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Abstract | The infection with avian pathogenic Escherichia coli (EC) causes a great economic loss in the poultry 
industry. The current study aimed to investigate the effect of propolis (PR) inclusion in the diets of broiler on the 
immunomodulation and productive performance after challenge with EC infection. Four hundred broiler chickens 
(Cobb500, 1-d-old) were randomly distributed in equal numbers in 40 battery cages (10 birds per cage). Every ten 
cages were placed in a room to arrange four experimental room groups identified as C, EC, PR, and PR+EC groups, 
respectively. From 22-42 d of age, the C and EC groups have received a basal diet with no PR supplements, whereas 
the PR and PR+EC groups have received PR at 1 g/kg of the basal diet. On day 36 of age, the EC and PR+EC groups 
were injected with 0.5 mL intraperitoneal (i.p.) suspension contained O157:H7 EC strain (adjusted at 107 CFU/bird), 
while the C and PR groups were injected i.p. with 0.5 mL saline only. All data were analyzed using one-way analysis 
of variance and multiple hoc Duncan’s test. The findings of the current investigation displayed a significant (p < 0.05) 
reduction in the productive performance traits, including the total feed intake, final body weight (FBW), BW gain, 
and feed conversion ratio in the EC group by approximately 7.7, 22.5, 30.6, and 33.3%, respectively, relative to the 
group C. The spleen, thymus, and bursa indexes as relative weights of FBW were significantly (p < 0.05) decreased by 
approximately 16%, 20%, and 35%, respectively, due to EC. Other immunological aspects were significantly (p < 0.05) 
impaired by EC challenge, recording a reduction of 38% in the total white blood cells counts, 12% in the leukocyte 
cell viability, 19% in the wattle thickness against phytohemagglutinin injection, 44% in the anti-sheep red blood cells 
antibody titer, and more than 50% in T- and B-lymphocyte stimulation index, while recording a double increase in 
the heterophil to lymphocyte ratio. In contrast, the productive traits and immunological aspects were significantly (p < 
0.05) augmented by PR supplementation to the broiler diets. Furthermore, PR supplementation successfully restored 
the broiler production and immune response after challenge with EC infection and elevated (p < 0.05) all PR+EC 
group measurements relative to the EC group. The results concluded that supplementing dietary with 1 g/kg PR could 
be implemented as a natural supplement in broiler nutrition to avoid the antibiotic therapies, and simultaneously, 
maximize the broiler growth and health status, especially under EC challenge.
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INTRODUCTION

Doubtless broiler production has become a massive 
branch of the poultry industry and is a main part 

of people’s food. Some reports predict that the global 
demand for broiler meats will double within the ongoing 
thirty years (Kleyn and Ciacciariello, 2021). Nevertheless, 
a great economic loss in this sector may occur due to 
endotoxin stress induced by the infection with Escherichia 
coli (EC) (Cao et al., 2013; Dziva and Stevens, 2008). 
Avian pathogenic EC infection impairs the intestinal 
integrity, deceases the nutrients digestibility ( Juang et al., 
2020), and increases the mortality rates of broilers (Lau et 
al., 2010). In addition, broilers infected with EC release 
some interleukins and cytokines from the immune system 
to start inflammation and subsequent immune reactions 
(Elnagar et al., 2021). Moreover, EC-membranes include 
lipopolysaccharides (LPS) which increase inflammation, 
oxidative stress, and immunosuppression in the infected 
broilers (Ranjithkumar et al., 2011; da Rosa et al., 2020; 
Wang et al., 2022). Avian pathogenic EC also depress 
the antibody- and cell-mediated immunity within broiler 
chickens (Abbas et al., 2020).

Propolis (PR) is a greenish-brown compound generated 
by the bees (Apis mellifera) through mixing their own 
discharges and beeswax with the sap of trees and plants 
(Bankova et al., 2000). PR was known to the ancient 
communities as a material for healing and fighting 
the infections (Wagh, 2013). It contains fundamental 
nutrients with high amounts of polyphenols and 
flavonoids that give PR the antioxidant powerful impacts 
(Osés et al., 2020; Woźniak et al., 2019). PR extracts has 
been also reported to have antimicrobial (Ramanauskiene 
et al., 2013), antiapoptotic (Kuo et al., 2020), and 
anti-inflammatory (Campos et al., 2015) properties. 
Particularly, PR has been recently inserted in poultry 
nutrition for the beneficial effects on the intestinal 
morphology, antioxidant defense, immune response, and 
productive performance (Al-Kahtani et al., 2022; Alqarni 
et al., 2019; Prakatur et al., 2019). Furthermore, honeybee 
products, including PR, improve the poultry performance 
under stress conditions (Abbas et al., 2017; Mehaisen et 
al., 2017, 2019). 

As far as we know, there is a deficiency of knowledge 
concerning the potentiality of dietary PR supplementation 
on poultry species suffering from endotoxin stress induced 
by EC infection. Hence, the current study was dedicated 
to explore the possible consequence of PR feeding to 
ameliorate the deterioration of growth and immune 
response after EC challenge in broiler chickens. 

MATERIALS AND METHODS

ProPolis AnAlysis
The PR was obtained in a yellow-brown powder form a 
beehives station located in the Agricultural and Veterinary 
Research center, King Faisal University, Saudi Arabia. 
Three samples of the PR were analyzed for the basic 
nutritional composition using the procedures adopted 
by “Association of Official Analysis Chemists” AOAC 
(AOAC, 2005). The PR total polyphenolic and flavonoid 
contents have been determined following the methods 
termed in a previous study (Seghiri et al., 2019). The PR 
radical scavenging activities have been also detected as 
described in previous protocols (Moukette Moukette et al., 
2015). The data derived from PR analysis are displayed in 
Table 1 and Figure 1.

Table 1: The chemical analysis of propolis (PR).
Item Values (% of DM) 1

Dry matter (%) 91.3 ± 5.07
Carbohydrate (g) 1 2.1 ± 0.07
Crude fiber (g) 1 66.8 ± 3.26
Total lipids (g) 1 10.2 ± 1.31
Crude protein (g) 1 3.4 ± 0.18
Total ash (g) 1 1.0 ± 0.04

1Data are mean values analyzed on dry matter basis ± SD of 
three determinations.

Figure 1: Polyphenolic and flavonoid contents of propolis 
were calculated as gallic acid equivalent (GAE) and 
quercetin equivalent (QE), respectively. Total antioxidant 
activity was determined in terms of IC50 (the sample 
concentration that achieves 50% inhibition of the 
2,2-diphenyl-1-picrylhydrazyl (DPPH) free radicals).

E. coli PrePArAtion
The EC strain used in the present study was “O157:H7” 
that belongs to the Microbiological Resources Center 
(Cairo, Egypt). The EC strain was grown in a MacConkey 
broth (Oxoid, Thermo Fisher Scientific Inc., Hampshire, 
UK) at 37 °C for 24 h. After that, the EC cells were washed 
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and collected by centrifugation, and then homogenized at 
a concentration of 2 x 107 CFU/mL using a sterile saline 
solution following the methods illustrated by Soliman et 
al. (2021).

exPerimentAl design
A total of 400 male broiler chickens (Cobb500™, 1-d-old) 
were purchased from a commercial company (Al Watania 
Poultry Co., Riyadh, Saudi Arabia). The chicks were 
arbitrarily distributed at equal numbers in 40 battery cages 
(10 chicks/cage) measuring 1.25 × 0.90 × 0.60 m3 with a 
wire floor of 1.5 mm thick. Every ten cages were placed 
in a room to arrange four experimental room groups, in 
which all birds were provided with the same nutritional 
and environmental standards recommended by Cobb500 
management guidelines (Cobb500 Broiler Performance 
and Nutrition Supplement, 2022). Chickens received ad 
libitum feed and fresh water during the experimentation. 
Following the implemented EC and PR treatments, the 
experimental room groups were identified as C, EC, PR, 
and PR+EC groups. From 22-42 d of age, the C and EC 
groups received a basal diet free from PR supplements, 
whereas the PR and PR+EC groups received PR at 1 g/
kg of the basal diet. On day 36 of age, the EC and PR+EC 
groups were injected with a 0.5 mL of intraperitoneal 
(i.p.) EC suspension (107 CFU/bird), while the C and PR 
groups were injected i.p. with 0.5 mL saline only. After 
EC administration, the birds were subjected to frequent 
observations under constant veterinary supervision. 
Accordingly, a protocol of euthanasia was directly applied 
by the veterinarian responsible if any peculiar signs were 
manifested in the bird due to suffering from EC pathogenic 
stress.

growth PerformAnce
The bird’s body weights (BW) in each cage were 
documented on the day 22 and 42 of age to estimate the 
initial, final (IBW and FBW, respectively), and gain in bird’s 
BW. We computed the total feed intake (TFI) per bird 
through subtracting the feed remains from the sum feed 
provided for each cage in the treatment group. Afterwards, 
the feed conversion ratio (FCR) was accordingly estimated 
depending upon the TFI per a unit BWG.

immunologicAl PArAmeters
immune orgAns indexes
Two birds from each cage in the treatment group were 
weighed and then slaughtered on the last day of the 
experimental period (42 d of age). The spleen, bursa, 
and thymus were directly removed and their weight was 
assessed. The immune organ indexes were then estimated 
as their relative weights to the body weights in each 
treatment group.

leukocyte’s count, differentiAtion, And 
viAbility
On the last experimental day (42nd day of age), blood 
samples have been obtained from the brachial vein of 
two birds per cage in the treatment group and transferred 
into heparinized tubes. After gently vortexed, a drop 
from the fresh sample (approximately 10 µL) was used 
to estimate the total white blood cells (TWBC) count 
using hemocytometer slide and the brilliant cresyl blue 
stain, according to previous methods (Gehad et al., 2008). 
Another drop from the fresh blood sample (about 10 
µL) was dispersed on a glass slide, and the leukocyte cells 
were differentiated utilizing Hema-3 stain solutions to 
finally determine the heterophils/lymphocytes (H/L) ratio 
(Zhang et al., 2009). The rest of the sample was assigned 
to determine the leucocyte cell viability (LCV) following 
the protocols given in Abbas et al. (2020). In brief, the 
blood sample was admixed with an equivalent volume of 
separation medium and centrifuged to later separate the 
layered peripheral blood mononuclear cells (PBMC). The 
PBMC were washed and then incubated with tetrazolium 
salt (MTT) in a microplate. The incubation medium was 
removed after centrifuging, and an acidified isopropyl 
alcohol solution was added to raise a specific color of 
formazan, which can be estimated at 570 nm by means of 
an automated ELISA reader. 

lymPhocyte ProliferAtion
On the 42nd day of age, two heparinized blood samples 
were obtained from each cage of the treatment groups. 
The stimulation index of B- and T- cells (BSI and TSI, 
respectively) was evaluated following the methodology 
detailed in a previous work (Alaqil et al., 2020). In brief, The 
PBMC was separated, washed, as previously mentioned, 
and then incubated with trypan blue stain to detect and fix 
the viable lymphocytes concentration at 106 cells/mL in a 
microwell-plate. After that, B- and T-cells in each sample 
were induced via incubation with Lipopolysaccharide or 
Concanavalin-A mitogen, respectively, at 42 ºC for 48 h, and 
then incubated for additional 4 h after supplementing with 
MTT solution. Finally, the samples were complemented 
with sodium dodecyl sulfates to deposit a color that can be 
scanned at 570 nm by means of ELISA microplate reader.

humorAl And cell-mediAted immune AssAy
The anti-sheep red blood cells antibody (Anti-SRBC 
AB) titer, as a proxy for the broiler humoral immune 
response (Loa et al., 2001), was measured. On the 35th 
day of age, two birds from each cage in the treatment 
groups were treated with SRBC (1 mL of 5%) via an 
intravenous injection. One week later, blood samples have 
been obtained from these birds and the sera were obtained 
by centrifuging (400x g, 4°C, 10 min). The sera samples 
were diluted with saline solution in dual serial orders in 
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microplate wells, and then a constant volume of 2% SRBC 
suspension was supplemented to all wells. The samples 
were then allowed for agglutination overnight. The AB 
titer was referred as log2 transformation of the inversed 
value of the last diluting with positive agglutination. 
Alternatively, two birds from each cage of the treatment 
groups were appointed for the examination of the cell-
mediated immune response following a previous work (Al-
Khalifa, 2016). Simply, a specific area of the bird wattle was 
marked and then intradermally injected with a mitogenic 
phytohemagglutinin (PHA) (Thermo Fisher Scientific). 
After swelling reaction appeared in the marked area at 
least 24 h post-injection, the wattle thickness increase was 
estimated through a positive reaction to the PHA-wattle 
immune assay.

stAtisticAl AnAlysis
Data were subjected to one-way analysis of variance 
(ANOVA) and General Linear Model (GLM) analyses 
(SPSS 22.0, IBM Corp., Armonk, NY, USA, 2013). The 
obtained results were represented as mean ± standard 
error (SE). The observations number per treatment group 
denotes the experimental unit for each accomplished test 
(n= 20 for the immunological factors, and n= 10 for the 
productive performance traits). The post hoc Duncan’s 
test was adopted to separate the mean differences at a 
significant level less than 5%.

RESULTS AND DISCUSSION

The EC infection of broiler chickens was frequently 
induced by the exposure of the birds to stress factors or 
contaminated materials with a pathogenic strain of EC 
(Elitok, 2018). According to our previous study (Al-
Kahtani et al., 2022), the PR supplementation at 0.1% (1 
g/kg as fed) was recommended to advance the performance 
of broilers. The current study examined the possible 
impact of PR supplementation to broiler foods on their 
immunological and growth performance after challenge 
with EC infection.

As shown in Figure 2, EC challenge cause a significant 
(p < 0.05) lowering the immune-organs weight by 
approximately 16%, 20%, and 35% in the spleen, thymus, 
and bursa indexes, respectively, in comparison with the 
control. Conversely, PR supplementation maintained the 
spleen and bursa weights at normal indexes of the control, 
and it significantly (p < 0.05) elevated the thymus index 
relative to the control. Moreover, PR supplementation 
significantly (p < 0.05) ameliorated the reduction of the 
immune-organs indexes persuaded via the EC infection 
within the broilers. These results could be attributed to 
the trophic effects of bee products on these tissues in birds 
(Oliveira et al., 2013; Wang et al., 2007). The integrity 

of such lymphoid immune organs in birds is essential to 
establish the first defense line against infectious pathogens 
(Akter et al., 2006). 

Figure 2: Effect of dietary propolis (PR) supplementation 
on (a) spleen index, (b) thymus index, and (c) bursa index 
of broiler chickens challenged with Escherichia coli (EC) 
infection. Bars express the mean (n = 20) with standard 
error (SE). Means with dissimilar letters significantly 
differ at p < 0.05. Treatment groups: C, control group 
without PR supplementation or EC challenge; EC, group 
without PR supplementation but challenged with EC; PR, 
group supplemented with PR but not challenged with EC; 
PR+EC, group supplemented with PR and challenged 
with EC.

The effect of dietary PR supplementations on the H/L 
ratio, TWBC, and LCV of EC-infected broilers is shown 
in Figure 3. The results of EC-infected broilers exhibited 
a significant (p < 0.05) decrease in the LCV and TWBC 
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Figure 3: Effect of dietary propolis (PR) supplementation 
on (a) total white blood cells (TWBC) count, (b) 
heterophil to lymphocyte (H/L) ratio, and (c) leukocyte 
cell viability (LCV) of broiler chickens challenged with 
Escherichia coli (EC) infection. Bars express the mean (n = 
20) with standard error (SE). Means with dissimilar letters 
significantly differ at p < 0.05. Treatment groups: C, control 
group without PR supplementation or EC challenge; EC, 
group without PR supplementation but challenged with 
EC; PR, group supplemented with PR but not challenged 
with EC; PR+EC, group supplemented with PR and 
challenged with EC.

by 12% and 38%, respectively, and a significant (p < 0.05) 
double increase in the H/L ratio in comparison with the 
control broilers. The low TWBC and LCV values in the 
infected birds may be due to the negative impact of EC 
on the spleen which is responsible for leucopoiesis or 
leukocyte generation (Anusuya and Sumathi, 2015). It also 
may be attributed to the suppressive effect of stress on the 

lymphocyte and monocyte contents in the blood (Xu et al., 
2018). In addition, exposure of birds to stress may cause 
leukocyte destruction and removing them by the bone 
marrow (Zulkifli et al., 2004). The increased H/L ratio 
within the infected birds is an indication of suffering stress 
(Vleck et al., 2000). In contrast, PR treatment caused as 
significant (p < 0.05) enhancement in the TWBC by 13% 
and the LCV by 18%, in comparison with the control. In the 
EC-infected broilers, PR supplementation significantly (p 
< 0.05) alleviated reduction of the TWBC and LCV, while 
reduced the H/L ratio increasing. Similar positive results 
were obtained for the effect of PR administration on the 
leukocytes count and viability of EC-infected laying hens 
in a previous study (Abbas et al., 2020). Furthermore, it was 
reported that PR has a strong bactericidal activity through 
increasing the membrane permeability and decreasing the 
motility of bacteria; hence it can reduce the harmful effect 
of EC on blood cells (Orsi et al., 2005).

Figure 4: Effect of dietary propolis (PR) supplementation 
on (a) T-lymphocyte proliferation, and (b) B-lymphocyte 
proliferation of broiler chickens challenged with 
Escherichia coli (EC) infection. Bars express the mean of 
stimulation indexes (SI) for T- or B-lymphocytes (n = 20) 
with standard error (SE). Means with dissimilar letters 
significantly differ at p < 0.05. Treatment groups: C, control 
group without PR supplementation or EC challenge; EC, 
group without PR supplementation but challenged with 
EC; PR, group supplemented with PR but not challenged 
with EC; PR+EC, group supplemented with PR and 
challenged with EC.
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The dietary PR supplementations consequence on the 
T- and B-lymphocyte stimulation indexes of EC-
infected broilers is presented in Figure 4. The T- and 
B-cells lymphocyte proliferation was significantly (p < 
0.05) suppressed by 70% and 50%, respectively, in the EC 
group compared to the control group. These findings agree 
with those attained in previous studies (Sadeyen et al., 
2014, 2015), which affirmed a depressive effect of EC on 
splenocyte proliferation in birds. In a recent report, such 
adverse impact for EC on lymphocyte proliferation in 
broilers has been documented (Alaqil and Abbas, 2023). 
It was reported that body cells apoptosis, DNA-damage, 
and dysfunction may be associated with the EC infection 
(Chen et al., 2016; Mehaisen et al., 2016). Additionally, 
endotoxins released by EC infection produced excessive 
reactive oxygen species (ROS) and inflammatory cytokines 
that lead to T- and B-cells lymphoproliferative defects 
(Abbas et al., 2020; Colitti et al., 2019). On the other 
hand, as shown in Figure 4, treatment with PR caused 
a significant (p < 0.05) enhancement in the TSI by 42% 
and the BSI by 14%, compared to the control. Moreover, 
PR supplementation into the EC-infected broilers’ diets 
significantly (p < 0.05) alleviated the reduction in the TSI 
and BSI and normalized them again to similar values 
to the control. The analysis of PR (Figure 1) evidenced 
the occurrence of elevated flavonoids and polyphenols 
contents. These compounds can potentially relieve ROS 
and inflammation and, subsequently, stimulate T- and 
B-lymphocyte proliferation (Asgharpour et al., 2019). 
Furthermore, the sustainable effect of PR on the thymus 
(T-cell generator) and bursa (B-cell generator), as presented 
in Figure 2, can in turn activate the lymphocyte T- and B- 
cells proliferation, respectively (Yuan et al., 2012). 

In the current investigation, we evaluated the dietary PR 
supplementations effect on the humoral and cellular-
mediated immuno-measurements of EC-infected broilers, 
and the results are shown in Figure 5. EC infection induced 
a significant (p < 0.05) lowering in the anti-SRBC-Ab 
titer and the PHA-wattle thickness by approximately 
44% and 19%, respectively, relative to the control broilers. 
Alternatively, PR supplementation significantly (p < 0.05) 
increased the anti-SRBC-Ab titer by 16% and the PHA-
wattle thickness by 22%, compared to the control. Moreover, 
PR supplementation caused a significant (p < 0.05) increase 
in the anti-SRBC-Ab titer and PHA-wattle thickness 
within the EC-infected broilers, in comparison with 
those infected with EC but did not have SP supplements. 
The harmful effect of EC on the LCV and lymphocyte 
proliferation can directly cause a disturbance in humoral 
and cellular immune responses (Abbas et al., 2020). These 
researchers also attribute the immunosuppressive impact of 
EC to the over-expression of forkhead box family (FOXO) 
proteins, which are transcription factors involved in immune 
cell apoptosis, proliferation inhibition, and antibody hypo-

production in infected birds (Cabrera-Ortega et al., 2017; 
Peng, 2008). In consistent with the current study findings, 
the humeral and cellular immune parameters in different 
poultry species were substantially improved by adding bee 
products, including PR, into the diets (Al-Kahtani et al., 
2022; Babaei et al., 2016). Moreover, findings suggested that 
PR supplementation successfully managed to normalize 
the humoral and cellular immune measurements in EC-
infected birds. These positive effect of PR in both EC-
infected and non-infected birds can be ascribed to the 
PR antioxidant potentialities, evidenced by high flavonoid 
and polyphenol contents (Figure 1). It was suggested that 
these antioxidant compounds can multiplicate lymphocyte 
numbers among the other leukocyte components (Saki et 
al., 2018), inhibit prostaglandin formation (Taheri et al., 
2005), encourage interleukins releasing (Havsteen, 2002), 
and reduce FOXO expression (Abbas et al., 2020). These 
events, in turn, participate in increasing the LCV, T- and 
B-cells mitogenesis, and antibody production (Oršolić and 
Bašić, 2003). 

Figure 5: Effect of dietary propolis (PR) supplementation 
on (a) anti-sheep red blood cells antibody (anti-SRBCs-AB) 
titer, and (b) wattle thickness of broiler chickens Bars express 
the mean (n = 20) with standard error (SE). Means with 
dissimilar letters significantly differ at p < 0.05. Treatment 
groups: C, control group without PR supplementation or 
EC challenge; EC, group without PR supplementation but 
challenged with EC; PR, group supplemented with PR 
but not challenged with EC; PR+EC, group supplemented 
with PR and challenged with EC.
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Figure 6: Effect of dietary propolis (PR) supplementation 
on the productive performance of broiler chickens 
challenged with Escherichia coli (EC) infection. (a) 
final body weight (FBW) at 42 d of age, (b) total feed 
intake (TFI), (c) body weight gain (BWG), and (d) feed 
conversion ratio (FCR). Bars express the mean (n=10) 
with standard error (SE). Means with dissimilar letters 
significantly differ at p < 0.05. Treatment groups: C, control 
group without PR supplementation or EC challenge; EC, 
group without PR supplementation but challenged with 
EC; PR, group supplemented with PR but not challenged 
with EC; PR+EC, group supplemented with PR and 
challenged with EC.

The broiler’s productive performance results, as influenced 
by PR supplementing and EC challenge, are presented in 
Figure 6. A significant (p < 0.05) depression of 7.7% was 
recorded in FI of the EC-infected birds in comparison 
with the control birds. This feed intake reduction could 
be explained by the deleterious effects of oxidative stress 
and inflammatory cytokines on the EC-infected chickens’ 
tissues (Becskei et al., 2008; Mehaisen et al., 2016). It was 
reported that feed depression in the birds adversely affect 
the other productive aspects (Ferket and Gemat, 2006). 
EC challenge in the current investigation also induced a 
substantial reduction of 22.5% and 30.6% in the FBW and 
BWG, respectively, and elevated the FI per kg weight gain 
by 33.3% relative to the EC-noninfected broilers. Similarly, 
other works found a reduction in FI, FBW, and BWG by 
approximately 7-42%, 20-33%, and 16-55%, respectively, 
along with an elevation in FCR by 9-29% within the EC-
infected broilers relative to noninfected ones (Abd Elatiff 
et al., 2019; Alaqil and Abbas, 2023; Boratto et al., 2004). 
It is known that lipopolysaccharides (LPS) are existed 
on the outer membrane of EC (Wu et al., 2017). LPS 
generate excessive quantity of inflammatory cytokines 
and reactive oxygen/nitrogen species, which subsequently 
harm wide target-cells in the infected birds and induce 
abnormal function (Dyson et al., 2011; Surai et al., 2019). 
The antioxidant defense system failure to overcome with 
these harmful products lead to cell damage and directly 
lower the performance (da Rosa et al., 2020). These events 
can partially explain the immunomodulation impairment 

and the poor growth performance in broilers challenged 
with EC. 

On the other hand, the productive performance was 
improved by PR supplementing within both the PR and 
PR+EC broiler groups (Figure 6). Our findings and results 
from former investigations (Al-Kahtani et al., 2022; Attia 
et al., 2014) ascribed the PR application as a potential 
natural feed supplement to promote broiler growth. The 
feed consumption was significantly (p < 0.05) elevated 
by 7-8% in both the PR and PR+EC broiler groups, in 
comparison with the control group. This could be attributed 
to the palatability of broilers to some PR components such 
as wax, vanillin, resin, and honey (Mahmoud et al., 2019). 
Moreover, the significant (p < 0.05) enhancement obtained 
in the FBW and BWG (rising by 4% and 6%, respectively) 
of the PR group, in comparison with the control group, 
can be owed to the contribution of PR to add nutritional 
values of protein, lipid, and carbohydrate to the diets of 
the broilers. These results were also evidenced in similar 
studies on turkey poults (Abbas et al., 2017), laying hens 
(Abbas et al., 2020), and Japanese quail (Babaei et al., 
2016; Mehaisen et al., 2017). Furthermore, the PR positive 
impact on broiler performance under EC infection could 
be, in some extent, modulated by its antimicrobial activity 
against various pathogenic microorganisms in the chicken 
gastrointestinal tract (Kačániová et al., 2012). Also, it was 
reported that PR supplementation to infected/stressed 
animals improved the intestinal absorption and digestibility 
through supporting villi structure and epithelium tight 
and gap junctions (Abbas et al., 2020; Mehaisen et al., 
2017; Wang et al., 2016; Xue et al., 2019).

CONCLUSIONS AND 
RECOMMENDATIONS

The results of the present study introduced a firm 
argument for the deleterious consequences of E. coli 
infection regarding the immune status and the productive 
performance of broiler chickens. However, propolis 
inclusion into the broiler diets at 1 g/kg improved the 
immune response and enhanced the feed consumption and 
the other growth aspects. Moreover, PR can successfully 
restore the immunomodulation and growth performance 
after deterioration effects caused by EC infection. 
Therefore, this study features the implementation of PR 
as a natural supplement in poultry nutrition to avoid 
antibiotic therapies, and concomitantly, maximize the 
broiler growth and health status, especially under the EC-
infection challenge.

NOVELTY STATEMENT

A great economic loss in the poultry industry may occur 
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due to exposure to endotoxin stress persuaded by the avian 
pathogenic Escherichia coli (EC) infection, and sometimes, 
intermittent courses of antibiotic therapy are implemented 
although its compromising impacts on animal and human 
health. Recently, feeding with natural products as an 
alternative strategy to the antibiotic therapies have been 
widely encouraged for improving the performance and 
health of poultry during intensive production systems. 
This study investigates the prospective impacts of dietary 
propolis (PR) supplementing on the immunomodulation 
and growth performance of EC-infected broiler chickens. 
Our findings exhibited that addition of PR to broiler diets 
can cope with the EC harmful consequences on immune 
response and productive performance.
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