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Introduction

The increasing global demand for antibiotic-free poultry products has accelerated research on
natural alternatives that can improve growth performance, health, and welfare of broiler
chickens. Among these, propolis, a resinous substance produced by honeybees, is rich in
bioactive compounds such as flavonoids, phenolic acids, and aromatic esters, known for their
antimicrobial, antioxidant, and immunomodulatory properties. Probiotics are also widely used
for their beneficial effects on gut microbiota modulation, nutrient absorption, and immune
system enhancement. This study aimed to evaluate the effects of different dietary levels of
ethanolic propolis extract (300, 600, and 900 mg/kg) compared to a commercial probiotic on
growth performance, humoral immune response, cecal microbial populations, and antioxidant
status of broiler chickens under standard rearing conditions.

Materials and Methods

A total of 240 one-day-old Cobb 500 broiler chicks were randomly assigned to five dietary
treatments with four replicates per treatment, each replicate consisting of 12 birds. The
treatments were: (1) control diet without additives; (2) control + 300 mg/kg ethanolic propolis
extract; (3) control + 600 mg/kg ethanolic propolis extract; (4) control + 900 mg/kg ethanolic
propolis extract; and (5) control + commercial probiotic. Birds were raised for 42 days with
free access to feed and water. The experimental diets were formulated to meet nutrient
requirements according to the ROSS guidelines. Growth performance indicators, including
daily weight gain (DWG), feed intake (FI), and feed conversion ratio (FCR), were recorded
during starter, grower, finisher, and overall periods. At the end of the trial, cecal contents were
collected aseptically to enumerate Lactobacillus spp. and Escherichia coli populations using
selective culture media. Blood samples were drawn from the wing vein to determine serum
immunoglobulin G (IgG) and total immunoglobulin (Total 1g) concentrations via
hemagglutination assay. Antioxidant status was assessed by measuring serum activities of
glutathione peroxidase (GPx) and superoxide dismutase (SOD), as well as malondialdehyde
(MDA) concentration, a marker of lipid peroxidation and oxidative stress. Data were analyzed
by ANOVA, and treatment means were separated when appropriate; statistical significance
was declared at P<0.05.

Results and Discussion

Supplementation improved overall daily weight gain relative to the control, with the greatest
DWG observed at 900 mg/kg propolis (P<0.05). Across phases, the 900 mg/kg dose increased
FI during the grower and finisher periods (P<0.005), consistent with enhanced appetite and/or
palatability. Despite higher intake at the top dose, the overall feed conversion ratio decreased
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in the supplemented groups (P=0.002), indicating improved efficiency at the flock level. These
findings suggest that propolis and the probiotic can support growth by complementing
digestive and absorptive functions, although dose—response patterns may diverge between
growth stimulation (pronounced at 900 mg/kg) and feed efficiency (often optimized at
moderate inclusion). Both propolis and probiotic treatments increased Lactobacillus counts and
decreased Escherichia coli (P<0.05). The dual pattern—expansion of beneficial lactic acid
bacteria alongside suppression of E. coli—supports the concept that these additives can
stabilize gut ecology in favor of commensal populations. Such modulation is mechanistically
compatible with the observed performance benefits, given the recognized roles of Lactobacillus
in competitive exclusion, pH reduction via organic acid production, and enhancement of
epithelial barrier function. Propolis supplementation decreased MDA (P<0.05; reported
P=0.02), consistent with lower lipid peroxidation. In parallel, activities of GPx and SOD
increased in the supplemented groups (P<0.05; GPx P=0.04; SOD P=0.002), pointing to
strengthened endogenous antioxidant defenses. This biochemical profile plausibly

contributes to improved nutrient utilization and growth by mitigating oxidative stress in rapidly
growing broilers. No significant differences were detected among treatments for IgG or total
immunoglobulins (P>0.05). While null effects on these humoral markers were observed under
the present conditions, the performance and antioxidant advantages indicate that propolis and
probiotics may act primarily through gut and metabolic pathways rather than by amplifying
systemic antibody titers in non-challenged birds. Collectively, the integrated outcomes
(performance, microbiota, and antioxidant indices) point to complementary mechanisms—
microbiota modulation and redox homeostasis—as proximate drivers of the observed benefits.
Conclusions

Dietary supplementation with ethanolic propolis extract and a multi-strain probiotic improved
key outcomes in broiler chickens. Overall, daily weight gain increased with supplementation,
with the 900 mg/kg propolis level yielding the highest growth, whereas feed conversion ratio
over the entire period decreased in supplemented groups. Cecal Lactobacillus rose and
Escherichia coli fell (P<0.05), indicating a healthier microbial balance. Antioxidant capacity
improved, as evidenced by decreased MDA and elevated GPx and SOD. Humoral immune
indices (IgG and total Ig) were unchanged. These findings position propolis and probiotics as
practical, natural additives to support growth performance, gut health, and oxidative resilience.
Further work should delineate dose optimization and the molecular pathways underlying redox
and microbiome shifts, and assess long-term impacts under diverse rearing conditions or
pathogenic challenges.
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oo oS 38.0 33.0 28.0

Soybean Meal

LS ok, 3.5 4.0 45
Vegetable Oil
S Sl S 1.2 1.0 0.9

Calcium Carbonate

lind pundS (3 1.0 0.9 0.8
Dicalcium Phosphate

e g Al JoSo 10 1.0 1.0

Vitamin and Mineral
Premix



Salt

Composition

il 15 53 3000 3100 3200

Metabolizable Energy
(kcal/kg)

KRR 22.5 20.0 18.0
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Calcium (%)

yiasd By 0.45 0.40 0.35

Available Phosphorus
(%)

Ot + (ygaie 0.90 0.80 0.75

Methionine + Cysteine
(%)
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Table 2- Effect of Experimental Treatments on Broiler performance

DWG! (g) FI2(g) FCR
sl el ) bk 5 el ) b 5 el ) bl g8

Treatment Starter Grower Finisher Total Starter Grower Finisher Total Starter Grower Finisher Total
CON 25.142 53.785 77.355b 53.55¢ 29.375b 94.198b 130.270b 95.367 1.168a 1.752b 1.681b 1.78a
PRO300 25.762 54.805 80.265ab 56.62ab 28.543b 90.025b 124.388b 96.250 1.107b 1.642b 1.533b 1.70b
PRO600 25.500 54,537 85.730a 55.42b 28.128b 88.900b 130.063b 97.05 1.103b 1.630b 1.510b 1.75b
PRO900 25.387 54.250 78.875ab 57.14a 29.458a 98.702a 136.625a 93.720 1.160a 1.819a 1.732a 1.64b
PB 25.620 54.547 85.705a 56.65ab 29.451b 95.23b 140.234b 91.772 1.149b 1.745b 1.601b 1.62b
P-Value 0.719 0.709 0.04 0.001 0.0001 0.001 0.005 0.325 0.0001 0.001 0.044 0.002
SEM 0.381 0.637 2.422 0.720 0.940 2.966 4,744 7.15 0.037 0.051 0.001 0.048

(P<0.05) sl (o Jl> (stme MBI (ghls S jiio & B9 > L oy5i yo (sl Sikeo
Means within same column with different superscripts differ (P<0.05)
P93l = PB pSolS ya (il 4 pge o Sl o)l o5 o Are (93958 -PROG0O 0y p)S5kS" 5 (sljl s pge0p2 (Sl o)l )5 o Fov 13938 -PROBO0 w0y S5k 12 (sl 41 poge 00 (JSUN ojliae )5 oo Yo+ (439581 -PRO300 (55 ~CON
Ssmgn
CON- Control, PRO300- Control+300 mg/kg propolis, PRO600- Control+600 mg/kg propolis, PRO900- Control+900 mg/kg propolis, PB- Control+ Probiotic
! Daily Weight Gain, 2 Feed Intake
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o3l el Sangy g poe 0y (sla JoSo (g 9ae 5o (Patterson & Burkholder, 2003) siisy dgu0 1y yodo
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Table 3- Effect of Experimental Treatments on Cecal Microbial Population in Broiler Chickens (log CFU/g)

Slowd sYsS l pSL w JeoligSY (6 8L oluss
Treatment Total E. coli Bacteria Total Lactobacillus Bacteria
CON 5.387b 9.232b

PRO300 6.007a 10.230a

PRO600 4.917c 9.400b

PRO900 6.037a 9.357b

PB 4.807c 10.235a

P-Value 0.004 0.013

SEM 0.145 0.194

(P<0.05) 128l (o jl> ine BB slls S juie o By b (ygior s sl (3o
Means within same column with different superscripts differ (P<0.05)
oy p)S5hS o lil 4 pge o (S o)liae S o £e e 13938l -PROBOO 0> p S0k yo0 (sljl &2 9o 00 (Ml 0jlias 5 o '+ (139331 -PRO300 ] S’ ~CON
SSgngn (3938 = PB ) S5lS po il 4 poe oy (IS ojlas p)5 e A1+ (13933 ~PRO90O0
CON- Control, PRO300- Control+300 mg/kg propolis, PRO600- Control+600 mg/kg propolis, PRO900- Control+900
mg/kg propolis, PB- Control+ Probiotic

Ssmgn 9 (pSokS ppSike Aot g Fov Fet) 53 dw 33 poo oy 3938 ol Ciliseo glolass 3B ¥ oo
oo e Jold sy 2)90 (slo i)y o (LS 1y (255 (sladr g a5l Cundy slaadli 5
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O i &S’ (g yabody (Bl yialS 90 4y Al yguods MDA daws pgos s saiiS' sl (glaog)S o oS aly 4Lis
(linear ;g0 4 Jos el (6651 opl s odnlia MOY/KY Yoo jod o Lials o S s MOIKG v+ 593 50 il
sials g Slas] 5T cud b wilg o pgeoy Jod ol 5 clale oIl aS el o] 5l S dose-response)
4 Wog,S ) 15 SOD 5 GPX JlusuS| 51 (clops 3T cadlab ¢ ilio 5 . (P<0.05)iS g | guilins] cape]
ot Sy cpl bl o ST Bl g s Sily o (p<0.05) cul aidly (alEl (5 blixe 5ok
o) Siigugn 09)5 a2 (ol 1) 5510 ool Canl o8 a5l codylo I8 L pge 02 45 > 0
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pyooy Job ol SlawSl sl ol il aS amy o lis o ol le 3L plateau o ygwds g, g D98 i
3 owly OWlae > (Jeb b SlaS 5 sl pelitie slagSl 8o gledl )l cingy daw & () 5l o
(Seven et al., 2008; Freires et al., 2016). cusl onds 4,155

O 45 39550 SOD  GPX aile 35l a1 5l (slom 3T Clled 5 ol S8 g0 pgo 02 crrizpon
SOD 5l clsé (Gutiérrez-Grijalva et al., 2016) 5,15 g5lawnST el plp 55 b Joke clablxe y3 (calS
sy o5 > e 5 GPX 5T 5 3,1 Copnt] 550081 il sl JISooly s > 65 15 gl olsie &
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(Halliwell & Gutteridge, 2015)
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Table (4): Effect of Experimental Treatments on antioxidant status in Broiler Chickens

Slowd 3B gemsd bS53 900 Sl 05545 w3l (oo oo
Treatment SOD GPx MDA
CON 308.75a 154.00a 9.450a
PRO300 282.25b 164.25b 8.475b
PRO600 318.75a 166.75b 8.450b
PRO900 324.00a 175.75b 8.225b
PB 290.01b 155.00a 9.120a
P-Value 0.002 0.04 0.02
SEM 6.403 5.701 0.491

(p<005) Sl o )b me M gl)h S i e By s b gt o sl Sle
Means within same column with different superscripts differ (P<0.05)
o p)S5hS po il 4 poe o (ASU o)las )5 o £ee (139381 -PROBOD o> p S5LS o0 lil 42 poo 00 (S 05lae )5 leo Yo+ (139381 -PRO300 ] S ~CON
SSgman (2958~ PB oSk yo lil 4 pge 00 (SN o)lae )5 s A+ 39381 -PROY0O
CON- Control, PRO300- Control+300 mg/kg propolis, PRO600- Control+600 mg/kg propolis, PRO900- Control+900
mg/kg propolis, PB- Control+ Probiotic
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(Koc et al., 2020) a5 . )
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Table (5): Effect of Experimental Treatments on Humoral Immune Response in Broiler Chickens

lows Total Ig 19G
Treatment
Day 26 Day 33 Day 26 Day 33

CON 7.250 9.250 4.500 7.750
PRO300 5.750 7.750 3.750 6.000
PRO600 5.500 8.500 3.750 7.250
PRO900 6.250 8.250 4.500 6.000
PB 6.200 8.750 4.500 6.500
P-Value 0.46 0.39 0.742 0.237
SEM 0.806 0.599 0.669 0.699

o p)S5hS 2 il 4 poe o (SN o)las S oo Fee (139381 -PROBOD w0y p S 5bS o0 slil 42 poo o0 ISVl o5lae p )5 clio Yo+ (139381 -PROB00 ¢ ] 5 ~CON

SSgman (295~ PB p Sk po lil 4 pga 00 (IS o)lae p 5 e A+ (39381 -PROS0O
CON- Control, PRO300- Control+300 mg/kg propolis, PRO600- Control+600 mg/kg propolis, PRO900- Control+900
mg/kg propolis, PB- Control+ Probiotic
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