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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). 



 

 �����/
�� �����/�	
 ��� -#�� I�&�'�( I�s�se(1399 )30 -17                                  (                                                     25  

 

��*Q/*�7  N��*� �� b�7&
*�-��#*7 ��(  �M�� VL�#

�:+*��# /0�!���7�: -��
��(h-!
$ ;��� + �&� �M �� /��@

-# �M��) &M�Niu et al., 2009:+*��# �M�� .(h� /�M

)���7�:N��*� ��  ��� /�M0�:+*��# + �&��� -��#*7 ��( 

-# -!��7 b�n*# �� ��(�&�K�� ��YO
� VL�# ���

)Quintriro et al., 2012 ,���7 .()�� �&�  J�@ /�M�#�  �

V\�  0� )D
��#
h�!�T@ _��*�� )���O�' /�MB + T 

 + �&� `P�)�����' b�" /�M �M�� ��#- &M� �M�� .

&�'�( )���O�'[�:+*!M ����:� + �M ����:� VL�# �M

-# )���O�'  @ [�:+*!M )\K
 ���(Felver-Gant et al., 

2012) .�g( b�n*# /+�  � -1��#0$ -%&� 
�Y
� ��=7 .

��	m + R�  C+*� 0� E�  !OM��(. 
$ *!�(-! /��@

&
*�b�7   �56SRBC  &M�� �+*7  @ )\K
q������@ *( .

-��#*7 ��(  �M�� o6�@&�'�( -!
$/��@-# �M��� 

(Zalkifi et al., 2000) � .  ��  Y�!
 q�� @  I��G *�n-

R�*e( ����:�  @ ��s!K#q���!�� /��#$ N��*� �� �M

��( f�@*# !K
�� �&
 .��0$ ��!��:  �� q��+*(�2�(��� �&���

 N��*�-��#*7 ��(  b�#��M ����:� VL�# +  !:�� ����:�

-# R��+*(�2�(����
��$ R�*e( o6�@ b�#��M q�� .���

��: �&n-# b+*!��2�(��� &�'�( )	L /��5� �� .���

 #���. -!
$ &�'�( t
�# b+*!��2�(���-# /��@ ���(Cross 

et al., 2007) L�L .-!��7 /�M ��  N��*�-��#*7 ��( 

q���� U�P�-!
$ 0� /*([� /��@.  q�@�57�
���� q��~�M

IgA  +IgG   � &
���+�*M/ q�� �M  @[�'� ;��� -���� /�M

 )��  ��
�B +  �'+�(Bartlett et al., 2003) q��~�M .

  � )�� �&� �g1#-��#*7 ��(. 
+*��!�� /�MTh2  ��

-# �M��&M� !
$ &�'�( /�*@  �-/��@ /�+*x + �	# �M

&�!KM (Lebman and Coffman 1998).  

�� q�� ���#0$  ��
-��#*7 ��(  )�5@�Q �M�� VL�#

��2�����K�� ��0$ /�M� b 5��+  @ ��5�)���7�: /�M-

[�:+*(�
) -P�e# b�" �&���)���O�' + �M .&� (�M

��2����&�'�( ��0$ /�M  ���# �@ R�*e( 0� &D@ �&�NBT 

@ Ns:/�* )���7�:�M I��G  @ -G�H!"� -# [�6&��� .

��2���� q����5� -KO�( ��YO
� 0� -���s# ��0$ /�M /�M

)���7�: �&���&�!KM)���O�' *�]2( )�5@�Q q��~�M . �M

 *B� ��-��#*7 ��(  ;��� �M�� VL�#  �  !:�� �M��

)���O�'�!�#  @ �Mhb-# �M;��� .���*@ -'�5� -���� /�M 

dT" ;���-!
$ &�'�( q��~�M + -(�� -���� /�M /��@

;����&�~�� )\K
  @ /�M  Y�!
  � &�!KM /*(��2�M/ 

)���O�' /�MT. �:+*��#h��5� q��~�M + -!:�@ /�M /�M

 �@ ��*�M -
�" �+*6 ���5(+&
� 0� -#*� [#��6 0� -"*@

*\�: [�\Q� b0��)��*@ . ;��� dT" + �����M -���� /�M

 -����-(��.  @  ��% ���D# ;��� )\K
 -'�5� -���� /�M

 -P�e# I�*��k(  @
+�s#  &�!KM W��!
 . *x�p ���#0$

q��~�M   � &�!KM b$ 0� -��p-��#*7 ��( ���� �@ /�

 ���6�  �&�.  *�B{(�D#-  -'�5� -���� ;��� I&� *@ /���

.)��&
  F�!8�'��� E
��� 0� ���O!��  � )�� -'�p �� q��

�5g# + *�]2( b���# ��\	@ VL�# -M��7 E
��� +� f

��O�')� �M  b�*\L �� -��#*7 ��( 0� -��
 �M�� + �&�

 �*�)05/0<P( + C��D
 E
��� 0� ���O!�� *3�� /�� 0� .

 ��\	@ VL�# F�!8�'��� E
����D#- ���  ��YO
� I&�

 �� -��#*7 ��( 0� -��
 �M�� + �&� �Mh�:+*��# -KO�(

 �+TD@ .�*� b�*\L ���O!��
��(  ��\	@ VL�# E
��� +�

�&� �Mh�:+*��# -KO�( ��YO
� I&� *!1�@.  @  �e
/   �  0�

I&� b���#  -O�# &M�� ����( /�Mh�:+*��# -KO�( ��YO
�

 ):� *(�*: ��
)05/0<P(.  

[�2#E
��� �@ ���% �*�L /0�� VL�# -�+��� b�M��7 /�M

-# �&
*� -���� )�Dx+ ��\	@��� (Lavina, 2009).  W��!


 -(�D'�P#  �):*7 
�Y
� &�M + q�m �� . ��� b�1
  �

 b�K
� -!#T� �� -D�\% b�M��7*B�# -# + &�!KM &�
��(

��B$ [�&D( -7&���-���� �!K��  &���@  !��� ��*�M  @ ��

(Gopal et al., 2013).  

 0� -"*@-!K�0 ��B$ F�!8�'��� E
���. &x )�G�" &�
�# -

-
�O6�56 -7&���_+*2�# 0� -O�%   + �M"�S�*�  )�G�"

R�*e(b+*@ N��*� �� b$ -7&���b+�� + -�( -�(S�(&�6 

q���!�� -"*@ &�'�(  @  L�( �@ .)�� �&��� I�\B�  @ �M

 + /�*25�6 )�'�D: F�!8�'��� E
���)g��-���� 

)���
�#-# ����:� �� �M )�G�" q�� + &M�'�  @[� 

�&
*�7 R�*e(��5� /�M�M)�� R�!���7�: / )Serafino, 

2008.( -3�(  @ T!\# ����@ ��*:� /+� ���#0$ )�'�D: EO




26                   b��*kG� &��
  :b���2�M +*B� E
���/�M ��D
C F�!8�'��� + *25�6 *@+  �J I��G�H" .�  -���� �!K�� L�L -!��7 /�M ...  

 

 �� F�!8�'��� -@�	!'�&x��(&� -#) &��Juergenes et al., 

1998.( sse#q� -!
$ *!�(  � &
��� b�1
 /��@'�(&� �&� 

 + [�����
  �56��
��5O
$ / q�m�&5@ �+*7 -n*#h  �=k( -���

�L �@ �&���@ &M�� �+*7 0� *(J�@ F�!8�'��� /+�p �* 

(Hasan et al., 2009) R�(�#+�$ I�\��*( /�M&�����*(�
�# .

 F�!8�'��� E
���I&# M �)��  �  @  b���6 ��� �&�M��. 

&xV( + _�	!'�-# ��*Q ���O!�� ���# *@ /��Y( C��
� + &
*�7

)
�O6 ��T6 ��\	@ �� b$ -KO�( /�M���  @ -#.�+�  0� -2�

�	# *(q� F�!8�'��� /�M&����(*(�
�#. ��!8�'��� )8  +1 

 &�'�(  � )�� (��i���TNF-α q���'*!���β. q��*(���' B 

b�K��\#+*( + B )���
�# �� ��-# ��	# b�K
� b�" /�M-

) &��Juergenes et al.,1998.(  

F�!8�'��� + C��D
 E
��� -!
$ *!�( ��\	@ VL�#  �56 /��@

����
-# ���% �� [�) ���Carli, 2008 .-O5!g# I�D'�P# .(

*�B{( �'��� + C��D
 E
����!K�� 0� )a�Op �� �� F�!8 

-KO�( .�!K�� ) -����7Bakkali, 2008�!K�� + ( 

) /+�O�'Serafino, 2008I�����7 r\% .&
��� b�1
 (. 

 �@ �&� ����( b�7&
*� �� �Mh�:+*��# /0�!���7�: )�'�D:

�D
 E
��� .F�!8�'��� + C� @  I��G -�D# 0� *(J�@ /���

��@ &M�� �+*7 )Awaad et al., 2010.(  

��B$ E
���R�*!�
 *@ �M -�D# ����:� .
*� &�K�� �� /���

����( b�7&
*� �� �&� 
b�1
 .�&1
 ����( b�7&
*�  @ )\K 

-�D# I+�O( .�+*7 +� �� ��0+��' )�'�D: q��~�M .��� /���

�
 + )��&
 R�h�'�(���!K�M I�*��k( �*
�&
� *!1�@/�M  

 b���# 0� .-����)1M ����( �+*7 �� �&�  �+*7 �� *OG  @

�&1
 ����( .&���  + -'�5� -���� F�!8�'��� + C��D
 E
���

 L�L �� �� �����M/�Q �M-# *( 0� ���O!�� q��~�M .&���

E
��� q��b�#�� VL�# �M /�Q -1g@-���� �!K��  ��

��-# qK��+  @ ;���� )Awaad et al., 2010.(  I�s�se(

 
�Y
� ��
 /*3���&� &
�   � 0���B$  + C��D
 E
���

 L�L �� F�!8�'���b�#�� /�*@ .-!��7 /�M -1g@

-���� �!K��  + [�����
 R�
h�'+ qK��+  @ ;��� ��

-�D# ��\	@  @ R��0 ����&
-# )���p .&�'�( + -
�#���& 

)Barbour et al., 2013.(  

[�2# d*H#  � )�� �&� ,���7-# -M��7 /�M &
��(

 ��&D( ����:� [2�  @ -#��6 -���� ��\	@  @ *Y�#

)���2'�M. �:+*��# ��&D( ����:�h)�'�D: &�&1( + �M /�M

b$ -���
$ 
�3�@ ����:� + �M /���") ���Dong et al., 

2007E
��� .(C��D
 �� ��L�# /�M. F+*�+ + �M_+*2�# �M

 �� 0���� ��\57 R�*e(-# q�@ 0� b�" &�O� /�M .�*@

&x )�G�" C��D
 E
���-@+*2�#. &x-�+*�+. &x + ��#�(

[�&D( -7&���-���� �!K�� ���� (Mckay and 

Blumberg, 2006).  D'�P# 0� ���O!��  � ��� b�1
 *3�� /�

 L�L -
&�#��$ _$ �� C��D
 E
��� ;��� .-!��7 /�M

b$ -����-�
 )��s( �� �M&�� )Abdulkarimi et al., 

2011 .-!��7 ���% �*�L �� C��D
 0� ���O!�� .(��B$ -�D#-

 .�*25�6 /+� /��� Y���*:/�M  + b�" -��������@

 !���  �J I��G�H".  -'+��B$ -�D# /+� /��� �!K��

-����)���O�' + [�:+*!M U�P� �Y@ . D'�P# .���&
 .�M /�

��-�D# ��\	@ .*3 
��( /�*25�6 I��G�H" �� �� /���

���O!�� /�M����(  �+*7  @ )\K
 C��D
 0� �&���&M�� .

��� b�1
 )Hosseini-Mansoub, 2011.(  )\K
 q��~�M

-�D# I+�O( .)���O�'  @ [�:+*!M �M����(  �M q�@ /���

 �+*7 �@&M�� )��� )Galib Al-Kassie, 2010.(  

�C��Y# � *A
  @ -#-M��7 /�M����( 0� ���O!��  � &�� 

 ���#0$ q�� �� -KO�( ��YO
� -(��p )�5@�Q )17*@ VL�#

 5��+  @ ��5�)���7�: /�M-# �&��� V�(*( q�&@ + ���

 *@��B$  -O�# ��(-# r��: q�� 0� ���O!�� q��~�M .&�$

 N��*� �� �M����( ��( *�]2( )�5@�Q ����:� VL�#

)���O�'-# �M.��� ����( b�7&
*� -'�5� -����  �&� ��

-�D# *��k( ���#0$ q�� b�1
 &M�� �+*7  @ )\K
 /���

 *B� q�� + &
��&
SJ��!p�   @[�'� ;��� -7&�~�� -���� /�M

)�� -'�5� v-# q��*@��@ *�]2( ����:�  � �0 F&p b��(

E
��� 0� ���O!�� *B� ��  � -!���O�' �&M�1# �M&�  *!1�@

  @ f�@*#;��� b&� ����T� )���O�' /�MT  )��  @

 !��)���O�' 0� /� /�MT   @ 
���#Th2   !�� .&�Th2 

;��� ,*!K7 + ��Y�� ������ �s
 �����M -���� /�M. �� 

-'�p;���  � -'�5� -���� /�M 5��+  @  !�� 0� /�

)���O�' /�MT   @ 
���# -2��Th1 -# ��Y��.���  

���:��#! ���1  



 

 �����/
�� �����/�	
 ��� -#�� I�&�'�( I�s�se(1399 )30 -17                                  (                                                     27  

 

 �@ W��!
  @  L�(0� [G�p -# *A
  @ .���#0$ q��  � &��

E
��� 0� ���O!�� .F�!8�'��� + C��D
 -M��7 /�MS�G�H"  ��

 @ .�M �@ V��*( )'�p  �*�L �� -����" -
�+�:� b���6

-# ���% -
&�#��$ _$ �� -��=n &
��(V\�  �!K�� )��s(

 L�L -���� + -!��7 /�M��Y��  *(J�@ /�M*!�(!
$-  /��@

.���  

  

 I��J?K&���  

-@�\e# 
.. /*\�� 
.. + �a����� b. 1386.  ��!8��� -@+*2�# &x *B�  K��s#B  .q�:�!�# �@ F�!8�'��� E
��� + ��!�# /+�p

F�!8�'��� E
��� .��!�#. b�*�� -2��� -���� _+*2�# .1)1:( 39-45.  

.
 /�}(*# .
 /+*K" ..C ���0*ODL ..� &	# ..� /&�p� ..U @ ..� ��� /..
 -#Tn��� .._ ���
 +  .$ /��1�#1386 /�M0+� *B� .

;��� *@ E2�� �(*� �� .b�Y�K:� -2��� 
�56 ��31
��  5Y# .,�# �� �����M + -'�5� -���� /�M6)1:( 77-84.  
Abd El–Motaal A. M., Ahmed A. M. H., Bahakaim A. S. A. and Fathi M. M. 2008. Productive performance and 

immunocompetence of commercial laying hens given diets supplemented with eucalyptus. International 
Journal of Poultry Science, 7 (5): 445-449. 

Abdulkarimi R. and Abdullahzadeh F. 2011. The effect of mentha extract (Mentha piperita) on immune response in 
broiler chickens. Journal of American Science, 7 (12): 82-85. 

Abtahi Froushani S. M., Delirezh N., Hobbenaghi R. and Mosayebi G. 2014. Synergistic effects of atorvastatin and 
all-trans retinoic acid in ameliorating animal model of multiple sclerosis. Immunological Investigations, 
43(1): 54-68. 

Aggarwal A. and Upadhyay R. 2013. Heat stress and animal productivity. Springer India. 
Awaad M. H. H., Abdel-Alim G. A., Sayed K. S. S., Kawkab Ahmed A., Nada A. A., Metwalli A. S. Z. and 

Alkhalaf A. N. 2010. Immunostimulant effects of essential oils of peppermint and eucalyptus in chickens. 
Pakistan Veterinary Journal, 30(2): 61-66. 

Bakkali F., Averbeck S., Averbeck D. and Idaomar M. 2008. Biological effects of essential oils (a review). Food 
Chemical Toxicology, 46: 446-475. 

Barbour E. K., Shaib H., Azhar E., Kumosani T., Iyer A., Harakeh S., Damanhouri G., Chaudary A. and Bragg R. R. 
2013. Modulation by essential oil of vaccine response and production improvement in chicken challenged 
with velogenic Newcastle disease virus. Journal of Applied Microbiology, 115: 1364-5072. 

Bartlett J. R and Smith M. O. 2003. Effects of different levels of zinc on the performance and immunocompetence 
of broilers under heat stress. Poultry Science, 82: 1580-1588. 

Bonnet S., Geraert P. A., Lessire M. and Carre B. 1997. Effect of high ambient temperature on feed digestibility in 
broilers. Poultry Science, 76: 857-863. 

Borges S. A., Fischer D. A., Silva A. V., Majorka A., Hooge D. M. and Cummings K. R. 2004. Physiological 
responses of broiler chickens to heat stress and dietary electrolyte balance (sodium plus potassium minus 
chloride, miliequivalents per kilogram). Poultry Science, 83: 1551-1558. 

Bozkurt M., Kucukvilmaz K., Catli A. U., Cinar M., Bintas E. and Coven F. 2012. Performance, egg quality, and 
immune response of laying hens fed diets supplemented with manna-oligosaccharide or an essential oil 
mixture under moderate and hot environmental conditions. Poultry Science, 91: 1379-1386. 

Brisbin J. T., Gong J., Lusty C. A., Sabour P., Sanei B., Han Y., Shewen P. E. and Sharif S. 2008. Influence of in-
feed virginiamycin on the systemic and mucosal antibody response of chickens. Poultry Science, 87: 1995-
1999. 

Çarli K. T., Önat K. and Günaydin E. 2008. Application of Mentofin® in broilers with clinical infectious bursal 
disease to reduce escherichia coli related problems after vaccination against Newcastle disease. Turkish 
Journal of Veterinary and Animal Sciences, 32(2): 73-78. 

Cross D. E., Mcdevitt R. M., Hillman K. and Acamovic T. 2007. The effect of herbs and their associated essential 
oils on performance, dietary digestibility and gut microflora in chickens from 7 to 28 days of age. British 
Poultry Science, 48: 496-506. 

Debski B., Zalewski W., Gralak M. A. and Kosla T. 2004. Choromium yeast supplementation of broiler in an 
industrial farming system. Journal of Trace Elements in Medicine and Biology, 18: 47-51. 



28                   b��*kG� &��
  :b���2�M +*B� E
���/�M ��D
C F�!8�'��� + *25�6 *@+  �J I��G�H" .�  -���� �!K�� L�L -!��7 /�M ...  

 

Deng W., Dong X. F., Tong J. M. and Zhang Q. 2012. The probiotic Bacillus licheniformis ameliorates heat stress-
induced impairment of egg production, gut morphology, and intestinal mucosal immunity in laying hens. 
Poultry Science, 91: 575-582. 

Dong X. F., Gao W. W., Tong J. M., Jia H. Q., Sa R. N. and Zhang Q. 2007. Effect of Polysavone (alfalfa extract) 
on abdominal fat deposition and immunity in broiler chickens. Poultry Science, 86(9): 1955-1959. 

Donkoh A. 1989. Ambient temperature: a factor affecting performance and physiological response of broiler 
chickens. International Journal of Biometerology, 33: 259-26. 

Dorman H. J. D., Kosar M., Kahlos K., Holm Y. and Hiltunen R. 2003. Antioxidant properties and composition of 
aqueous extracts from Mentha species, hybrids, varieties, and cultivars. Journal of Agricultural and Food 
Chemistry, 51: 4563-4569. 

Felver-Gant J. N., Mack L. A., Dennis R. L., Eicher S. D. and Cheng H. W. 2012. Genetic variations alter 
physiological responses following heat stress in 2 strains of laying hens. Poultry Science, 91: 1542-1551. 

Galib A. M and Al-kassie. 2010. The role of peppermint (Mentha piperita) on performance in broiler diets. 
Agriculture and Biology Journal of North America, 1(5): 1009-1013. 

Garcia N. M., Pesti G. M. and Bakalli R. I. 2000. Influence of dietary protein level on the broiler chicken’s response 
to methionine and betaine supplements. Poultry Science, 79: 1478-1484. 

Garriga C., Hunter R. R., Amat C., Planas J. M., Mitchell M. A. and Moreto M. 2005. Heat stress increases apical 
glucose transport in the chicken jejunum. American Journal of Physiology Regulatory, Integrative and 
Comparative Physiology, 290: 195-201. 

Gopal M., Shamanna M., Sathya C. P. and Das D. 2013. Immunomodulatory constituents from plant origins (a 
review) of isolated biomolecules. International Journal of Pharma Sciences and Research, 4: 2459-2469. 

Guo F. C., Kwakkel R. P., Williams B. A., Parmentier H. K., Li W. K., Yang Z. Q. and Verstegen M. W. A. 2004. 
Effects of mushroom and herb polysaccharides on cellular and humoral immune responses of Eimeria 
tenella-infected chickens. Poultry Science, 83: 1124-1132. 

Hassan A. M., Mayabdelazeem H. and Reddy P. G. 2009. Effect of some water supplements on the performance and 
immune system of chronically heat-stressed broiler chicks. International Journal of Poultry Science, 8: 432-
436. 

Hernandez F., Madrid J., Garcia V., Orengo J. and Megias M. D. 2004. Influence of two plant extracts on broilers 
performance, digestibility and digestive organ size. Poultry Science, 83: 169-174. 

Hosseini Mansoub N. 2011. The evaluation of different levels of Menta pulagum on performance, and blood 
parameters of broilers. Journal of American Science, 7(8): 338-341. 

Huda M. S. E., Mohamed K. A. and Mukhtar A. 2015. Effect of spearmint (Mentha spicata) on performance and 
blood serum parameter of broiler. Journal of Social Science Research, 8: 1600-1606. 

Juergens U. R., Stober M. and Vetter N. 1998. Steroid-like inhibition of monocyte arachidonic acid metabolism and 
IL-1b production by eucalyptol (1.8-cineol) (in German). Atemw-Lungenkrkh, 24. 

Khodambashi Emami N., Samie A., Rahmani H. A. and Ruiz-Feria C. A. 2012. The effect of peppermint essential 
oil and fructooligosaccharides, as alternatives to virginiamycin, on growth performance, digestibility, gut 
morphology and immune response of male broilers. Animal Feed Science and Technology, 175: 57-64. 

Kim G. B., Seo Y. M., Kim C. H. and Paik I. K. 2011. Effect of dietary prebiotic supplementation on the 
performance, intestinal microflora, and immune response of broilers. Poultry Science, 90: 75-82. 

Kraft K. and Hobbs C. 2004. Pocket guide to herbal medicine, New York, Thieme Stuttgart, 1(3): 61-62. 
Lavina S., Dumitrescu G., Drinceanu D. and Stef D. 2009. The effect of medicinal plants and plant extracted oils on 

broiler duodenum morphology and immunological profile of broiler. Romanian Biotechnological Letters, 9: 
1906-1914. 

Lebman D. A. and Coffman R. L. 1988. Interleukin 4 causes isotype switching to IgE in T cell-stimulated clonal B 
cell cultures. The Journal of Experimental Medicine, 168: 853-862. 

Lee K. W., Everts H., Kappert H. J., Losa R. and Beynen A. C. 2004. Growth performance of broiler chickens fed a 
carboxymethyl cellulose containing diet with supplemental carvacrol and/or cinamaldehyde. International 
Journal of Poultry Science, 9: 619-622. 

Lin H., Jiao H. C., Buyse J. and Decuypere E. 2005. Strategies for preventing heat stress in poultry. World’s Poultry 
Science Journal, 62: 71-86. 

Mckay D. L. and Blumberg J. B. 2006. A review of the bioactivity and potential health benefits of peppermint tea 
(Mentha piperita L). Phytotherapy Research, 20: 619-633. 

Mujahid A., Pumford N. R., Bottje W., Nakagawa K., Miyazawa T., Akiba Y. and Toyomizu M. 2007. 
Mitochondrial oxidative damage in chicken skeletal muscle induced by acute heat stress. Journal of Poultry 
Science, 44: 439-445. 



 

 �����/
�� �����/�	
 ��� -#�� I�&�'�( I�s�se(1399 )30 -17                                  (                                                     29  

 

Mujahid A., Yoshiki Y., Akiba Y. and Toyomizu M. 2005. Superoxide radical production in chicken skeletal muscle 
induced by acute heat stress. Poultry Science, 84: 307-314. 

Niu Z., Li Y. and Yan Q. Z. 2009. Effects of different levels of vitamin E on growth performance and immune 
responses of broilers under heat stress. Poultry Science, 88(10): 2101-2107. 

Ocak C., Erener G., Burak A. K. F., Sungu M., Altop A. and Ozmen A. 2008. Performance of broilers fed diets 
supplemented with dry peppermint (Mentha piperita L) or thyme (Thymus vulgaris L) leaves as growth 
promoter source. Czech Journal of Animal Science, 53: 169-175. 

Pourtayeb S. and Abtahi S. M. 2017. Nicotine can modulate the effects of the mesenchymal stem cells on 
neutrophils. Advances in Medical Sciences, 62(1): 165-170. 

Quinteiro-Filho W. M., Gomes A. V., Pinheiro M. L., Ribeiro A., Ferraz-de-Paula V., Astolfi-Ferreira C. S., Ferreira 
A. J. and Palermo-Neto J. 2012. Heat stress impairs performance and induces intestinal inflammation in 
broiler chickens infected with Salmonella Enteritidis. Avian Pathology, 41: 421-427. 

Rashidi A. A., GofraniIvari Y., Khatibjoo A. and Valkilia R. 2010. Effect of dietary fat, vitamin E and Zinc on 
immune response and blood parameters of broiler reared under heat stress. Research Journal of Poultry 
Science, 3(2): 32-38. 

Riechelmann H., Brommer C. and Hinni M. 1997. Response of human ciliated respiratory cells to a mixture of 
menthol, eucalyptus oil and pine needle oil. Arzneimittelforschung, 47: 1035-1039. 

Savoini G. and Bontempo V. 2002. Alternative antimicrobials in the nutrition of postweaning piglets. Veterinary 
Record, 151(19): 577-580. 

Serafino A., Vallebona P. S., Andreola F., Zonfrillo M., Mercuri L., Federici M., Rasi G., Garaci E. and Pierimarchi 
P. 2008. Stimulatory effect of Eucalyptus essential oil on innate cell-mediated immune response. BMC 
Immunology, 9: 17. 

Sharma J. M., Kim I. J., Rautenschlein S. and Yeh H. Y. 2000. Infectious Bursal disease virus of chickens: 
pathogenesis and immunosuppression. Developmental and Comparative Immunology, 24: 223-235. 

Teeter R. G. and Belay T. 1996. Effects of ambient temperature on broiler mineral balance partitioned into urinary 
and faecal loss. British Poultry Science, 37: 423- 433. 

Xiaoyu D., Yanlong C., Renfu Y., Guilian Y., Chan D., Shengqing Y., Xiufan L., Chunfeng W. and Zhuang D. 
2014. Proteomic analysis of chicken peripheral blood mononuclear cells after infection by Newcastle disease 
virus. Journal of Veterinary Science, 15(4): 511-517. 

Yalcin S., Settar P., Ozkan S. and Cahaner A. 1997. Comparative evaluation of three commercial boiler stocks in hot 
versus temperate climates. Poultry Science, 76: 921-929. 

Zulkifi H., Norma M. and Omar A. 2000.The effect of early age feed restriction on subsequent response to high 
envirmental temperatures in female broiler chickens. Poultry Science, 79: 1401-1407. 

 
 



 

Animal Production Research 

Vol. 9, No. 3, 2020 (17-30) 

 

Research paper 

Effect of spearmint and eucalyptus essential oils on performance, 
carcass characteristics and immune system of broiler chickens 

under thermal stress conditions 

N. Asgharian1*, R. Najafi Gharajeh2, M. Abtahi Froushani3 

1. MSc. Graduated student, Department of Animal Science, Faculty of Agricultural Sciences, University of Urmia, Urmia, Iran 
2. Assistant Professor, Department of Animal Science, Faculty of Agricultural Sciences, University of Urmia, Urmia, Iran 
3. Assistant professor, Division of Immunology, Department of Microbiology, Veterinary Faculty, University of Urmia, Urmia, Iran 

 

(Received: 11-03-2018 – Accepted: 27-07-2019)                 

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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