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Abstract: This study was conducted to investigate the effects of eggshells with membrane (ESM), the eggshells with membrane 

that had absorbed olive leaf extract (ESM+OLE) and olive leaf extract (OLE) additives on the performance, immunity, and oxidant-

antioxidant metabolism of Japanese quails exposed to heat stress. In the experiment, a total of 128 fifteen-day-old quails were divided 

into 4 groups with 4 replicates. The control group was fed with a maize-soybean based basal diet; the ESM group was fed with a basal 

diet supplemented with 2% ESM; the ESM+OLE group was fed with a basal diet consisting of 2% ESM and 200 ppm olive leaf extract 

and the OLE group was fed with a basal diet supplemented with 200 ppm olive leaf extract. At the end of the study, carcass 

characteristics and blood parameters were determined. The highest daily body weight gain and the lowest feed conversion ratio were 

observed in the OLE group (P<0.05). OLE was added into feed, MDA levels in the liver and heart decreased significantly (P<0.001), 

whereas, GSH-Px and SOD activities in both tissues alongside the GSH levels in the heart increased significantly (P<0.001). The ESM 

was found to significantly reduce liver MDA levels (P<0.001), and increase GSH-Px activity in both tissues, along with SOD activity 

and GSH levels in the heart (P<0.001). Consequently, the addition of ESM and OLE to the diets positively affected daily body weight 

gain, serum triglyceride, liver, and heart tissue MDA levels in the quails exposed to heat stress. 

Keywords: Biochemical parameters, eggshell with membrane, olive leaf extract, performance, quail. 

Sıcaklık stresi altındaki bıldırcınlarda yeme zarlı yumurta kabuğu ve zeytin yaprağı özütü ilavesinin 

performans, karkas özellikleri ve bazı biyokimyasal parametreler üzerine etkisi 

Özet: Bu çalışma, sıcaklık stresine maruz bırakılmış Japon bıldırcınlarında, yeme zarlı yumurta kabuğu (ESM), zarlı yumurta 

kabuğuna emdirilmiş zeytin yaprağı özütü (ESM+OLE) ve zeytin yaprağı özütü (OLE) ilavesinin performans, immünite ve oksidan-

antioksidan metabolizma üzerine olan etkilerini incelemek amacıyla yapılmıştır. Denemede, 15 günlük yaşta toplam 128 adet bıldırcın 

4 tekerrürlü 4 gruba ayrılmıştır. Mısır-soya esasına dayalı bazal diyeti tüketen kontrol grubu, bazal diyete %2 zarlı yumurta kabuğu 

ilavesi ESM grubunu, bazal diyete %2 ESM + 200 ppm dozunda zeytin yaprağı özütü ilavesi ESM+OLE grubunu ve bazal diyete 200 

ppm dozunda OLE ilave edilen OLE grubunu oluşturmuştur. Araştırma sonunda karkas özellikleri ve kan parametreleri belirlenmiştir. 

En iyi canlı ağırlık artışı ve yemden yararlanma OLE grubunda gözlenmiştir (P<0,05). Yeme ilave edilen OLE’nin karaciğer ve kalp 

MDA düzeylerini önemli olarak azalttığı (P<0,001), her iki doku GSH-Px ve SOD aktivitelerini, kalp GSH düzeylerini önemli olarak 

artırdığı (P<0,001) tespit edilmiştir. ESM’nin ise karaciğer MDA düzeylerini önemli olarak azalttığı (P<0,001), her iki doku GSH-Px 

aktivitesini, kalp SOD aktivitesi ve GSH düzeylerini ise önemli olarak artırdığı (P<0,001) bulunmuştur. Sonuç olarak, sıcaklık stresi 

altındaki bıldırcınlarda yeme katılan ESM ve OLE’nin, günlük canlı ağırlık artışını, serum trigliserit, karaciğer ve kalp dokusu MDA 

düzeylerini olumlu yönde etkilediği görülmüştür.  

Anahtar sözcükler: Bıldırcın, biyokimyasal parametreler, performans, zarlı yumurta kabuğu, zeytin yaprağı özütü.  
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Introduction 

Heat stress is one of the important environmental 

factor decreasing productivity in poultry farming. Despite 

the continuous change in ambient temperature, all the 

homeothermic animals have to keep their body 

temperature constant in order to survive (29). Various 

chemicals, drugs, antibiotics, and plant extracts used to 

prevent the negative effects of heat stress on poultry has 

increased in recent years and are added into the diets and 

drinking water of the animals in addition to vitamin and 

mineral matters (14). Eggshell is a by-product of 

household waste, restaurants, hatcheries, and egg factories 

(26). Composition of eggshells are comprised of 98.2% 

calcium carbonate, 0.9% magnesium, and 0.9% phosphate 

(17). Eggshell membranes, likewise, are composed of 

moisture (1.5%), protein (69.2%), fat (2.7%) and ash 

(27.2%) (21). Makkar et al. (22) have reported that the 

addition of eggshell with membrane into broiler diet has a 

positive effect on performance and immunity without any 

negative effect on other physiological parameters. 

Olive trees are rich in phenolic components and have 

significant biological characteristics, the most significant 

of which is oleuropein (OLE) (28). OLE is found naturally 

in olive leaves and fruits and is the main reason behind 

why the olive fruit carries a bitter taste. This bitterness 

prevents olives from being consumed immediately after 

they are harvested. Additionally, olive trees can live for 

thousands of years because of this special phenolic 

compound (5, 16, 23). Bahsi et al. (6) concluded that when 

the olive oil extract (oleuropein) is added to the diet of the 

quails reared in different stocking densities, it enhances 

both performance and the quality of the brisket lipid by 

decreasing saturated fatty acid rates and increasing 

polyunsaturated fatty acid levels.  

In the light of this information, this study was 

conducted to determine the effects of eggshell with 

membrane, olive leaf extract absorbed by the eggshell 

with membrane, and olive leaf extract additives on growth 

performance, immunity, and antioxidant metabolism in 

the quails exposed to heat stress. 

 

Material and Methods  

Experimental design and diets: A total number of 

128 Japanese quails (Coturnix coturnix Japonica) were 

used in this study. Approval of Fırat University Animal 

Research Ethics Committee (Protocol Number: 2016/69). 

The study was carried out at the Poultry Unit, Faculty of 

Veterinary, Fırat University. 

This study included four groups. Control group 

consumed basal diet based on maize-soybean. Eggshell 

membrane (ESM) group was fed with a basal diet 

containing addition of 2% ESM. ESM + olive leaf extract 

(OLE) group was fed with a basal diet containing 2% ESM 

+ 200 ppm OLE. OLE group was fed with a basal diet 

supplemented with 200 ppm OLE. Each group consisted 

of 15-day-old 32 quails including 16 males and 16 

females. Each group was formed with 4 replicates and 

including 8 animals (4 males and 4 females). Water was 

given ad libitum to each of the groups, alongside 24-hour 

lighting. The quails were kept in heat-controlled cells in 

broiler raising cages. The feed used was a quail grower 

feed (24% HP, 2900 kcal/kg ME) that was prepared in 

accordance with minimum NRC standards (27) and 

provided by regional producers. Table 1 shows the 

ingredients and nutrient composition of experimental 

diets. Metabolizable energy levels (8) and chemical 

composition of diets (dry matter, crude protein, crude 

fibre, ether extract, crude ash, calcium, available 

phosphorus, sodium, lysine and threonine) were 

calculated (27). Olive leaf extract was supplied from a 

commercial company (DÜAG, Natural Products 

Agriculture Machinery Plant and Microbiological 

Products Research Development Industry and Trade 

Limited Company, Izmir, Turkey). The concentration of 

phenolic substances in the olive leaf extract was 

determined by HPLC and is shown in Table 2. After the 

animals reached 8 days of age, they were left to adapt for 

an additional 7 days and then, on the 15th day, they were 

weighed and assigned to the study groups. The quails were 

exposed to heat stress for 8 hours between 09:00 and 17:00 

every morning at poultry unit with temperature of 37-

38˚C. The poultry unit were then kept under thermoneutral 

conditions of 18-22 ˚C between 17.00-09.00. The body 

weights of the quails in the groups were measured at the 

beginning of the experiment and weekly (22, 29, 36, and 

43 day-old). While the quails were fed daily, their feed 

was weighed weekly, and daily feed intake was calculated. 

The daily body weight gain was determined during the 

production period and the feed conversion ratio was 

calculated by dividing daily feed intake to daily body 

weight gain. At the end of trial (43 days-old), 6 quails (3 

males and 3 females) in each experimental group were 

decapitated to determine their carcass characteristics and 

blood parameters. Blood samples were taken into tubes 

during the decapitation. The glucose, triglyceride, 

calcium, uric acid, creatine and IgM levels of the serums 

were analyzed (Olympus AU-600). MDA and GSH levels, 

SOD and GSH-Px activities were determined in liver and 

heart tissues. While MDA and GSH levels were 

determined based on the method of Placer et al. (31), GSH 

level was found based on method of Chavan et al. (9). 

While the method of Matkovics et al. (25) was used for 

measurement of GSH-Px activity, Sun et al. (37) method 

was used to measure SOD activity. The protein content in 

tissues was measured using Lowry et al. method (19). 
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Table 1. Ingredients and nutrient composition of experimental diets (%)1  

Item C  ESM 

Maize 40.80 40.80 

Soybean meal (48 %CP) 24.30 24.30 

Corn gluten (43 %CP) 13.50 13.50 

Wheat 14.25 13.75 

Wheat bran 3.40 3.40 

Dicalcium phosphate 0.61 0.61 

Ground limestone 1.50 - 

Salt 0.40 0.40 

DL-Methionine 0.34 0.34 

L-Lysine hydrochloride 0.30 0.30 

L-Threonine 0.20 0.20 

Vitamin-Mineral mix ** 0.40 0.40 

ESM - 2.00 

Nutritional composition (%)3    

Dry matter 89.80 87.90 

Crude protein 24.00 24.00 

Crude fibre 3.41 3.45 

Ether extract 6.25 6.15 

Crude ash 6.35 6.50 

Calcium 0.90 0.96 

Available phosphorus 0.28 0.28 

Sodium 0.20 0.20 

Lysine 1.34 1.33 

Threonine 1.04 1.03 

ME, kcal/kg4 2900 2900 

1Oleuropein (200 mg oleuropein per kg diet) was added to the basal diet. C: Control, ESM: Eggshell with membrane. 2Vitamin premix 

supplied per kg: Vitamin A 15,500 IU; vitamin D3 3500 IU. Mineral premix supplied per kg: Mn 120 mg; Fe 40 mg; Zn 100 mg; Cu 

16 mg; Co 200 mg; I 1.25 mg; Se 0.30 mg. 3: Calculated values (27). 4Calculated, Metabolizable energy (kcal/kg) (8)= 53+38 B used 

formula. B= (% Crude protein) + (2.25) (%Ether extract) + (1.1) (% Starch) + (% Sugar) 

 

 

 

Table 2. Phenolic substances of olive leaf extract  (mg/g) 

Phenolics mg/g 

Oleuropein 103  

Rutin 32  

Catechin 1.5 

Hydroxytyrosol 12 

Caffeic acid 3.6 

Vanillic acid 4.1 

Vanillin 3.2 

 

 Hot carcass weight and weights of some organs 

(heart, liver, and spleen) were determined. Yield was 

calculated in percentage by dividing hot carcass, liver, 

spleen, and heart weights to slaughter weight (4).  

Statistical analysis: After test of normality, one-way 

analysis of variance was used to determine the effects of 

experimental groups on examined parameters. The Tukey 

HSD test was then utilized for further analysis. SPSS 

packaged software was used to assess the data. The P 

value of <0.05 was accepted as statistically significant 

(36).  

 

Results 

Table 3 shows body weight, daily body weight gain, 

feed intake and feed conversion ratio values of groups. 

There were no differences among the groups in terms of 

body weight and feed intake. Significant difference in 

daily body weight gain was revealed among the groups 

from the day 15 to the day 43 (P<0.05). The highest daily 

body weight gain was determined in the OLE group. Feed 

conversion ratio, however, varied significantly among 

groups (P<0.05), namely in favor of OLE group. No 

differences among the groups in carcass characteristics 

was found (Table 4). 
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Table 3. The effect of dietary eggshell with membrane and olive leaf extract supplement on performance of Japanese quail under heat 

stress  

Traits C ESM ESM+OLE OLE P 

Body weight, g  

Day 15 44.94±1.83 44.94±1.81 44.94±1.68 44.88±2.14 1.00 

Day 22 83.74±2.72 81.87±2.69 81.55±2.68 81.97±2.27 0.93 

Day 29 115.16±4.24 118.71±3.75 115.33±4.17 118.27±4.24 0.89 

Day 36  143.13±5.35 151.16±3.90 145.07±4.51 147.53±4.75 0.64 

Day 43  168.62±5.78 173.55±4.57 167.73±5.30 177.38±5.01 0.52 

Body weight gain, g / bird / day  

Days 15 - 22  5.51±0.36 5.31±0.12 5.24±0.29 5.29±0.14 0.88 

Days 22 - 29  4.51±0.46 5.18±0.20 4.84±0.73 5.22±0.51 0.74 

Days 29 - 36  3.94±0.48 4.63±0.25 4.25±0.14 4.22±0.37 0.56 

Days 36 - 43  3.71±0.17 3.18±0.44 3.29±0.53 4.20±0.27 0.27 

Days 15 - 43  4.42±0.09b 4.58±0.05ab 4.41±0.08b 4.73±0.08a 0.03 

Feed intake, g / bird / day 

Days 15 - 22  22.54±0.47 23.70±3.08 20.70±1.23 19.43±1.45 0.39 

Days 22 - 29  17.07±0.69 15.64±0.42 15.81±0.99 16.38±0.96 0.59 

Days 29 - 36  20.13±0.71 21.08±0.68 19.58±0.42 20.22±0.58 0.41 

Days 36 - 43  22.65±0.96 22.57±1.17 22.39±1.53 23.35±1.31 0.95 

Days 15 - 43  20.60±0.39 20.75±1.21 19.62±0.69 19.84±0.82 0.73 

Feed conversion ratio, g feed / g gain  

Days 15 - 22  4.15±0.33 4.47±0.60 4.01±0.43 3.69±0.30 0.65 

Days 22 - 29  3.94±0.51 3.04±0.17 3.52±0.62 3.21±0.28 0.50 

Days 29 - 36  5.29±0.50 4.58±0.19 4.62±0.21 4.90±0.45 0.51 

Days 36 - 43  6.11±0.11 ab 7.31±0.52 a 7.11±0.65 a 5.58±0.19 b 0.05 

Days 15 - 43  4.87±0.21a 4.85±0.09 a 4.82±0.11a 4.34±0.13 b 0.05 

C: Control, ESM: Eggshell with membrane, ESM+OLE: Eggshell with membrane + Olive leaf extract, OLE: Olive leaf extract 

Data were given as mean ± SEM,  a,b: Mean values with different superscripts within a row differ significantly (P<0.05). 

 

 

 

 

Table 4. The effect of dietary eggshell with membrane and olive leaf extract supplement on carcass characteristic of Japanese quail 

under heat stress 

Traits C ESM ESM+OLE OLE P 

Slaughter weight, g 164.17±17.55 168.67±5.87 163.83±8.51 172.50±9.37 0.94 

Carcass weight, g 110.28±12.66 115.28±3.80 110.07±6.66 118.20±5.89 0.86 

Carcass yield, % 66.84±2.09 68.42±1.09 67.09±1.44 68.63±1.07 0.77 

Liver weight, g 4.48±0.53 3.88±0.30 4.29±0.42 3.89±0.33 0.66 

Liver, % 2.80±0.27 2.29±0.13 2.61±0.18 2.26±0.15 0.17 

Heart weight, g 1.37±0.17 1.51±0.07 1.47±0.11 2.36±0.94 0.45 

Heart, % 0.84±0.06 0.89±0.03 0.90±0.05 1.27±0.41 0.47 

Spleen weight, g 0.24±0.07 0.16±0.02 0.17±0.04 0.16±0.02 0.45 

Spleen, % 0.16±0.05 0.09±0.01 0.11±0.02 0.09±0.01 0.24 

C: Control, ESM: Eggshell with membrane, ESM+OLE: Eggshell with membrane + Olive leaf extract, OLE: Olive leaf extract. Data 

were given as mean ± SEM 
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Table 5. The effect of dietary eggshell with membrane and olive leaf extract supplement on some biochemical parameters of Japanese 

quail under heat stress 

Traits, (mg / dL) C ESM ESM+OLE OLE P 

Glucose 170.02±20.64 184.28±12.73 169±16.19 181.98±13.32 0.86 

Triglyceride 141.20±19.00a 93.33±6.57b 113.73±5.64ab 88.58±7.63b 0.01 

Calcium 5.96±1.00 5.46±0.52 4.78±0.36 5.84±0.34 0.41 

Uric Acid 6.65±0.99 4.86±0.64 6.58±0.64 5.67±0.72 0.34 

Creatine 0.10±0.04 0.04±0.01 0.11±0.02 0.07±0.02 0.18 

Ig M 0.03±0.01 0.04±0.01 0.03±0.01 0.02±0.01 0.20 

C: Control, ESM: Eggshell with membrane, ESM+OLE: Eggshell with membrane + Olive leaf extract, OLE: Olive leaf extract. Data 

were given as mean ± SEM,  a,b: Mean values with different superscripts within a row differ significantly (P<0.05). 

 

 

Table 6. The effect of dietary eggshell with membrane and olive leaf extract supplement on stress parameters of Japanese quail under 

heat stress 

Traits C ESM ESM+OLE OLE P 

MDA  (nmol / g protein) 

Liver 11.46±0.63a 7.91±0.42b 7.73±0.35b 8.53±0.62b <0.001 

Heart 15.69±0.99a 13.97±0.78ab 12.77±0.33b 12.98±0.70b 0.041 

GSH (nmol / g protein) 

Liver 0.83±0.11 0.92±0.24 1.04±0.07 1.19±0.09 0.332 

Heart 3.49±0.36c 4.78±0.21b 5.26±0.32ab 5.95±0.30a <0.001 

GSH-Px (U / mg protein) 

Liver 4.18±0.38b 5.21±0.18a 5.16±0.19a 5.19±0.23a 0.024 

Heart 49.66±4.12b 64.74±2.66a 50.19±1.75b 62.29±4.27a 0.006 

SOD (U / g protein) 

Liver 0.98±0.10b 1.14±0.08ab 1.34±0.11a 1.38±0.08a 0.026 

Heart 4.70±0.37c 6.23±0.36b 5.49±0.23bc 7.98±0.43a <0.001 

C: Control, ESM: Eggshell with membrane, ESM+OLE: Eggshell with membrane + Olive leaf extract, OLE: Olive leaf extract. Data 

were given as mean ± SEM, a,b,c: Mean values with different superscripts within a row differ significantly (P<0.05). 

 

 

The addition of ESM and OLE to the diets of the 

quails exposed to heat stress did not lead to any change in 

glucose, calcium, uric acid, creatine and IgM levels; 

however, it did cause a decrease triglyceride levels, 

significantly (P<0.01) (Table 5). When the oxidant and 

antioxidant parameters were examined, it was determined 

that OLE added to the diet decreased the liver (P<0.001) 

and heart (P<0.05) MDA levels significantly and 

increased GSH-Px and SOD enzyme activities of both 

tissues and heart GSH levels significantly (P<0.001). The 

ESM was found to significantly decrease liver MDA 

levels (P<0.001), and increase GSH-Px activity in both 

tissues, along with SOD activity and GSH levels in the 

heart (P<0.001). In the ESM+OLE group, MDA levels in 

the liver and heart decreased significantly (P<0.001), 

whereas GSH-Px, SOD activities in the liver and GSH 

levels in the heart increased significantly (P<0.001) (Table 

6). 

 

Discussion and Conclusion 

In poultry farming, heat stress is known to have a 

negative impact on fattening performance (2, 33). 

Numerous studies have revealed that addition of some 

supplements to the diets eliminate the negative effects 

caused by heat stress (2, 33). This study also showed that 

the ESM group had a significant increase in daily body 

weight gain compared to control group (Table 3). The 

increase in body weight gain in ESM group was an 

expected result, when considering the fact that ESM 

addition to diet promotes bone weighting. Makkar et al. 

(22) also stated that supplementation of eggshells to the 

diets increased body weight in broiler chickens. In this 

study, supplementation of ESM to the diet did not have 

any effects on the feed intake and feed conversion ratio. 

No differences were found among the groups in carcass 

weight and organ weights. Makkar et al. (22) reported 

similar results to the present study. Daily body weight gain 

was not positively affected by the addition of ESM+OLE 

to the diet. Furthermore, no differences were observed in 

the ESM+OLE group in feed intake, feed conversion ratio, 

or carcass characteristics at the end of the period. 

In this study, supplementation of OLE in diets had a 

positive effect on daily body weight gain (Table 3). 

Similarly, Bahşi et al. (6) also stated that supplementation 
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of 400 ppm OLE to diets positively affected daily body 

weight gain. El-Damrawy et al. (12) reported olive leave 

powder added to ration (0.5, 1, 2%) increased body weight 

and improved feed conversion. Özdemir and Azman (28) 

also reported the similar results. In contrast, Sarica and 

Toptas (35) stated that supplementation of 200 mg/kg 

OLE in diet did not affect daily body weight gain. 

However, supplementation of OLE in diet did not change 

the daily feed intake, but it positively affected feed 

conversion ratio. Similarly, Bahsi et al. (6) also reported 

that adding 400 ppm OLE in diets positively influenced 

feed conversion ratio. In the present study it was observed 

that the addition of OLE did not change carcass weight 

and organ weights and Bahsi et al. (6) also expressed 

similar results. 

It is known that heat stress changes the biochemical 

blood parameters in poultry (13, 20, 34, 38). Increased 

serum triglyceride (TG) levels indicate the changes in fat 

metabolism during heat stress in quails and broilers (11, 

20, 38). In this study, it was determined that 

supplementation of ESM and OLE in diets had a 

significant decreasing effect on triglyceride levels. 

Eggshell calcium is probably the best natural source of 

calcium and is about 90% absorbable (17). Calcium is the 

largest mineral found in eggshells, and moreover activates 

the lipase (32). The activation of lipase may cause the 

significant decrease in serum triglyceride levels when 

eggshells are added. Olive leaf extract (OLE) and 

hydroxytyrosol (OLE hydrolysis product) are the main 

polyphenolic substances of the olive leaves and 

unprocessed olive drupes of Olea europaea, which exhibit 

hypolipidemic effects (1, 12, 24, 35). The olive leaf extract 

markedly reduces serum and liver triglycerides (1, 12, 24, 

30). Also total blood cholesterol, LDL, and triglyceride 

levels significantly decreased in parallel to an increase in 

OLE content (1, 12, 30). Similarly, this study revealed a 

significant decrease in serum triglyceride levels with 

addition of OLE to the diet of the quails exposed to heat 

stress. Malliou et al. (24) reported that OLE activated the 

hormone sensitive lipase in white adipose tissue and liver 

and up-regulated several hepatic genes involved in TG 

uptake, transport, metabolism, and clearance for TG 

homeostasis. Similar to the present study, other studies (1, 

6, 12) also noted that dietary oleuropein and powdered 

olive leaves did not have any effect on blood glucose level 

in layer hens, Mandarah chicks, or quails reared in 

different stocking densities. Likewise, Parsaei et al. (30) 

reported that there were no significant differences in total 

Ig and IgM in broiler chickens fed with diets containing 

olive leaf powder. 

In poultry, heat stress is a major factor that causes the 

increased production of mitochondrial reactive oxygen 

species (ROS) in tissue. ROSs are highly reactive and can 

diffuse into vital cellular targets such as DNA, proteins 

and membrane, ultimately leading to cell death. When 

ROS reacts with the unsaturated free fatty acids found in 

membrane lipids, MDA levels elevate, thereby activating 

lipid peroxidation. MDA levels are known to significantly 

increase in the livers of broiler chickens, ducks, and quails 

exposed to high heat (10, 13). Numerous surveys have also 

stated antioxidant characteristics of OLE (1, 3, 7). Studies 

conducted with poultry have shown that the olive leaves 

extract and powdered olive leaves, added to the diets at the 

increasing amounts, decrease MDA in white blood cells, 

muscle, and plasma and increase SOD and total 

antioxidant capacity in white blood cells and plasma (1, 

12, 35). This study found that ESM+OLE and OLE added 

to the diets significantly lowered MDA levels in liver and 

heart. The supplementation of OLE in the diet 

significantly elevated GSH-Px, SOD activities in the liver 

and heart and heart tissue GSH level, in the quails under 

heat stress. Phenolic compounds in the olive leaf extract 

are a free radical scavenger because they break the free 

radical chain reaction (15, 18). Interestingly, 

supplementation of eggshells also caused MDA levels in 

liver and heart tissue to dramaticallyi drop and may be due 

to the minerals with antioxidant characteristics in 

eggshell. 

In conclusion, it was determined that eggshells and 

OLE added in the diets positively affect daily body weight 

gain. OLE had a positive effect on feed conversion ratio in 

the quails exposed to heat stress. Furthermore, ESM and 

OLE significantly reduces serum triglyceride alongside 

MDA level in liver tissue. These materials can be used in 

order to obtain positive properties in quail production. 
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