovery. This suggests that the 
benefit of bacteriophage treatment may extend beyond 
observable clinical signs, contributing to the mitigation of 
subclinical impacts of Salmonella infection that are relevant 
to production outcomes. These findings are consistent 
with previous reports demonstrating that bacteriophage 
supplementation can support growth performance and 
intestinal health in broiler chickens (Agung Wiono et al., 
2023; Sarrami et al., 2022; Thanki et al., 2023). 

Similarly, organ index analysis showed that the liver 
index was elevated in both untreated and bacteriophage-
treated infected groups compared to the Normal Control, 
suggesting that this change is likely associated with 

Salmonella infection rather than a treatment-specific 
effect. Infection with Salmonella has been reported to 
induce hepatic enlargement and inflammatory responses 
in poultry, reflecting systemic involvement of the pathogen 
(Barrow, 2007; Wigley, 2024). However, as liver index 
values did not return to baseline levels in treated groups, 
this finding warrants cautious interpretation and further 
investigation. In contrast, the spleen index did not differ 
significantly among groups, although variability was 
relatively high. Therefore, the absence of statistically 
significant differences should be interpreted with caution, 
as the sample size (n = 10 per group) may limit the ability 
to detect subtle effects. Overall, these findings do not 
provide clear evidence of phage-specific adverse effects 
on organ indices under the conditions of this study. 
However, given the persistence of elevated liver index in 
infected groups, these results should be interpreted with 
caution and warrant further investigation. This is broadly 
consistent with previous studies reporting the general 
safety of bacteriophage application in poultry (Kim et al., 
2013; Ngu et al., 2022).

The histopathological findings indicate that bacteriophage-
treated birds exhibited improved intestinal morphology 
compared to the Negative Control, with partial preservation 
of villus structure and mucosal integrity-features critical 
for nutrient absorption and immune barrier function. 
These qualitative observations are supported by the 
quantitative villus length measurements (Figure 8), which 
showed higher villus length in treated groups relative to 
the Negative Control, indicating consistency between 
structural and morphometric outcomes. These observations 
are consistent with previous studies suggesting that phage 
therapy can reduce intestinal damage by lowering bacterial 
burden and associated inflammation (Muneeb et al., 
2025; Nabil et al., 2024; Sarrami et al., 2022). However, 
this effect varied among treatment groups, and complete 
restoration to Normal Control levels was not consistently 
observed. Collectively, these results supports the role of 
bacteriophages as targeted antimicrobial agents that may 
contribute to improved gut condition without observable 
adverse effects on host health under the conditions of this 
study.

While these findings support the beneficial effects of 
bacteriophage treatment, several aspects of safety were not 
directly assessed in this study. Although no adverse effects 
on growth performance or organ indices were observed, the 
safety evaluation was limited to clinical and physiological 
parameters. In particular, this study did not assess potential 
endotoxin release associated with bacterial lysis or host 
immune responses following bacteriophage administration. 
Previous studies suggest that phage-mediated bacterial 
lysis is generally well tolerated in vivo and does not result 
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in clinically significant endotoxin-related effects under 
controlled conditions (Liu et al., 2021; Reindel and Fiore, 
2017). Additionally, the emergence of phage-resistant 
Salmonella was not evaluated. Although multi-phage 
cocktails are designed to reduce resistance development, 
monitoring resistance dynamics remains important. Future 
studies incorporating microbiological and molecular 
analyses are needed to better understand these aspects and 
support the sustainable use of bacteriophage therapy.

A notable contribution of this study lies in its evaluation 
of optimal dosing strategies for phage application under 
controlled conditions relevant to Indonesian poultry 
productions. Both high-dose (10⁹ PFU) and moderate-
dose (10⁸ PFU) regimens were associated with reductions 
in Salmonella burden, with the high-dose treatments 
showing faster improvement in clinical signs and more 
consistent reductions in cloacal shedding and ileal 
bacterial load. Daily administration resulted in greater 
bacterial reduction compared to weekly dosing schedules, 
indicating that more frequent phage application may 
improve treatment efficacy. These findings are consistent 
with previous studies reporting enhanced outcomes with 
higher phage titres and repeated dosing (Abd-El Wahab et 
al., 2023; Korzeniowski et al., 2022; Wernicki et al., 2017). 
However, it is important to note that the daily regimen 
in this study was applied only for a limited 7-day period 
during the final production week, rather than throughout 
the entire rearing cycle. While this short-term intensive 
dosing strategy may be biologically effective, its practical 
implementation in large-scale commercial systems requires 
further consideration. In commercial settings, delivery via 
drinking water or feed may offer more feasible approaches 
for administering bacteriophages at scale, as these routes 
allow flock-level treatment and have been widely used 
in poultry studies to reduce bacterial colonization and 
shedding (Abd-El Wahab et al., 2023; Borie et al., 2008b).

The implications of this study are particularly relevant 
to Salmonella control efforts in Indonesia, where poultry 
products remain a recognized reservoir for foodborne 
pathogens and where high farm- and market-level 
contamination continues to impede export competitiveness. 
For example, surveys in Indonesian markets have repeatedly 
documented high prevalence of Salmonella spp. in broiler 
meat, nearly 48 % in a study from Surabaya markets 
(Wardhana et al., 2021) and up to 75 % contamination 
in other assessments (Nissa et al., 2023), underscoring 
persistent safety gaps in the poultry value chain. The 
growing prevalence of antimicrobial resistance (AMR) 
further limits the efficacy of conventional antibiotic-
based interventions; multidrug-resistant Salmonella strains 
from retail chicken meat have been reported in Indonesia 
(Fanissa et al., 2022). This context underscores the urgent 

need for scalable, residue-free antimicrobial solutions 
within the national poultry sector.

Bacteriophage therapy satisfies this requirement by 
providing pathogen-specific control without necessarily 
contributing to AMR selection pressures and without 
leaving chemical residues that could trigger border 
rejections or violate international trade standards. Indeed, 
recent studies demonstrate successful phage-based 
reductions of Salmonella in poultry products and live birds 
(Hungaro et al., 2013; Kuźmińska-Bajor et al., 2023). The 
demonstrated safety, efficacy, and dose responsiveness of 
the VAM-S phage cocktail in the present study highlight its 
potential to serve as a promising component in integrated 
Salmonella management programs. By reducing bacterial 
load in flocks and improving health without antibiotic 
residues, phage therapy supports Indonesia’s strategic 
objective of expanding poultry exports while safeguarding 
public health and meeting global biosecurity requirements.

This study has several limitations. First, the Salmonella 
enterica isolate was not fully characterized at the serovar 
level, and neither antimicrobial resistance profiling nor 
phage susceptibility testing was performed, which may 
limit the generalizability of the findings. In addition, 
the absence of a distinguishable marker limits the ability 
to definitively differentiate the challenge strain from 
potential environmental Salmonella, although baseline 
screening confirmed birds were negative prior to challenge. 
Second, the experimental design was conducted under 
controlled conditions does not fully reflect commercial 
farm environments, where birds face continuous infection 
pressure and variable management practices. The 
relatively small sample size (n = 10 per group) may also 
limit statistical power. In addition, given the number of 
outcomes assessed, there is a potential for type I error 
inflation across endpoints; therefore, findings should be 
interpreted in the context of consistency across results and 
biological plausibility. 

Third, microbiological enumeration was based on 
colony morphology on XLD agar without confirmatory 
identification. As XLD agar is not fully selective, some 
colonies may represent non-Salmonella Enterobacteriaceae; 
therefore, results should be interpreted as presumptive 
Salmonella counts. Fourth, both histopathological 
assessment and clinical scoring were based on qualitative 
or semi-quantitative approaches without blinded analysis, 
standardized scoring validation, or inter-rater reliability 
assessment, which may introduce subjectivity and potential 
observer bias in outcome evaluation. Fifth, the study did not 
include a phage-only control or a non-susceptible bacterial 
strain, limiting the ability to distinguish the relative 
contribution of bacteriophage activity from natural host-
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mediated clearance. Additionally, phage concentrations 
were based on manufacturer-provided value without 
independent verification, and in vivo phage dynamics were 
not evaluated. Therefore, it remains unclear whether the 
observed effects were driven by phage replication, sustained 
activity, or repeated dosing. 

Despite these limitations, the most robust finding of this 
study is the consistent directional reduction in bacterial 
burden in bacteriophage-treated groups compared to the 
Negative Control, observed across multiple independent 
endpoints (cloacal shedding, ileal bacterial load, and 
growth performance). The convergence of these outcomes 
provides supportive evidence of a biologically relevant 
effect, even though the magnitude of reduction was modest 
and should be interpreted cautiously. Future studies under 
commercial conditions, incorporating larger sample sizes, 
strain characterization, blinded histopathological scoring, 
confirmatory microbiological methods, and longitudinal 
statistical models, are needed to validate these findings and 
assess the practical applicability of bacteriophage therapy 
in poultry production systems. 

CONCLUSION

This study indicates that the VAM-S bacteriophage 
cocktail were associated with reductions in Salmonella 
enterica shedding and intestinal colonization in broiler 
chickens under controlled experimental conditions. These 
effects were accompanied by trends toward improved 
clinical outcomes and partial preservation of intestinal 
morphology, although complete restoration to Normal 
Control levels was not consistently observed. While 
bacteriophage-treated groups showed no clear evidence 
of adverse effects on growth performance or tissue 
integrity, liver index remained elevated in both treated 
and untreated infected groups, indicating that infection-
related physiological changes were not fully resolved and 
warrant further investigation. Importantly, this study was 
conducted at a small scale under controlled conditions, 
and its findings should not be directly extrapolated to 
poultry systems. Practical implementation, including 
delivery methods (e.g., via drinking water or feed), cost-
effectiveness, dosing logistics, and the potential emergence 
of phage-resistant bacterial populations were not assessed. 
Therefore, bacteriophage therapy should be considered a 
complementary approach, rather than a replacement for 
established control measures such as biosecurity, hygiene, 
and vaccination. Overall, these findings support the potential 
of bacteriophage therapy as a targeted and residue-free 
antimicrobial approach for reducing Salmonella infection 
and contributing to antimicrobial resistance mitigation. 
Further studies under commercial production conditions 
are needed to evaluate its operational feasibility and to 

validate its role within integrated, sustainable poultry 
health and food safety strategies in Indonesia.

ACKNOWLEDGEMENTS

The authors wish to express their sincere gratitude to 
SK-8 Biotech (Canada) for generously providing the 
VAM-S bacteriophage cocktail used in this study, as well 
as their technical expertise. We also extend our profound 
appreciation to SK-8 Biotech and PT Bangja Inti Ingridien 
(Indonesia) for providing essential financial support that 
enabled the execution of the field trial and laboratory 
analyses. The successful completion of this research would 
not have been possible without their crucial material and 
financial contributions.

NOVELTY STATEMENT

The novelty of this study is the evaluation of the VAM-S 
bacteriophage cocktail in broiler chickens challenged 
with Salmonella enterica using dose- and frequency-
based treatment regimens relevant to Indonesian poultry 
production, with assessment of bacterial shedding, 
ileal colonization, clinical response, and intestinal 
histopathology.

AUTHOR CONTRIBUTION

HY, JN, MS: Idea and research design. HY, MS, and ET: 
Field Trial, Data collection, sample collection, laboratory 
analysis. KT and OP: Funding. HY and MS: Write the 
manuscript. HY: Revision

Generative AI and AI assisted technology 
statement
The authors declare that no generative AI and AI assisted 
technology was used in the creation of this manuscript.

Conflict of interest
The authors declare that this study received financial and 
material support from SK8 Biotechnologies Inc., Canada. 
Authors affiliated with SK8 Biotechnologies Inc., were 
involved in study design and funding but had no role in 
data collection and analysis. All authors declare that the 
results are presented objectively without undue influence.

REFERENCES

Abd-El Wahab A, Basiouni S, El-Seedi HR, Ahmed MFE, Bielke 
LR, Hargis B, Tellez-Isaias G, Eisenreich W, Lehnherr H, 
Kittler S, Shehata AA, Visscher C (2023). An overview of 
the use of bacteriophages in the poultry industry: Successes, 
challenges, and possibilities for overcoming breakdowns. 
Front. Microbiol., 14: 1136638. https://doi.org/10.3389/

https://doi.org/10.3389/fmicb.2023.1136638


Advances in Animal and Veterinary Sciences

July 2026 | Volume 14 | Issue 7 | Page 1449

fmicb.2023.1136638
Agung Wiono A, Elizabeth Nana Wijayanti M, Yonika 

Primacitra D, Purnawarman T, Andriyanto A, Andi 
Mustika A, Fadholly A (2023). Impact of phytoceetm 
supplementation on heat stress condition in broiler chicken. 
Adv. Anim. Vet. Sci., 11(7): https://doi.org/10.17582/
journal.aavs/2023/11.7.1152.1158

Ariyanti T (2018). The use of bacteriophage for detection and 
biocontrol of foodborne pathogen. indones. Bull. Anim. 
Vet. Sci., 28(1): 33. https://doi.org/10.14334/wartazoa.
v28i1.1791

Atterbury RJ, Van Bergen MAP, Ortiz F, Lovell MA, Harris JA, 
De Boer A, Wagenaar JA, Allen VM,s Barrow PA (2007). 
Bacteriophage therapy to reduce salmonella colonization of 
broiler chickens. Appl. Environ. Microbiol., 73(14): 4543–
4549. https://doi.org/10.1128/AEM.00049-07

Barrow PA (2007). Salmonella infections: Immune and non-
immune protection with vaccines. Avian Pathol., 36(1): 
1–13. https://doi.org/10.1080/03079457.2010.542575 
Betiku E, Ogundipe TT, Kalapala T, Obe T (2025). A mini-
review on multi-hurdle control of salmonella along poultry 
production continuum. Anim., 15(6): 875. https://doi.
org/10.3390/ani15060875

Borie C, Albala I, Sànchez P, Sánchez ML, Ramírez S, 
Navarro C, Morales MA, Retamales J, Robeson J (2008a). 
Bacteriophage treatment reduces salmonella colonization 
of infected chickens. Avian Dis., 52(1): 64–67. https://doi.
org/10.1637/8091-082007-Reg

Borie C, Albala I, Sànchez P, Sánchez ML, Ramírez S, 
Navarro C, Morales MA, Retamales J, Robeson J (2008b). 
Bacteriophage treatment reduces salmonella colonization 
of infected chickens. Avian Dis., 52(1): 64–67. https://doi.
org/10.1637/8091-082007-Reg

Chlebicz A, Śliżewska K (2018). Campylobacteriosis, 
salmonellosis, yersiniosis, and listeriosis as zoonotic 
foodborne diseases: A Review. Int. J. of Environ. Res. Public 
Health, 15(5): 863. https://doi.org/10.3390/ijerph15050863

Dar MA, Ahmad SM, Bhat SA, Ahmed R, Urwat U, Mumtaz PT, 
Bhat SA, Dar TA, Shah RA, Ganai NA (2017). Salmonella 
typhimurium in poultry: A review. World’s Poult. Sci. J., 73(2): 
345–354. https://doi.org/10.1017/S0043933917000204 

Eng S-K, Pusparajah P, Ab Mutalib N-S, Ser H-L, Chan K-G, 
Lee L-H (2015). Salmonella: A review on pathogenesis, 
epidemiology and antibiotic resistance. Front. Life Sci., 8(3): 
284–293. https://doi.org/10.1080/21553769.2015.1051243

Fanissa F, Effendi MH, Tyasningsih W, Ugbo EN (2022). 
Multidrug-resistant Salmonella species from chicken meat 
sold at surabaya traditional markets, indonesia. biodiversitas 
J. Biol. Divers., 23(6): https://doi.org/10.13057/biodiv/
d230606

Hu YOO, Hugerth LW, Bengtsson C, Alisjahbana A, Seifert 
M, Kamal A, Sjöling Å, Midtvedt T, Norin E, Du J, 
Engstrand L (2018). Bacteriophages synergize with the gut 
microbial community to combat salmonella. M Syst., 3(5): 
10.1128/msystems. 00119-18. https://doi.org/10.1128/
msystems.00119-18

Hungaro HM, Mendonça RCS, Gouvêa DM, Vanetti 
MCD, Pinto CLDO (2013). Use of bacteriophages to 
reduce Salmonella in chicken skin in comparison with 
chemical agents. Food Res. Int., 52(1): 75–81. https://doi.
org/10.1016/j.foodres.2013.02.032

Ismael A, Abdella A, Shimelis S, Tesfaye A, Muktar Y (2021). 
Assessment of biosecurity status in commercial chicken farms 

found in bishoftu town, oromia regional state, ethiopia. Vet. 
Med. Int., 2021: 1–9. https://doi.org/10.1155/2021/5591932

Janania Gamez IM, Brashears MM, Nightingale K, Stephens TP, 
Martinez-Soto CE, Chow E (2025). Impact of fortiphi-s 
bacteriophage solution on the environmental microbiome 
in poultry litter systems from commercial operations. 
Poult. Sci., 104(8): 105117. https://doi.org/10.1016/j.
psj.2025.105117

Khan MAS, Rahman SR (2022). Use of phages to treat 
antimicrobial-resistant salmonella infections in poultry. Vet. 
Sci., 9(8): 438. https://doi.org/10.3390/vetsci9080438

Kim KH, Lee GY, Jang JC, Kim JE, Kim YY (2013). Evaluation of 
anti- andlt;italic andgt;se andlt;/italic andgt; bacteriophage 
as feed additives to prevent and lt;italic andgt;salmonella 
enteritidis and lt;/italic andgt; (SE) in Broiler. Asian-
Australas. J. Anim. Sci., 26(3): 386–393. https://doi.
org/10.5713/ajas.2012.12138

Korzeniowski P, Śliwka P, Kuczkowski M, Mišić D, Milcarz A, 
Kuźmińska-Bajor M (2022). Bacteriophage cocktail can 
effectively control salmonella biofilm in poultry housing. 
Front. Microbiol., 13: 901770. https://doi.org/10.3389/
fmicb.2022.901770

Kuang H-F, Jiang X-Y, Tie S-Y, Lian K, Hao M-Y, Xu H, Huang 
X, Yang Y, Guo Q, Li J, Chen L-L (2026). Global research 
trends in bacteriophage and gut microbiota: A bibliometric 
and visual analysis from 2012 to 2025. Front. Microbiol., 16: 
1738456. https://doi.org/10.3389/fmicb.2025.1738456

Kuźmińska-Bajor M, Śliwka P, Korzeniowski P, Kuczkowski 
M, Moreno DS, Woźniak-Biel A, Śliwińska E, Grzymajło 
K (2023). Effective reduction of Salmonella Enteritidis 
in broiler chickens using the UPWr_S134 phage cocktail. 
Front. Microbiol., 14: 1136261. https://doi.org/10.3389/
fmicb.2023.1136261

Lamichhane B, Mawad AMM, Saleh M, Kelley WG, 
Harrington PJ, Lovestad CW, Amezcua J, Sarhan MM, El 
Zowalaty ME, Ramadan H, Morgan M, Helmy YA (2024). 
Salmonellosis: an overview of epidemiology, pathogenesis, 
and innovative approaches to mitigate the antimicrobial 
resistant infections. Antibiotics, 13(1): 76. https://doi.
org/10.3390/antibiotics13010076

Liu B, Zhang X, Ding X, Bin P, Zhu G (2023). The vertical 
transmission of salmonella enteritidis in a one-health 
context. One Health, 16: 100469. https://doi.org/10.1016/j.
onehlt.2022.100469

Liu D, Van Belleghem JD, De Vries CR, Burgener E, Chen Q, 
Manasherob R, Aronson JR, Amanatullah DF, Tamma PD, 
Suh GA (2021). The safety and toxicity of phage therapy: a 
review of animal and clinical studies. Viruses, 13(7): 1268. 
https://doi.org/10.3390/v13071268

Mkangara M (2023). Prevention and Control of Human 
Salmonella enterica Infections: An Implication in 
Food Safety. Int. J. Food Sci., 2023: 1–26. https://doi.
org/10.1155/2023/8899596

Muneeb M, Ullah Khan E, Ahmad S, Hussain I, Batool S, Fatima 
A, Soumeh EA, Al Sulaiman AR, Abudabos AE (2025). A 
comprehensive review of the application of bacteriophages 
against enteric bacterial infection in poultry: Current Status, 
Challenges, and Future Prospects. Antibiot., 14(12): 1207. 
https://doi.org/10.3390/antibiotics14121207

Nabil NM, Tawakol MM, Samir A, Hassan HM, Elsayed MM 
(2024). Evaluation of lyophilized bacteriophage cocktail 
efficiency against multidrug-resistant Salmonella in 
broiler chickens. BMC Microbiol., 24(1): 338. https://doi.

https://doi.org/10.3389/fmicb.2023.1136638
https://doi.org/10.17582/journal.aavs/2023/11.7.1152.1158
https://doi.org/10.17582/journal.aavs/2023/11.7.1152.1158
https://doi.org/10.14334/wartazoa.v28i1.1791
https://doi.org/10.14334/wartazoa.v28i1.1791
https://doi.org/10.1128/AEM.00049-07
https://doi.org/10.1080/03079457.2010.542575
https://doi.org/10.3390/ani15060875
https://doi.org/10.3390/ani15060875
https://doi.org/10.1637/8091-082007-Reg
https://doi.org/10.1637/8091-082007-Reg
https://doi.org/10.1637/8091-082007-Reg
https://doi.org/10.1637/8091-082007-Reg
https://doi.org/10.3390/ijerph15050863
https://doi.org/10.1017/S0043933917000204
https://doi.org/10.1080/21553769.2015.1051243
https://doi.org/10.13057/biodiv/d230606
https://doi.org/10.13057/biodiv/d230606
https://doi.org/10.1128/msystems.00119-18
https://doi.org/10.1128/msystems.00119-18
https://doi.org/10.1016/j.foodres.2013.02.032
https://doi.org/10.1016/j.foodres.2013.02.032
https://doi.org/10.1155/2021/5591932
https://doi.org/10.1016/j.psj.2025.105117
https://doi.org/10.1016/j.psj.2025.105117
https://doi.org/10.3390/vetsci9080438
https://doi.org/10.5713/ajas.2012.12138
https://doi.org/10.5713/ajas.2012.12138
https://doi.org/10.3389/fmicb.2022.901770
https://doi.org/10.3389/fmicb.2022.901770
https://doi.org/10.3389/fmicb.2025.1738456
https://doi.org/10.3389/fmicb.2023.1136261
https://doi.org/10.3389/fmicb.2023.1136261
https://doi.org/10.3390/antibiotics13010076
https://doi.org/10.3390/antibiotics13010076
https://doi.org/10.1016/j.onehlt.2022.100469
https://doi.org/10.1016/j.onehlt.2022.100469
https://doi.org/10.3390/v13071268
https://doi.org/10.1155/2023/8899596
https://doi.org/10.1155/2023/8899596
https://doi.org/10.3390/antibiotics14121207
https://doi.org/10.1186/s12866-024-03467-2


Advances in Animal and Veterinary Sciences

July 2026 | Volume 14 | Issue 7 | Page 1450

org/10.1186/s12866-024-03467-2
Nagara A (2023). Rev. Salmonella Infect. Poult.
Ngu N, Phuong L, Anh L, Loc H, Tam N, Huan P, Diep T, 

Kamei K (2022). The efficiency of bacteriophages against 
salmonella typhimurium infection in native noi broilers. 
Braz. J. Poult0 Sci., 24(3): eRBCA-2021-1561. https://doi.
org/10.1590/1806-9061-2021-1561

Nissa LIK, Rahayu YP, Mambang DEP, Daulay AS (2023). 
Prevalence of bacteria salmonella sp. On chicken meat in 
traditional markets, market modern, and famous brands in 
Medan city. J. Pharm. Sci., 6(4), 1842–1853. https://doi.
org/10.36490/journal-jps.com.v6i4.330

Pelyuntha W, Yafa A, Ngasaman R, Yingkajorn M, Chukiatsiri 
K, Champoochana N, Vongkamjan K (2022). Oral 
administration of a phage cocktail to reduce salmonella 
colonization in broiler gastrointestinal tract—a pilot study. 
Anim., 12(22), 3087. https://doi.org/10.3390/ani12223087

Reindel R, Fiore CR (2017). Phage therapy: Considerations 
and Challenges for Development. Clin. Infect. Dis., 64(11), 
1589–1590. https://doi.org/10.1093/cid/cix188

Sarrami Z, Sedghi M, Mohammadi I, Kim WK, Mahdavi AH 
(2022). Effects of bacteriophage supplement on the growth 
performance, microbial population, and PGC-1α and TLR4 
gene expressions of broiler chickens. Sci. Rep., 12(1), 14391. 
https://doi.org/10.1038/s41598-022-18663-1

Segundo-Arizmendi N, Flores-Coria AP, Gómez-Garcia 
J, Hernández-Baltazar E, Meneses-Acosta A (2025). 
Bacteriophages against salmonella enterica: Challenges 
and opportunities. Front. Bioeng. Biotechnol., 13, 1605263. 
https://doi.org/10.3389/fbioe.2025.1605263

Shalihah S, Nurjanah S, Wulandari Z (2024). Contamination 
of salmonella spp. on chicken carcasses and their risk 
contributing factors during supply chain in jakarta. J. Ilmu 
Produksi Dan Teknologi Hasil Peternakan, 12(3), 112–120. 
https://doi.org/10.29244/jipthp.12.3.112-120

SK8 Biotech (2025). VAM-S: natural Salmonella antimicrobial. 

SK8 Biotechnologies Inc. https://www.sk8biotech.com/
news/vam-s-natural-salmonella-antimicrobial

Spricigo DA, Bardina C, Cortés P and Llagostera M (2013). Use 
of a bacteriophage cocktail to control Salmonella in food and 
the food industry. Int. J. Food Microbiol., 165(2), 169–174. 
https://doi.org/10.1016/j.ijfoodmicro.2013.05.009

Tan SJ, Nordin S, Esah EM and Mahror N (2022). Salmonella 
spp. in chicken: Prevalence, Antimicrobial resistance, and 
detection methods. microbiol.Res., 13(4), 691–705. https://
doi.org/10.3390/microbiolres13040050

Thanki AM, Hooton S, Whenham N, Salter MG, Bedford MR, 
O’Neill HVM and Clokie MRJ (2023). A bacteriophage 
cocktail delivered in feed significantly reduced Salmonella 
colonization in challenged broiler chickens. Emerg. 
Microbes Infect., 12(1), 2217947. https://doi.org/10.1080/
22221751.2023.2217947

Wahyono ND and Utami MMD (2018). A review of the poultry 
meat production industry for food safety in indonesia. J. Physi. 
Conf. Ser., 953, 012125. https://doi.org/10.1088/1742-
6596/953/1/012125

Wardhana DK, Haskito AEP, Purnama MTE, Safitri DA and 
Annisa S (2021). Detection of microbial contamination 
in chicken meat from local markets in Surabaya, East 
Java, Indonesia. Vet. World, 3138–3143. https://doi.
org/10.14202/vetworld.2021.3138-3143

Wernicki A, Nowaczek A and Urban-Chmiel R (2017). 
Bacteriophage therapy to combat bacterial infections in 
poultry. Virol. J., 14(1), 179. https://doi.org/10.1186/
s12985-017-0849-7 

Wigley P (2024). Salmonella and the chicken: Reflections on 
salmonellosis and its control in the United Kingdom. Poult.
Sci. Manag., 1(1), 1. https://doi.org/10.1186/s44364-024-
00001-y

Żbikowska K, Michalczuk M and Dolka B (2020). The  stry. 
Anim., 10(5), 872. https://doi.org/10.3390/ani10050872

https://doi.org/10.1186/s12866-024-03467-2
https://doi.org/10.1590/1806-9061-2021-1561
https://doi.org/10.1590/1806-9061-2021-1561
https://doi.org/10.36490/journal-jps.com.v6i4.330
https://doi.org/10.36490/journal-jps.com.v6i4.330
https://doi.org/10.3390/ani12223087
https://doi.org/10.1093/cid/cix188
https://doi.org/10.1038/s41598-022-18663-1
https://doi.org/10.3389/fbioe.2025.1605263
https://doi.org/10.29244/jipthp.12.3.112-120
https://www.sk8biotech.com/news/vam-s-natural-salmonella-antimicrobial 
https://www.sk8biotech.com/news/vam-s-natural-salmonella-antimicrobial 
https://doi.org/10.1016/j.ijfoodmicro.2013.05.009
https://doi.org/10.3390/microbiolres13040050
https://doi.org/10.3390/microbiolres13040050
https://doi.org/10.1080/22221751.2023.2217947
https://doi.org/10.1080/22221751.2023.2217947
https://doi.org/10.1088/1742-6596/953/1/012125
https://doi.org/10.1088/1742-6596/953/1/012125
https://doi.org/10.14202/vetworld.2021.3138-3143
https://doi.org/10.14202/vetworld.2021.3138-3143
https://doi.org/10.1186/s12985-017-0849-7
https://doi.org/10.1186/s12985-017-0849-7
https://doi.org/10.1186/s44364-024-00001-y
https://doi.org/10.1186/s44364-024-00001-y
https://doi.org/10.3390/ani10050872

