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Extended Abstract

Background:In light of recent restrictions on antibiotic use in livestock and poultry feed,
producers have shifted towards safer and healthier alternatives such as bacteriophages and
acidifiers. This study aimed to explore the impact of these dietary changes on the growth
performance, immune response, microbial population, and meat quality of broiler chickens.
Methods: The study involved 480 one-day-old male broilers of the Ross 308 strain. The
experimental design included six treatments, eight replications, and 20 chickens per replication.
The diets tested were a control diet (no additives), a control diet with 40 mg/kg of antibiotic, and
diets with 0.5 and 1 g/kg of bacteriophage, and 3 g/kg of two different acidifiers (A and B). At
the end of the experiment, two birds from each group were selected for blood tests, meat quality
assessment, immune system evaluation, morphology, and gastrointestinal bacteria count. Meat
quality was assessed through various parameters including color (L* for lightness, a* for redness,
and b* for yellowness), drip loss, water holding capacity, cooking loss percentage, pH, and
oxidation. The immune response was evaluated by measuring total antibody titers against SRBC
and the sensitivity response to phytohaemagglutinin. The ileal contents of the slaughtered birds
were used to estimate the microbial population (E. coli, Lactobacillus, Bifidobacterium spp.,
Salmonella enterica, and C. perfringens). Intestinal morphology was examined by measuring the
crypt depth and the villus height. The pH was also measured in the contents of the ileum and
cecum. The data were analyzed using SAS software (2009) in a completely randomized design
and the means were compared using Duncan’s multi-range test.

Results: Chickens fed on a diet with 1 g bacteriophage per kg diet exhibited the greatest weight
gain (p<0.05). Feed consumption and feed conversion ratio remained unaffected by the addition
of bacteriophage and acidifiers (p>0.05). Chickens fed on acidifiers (A and B) had the smallest
thigh muscle percentage. The highest thymus weight percentage was observed in the groups fed
on bacteriophage, while the lowest was observed in the groups receiving acidifiers (p<0.05).
However, carcass percentage, breast muscle percentage, relative weight of liver, abdominal cavity
fat, spleen, and bursa were not affected by the experimental diets (p>0.05). The water holding
capacity of breast meat in chickens fed on acidifiers and bacteriophage was higher than control
and antibiotic groups. There was no statistically significant difference in drip loss, cooking loss,
and meat pH (45 minutes and 24 hours later) between experimental treatments (p>0.05). On the
other hand, the water retention capacity of breast meat of chickens fed with acidifiers and
bacteriophage was higher than that of control and antibiotic chickens (p<0.05). The brightness
index (L*) of the meat was affected by the experimental diets, with the highest level of L*
observed in the meat of the chickens fed with bacteriophage (p<0.05). The effect of experimental
treatments on redness (a*) and yellowness (b*) of meat was not significant (p>0.05). Also, the
lowest amount of meat oxidation (MDA) was observed in chickens consuming bacteriophage and
acidifier A. The humoral immune response (Anti-SRBC titer) of broiler chickens was affected by
the experimental diets, but in contrast, the number of red and white blood cells and the blood
lymphocyte level were not affected by the experimental treatments. The addition of bacteriophage
to the broiler diet improved the immune response and increased the levels of IgM, 1gG, and total
immunoglobulins in the blood serum (p<0.05). The villus height and crypt depth in both
duodenum and jejunum were influenced by the experimental diets (p<0.05). The highest height
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of duodenum and jejunum villi was observed in the group fed on 1 g bacteriophage/ kg diet and
the lowest height of duodenum and geogenome was observed in groups fed with Acidifier A
(p<0.05). The highest crypt depth in the duodenum and jejunum was observed in the
bacteriophage receiving groups and the lowest crypt depth was observed in the group fed with
antibiotics (p<0.05). Villus height/crypt depth index, pH of ileum and cecum contents were not
affected by experimental diets. Lactobacillus, Bifidobacteria, Salmonella enteridis and
Clostridium perfringens populations were influenced by experimental treatments (p<0.05). The
lowest population of the above bacteria was observed in chickens fed with antibiotics. In contrast,
the highest number of lactobacillus and bifidobacteria was observed in the group fed on 1 g
bacteriophage/kg diet and the highest amount of Salmonella enteridis was observed in the control
group (p<0.05). The population of E. coli bacteria and lactic acid producing bacteria (LAB) were
not affected by the experimental groups.

Conclusion: The use of 1 g bacteriophage/kg diet not only enhanced the growth performance,
immune response, and meat quality of broiler chickens, but also led to beneficial changes in
intestinal morphology and bacterial population. These results suggest that bacteriophage could be
a viable alternative to antibiotics in broiler diets.
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Table 1. Ingradients and chemical composition of experimental diets fed on broiler chickens

(5390 W-VY) i,
Grower (11-23 day)

(390 YF-YY) L
Finisher (24-42 day)

(539 V=1 +) st
Starter (1-10 day)

(3053) (o 361
Ingredients (%)

60.0 56.4 54.2 (Corn grain) (uSgy Aoy AA) @5 &l
28.5 31 324 Soybean meal (48% protein) (sl (&g Lo yd ¥F) Lgus S’
1.56 2.90 3.17 (Corn gluten meal) (103 £+ )3 (55l dlloxs
5.35 4.20 3.00 (Sunflower oil) s, St 24,
1.30 2.00 3.65 (Meat meal) (g0 OF/F) cuiss o9
1.05 1.05 0.74 (Limestone) Sal S
120 1.35 1.60 (Monocalcium phosphate) @liwd gige eauls’
0.30 0.30 0.30 (Salt) S
0.28 0.32 0.40 (L-lysine hydrochloride) 1,5 9,08 5 =
0.16 0.17 0.21 (DL-Methionine) ysge— Jl 65
0.00 0.01 0.03 (L-Threonine) ;g5 - J!
0.30 0.30 0.30 (Mineral supplement Vitaminand) _elig 5 (Sdee JoSo
(Chemical composition) sl oS 5

3200 3100 3000 (Sis ol f’)fil-‘-s./d)JK $S) peddsilio LB (<551

Metabolisable energy (Kcal/Kg DM
19.5 215 23.0 (%) Crude Protein ) (xo,) pb gy
7.99 6.81 5.66 (%) Ether extract ) (1.0 pls (o>
0.79 0.88 0.95 (%) Calcium) (ao)d) pasls’
0.39 0.43 0.48 ((%) Available phosphorus) (ae,s) wyuwss LB yaus
117 1.30 1.42 (%) Lysine) (s cuid
0.49 0.54 0.60 (%) Methionine) (as)) osse
0.80 0.88 0.99 ((%) Methionine + Cyctine) (wo)) (yiumt igio
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Each kg of vitamin-mineral contained 10000 U vitamin A; 121 IU vitamin E, 2300 IU vitamin Ds, 2 mg vitamin K, 4 mg vitamin B6, 0.02 mg vitamin
B12, 840 mg choline chloride, 4 mg riboflavin, 1 mg folic acid, 0.03 mg; biotin, 3 mg iodine, 4 mg copper, 60 mg manganese, 0.1 mg selenite, 0.125 mg

ethoxyquin, and 50 mg iron.
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Table 2. The dietary effect of experimental treatments on the performance of broiler chickens at the end of the

husbandry period

Shg Jas cupo (pS)S)ygs Bpas (p5) 2% 039 ' ool (slaless
Feed conversion ratio Feed intake (g) Final Weight (g) Expeimental diets*
1.67 4578.00 2751.00% Aald
Control
g . ,.~‘
ab o N ad
1.63 4578.00 2814.00 Antibiotic
164 4578.00 2751.00° ) ek
Bacteriophage 1
1.61 4536.00 2835.00° ¥ 3B st
Bacteriophage 2
b 2Bl A
1.65 4578.00 2780.40 Acidifier A
CXw]

c P A
1.66 4536.00 2730.04 Acidifier B
0.131 0.095 0.022 ot o
P-Value
0.02 83.16 44.98 0Sbe 3t ég‘l\;
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‘Expeimental diets: Control: Without supplemented; Antibiotic: Control+40 mg/kg of antibiotic; Bacteriophage 1: Control+0.5 ?/kg Bacteriophage ProBe-
Bac; Bacteriophage 2: Control+0.5 g/kg Bacteriophage ProBe-Bac; Acidifier A:3 g/kg Acidifier ACID; Acidifier B:3 g/kg Acidifier Novibac® CF60

a¢Means in each column with different superscripts are significantly different (p <0.05). SEM: Standard Error of the Mean
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Table 3. The dietary effect of experimental treatments on carcass characteristics of broiler chickens at 42 days of age

*orgedead Temepbpn ek e g WS Y i R Vo)l o lag

Thymus Bursa of Spleen Abdominal fat Liver Thigh Breast Carcass Exi eir~11ental dietsﬂl
gland Fabricius (%) pad (%) (%) (%) (%) p

0.34%® 0.14 0.092 0.94 2.15 21.1° 27.2 70.00 el

Control

0.34® 0.14 0.091 0.94 2.14 21.1% 27.2 71.00 6‘“’5"@‘

Antibiotic

0.36% 0.14 0.093 0.94 2.16 21.1% 27.2 70.00 \ s S

Bacteriophage 1

0.36° 0.14 0.093 0.92 2.16 21.1° 274 72.00 Y Sb%’:ﬂe

Bacteriophage 2

0.33° 0.14 0.092 0.93 2.15 20.38° 27.20 70.50 "f‘b_“\’;“’l A

Acidifier A

0.32° 0.14 0.091 0.92 2.16 21.40° 27.15 70.40 . ’?L:”*“"

Acidifier B

0.030 0323 0.482 0.115 0594 0043 0281 0332 R

P-Value

0.004 0.001 0.001 0.051 0.099 0.21 0.340 0.031 Ol 2l ‘55;;

S5yl oS- [0 anls ) Sl Sl £ opn £y kS fao)d Ve (sl gl Sigea 5l p5 eo ¥o o+ dald 1 Sign il £ 99380 88 1l s ilesl sl o ™
Byl AACID B sagl p)SelS 13 )5 ¥ + aals (A playswl o )55l /ProBe-Bac jlag iS'b p,5+/0+ anli 2V 5Bgy S| fo,u> p,55LS / ProBe-Bac
Novibac® CF60 ,13 gal p,SlS )5 2,5 ¥ +anls
aY (g oy M o) g J g0y B P/ +0) 23l o Loy Silis ()3 S sine SUBT 3929 )il (ygi y 3 glisie By 392
‘Expeimental diets; Control: Without supplemented; Antibiotic: Control+40 mg/kg of antibiotic; Bacteriophage 1: Control+0.5 g/kg Bacteriophage
ErgGBOe-Bac; Bacteriophage 2: Control+0.5 g/kg Bacteriophage ProBe-Bac; Acidifier A:3 g/kg Acidifier ACID; Acidifier B:3 g/kg Acidifier Novibac®
#*Means in each column with different superscripts are significantly different (p <0.05) .*Percentage of live weight, **Percentage of carcass weight.

SEM: standard Error of the Mean
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Table 4. The dietary effect of experimental treatments on the meat quality of breast muscle of broiler

sl e oyl A CubgS S, YEpH  YapH  covcdl  gluScdb aby cawd 5l ol ISP
Malondialdehyde Breast muscle color el AdBy (1o0y2) Water holding welo YE) ) Expeimental diets*
(MDA) - 8 capacity
pH 24 pH 45 Cook!)n (203
k- * *
b a L h min loss (% Drip loss (%)
0.17° 102 129 56.3° 5.76 6.35 20.2 51.4° 3.94 sl
Control
0.17° 104 128 56.3° 5.76 6.34 20.1 51.4° 3.91 ‘5“‘9" U“‘
Antibiotic
0.16° 112 127 56.8% 5.66 6.34 20.0 55.52 3.99 \ 5l.59i’ﬁ*
Bacteriophage 1
0.16° 113 129 56.9° 5.63 6.28 19.9 55.6% 4.01 v j%ﬂfﬂ
Bacteriophage 2
0.16° 109 128 56.3° 5.78 6.36 20.1 55.42 3.93 )fl_s‘?"‘_"] A
Acidifier A
(EXW]
ab b a P AL
0.16 11.1 13 56.2 5.72 6.34 203 55.4 3.83 Adidifier B
0.01 0.23 050 0.03 0.38 0.25 0.19 0.02 0.29 S )bsine o
P-Value
3 kil (sllas
0.002 044 059 1.01 0.43 0.49 0.209 0.75 0.12 Sobe
SEM

$Bgs S p S [0k amlis 1) 5gs 5L fopun pySohS Fouoyd Ve pamlnS glbg ol Sgm 5T 25 ue ¥o + ali 1 SSgm Bl {53958 281 1aals 1 ivlejl (ol o !
B iyl ACID pla giuwl p,56lS™ 13 )5 ¥ + aald (A play sl foyn p)SolS [ProBe-Bac jlag uSb p,5+/0+ anli 1) 5lagy S| fo,un p,55LS / ProBe-Bac
Novibac® CF60 ;8 gaml p)SsbS )3 0,5 ¥ +anls

(p<el+0) Wil oo b Sl oy 5D 400 gixe BB D939 ko (g oy Cgliie gy g9 8-C

lExpeimental diets: Control: Without supplemented; Antibiotic: Control+40 mg/kg of antibiotic; Bacteriophage 1: Control+0.5 g/kg Bacteriophage
Erlg)GBoe—Bac; Bacteriophage 2: Control+0.5 g/kg Bacteriophage ProBe-Bac; Acidifier A:3 g/kg Acidifier ACID; Acidifier B:3 g/kg Acidifier Novibac®

@CMeans in each column with different superscripts are significantly different (p <0.05) .SEM: Standard Error of the Mean

opr 4 el Bl b @l b ogeen By bpbl 5 el Sl o 55T
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oy 4 B plisil ;3938 (b adlae 3 (p<+/+0)  abgye (ANt-SRBC titer) Jlses el i
O9> P y (|gG) G b yolSsisel yiall cuw cdS 8 wﬂlﬂ)i o s )..sb Cod b slads g
(P<ele0) ad lodzge dho g 505 (Sla ol jloud ¢ Jobo (ol Gy Blie > Jg
MR ialojl slajloss b Cod (o Campid ol 35 5
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Table 5. The dietary effect of experimental treatments on immune and humoral responses, red blood cells and white
blood cells of broiler chickens

-t = E 3 0 T T ot i ol o A ] Gl
Limphocyte (%) WBC (ul) RBC (ul) Swelllng resgonse (mm) Anti-SRBC titer (L0og,) Expeimental diets'
12 9T 19G 1g M
452 321 221 3.16 314 7.97 2.40° 557 sl
Control _
3 320 2.20 312 311 7.99° 2.38° 553 g
Antibiotic
493 324 221 3.15 313 8.23° 2510 573 ) S5t
Bacteriophage 1
56.2 328 224 3.15 315 8.30° 2.52° 5.78° N
Bacteriophage 2
Bl A
» . " »
511 319 221 314 3.16 8.07 2,40 5.67 RN
} ) ) . Vivye 23 550 sl
503 326 2.23 313 3.14 / 2.23 5.55 A
0.28 0.39 052 0.66 0.52 0.01 0.03 0.04 hisine g
P-Value
8.56 19.2 0.26 0.23 0.29 0.54 0.23 0.43 ke g;‘r‘ sl

ProBe- jlag Sl o5+ /0+anls 1V SBgs)5SL fopu )5 ok foo )3 Vo pnluS glig o) SSgm 51 p )5 oo ¥v + anlis 1 Sgu 51 ¢ 30938 4316 1amld 1 iyl (slolas
£S5 Y +aals B play il AACID b saumwl p,55LS 5 6,5 ¥ + dali :A pla sl o, p,55LS /ProBe-Bac;lag, Sl p,5« [0+ aals 1) g iSL € 0,0 p,5LS / Bac
Novibac® CF60 ;8 gl p)SslS” 5>

(p<el+0) adb oo o pSSlo (g 3 I3 me M D2y ,SLs B Gglite By dg>g

1Expeimental diets: Control: Without supplemented; Antibiotic: Control+40 mg/kg of antibiotic; Bacteriophage 1: Control+0, 5 /kg Bacterlophage ProBe-
Bac; Bacteriophage 2: Control+0.5 g/kg Bacteriophage ProBe-Bac; Acidifier A:3 g/kg Acidifier ACID Acidifier B:3 g/kg Acidifier Novibac® CF60

@°Means in each column with different superscripts are significantly different (P <0.05). SEM: Standard Error of the Mean
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