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ABSTRACT

The study investigated the effect of bacteriophage supplementation on egg quality and gut microflora in laying hens. One hundred and
twenty Rhode Island Red laying hens were chosen at random. In a completely randomised design, they were split up into five groups
of 24, each with three replicates of eight, and were treated as T, group (Control), that received a diet supplemented with no antibiotics
or bacteriophages; T, group, received a diet supplemented with antibiotics (Oxytetracycline @ 50 g/quintal of feed),while T;, T,, and
Ts groups received bacteriophages at varying concentrations of 0.20 mL, 0.25 mL and 0.30 mL per litre of drinking water, respectively. The
addition of either antibiotic or bacteriophage did not affect any of the egg quality metrics (albumen percentage, yolk percentage, eggshell
percentage, egg shape index, Haugh unit, and eggshell thickness). In comparison to the control and antibiotic-supplemented groups,
bacteriophage supplementation significantly (p<0.05) reduced the gut ileal and caecal E. coli counts. Thus, introducing bacteriophage

to laying hens'’ diets can be an effective substitute for antibiotics.
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INTRODUCTION

he intestinal microbiota is a crucial component of

the digestive tract (GIT), regulating anatomy, nutrient
absorption, structure, the body’s defence and microbial
resistance (Castanon, 2007). Lowering the number of
undesirable microbes is a viable way to boost helpful bacteria.
This might be due to decreased rivalry with pathogenic
bacteria for gut-binding sites and nutrients (Bardy et al.,
2016). As a result, lowering harmful bacteria like E. coli and
Salmonella allows beneficial microbes (such as Lactobacillus)
to proliferate and multiply in a particular population.
In-feed antibiotics have favourable benefits on the host,
such as raising growth rate, decreasing mortality, and
enhancing immunity against infections caused by bacteria.
Nevertheless, the ingestion of in-feed antibiotics is currently
associated with antimicrobial resistance advancement, which
poses a healthcare threat (Miller et al., 2010).

Antimicrobial usage in Indiais predicted to reach 2236.74
tonnes by 2030, up from 2160.02 tonnes in 2020. To reduce
antimicrobial resistance, new alternative approaches must
be looked for (Dy Ron et al.,, 2018). Another tactic is to add
bacteriophages as antibacterial agents to the diet in place of
antibiotics (Shasha et al., 2004). Currently, the world needs a
one-health strategy that brings together the various sectors
and stakeholders engaged in the production of food and
feed, as well as the health of humans, animals, and plants
(Bradley et al., 2017).

Bacteriophages, commonly known as phages, are tiny
viruses that range in size from 20 to 200 nm. They are thought
to be safe for humans and mostly for all eukaryotic cells
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since they may specifically infect prokaryotic bacterial cells
(O'Sullivan et al., 2016). Therefore, according to biological
criteria and ecological relationships between different forms
of life, bacteriophages should be considered parasites rather
than predators (Jiang et al., 2022). Many studies (Korf et al.,
2020) have confirmed that the majority of bacteriophages
have double-stranded, or less frequently single-stranded,
DNA and that they only contain one kind of nucleic acid.
Additionally, some species have either single-stranded or
double-stranded RNA. While antibiotics frequently only
function as bacteriostatic agents, lytic bacteriophages are
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required to kill bacteria (Kittler et al., 2020). As a result, they
could be a more ecologically friendly way to manage and
eradicate harmful bacteria than antibiotics (Keen, 2015). There
are two types of phages: “lytic” or “virulent” phages, which
cause host cell lysis soon after infection, and “temperate” or
“lysogenic” phages, which cause a lysogenic cycle and live
as prophages in the target cell without immediately causing
host lysis (Miller et al., 2010). Hence the objective of this
study was to have an alternative approach to antibiotics, i.e.,
bacteriophage, which could maintain the health of the bird
and improve its egg quality and gut microbiota.

MATERIALS AND METHODS
Experimental Design and Birds

The study was conducted during February to July 2021
at ICAR-Central Institute for Women in Agriculture,
Bhubaneswar, Odisha (India) following approval of the
protocol by the Institutional Animal Ethics Committee. For the
experiment, 120 laying hens (Rhode Island Red) of 28 weeks
of age were chosen randomly. In a Completely Randomized
Design, they were distributed into 5 groups of 24 birds with 3
replicates of 8 birds in every group. The control group (T;) was
fed with diets without supplementation of antibiotics and
bacteriophage. Group 2 (T,) was fed with a diet supplemented
with oxytetracycline @ 50 g/quintal of feed (each gram of
oxytetracycline hydrochloride contains 50 mg, i.e,, 25 mg/
kg feed). The Groups T3 T, and T, were given the feed with
bacteriophage (BAFACOL, Proteon Pharmaceuticals, India),
5 lytic bacteriophages with a concentration of 108 CFU/mL
supplementation @ 0.20 mL, 0.25 mL, and 0.30 mL per litre
of drinking water, respectively. Birds were allowed to have
restricted feeding in which 110 grams of feed per bird was
measured and given daily for 8 weeks. Birds were provided
with feed once a day in the forenoon. Fresh drinking water
was provided twice a day.

Sampling and Egg Quality Measurements

The egg quality parameters, viz.,, egg weight, albumen height,
albumen weight, albumen per cent, Haugh unit, yolk weight,
yolk per cent, shape index, albumen index, yolk index, shell
thickness, shell per cent, shell weight, were measured on 12

eggs randomly selected from each group on the fourth and
eighth weeks of the experimental period using the routine
standard procedures. To estimate egg composition, 12 eggs
were randomly selected from a single dietary treatment.
The fat and egg protein were estimated by following the
method of AOAC (1995). The amino acid analysis of eggs was
conducted at Evonik, Mumbai, India.

Gut E. coli Counts

One bird was chosen from each replicate (3 birds per
treatment) at the end of the experiment and was sacrificed by
stunning the head. The ileum and caecum were removed and
preserved at 4°C for E. coli counts. lleal and caecal contents
(@around 1 gm from each bird were taken and kept in 9 mL of
nutrient broth(Becton, Dickinson and Co., Franklin Lakes, NJ,
USA). Serial dilution of every sample was made in the nutrient
broth. On MacConkey’s agar (Difco Laboratories, Detroit, Ml,
USA) and EMB agar, the E. coli counts were made by means
of the surface spread method. All measurements were done
on a fresh basis and results were expressed as log,,cfu/g.

Statistical Analysis

The data was subjected to analysis of variance and the
Duncan’s multiple range test according to Snedecor
and Cochran (1994) to examine the differences between
treatment means, if any, at p<0.05.

ResuLts AND Discussion
Egg Quality Parameters

None of the egg quality parameters (Table 1) were affected
due to supplementation of either antibiotic or bacteriophage
in the present study. Concomitant to the findings of the
present study, Kim et al. (2015) observed no difference in egg
quality parameters by supplementation of bacteriophage
mixture (Salmonella spp.). Similarly, Zhao et al. (2012) also
did not observe any difference in egg quality parameters,
except Haugh units, which was higher in the bacteriophage-
supplemented group compared to the control,since
bacteriophage supplementation reduced the Salmonella
concentration, which reduces the egg quality. Wagenaar et
al. (2005) found that Salmonella found in the oviduct might

Table 1: Effect of bacteriophage (BP) supplementation on egg quality parameters of RIR laying hens at the end of the experiment (36 weeks)

BP(mL/L of water)
Parameters Control Oxytetracycline (25 mg/kg diet) 0.25 03 SEM p-value
Egg weight () 52.54 52.58 52.60 52.64 52.56 0.044 0.648
Albumen (%) 56.79 56.97 57.04 56.90 57.02 1.042 0.346
Yolk (%) 31.92 31.90 31.88 31.98 31.78 0.642 0.714
Egg shell (%) 11.29 11.13 11.08 11.12 11.20 0.222 0.642
Egg shape index 76.54 76.32 76.48 76.60 76.56 1.02 0.724
Haugh unit 78.84 78.64 78.98 78.88 78.90 2.24 0.654
Egg shell thickness (mm) 0.342 0.344 0.348 0.344 0.346 0.002 0.292
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Table 2: Effect of bacteriophage (BP) supplementation on fresh ileal and caecal E. coli counts (log,, cfu/g) of RIR laying hens

BP (mL/L of water)
Parameters Control Oxytetracycline (25 mg/kg diet) SEM p-value
0.2 0.25 0.3
lleum 5.63¢ 5.37° 5.08? 5.11° 5.03% 0.103 0.014
Caecum 6.92¢ 6.48° 6.28° 6.167 6.19° 0.091 0.012

Means with different superscripts in a row differ significantly (p<0.05).

affect the albumen and shell membranes and reduce the
quality of the eggs. This indicates that the bacteriophage
used in the present study did not influence, but maintained
the egg quality.

Gut Microbiota

The highest intestinal (both ileal and caecal) E. coli counts
were observed in the birds fed control diet without antibiotics
and bacteriophage. Dietary supplementation of antibiotics
significantly reduced (p<0.01) the E. coli counts compared
to the control group. Supplementation of bacteriophage
at 0.2 mL/L of drinking water further lowered the E. coli
counts significantly in both organs (Table 2). However, no
significant difference was found among three different levels
of bacteriophage supplementation (0.2, 0.25 and 0.3 mL/L).
The E. coli count of the bacteriophage-supplemented group
was significantly lower when compared to either the control
or antibiotic-supplemented group.Reducing the quantity of
harmful bacteria is a viable technique for increasing healthy
microbes, possibly as it reduces the competitors for gut
binding sites and nutrients. As a result, lowering harmful
bacteria such as E. coli and Salmonella allows beneficial
bacteria (such as Lactobacillus) to thrive and multiply in a
particular population (Sarrami et al., 2022).

Significant reduction in the gut microflora count, i.e,,
E. coli count, in the ileum and caecum observed following
supplementation of bacteriophage in the current study
concurred well with the report of Noor et al. (2020).
Increased Lactobacillus concentrations and reduced E.coli
concentrations in the ileum and caecum have also been
reported with bacteriophage inclusion in the diet by Sarrami
et al. (2022). Bacteriophage supplementation might have
altered the gut microbiome through competitive exclusion,
thus improving the balance between pathogenic and non-
pathogenic bacteria, thereby enhancing the uptake of
nutrients by the absorptive epithelial cells, improving the
production performance. Enhancement in the intestine at
the cellular level, such as improved length of villi and villus
heights to crypt depth ratio, improves bird efficiency by
boosting the breakdown and absorption of nutrients (Sarrami
etal., 2022). Unlike antibiotics, bacteriophages probably did
not affect the non-pathogenic bacteria in the gut.

In general, bacteriophage supplementation seems to be
a potential alternative to antibiotics in maintaining the health
and productivity of the laying hens. Thus, the observations
of the present study recommend that supplementation of
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bacteriophages @ 0.2 to 0.3 mL/L of drinking water could be
donein the laying hens as a potent alternative to antibiotics.
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