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ABSTRACT

Previous studies on probiotics in chickens have shown varying efficacy, and the use of phage as
a supplement for improving chicken performance and health has gained interest. However, the
combination of these supplements has not been thoroughly investigated. This study aimed to
assess the effects of an Escherichia coli phage cocktail, both alone and in combination with pro-
biotics, on specific gut populations, lipid profiles, heterophil-to-lymphocyte ratio, serum immu-
noglobulins, villus height to crypt depth ratio, and relative organ weights in chickens at day 21
and 35. The experiment followed a completely randomised design with factorial arrangements,
consisting of three levels of phage cocktail dosage (0g/kg, 1g9/kg, and 2 g/kg) and two levels of
probiotics dosage (0g/kg and 1g/kg), with a total of 288 one-day-old male Cobb 500 broilers.
Our study demonstrated that supplementing chicken diets with 1g/kg phage cocktail and 1g/
kg probiotics resulted in significant (p <0.05) improvements in growth performance and
reduced Clostridium perfringens populations. It also reduced triglyceride levels and did not cause
physiological stress, as indicated by the heterophil-to-lymphocyte ratio. Overall, this study pro-
vides important insights into the potential benefits of combining phages and probiotics in
broiler chicken diets, which have not been extensively studied.

ARTICLE HISTORY
Received 15 August 2023
Revised 5 December 2023
Accepted 16 February 2024

KEYWORDS
Additive; bacteriophage;
feed; health; poultry

HIGHLIGHTS

e Incorporating 1 g/kg of phage cocktail and 1 g/kg of probiotics significantly enhances
chicken growth performance and decreases populations of harmful bacteria.

e This dietary supplementation reduces blood lipid levels in chickens without causing physio-
logical stress.

e The study highlights the promising advantages of combining phages and probiotics in
poultry diets, suggesting a novel approach to improve chicken health and productivity.

Introduction in certain parts of the world due to the rise of anti-
biotic-resistant bacteria (Dahiya et al. 2006; Wen et al.
2022). An alternative to AGPs is direly needed, and
probiotics are one option that has been extensively
investigated over the past few decades (Pan and Yu
2014; Park et al. 2016; Tran et al. 2023).

Probiotics, living microorganisms which may confer

The gut microbiota plays an important role in the
maintenance of health in chickens. Several studies
have documented that healthy gut boosts the host’s
growth performance and immune health (Stanley
et al. 2012; Wei et al. 2013; Sugiharto 2016; Lee et al.
2023). Indirectly, this has been achieved with the use
of antibiotic growth promoters (AGPs) in poultry farm-
ing. However, AGPs have been progressively banned

beneficial effects to the host when administered in a
sufficient amount (De Vuyst et al. 2004; Kabir 2009).
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Bifidobacterium and Lactobacillus are among the most
common bacterial genera used as probiotics. The posi-
tive effects of probiotics on the host have been
reported based on various modes of action, such as
reducing pathogen colonisation (Mazanko et al. 2022),
improving host metabolism (Palamidi et al. 2016;
Zhang et al. 2016; Yousaf et al. 2022), reducing harm-
ful bacterial enzyme activity and ammonia production
(Jin et al. 2000; Ghadban 2002; Yousaf et al. 2022),
and improving the immune system (Mountzouris et al.
2010; Smith 2014; Yousaf et al. 2022). Because of this,
various beneficial effects in poultry have been
reported such as an increase in intestinal villi height
(Samanya and Yamauchi 2002; Chichlowski et al. 2007;
Mazanko et al. 2022), and a reduction of blood choles-
terol (Panda et al. 2006; Toghyani et al. 2015;
Pourakbari et al. 2016; Yousaf et al. 2022). However,
various studies have also reported the variation in pro-
biotics efficacy which has limited its application in
poultry (Khosravi et al. 2010; Ashayerizadeh et al.
2011; Olnood et al. 2015; Oladokun et al. 2021). This
could be due to the survivability of probiotics along-
side colonising gut microbes (Mead 2005; O'Toole and
Cooney 2008; Bermudez-Brito et al. 2012; Buahom
et al. 2023). While phages have traditionally been
employed for therapeutic purposes, they may poten-
tially play a role in enhancing probiotic colonisation
within the gut (Porter et al. 2022; Shaufi et al. 2023).
By providing additional adhesion sites for probiotics to
attach, phages could contribute to improved chicken
growth performance and overall health.

Phages are bacteria-infecting viruses which multiply
in a specific bacterial host and eventually lyse them
(Loc-Carrillo and Abedon 2011). They are ubiquitous
and can be isolated easily in the presence of host bac-
teria. Phage can be classified into two categories: viru-
lent and temperate (Gill and Hyman 2010). The former
type only divides through the lytic cycle, while the lat-
ter can multiply through both lysogenic and lytic
cycles. In lytic cycle, phage infected host bacteria are
immediately killed at the end of the cycle (Du Toit
2022; Petrovic Fabijan et al. 2023; Roughgarden 2023).
The virulent phage which only follows lytic cycle is
the most important type of phage that is used for
phage therapy and modulation purposes. The use of
phages has been proposed as a viable and sustainable
solution to combat pathogens responsible for diseases
and antibiotic resistance. Phages are known for their
specificity, safety, and efficacy, and their application
has the potential to enhance both poultry health and
productivity (Upadhaya et al. 2021; Shaufi et al. 2023).

Félix d'Herelle pioneered the first application of
phage therapy in chickens in 1917 (d'Herelle 1961). He
successfully isolated and characterised a bacterio-
phage to combat fowl typhoid, a disease caused by
Salmonella gallinarum in chickens. This groundbreak-
ing work established the foundation for the use of
phage therapy in controlling diseases caused by
pathogens, particularly in poultry. Previous studies on
phages were mainly reported for therapeutic pur-
poses, where they were investigated for treating dis-
eases of chickens challenged with pathogens of
Escherichia coli, Salmonella spp., Campylobacter spp.
and Clostridium perfringens (Huff et al. 2002; Toro et al.
2005; Wagenaar et al. 2005; Atterbury et al. 2007; Huff
et al. 2010; Wernicki et al. 2017). For example, a recent
study reported that the application of a bacteriophage
commercial product Biotector S1 that significantly
reduced the mortality rate in poultry challenged with
Salmonella pullorum and Salmonella gallinarum. The
treatment led to a 73% lower mortality rate compared
to the control group (Abd-EI Wahab et al. 2023).
Recently, phage has been studied for the modulation of
gut microbiota, which has improved the performance
and health of chickens (Wang et al. 2013; Kim et al.
2014). In a recent study, the supplementation of a phage
cocktail at a concentration of 0.05%, which included
mixtures of phages targeting Salmonella gallinarum, S.
typhimurium, S. enteritidis, and Escherichia coli at concen-
trations of 1.0x10% PFU/g, along with Clostridium perfrin-
gens at 1.0x10° PFU/g, resulted in a consistent increase
in broiler weight gain during both the 1-7day and 22-
35day periods. Furthermore, this supplementation posi-
tively influenced the gut microbiota, with a notable rise
in the relative abundance of Lactobacillus salivarus com-
pared to the control group (Upadhaya et al. 2021).
However, the combination of phages and probiotics has
never been studied in chickens.

Escherichia coli, a bacterium commonly found in the
guts of humans and animals, can be either commensal
or pathogenic and significantly influences chickens’
microbial dynamics and health. The reduction of E. coli
populations in the chicken gut may decrease competi-
tion with probiotics and provide more adhesion sites for
probiotics to attach to intestinal epithelial cells, which
may be necessary for the probiotics to exert their benefi-
cial effects on the host (Mead 2005; Bermudez-Brito
et al. 2012).

It is well-established that the gut microbiota plays a
crucial role in the growth performance and health of
chickens. While probiotics have been utilised, they
have certain limitations. This study aims to investigate
whether a combination of phages and probiotics can



positively impact growth performance and health
parameters. Currently, there is a knowledge gap
regarding the synergistic effects of probiotics and
phages on chicken growth performance and health, as
compared to their individual effects. Therefore, the pri-
mary objective of this study is to assess the effects of
dietary supplementation with 1g/kg and 2g/kg of a
phage cocktail, 1 g/kg of PrimaLac® probiotics, and their
various combinations on specific gut populations
(Escherichia coli, Lactobacillus spp., Bifidobacterium spp.,
and Clostridium perfringens), serum lipid profiles, the het-
erophil-to-lymphocyte ratio (H:L), serum immunoglobu-
lins (IgY, IgA, and IgM), as well as measurements of ileal
villus height, crypt depth, and relative organ weights in
chickens at both 21 days (starter period) and 35 days (fin-
isher period) of age. By gaining insights into their inter-
actions, this study aims to provide a Dbetter
understanding and knowledge of effective methods to
modulate gut microbiota, offering a potential alternative
to antibiotic growth promoters in poultry production.

Materials and methods
Phage and probiotics preparation

Four Escherichia coli phages were prepared in large-
scale production at a titre of 10'° PFU/g each, as
described by Wong et al. (2014). E. coli bacteria and
phages were isolated from the ileal and caecal con-
tents of chickens at the ages of 7, 14, 21, and 42 days.
These chickens were fed a basal diet without any
added antibiotics. The isolation process was carried
out as detailed in the study by Shaufi and Sieo (2023).
Briefly, skim milk (Oxoid, UK) (high-temperature pro-
tectant), maltodextrin (cryoprotectant) and calcium
carbonate (CaCOs) (Merck, Germany) (antacid) and
phage were added at a ratio of 2:2:1:5, respectively.
The mixture was freeze-dried using a Labconco freeze
dryer (Labconco, USA). The phage titre was quantified
by double layer agar assay and ensured at a concen-
tration of ~10'° Plaque Forming Units per gram (PFU/
g). Each phage was then mixed at a ratio of 1:1:1:1 as
final phage cocktail supplement. Commercial
PrimaLac® probiotics (Starlabs, USA) used in this study
consisted of Lactobacillus acidophilus, Lactobacillus
casei, Bifidobacterium termophilum, Enterococcus fae-
cium and Aspergillus oryzae at a concentration of 10°
Colony Forming Units per gram (CFU/g) each.

Experimental design, animals and diets

The experiment was performed based on completely
randomised design with factorial arrangements of a 3
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(phage cocktail dosage; 0g/kg, 1g/kg and 2g/kg) x 2
(probiotics dosage; 0g/kg and 1g/kg) which resulted
in 6 treatments. A total of 288 one-day-old male Cobb
500 broilers were utilised in this study. They were ran-
domly allocated to six dietary treatments. Each treat-
ment was replicated six times, with each replicate
consisting of a battery cage housing eight chicks.
Phage cocktail and probiotics supplements were
added by replacing an equivalent amount of corn to
achieve a final equivalent amount for each treatment
group. The basal diets formulated for starter (1 to
21days) and finisher (22 to 35days) (Table 1) periods
were antibiotic-free, in mash form, and ensured to
meet or exceed the energy and nutrient requirements
as recommended by NRC (1994) for each growing
phase. Both feeds and water were provided ad libitum.

Feed chemical analyses

The formulated feed was also chemically analysed on
final crude protein, crude fat, crude fibre, calcium,
phosphorus and sodium by an in-house test done by
the Malaysian Agricultural Research and Development

Table 1. Feed composition (as fed basis) of basal diets of
starter and finisher.

Finisher
(22 to 35 days).

Starter
(1 to 21 days).

Ingredient (g/kg)

Corn 538.60 602.70
Soybean Meal, 48% Cp 361.90 318.60
Fish meal 30.00 30.00
Palm Qil 37.40 24.50
60% choline chloride 2.50 2.00
Vitamin premix® 0.30 0.30
Mineral premix? 1.00 1.00
Salt (NaCl) 2.00 1.00
DL-Methionine 1.80 0.40
Limestone 13.00 13.00
Dicalcium phosphate 11.50 6.50
Total 1000.00 1000.00
Calculated analysis
Metabolisable energy (MJ/kg) 13.06 13.06
Crude protein (g/kg) 220.00 199.90
Crude fat (g/kg) 63.10 52.20
Crude fibre (g/kg) 38.00 36.50
Methionine + Cysteine (g/kg) 9.50 8.50
Lysine (g/kg) 13.70 12.00
Calcium (g/kg) 10.20 9.00
Phosphorus (g/kg) 4.50 3.50
Chemical analysis
Crude protein (g/kg) 217.70 212.05
Crude fat (g/kg) 54.80 45.00
Crude fibre (g/kg) 38.80 40.50
Calcium (g/kg) 6.50 6.80
Phosphorus (g/kg) 5.16 4.50
Sodium (g/kg) 6.70 1.90

" Supplied per kilogram of diet: vitamin A, 50.00 mlU; vitamin B1,

10.00g; Vitamin B2, 30.00g; Vitamin B6, 20.00g; Vitamin B12, 0.100g;
Vitamin D3, 10.00 mlU; vitamin E, 75.00g; Vitamin K3, 20.00g; Calcium
D-Pantothenate, 60.00 g; Nicotinic Acid, 200.00 g; Folic Acid, 5.00 g; Biotin,
235.00 g; Antioxidant, Anti cracking and Carrier.” Supplied per kilogram of
diet: Se, 0.200g; Fe, 80.00g; Mn, 100.00g; Zn, 80.00g; Cu, 15.00g; KCl,
4.00g; MgO, 0.60g; NaCO3, 1.50g; I, 1.00g; Co, 0.25g.
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Institute (MARDI)

(Table 1).

using proximate feed analyses

Sampling

For the assessment of growth performance, each
experimental unit consisted of a cage housing eight
Cobb500 broilers. The experiment was conducted with
six replicate cages for each treatment (n=26).
Therefore, each value reported in this study for growth
performance represents the mean of these six repli-
cate cages. The body weight (BW) of the chickens and
their body weight gain (BWG) were measured separ-
ately every week (at 1, 7, 14, 21, 28, and 35 days). The
amount of feed intake (FI) was recorded on a daily
basis. Subsequently, the feed conversion ratio (FCR)
was calculated. The chicken body weight and the
mucosal layer of ilea and caeca samples were used for
a gut microbial population study based on real-time
quantitative PCR (gqPCR) at day 21 and 35. Twelve
chickens per treatment (2 chickens per cage) were ran-
domly chosen and euthanised at day 21 and 35. Blood
samples were immediately collected from the jugular
veins into 10 ml non-coagulated clot activator tubes
(BD, USA) and coagulated K,EDTA tubes (BD, USA) for
biochemical and serum immunoglobulins analyses,
and haematological analysis, respectively. The ilea tis-
sues were also collected to measure the villus height
and crypt depth.

DNA extraction

Genomic DNA was extracted using QlAamp Fast DNA
Stool Mini Kit (QIAGEN, Germany) following manufac-
turer instructions. The extracted genomic DNA was
stored at —20°C until further analysis.

Quantitative real-time PCR

For the assessment of gut microbiota, each experi-
mental unit consisted of a cage housing one Cobb
500 broiler. The experiment was conducted with three
replicate cages for each treatment (n=3). Therefore,
each value reported in this study for gut microbiota
represents the mean of these three replicate cages.
The genomic DNA extracted from ileal and caecal con-
tents of 21 and 35 d chickens (3 chickens) were used
as the templates for real-time qPCR. DNA amplification
was conducted using SensiFAST SYBR No-ROX Kit
(Bioline, UK) in CFX96 Real-Time PCR Detection System
(Bio-Rad, USA). The 20 puL reaction mixtures contained
10puL  SensiFAST SYBR No-ROX mix, normalised

genomic DNA template at 80ng/ul, 1uL of forward
and reverse primers (10pmol/ul) and sterile Mili-Q
water. Both standard curve samples and no template
control (NTC) were prepared in every run. The themo-
profile and primer sequences are given in Table S1.

Serum lipid

For the assessment of serum lipid, each experimental
unit consisted of a cage housing one Cobb 500
broiler. The experiment was conducted with six repli-
cate cages for each treatment (n =6). Therefore, each
value reported in this study for serum lipid represents
the mean of these six replicate cages. The blood sam-
ples from non-coagulated clot activator tubes (BD,
USA) were processed immediately by centrifugation
using JA-20.1 rotor of Beckman Avanti J-25| Centrifuge
(Beckman, USA) at 3000 x g for 10min. The serum
samples were collected and transferred into sterile
2 mL microcentrifuge tubes and used for biochemistry
analyses of triglycerides, cholesterol, high-density lipo-
protein (HDL) and low-density lipoprotein (LDL) using
COBAS reagents (Roche Diagnostics, USA) and ana-
lysed using Hitachi 902 Automatic Biochemistry
Analyser (Hitachi, Japan). The same serum samples
were stored at —20°C for serum immunoglobulins
analysis.

Haematological analysis

For the assessment of hematological parameters, each
experimental unit consisted of a cage housing one
Cobb 500 broiler. The experiment was conducted with
six replicate cages for each treatment (n=26).
Therefore, each value reported in this study for hema-
tological parameters represents the mean of these six
replicate cages. Blood samples were collected from
coagulated K,EDTA tubes (BD, USA) and subjected to
analysis for hematological parameters. To determine
the white blood cell (WBC) count, blood smears were
prepared and stained with Wright's stain (Sigma
Chemical, USA). Manual examination of the stained
smears enabled the categorisation of WBCs into differ-
ent cell types, including heterophils and lymphocytes.
Additionally, the heterophil-to-lymphocyte ratio (H:L)
was calculated as part of the analysis.

Serum immunoglobulins

For the assessment of serum immunoglobulins, each
experimental unit consisted of a cage housing one
Cobb 500 broiler. The experiment was conducted with
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three replicate cages for each treatment (n=3).
Therefore, each value reported in this study for serum
immunoglobulins represents the mean of these three
replicate cages. Serum samples of three chickens from
separate cages were selected for IgY, IgA and IgM anal-
yses of every treatment for day 21 and 35 samplings.
Serums for each sample were diluted at appropriate
dilutions and quantified. Serum immunoglobulins were
quantified using a double-antibody sandwich enzyme-
linked immunosorbent assay (ELISA) kit of chicken IgY,
IgA and IgM (Bethyl Laboratories Inc., USA) by following
manufacturer instructions. Absorbance was measured
using BioTek EL800 Absorbance Reader (BioTek, USA) at
a wavelength of 450 nm. The standard curve was plot-
ted from the graph of average absorbance measured
versus known concentration of chicken IgY, IgA and
IgM to determine and calculate the concentration of
unknown samples. The data was then multiplied by the
dilution factor used earlier to determine the amount of
antibodies in the original undiluted sample.

lleal villus height and crypt depth

For the assessment of intestinal histomorphology,
each experimental unit consisted of a cage housing
two Cobb 500 broilers. The experiment was conducted
with six replicate cages for each treatment (n=6).
Therefore, each value reported in this study for intes-
tinal histomorphology represents the mean of these
six replicate cages. The 1cm midpoint ileum was
excised for measurements of the villi height and crypt
depths from 12 chickens per treatment (2 chickens
per replicate cage) for day 21 and 35 samplings. The
tissue samples were rinsed in phosphate-buffered
saline (PBS) buffer (pH 7.4) and fixed in 10% buffered
formalin overnight. They were dried in an automatic
tissue processor for 16 h using Leica ASP 3000 fully-
enclosed tissue processor (Leica, Japan) and
embedded in paraffin wax by using Leica EG1160 par-
affin embedding station (Leica, Japan). The tissue sam-
ples were cut into sections at 4 pm thickness by using
Leica RM2155 microtome (Leica, Japan), placed on
glass slides and then stained with haematoxylin and
eosin. The sections were examined under Olympus
light microscope QG2-32 (Olympus, Japan) with a
digital camera attached. The villus height was meas-
ured using Fiji ImageJ (Schindelin et al. 2012) from the
top end of the villus to the bottom of the villus-crypt
junction, while crypt depth from the basement
membrane to the villus-crypt junction. An average of
3 villus heights and crypt depth were measured for
each sample.
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Relative weight of organs

For the assessment of relative organ weights, each
experimental unit consisted of a cage housing two
Cobb 500 broilers. The experiment was conducted
with six replicate cages for each treatment (n=6).
Therefore, each value reported in this study for rela-
tive organ weights represents the mean of these six
replicate cages. Seven different chicken organs (thy-
mus, proventriculus, gizzard, pancreas, liver, spleen,
bursa of Fabricius and heart) were dissected from 6
chickens per treatment (2 chickens per replicate cage)
of day 21 and 35 samplings. The organs were thor-
oughly excised and cleaned before weighing. The rela-
tive weight (RW) of organs was then calculated as
follows:

Weight of organ
Body weight

Relative weight of organ (%) = x 100

Statistical analysis

The experimental data were analysed based on
General Linear Model (GLM) using Statistical Package
for Social Science (SPSS) Statistics version 26 (IBM,
USA). The replicate cage was used as the experimental
unit for all parameters unless stated otherwise. Results
were stated as means. Data were analysed as 3 x 2
factorial design including the control (three levels of
phage cocktail by two levels of probiotics). A p value
of < 0.05 was considered significant. Duncan’s mean
separation test was used to make pairwise compari-
sons among treatments when interaction was
significant.

Results
Growth performance

The results of our study revealed a significant inter-
action between the phage cocktail and probiotics in
relation to the FCR during both the 22-35day period
(p=0.010) and the 1-35day period (p=0.005) (Table
2). The FCR for the group receiving 1g/kg phage cock-
tail and probiotics group was significantly (p < 0.05)
lower than that of control group during both 22-
35day (FCR = 1.86) and 1-35day periods (FCR
= 1.57).
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Real-time PCR quantification of selected gut
microbiota

The interaction between the phage cocktail and pro-
biotic supplementation significantly influenced the
populations of Bifidobacterium spp. (p=0.046) and C.
perfringens (p=0.007) in the ilea of 35-day-old chick-
ens (Table 3). A positive interaction effect was
observed for C. perfringens, where chickens fed with
19/kg of both the phage cocktail and probiotics had
significantly lower C. perfringens populations (2.51
log10 DNA copy number) compared to those fed with
19/kg of the phage cocktail alone (2.91 log10 DNA
copy number). Unexpectedly, a negative interaction
was observed in chickens fed with 1g/kg of both the
phage cocktail and probiotics. These chickens had sig-
nificantly lower Bifidobacterium spp. populations (2.21
log10 DNA copy number) at 35days compared to
those fed with 1g/kg of probiotics alone (2.54 log10
DNA copy number).

The addition of E. coli phage cocktail as a supple-
ment was expected to reduce the population of E. coli
compared to the other groups. This reduction was
observed in the ilea of 21-day-old chickens when 19/
kg of the phage cocktail and 1 g/kg of probiotics were
administered, with E. coli recording the lowest popula-
tion at 3.25 log10 DNA copy number compared to the
other groups. However, this reduction was not statis-
tically significant.

Surprisingly, the population count of Lactobacillus
spp. was significantly lower (p=0.014) in the ilea of
21-day-old chickens given probiotics alone (6.75 log10
DNA copy number) compared to those not given

probiotics (7.56 log10 DNA copy number) (Table 3). A
similar trend was also observed for the population
of Bifidobacterium spp. in the ilea of 21-day-old chick-
ens, with the population count significantly lower
(p =0.045) in chickens given probiotics (1.88 log10
DNA copy number) compared to those not given pro-
biotics (2.72 log10 DNA copy number).

Surprisingly, the population of Bifidobacterium spp.
was significantly lower (p =0.000) in the caeca of 21-
day-old chickens fed with probiotics (4.54 log10 DNA
copy number) compared to those in the non-probiot-
ics group (5.28 log10 DNA copy number) (Table 4).
Conversely, the group receiving probiotics alone
showed a significant reduction (p=0.001) in the C
perfringens population (2.40 log10 DNA copy number)
when compared to the non-probiotics group (2.87
log10 DNA copy number).

The effect of 1g/kg phage cocktail alone was
observed to reduce C. perfringens in the caeca of 21-
day-old chickens, although this reduction was not stat-
istically significant when compared to the doses of
0g/kg and 2 g/kg of the phage cocktail alone.

Lipid profiles

A positive significant interaction was observed, where
the supplementation of a 1g/kg phage cocktail and a
1 g/kg probiotics resulted in a significant decrease in
triglycerides (TG) levels (43.99 mg/dL, p=0.034) in 35-
day-old chickens, compared to the control group (0g/
kg) and the 1g/kg phage cocktail alone group (Table
5). For low-density lipoprotein (LDL)7 levels, chickens

Table 2. Effects of dietary treatments on body weight gain (BWG), feed intake (FI) and feed conversion ratio (FCR) of chickens

at 1-21 d, 22-35 d and 1-35 d periods.

Body Weight Gain (g/bird/d)

Feed Intake (g/bird/d) Feed conversion ratio

Supplement 1-21d  22-35d  1-35d  1-21d 22-35d 1-35d 1-21d 22-35d 1-35d
Phage cocktail (g/kg) Probiotic (g/kg)
0 0 81663 74572 156235 1169.88 174838 291827 143 253 1.87°
1 0 83132  860.10  1691.42 1153.10 176145 291455 135 2100 1.68°
2 0 82170 87660 169830 1111.35 165032 2922.88 137 206 1.65°
0 1 82898 81865  1647.63 110487 1653.68 275853  1.40 196  1.61°
1 1 83125 91173 174298 1160.58 174027 290085 137 1.86°  157°
2 1 81180 87853  1690.33 1131.58 1760.85 289245 1.35 2017 1.61°
SEM 4422  18.830 19.930 9780 24180 32357 0.008 0.047  0.021
The main effect means for Phage cocktail
0 822.81 782187 160499 1137.38 1701.03 283840 1.42° 227° 174°
1 83128  88592° 171720 1156.84 1750.86 2907.70 136°  198°  1.63°
2 81675  877.57° 169432 112147 170558 2907.65 136°  2.04°  1.63°
The main effect means for Probiotic
0 82322 82747 165069 114478 172005 291857 139 223 173°
1 82401  869.64  1693.65 113234 171827 2850.60 1.37 1.95  1.60°
P-value
Phage cocktail 0.438 0.044 0.052 0.332 0.662 0.624 0.001  0.006  0.002
Probiotic 0.931 0.246 0.265 0.521 0.971 0316 0321  0.000  0.000
Phage cocktail x Probiotic 0.615 0.709 0.600 0.164 0.242 0.624 0.199 0.010  0.005

Each value is mean of 6 replicate cages with 8 chickens each.

PMeans that have different superscripts differ significantly (p < 0.05).
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Table 3. Effects of dietary treatments on E. coli, Lactobacillus spp., Bifidobacterium spp. and C. perfringens populations based on

real-time gPCR in ilea of 21 d and 35 d chickens.

E. coli Lactobacillus Bifidobacterium C. perfringens
Supplement 21d 35d 21d 35d 21d 35d 21d 35d
Phage cocktail (g/kg) Probiotic (g/kg)
0 0 4.79 2.12 7.56 7.70 293 2.18% 2.25 2.472
1 0 4.50 3.06 7.45 7.20 252 2.35% 2,96 291°
2 0 4.00 3.27 7.67 7.77 2.70 2.33% 2.54 2.50%
0 1 4.49 3.02 6.77 7.64 2.10 2.54° 2.70 2.80°°
1 1 3.25 2.57 6.92 7.62 2.15 2.212 2.75 2.512
2 1 438 242 6.56 7.27 1.38 2.26% 248 2.79°°
SEM 0.19 0.17 0.16 0.08 0.20 0.04 0.09 0.06
The main effect means for Phage cocktail
0 4.63 2.57 717 7.67 2.51 2.36 2.52 2.64
1 3.88 2.81 7.18 741 233 2.28 2.85 2.71
2 4.19 2.84 7.12 7.52 2.04 2.29 2.52 2.65
The main effect means for Probiotic
0 443 2.82 7.56° 7.56 272° 2.29 258 2,63
1 4.04 2.67 6.75% 7.52 1.88% 2.34 2.64 2.70
P-value
Phage cocktail 0.262 0.784 0.980 0.364 0.594 0.667 0.232 0.729
Probiotic 0.300 0.682 0.014 0.756 0.045 0.503 0.769 0.419
Phage cocktail x Probiotic 0.221 0.130 0.708 0.067 0.610 0.046 0.371 0.007

Each value is mean of 3 replicate cages with 1 chicken each.
2bMeans that have different superscripts differ significantly (p < 0.05).

Table 4. Effects of dietary treatments on E. coli, Lactobacillus spp., Bifidobacterium spp. and C. perfringens populations based on

real-time gPCR in caeca of 21 d and 35 d chickens.

E. coli Lactobacillus Bifidobacterium C. perfringens
Supplement 21d 35d 21d 35d 21d 35d 21d 35d
Phage cocktail (g/kg) Probiotic (g/kg)
0 0 5.03 5.13 7.22 6.55 5.36 4.68 291 2.56
1 0 5.06 532 7.73 6.48 5.13 4.48 2.62 2.62
2 0 517 4.54 7.41 6.65 5.35 4.61 3.09 2.52
0 1 5.23 5.45 7.14 6.88 4.54 4.60 245 2.58
1 1 4.86 4.88 7.25 6.69 4.52 4.66 2.28 2.45
2 1 4.78 5.80 6.72 6.60 4.57 4.47 247 2.49
SEM 0.11 0.23 0.13 0.08 0.10 0.03 0.08 0.26
The main effect means for Phage cocktail
0 5.13 5.29 7.18 6.84 4.95 4.64 2.72° 2.57
1 4.96 5.10 7.49 6.58 4.83 4.57 2452 2.53
2 497 517 7.06 6.63 4.96 4.54 2.78° 2.51
The main effect means for Probiotic
0 5.08 5.00 7.45 6.56 5.28° 459 287° 2.57
1 4.96 5.38 7.03 6.81 454° 4.58 2.40° 2.50
P-value
Phage cocktail 0.798 0.948 0.368 0.263 0.494 0.433 0.049 0.607
Probiotic 0.591 0.447 0.113 0.083 0.000 0.832 0.001 0.221
Phage cocktail x Probiotic 0.591 0.385 0.600 0.182 0.696 0.143 0.505 0.322

Each value is mean of 3 replicate cages with 1 chicken each.
®PMeans that have different superscripts differ significantly (p < 0.05).

supplemented with 1g/kg phage cocktail and 1g/kg
probiotics recorded among the lowest LDL (17.72 mg/
dL), although there were no significant differences
between groups in 21-day-old chickens.

Notably, the supplementation of 1g/kg phage
cocktail alone resulted in a significant reduction in
cholesterol (CHL) levels (102.12mg/dL) in 35-day-old
chickens, compared to the control group (0g/kg)
(116.46 mg/dL) and the higher dosage of phage

cocktail (2g/kg) (121.23 mg/dL). Conversely, a higher
inclusion level of the phage cocktail (2g/kg) resulted
in a significantly higher HDL mean (75.34 mg/dL) com-
pared to lower (1 g/kg) inclusion levels (61.20 mg/dL).

Haematological analysis

Chickens supplemented with 1g/kg phage cocktail
and 1g/kg probiotics demonstrated a significant
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Table 5. Effects of dietary treatments on lipid profiles of chickens at 21 and 35 d.

High Density Lipoprotein Low Density Lipoprotein

Triglycerides (mg/dL)  Cholestrol (mg/dL) (mg/dL) (mg/dL)

Supplement 21d 35d 21d 35d 21d 35d 21d 35d
Phage cocktail (g/kg) Probiotic (g/kg)

0 0 0.44 81.04° 135.67 120.52 85.72 66.77 21.85° 27.01

1 0 0.28 66.43° 114.98 105.63 80.88 60.33 13.73? 25.33

2 0 0.34 47.83% 123.23 121.75 89.26 74.76 13.92° 27.78

0 1 0.27 39.12% 124.91 112.40 88.49 74.18 17.082° 23.72

1 1 0.32 43.99° 121.36 98.61 88.30 62.07 17.72% 18.95

2 1 0.33 45.02° 122.78 120.72 85.46 75.92 18.17% 2417

SEM 0.02 3.67 2.88 3.02 1.76 2.01 0.83 1.75

The main effect means for

Phage cocktail

0 0.35 60.08 130.29 116.46° 87.10 70.48° 19.46 25.36

1 0.30 55.21 118.17 102.12° 84.59 61.20° 15.73 22.14

2 0.34 46.43 123.00 121.23° 87.36 75.34° 16.05 25.97
The main effect means for

Probiotic

0 0.35 65.10° 124.63 115.97 85.29 67.29 16.50 26.71

1 0.31 42717 123.01 110.57 87.42 70.72 17.66 22.28
P-value

Phage cocktail 0.531 0.166 0.244 0.028 0.793 0.013 0.089 0.656

Probiotic 0.232 0.001 0.783 0.352 0.565 0.358 0.438 0.233

Phage cocktail x Probiotic 0.084 0.034 0.485 0.862 0.462 0.748 0.028 0.930

Each value is mean of 6 replicate cages with 1 chicken each.
@PMeans that have different superscripts differ significantly (p < 0.05).

negative interaction concerning the number of lym-
phocytes in 21-day-old chickens (p=0.011) (Table 6).
The combination group exhibited a significantly lower
lymphocyte count compared to the control (0g/kg)
and the 1g/kg phage cocktail group. However, this
interaction did not have a significant impact on the
heterophils to lymphocytes (H:L) ratio at both 21 and
35 days.

Chickens supplemented with probiotics alone
resulted in a significantly higher number of heterophils
in 35-day-old chickens (16.55 x 10°/ul with probiotics vs
12.12 x 10°/ul without; p=0.001). Additionally, it led to
a significantly lower number of lymphocytes in 21-day-
old chickens (5.27 x 10%/ul with probiotics vs 9.69 x 10°/
pl without; p=0.011) and significantly higher H:L ratio
in 21-day-old chickens (1.98 with probiotics vs 1.27
without; p =0.003), as compared to the control group.

Serum immunoglobulins

In 21-day-old chickens, a 1g/kg phage cocktail supple-
ment significantly (p =0.037) reduced serum IgY levels
(1.232g/L) compared to the control (0g/kg, 2.537 g/L)
(Table 7). However, no significant changes were
recorded when chickens were supplemented with a
combination of phage cocktail and probiotics, or pro-
biotics alone, on chickens’ levels of 1gY, IgA, or IgM at
all time points.

lleal villus height and crypt depth

Chickens supplemented with probiotics alone had a sig-
nificant (p < 0.05) impact on villus height, crypt depth,
and villus-to-crypt ratio (Table 8) (Figure 1). Specifically,
when 1g/kg of probiotics was added to the diet, there
was a significant (p < 0.05) increase in villus height at
day 21 and day 35 measuring 694.27 um and
138.10 um, respectively, compared to the control group
(588.21um and 116.16 um, respectively). Additionally,
the crypt depth at day 21 and day 35 was significantly
lower (measuring 730.62um and 167.27 um, respect-
ively) in the group receiving probiotics compared to the
control group (650.20 pm and 195.38 um, respectively).
The Vvillus-to-crypt ratio, a key indicator of gut health
and absorptive capacity, was also significantly (p < 0.05)
higher (measuring 4.55) when probiotics were adminis-
tered compared to the control group (measuring 3.57)
in 35-day-old chickens. However, no significant differ-
ence was observed in 21-day-old chickens. In contrast,
the phage cocktail alone and its interaction with probi-
otics did not yield any significant effects (p > 0.05) in all
cases. Although supplementation of the phage cocktail
(both at 1g/kg and 2g/kg) and probiotics did enhance
the villus-to-crypt ratio compared to the other groups,
this difference was not statistically significant.

Relative weights of organs

The results demonstrated a significant (p < 0.05) posi-
tive interaction between the phage cocktail and the
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Heterophils (x10%/pL)

Lymphocytes (x10%/uL)

Heterophils to lymphocytes ratio

Supplement 21d 35d 21d 35d 21d 35d
Phage cocktail (g/kg) Probiotic (g/kg)
0 0 8.24 16.79 14.26° 9.61 0.79 1.89
1 0 10.98 8.27 10.20° 4.20 1.17 1.99
2 0 8.11 11.31 462° 7.32 1.85 228
0 1 9.52 17.45 5.12° 7.32 193 2.38
1 1 8.96 18.81 5.74° 7.86 1.88 2.56
2 1 9.70 13.40 4.97° 8.05 213 1.71
SEM
The main effect means for Phage cocktail
0 8.94 17.09 9.27° 8.57 1.40 2.1
1 9.97 14.59 7.97° 6.39 1.52 233
2 8.90 1235 4.79° 7.69 1.99 1.99
The main effect means for Probiotic
0 9.11 12.12° 9.69° 7.05 1.27% 2.06
1 9.40 16.55° 5.27° 7.74 1.98° 222
P-value
Phage cocktail 0.583 0.143 0.008 0.413 0.055 0.679
Probiotic 0.765 0.037 0.001 0.637 0.003 0.544
Phage cocktail x Probiotic 0.255 0.133 0.011 0.284 0.260 0.142
Each value is mean of 6 replicate cages with 1 chicken each.
b Means that have different superscripts differ significantly (p < 0.05).
Table 7. Effects of dietary treatments on serum immunoglobulins of chickens at 21 and 35 d.
IgA (g/L) IgY (g/L) IgM (g/L)
Supplement 21d 35d 21d 35d 21d 35d
Phage cocktail (g/kg) Probiotic (g/kg)
0 0 0.126 0.285 3.000 6.949 0.170 0.246
1 0 0.106 0.233 121 2.341 0.143 0.274
2 0 0.133 0.240 2478 5.036 0.178 0.323
0 1 0.117 0.321 2.074 2.505 0.183 0.223
1 1 0.117 0.206 1.252 4616 0.155 0.234
2 1 0.105 0.253 1.500 4.255 0.147 0.280
SEM 0.006 0.023 0.221 0.710 0.011 0.020
The main effect means for Phage cocktail
0 0.121 0.303 2.537° 4.727 0.176 0.235
1 0.112 0.220 1.232° 3.479 0.149 0.254
2 0.119 0.247 1.989%° 4.645 0.162 0.302
The main effect means for Probiotic
0 0.122 0.253 2.230 4.775 0.164 0.281
1 0.113 0.260 1.609 3.792 0.161 0.246
P-value
Phage cocktail 0.807 0.405 0.037 0.733 0.664 0.469
Probiotic 0.466 0.884 0.112 0.504 0.916 0.440
Phage cocktail x Probiotic 0.419 0.869 0.457 0.199 0.704 0.982

Each value is mean of 3 replicate cages with 1 chicken each.
@PMeans that have different superscripts differ significantly (p < 0.05).

probiotics supplement regarding the relative thymus
weight in 21-day-old chickens (Table 9). Chickens fed
with 1g/kg phage cocktail and probiotics recorded sig-
nificantly higher relative weight of thymus compared
to chickens fed with 2g/kg phage cocktail alone.
However, this was not significantly different from other
groups.

Furthermore, another significant positive interaction
between the phage cocktail and probiotics supplemen-
tation was observed in the relative heart weight of 21-
day-old chickens. Chickens fed with 1 g/kg phage cock-
tail and probiotics recorded significantly higher relative
weight of heart compared to the control (0g/kg) and
chickens fed with 1g/kg phage cocktail alone.

However, this was not significantly different compared
to the probiotics group alone, 2g/kg phage cocktail
alone, and 2 g/kg phage cocktail combined with probi-
otics group.

Discussion

This study investigated the multifactorial factors affect-
ing growth performance, specific gut populations,
serum lipid profiles, heterophil-to-lymphocyte ratio (H:L),
serum immunoglobulins (IgY, IgA, and IgM), ileal villus
height and crypt depth measurements, and relative
weights of organs of chickens at 21 (starter period) and
35-day-old (d) (finisher period) fed a diet supplemented
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Table 8. Effects of dietary treatments on ileal villi height and crypt depth of chickens at 21 and 35 d.

Villus (pm) Crypt (um) Villus to crypt ratio
Supplement 21d 35d 21d 35d 21d 35d
Phage cocktail (g/kg) Probiotic (g/kg)
0 0 640.10 640.94 123.19 179.08 5.53 3.85
1 0 535.34 629.07 101.33 216.17 5.71 3.04
2 0 589.17 680.60 123.96 190.88 5.20 3.82
0 1 662.27 648.90 149.23 169.70 4.99 3.96
1 1 737.64 781.31 135.31 173.98 573 4.67
2 1 682.90 761.64 129.75 158.13 5.74 5.00
SEM 18.92 16.16 5.10 6.07 0.23 0.15
The main effect means for Phage cocktail
0 651.18 136.21 644.92 174.39 5.26 3.90
1 636.49 11832 705.19 195.08 5.72 3.86
2 636.04 126.86 721.12 174.50 547 441
The main effect means for Probiotic
0 588.212 116.16° 650.20° 195.38° 5.48 3.57°
1 694.27° 138.10° 730.62° 167.27° 549 455°
P-value
Phage cocktail 0.926 0.348 0.101 0.261 0.734 0.164
Probiotic 0.004 0.031 0.010 0.020 0.983 0.000
Phage cocktail x Probiotic 0.126 0.496 0.156 0.505 0.643 0.059

Each value is mean of 6 replicate cages with 2 chickens each.
bMeans that have different superscripts differ significantly (p < 0.05).

with locally isolated phage cocktail (Escherichia coli
phage cocktail at different dosages (four different
phages that lyse four different Escherichia coli strains at
10" PFU/g each) and commercial probiotics
(Lactobacillus acidophilus, Lactobacillus casei,
Bifidobacterium termophilum, Enterococcus faecium, and
Aspergillus oryzae at 10° CFU/g each). To our knowledge,
no prior study has been conducted on the multiple fac-
torial analysis of phage cocktail and probiotics supple-
mentation in chickens. Overall, our study found that
there was a significant interaction between 1g/kg
phage cocktail and 1g/kg probiotics that improves the
overall growth performance and health of chickens.

Our study provides significant insights into the syn-
ergistic interaction between the 1g/kg phage cocktail
and 19g/kg probiotics on the Feed Conversion Ratio
(FCR) during the 22-35 and 1-35day periods. The
combination of these two treatments resulted in the
lowest FCR compared to other groups during these
time periods, indicating a potential enhancement in
feed efficiency. This is further supported by the
observed significant difference in FCR between the
group fed with 1 g/kg phage cocktail and 1g/kg probi-
otics and the control group (0 g/kg phage cocktail and
0g/kg probiotics).

These findings suggest a potential synergistic effect
of the phage cocktail and probiotics on feed effi-
ciency, which could have substantial implications for
poultry farming. It could lead to more cost-effective
feeding strategies and contribute to sustainable farm-
ing practices. However, it is important to interpret
these results with caution. To establish more

conclusive evidence, future studies may need to
increase the sample size of chickens used.

Moreover, the combination of the phage cocktail
and probiotics in chickens remains an underexplored
area of research. This makes direct comparisons with
existing studies challenging and underscores the nov-
elty and importance of our findings. Further research
in this area could help elucidate the mechanisms
underlying the observed effects and potentially
uncover new strategies for improving feed efficiency
in poultry farming.

A significant positive interaction was observed
between the administration of a 1g/kg phage cocktail
and 1g/kg probiotics in reducing C. perfringens popu-
lations in the caeca of 35-day-old chickens. C. perfrin-
gens is commonly used as an indicator of gut
pathogens, and a low log;; DNA copy number sug-
gests a healthy gut equilibrium. The mechanisms
behind the reduction of C. perfringens were not clear
in this study, as the populations of probiotics, such as
Lactobacillus and Bifidobacterium, were not signifi-
cantly high. Surprisingly, Bifidobacterium was found to
be significantly lower, which may raise questions
about the efficacy of the probiotic strains used in this
particular study. However, in the same study in the
paper that has been published by Shaufi et al. (2023),
it was found that the bacteria producing short-chain
fatty acids (SCFAs) were significantly higher (p < 0.05)
as revealed by 16S rRNA amplicon next-generation
sequencing. Additionally, the genes associated with
carbohydrate and amino acid metabolism were signifi-
cantly elevated (p < 0.05) in the group treated with a
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Table 9. Effects of dietary treatments on relative organs weights of chickens at 21 and 35 d.

2PMeans that have different superscripts differ significantly (p < 0.05).

Each value is mean of 6 replicate cages with 2 chickens each.

Phage cocktail (g/kg)
The main effect means for Phage cocktail
The main effect means for Probiotic

Supplement
P-value
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combination of phage cocktail and probiotics. This
could be due to the phage cocktail’s ability to clear
some adhesion sites in the intestines, thereby allowing
the proliferation of beneficial SCFA-producing bacteria.
This, in turn, could have led to a reduction in the load
of C. perfringens, thereby exerting beneficial effects on
the host.

Surprisingly, probiotic supplementation alone did
not increase probiotic populations at 21 and 35days.
In fact, these populations were lower than in the non-
probiotics group. Generally, previous studies have con-
sistently reported that probiotics supplementation in
chickens improves the population of probiotics
(Biswas et al. 2019; Chang et al. 2019). However, the
observations in this study did not support the initial
hypothesis. It is possible that the use of probiotics
alone may not effectively colonise the chicken intes-
tines. In this case, the introduction of a phage cocktail
could potentially play a crucial role in reducing the
population of other microbes, thus creating more
adhesion sites for probiotics to attach to the intes-
tines. This lack of colonisation by probiotics in the
chicken gut is not uncommon, as previous studies
have also reported failures in increasing the probiotics
population. In a study conducted by Al-Khalaifa et al.
(2019), it was observed that the supplementation of
probiotics did not lead to an increase in the popula-
tion of lactic acid bacteria, namely Lactobacillus,
Bacillus  coagulans, and Saccharomyces cerevisiae.
However, it is important to note a significant caveat in
this study, which is the lack of quantification for other
probiotics microbes such as Enterococcus faecium and
Aspergillus oryzae. It is possible that these unmeasured
probiotics strains were elevated in the probiotics-sup-
plemented groups. Additionally, it should be men-
tioned that the number of samples used for
quantifying specific gut microbes was small, with a
sample size of only n=3. It is important to note that
variations in the species of probiotics used may also
influence their effectiveness in chickens (Otutumi et al.
2012; Abd El-Hack et al. 2020).

The results of this study demonstrated that supple-
mentation with both 1g/kg of a phage cocktail and
19/kg of probiotics led to a significant decrease in TG
levels. This decrease was more pronounced than in
the control group and the group that received only
the 1g/kg phage cocktail. Interestingly, the combin-
ation group did not significantly differ from the probi-
otics alone group in terms of TG levels, indicating that
the lower dosage of phage cocktail maintains the effi-
cacy of probiotics in reducing TG levels in chickens.
While several previous studies have reported on the
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Figure 1. Microstructure of the ileum in 35-day-old chickens fed with diets containing 0 g/kg phage cocktail and 0g/kg probiotics,
19/kg phage cocktail, 2 g/kg phage cocktail, 1g/kg probiotics, 1g/kg phage cocktail and 1g/kg probiotics and 2 g/kg phage cock-

tail and 1g/kg probiotics.

potential of probiotics to lower serum TG levels in
chickens (Santoso et al. 1995; Kalavathy et al. 2003;
Panda et al. 2006; Toghyani et al. 2015; Pourakbari
et al. 2016), there is currently a dearth of scientific lit-
erature exploring the effects of phages or their combi-
nations with probiotics on serum triglycerides.
Therefore, our study fills an important knowledge gap
in this field and provides novel insights of combining
phages with probiotics on TG levels.

The present study discovered that the supplemen-
tation of chickens with a phage cocktail alone at a
dosage of 1g/kg led to a significant reduction in CHL
levels. Moreover, when the chickens were supple-
mented with a higher dosage of 2g/kg of the phage
cocktail, there was a noteworthy increase in HDL lev-
els. However, these effects were not observed in the
group receiving probiotics alone. Previous studies
have reported mixed results on the effects of probiot-
ics on total cholesterol, HDL, and LDL in chickens.
Shirisha et al. (2017) reported no significant reduction
on cholesterol when probiotics was supplemented in
chickens. Other studies have shown the ability of pro-
biotics to reduce serum cholesterol in chickens
(Mohan et al. 1996; Jin et al. 1998; Kalavathy et al.
2003; Pourakbari et al. 2016). The precise mechanism
through which phages are able to reduce CHL levels
and increase HDL levels in chickens remains unclear.
Moreover, there is a lack of research investigating the

effects of phages on lipid levels in chickens, highlight-
ing the need for further investigation in this area.

The H:L ratio is a critical indicator used to assess
the physiological stress influencing a chicken’s
immune system. Thiam et al. (2022) reported that
chickens with a lower H:L ratio demonstrated
enhanced resistance to Salmonella infections in com-
parison to their counterparts exhibiting higher H:L
ratios. The findings of our recent research demon-
strated no significant elevation in the H:L ratio when
chickens were administered a diet consisting solely of
a phage cocktail, or in combination with probiotics.
This finding suggests that the introduction of a phage
cocktail does not impart physiological stress to
chickens.

Our study also discovered that when chickens were
given a diet supplemented with 1g/kg of probiotics
alone, the H:L ratio significantly increased compared
to that of the control group at 21 days. This suggests
that the dietary supplements may have induced
physiological stress during the early growth stage.
However, by the 35th day, both the lymphocyte count
and the H:L ratio normalised to levels comparable
with the control group, suggesting an adaptation of
the chicken’s immune system to the dietary interven-
tions. This finding contrasts with previous studies
which reported negligible alterations in the H:L ratio
in chickens supplemented with probiotics (Cengiz



et al. 2015; Toghyani et al. 2015). The discrepancies
between these findings and our own highlight the
need for further investigations into the impact of pro-
biotics supplementation on the physiological stress
and immune response of chickens.

In the present investigation, a significant decrease
in IgY levels was detected at 21days in in chickens
supplemented with 1g/kg phage cocktail alone com-
pared to control. These findings suggest that ad libi-
tum administration of phages did not induce an
increase in IgY production, even at high titres of the
phage cocktail (10" PFU/g). This was inconsistent with
findings by Huff et al. (2010) who discovered that
chickens supplemented with phages had significantly
higher 1gY directly after phage supplementation due
to activation of immune responses. This was also in
contrast with a study in pigs where feeding with a
phage cocktail did not significantly affect immuno-
globulin levels (Kim et al. 2014). However, it is impor-
tant to note that our study measured serum
immunoglobulins only at 21days and 35days, rather
than immediately after phage supplementation, as
done in previous studies. Furthermore, it is crucial to
consider factors such as the variation in the type of
phages used and host genetics when interpreting
these results.

In the present investigation, the addition of probi-
otics alone to the chicken diet resulted in a significant
improvement in the villus height, crypt depth and vil-
lus to crypt ratio, indicating enhanced efficiency in
nutrient absorption. This finding is consistent with pre-
vious research that has reported an elevation in the
villus to crypt ratio in chickens supplemented with
probiotics (Jin et al. 1998; Chichlowski et al. 2007; Liu
et al. 2007; Awad et al. 2009; Giannenas et al. 2012;
Kim et al. 2012; Dong et al. 2016). However, the add-
ition of a phage cocktail alone or in combination with
probiotics, did not provide any additional benefits. It
is worth noting, though, that when the phage cocktail
(at both 1g/kg and 2g/kg) and probiotics were com-
bined, they showed a tendency towards enhancing
the villus to crypt ratio compared to probiotics alone,
although this difference did not reach statistical
significance.

In the present investigation, we observed that the
thymus relative weight (RW) of chickens supplemented
with 1g/kg of phage cocktail and probiotics at 21 days
of age was significantly higher. This suggests that the
immune system of the birds might have been stimu-
lated, particularly with the administration of a higher
dosage of phage cocktail and probiotics combination.
However, we did not find any significant differences
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(p>0.05) in the relative weight of the bursa of
Fabricius among the different dietary treatments. This
finding is consistent with previous studies that have
also reported no significant differences in the bursa of
Fabricius relative weight in probiotics-supplemented
chickens (Zhang et al. 2012, 2013).

The chicken heart, similar to the human heart, con-
sists of four chambers and is responsible for pumping
deoxygenated blood to the lungs and oxygenated
blood to the rest of the body. An increase in heart
relative weight (RW) has been associated with a low
heart rate and increased activity in birds (Machida and
Aohagi 2001). In this study, we observed significant
increases in heart RW in chickens supplemented with
combination of phage cocktail and probiotics.
However, these findings differ from those of Ghahri
et al. (2013), who found no significant difference in
heart RW in birds fed with probiotics.

It is important to note that this study has certain limi-
tations. Specifically, it did not measure the populations
of other probiotics microbes, such as Enterococcus fae-
cium and Aspergillus oryzae, which may have been
increased in the groups receiving probiotics supple-
ments. To our knowledge, no studies have been con-
ducted on the impact of a phage cocktail and probiotics
combination on factors such as specific chicken gut
populations, blood serum biochemistry, antibody levels,
intestinal physiology, and organ weight, making it chal-
lenging to draw comparisons. Future studies should
include a positive control, such as antibiotics, in order
to assess the effectiveness of this combination. Such
investigations could contribute to the development of
more efficient and sustainable alternatives for promot-
ing growth in chickens.

Conclusions

To summarise, our study has demonstrated significant
positive interactions with the combination of phage
cocktail and probiotics in chicken diets. Specifically,
the addition of 1g/kg of phage cocktail and 1g/kg of
probiotics significantly (p <0.05) improved growth
performance, reduced the populations of Clostridium
perfringens, and lowered triglyceride levels without
causing physiological stress (as indicated by the
absence of a significant change in the heterophil-to-
lymphocyte [H:L] ratio). Additionally, there was a slight
enhancement in the villus to crypt ratio, although it
was not statistically significant. The significant
(p < 0.05) elevation in the relative weight of the heart
also indicated a possible improvement in heart func-
tion. Our study provides compelling evidence that the
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addition of 1g/kg phage cocktail, in synergy with 19/
kg probiotics, can significantly enhance growth per-
formance and improve the overall health of chickens.
These findings hold potential implications for poultry
farming and animal health research. Further investiga-
tions into the underlying mechanisms and consider-
ation of the study’s limitations will contribute to a
more comprehensive understanding of the observed
effects.
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