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 The overuse of antibiotics in poultry farming has led to a significant rise in 

antimicrobial resistance (AMR), highlighting the urgent need for sustainable and 

effective alternatives to maintain quail health and productivity. This study explored 

the potential of Olive leaves' extract (OLE) as a natural antibiotic alternative for quails 

challenged with Salmonella. OLE is rich in beneficial compounds like polyphenols, 

flavonoids, and oleuropein, known for their antioxidant, antimicrobial, and anti-

inflammatory properties. Our research evaluated OLE's effects on growth 

performance, oxidative stress markers, molecular indicators of immune response, and 

histological variations in Salmonella-challenged quails. The results were highly 

encouraging: OLE significantly enhanced body weight gain, feed efficiency, and 

overall growth performance in treated quails compared to Salmonella-challenged 

controls. Moreover, OLE supplementation effectively reduced oxidative stress by 

lowering malondialdehyde (MDA) levels and boosting the activity of antioxidant 

enzymes such as superoxide dismutase (SOD) and glutathione peroxidase (GPx). At 

a molecular level, OLE upregulated the expression of immune-related genes, 

including those involved in inflammatory response and pathogen defense, indicating 

improved immune function. Histological analysis also revealed that OLE mitigated 

Salmonella-induced damage in intestinal tissues, promoting better gut health and 

integrity. Beyond these benefits, OLE enhanced the count of beneficial lactic acid 

bacteria (LAB) while decreasing pathogenic bacteria and even improved the meat 

color and taste quality. These findings collectively highlight the substantial potential 

of olive leaf extract as a sustainable and eco-friendly alternative to antibiotics in 

poultry production. By improving growth performance, reducing oxidative stress, 

modulating immune responses, and enhancing gut health, OLE offers a compelling 

alternative strategy to combat Salmonella infections and reduce reliance on 

conventional antibiotics. 
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INTRODUCTION 

 

Quail farming has grown into a major global 

agricultural activity, providing a significant source of 

animal protein for people worldwide (Reda et al., 2024a). 

Using natural additives like extracts, phytogenics, and 

essential oils in animal feed is a common practice (Nhara 

et al., 2025). These additions help reduce feed costs, 

improve the quality, productivity, and health of livestock 

products, and enhance various physiological traits (Surai, 

2014; Alagawany et al., 2021a,b; Reda et al., 2024b). 

These natural feed additives and their extracts are packed 

with active components that act as growth promoters and 

antimicrobial agents, providing numerous health and 

nutritional benefits for poultry (El-Hack et al., 2022a; El-

Sayed et al., 2024). Olive trees are packed with natural 

antioxidants like oleuropein, dimethyl oleuropein, 

ligostroside, and oleoside. They also contain various 

beneficial phenolic compounds such as caffeic acid, 

tyrosol, elenolic acid, catechol, rutin, tocopherols, and 

hydroxytyrosol. Also, flavonoids like apigHenin, 

kaempferol, and luteolin are found in olive trees. All these 

compounds have significant medicinal potential 

(Ghanbari et al., 2012). 
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Oleuropein, a powerful compound found in olive 

leaves, is a strong antioxidant with many health benefits 

(Gikas et al., 2007). Olive trees produce a lot of leaves 

when pruned-around 25kg per tree (Paiva-Martins et al., 

2009). Since the cellulosic material in these leaves can be 

harmful to the environment, using them as livestock feed 

offers significant economic and environmental benefits 

(Abo Omar et al., 2012). These leaves are also rich in 

oleuropein, a primary polyphenol, and its derivatives like 

hydroxytyrosol (Lee and Lee, 2010). 

Various diseases infest the poultry farm because of the 

overuse of antibiotics or the transition of infection 

(Nechitailo et al., 2024; El-Saadony et al., 2025). Among 

that, Salmonella Enteritidis (SE) is a major concern for 

poultry farmers, posing significant risks to both animal 

health and food safety (Mkangara, 2023). This particular 

strain of Salmonella is a leading cause of foodborne 

illness in humans, primarily due to consuming 

contaminated poultry products like eggs and meat (Galán-

Relaño et al., 2023). While adult poultry often show no 

visible symptoms of SE infection, young chicks can suffer 

from diarrhea, lethargy, dehydration, and stunted growth. 

A critical issue with SE is its ability to colonize the 

reproductive tract of laying hens. This means the bacteria 

can be passed directly into eggs, leading to contaminated 

eggs and a substantial risk to human health (Qosimah et 

al., 2021). In severe cases, SE infections can even lead to 

mortality, especially in young or immunocompromised 

birds (Schat and Skinner, 2022).  

Olive leaf extract (OLE), which comes from the leaves 

of the olive tree (Olea europaea), is gaining recognition as 

a natural and sustainable alternative to antibiotics for 

fighting bacterial infections in poultry, like Salmonella 

enteritidis (SE). OLE is packed with bioactive compounds 

such as oleuropein, hydroxytyrosol, and various 

polyphenols. These powerful ingredients work by 

disrupting the cell membranes of bacteria, preventing them 

from forming protective biofilms and interfering with their 

ability to multiply (Aksoy et al., 2023). This makes OLE 

particularly potent against SE. Because of its strong 

antimicrobial, anticoccidial, antioxidant, and anti-

inflammatory properties (Şen et al., 2023; Saeed et al., 

2023), OLE shows great promise for improving poultry 

health and reducing the risk of SE contamination in both 

eggs and meat. 

Many studies highlight the positive impact of Olive 

Leaf Extract (OLE) in poultry. For instance, Obied et al. 

(2005) found that Olea europaea L. leaf extracts possess a 

range of beneficial properties, including antimicrobial, 

anti-inflammatory, antithrombotic, antiatherogenic, and 

antioxidant activities. Jabri et al. (2017) observed that OLE 

effectively combated harmful intestinal bacteria. Similarly, 

El-Damrawy et al. (2013) reported that supplementing 

Mandarah chicks' diets with 2% olive leaf powder led to 

improved immunity, better serum chemical parameters, 

increased body weight, and enhanced feed conversion. 

Further supporting these findings, Jabri et al. (2017) also 

noted improved performance in broiler chickens when 

OLE was added to their drinking water at a rate of 10 mL/L. 

Research shows that oleuropein, an active compound 

in olive leaves, can significantly benefit poultry. For 

instance, Bahsi et al. (2016) found that feeding quails diets 

with 400ppm of oleuropein improved their productive 

performance and the lipid quality of their breast muscle. 

Similarly, Ahmed et al. (2017) observed better 

performance in laying hens when their diets were 

supplemented with oleuropein at 50, 100, and 150ppm. 

These results indicate that the beneficial compounds in 

olive leaves could be a promising way to modulate the 

intestinal microbial population and enhance growth 

performance in various poultry. 

While oleuropein and olive leaf extract are promising 

growth stimulants and alternative feed additives in poultry 

nutrition, further research is needed to fully understand 

their effectiveness, mechanisms of action, and 

antimicrobial properties. Although some studies have 

explored the effects of OLE and oleuropein as feed 

additives on growth performance, digestive enzymes, 

antioxidant parameters, antimicrobial activity, and 

immunity in quails (Bahsi et al., 2016), more research is 

needed. Therefore, this study aims to investigate the 

influence of three different dosages of OLE on growth, 

serum biochemistry, antioxidant status, immunity, 

intestinal bacterial composition, and digestive enzyme 

activity in Salmonella-challenged Japanese quails during 

the growing period. 

 

MATERIALS AND METHODS 

 

Preparation of olive leaves' extract: The olive leaves 

were collected during the winter (February) from a private 

farm. The collected leaves were thoroughly cleaned to 

remove impurities and then shade-dried under natural 

ventilation. Once dried, the leaves were ground into a fine 

powder using a Moulenix blender (France) equipped with 

a specialized size setting to ensure uniformity in the powder 

consistency. 

Ten grams of the olive leaves flour were mixed with 

200mL of 70% (v/v) aqueous ethanol and stirred for 2 

hours at 38°C using a thermo-shaker set to 180 rpm. The 

extract was centrifuged at 10000rpm for 5min to separate 

the residues; then, the supernatant was concentrated using 

a rotary evaporator (BUCHI, Germany), and the solvent 

was evaporated. The residues were lyophilized at -50°C 

and 0.028m bar using a heto-power dry lyophilizer (-80°C), 

and the powdered extract was obtained (Saad et al., 

2021a,b). The lyophilized extract was stored in glass 

bottles and refrigerated until further use, as Aytul, (2010) 

described. The phenolic compounds of OLE was found in 

Table 1. 
 

Table 1: Phenolic compounds profile in olive leaves extract (mg/g dry 

weight).  

Phenolic compound Nature Concentration mg/g 

Rutin Flavonol 1.2±0.01 

Luteolin Flavone 0.51±0.01 

Oleuropein Secoiridoid 82.11±1.3 

Quercetin Flavonol 0.44±0.01 

Protocatechuic acid Phenolic acids 1.3±0.2 

Caffeic acid ʺ 2.2±0.5 

Coumaric acid ʺ 2.5±0.3 

Gallic acid ʺ 2.45±0.4 

Syringic acid ʺ 0.11±0.02 

Ferulic acid ʺ 0.2±0.04 

Tyrosol Simple phenol 2.1±0.5 

Hydroxytyrosol Simple phenol 0.36±0.01 

p value <0.0001 
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Biological activities of OLE 

Antioxidant activity: The DPPH scavenging activity of 

OLE was estimated by Alsulami and El-Saadony (2024) 

with some modifications. After adding 100µL of ethanolic 

DPPH to 100µL of OLE (50, 100, 200, and 300µg/mL) and 

incubating for 30 minutes in the dark, the resulting color 

was measured using a microplate reader (517nm). The 

absorbance was incorporated into the subsequent equation.  

 

% DPPH scavenging activity=(Abs control-Abs 

sample)/(Abs control) x100  (1) 

 

Antimicrobial activity: Salmonella typhi, Salmonella 

enteritidis, Escherichia coli, and Bacillus cereus were used 

to measure the antibacterial activity of OLE. The microbial 

strains were kept at 4 °C by subculturing them on nutrient 

agar slants. The agar well-disc-diffusion method were used 

to assess the antibacterial activity of OLE. Following the 

addition of 50 ml of melted Muller-Hinton agar (MHA) to 

plates, a loopful of bacterial inoculum was distributed 

across the surface of each plate (Saad et al., 2021a). Each 

plate was punched with 8 mm wells and introduced 6 mm 

discs saturated with 50 μl of OLE levels (50, 100, 200, and 

300µg/mL). Negative control wells were discs with water. 

For 24–48 hours, MHA plates were incubated at 37°C 

(Thagfan et al., 2025). Diameters of the resulting inhibition 

zones (mm) indicated antibacterial activity. 

 

Experimental design, birds, and diets: 500 Japanese 

quail chicks were housed in electrically heated batteries 

and received the standard diet (24% crude protein, 2900 

kcal ME/kg) until 10 days of age, following NRC (1994) 

guidelines. At 10 days old, 360 unsexed quail chicks 

weighed 60.46 g and were allocated to six treatments (60 

birds per group, six replicates of 10 birds each). The control 

group received the basal diet, the Salmonella-challenged 

group, while the following three groups received basal diet 

supported with OLE at 100, 200, and 300 ppm, 

respectively, and the Salmonella-challenged group and 

treated with OLE 300 ppm. Each quail was wing-banded 

on day 10, and the birds were then transferred to cages (60 

× 40 × 25cm³). Throughout the experimental period, the 

quails were kept under continuous illumination and had 

feed and water. The basal diet's ingredients and chemical 

composition are shown in Table 2. The OLE was manually 

incorporated into the diets in a two-step mixing process to 

ensure homogeneity. The mixed diets were stored in sealed, 

labeled bags to preserve the additives' efficacy (Khubeiz 

and Shirif, 2020). 

The Salmonella challenge was conducted as follows: 

Salmonella enteritis strain is typically grown in Luria 

Bertani (LB) broth at 37°C for 24h to reach a high 

concentration of viable bacteria. The bacterial 

concentration is determined by serial dilution and plating 

on Xylose Lysine Desoxycholate (XLD) agar medium to 

count Colony Forming Units (CFU/mL). The bacterial 

suspension is then diluted to the desired challenge dose 

(107 CFU/quail) using sterile phosphate-buffered saline 

(PBS).  

Quails were fasted for 10 hours before inoculation. 

This can temporarily alter gut conditions, potentially 

increasing susceptibility to infection by reducing gut 

motility and gastric acid. However, this also causes stress 

and must be weighed against welfare considerations and 

research objectives. A specific volume of 0.5mL of the 

Salmonella inoculum, containing the calculated challenge 

dose, is administered directly into the crop of each quail 

using a sterile gavage needle or cannula attached to a 

syringe (Marcq et al., 2011). 
 

Growth performance: Birds were weighed individually at 

the beginning of the study, & feed intake (FI, g) per cage 

was reported through period time of quails (10–38 days of 

age). The uneaten feed was discarded, and the body weight 

gain (BWG, g), feed conversion ratio (FCR), growth rate 

(GR), and performance index (PI) were calculated using the 

following equations (North, 1972): 
 

BWG10 − 38 =  BW38 −  BW10 (1) 

FCR =  FI (g) −  BWG(g)  (2) 

   (3) 

PI =  
BWG (g)

𝐹𝐶𝑅
  (4) 

 

Table 2: Composition and calculated analysis of basal diet fed to growing 

Japanese quail. 

Ingredients % 

Yellow corn 53.5 

Soybean meal (44 %) 30.5 

Corn gluten meal (60%) 9.5 

Wheat Bran 1.5 

Vegetable oil 0.5 

DL-methionine 0.20 

L-Lysine hydrochloride 0.30 

Salt (NaCl) 0.50 

Vitamin and mineral premix* 0.50 

Limestone 1.00 

Di calcium phosphate 2.00 

Total 100 

Calculated Analysis**  

Metabolizable energy (kcal/kg) 2900 

Crude fiber % 3.60 

Crude protein % 24.11 

Available P% 0.39 

Calcium % 1.24 

Lysine 1.35 

Methionine 0.62 

Methionine + Cystine 0.89 

  
Blood incidences: On day 38 of the experimental period, 

blood samples were collected from three randomly selected 

quails from each replicate after slaughter. Slaughter was 

performed by jugular vein severance according to Islamic 

methods. Forty-eight blood samples were collected into 

clean, dry centrifuge tubes and centrifuged at 5000rpm for 

20min to separate the serum. The serum samples were 

stored at -20°C in Eppendorf tubes until analysis. 

Lipid Profile: Total cholesterol, triglycerides, HDL 

cholesterol, and LDL cholesterol were measured using the 

method described by James (2001). Antioxidant Status: 

Total antioxidant capacity (TAC), glutathione peroxidase 

(GPx), and thiobarbituric acid-reactive substances 

(TBARS) were measured following the method of Paglia 

and Valentine (1967). Superoxide dismutase (SOD) 

activity in whole blood hemolysates was determined 

spectrophotometrically using an automatic biochemical 

analyzer (RX Daytona, Randox Laboratories) and the 

Ransod kit (Randox Laboratories), based on the method of 

McCord and Fridovich (1969).  
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Liver Enzymes: Alanine aminotransferase (ALT) and 

aspartate aminotransferase (AST) levels were determined 

using the method described by Friedman and Young 

(2005). Digestive Enzymes: Amylase and lipase activities 

were assayed according to Friedman and Young (2005), 

while trypsin levels were determined using a Bovine 

Trypsin ELISA Kit (MBS706461). Immunoglobulins: IgG, 

IgA, and IgM levels were measured using a Sandwich 

ELISA, with absorbance read at 450 nm on an ELISA plate 

reader (Erhard et al., 1992). 
 

Gut microbial count: 1 g of the intestinal component was 

separated and homogenized in 9mL of saline solution to 

obtain a 10-1 dilution. Serial dilutions were done until a 

concentration of 1x104. 0.1 ml of the diluted solution was 

distributed in five different culturing media: MacConkey 

and MRS agar was used to count E. coli, and Lactobacillus, 

respectively. Salmonella load was counted on Brilliant 

Green Agar (BGA) plates, and total bacterial count (TBC) 

& the count of molds and yeasts were evaluated on Plate 

Count Agar (PCA) and Sabouraud Dextrose Agar (SDA), 

respectively (Reda et al., 2020; Alagawany et al., 2025). 

The microbial counts were estimated as colony-forming 

units per gram (CFU/g) sample. 

 

Histological studies: Intestinal and liver tissues were 

collected, fixed in 10% formalin for 48 hours, and then 

processed using an automated tissue processor. Following 

fixation, tissues were washed in distilled water for 30 min 

and then dried using different immersions in alcohol with 

different concentrations (70% for 120 minutes and 90% for 

90 minutes). The dehydration was cleared by applying 

numerous cycles of xylene. Briefly, tissues were 

submerged in xylene (50%) for 60 min and alcohol (50%), 

then pure xylene for an additional 90min. The tissues 

were put with melted paraffin wax, sealed, and then 

paraffin was cut into sections with a thickness of 4-5µm 

and then stained with Hematoxylin & Eosin (Suvarna et al., 

2020).  

 

Statistical analysis: All data were acquired in triplicate 

and presented as mean ± SE. Then, they were statistically 

analyzed by SPSS (version 16.0, SPSS Inc., Chicago, IL, 

USA) using a one-way ANOVA & LSD test to assess 

significant differences at P<0.05. 

 

RESULTS  

 

Biological activities of olive leaves' extract: The provided 

figures clearly illustrate the significant biological activities 

of olive leaf extract (OLE), specifically its antioxidant and 

antibacterial properties, both of which are dose-dependent. 

Fig. 1 demonstrates that OLE possesses potent antioxidant 

activity, measured by its ability to scavenge DPPH free 

radicals. As the concentration of OLE increases from 

50µg/mL to 300 µg/mL, its antioxidant activity 

progressively rises, with the highest efficacy observed at 

300µg/mL (over 90% antioxidant activity), which is 

significantly higher than the lower concentrations (P<0.05 

as indicated by different superscripts). 

Fig. 2 showcases OLE's strong antibacterial activity 

against several common pathogenic bacteria: B. cereus, S. 

enteritidis, E. coli, and S. typhi. Across all tested 

concentrations (50 to 300µg/mL), OLE consistently 

produced inhibition zones, suppressing bacterial growth. 

Notably, the antibacterial efficacy generally increased with 

higher OLE concentrations, reaching its peak at 300µg/mL 

for most tested bacteria. For instance, at 300µg/mL, OLE 

showed the largest inhibition zone diameters against S. 

enteritidis (approximately 40 mm) and B. cereus (over 30 

mm), significantly outperforming lower concentrations. 

While the effectiveness varied slightly among bacterial 

species, with S. enteritidis often showing the highest 

susceptibility, the overall trend confirms OLE's broad-

spectrum antibacterial properties.  

 

 
 

Fig. 1: Antioxidant activity of olive leaves extract against DPPH free 
radicals. 
 

 
Fig. 2: Antibacterial activity of olive leaves extract against pathogenic 
bacteria. 

 

Effect of OLE on Growth Parameters: The data in Table 

3 demonstrate the detrimental impact of Salmonella 

infection on quail growth performance. Comparing the 

Control group (healthy quails) with T4 (Salmonella-

challenged quails), a significant reduction is observed 

across most growth parameters. Specifically, T4 quails 

exhibited a statistically lower final body weight (FBW), 

body weight gain (BWG), and feed efficiency (FCR), 

alongside an increased feed intake (FI) compared to the 

Control, suggesting that the infection impaired nutrient 

utilization and growth. For instance, the Control group had 

a BWG of 180±0.2g, while the Salmonella-challenged T4 

group had a significantly lower BWG of 175.4±0.9 g 

(P<0.0001). Similarly, the performance index (PI) was 

notably reduced in the Salmonella-challenged group (T4: 

138±2.8) compared to the healthy control (Control: 

121.3±1.0), further highlighting the negative consequences 

of the infection on overall productivity. The increase in 

feed intake (FI) for T4 (341±1.2g) compared to the control 

(352±2.3g), despite reduced weight gain, indicates poor 
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feed conversion due to the infection. These findings 

underscore that Salmonella infection severely 

compromises the growth and efficiency of quails, likely 

due to inflammation, nutrient malabsorption, and increased 

energy expenditure as the immune system combats the 

pathogen. On the other hand, among the various treatments, 

T3 (300 ppm OLE) stands out as the most effective in terms 

of enhancing growth performance in healthy quails. This 

group consistently achieved the highest values for final 

body weight (FBW: 239.2±1.0g), body weight gain (BWG: 

194±1.0g), and performance index (PI: 149.8±1.5), all with 

high statistical significance (P<0.0001). While feed intake 

(FI) was numerically higher in T3 compared to the control  

 

Impact of OLE on digestive enzymes: Table 4 illustrates 

the significant impact of dietary olive leaf extract (OLE) on 

the serum digestive enzyme activity in quails. All measured 

enzymes—Amylase, Lipase, and Trypsin-showed highly 

significant differences across treatments (P<0.0001). The 

control group exhibited the lowest enzyme activities. 

Notably, OLE supplementation in healthy quails (T1, T2, 

T3) led to a dose-dependent increase in all three digestive 

enzymes, with the highest activities observed in the T3 

group (300ppm OLE), reaching 520±2.0 for Amylase, 

28±0.7 for Lipase, and 40±0.7 for Trypsin. Interestingly, 

while the Salmonella-challenged group (T4) showed 

enzyme levels comparable to or slightly above the control, 

the group challenged with Salmonella and treated with 300 

ppm OLE (T5) demonstrated significantly higher enzyme 

activities (e.g., Amylase 500±3.2, Lipase 26±0.6, Trypsin 

33±0.3), although not always reaching the levels of the 

healthy T3 group. 
 

Impact of OLE on Blood biochemical parameters: OLE 

supplementation in healthy quails (T1, T2, T3) 

progressively decreased AST and ALT levels in a dose-

dependent manner, with T3 (300ppm OLE) showing the 

lowest values (175±1.9 U/L for AST and 1.8±0.1 U/L for 

ALT. Conversely, the Salmonella-challenged group (T4) 

exhibited elevated AST (266±3.2U/L) and ALT 

(3.5±0.1U/L) compared to the control. However, treatment 

with OLE 300ppm in Salmonella-challenged quails (T5) 

significantly reduced these elevated levels, bringing them 

closer to or even below control values (AST 187±1.2U/L, 

ALT 2.0±0.1U/L. Uric acid levels followed a similar trend, 

decreasing with OLE in healthy quails and increasing with 

Salmonella but significantly reduced by OLE in the 

challenged group.  

For the Lipid profile, highly significant differences 

were observed for Total Cholesterol (TC), LDL, HDL, and 

Abdominal fat. OLE supplementation (T1, T2, T3) 

consistently led to a dose-dependent reduction in TC, LDL, 

and Abdominal fat while increasing beneficial HDL levels. 

The T3 group achieved the most favorable lipid profile, 

with the lowest TC (95±1.8mg/dL), LDL (18±0.2mg/dL), 

and Abdominal fat (0.71±0.0%) and the highest HDL 

(98±1.1mg/dL). In contrast, the Salmonella-challenged 

group (T4) showed higher TC, LDL, and Abdominal fat 

and lower HDL compared to the control, indicating a 

negative impact on lipid metabolism. Encouragingly, T5 

(Salmonella-challenged + 300 ppm OLE) effectively 

mitigated these negative effects, significantly lowering TC, 

LDL, and Abdominal fat and increasing HDL. 

 

Impact of OLE on immunity: The data for IgG and IgA 

show highly significant differences across treatments 

(P=0.001). In healthy quails, olive leaf extract (OLE) 

supplementation (T1, T2, T3) led to a dose-dependent 

increase in both IgG and IgA levels. The T3 group (300 

ppm OLE) exhibited the highest concentrations of both 

immunoglobulins (IgG: 1095±3.2mg/dL; IgA: 

203.6±1.2mg/dL), suggesting a strong immunostimulatory 

effect of OLE. Conversely, the Salmonella-challenged 

group (T4) showed slightly lower IgG (941±3.6 mg/dl) and 

IgA (171±2.3mg/dL) compared to the control, indicating a 

potential suppression or dysregulation of the immune 

response due to infection. Importantly, the T5 group 

(Salmonella-challenged + 300ppm OLE) demonstrated a 

significant improvement in immunoglobulin levels (IgG: 

1088±3.5 mg/dl; IgA: 198.2±1.7mg/dL), bringing them 

close to or even surpassing the healthy control group. 
 

The role of OLE in regulating the Intestinal microbes: 

Fig. 3 clearly illustrates OLE's profound impact on gut 

microbial populations, as evidenced by changes in bacterial 

counts. For pathogenic bacteria, the Salmonella challenge 

in T4 notably elevated Salmonella counts (reaching over 

5.0 log CFU/g), but subsequent OLE treatment in T5 

resulted in a substantial decrease in Salmonella to below 

1.0 log CFU/g, representing an approximate 80% 

reduction. Similarly, E. coli counts, while high in the 

control and T4 (around 5.0 log CFU/g), generally showed 

a reduction in OLE-treated groups (T1, T2, T3) and a 

significant decrease in T5. Conversely, beneficial Lactic 

Acid Bacteria (LAB) counts exhibited a clear increase with 

OLE  supplementation,  particularly  in   T2,   T3,   and  T5, 
 

Table 3: Effect of dietary treatments OLE on growth performance Parameters of Salmonella-challenged quails 

Parameters Age (d) Control T1 T2 T3 T4 T5 p-value 

LBW (g) 10 45±0.1 45.1±0.0 44.8±0.5 45.1±0.2 44.6±0.2 44.5±0.0 0.9 
FBW (g) 38 230.0±0.9b 225.0±0.9c 235.0±2.2ab 239.2±1.0a 220±1.5e 231.0±2.1b <0.0001 
BWG (g) 10-38 185±1.1c 180±0.2d 190±1.6b 194±1.0a 175.4±0.9e 186±1.9c <0.0001 
FI (g) 10-38 359.0±2.1c 352.0±2.3d 360.0±1.4b 366.2±2.1a 341±1.2e 355.0±0.9cd <0.0001 
FCR 10-38 1.62±0.1c 1.66±0.2c 1.71±0.5b 1.75±0.1a 1.59±0.6e 1.6±0.2c 0.04 
GR 10-38 195.6±1.1b 194.2±1.2b 196.3±1.2b 197.3±1.3a 186±2.1e 192±3.2c 0.035 
PI 10-38 132.5±0.6c 121.3±1.0d 142.6±1.0b 149.8±1.5a 138±2.8e 141.3±2.0b <0.0001 

 
Table 4: Effect of dietary treatments OLE on serum digestive enzymes of quails 

Treatments Amylase Lipase Trypsin p value 

Control 320±2.1d 15±0.9d 28±0.2c <0.0001 
T1 410±3.2c 19±0.1c 31±0.5bc <0.0001 
T2 490±2.1bc 25±0.5b 35±0.4b <0.0001 
T3 520±2.0a 28±0.7a 40±0.7a <0.0001 
T4 450±3.0c 16±0.9 29±0.8c <0.0001 
T5 500±3.2b 26±0.6ab 33±0.3b <0.0001 
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Table 5: Effect of dietary treatments OLE on serum kidney and liver function, lipid profile and immunity parameters of quails 

Serum parameters 
Treatments (mg/kg)  

p value 
Control T1 T2 T3 T4 T5 

Liver and Kidney functions  

AST (U/L) 252±2.1a 222±3.0b 210±3.0c 175±1.9e 266±3.2 187±1.2d <0.0001 
ALT (U/L) 3.1±0.2a 2.8±0.2b 2.1±0.2c 1.8±0.1d 3.5±0.1 2.0±0.1c <0.0001 
Creat (mg/dl) 0.31±0.01 0.33±0.02 0.34±0.01 0.27±0.00 0.36±0.02 0.33±0.01 0.99 

Uric acid (mg/dl) 5.3±0.3a 4.70±0.6b 4.39±0.2c 3.7±0.3d 5.6±0.5 4.4±0.5c 0.001 

Lipid profile 

TC (mg/dl) 133±1.1a 126±0.8b 120±1.2b 95±1.8d 139±1.1 105±1.5c <0.0001 
LDL (mg/dl) 45±0.2a 33±0.4b 27±0.8c 18±0.2d 49±0.6 25±0.8c 0.001 
HDL (mg/dl) 92±0.6c 94±0.8b 95±0.7b 98±1.1a 75±0.8 94.2±0.5b 0.001 

Abdominal fat 1.3±0.1a 1.0±0.2ab 0.88±0.01b 0.71±0.0c 1.41±0.2 0.84±0.01b 0.001 

Immunity 

IgG (mg/dl) 953.3±4.2e 1050±5.1d 1071±1.6c 1095±3.2a 941±3.6 1088±3.5b 0.001 
IgA (mg/dl) 175.8±0.9e 187.2±1.1d 190.3±1.4c 203.6±1.2a 171±2.3 198.2±1.7b 0.001 
T3 (ng/dl) 2.35±0.0 2.32±0.1 2.31±0.2 2.30±0.0 2.33±0.1 2.35±0.1 0.9 
T4 (ng/dl) 135.1±1.1 134.3±1.9 134±0.9 136±0.8 133±1.5 131.6±1.1 0.5 

 
Fig. 3: Effect of dietary OLE on the intestinal microbial count of quails. 
TBC, total bacterial count; TYMC, total yeast and mold count; E coli: 

Escherichia coli CFU/g: logarithm of colony forming unit per gram of 
digesta LAB: Lactobacillus spp. T1, OLE 100µg/kg; T2 OLE 200µg/kg; T3, 
OLE 300µg/kg; T4, OLE 300µg/kg+ Salmonella infected groups. 

 

compared to both the control and the challenged T4 group, 

where LAB was comparatively lower. For instance, in T5, 

LAB counts were notably higher, showing an approximate 

200% increase compared to the diminished levels in T4. 

 

The impact of OLE on the histology of the liver and 

intestine: Fig. 4 shows different intestinal sections of non-

infected, OLE-treated, and Salmonella-challenged quails. 

The histology of the control, T1, T2, and T3 groups revealed 

typical structures of the intestines. In contrast, the 

Salmonella-infected group (T4) exhibited exfoliation of the 

gastrointestinal lining and a significant infection of the 

intestinal tissues (black arrows and star). Fig. 4 F suggests a 

reduction in Salmonella infection within the intestinal lining 

and the presence of very few counts. 

The liver histology of Salmonella-challenged quails is 

presented in Fig. 5. The OLE treatments enhance the 

structure of liver tissues, which shows normal structure as 

the control (Fig. 5A, B, C and D). Fig. 5E shows cellular 

swelling, a reversible increase in cell volume, which can 

occur due to toxic, infectious, or immune insults. This 

swelling, characterized by increased cell size and a clearer 

appearance, is often accompanied by the formation of small 

vacuoles or clear spaces within the cytoplasm. These 

changes are a consequence of cellular injury and an 

increase in water content within the cell; however, the OLE 

treatment mitigates these impacts and recovers the normal 

tissues (Fig. 5F). 

Impact of OLE on quails' meat quality: Table 6 details 

the significant effects of dietary olive leaf extract (OLE) on 

the physicochemical, sensory, and color properties of quail 

meat. For Chemical composition, most parameters showed 

significant differences (P≤0.041). OLE supplementation 

(T1, T2, T3) generally led to a dose-dependent increase in 

Moisture and Protein content, with T3 (300 ppm OLE) 

showing the highest values (66.7% moisture, 23.5% 

protein). Conversely, Fat and Ash content consistently 

decreased with increasing OLE dosage, with T3 having the 

lowest fat (7.7%) and ash (0.32%). The Salmonella-

challenged group (T4) had moisture, protein, and fat levels 

comparable to or slightly different from the control. 

However, OLE treatment in Salmonella-challenged quails 

(T5) generally improved these parameters, increasing 

moisture and protein and reducing fat, although not always 

reaching the levels of healthy T3 quails. pH generally 

increased with OLE and in T5, while TVBN (Total Volatile 

Basic Nitrogen) and TBA (Thiobarbituric Acid Reactive 

Substances), indicators of spoilage and lipid oxidation, 

were significantly reduced by OLE (T1-T3, T5). In terms 

of Sensory properties, all parameters (Juiciness, 

Tenderness, Aroma, Taste) showed significant differences 

(P≤0.032). The Salmonella-challenged group (T4) 

generally exhibited the lowest scores for all sensory 

attributes, suggesting reduced meat quality due to 

infection. In contrast, OLE supplementation (T1, T2, T3) 

and, particularly in the T5 group (Salmonella-challenged + 

300 ppm OLE), generally led to improved sensory scores, 

indicating enhanced palatability, with T3 often showing the 

best results, similar to the control for Juiciness and Taste. 

For Color properties, only 'a (redness) and 'b' (yellowness) 

values showed significant changes (p≤0.046), while 'L' 

(lightness) remained largely unaffected. OLE generally 

decreased 'a and 'b' values in a dose-dependent manner (T1, 

T2, T3), suggesting less redness and yellowness. 

Interestingly, T5 also showed reduced 'a and 'b' values 

compared to T4. 

 

DISCUSSION 

 

Salmonella infection, particularly caused by 

Salmonella Enteritidis (SE), is a significant concern in 

poultry farming, including Japanese quails (Coturnix 

japonica). Conventional antibiotics have been widely used 

to control Salmonella infections, but their overuse has led 

to the emergence of antimicrobial resistance (AMR), 

posing risks to both animal and human health (Collignon et 

al., 2016; El-Hack et al., 2022 b,c). Therefore, finding eco-
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Fig. 4: The intestine epithelium in quails (A) control; (B) dietary OLE 100mg/kg 'quails' group, (C) dietary OLE 200 mg/kg 'quails' group, (D) dietary 
OLE 300µg/kg 'quails' group; (E) Salmonella-challenged groups (F) Salmonella-challenged quails and received dietary OLE 300mg/kg. stain was 

hematoxylin-eosin (H&E); Scale bar 100μm. 

 

 
 

Fig. 5: The liver histology in quails (A) control; (B) dietary OLE 100mg/kg 'quails' group, (C) dietary OLE 200mg/kg 'quails' group, (D) dietary OLE 
300mg/kg 'quails' group; (E) Salmonella-challenged groups (F) Salmonella-challenged quails and received dietary OLE 300mg/kg. stain was hematoxylin-

eosin (H&E); Scale bar 100μm. 

 
Table 6: Effect of dietary treatments OLE on physiochemical, sensorial and color properties of 'quails' meat 

Parameters 
Treatments (mg/kg) 

P value 
Control T1 T2 T3 T4 T5 

Chemical composition  

Moisture 62.5±0.9c 64.9±1.1b 63.6±1.3b 66.7±1.6a 62.9±0.7c 63.1±2.1b 0.001 
Protein 20.5±0.2c 21.2±0.2b 20.6±0.8c 23.5±0.7a 21.0±0.5b 20.2±0.5c 0.041 
Fat 13.5±0.1a 10.3±0.3b 10.2±0.4b 7.7±0.1c 12.9±0.3ab 9.2±0.2bc 0.001 
Ash 0.88±0.01ab 0.45±0.01c 0.78±0.01b 0.32±0.01d 0.91±0.01a 0.33±0.0d 0.001 

pH 5.7±0.2c 6.0±0.2c 6.2±0.2b 6.7±0.0a 5.2±0.6d 6.4±0.1b 0.001 
TVBN 6.8±0.4ab 5.6±0.9b 5.0±0.2bc 4.4±0.6c 7.1±0.4a 4.8±0.1c 0.001 
TBA 0.75±0.0b 0.44±0.01c 0.45±0.06c 0.26±0.02e 0.88±0.03a 0.37±0.02d 0.003 

Sensory properties  
Juiciness 9±0.0a 8.7±0.1b 8.4±0.2c 9±0.0a 8.0±0.1d 8.1±0.2d 0.025 
Tenderness 8.7±0.1b 8.5±0.0bc 8.5±0.1bc 8.8±0.1a 8.0±0.2c 8.2±0.1c 0.031 

Aroma 8.5±0.0a 8.2±0.2b 8.0±0.4b 8.6±0.1a 7.7±0.0c 7.8±0.3c 0.032 
Taste 8.6±0.2a 8.3±0.3c 8.6±0.0a 8.7±0.1b 7.7±0.2d 7.9±0.1d 0.012 

Color properties  
L 58±0.2 58.2±0.8 58.8±0.9 58.5±1.1 58.1±0.3 58.3±0.5 0.06 
a 6.2±0.3a 5.6±0.1b 5.4±0.2b 5.2±0.5c 6.0±0.1 5.4±0.2bc 0.041 

b 14.5±0.1b 15.0±0.5a 15.5±0.2a 15.4±0.1a 14.2±0.2 14.6±0.1b 0.046 
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friendly alternatives that act as antibiotics is critical, where 

Abdel-Moneim et al. (2022) used Spirulina platensis to 

improve the broiler performance. This work examines the 

promise of olive leaf extract (OLE) as a natural, sustainable 

substitute for conventional antibiotics in controlling 

Salmonella infection in Japanese quails. We investigate its 

influence on growth performance, oxidative stress, 

molecular markers, and histological changes. 

Investigations on olive waste extract reveal distinct 

outcomes across poultry species. In Japanese quails, 

researchers have observed consistent improvements in 

growth performance, body weight, feed intake, and egg 

production when these supplements are included in their 

diets (Salem et al., 2022). 

For broilers, the results are less uniform. High levels 

of OLE (7.5% and 15%) have been associated with 

diminished digestibility and metabolizable energy (Adams 

et al., 2022). Although suggestions for safe inclusion levels 

range from 5% in the finisher phase (Papadomichelakis et 

al., 2019) to 10% overall (Sayehban et al., 2016), an older 

study by El-Hackemi et al. (2007) found no significant 

impact on broiler weight gain or carcass weight even at 

15% OLE inclusion. 

In this study, the addition of OLE often enhances 

growth performance. This improvement is likely due to its 

active compounds, such as oleuropein and its derivatives 

(Altiok et al., 2008). Furthermore, olive leaf extract boasts 

various pharmacological activities, including antioxidant 

and anti-inflammatory properties (Carluccio et al., 2003). 

Toghyani et al. (2011) also suggest that OLE 

supplementation might boost productive performance by 

altering caecal microflora and blood metabolites (Zeng et 

al., 2015). Our findings align with Erener et al. (2020), who 

reported that broilers on diets with 150, 300, and 600 ppm 

of OLE showed higher daily body weight gain than those 

on the basal diet. 

Bahsi et al. (2016) observed improved quail 

performance with oleuropein supplementation. Similar 

positive effects were noted in broilers by El-Damrawy et 

al. (2013) and Jabri et al. (2017), and in laying hens by 

Cayan and Erener (2015) and Ahmed et al. (2017). Oke et 

al. (2017) also demonstrated that broilers receiving 15mL 

of OLE had significantly better final live body weight and 

weight gain compared to lower doses (10mL, 5mL) and 

control groups. These results suggest OLE is a viable feed 

additive for growth promotion, partly due to its 

antimicrobial properties (Ocak et al., 2008; Amad et al., 

2011). 

Birds fed olive leaves also showed superior European 

production index values, linked to better livability and feed 

conversion ratio (FCR) (Varmaghany et al., 2013). 

However, some studies present contrasting views. Xie et al. 

(2022) found no significant change in broiler average daily 

gain until OLE supplementation exceeded 0.3% of the 

basal diet. Similarly, Sarica and Toptas (2014) reported no 

discernible growth-promoting effects from increasing 

levels of oleuropein in quail diets. Tarek et al. (2013) also 

noted no substantial performance differences in broilers fed 

various OLE levels. 

Regarding feed intake (FI) and FCR, quails fed diets 

containing 300 and 600 ppm of OLE had significantly 

lower feed intake with the best FCR. This FCR 

improvement might stem from OLE's good flavor and 

palatability, enhanced digestive enzyme activity, and 

improved nutrient absorption. It could also be linked to 

modifications in intestinal bacteria (Toghyani et al., 2011; 

Zeng et al., 2015) and changes in studied blood metabolites 

(Jemai et al., 2008) when OLE is included in the diet. 

The dietary OLE significantly influenced the total lipid 

profile, liver functions, and digestive enzymes. 

Specifically, chicks on a diet supplemented with 300 ppm 

OLE showed noticeably lower total cholesterol (Chol) and 

very-low-density lipoprotein (VLDL) levels. Quails 

receiving the same 300 ppm OLE diet exhibited the lowest 

levels of triglycerides (TG) and low-density lipoprotein 

(LDL), alongside the highest high-density lipoprotein 

(HDL) levels. Furthermore, both 300 and 600ppm OLE 

diets significantly affected liver enzymes (ALT and AST), 

but without a notable impact on liver MDA levels. This 

beneficial effect likely stems from the antioxidant 

properties of oleuropein, hydroxytyrosol, and oleuropein 

aglycone, which neutralize free radicals by halting reactive 

oxygen species activity and capturing radicals before they 

damage cells (Srinivasan et al., 2007; Liaqat et al., 2023). 

Scientific research further supports that many phenolic 

compounds found in OLE can reduce serum and liver 

triglycerides (Romani et al., 1999). This is attributed to 

their ability to alter cholesterol metabolism. This 

cholesterol-lowering effect is achieved through several 

mechanisms: reduced intestinal absorption of dietary 

cholesterol, decreased cholesterol production in the liver, 

increased biliary cholesterol secretion, and enhanced fecal 

excretion of cholesterol (Rezar et al., 2015). 

Similarly, Erener et al. (2009) observed that broilers 

fed an OLE-supplemented diet had the lowest serum 

cholesterol levels. Additionally, Sarica and Topbas (2014) 

reported that a diet enhanced with 200ppm oleuropein 

reduced serum total cholesterol and LDL levels. This 

reduction in serum and triglyceride levels is primarily due 

to oleuropein, a key phenolic component in olive leaf 

known for its hypocholesterolemic properties. In this 

context, hydroxytyrosol and oleuropein in olive leaves are 

known to block the enzyme 3-hydroxy-3-methyglutaryl 

coenzyme A, which is crucial for cholesterol synthesis, and 

to prevent LDL oxidation (Cayan and Erener, 2015). 

Krzeminski et al. (2003) suggested that the reduction 

in serum cholesterol in OLE-treated chicks might be due to 

decreased cholesterol absorption from the intestines and 

reduced liver cholesterol synthesis. Sung et al. (2004) also 

noted that isoflavone contents in OLE inhibit the catalytic 

domain of 3-hydroxy-3-methyl glutaryl (HMG) CoA 

reductase, an enzyme vital for cholesterol synthesis. 

Research into the effects of olive oil and olive leaf products 

on poultry lipid concentrations shows varied results. While 

Mahmoud et al. (2013) observed a significant reduction in 

overall lipid concentration with olive oil supplementation, 

LDL levels remained unaffected. Conversely, Bahrani et 

al. (2012) found that chicks fed a diet with 3% olive oil had 

lower LDL triglyceride concentrations and notable 

variations in HDL levels. El-Damrawy et al. (2013) 

similarly reported that olive leaf powder significantly 

reduced serum cholesterol and triglycerides in birds. 

Parsaei et al. (2014) further supported this, showing that 

olive leaf powder led to a significant decrease in serum 

levels of triglycerides, cholesterol, LDL, VLDL, HDL, and 

hepatic enzymes in chickens. 
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However, some studies present mixed findings, where 

Ahmed et al. (2017) noted an increase in total cholesterol 

levels in birds given 150ppm of oleuropein, yet lower LDL 

and triglyceride levels were recorded at 100 and 150ppm, 

with HDL levels showing no substantial change across 

treatments. Erener et al. (2020) found that chicks fed diets 

with OLE at 75, 150, and 600ppm had higher triglycerides 

and HDL, but lower LDL, with no change in cholesterol 

levels compared to the control. Additionally, El-Bahra and 

Ahmed (2012) reported that adding 2% olive oil to broiler 

diets did not significantly impact cholesterol, triglyceride, 

or VLDL levels. More recently, Xie et al. (2022) found that 

OLE supplementation did not significantly affect serum 

cholesterol, LDL, HDL, or the HDL/LDL ratio in chicks. 

Studies by Zhang et al. (2013, 2021) and Yu et al. 

(2015) indicate that birds fed fermented Ginkgo leaves 

show higher levels of protease and lipase enzymes, leading 

to better nutrient absorption in the gut. This improvement 

is likely due to enhanced villus height and an increased 

villus height-to-crypt depth ratio. Furthermore, Wenk 

(2002) suggested that polyphenols can boost intestinal 

enzyme function by reducing harmful gut microorganisms. 

Our findings align with Polzonetti et al. (2004), who 

reported that supplementing diets with oleuropein 

increased pepsin activity. These beneficial effects of olive 

leaf extract (OLE) may stem from its ability to enhance 

digestive enzymes, stimulate appetite and food intake, 

provide antimicrobial and antifungal protection, guard 

against diseases, and ultimately improve overall animal 

performance. 

Some studies have shown no significant changes in 

blood parameters, including glucose, cholesterol, 

triglycerides, and liver enzymes when OLE is in the quail's 

diet (Elsokkary et al., 2020). However, other studies have 

observed alterations in blood parameters, such as increased 

levels of antioxidant enzymes and improved lipid profiles 

(Ahmed et al., 2019; Salem et al., 2022). All OLE 

treatments significantly impacted both antioxidant 

parameters and immunological indices. Diets 

supplemented with OLE notably increased immune 

responses, along with glutathione peroxidase (GPx) and 

superoxide dismutase (SOD) activity. Concurrently, they 

reduced thiobarbituric acid-reactive substances (TBARS) 

and plasma malondialdehyde (MDA) compared to the 

control diet. Specifically, the group treated with 600 ppm 

of OLE showed the most pronounced positive effects on 

GPx, TBARS, SOD, plasma MDA, IgG, IgA, and IgM. 

These findings are consistent with the known biological 

properties of OLE, which include anti-inflammatory, 

antioxidant, and anticancer features (Selim et al., 2022; 

Magyari-Pavel et al., 2024). Likewise, Itumeleng et al. 

(2023) observed no impact on plasma biochemical 

parameters in jumbo quails fed on OP at levels of 200 and 

250g/kg. Furthermore, the data presented indicates higher 

levels of plasma antioxidant enzymes when olive pomace 

is included in the diet. This finding aligns with research by 

Ibrahim et al. (2021), who found increased total antioxidant 

capacity, total superoxide dismutase, and glutathione 

peroxidase in broilers fed diets containing enzymatically 

fermented olive pomace at levels of 15% and 30%. The 

elevated serum antioxidants attributed to olive pomace are 

due to its phenolic compounds with antioxidant activities. 

such as oleuropein, oleacein, oleocanthal, tyrosol, and 

hydroxytyrosol, which can reduce alpha-tocopherol 

radicals (Rigacci and Stefani, 2016; Constantina et al., 

2018). 

Our results are consistent with El-Damrawy (2011), 

who observed that OLE significantly enhanced plasma 

SOD activity and reduced TBARS. The substantial SOD 

levels found could reflect a marked improvement in the 

oxidative status and general health of Mandarah chicks. 

Oke et al. (2017) also found that birds receiving 15mL of 

OLE showed similar plasma SOD levels to those given 10 

mL, both of which were superior to the 5mL group and the 

untreated control. 

Silvan et al. (2021) and Pennisi et al. (2023) suggest 

that the antioxidants in OLE neutralize free radicals by 

halting their chemical reactions. Furthermore, treatments 

with varying amounts of oleuropein significantly increased 

SOD levels compared to the control, with the highest SOD 

observed in groups receiving the largest amount of 

oleuropein. Younan et al. (2018) reported a notable 

increase (P<0.05) in total antioxidant capacity (TAC) and 

a significant decrease (P<0.05) in MDA with increasing 

OLE in the diet. 

Similarly, Ahmed et al. (2017) demonstrated that 

laying hens fed an oleuropein-supplemented diet exhibited 

considerable improvements (P<0.01) in SOD and TAC 

levels, alongside a substantial reduction in MDA. This 

underscores that OLE and olive leaf are rich sources of 

polyphenols, recognized for their antioxidant potential 

(Jemai et al., 2008). Agah et al. (2019) also noted improved 

blood GPx levels in chicks fed 200 ppm OLE, and a 

significantly lower blood MDA level in birds given 400 

ppm OLE compared to the challenged control group. 

Our current study found that adding OLE to quail diets 

significantly improved their gut health (p≤0.001). This was 

evident through a notable increase in beneficial intestinal 

bacteria, specifically Lactobacillus (Ibrahim et al., 2024). 

We also observed increased gut viscosity and a decrease in 

intestinal pH. Conversely, the populations of harmful 

bacteria like Salmonella and E. coli decreased compared to 

the control group. Notably, quails fed diets supplemented 

with 300 and 600 ppm of OLE had the lowest counts of E. 

coli and Salmonella and the highest Lactobacilli numbers. 

These quails also showed increased intestinal viscosity and 

pH. 

These findings highlight that olive leaf and OLE are 

rich in phytochemicals, making them excellent sources of 

antioxidants (Silva et al., 2006; Jemai et al., 2008). In the 

poultry industry, the use of herbs and plant-derived 

products is increasingly recognized for their antimicrobial 

effects, which effectively control and limit the growth of 

various pathogenic and non-pathogenic bacteria in the gut 

(Reda et al., 2021; El-Shall et al., 2022; El-Saadony et al., 

2022). It's well-documented that olive leaf can inhibit 

several Gram-negative and Gram-positive bacteria, as well 

as yeast and parasites (Markin et al., 2003). 

Erener et al. (2020) further supported this, reporting 

that most tested OLE doses, excluding the 300ppm group, 

reduced E. coli counts compared to the control. 

Importantly, these treatments didn't harm beneficial 

Lactobacillus species, while all OLE levels showed 

significant antibacterial effects against Clostridium spp. 

and S. aureus populations compared to the control. 
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Considering existing in vitro (Markin et al., 2003; 

Sudjana et al., 2009) and in ovo (Jabri et al., 2017) studies, 

alongside our current research, OLE shows strong potential 

as a non-antibiotic growth promoter. Jabri et al. (2017) 

specifically noted that an aqueous olive leaf extract at 

10mL/L not only exhibited antimicrobial activity against 

certain cecal pathogenic bacteria (total germs and 

coliforms) but also significantly stimulated Lactobacillus 

growth. Early work by Aziz et al. (1998) established that 

oleuropein and other phenolic compounds completely 

inhibit Escherichia coli. Moreover, Sudjana et al. (2009) 

indicated that oleuropein helps regulate gastric flora by 

selectively reducing Campylobacter jejuni, Helicobacter 

pylori, and methicillin-resistant Staphylococcus aureus 

(MRSA). 

Xie et al. (2022) observed that a 0.3% OLE group in 

broilers led to a decrease in Escherichia coli and a 

significant increase in Lactobacillus and Bifidobacterium. 

These positive shifts in gut microbiota can greatly enhance 

broiler gut health, contributing significantly to improved 

meat quality (Chen et al., 2019; Dev et al., 2020). 

Additionally, reducing Escherichia and Shigella 

abundance in broiler ceca (Eeckhaut et al., 2016) is 

promising for better gut health and could even help reduce 

issues like woody breast development (Zhang et al., 2021). 

Certain cell surface proteins from Lactobacillus are 

known to prevent Escherichia coli from multiplying by 

immobilizing it (Tsou et al. 2017). Similarly, olive leaf 

extract (OLE) contains compounds such as secoiridoids, 

flavonoids, and simple phenols that significantly reduce E. 

coli populations by disrupting their cell walls and 

cytoplasmic membranes (Rodrıguez et al. 2009). It's worth 

noting, however, that the diverse compounds within OLE 

often work together, making it difficult to isolate the exact 

contribution of each to its overall effects (Vezza et al., 

2019). 

Prior studies indicate that OLE offers significantly 

higher antioxidant activity than vitamins C and E, thanks to 

the combined action of its flavonoids, oleuropeosides, and 

substituted phenols (Benavente-Garcı et al., 2000). Within 

this context, oleuropein and hydroxytyrosol are particularly 

important for balancing gut microbiota and strengthening 

gut barrier function (Sarica and Urkmez, 2016). 

The mechanism by which polyphenols inhibit E. coli 

growth may involve their binding to bacterial cell 

membranes, which then impairs membrane functions like 

permeability and the proton motive force by affecting H+-

ATPase (Lin et al., 2005; Cardona et al., 2013). 

Conversely, beneficial bacteria like Lactobacillus and 

Bifidobacterium can actually metabolize these phenols as 

substrates for their own growth, potentially providing them 

energy and even improving their uptake of nutrients, 

especially carbohydrates (Garcıa-Ruiz et al., 2008). 

Therefore, introducing polyphenols into poultry feed can 

influence both the diversity and levels of bacteria in the 

caecum. 

Because of the antioxidant and antimicrobial 

efficiency of OLE, the dietary olive leaf extract (OLE) has 

demonstrated promising effects on the meat quality of 

quails, primarily due to its rich content of bioactive 

compounds like oleuropein and hydroxytyrosol. These 

powerful antioxidants play a crucial role in mitigating lipid 

oxidation in meat, which is a major factor in reducing shelf 

life and developing undesirable off-flavors and odors. 

Studies indicate that OLE inclusion can lead to lower levels 

of malondialdehyde (MDA), a common marker of lipid 

peroxidation, and enhanced antioxidant enzyme activities 

in quail meat (Xie et al., 2022). This improved oxidative 

stability contributes to better preservation of color, flavor, 

and overall sensory attributes during storage, extending the 

freshness of the meat (Hazaa et al., 2019; Hlatshwayo et 

al., 2023). Beyond its antioxidant properties, OLE's 

antimicrobial characteristics may also help reduce 

microbial spoilage, further contributing to improved meat 

hygiene and extended shelf life. While the exact optimal 

inclusion levels and the specific impact on various meat 

quality parameters continue to be areas of active research, 

the current evidence strongly supports OLE as a valuable 

natural additive for enhancing quail meat quality. 

 

Conclusions: Salmonella infection poses a significant 

threat to poultry health and productivity. Salmonella can 

cause a range of issues in quails, including reduced growth 

rates, decreased feed conversion efficiency, and increased 

mortality. The bacteria can damage the intestinal lining, 

impairing nutrient absorption and leading to diarrhea. 

Salmonella infection also triggers an immune response, 

diverting energy from growth and potentially 

compromising the bird's overall health. Furthermore, 

Salmonella contamination of poultry products risks human 

health, making control strategies crucial. Therefore, 

interventions that can mitigate the negative impacts of 

Salmonella and promote gut health, like the use of OLE in 

this study, are of considerable importance in quail 

production. This study suggests that dietary 

supplementation with olive leaf extract (OLE) at 300 and 

600 ppm levels can positively influence various aspects of 

Japanese quail health and productivity. The results indicate 

improved productive performance, enhanced antioxidant 

capacity, beneficial effects on blood biochemical and 

immunological parameters, and a positive impact on 

intestinal microbiota composition. Therefore, OLE may be 

a valuable natural growth stimulant and health promoter for 

use in Japanese quail rearing. 

 

Authors contribution: Safia M.A. Bahshwan: 

conceptualization, project administration, funding 

acquisition, writing the original draft, writing – review, and 

editing. 

 

Declaration of interests: The author declares that she has 

no known competing financial interests or personal 

relationships that could have appeared to influence the 

work reported in this paper. 

 

REFERENCES 
 
Abdel-Moneim AME, Shehata AM, Selim DA, et al., 2022. Spirulina platensis 

and biosynthesized selenium nanoparticles improve performance, 

antioxidant status, humoral immunity and dietary and ileal microbial 

populations of heat-stressed broilers. J Therm Biol 104:103195. 

Abo Omar JM, Daya R and Ghaleb A, 2012. Effects of different forms of 

olive cake on the performance and carcass quality of Awassi lambs. 

Anim Feed Sci Technol 171:167-172. 

Adams CB, Souza O, Agilar JC, et al, 2022. Energy values of brewer’s grains 

and olive pomace waste for broiler chickens determined using the 

regression method.  Agriculture 12:444. 



Pak Vet J, 2025, 45(2): 592-604. 
 

602 

Agah MJ, Mirakzehi MT, and Saleh H, 2019. Effects of olive leaf extract 
(Olea europea L.) on growth performance, blood metabolites and 
antioxidant activities in broiler chickens under heat stress. J Anim 

Plant Sci 29(3):657-666. 
Ahmed AA, Saleh AA, Attia AI, et al., 2019. Effect of dietary olive 

cakesupplementation with or without enzyme on growth 

performance, carcass characteristics, nutrient digestibility, and blood 
parameters in Japanese quail. Environ Sci Pollut Res 26(6):5940-
5948. 

Ahmed MM, El-Saadany AS, Shreif EY, et al., 2017. Effect of dietary olive 
leaves extract (oleuropein) supplementation on productive, 
physiological and immunological parameters in bandarah chickens 2-

during production period. Egypt Poult Sci J 37:277-292. 
Aksoy A, SM, Dmour H, Qaralleh WS, et al., 2023. An in vitro antimicrobial 

activity of Beauveria bassiana secondary metabolites. Pak J Agri Sci 
60(3):331-336.  

Alagawany M, El-Saadony MT, Elnesr SS, et al., 2021a. Use of lemongrass 
essential oil as a feed additive in quail's nutrition: its effect on 
growth, carcass, blood biochemistry, antioxidant and immunological 

indices, digestive enzymes and intestinal microbiota. Poult Sci 
100(6):101172. 

Alagawany M, Madkour M, El-Saadony MT, et al., 2021b. Paenibacillus 

polymyxa (LM31) as a new feed additive: Antioxidant and 
antimicrobial activity and its effects on growth, blood biochemistry, 
and intestinal bacterial populations of growing Japanese quail. Anim 

Feed Sci Technol 276:114920. 
Alagawany M, Reda FM, Mahmoud HK, et al., 2025. Application of 

prodigiosin pigment extracted from Serratia marcescens as a 

functional feed additive for improving quail performance and health. 
Ital J Anim Sci 24(1):1280-1293. 

Alsulami MN, and El-Saadony MT, 2024. The enhancing effect of bacterial 
zinc nanoparticles on performance, immune response, and 

microbial load of nile tilapia (Oreochromis niloticus) by reducing the 
infection by Trichodina heterodentata. Pak Vet J 44(3):599-610. 

Altiok E, Baycin D, Bayraktar O, et al., 2008. Isolation of polyphenols from 

the extracts of olive leaves (Olea europaea L.) by adsorption on silk 
fibroin. Sep Purif.Technol 62:342-348. 

Amad AA, Männer K, Wendler KR, et al., 2011. Effects of a phytogenic feed 

additive on growth performance and ileal nutrient digestibility in 
broiler chickens. Poult Sci 90:2811-2816.  

Aytul KK, 2010. Antimicrobial and antioxidant activities of olive leaf 

extract and its food applications. Turkey, Msc. Thesis, Graduate 
School of Engineering and Sciences of Izmir Institute of Technology. 

Bahrani AHM, Zaheri H, Soltani N, et al., 2012. Effect of the administration 

of Psidium guava leaves on blood glucose, lipid profiles and sensitivity 
of the vascular mesenteric bed to Phenylephrine in streptozotocin-
induced diabetic rats. Int J Diabetes Mellit 2(01):138-145. 

Bahsi M, Ciftci M, Simsek ÜG,  et al., 2016. Effects of olive leaf extract 

(oleuropein) on performance, fatty acid levels of breast muscle and 
some blood parameters in Japanese quail (Coturnix coturnix Japonica) 
reared in different stocking densities. Ankara Univ Vet Fak Derg 63: 

61-68. 
Carluccio MA, Siculella L, Ancora MA, et al., 2003. Olive oil and red wine 

antioxidant polyphenols inhibit endothelial activation: 

Antiatherogenic properties of Mediterranean diet phytochemicals. 
Arterioscler. Thromb Vasc Biol 23:622-629. 

Cayan H and Erener G, 2015. Effect of olive leaf (Olea europaea) powder 

on laying hens performance, egg quality and egg yolk cholesterol 
levels. AsianAustralasian J Anim Sci 28:538-543.  

Constantina N, Lytoudi K and Zabetakis I, 2018. Evaluation of olive 
pomace in the production of novel broilers with enhanced in vitro 

antithrombotic properties. Eur J Lipid Sci.Technol 120:1-7. 
El-Bahra SM and Ahmed AS, 2012. Effect of vegetable oil on growth, lipid 

profile and immunological response in broiler chicken fed iso-

energetic diet. Revista Cientifica UDO Agricola J 12: 202-207. 
El-Damrawy SZ, 2011. Alleviate the oxidative stress in aged rabbit bucks 

by using olive leave extract. Egypt. Poult Sci 31: 737-744. 

El-Damrawy SZ, Khalifah MM and Fares WA, 2013. Dietary olive leaf and 
antioxidative status in chickens ―performance, some physiological 

traits and immunological responses of Mandarah chicks 
supplemented olive leaves powder in their diets. Egyptian Poult Sci 
J 33(1):279-287.  

El-Hachemi A, El-Mecherfi KE, Benzinebe K, et al., 2007. Supplementation 
of olive mill wastes in broiler chicken feeding. Afr J Biotechnol 
6:1848-1853. 

El-Hack ME, Alqhtani AH, Swelum AA, et al., 2022b. Pharmacological, 
nutritional and antimicrobial uses of Moringa oleifera Lam. leaves in 
poultry nutrition: an updated knowledge. Poult Sci 101(9):102031. 

El-Hack ME, El-Saadony MT, Elbestawy AR, et al., 2022a. Hot red pepper 
powder as a safe alternative to antibiotics in organic poultry feed: 
An updated review. Poul Sci 101(4):101684. 

El-Hack ME, El-Saadony MT, Shafi ME, et al., 2022c. Prebiotics can restrict 
Salmonella populations in poultry: a review. Anim Biotechnol 33(7): 
1668-1677. 

El-Saadony MT, Saad AM, Yang T, et al., 2023. Avian Campylobacteriosis, 
prevalence, sources, hazards, antibiotic resistance, poultry meat 
contamination and control measures: A comprehensive review. 

Poult Sci 102(9):102786. 
El-Saadony MT, Salem HM, El-Tahan AM, et al., 2022. The control of poultry 

salmonellosis using organic agents: an updated overview. Poult Sci 

101(4):101716. 
El-Saadony MT, Salem HM. Attia MM, et al., 2025. Alternatives to 

antibiotics against coccidiosis for poultry production: the 
relationship between immunity and coccidiosis management-a 

comprehensive review. Ann Anim Sci 10:2478. 
El-Sayed HS, Saad AS, Tawfik WA, et al., 2024. The role of turmeric and 

black pepper oil nanoemulsion in attenuating cytokine storm 

triggered by duck hepatitis A virus type I (DHAV-I)-induced 
infection in ducklings. Poult Sci 103(3):103404. 

El-Shall A, Abd El-Hack ME, Albaqami NM, et al., 2022. Phytochemical 

control of poultry coccidiosis: a review. Poult Sci 101(1):101542. 
Elsokkary I, Sayed M, Rizk F, et al., 2020. Dietary inclusion of olive cake 

andenzyme on performance, carcass characteristics, gut 

histomorphology, and blood biochemical parameters of Japanese 
quail. Environ Sci Pollut Res 27(24):30453-30461 

Erener G, Ocak N, Oztürk E, et al., 2009. The Effects of olive leaf extract 

on performance, some blood parameters and cecal microflora of 
broilers. TUBITAK, TOVAG-107O820 final report of the project. 

Erener G, Ocak N, Ozturk E, et al., 2020. Evaluation of olive leaf extract 
as a growth promoter on the performance, blood biochemical 

parameters, and caecal microflora of broiler chickens. R Bras Zootec 
49:e20180300. 

Erhard MH, Von Quistorp I, Schranner I, et al., 1992. Development of 

specific enzyme-linked immunosorbent antibody assay systems for 
the detection of chicken immunoglobulins G, M, and a using 
monoclonal antibodies. Poult Sci 71(2):302-310.  

Friedman RB and Young DS, 2005. Effects of disease on clinical laboratory 
tests. Columbia University Press.  

Galán-Relaño Á, Valero Díaz A, Huerta Lorenzo B, et al., 2023. Salmonella 

and salmonellosis: An update on public health implications and 
control strategies. Animals 13:3666. 

Ghanbari R, Anwar F, Alkharfy KM, et al., 2012. Valuable nutrients and 

functional bioactives in different parts of olive (Olea europaea L.)-a 
review. Int J Mol Sci13 (3):3291-3340. 

Gikas E, Bazoti FN and Tsarbopoulos A, 2007. Conformation of 
oleuropein, the major bioactive compound of Oleaeuropea. J Mol 

Struct 821:125-132. 
Hashemipour H, Kermanshahi H, Golian A, et al., 2013. Effect of thymol 

and carvacrol feed supplementation on performance, antioxidant 

enzyme activities, fatty acid composition, digestive enzyme activities, 
and immune response in broiler chickens. Poult Sci 92: 2059-2069. 

Hazaa IK, Ibrahim ZY, Khalil NK, et al., 2019. The effect of olive leafs and 

seed water extract for different levels on body performance of 
Japanese quails. Plant Archives 19(1):1071-1074.  

Hlatshwayo IS, Mnisi CM and Egbu CF, 2023. Effect of dietary olive (Olea 

europea) pomace on productive performance, and physiological and 
meat quality parameters in Jumbo quail. Sci Rep13(1):6162. 

Ibrahim D, Moustafa A, Shahin SE, et al., 2021. Impact of fermented or 
enzymatically fermented dried olive pomace ongrowth, expression 

of digestive enzyme and glucose transporter genes, oxidative 
stability of frozen meat, and economic efficiency of broiler chickens. 
Front  Vet  Sci 8:644325. 

Ibrahim HM, Salem HM, Alamoudi SA, et al., 2024. Evaluating the 
bactericidal activity of various disinfectants against Pseudomonas 
aeruginosa contamination in broiler chicken hatcheries. Pak Vet J 

44(3): 683-690. 
Itumeleng SH, Mnisi CM and Egbu CF, 2023. Effect of dietary olive 

(Oleaeuropea) pomace onproductive performance, and physiological 

and meat quality parameters in Jumbo quail. Sci  
Rep 13:6162. 

Jabri J, Kacem H, Yaich H, et al., 2017. Effect of Olive leaves extract 

supplementation in drinking water on zootechnical performances 
and cecal microbiota balance of broiler chickens. J New Sci Sustain 
Livest Manag 4:69-75. 

James I, 2001. Executive summary of the third report of the national 

cholesterol education program (NCEP) expert panel on detection, 



Pak Vet J, 2025, 45(2): 592-604. 
 

603 

evaluation, and treatment of high blood cholesterol in adults (Adult 
Treatment Panel III). J Am Med Assoc 285 (19):2486-2497. 

Jemai H, Bouaziz M, Fki I, et al., 2008. Hypolipidimic and antioxidant 

activities of oleuropein and its hydrolysis derivative-rich extracts 
from Chemlali olive leaves. Chem Biol Interact 176: 88-98. 

Khubeiz MM and Shirif AM, 2020. Effect of coriander (Coriandrum sativum 

L.) seed powder as feed additives on performance and some blood 
parameters of broiler chickens. Open Vet J 10(2):198-205. 

Krzeminski R, Gorinstein S, Leontowicz H, et al., 2003. Effect of different 

olive oils on bile excretion in rats fed cholesterol-containing and 
cholesterolfree diets. J Agric Food Chem 51:5774–5779. 

Lee OH and Lee BY, 2010. Antioxidant and antimicrobial activities of 

combined phenolics in oleaeuropaea leaf extract. Bioresource 
Technolol 101:3751–3754. 

Liaqat S, Yousaf M, Ahmad F, et al., 2023. Impact of poultry oil 
supplementation on liver health and fatty liver syndrome in caged 

layers. Pak J Agri Sci 60(3):401-407. 

Magyari-Pavel IZ, Moacă EA, Avram Ș, et al., 2024. Antioxidant extracts 
from Greek and Spanish olive leaves: antimicrobial, anticancer and 

antiangiogenic effects. Antioxidants 13(7):774. 
Mahmoud R, Ibrahim D and Badawi M, 2013. Effect of supplementation of 

broiler diets with guava leaves and/or olive oil on growth, meat 

composition, blood metabolites and immune response. Benha Vet 
Med J 25(2):23-32. 

McCord JM and Fridovich I, 1969. Superoxide dismutase. An enzymic 

function for erythrocuprein (hemocuprein). J Biol Chem 244(22): 
6049-6055. 

Mkangara M, 2023. Prevention and control of human Salmonella enterica 

infections: An implication in food safety. Int J Food Sci 2023: 8899596. 

Nechitailo КS, Sizova EA, Lebedev SV, et al., 2024. Causes, mechanisms of 
development and manifestations of antibiotic resistance in poultry 

farming, consequences and methods of overcoming. World's Poult 
Sci J 80(2):453-479. 

Nhara RB, Musara C. Charambira T. et al., 2025. Role of phytogenic feed 

additives on animal product quality and acceptance-a review. Trop 
Anim Health Prod 57(5):1-14. 

North MO. 1972. Commercial Chicken Production Manual. AVI Publishing 
Company. 

Obied HK, Allen MS, Bedgood DR, et al., 2005. Bioactivity and analysis of 
Biophenols recovered from olive mill waste. J Agric Food Chem 53: 

823-837. 

Oke OE, Emeshili UK, Iyasere OS, et al., 2017. Physiological responses and 
performance of broiler chickens offered olive leaf extract under a 
hot humid tropical climate. J Appl Poult Res 26 (3):376-382. 

Paglia DE and Valentine WN, 1967. Studies on the quantitative and 
qualitative characterization oferythrocyte glutathione peroxidase. J 
Lab Clin Med  70:158-169. 

Paiva-Martins F, Barbosa S, Pinheiro V, et al., 2009. The effect of olive leaves 
supplementation on the feed digestibility, growth performances of 
pigs and quality of pork meat. Meat Sci 82:438-443. 

Papadomichelakis G, Pappas AC, Tsiplakou E, et al., 2019. Effects of dietary 
dried olive pulp inclusion on growth performance and meat quality 
of broiler chickens. Livest Sci 221:115-122. 

Parsaei S, Amini Z & Houshmand M, 2014. Effects of olive leaf on blood 

metabolites and humoral immunity response of broiler chickens. Int 
J Adv Biol Biomed Res 2:741-751. 

Pennisi R, Ben Amor I, Gargouri B et al., 2023. Analysis of antioxidant and 

antiviral effects of olive (Olea europaea l.) leaf extracts and pure 
compound using cancer cell model. Biomolecules 13:238. 

Polzonetti V, Egidi D, Vita A, et al., 2004. Involvement of oleuropein in 

(some) digestive metabolic pathways. Food Chem 88:11-15. 
Qosimah D, Rosyidi D, Radiati LE, et al., 2021. Green coffea robusta (Coffea 

canephora) from Lampung province effect toward free radicals in 

chickens infected with Salmonella enteritidis bacteria. Open Vet J 11: 
61-69. 

Reda FM, Alagawany M, Mahmoud HK, et al., 2024a. Application of 
naringenin as a natural feed additive for improving quail 

performance and health. J Appl Poult Res 33(3):100446. 
Reda FM, Alagawany M, Salah AS, et al., 2024b. Biological selenium 

nanoparticles in quail nutrition: biosynthesis and its impact on 

performance, carcass, blood chemistry, and cecal microbiota. Biol 
Trace Elem Res 202(9):4191-4202. 

Reda FM, El-Saadony MT, Elnesr SS, et al., 2020. Effect of dietary 

supplementation of biological curcumin nanoparticles on growth 
and carcass traits, antioxidant status, immunity and caecal 
microbiota of Japanese quails. Animals 10(5):754. 

Reda FM, El-Saadony MT, El-Rayes TK, et al., 2021. Dietary effect of 
licorice (Glycyrrhiza glabra) on quail performance, carcass, blood 
metabolites and intestinal microbiota. Poult Sci 100(8):101266. 

Rezar V, Levar A and Salobir J, 2015. The effect of olive by products and 
their extracts on antioxidative status of laying hens and oxidative 
stability of eggs enriched with n-3 fatty acids. Poljoprivreda 21:216-

219. 
Rigacci S and Stefani M, 2016. Nutraceutical properties of olive oil 

polyphenols. Anitinerary fromcultured cells through animal models 

to humans. Int J Mol Sci 17:843. 
Romani A, Mulinacci, N, Pinelli P, et al., 1999. Polyphenolic content in five 

Tuscany cultivars of Olea europaea L. J Agric Food Chem 47:964-967. 

Saad AM, Mohamed AS, El-Saadony MT, et al., 2021b. Palatable functional 
cucumber juices supplemented with polyphenols-rich herbal 
extracts. Lwt-Food Sci Technol 148: 111668. 

Saad AM, Sitohy MZ, Ahmed AI, et al., 2021a. Biochemical and functional 

characterization of kidney bean protein alcalase-hydrolysates and 
their preservative action on stored chicken meat. Molecules 26(15): 
4690. 

Saeed Z, RZ, Abbas MK, Khan1, 2023. Anticoccidial activities of essential 
oil of Amomum subulatum in broiler chicks. Pak J Agri Sci 60(2):377-

384.  

Salem MZM, Kheireddine A, El-Adawy MM, et al., 2022. Influence of olive 
pomace inclusion in diets of Japanese quail (Coturnix japonica) on 
growth performance, hematological indices, and carcass quality. Ital 

J Anim Sci 21(1): 510-522. 
Sarica S, and Toptas S, 2014. Effects of dietary oleuropein supplementation 

on growth performance, serum lipid concentrations and lipid 

oxidation of Japanese quails. J Anim Physiol Anim Nutr 98:1176-
1186. 

Sayehban P, Seidavi A, Dadashbeiki M, et al., 2016. Effects of different levels 
of two types of olive pulp with or without exogenous enzyme 

supplementation on broiler performance and economic parameters. 
Braz J Poult Sci 18:489–500. 

Schat KA, Skinner MA, 2022. Avian immunosuppressive diseases and 

immune evasion, Avian immunology. Elsevier, pp:387-417. 
Selim S, Albqmi M, Al-Sanea MM, et al., 2022. Valorizing the usage of olive 

leaves, bioactive compounds, biological activities, and food 

applications: A comprehensive review. Front Nutr 9:1008349. 
Şen E, and NS, Gençer, 2023. Toxic effects of essential oils against Bemisia 

tabaci (Gennadius, 1889) (Hemiptera: Aleyrodidae) and its certain 

important natural enemies Pak J Agri Sci 60(1):33-41. 
Silvan JM, Guerrero-Hurtado E, Gutiérrez-Docio A, et al., 2021. Olive-leaf 

extracts modulate inflammation and oxidative stress associated with 

human H. pylori infection. Antioxidants 10:2030. 
Srinivasan P, Sabitha KE, and Shyamaladevi CS, 2007. Attenuation of 4-

nitroquinoline 1-oxide induced in vitro lipid peroxidation by green 
tea polyphenols. Life Sci 80:1080-1086. 

Sung JH, Choi SJ, Lee SW, et al., 2004. Isoflavones found in Korean soybean 
paste as 3- hydroxy-3-methylglutaryl coenzyme A reductase 
inhibitors. Biosci Biotechnol Biochem 68: 1051 - 1058. 

Surai PF, 2014. Polyphenol compounds in the chicken/animal diet: from the 
past to the future. J Anim Physiol Anim Nutr 98:19-31. 

Suvarna K, Abilasha R, Gheena S, et al., 2020. Analysis of prevalence of oral 

squamous cell carcinoma in patients with history of chronic 
irritation of oral tissues-A Retrospective Study. Indian J Forensic 
Med Toxicol 14(4):5760-5768. 

Tarek MS, Ibrahim MA, and Saud MA, 2013. Effect of feeding olive leaves 
extract (Oleuropein) on the performance, nutrient utilization, small 

intestine and carcass characteristics of broiler Chickens. J Anim Vet 
Adv 12:740-746. 

Thagfan FA, Baazaoui N, Alamoudi SA, et al., 2025. Eco-friendly zinc 
nanoparticles biosynthesized by Lactobacillus casei as alternative 
anticoccidial agent ameliorate Eimeria tenella infection in broiler 

chickens: Impact on oxidative stress, intestinal health, growth 
performance, and gut microbiota. Results Eng 26:104929. 

Tiot R, Volsteedt Y, and Apostolides Z, 2001. Comparison of the 

antioxidant content of fruits, vegetables and teas measured as 
vitamin C equivalent. Toxicology 166:63-69. 

Toghyani M, Toghyani M, Gheisari A, et al., 2011. Evaluation of cinnamon 

and garlic as antibiotic growth promoter substitutions on 
performance, immune responses, serum biochemical and 
haematological parameters in broiler chicks. Livest Sci 138:167-173. 

Varmaghany S, Rahimi S, Torshizi MK, et al., 2013. Effect of olive leaves on 
ascites incidence, hematological parameters and growth 
performance in broilers reared under standard and cold 
temperature conditions. Anim Feed Sci Technol 185 (1-2):60-69. 



Pak Vet J, 2025, 45(2): 592-604. 
 

604 

Visioli F, Poli A, and Gall C, 2002. Antioxidant and other biological activities 
of phenols from olives and olive oil. Med Res Rev 22:65-75. 

Wenk C, 2002. Herbs, botanicals and other related substances. WPSA-

Bremen., Germany. 
Xie P, Deng Y, Huang L, et al., 2022. Effect of olive leaf (Olea europaea L.) 

extract addition to broiler diets on the growth performance, breast 

meat quality, antioxidant capacity and caecal bacterial populations. 
Ital J Anim Sci 21(1):1246-1258. 

Xie P, Deng Y, Huang L, et al., 2022. Effect of olive leaf (Olea europaea L.) 

extract addition to broiler diets on the growth performance, breast 
meat quality, antioxidant capacity and caecal bacterial 
populations. Ital J Anim Sci 21(1):1246-1258. 

Younan GE, MohamedMS, and Morsy WA, 2018. Effect of dietary 
supplementation of olive leaf extract on productive performance, 

blood parameters and carcass traits of growing rabbits. Egypt J Nutr 
Feeds 22 (2 Special): 173-182. 

Yu W, Zhang X, Ahmad H, et al., 2015. Intestinal absorption function of 

broiler chicks supplemented with Ginkgo leaves fermented with 
Bacillus species. Pak J Zool 47: 2:479-490. 

Zeng Z, Zhang S, Wang H, et al., 2015. Essential oil and aromatic plants as 

feed additives in non-ruminant nutrition: a review. J Anim Sci 
Biotechnol 6(7):1-10. 

Zhang X, Zhang L, Li X, et al., 2021. Cecal microbiota contribute to the 

development of woody breast myopathy. Poult Sci 100 (6): 101-124. 
Zhang ZF, Zhou TX, and Kim IH, 2013. Effects of dietary olive oil on 

growth performance, carcass parameters, serum characteristics, and 

fatty acid composition of breast and drumstick meat in broilers. 
Asian Austral J Anim Sci 26(3):416-422.

 


