
 

Assiut Veterinary Medical Journal                                                Assiut Vet. Med. J. Vol. 67 No. 169 April 2021, 101-135 

 

101 

Assiut University web-site: www.aun.edu.eg 

 

EFFECT OF PROPOLIS ON THE IMMUNE RESPONSE AND MEAT 

QUALITY IN EXPERIMENTALLY ESCHERICHIA COLI  

INFECTED BROILERS 

 

MONA, S.I. 1; NAGLAA, A.A. 2 AND HALA, M. ISMAIL 3 

1 Poultry Diseases Department. Mansoura Lab. Animal Health Research Institute. ARC. Egypt. 
2 Food Hygiene. Tanta Lab. Animal Health Research Institute. ARC. Egypt.  

3 Pathology Department. Mansoura Lab. Animal Health Research Institute. ARC. Egypt.  

 

Received: 1 April 2021;     Accepted: 28 April 2021 
 

 

ABSTRACT 
 

The present study was conducted to evaluate the effects of propolis on performance, 

immune response and meat quality of broiler chickens infected with E. coli. A total of 120 

day old chicks were divided randomly into 4 equal experimental groups. The 1st group (G1) 

was fed a basal diet and infected with E. coli (1x108 CFU) at 5 days of age. The 2nd group 

(G2) was fed a basal diet supplemented with propolis (400mg/kg diet) and infected with E. 

coli (1x108 CFU) at 5 days of age. The 3rd group (G3) was fed a basal diet supplemented 

with propolis (400mg/kg diet). The 4th group (G4) was fed a basal diet and served as a 

control. Propolis supplemented groups showed a significantly increased body weight, 

decreased mortality, decreased reisolation frequency of E. coli from internal organs and 

early recovery of infection. Propolis improved significantly the phagocytic activity in both 

supplemented groups. Total leukocytic count was significantly increased in propolis 

supplemented group with significant increase in lymphocytes and concurrent decrease in 

heterophils. Propolis improved the Newcastle disease vaccine antibody production in both 

supplemented groups. Propolis treated groups have significantly higher breast muscles 

protein concentration and lower fat content. Also, it showed a significant reduction on the 

bacterial load in the examined samples in comparison to the samples of the non 

supplemented groups. 
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INTRODUCTION 
 

Collibacillosis is a common wide 

spread disease of poultry. It causes a 

great economic losses to poultry industry 

through increasing mortalities, 

decreasing productivity and down 

grading   meat    quality    and   increased  
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condamination of carcasses, about 36-

43%, during processing due to lesions of 

E. coli as septicemia, fibrinous 

pericarditis, fibrinous perihepatitis, 

peritonitis and air saculitis (Hasan et al., 

2011; Abd El-Tawab et al., 2015). E. coli 

infection negatively affect humoral and 

cellular immune response, it can alone 

induce marked lymphocytic depletion 

from thymus and bursa, so the clinical E. 

coli infection is indicative of immune 

suppression (Nakamura et al., 1990; 

Kumari et al., 2020). 

http://www.aun.edu.eg/
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The antibiotics were used in poultry 

production as growth promotor and for 

treatment. The un controlled usage of 

antibiotics resulted in the appearance of 

multidrug resistant E. coli serotypes that 

were resistant to tetracycline, 

ciprofloxacine, co-trimoxazol and 

gentamycin (Hussain et al., 2017) 

making collibacillosis difficult to treat, in 

addition of increasing the risk of 

transmission of the resistance gene to 

other pathogens and pass to human via 

food causing a serious public health 

threat. The existence of shared 

antimicrobial resistance between E. coli 

isolates from broiler carcasses and 

human was demonstrated by Ramadan et 

al. (2020) so there is an increasing 

interest to replace antibiotics with natural 

products. In modern poultry production, 

work is now being done on poultry feed 

to further improve the quality and 

nutritional value of meat (Zdunczyk and 

Jankowski, 2013). The use of natural 

additives in poultry feed is particularly 

important, among which the use of 

propolis (Gregacevic et al., 2014). 

 

Propolis is a natural resinous hive 

product that is collected by honey bees 

from plants, flowers and leaf buds and 

then modified by their enzymes (Babaei 

et al., 2016). Propolis contains several 

chemical bioactive compounds as 

polyphenols (flavonoid aglycones, 

phenolic aldehydes, phenolic acids, 

alcohols and their esters and ketones), 

steroids terpenoids, amino acids (Eyng et 

al., 2015), vitamins (A, C, D, E and B1, 

B2, B6, niacin and folate) and some 

micro and macro minerals like calcium, 

iron, copper, zinc, magnesium, 

manganese, nickel and cobalt (Zabaiou et 

al., 2017). It also contains some enzymes 

as glucose- 6- phosphatase, 

dehydrogenase, adenosine triphosphate 

and acid phosphatase (Yilmaz et al., 

2003); (Kurek-Górecka et al., 2014). 

 
The diversity of chemical composition of 

propolis are responsible for the 

antibacterial, antiviral, antifungal and 

immunomodulatory activity (klaric et al., 

2018). It also gives propolis an additional 

advantage as antibacterial agent, the 

compination of different active 

ingredients with different concentrations 

prevents the bacterial resistance from 

occurring (Talas and Gulhan 2009); 

(Pamplona et al., 2011); (Eyng et al., 

2013). 

 

Several researchers have investigated the 

growth promoting effect of propolis by 

increasing feed intake, body weight gain 

and FCR (Shalmany and schivazad, 

2006); (Hassan and Abdulla, 2011); 

(Klaric et al., 2018). Others have 

reported the potentiating effect of 

propolis on humoral and cellular 

immunity in broiler chicken (Attia et al., 

2017); (Mohamed et al., 2019). 

 

Propolis increased the aroma, taste, 

juiciness, softness properties of breast 

muscles of broiler, improved meat 

digestibility, tenderness and skin 

pigmentation (Haščík et al., 2011). 

Broiler chicks fed diet supplemented 

with propolis had significantly higher 

breast muscles protein, moisture 

concentration and bone strength (Rabie et 

al., 2018). 

 

Propolis supplementation protects the 

hepatic tissue from hepatotoxic factors 

and increased the intestinal villi length 

(Tekeli et al., 2010); (Babinska et al., 

2013). 

 
In this study we assessed the efficacy of 

propolis as natural alternative to 
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antibiotics to control collibacillosis. 

Propolis effect on growth performance, 

immune response, reisolation of E. coli, 

meat quality and pathological changes 

was investigated.    

 

MATERIALS AND METHODS 

 

1. Chicks and ration: 

A total of 120 day-old chicks of mixed 

sex obtained from a breeder flock 

liberated from bacterial infection were 

used to study the effect of propolis on the 

immune response and meat quality in E. 

coli infected chicks. Birds were 

vaccinated against Newcastle disease 

(ND) using Hitchner B1at 7 days of age 

and Lasota vaccine at 18 and 28 days of 

age, and against Gumboro at 12 days of 

age. The chicks fed a starter ration from 

1 to 21days of age (contained protein 

21%, fat 3.5% and energy 3054 Kcal/kg) 

and grower ration from 21 to 35 days of 

age (contained protein 17.2%, fat 2.5%, 

energy 3020 Kcal/kg). Both starter and 

grower ration were produced without any 

antibiotics and coccidiostats. 
 

2. Bacterial strain: 

E. coli (NCTC12241/ ATCC 25922) was 

obtained from Animal Health Research 

Institute, Dokki, Giza, Egypt. 

 

3. Propolis: 

Crud Egyptian propolis, from Dakahlia 

Governorate, was cut into small pieces 

and extracted using 70% ethanol (1:9) in 

dark warm place for 14 days. The 

alchoholic extract was evaborated under 

vaccum at 50oC until drying. The 

obtained dried extract was added to the 

ration at the concentration of 400mg/kg 

of ration. (krell, 1996). 
 

4. Experimental design: 

A total of 120 unsexed one day old Cobb 

chicks were randomly divided into 4 

equal experimental groups (30 chicks 

each). The 1st group (G1) was fed a basal 

diet and infected intratracheally with E. 

coli 1x108CFU at 5 days of age. The 2nd 

group (G2) was fed a basal diet 

supplemented with propolis (400 mg/kg 

diet) and infected intratracheally with E. 

coli 1x108CFU at 5 days of age. The 3rd 

group (G3) was fed a basal diet 

supplemented with propolis (400 mg/kg 

diet). The 4th group (G4) was fed basal 

diet without any additives and served as a 

control. The birds were challenged 

intratracheally with 0.2 ml of a stock 

solution of E. coli containing 1x109 

CFU/ml, providing a dose of 1x108 CFU. 

 

5. Measured parameters  

5. 1. Mortality, clinical signs, and 

postmortem examination: 

The experimental birds were noticed 

periodically for clinical signs. Dead birds 

were subjected to post mortem 

examination, three birds from each group 

were slaughtered and sacrificed weekly 

for recording the suspected lesion.  

 

5.2. Performance: 

Oncoming, the chicks were weighed, 

performance parameters that includes the 

body weight (BW), weight gain (WG) 

feed intake (FI) and Feed conversion 

ratio (FCR) were recorded.  

 

5.3. Bacterial reisolation: 

Reisolation of E. coli from lung, liver 

and heart of weekly slaughtered birds on 

Eosin methylene blue agar media. 

 

5.4. Evaluation of immune response:  

Blood samples weekly collected from 

slaughtered birds were used for detecting 

the phagocytic activity, differential 

leukocytic count and Haemagglutination 

inhibition test for detection of antibodies 

against Newcastle disease vaccine. 
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5.4.1. Phagocytic activity  

Blood samples were collected in vials 

containing heparin. Measurment of 

phagocytic activity of peripheral blood 

monocytes using Candida albicans was 

adapted as described by Anthony et al. 

(1985), Boyum (1986), Goddeeris et al. 

(1986), Chu and Dietert (1989) and 

Wilkinson (1976). 

 

Phagocytic activity % = macrophages 

containing yeast/ total number of 

macrophages X 100 

Phagocytic index =number of yeast 

phagocytized / number of phagocytic 

cells containing yeast 

 

5.4.2. Differential leukocytic count: 

Blood samples were collected in vials 

containing EDTA. Blood film was 

prepared according to Lucky (1977) for 

differential leukocytic count, the 

percentage of each type of cells were 

calculated according to Schalm (1986). 

 

5.4.3. Haemagglutination inhibition 

test for detection of Newcastle disease 

vaccine antibodies: 

Serum was separated from blood samples 

by centrifugation at 3000 rpm. Micro-

techniqe of haemagglutination inhibition 

test was done according to Takatsy 

(1955). Antibody titer was calculated 

according to Brugh (1978). 

 
5.5. Evaluation of meat quality:  

At the end of the experiment (35 days), 

24 birds (6 birds per group) were chosen 

at random. Birds were slaughtered, at the 

slaughterhouse. After evisceration, the 

carcasses were kept at approximately 18 

°C for 1 h post mortem. Breast meat 

samples (pectoralis major) were 

dissected from each left half-carcass 

(right half-carcasses were assigned to 

other analysis) and stored at 4 °C until 24 

h post mortem. The samples (boneless 

breast without skin) were individually 

packaged in labelled bags and stored at -

18 °C for prior to analysis. 

 
5.5.1. Chemical composition: 

Samples of chicken breast muscle 

without skin (n = 24) were analyzed for 

 
a) Crude protein content was estimated 

by means of the Kjeldahl method using 

BÜCHI B324 apparatus (Switzerland) 

(AOAC, 1990). 

 
b) Ash using the ash content procedure 

described by the AOAC (1990). 

 
c) The fat was determined by extraction 

with petroleum ether using a Tecator 

Extraction System 1045 Soxtec (Foss 

Tecator AB, Hoganas, Sweden) (AOAC, 

1990). 

 

d) Determination of moisture (Corzo et 

al., 2009). 
 

e) Determination pH according to Biswas 

et al. (2007). 
 

5.5.2 Microbiological evaluation: 

a) Total Plate Count (USDA, 2011). By 

using Nutrient agar media. 
 

b) Total Enterobacteriaceae count (ISO, 

2001). By using Violet Red Bile Glucose 

Agar (VRBG) media. 
 

c) Total Coliform count (FDA, 2012). By 

using Violet Red Bile gar (VRB). 
 

d) Total Staphylococci count (USDA, 

2011). By using Baird Parker agar media. 

 
e) Total Psycrotrophic count (USDA, 

2011). By using standard plate count agar 

media. 
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2.5.5.3: sensory evaluation: 

Sensory profiles were determined by 

panelists were instructed on the 

assessment criteria. Panelists were asked 

to evaluate the samples of breast muscle 

for aroma (1 = very poor, 5 = very good), 

juiciness (1 = extremely dry, 5 = 

extremely juicy), tenderness (1 = 

extremely tough, 5 = extremely tender), 

and overall acceptability (1 = not 

acceptable, 5 = extremely acceptable) on 

a 5-point hedonic scale. The samples 

were presented to the panelists 

monadically on plain white porcelain 

plates. Panelists were provided with 

water for neutralization of receptors 

before and between the samples. The 

panel evaluated each sample in triplicate 

over an 8-week period (n = 6) (Pelin-Can 

and Arslan, 2011). 

 
5.6. Pathological studies: 

 

5.6.1. Histopathological examination:  

Tissue specimens from bursa, thymus, 

spleen, lung, liver, intestine and heart of 

all experimental groups were collected at 

21 of age and fixed in 10% neutral 

buffered formalin. The tissues were 

prepared for routine histopathological 

examination (Bancroft et al., 2013) and 

examined using the light microscope 

(Olympus CX31, Japan) and 

photographed using a digital camera 

(Olympus, Camedia C-5060, Japan). 

 
5.6.2.Immunohistochemistry 

investigations:  

For detection the possitive immune cells 

in spleen, bursa and thymus: Paraffin 

sections from the spleen, bursa of 

fabricius and thymus were used for 

immunohistochemical detection of CD79 

(B-lymphocytes) in spleen and bursa of 

fabricius and CD3 (T- lymphocytes) in 

thymus at day 21of age. The tissue 

sections (3µm thick), were 

deparaffinized and hydrated then washed 

by distal water. Antigen retrieval was 

applied in a water bath using citrate 

buffer (pH6) for 20 minutes. The 

endogenous peroxidase activities were 

removed with 3% hydrogen peroxide 

(H2O2), then sections were incubated in 

diluted polyclonal primary antibody for 

one hour at room temperature in a 

humidified chamber for CD79 (obtained 

from Novus Biologicus company) and 

CD3 polyclonal rabbit anti-human CD3 

(Dako) at 1 in 300 dilutions. The primary 

antibodies were detected in all 

experimental groups. The staining was 

performed using Power-StainTM 1.0 

Poly HRP DAB according to the 

manufacturer's instructions. The sections 

were rinsed three times for 5 min each 

with Phosphate buffered saline, and were 

incubated in Poly HRP Conjugate for 15 

minutes at room temperature. A mixture 

of DAB chromogen visualized the 

sections, then counterstained with 

hematoxylin and dehydrated and 

mounted (Anis et al., 2013). 

 
5.6.3. Scoring of the positive immune 

cells in bursa, spleen and thymus: 

The relative frequency of B-lymphocytes 

and T lymphocytes per focus was 

calculated according to the point count 

method, by using digital an Axiostar plus 

microscope interfaced with an Axiostar 

plus digital camera and Axiovision 4.1 

software (Carl Zeiss) at a magnification 

of 100 (Weibel, 1969). 

 

6. Statistical analysis:  

The data was set as mean ± standard 

error and was analyzed using analysis of 

variance (ANOVA). The significance of 

difference between means at P<0.05 was 

calculated using Duncan test. (Steel and 

Torrie, 1980). 

https://basicandappliedzoology.springeropen.com/articles/10.1186/s41936-019-0073-7#ref-CR32
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RESULTS 

 

The experimental study was done to 

evaluate propolis as a feed additive to 

decrease the adverse effect of 

collibacillosis in broilers instead of using 

antibiotics. 

 

Clinical signs, mortality and 

postmortem lesions: 

The clinical signs of E. coli infected 

group (G1) appeared 24h after infection. 

Birds showed depression, inappetence, 

ruffled feathers, droppy wings, huddling 

together and greenish diarrhea. The signs 

continued for 2 weeks post infection. 

These signs were less sever in E. coli-

propolis supplemented group (G2) and 

lasted for only one week post infection. 

Morbidity was decreased from 53.3% in 

(G1) to 16.6% in (G2). Group 3 and 

group 4 showed no signs of illness. 

Mortality was decreased from 26.6% in 

(G1) to 6.6%in (G2). (Table 1). 

 

Postmortem examination of dead birds 

revealed sever congestion of lung, liver, 

spleen, pericarditis, perihepatitis, 

unabsorbed yolk sac and enteritis. 

 

E. coli infected birds (G1) showed sever 

congestion of all internal organs (lung, 

liver spleen, heart, and kidney) at 1st 

week of age. At 2nd week there was 

fibrinous pericarditis, fibrinous 

perihepatitis, airsaculitis and enteritis. At 

3rd week of age the there was a thick 

fibrin sheet on the liver surface causing 

adhesion with other internal organs. At 

4th and 5th week there was only fibrinous 

pericarditis and perihepatitis. 

 

In E. coli-propolis supplemented birds 

(G2) there was congestion of lung, liver 

and spleen at the 1st week of age. At 2nd 

week of age there was mild pericarditis, 

perihepatitis and airsaculitis. At 3rd week 

and onward all dissected birds appeared 

normal.  

 

Performance: 

Propolis supplemented group (G3) 

showed a significant increase in mean 

body weight all over the experimental 

period when compared to other groups. 

From the 3rd week of age until the end of 

the experiment G2 showed a significant 

increase in body weight when compared 

to G1 and control group (G4). Propolis 

increased the feed intake in both treated 

groups (G2 and G3) when compared to 

corresponding control groups (G1and 

G4). There is no difference in the FCR in 

propolis supplemented group (G3) when 

compared to control group (G4), but 

there is a decrease in FCR in E. coli-

propolis supplemented group (G2) in 

comparison to E. coli infected (G1). 

(Table 2). 

 

Reisolation: 

Propolis decreased the reisolation 

frequency of E. coli from lung, liver and 

heart in E. coli-propolis supplemented 

group (10/45) when compared to E. coli 

infected group (23/45). The highest 

frequency of reisolation was from lung 

followed by liver and heart. E. coli-

Propolis supplemented group showed 

early clearance of infection as early as 3rd 

week of age while E. coli was still 

reisolated from lung until the end of 

experiment in E. coli infected group 

(G2). (Table 3). 

 

Evaluation of immune response: 

Phagocytic activity:  

E. coli infected group showed a 

significant decrease in phagocytic 

activity when compared to control group. 

Propolis increased significantly the 

phagocytic activity in both supplemented 

groups (G2 and G3) when compared to 

corresponding groups (G1 and G4). The 
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phagocytic activity of the E. coli-propolis 

supplemented group was improved to 

reach the levels of control at the 4th and 

5th week of age. (Table 4) 

 

Differential leukocytic count: 

Total leukocytic count was significantly 

increased in E. coli infected group (G1) 

with significant lymphocytopenia and 

heterophilia all over the experimental 

period when compared to control group 

(G4). Propolis supplemented group (G3) 

showed a significant increase in total 

leukocytic count all over the 

experimental period, significant increase 

in lymphocytes at the 1st, 2nd and 3rd 

week of age and a significant decrease in 

heterophils at the 1st, 2nd,3rd and 4th week 

of age when compared to control group 

(G4).  

 

E. coli-propolis supplemented group 

(G2) revealed a significant decrease in 

total leukocytic count when compared to 

E. coli infected group (G1) while was 

significantly higher when compared to 

control (G4) all over the experimental 

period. There was a non-significant 

difference in lymphocytes and 

heterophils between E. coli-propolis 

supplemented group (G2) and E. coli 

infected group (G1) at the 1st week of 

age, while there was a significant 

increase in lymphocytes and significant 

decrease in heterophil in E. coli-propolis 

supplemented group (G2) when 

compared to E. coli infected group (G1) 

from the 2nd week of age and onward. 

Lymphocytes and heterophils showed a 

significant difference in E. coli-propolis 

supplemented group (G2) during the 1st 

and 2nd week of age while there was a 

non significant difference during the 3rd, 

4th and 5th week of age when compared to 

control group. There was a non 

significant difference in eosinophil, 

monocytes and basophils between the 

experimental groups. Table (5). 

 

Haemagglutination inhibition test for 

detection of Newcastle antibodies: 

Mean antibody titer against Newcastle 

disease vaccine was higher in propolis 

supplemented group (G3) when 

compared to control group (G4) all over 

the experimental period but a significant 

increase was seen only at 2nd and 3rd 

weeks of age. The E. coli-propolis 

supplemented group (G2) showed a 

higher antibody titer all over the 

experiment but a significant increase was 

seen during the 3rdweek of age when 

compared to E. coli infected group (G1). 

(Fig 1). 

 
Table 1: Effect of propolis on morbidity and mortality rate. 
 

 G1(E. coli) G2(E. coli +Propolis) G3(Propolis) G4(control) 

Morbidity 
No 18/30 5/30 0/30 0/30 

% 53.3% 16.6% 0% 0% 

Mortality 

No 8/30 2/30 0/30 0/30 

% 26.6% 6.6% 0% 0% 
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Table 2: Effect of propolis on performance. 
 
 

Age Group G1(E. coli) G2(E. coli +Propolis) G3(Propolis) G4(control) 

1 w BW 227.2±5.96c 241.5±5.78c 284±2.99a 259±5.84b 

2 w BW 546±19.53c 583.5±11.92bc 671.3±2.76a 610±13.30b 

3 w BW 1032.5±34.13d 1198.5±10.74b 1332.5±8.91a 1127±10.79c 

4 w BW 1523.8±49.34d 1785±48.14b 1960±12.46a 1670±16.90c 

5 w BW 2158.3±64.95d 2536.5±76.77b 2858.3±17.02a 2390±12.25c 

Total WG 2095.7 2473.5 2795.3 2328 

 FI 3162.8 3684 4071 3388.3 

 FCR 1.51 1.48 1.46 1.46 

 

Data was set as mean ± Standard error. Means within the same row with different superscripts 

are significantly different (P< 0.05). 

BW: Body weight.                                        WG: weight gain. 

FI: feed intake.                                               FCR: Feed conversion ratio. 

 
Table 3: Effect of propolis on reisolation frequency of E. coli from lung, liver and heart. 
 

Age organ G1(E. coli) G2(E.coli+Propolis) G3(Propolis) G4(control) 

1st w 

Lung 3/3 2/3 0/3 0/3 

Liver 2/3 2/3 0/3 0/3 

Heart 3/3 3/3 0/3 0/3 

Total 8/9 7/9 0/9 0/9 

2nd w 

Lung 2/3 1/3 0/3 0/3 

Liver 2/3 1/3 0/3 0/3 

Heart 1/3 0/3 0/3 0/3 

Total 5/9 2/9 0/9 0/9 

3rd w 

Lung 2/3 0/3 0/3 0/3 

Liver 2/3 0/3 0/3 0/3 

Heart 1/3 0/3 0/3 0/3 

Total 5/9 0/9 0/9 0/9 

4th w 

Lung 2/3 0/3 0/3 0/3 

Liver 1/3 0/3 0/3 0/3 

Heart 0/3 0/3 0/3 0/3 

Total 3/9 0/9 0/9 0/9 

5th 

Lung 1/3 0/3 0/3 0/3 

Liver 0/3 0/3 0/3 0/3 

Heart 0/3 0/3 0/3 0/3 

Total 1/9 0/9 0/9 0/9 

Total 23/45 10/45 0/45 0/45 
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Table 4: Effect of propolis on phagocytic activity% and phagocytic index. 
 

Age 
G1(E. coli) G2(E. coli+Propolis) G3(Propolis) G4(control) 

PA PI PA PI PA PI PA PI 

1 w 43.3±0.66d 1.13±0.67 63.33±2.16c 3.27±0.15 81.67±0.15a 4.53±0.15 72±0.15b 3.9±0.58 

2 w 46±2d 1.3±0.10 65.33±0.67c 3.1±0.10 83±1.53a 4.6±0.12 72.33±1.45b 3.88±0.17 

3 w 48±1.15d 1.4±0.58 64±1.15c 3.33±0.03 83±1.00a 4.6±0.1 73.33±2.40b 4.02±0.10 

4 w 45±0.58c 1.25±0.29 68.67±0.67b 3.73±0.33 82.33±2.19a 4.55±0.16 74±2.30b 4.02±0.10 

5 w 50±1.15c 1.48±0.44 71.33±1.76b 3.97±0.15 83.67±0.88a 4.63±0.88 73.67±0.88b 3.95±0.29 

Data was set as mean ± Standard error. Means within the same row with different superscripts 

are significantly different (P< 0.05). 

 

Table 5: Effect of propolis on total and differential leukocytic count. 
 

Age  G1(E. coli) G2(E. coli+Propolis) G3(Propolis) G4(control) 

1 w 

TLC 19.5±0.15a 19.3±0.11a 18.2±0.89b 16.7±0.12c 

L 40.7±1.20c 42.7±0.88c 52±1.15a 46.5±1.38b 

H 48.3±0.33a 45.7±0.67ab 38±1.73c 43±0.58b 

M 5.3±0.33a 5.3±0.67a 5.7±0.33a 5.3±0.33a 

E 4.3±0.89a 4.7±0.33a 4±1.15a 3.7±0.33a 

B 1.3±0.33a 1.7±0.67a 1±0.58a 1.3±0.33a 

2 w 

TLC 27.2±0.13a 23.4±0.15b 22.7±0.12c 20.4±0.15d 

L 36±1.00d 44±1.00c 53.7±1.20a 49.3±0.88b 

H 53.3±0.33a 47±1.00b 38.7±0.88c 40.7±1.20c 

M 5.3±0.33a 6±0.58a 5.7±0.67a 5±0.00a 

E 4.3±0.33a 3±0.58ab 1.7±0.33b 4±1.15ab 

B 1±0.58a 1±0.58a 0.3±0.33a 1±0.00a 

3 w 

TLC 30.1±0.15a 28.5±0.20b 27.7±0.17c 25.2±0.67d 

L 28.7±0.88c 48.7±0.88b 53.7±0.88a 50.7±0.88b 

H 59±0.58a 42.3±1.45b 36±1.00c 39.7±0.88b 

M 4.3±0.33a 5±0.58aa 5.3±0.33a 5.3±0.33a 

E 6±0.00a 4±0.58a 4±1.15a 3.7±0.88a 

B 2±0.58a 0.7±0.33a 0.7±0.33a 0.7±0.33a 

4 w 

TLC 34.5±0.21a 30.1±0.03b 29.3±0.12c 27.4±0.17d 

L 31.7±1.45b 51.7±0.88a 54.3±0.88a 52±1.00a 

H 56±1.15a 38.7±0.33b 34.3±1.20c 38.7±0.88b 

M 4.7±0.88a 5±0.58a 6±0.00a 5±1.15a 

E 6±0.58a 4±0.58a 3.7±1.20a 4.7±0.88a 

B 1.7±0.88a 0.7±0.67a 1±0.58a 1±0.58a 

5 w 

TLC 40.1±0.17a 32.2±0.15b 32.1±0.14b 29.3±0.58c 

L 35±2.08b 52±1.00a 54.7±2.40a 54.7±2.19a 

H 53.7±1.76a 37.7±0.88b 36.7±1.20b 36±1.00b 

M 4.7±0.33a 5±0.58a 5.7±0.33a 4.7±0.88a 

E 5.7±0.88a 4.7±0.88a 3±1.15a 4±1.00a 

B 1±0.58a 0.7±0.33a 0.7±0.33a 0.7±0.33a 

Data was set as mean ± Standard error. Means within the same row with different superscripts 

are significantly different (P< 0.05). 
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Fig (1): Effect of propolis on antibody titer (log) against Newcastle disease vaccine. 

 
Meat quality 

Chemical composition 

The results displayed in Table (6) 

indicated that the groups of broiler chicks 

fed diet supplemented with propolis (G2 

and G3) resulted in significantly higher 

protein (20.31±0.1, 22.16±0.23), 

respectively. There was a non significant 

difference in moisture content among 

groups, the highest content was detected 

in propolis supplemented group 

(74.6±1.9) and the lowest in E. coli 

infected group (74.3±0.4). Meanwhile, 

there was a non significant differences of 

pH value in between groups. In addition, 

no significant differences were observed 

in ash content among dietary groups, 

with the highest value in E.coli infected 

group (1.18±0.20g.100 g-1) and the 

lowest one in propolis supplemented 

group (1.05±0.28 g.100 g-1). Also the 

significant changes (p ≤0.05) were 

observed in fat content between groups, 

the highest fat content was detected in E. 

coli infected group (G1) by (1.8±0.75) 

and lowest was detected in propolis 

supplemented group (G3) by (0.84±0.12) 

when compared to the control one. 

Microbial evaluation: 

As shown in Table (7) using of propolis 

in boiler chicken feed significantly 

(P<0.05) reduced coliform, 

Staphylococci and Psycrotrophic bacteria 

in chicken’s breast muscle in propolis 

supplemented groups (G2 and G3) when 

compared to E. coli infected and control 

group (G1 and G4) respectively. Propolis 

supplemented group showed the lowest 

Agar Plate count among groups 

(5.97±0.18) log cfu/g. 

Enterobacteriaceae count was 

significantly decreased in propolis 

supplemented group (3.42±0.14) log 

cfu/g when compared to other groups. 

 

Sensory evaluation:              

Table (8) represented the scores given by 

panelists for the sensory characteristics 

(color, flavor, juiciness, tenderness, and 

overall acceptability) of breast chicken 

meat. There was significant effects 

(P≤0.05) of propolis supplementation on 

the sensory attributes. The  highest scores  

for overall acceptability was given for 

propolis supplemented group (4.26  

±0.29) which considered as the most  
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acceptable  for  panelists  and  E. coli 

infected group (G1) has received the  

lowest score (3.26 ±0.18) when 

compared to control group. As for the 

color, all  the groups differ from  each 

other, with the highest mean score found 

in propolis supplemented group  

(4.5±0.36) and the lowest score was 

found in E. coli infected group (3.62  

±0.27). Also for flavor there was 

significant difference (P≤0.05) between 

(G2 and G3) and (G1 and G4). For 

tenderness, lowest score was detected in 

the Eoli infected group (3.2±0.21). 

Statistically significant differences 

(P≤0.05) were detected between mean 

scores for (G2 and G3) and those for G1 

and G4 group. In terms of juiciness, the 

highest score observed in G3 (4.38 

±0.31). This means that after application 

of the propolis in the diet of chickens 

were found improved organoleptic 

properties of the breast muscle. However, 

panelists were unable to differentiate 

tenderness of chicken breast meat from 

groups G2 and G3, as well as juiciness of 

meat from groups G2 and G3.   

 

Table 6: Effect of propolis on chemical composition of broiler breast samples (%). 
  

 G1(E. coli) G2(E. coli+Propolis) G3(Propolis) G4(control) 

Protein 19.35±0.35c 20.31±0.1b 22.16±0.23a 20.24±0.25b 

Fat 1.8±0.75a 1.36±0.43b 0.84±0.12c 0.92±0.05c 

Ash 1.18±0.20a 1.15±0.1a 1.05±0.28a 1.08±0.46a 

PH 5.9±0.057a 6.01±0.12a 5.94±0.17a 5.92±0.05a 

Moisture 72.03±0.89a 74.3±0.43a 74.6±1.9a 74.01±0.2a 

Data was set as mean ± Standard error. Means within the same row with different superscripts 

are significantly different (P< 0.05). 

 
Table 7: Effect of propolis on the microbial count (log cfu/g) of broiler breast samples. 

 

 G1(E. coli) G2(E. coli+Propolis) G3(Propolis) G4(control) 

Total APC counts 7.26±0.39a 6.26±0.26ab 5.97±0.18b 6.59±0.95ab 

Total Coliform 4.08±0.07a 3.4±0.99b 3.12±0.91b 3.84±0.87a 

Total 

Enterobacteriaceae 
3.99±0.05a 3.88±0.09a 3.42±0.14b 4.04±0.15a 

Total 

Staphylococci 

count 

4.55±0.19a 3.46±0.16b 3.33±0.18b 4.52±0.28a 

Total 

Pscychrotrophic 
5.12±0.05a 4.34±0.19b 4.57±0.02b 5.23±0.04a 

Data was set as mean ± Standard error. Means within the same row with different superscripts 

are significantly different (P< 0.05). 
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Table 8: Effect of propolis on sensory evaluation of chicken breast meat. 
 

Groups G1(E. coli) G2(E. coli+Propolis) G3(Propolis) G4(control) 

Color 3.62±0.27b 4.2±0.21a 4.5±0.36a 3.78±0.22b 

Flavor 3.42±0.37b 4.1±0.42a 4.44±0.28a 3.6±0.26b 

Juiciness 3.22±0.19c 3.64±0.4b 4.38±0.31a 3.24±0.23c 

Tenderness 3.2±0.21c 3.76±0.32b 4.26±0.29a 3.44±0.27ab 

Overall 

acceptability 
3.26±0.18c 3.8±0.25b 4.26±0.29a 3.69±0.45c 

Data was set as mean ± Standard error. Means within the same row with different superscripts 

are significantly different (P< 0.05).  

 

Histopathological changes: 

Heart: 

In control group, heart displayed normal 

myocardium with normal cardiac muscle 

fiber striations (Fig.2A). Heart in E. coli 

infected group showed severe degeneration 

of myocardial muscle (myopathy), loss of 

striations of muscle fibres, revealed 

eosinophilic necrotic area with leucocytic 

infiltration, predominantly heterophils in 

myocardium and hemorrhage (Fig.2B). In 

propolis supplemented group, heart showed 

normal myocardium and normal cardiac 

muscle fibers (Fig.2C). E. coli-propolis 

supplemented group, showed normal cardiac 

muscle striations, moderate edema and 

accumulation of heterophils were also 

observed (Fig.2D). 

 

 
 

Figure (2): Histopathological changes in heart in different groups 

 
A: Control group showing normal myocardium with normal cardiac muscle fiber striations 

(arrow).HE, 100x. 

B: E. coli infected group showing severe degeneration of myocardium, loss of striations of muscle 

fibres (thin arrow), diffuse heterophilic aggregation in myocardium and hemorrhage (thick 

arrow). HE, 100x. 

C: Propolis supplemented group showing normal myocardium, normal cardiac muscle fibers 

(arrow).HE, 100x.    

D:  E. coli-propolis supplemented group showing normal cardiac muscle fibers (star), moderate edema 

and heterophilic aggregation (arrow).HE, 100x. 
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Lungs: 

Lung in control group showed normal 

hexagonal shape parabronchi lined with 

squamous epithelium, its wall has numerous 

openings leading to respiratory atria and air 

capillaries. Each parapronchi separated from 

adjacent lobules by fibrous septa and 

capillaries (Fig.3A). In E. coli infected 

group, there was marked degeneration of 

parenchyma characterized by strongly 

stained eosinophilic zone surrounding the 

parabronchi, besides haemorrhage and 

edema in the interalveolar septa. Also, most 

of parabronchi was ringed due to swelling of 

lining epithelium and filled with eosinophilic 

exudates with granulocytes aggregations in 

bronchial epithelium marked obliteration of 

pulmonary capillary (Fig.3B). Propolis 

supplemented group showed normal 

parabronchi without any exudates, and intact 

lining epithelium. The interalveolar septa 

were prominent with normal capillaries 

(Fig.3C). E. coli-propolis supplemented 

group showed swelling of atrial lining cells, 

besides mild infiltration of heterophils in 

parabronchial lumen and respiratory atria. 

The septa among parabronchi were 

distended with engorged capillaries 

(Fig.3D). 

 

 
 

Figure (3): Histopathological changes in lung in different groups. 

 
A: control group showing normal hexagonal shape parabronchi lined with squamous 

epithelium (thick arrow), leading to normal respiratory atria (thin arrow), and separated 

by fibrous septa with blood capillaries (star). HE, 400x. 

B: E. coli infected group showing degenerated parabronchi surrounded by eosinophilic zone 

(thick arrow) and filled with intense exudate and granulocytes aggregation (star), 

hemorrhage and diffuse edema in the inter alveolar septa (thin arrow), HE, 400x. 

C: propolis supplemented group showing normal parabronchi and atria with intact lining 

epithelium (arrows), prominent interalveolar septa and normal capillaries (thick arrow). 

HE, 400x. 

D: E. coli-propolis supplemented group showing swelling of atrial lining cells (thin arrow), 

mild infiltration of heterophils in parabronchial lumen and respiratory atria (star), 

distended septa with engorged capillaries (thick arrow). HE, 400x.         
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Liver:  

In the control group, the liver tissue 

displayed normal parenchyma with 

hepatocytes arranged in radiating cords 

toward the central vein (Fig.4A). In E. 

coli infected group, Liver showed, 

Congestion of blood vessels and 

hemorrhages, hepatic vacuolar 

degeneration besides focal coagulative 

necrosis and heterophilic  
 

aggregation (Fig.4B). propolis 

supplemented group, hepatocytes and 

sinusoids appeared normally with 

dialated central vein (Fig.4C).  Liver of 

E. coli-propolis supplemented group 

showed focal congestion, perivascular 

inflammatory cells infiltration, beside 

mild vaculation (Fig.4D).  
 

 

 
Figure (4): Histopathological changes in liver in different groups 

 

A: Control group showing normal parenchyma with hepatocytes arranged in radiating cords. 

HE, 100x. 

B: E. coli infected group showing hepatic vacuolar degeneration (thick arrow), focal 

coagulative necrosis (thin arrow) and heterophilic aggregation (star). HE, 100x. 

C: Propolis supplemented group showing normal hepatic tissue, with dialated hepatic central 

vein (star). HE, 100x. 

D: E. coli-propolis supplemented group showing mild congestion, perivascular inflammatory 

cells infiltration (thick arrow) mild vacular degeneration (thin arrow). HE, 100x. 

 

Intestine:  

In the control group, Intestine showed 

normal intestinal villi with intact lining 

epithelium (Fig.5A). E. coli infected 

group showed severe villus destruction 

and lymphocytic aggregation in intestinal 

lumen (Fig. 5B). Propolis supplemented 

group, showed increase in the absorptive 

area of intestine by increase the villus 

width and length with intact lining 

epithelium and goblet cell hyperplasia 

(Fig.5C). The intestine of E. coli-propolis 

supplemented group showed mild 

epithelium desquamation and hyperplasia 

of intestinal glands (Fig.5D).  
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Figure (4): Histopathological changes of intestine in different groups 

 
A: control group showing normal intestinal villi with intact lining epithelium (arrow). HE, 

100x. 

B: E. coli infected group showing severe villus destruction and necrosis with lymphocytic 

aggregation in intestinal lumen (arrow). HE, 400x. 

C: propolis supplemented group showing increase the villus width and length with intact 

lining epithelium (thick arrow) and goblet cell hyperplasia (thin arrow). HE, 400x. 

D: E. coli-propolis supplemented group showing hyperplasia of intestinal glands with (thick 

arrow) mild epithelial desquamation and lymphocytic aggregation (thin arrow). HE, 400x. 

 
Bursa of Fabricius:  

In the control group, bursa composed of 

tightly packed lymphoid follicles which 

consist of cortex and medulla. Follicles 

separated by connective tissue and 

covered with pseudostratified columnar 

epithelium (Fig.6A). E. coli infected 

group showed lymphocytolysis 

characterized by severe depletion and 

lysis of lymphoid cells, associated with 

appearance of multiple epithelial cysts 

and edema of subfollicular epithelium 

and in interfollicular connective tissue 

(Fig.6B). Propolis supplemented group 

showed intact surface epithelium, normal 

lymphoid tissue of cortex and medulla, 

normal interfollicular and subepithelial 

connective tissue (Fig.6C). E. coli-

propolis supplemented group showed 

mild focal lymphoid deplesion, mild 

subepithelial and inter follicular 

congestion and edema with small cyst 

formation (Fig.6D). 
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Figure (6): Histopathological changes of Bursa of Fabricius in different groups 

 

A: control group showing tightly packed lymphoid follicles consist of cortex and medulla 

(thin arrow), Separated by connective tissue (thick arrow) and covered with 

pseudostratified columnar epithelium (HE, 100x). 

B: E. coli infected group showing severe lymphoid depletion and lymphocytolysis (thick 

arrow), multiple epithelial cysts (thin arrow), and oedema and congestion of follicular 

surface epithelium and in interfollicular connective tissue (star). HE, 100x. 

C: propolis supplemented group showing intact surface epithelium (star), normal cortical and 

medullary lymphoid tissue (thin arrow) and normal subepithelial and interfollicular 

connective tissue (thick arrow). HE, 100x. 

D: E. coli-propolis supplemented group showing mild focal lymphoid deplesion (arrow), mild 

subepithelial congestion and oedema, small cyst formation (star). HE, 100x. 

 

Immunohistochemistry of CD79 in 

bursa and spleen and CD3A in 

thymus: 

The immune reactive CD79A positive 

cells in the spleen and bursa showed a 

significant increase in propolis 

supplemented groups (G2 and G3) when 

compared to the corresponding groups 

(G1 and G4). Detection of CD3A 

positive cytoplasmic reaction in the 

thymus showed a significant increase in 

propolis supplemented groups (G2 and 

G3) in comparison to the corresponding 

groups (G1 and G4). E.coli infected 

group showed a significant decrease of 

immune cells when compared to other 

groups (G2, G3, and G4). Fig.7 
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Fig. 7: Immunohistochemistry of CD79 in bursa and spleen and CD3A in thymus: 

 
Table 9: Number of possitive cells, CD79A in bursa and spleen, and CD3A in thymus. 
 

 G1(E.coli) G2(E.coli+Propolis) G3(Propolis) G4(control) 

CD79A in bursa 37.6±3.25d 65.8 ±2.41b 88.4±8.71a 62.5±2.75c 

CD79A in spleen 29.4 ±8.21d 58.21 ±7.3b 79.3± 2.01a 56.15± 3.36c 

CD3A in thymus 32.4 ± 8.63d 47.3 ± 4.1b 69.5 ± 5.23a 45.32 ± 3.73c 

 

Data was set as mean ± Standard error. Means within the same row with different superscripts 

are significantly different (P< 0.05). 
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DISCUSSION 

 
Propolis is a highly nutritive material 

containing vitamins, minerals and other 

chemicals. The present study was done to 

evaluate propolis as a feed additive to 

decrease the adverse effect of 

collibacillosis instead of using 

antibiotics. In this study E. coli caused 

26.6% mortality, sever clinical signs that 

extends for 2 weeks after infection and 

sever postmortem lesions. Similar results 

were obtained by Kumari et al. (2020) 

and Hams and Waleed (2018) whom 

recorded a mortality rate of 25.7% and 

25%, respectively when infect 7 days old 

broilers with E. coli. Several studies had 

recorded the ability of propolis to 

increase the survival rate of broilers. 

Klaric et al. (2018( found that the 

addition of propolis (0.5 g/ kg diet) 

resulted in significant decrease in the 

mortality rate (0%) when compared non 

supplemented group (10%). Also, 

Shalmany and Shivazad (2006) and 

Omar et al. (2002) recorded much lower 

mortality in broilers supplemented with 

propolis.  
 

The positive effect of propolis in 

decreasing the mortality (6.6%), severity 

of clinical signs and postmortem lesion 

and shortening of the duration of 

collibacillosis in E. coli-propolis 

supplemented group may be due to its 

powerful bactericidal properties. The 

Egyptian, Spanish and Greece propolis 

have the highest antimicrobial activity 

against E. coli when compared to 

Chinese, Bulgarian, Australian, Italian 

and Canadian propolis (Hegazi et al., 

2014). Dakahlia propolis showed the 

highest antibacterial activity against E. 

coli when compared to Ismailia and 

Sharkia propolis (Abd El Hady and 

Hegazi 2002). The positive effect of 

propolis may also be attributed to its 

ability to stimulate the immune system, 

improve macrophage activity and the 

functions of the lymphatic tissues (Cetin 

et al., 2010, Freitas et al., 2011, Shihab 

and Ali, 2012). Several previous studies 

on animals have showed that propolis or 

its flavonoids activate macrophages, 

increasing phagocytic capability and the 

release of microbicidal agents, such as 

nitric oxide and tumour necrosis factor-α 

(Orsi et al., 2000; Sforcin, 2007). 

propolis also enhance the resistance of 

chickens which lead to reduce mortality 

(Omar et al., 2002; Shalmany and 

Shivazad, 2006). 

 
E. coli caused a significant decrease in 

body weight when compared to control 

all over the experimental period, similar 

result was obtained by Kumari et al. 

(2020) when infect 7 days old chicks. 

The E. coli-propolis supplemented group 

showed a non significant increase in 

body weight during the 1st and 2nd week 

of age and after that showed a significant 

increase in body weight when compared 

to E. coli infected group which attributed 

to the antibacterial effect of propolis and 

early recovery of infection. Propolis had 

a significant effect on body weight and 

feed intake in propolis supplemented 

group. Klaric et al. (2018) reported a 

significant increase in average body 

weights of chickens supplemented with 

0.5g and 1g propolis/kg feed mixture all 

over the experimental period while 

Hassan et al. (2018) indicated that 

addition of 1gm, 2gm and 3gm of 

propolis/ kg of broiler diet had non 

significant effect on body weight until 

the 2nd week of age, which increased 

significantly from the 3rd week to the 6th 

week of age. A dose response effect of 

propolis on body weight was reported 

where the body weight was significantly 
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improved by increasing the dose of 

propolis in feed at 50, 100, 150, 200 and 

250 mg/ kg diet (Shalmany and 

Schivazad, 2006).  

 
Propolis improved the feed intake in 

propolis supplemented group in 

comparison to control group, but did not 

affect the FCR. An improvement in feed 

intake and FCR in chickens received 250 

mg and 400 mg of propolis was reported 

by Shalmany and Schivazad (2006) and 

Hassan and Abdulla (2011). On the other 

hand, Mahmoud et al. (2013) found that 

inclusion of different doses in broiler diet 

did not affect feed intake and FCR and 

significantly reduced body weight in 

comparison to control diet and had 

adverse effect on performance. Propolis 

improved both feed intake and FCR in E. 

coli-propolis supplemented group when 

compared with E. coli infected non 

supplemented group. Addition of 

propolis 1gm/kg of diet caused an 

improvement in feed intake and FCR in 

chickens exposed to lead toxicity and in 

laying hens reared under chronic heat 

stress (Tatli and Seven., 2008; Seven et 

al., 2011; Sevens et al., 2012). The 

improvement in feed intake and FCR was 

associated with enhanced flavor due to 

flavonoid content of propolis and 

improved digestion and nutrient 

absorption and metabolism leading to 

changes in blood concentrations of 

cholesterol, total protein, and amino acid 

(Tekeli et al., 2011; Abd El-Rahman and 

Mosaad, 2013; Attia et al., 2014). 

 
Propolis decreased the reisolation 

frequency of E. coli from internal organs 

and caused early clearance of infection, 

where E. coli cannot be reisolated after 

2nd week of age in E. coli-propolis 

supplemented group while still reisolated 

at the 5th week of age in E. coli infected 

group. Kumari et al. (2020) isolated E. 

coli from liver until 28 days post 

infection. The lower frequency of 

reisolation and early clearance of 

infection in infected supplemented group 

reflects the antibacterial activity of 

propolis. Several researchers reported the 

invitro antibacterial activity of propolis 

on E. coli (Abd El Hady and Hegazi 

2002; Hegazi et al., 2014). Propolis 

showed bacteriostatic activity against 

wide range of bacterial genera and 

possess a bactericidal activity in high 

concentrations (Mirzoeva et al., 1997 and 

Drago et al., 2000). Antibacterial 

properties of flavonoids occurs by 

interfering bacterial cell wall 

permeability and interaction with 

bacterial DNA (Bryan, 1982; Wilson and 

Gisvold, 1982). The antimicrobial 

activity of propolis is related to the 

synergistic effect of its compounds 

(Santos et al., 2002).  

 
Phagocytosis is essential for macrophage 

to remove invades and present antigens 

to T cells so it affects the cellular and 

humoral immunity (Yang et al., 2014). 

The effect of E. coli infection on 

phagocytic activity was reported by 

Hams and waleed (2018), E. coli caused 

a significant decrease in the phagocytic 

activity at the 2nd and 3rd week of age 

after infection of 7 days old chicks. 

Propolis improved significantly the 

phagocytic activity in both supplemented 

groups. Several authors have documented 

the role of propolis in improving the 

phagocytic activity (Eyng et al., 2013; 

Attia et al., 2017). Phagocytic activity 

was significantly enhanced by propolis 

flavonoids and tended to be a dose 

dependent (Yang et al., 2014). 

 

E. coli infection caused leukocytosis with 

lymphocytopenia and heterophilia. 
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Similarly, Umar et al. (2020) found a 

significant increase in the mean values of 

leukocytes and significantly increased 

heterophils with concurrent decrease in 

lymphocyte count in E. coli naturally 

infected birds when compared to age 

matched non infected birds. Tandal et al. 

(2019) revealed leukocytosis at 1st, 2nd 

and 3rd week post E. coli infection, 

heterophilia and significant decrease in 

lymphocytes at 1st and 2nd weeks post 

infection. Leukocytosis and heterophilia 

in E. coli infected birds could be due to 

subsequent inflammatory response to E. 

coli induced tissue damage (Patil, 2018). 

E. coli can induce marked lymphocyte 

depletion from bursa and thymus 

(Nakamura et al., 1990). 

 
Propolis caused leukocytosis with 

significant increase in lymphocytes and 

significant decrease of heterophils. Attia 

et al. (2017) found that propolis 

significantly increased the leukocytes, 

lymphocytes, heterophil while decreasing 

H/L ratio when administered in poultry 

feed continuously or intermittently. 

Propolis supplementation significantly 

increased lymphocytes and significantly 

decreased heterophils and H/L ratio in 

broiler chickens and laying hens (Ziaran 

et al., 2005; Galal et al., 2008). Propolis 

has anabolic effect, stimulate immune 

response, activate mitosis, promotes 

lymphocyte proliferation and enlarge 

immune organs (Fan et al., 2013; 

Giuragea et al., 1981). On the other hand, 

Eyng et al. (2013) and Hassan et al. 

(2018) observed no differences in the 

number of lymphocytes, Heterophils, 

basophils and monocytes or H/L ratio at 

21 and 42days after propolis 

supplementation at different doses in 

chicken feed. 

 

In the current study, E. coli infection 

caused a significant decrease in the 

Newcastle antibody titer during the 3rd, 

4th and 5th week of age. A higher 

Newcastle antibody titer was observed in 

vaccinated non infected birds when 

compared to vaccinated and E. coli 

infected one (Hegazy et al., 2010; 

Hassanin et al., 2014; Awad et al., 2019). 

These results confirmed the immune 

suppressive effect of E. coli. Propolis 

supplementation increased the Newcastle 

antibody titer all over the experimental 

period while a significant increase was 

seen at the 2nd and 3rd week only in 

propolis supplemented group and at the 

3rd week of age in E. coli-propolis 

supplemented group. (Eyng et al., 2013; 

Eyng et al., 2015) found that 

supplementation of propolis did not 

influence the antibody titer against 

Newcastle disease vaccine while 

Mohamed et al. (2019) reported a 

significant increase in serum antibody 

titer in propolis supplemented group at 

21, 28, 35, and 42 days of age. 

Supplementation of propolis 

continuously or intermittently in poultry 

feed significantly increase the antibody 

titter against Newcastle disease vaccine 

(Attia et al., 2017). Wang et al. (2004) 

and Taheri et al. (2005) reported the 

significant effect of propolis on serum 

antibody titer against NDV, AIV and 

IBDV and suggested that propolis may 

have a positive effect on humoral 

immunity. 

 
As has been shown by this study, 

propolis supplementation was the most 

favorable among the groups either 

infected or not with highest protein 

content and the lowest fat content in the 

breast muscle when compared to control 

group. This agreed with Haščík et al. 

(2016) who reported high protein content 
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(22.33±0.58 %) in breast muscle of 

broiler fed propolis 400 mg/kg of diet. 

El-Saadany (2017) mentioned that the 

beneficial effects of propolis on protein 

fractions may be due to its stimulating 

effect on the liver exhibiting an anabolic 

action favoring protein synthesis and its 

preserving effect to the body protein 

from degeneration. Also, it indicates a 

better retention of minerals (Ca, P), 

nitrogen and improved protein efficiency 

ratio (Khaksefidi, 2005). 

 
Normal pH values were detected in all 

groups ranged from 5.76–6.50 and there 

were no significant difference between 

groups. Normal  pH indicate the good 

quality of the chicken meat  since the pH 

values were not below 5.4 and not above 

7.0 when autolysis of meat appeared 

,these results are all in agreement with 

those obtained by Gunya et al. (2019). 

pH has an effect on other attributes of 

meat such as color (Drażbo et al., 2019), 

texture (Toomer et al., 2019), shelf life, 

and loss during thermal processing 

(Janković et al., 2020). 

 
As seen there was an increase on the 

moisture content of breast muscles in 

G2and G3 groups when compared to G1 

and G4 groups. The moisture content is 

considered an important factor for 

product sensory characteristics and this 

agreed with Rabie et al. (2018) who 

reported high moisture content in breast 

muscle for broiler fed propolis 400 

mg/kg diet by (78.3±0.9) and Haščík et 

al. (2016). The data on chemical 

composition of chicken breast meat were 

similar to those reported in previous 

studies, where various supplements were 

use. However, the data have shown 

positive effect of propolis on the 

chemical composition in breast muscle of 

the investigated parameters (in both 

propolis-supplemented groups) than 

those in the Ecoli infected and control 

groups. 

 
Bacterial contamination of broiler meat is 

mainly confined to the skin and/ or 

visceral cavity which occurs during 

washing, plucking and evisceration. 

Different bacterial genera were recovered 

from broiler meat (Odetunde et al., 

2011). The colonization pattern of the 

gastrointestinal tract of broiler chickens 

by microorganisms might be affected by 

type of diet (Halliwell and Gutteridge, 

2007). The anti-bacterial activity of 

propolis may be considered on two 

levels. First, it is connected with the 

direct action on the microorganism, and 

the other with stimulation of the immune 

system resulting in activation of natural 

defenses of the bird (Santos and 

González, 2017). This is in agreement 

with Bankova et al. (1995) who 

examined the activity of different 

fractions of Brazilian propolis towards 

Staphylococcus aureus, and observed 

that the antibacterial activity is mainly 

due to polar phenolic compounds. 

Melliou et al. (2007) reported that the 

volatiles of greek propolis inhibited four 

different species of Gram-negative 

bacteria (E. coli, E. cloacae, K. 

pneumoniae, P. aeruginosa). The 

ethanolic extract of Bulgarian propolis 

inhibited 90.9% of Gram-negative 

bacteria tested (Boyanova et al., 2006). 

Capasso, (2002) reported that propolis 

samples showed in vitro antimicrobial 

activity mainly against Gram-positive 

(Staphylococcus spp. and Streptococcus 

spp.) and Gram-negative bacteria 

(Escherichia coli, Klebsiella 

pneumoniae, Proteus vulgaris and 

Pseudomonas aeruginosa) (Bankova et 

al. 2007). 

 

https://www.sciencedirect.com/science/article/pii/S1871141321000020#bib0016
https://www.sciencedirect.com/science/article/pii/S1871141321000020#bib0011
https://www.sciencedirect.com/science/article/pii/S1871141321000020#bib0054
https://www.sciencedirect.com/science/article/pii/S1871141321000020#bib0023
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Propolis has different antibacterial 

mechanisms, including inhibition of cell 

division, collapsing microbial cytoplasm 

cell membranes and cell walls, inhibition 

of bacterial motility, enzyme 

inactivation, bacteriolysis, and protein 

synthesis inhibition (Fernandes Júnior et 

al., 2005). propolis exerts a bactericidal 

effects against Gram-positive 

microorganisms and a bacteriostatic 

effect against Gram-negative 

microorganisms and this difference could 

be attributed to variable cell wall and 

membrane structure of the corresponding 

organisms (Issam et al., 2018). It has 

been reoprted that the propolis had anti-

microbial properties against a wide range 

of Gram-positive bacterial pathogens and 

a usual effect against Gram-negative 

organisms as well as its signifcant 

antiviral action is due to its high contents 

of bio-flavonoids (Kamboh et al., 2017). 

Propolis fights diseases caused by 

Salmonella, Staphylococcus aureus, or 

Escherichia coli (Hascik et al., 2012). 

Propolis also had effect on normal 

gastrointestinal microflora which 

enhancing the beneficial bacteria and 

decreasing the pathogenic ones 

(Kačániová et al., 2012). Propolis, as a 

material composed to a large extent of 

plants secretions, is a rich source of 

cinnamic acid and esters. Many studies 

documented the antimicrobial activity of 

cinnamic acid against 

Vibrio spp.,  Ecoli,  L.monocytogene, 

Mycobacterium tuberculosis, Bacillus  

spp., Staphylcoccus spp. Streptococcus 

pyogenes, Micrococcus flavus, P. 

aeruginosa,  S.enterica  serotype 

Typhimurium, Enterobacter cloacae and 

Yersinia ruckeri (Yilmaz et al., 2018). 

The way propolis exerts its antimicrobial 

action is complex and occur, among 

other things, through inhibition of the 

bacterial growth by inhibiting of its 

enzymatic activity diminishing their 

effects on biological systems 

(Zeighampour et al., 2014). 

 

Sensory quality is crucial for consumer 

acceptance. Dietary supplementation is 

the key factor which can most easily be 

manipulated and has one of the most 

profound effects on sensory quality of 

meat (Joo et al., 2013). Sensory analysis 

either by people measure appearance, 

aroma, color, tast, texture, and sound or 

instruments measure physical or 

chemical characteristics of a product that 

can relate to the sensory experience 

(Lyon et al., 2010). 

 
In the present study organoleptic 

evaluation of the breast muscle were 

improved by addition of propolis to 

chicken feed. Color is one of the most 

important quality attributes, and is 

related to the functional properties of the 

meat, directly impacting consumer 

product selection and cooked product 

appearance. (Jiang et al., 2017). Where 

propolis supplemented groups represent a 

significant effect on the breast muscle 

color when compared to E. coli infected 

and control groups, as demonstrated in 

other similar studies (Saláková et al., 

2009; Sulcerová et al., 2011). The color 

of the meat is a feature that signifcantly 

determines its quality, as it is the first 

visual criterion for consumers to assess 

the appearance and attractiveness of 

meat. There by, the chicken breast 

muscle should be pink in color, and any 

deviation from this nuance is considered 

unacceptable to consumers (Garcia et al., 

2010). Meat tenderness is defined by the 

ease of mastication, which involves 

initial penetration by the teeth, the 

breakdown of meat into fragments and 

the amount of residue remaining after 

chewing (Kong et al., 2008). The 

obtained results agreed with Haščík et al. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=AL-Ani%20I%5BAuthor%5D&cauthor=true&cauthor_uid=29301368
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(2015) who suggested that the dietary 

supplementation of propolis could 

improve meat tenderness of broilers. 

Anyway, propolis has been shown as the 

most favourable  diet  supplement  in  

order  to  get  good  meat tenderness  as  

well  as  getting  the  lowest  roasting  

losses. 

 
The positive effect of propolis in 

improving sensory quality of chicken 

breast muscle in supplemented groups 

were corresponded with the finding of 

Haščík et al. (2011) who noted positive 

results of sensory evaluation of the breast 

of the Ross 308 chickens with the 

application of propolis extract in amount 

of 200, 300 and 400mg.kg-1 in the feed 

mixtures. 

 
In the current study, cardiac lesions were 

severe and diffuse in E. coli infected 

group. Similar results recorded by 

(Ghosh et al., 2006). While in E. coli-

propolis supplemented group, lesions 

were mild and focal, that may be 

attributed to propolis conistituents 

(CAPE, chrysin, acacetin) which has a 

cardioprotective role against the toxic 

doxorubicin by inhibiting the oxygen free 

radicals (Marcucci et al., 2000; 

Shalamany and Shivazad, 2006). 

Furthermore, propolis supplementation 

significantly reduces the concentration of 

triglycerides, cholesterol, nitric oxide, 

malonaldahyde, low density lipoproteins, 

and improves the levels of high density 

lipoprotein and superoxide dismutase 

activity which indicate that propolis 

could normalize the circulatory function 

(Huang et al., 2005; Nam et al.,2009). 

 
Lung in E. coli infected group, showed 

degenerative changes in parenchyma, 

edema, haemorrhage and diffuse 

infiltration of inflammatory cells in the 

bronchus wall and parabronchial lumen, 

these results were supported by (Tonu et 

al., 2011). On the other side, lung was 

mostly normal in E. coli-propolis 

supplemented group, this may be due to 

caffeic acid phenethyl ester that showed 

a marked reduction in the infiltration of 

inflammatory cells within the 

peribronchiolar and perivascular regions 

(Hegazi and Abd El Hady, 2002). 

 
Liver in E. coli infected group showed 

inflammatory and necrotic lesions, 

congested central vein and sinusoids with 

cellular infiltration around the portal 

area. These lesions may be due to E. coli 

endotoxin and vascular injury (Newairy 

and Abdou, 2013). The hepatic 

coagulative necrosis attributed to tissue 

hypoxia occasioned by vascular 

compromise (Abalaka et al., 2017). Liver 

in E. coli- propolis supplemented group 

showed mild hepatocytic vacuolar 

degeneration and mild focal congestion 

as propolis consist of (phenolics, 

diterpenes and bio-flavinoids) which 

consider as a strong hepatoprotective 

conistituents against CCl4 (carbon 

tetrachloride) which induces severe 

hepatocellular damage (Abd El Ghany 

and madian, 2011), and the long term 

intake of propolis could prevent the liver 

degeneration (El-Khatib et al., 2002). 

The small intestine is an important and 

vital organ responsible for the diet 

digestion and absorption of nutrients, any 

histological changes affect its function 

will affect the function of other organs 

and systems (Mahmoud et al., 2014). In 

the current study, the recorded lesions of 

intestine in E. coli infected group were in 

the form of degeneration, necrosis and 

desquamation of mucosal epithelia 

associated with severe inflammation, 

these results agree with Islam et al. 

(2003). Propolis supplemented groups 
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showed marked increasing of intestinal 

villi length and width with intact 

epithelium and hyperplasia of intestinal 

glands comparing to control and E coli 

infected groups, which leading to 

increase the intestinal surface area and 

improve the nutrients absorption and 

improve the weight gain as explained by 

Ahn et al. (2007). 

 
Histopathological examination of E. coli-

propolis supplemented group in all 

examined organs were mostly normal, 

these results explained by De Moura et 

al. (2011) and Woo et al. (2005) who 

reported that some propolis constituents 

(Quercetin, caffeic acid phenethyl ester 

(CAPE) and chrysin) have a mediating 

role against the chronic inflammation, by 

inhibiting gene expression of TNFα and 

reduces the synthesis of prostaglandis 

and leukotrienes. Moreover, propolis has 

the ability to inhibit the activation of 

NLRP3 inflamatory factors through 

decreasing the reactive oxygen species 

production and impair the expression of 

interleukin-1beta (Pushpavalli et al., 

2010; Izuta et al., 2009). 

 

In the current study, E. coli infected 

group showed a significant decrease in 

the immune reactive positive cells in 

spleen and bursa (CD79A), and in 

thymus (CD79A), these results supported 

by Abd El-Tawab et al. (2015) who 

recorded a significant decrease in 

phagocytic activity, phagocytic index and 

weight of bursa of Fabricius, thymus and 

spleen in E. coli infected broilers. 

Propolis supplemented groups showed  

enhancement of lymphocytic 

proliferation in lymphoid organ 

compared to control group, that agree 

with Hegazi and Abd El Hady (2002) 

who reported that propolis 

supplementation reflect in the lymphoid 

organs development and weight, 

impacting on immune function and 

disease resistance ability. 

 

CONCLUSION 
 

Escherichia coli infection is a major 

worldwide proplem due to increasing 

antibiotic resistance and increasing the 

hazard of spreading antibiotic resistance 

genes. Propolis efficiently decreased the 

adverse effect of E. coli infection, it 

decreased morbidity and mortality, 

increased significantly body weight and 

resulted in early recovery of E. coli 

infection. Also, it enhanced the 

phagocytic activity and ND antibody 

production. Moreover, the diversity of 

chemical bioactive compounds of 

propolis are responsible for the growth 

promotor, immune-modulatory, 

antibacterial, antiviral, antifungal 

activity. Furthermore it gives propolis an 

additional advantage as antibacterial 

agent, the combination of different active 

ingredients with different concentrations 

prevents the bacterial resistance from 

occurring. It also improves the poultry 

meat quality. So the use of propolis as a 

natural supplement in poultry feed would 

be promising in poultry industry. 
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صطناعيا ا ة اللحم فى بدارى التسمين المعداهتأثير البروبوليس على الاستجابة المناعية و جود

 بالميكروب القولونى 
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تم اجراء هذه الدراسة لتقييم تأثير البروبوليس على معدل النمو والاستجابة المناعي وجودة اللحم فى 

لى عمر يوم عشوائيا إكتكوت  021تم تقسيم عدد  داه اصطناعيا بالميكروب القولونى.بدارى التسمين المع

ه بالميكروب القولونى ساسية بدون اضافات ومعداوعات. المجموعة الأولى تحصل على عليقة أمجم 4

ليها البروبوليس بمعدل ثانية تحصل على عليقة اساسية مضاف إلايام. المجموعة أ 5عند عمر 

لمجموعة الثالثة تحصل على يام. اأ 5مجم/كجم من العليقة و معداه بالميكروب القولونى عند عمر 411

لمجموعة الرابعة مجم/كجم من العليقة وغير معداه. ا411ساسية مضاف اليها البروبوليس بمعدل ليقة أع

ى البروبوليس المجموعات الى تتلقفقط وتعمل كمجموعة ضابطة. اظهرت ساسية تحصل على عليقة أ

ادة عزل الميكروب عى فى معدل إنقص معنووزان ، نقص فى معدل الوفيات، زيادة معنوية فى الأ

لى تحسن معنوى فى معدل الداخلية و الشفاء المبكر من الإصابة. أدى البروبوليس إ عضاءالقولونى من الأ

المجموعتين الثانية والثالثة وكذلك زيادة معنوية فى كرات الدم البيضاء مع زيادة  التهام الخلايا فى كلا من

لى تحسن فى رد الفعل المناعى لتحصين النيوكاسيل . أدى البروبوليس إالهتيروفيلالليمفوسايت ونقص فى 

س زيادة فى نسبة فى كلا من المجموعتين الثانية والثالثة. أظهرت المجموعات المعاملة بالبروبولي

عند مقارنتها  فى صدور الدجاج وكذلك نقص معنوى فى الحمل البكتيرى نقص نسبة الدهونالبروتين و

 لى و الرابعة.وبالمجموعة الأ
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