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Table 1. Spearmint essential oil ingredients  

Sample Name: Spearmint essential oil Lab. Temp.: 24.1 °C Humidity: 29.3% 

Assay 

Test Reference method Method Result 
Cineole (%) In House In House 3.37 

Limonene (%) In House In House 38.68 
Menthol (%) In House In House 1.15 
Pulegone (%) In House In House 0.67 
Carvone (%) In House In House 36.98 

Isomenthone (%) In House In House - 
Menthone (%) In House In House - 

Menthyl acetate (%) In House In House - 
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Table 2. Eucalyptus essential oil ingredients  
Sample Name: Eucalyptus essential oil Lab. Temp.: 22.6 °C Humidity: 29.5% 

Assay 

Test Reference method Method Result 
α-Pinene (%) In House In House 9.30 
β- Pinene (%) In House In House 0.50 
Sabinene (%) In House In House 0.08 

α-Phellandrene (%) In House In House 0.45 
Limonene (%) In House In House 6.97 
1,8Cineole (%) In House In House 56.77 
Camphor (%) In House In House 0.07 
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Table 3. Ingredients and chemical composition of experimental diets (DM basis) 
Diet Components (kg) Starter (1-10 day) Grower (11-25 day) Finisher (26-42 day) 
Corn 33.00 34.46 39.30 
Wheat 20.00 25.00 25.00 
Soybean meal (44% CP) 39.33 33.50 28.23 
Soy oil 2.93 2.90 3.30 
Di-calcium phosphate 2.10 2.15 2.15 
Limestone 1.10 0.86 0.86 
L-Lysine 0.29 0.22 0.20 
DL-Methionine (98%) 0.38 0.08 0.13 
Mineral and vitamin supplement1 0.50 0.50 0.50 
Common salt 0.37 0.33 0.33 
Total 100.00 100.00 100.00 

The calculated nutrient content of the diet 
Dry matter (%) 85.98 86.21 86.27 
ME (kcal / g) 2.86 2.92 3.00 
Crude protein (%) 21.99 20.00 17.99 
Crude fat (%) 3.87 3.93 5.37 
Fiber (%) 3.96 3.70 3.34 
Calcium (%) 1.00 0.90 0.89 
Available phosphorus (%) 0.45 0.45 0.44 
Potassium (%) 0.97 0.88 0.79 
Chlorine (%) 0.33 0.30 0.29 
Sodium (%) 0.16 0.15 0.15 
Methionine (%) 0.70 0.38 0.31 
Lysine (%) 1.32 1.24 1.09 
Arginine (%) 1.53 1.37 1.22 
Methionine-Cystine (%) 1.07 0.73 0.86 
Tryptophan (%) 0.29 0.26 0.23 
Tyrosine (%) 0.98 0.89 0.81 
Threonine (%) 0.85 0.77 0.69 
1Vitamins and mineral premix provided the following per kilogram of diet: Retinol, 9000 IU; Tocopherolacetate, 18; 
Cyanocobalamin, 15 mg; Riboflavin, 6.6 mg; Calcium pantothenic acid, 10 mg; Niacin, 30 mg; Choline, 500 mg; Biotin, 1 mg; 
Thiamin, 8.1 mg; Pyridoxine, 3 mg; Folic acid, 1 mg; Menadione vitamin, 2mg; Anti-Oxidant Ethoxyquin, 100 mg; Mn, 100 mg; 
Zn, 50 mg; Fe, 50 mg, Cu, 10 mg; I, 1 mg; Se, 0.2 mg. 

     

 �+&L4 -  *B�:�-
&�#��$ _$ �� F�!8�'��� + C��D
 E
��� b�+� d*H# *@  .c���"b0+ ����:� V�*x +  
�0+�  L�L -��=n [�&\( -!��7 /�M

N��*� �� -��#*7 ��( 
Table 4. Effect of adding peppermint and eucalyptus essential oils to drinking water on feed intake, daily gain and feed 

conversion ratio of broiler chickens under heat stress 

Group 
Feed intake (g) Body weight gain (g) Feed conversion ratio 

26-42 day 1-42 day 26-42 day 1-42 day 26-42 day 1-42 day 
Negative Control 3066.9a 4674.5a 1686.3 2728.7 1.84 1.70 
Positive Control 2766.5b 4275.8b 1389.9 2374.0 1.99 1.80 
Positive Control + Spearmint Essential oil 2705.6b 4180.1b 1627.5 2906.9 1.66 1.62 
Positive Control + Eucalyptus Essential oil 2605.8b 4241.1b 1481.8 2481.2 1.77 1.69 
Positive Control + Spearmint Essential oil + 
Eucalyptus Essential oil 

2735.9b 4275.7b 1544.6 2563.0 1.79 1.67 

SEM 44.03 50.88 36.52 40.71 0.04 0.02 
P-value 0.004 0.016 0.06 0.053 0.08 0.18 
a-c Means in the same column with no common superscripts differ significantly (P<0.05). 
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Table 4. Effect of adding peppermint and eucalyptus essential oils to drinking water on carcass characteristics of broiler chickens 

under heat stress 

Group Carcass Breast Thigh Gizzard Spleen Liver 
Bursa of 
Fabricius 

Heart 
Abdominal 

fat 
Intestine 

Negative control 62.21 22.72 21.05a 1.63 0.094 2.05 0.19 0.40 1.72 5.31b 

Positive control 60.86 23.75 19.54b 1.79 0.092 2.25 0.13 0.42 1.67 6.60a 

Positive control + 
Spearmint Essential oil 

60.06 22.93 20.03b 1.58 0.116 2.10 0.12 0.42 1.55 6.45a 

Positive control + 
Eucalyptus essential oil 

61.50 23.72 19.87b 1.62 0.102 2.31 0.14 0.39 1.54 6.96a 

Positive control + 
Spearmint essential oil + 
Eucalyptus essential oil 

61.42 23.24 19.83b 1.61 0.104 2.11 0.19 0.38 1.32 6.48a 

SEM 0.30 0.29 0.15 0.04 0.01 0.04 0.01 0.01 0.08 0.17 

P-value 0.21 0.75 0.012 0.43 0.66 0.20 0.10 0.59 0.63 0.01 
a-b Means in the same column with no common superscripts differ significantly (P<0.05).
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Table 6. Effect of adding peppermint and eucalyptus essential oils to drinking water on immune parameters including total 

antibody level, lymphocyte proliferation response (MTT) and respiratory burst in macrophage (NBT) of broilers at 42 days of age 

Group 
Cellular immunity 

(mm) 
Total antibody 

(mg/dL) 
MTT 

(light absorbance) 
NBT 

(light absorbance) 
Negative control 0.37 24 0.418a 0.363b 

Positive control 0.46 10 0.351b 0.283c 

Positive control + Spearmint essential oil 0.58 18 0.439a 0.346b 

Positive control + Eucalyptus essential oil 0.30 22 0.361b 0.330b 

Positive control + Spearmint essential oil + 
Eucalyptus essential oil 

0.64 36 0.458a 0.436a 

SEM 0.07 3.12 0.01 0.01 
P-value 0.59 0.09 0.001 < 0.0001 
a-c Means in the same column with no common superscripts differ significantly (P<0.01). 
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Abstract 

This study was conducted to evaluate the effect of spearmint and eucalyptus essential oils on growth performance, 
carcass traits and immune system performance of broiler chickens under heat stress conditions. Two hundred and 
fifty one day-old broilers (Ross- 308) were randomly divided into five treatments in five replicates with 10 birds per 
replicate from 1 to 42 days of age, in a completely randomized design. Treatments included: 1. Negative control 
(under normal temperature conditions), 2. Positive control (under heat stress conditions), 3. Positive control+0.5 mL 
spearmint essential oil per liter of drinking water, 4. Positive control+0.5 mL eucalyptus essential oil per liter of 
drinking water, and 5. Positive control+0.5 mL spearmint essential oil+0.5 mL eucalyptus essential oil per liter of 
drinking water. Heat stress was applied in the grower period (26-42) at 32 ± 1 °C (9 am to 5 pm). The results 
showed that in the grower period and the entire trial period, heat stress reduced feed intake (P<0.05). Thermal stress 
increased the relative weight gain of the entire intestine and decreased the relative weight loss of the thighs 
(P<0.05), also reduced the lymphocyte proliferation and survival (P<0.05), and decreased the intensity of peripheral 
blood phagocytic respiration (P<0.01). However, the use of eucalyptus essential oil and a mixture of two essential 
oils (eucalyptus+ spearmint) improved the lymphocyte propagation and compensated for the reduction of heat stress 
(P<0.05). In addition, the combined use of spearmint and eucalyptus essential oil improved the intensity of 
respiratory explosion in macrophages compared with negative and positive control treatments (P<0.01). In general, 
the use of essential oils improved immune function but did not affect the performance of broiler chicks. 
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