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Introduction: Exposure of poultry birds to extreme temperature stressor 
modulates the immune responsiveness and haemato-biochemical parameters of 
birds. Cold temperature can increase ascites susceptibility by increasing both 
metabolic oxygen requirements and pulmonary hypertension. Biochar is an ash 
substance that is produced from the burning of biological material via 
pyrolysis. This study was carried out to investigate the effects of wet Litter 
Biochar on performance of cold-stressed broiler chickens.  
Material and Methods: In this experiment, the effect of wet litter biochar 
(WLB), probiotic and zeolite on performance, blood metabolites and small 
intestine morphology of broiler chickens reared under cold stress were 
investigated. In a completely randomized design 350 Ross-308 broiler 
chickens (one-day-old, mixed sexes) were allocated to seven treatments, five 
replicates and 10 birds in each replicate. Experimental treatments included: 1) 
positive control (basal diet in recommended temperature), 2) negative control 
(basal diet+ cold stress), 3) negative control+ %0.5 WLB, 4) negative control+ 
%0.75 WLB, 5) negative control+ 1% WLB, 6) negative control+ 0.02% 
probiotic Ecobacto-P, and 7) negative control+ 1% zeolite. In cold stress 
groups, house temperature decreased to 17° C from 7 d until end of the 
experiment (42 d). 
Results and Discussion: As compared to group reared in recommended house, 
cold stress significantly decreased broiler chickens feed intake, body weight gain 
(BWG), carcass and abdominal fat percentages, serum triglyceride concentration, 
activity of aspartate transaminase and alanine aminotransferase enzymes as well as 
villous width of jejunum and ileum while increased total and ascitic mortality, ileal 
and jejunal villous height and crypt depth to villous length ratio (P<0.05). Inclusion 
of 0.5 and 1% WLB and probiotic increased broiler chickens BWG, ileal and 
jejunal villous length and surface area, but decreased feed conversion ratio as 
compared to negative control group (P<0.05). 
Conclusion: Generally, although addition of wet litter biochar and probiotic 
led to improvement in performance and small intestine morphometry of cold-
stressed broiler chickens, but they did not completely catch-up negative effects 
of cold stress on broiler chickens. 
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�<�C� ��5-� c3
3* 
 ������ tQ�$� ��H	-. Y�������. �K .Y���?� �-�	�=
�� �
�<�C�� ���� 

��� �� �
b�N \-��* ������ �c3
3<� a�I?�� 
 �. ��I��	9 ����� a.�� 
 ���0�� 4�5
Q 
V-��� �
�� .,=��?� 


���� 1U=� o=	*  ���<=�Spectra FTIR
1 )PerkinElmer-USA;* (--a .���K   

J-A �. �L	* �.�f��� ��? A ����<=� o=	* ��K- J3814 ������$?� �
���?� ?-#�
��-J-A 
 c��? 3000� 

2900 
 2832 ������$?� �
���?� -CH2 
 -CH3 �� Z	.�� �. ��*-4�8 �$
. `��-� C7-*�_-J 
 A-J�?� 1700 
 

1622 Z	.�� �. A-�?��	� C=O �� �0
N�?� *��
�7-A 
 �J-J 1072 Z	.�� �. ? �
��-#�
��- c�� ��$K�.  ����

 c�K) ,=� �
-#�
��-? J-A 
� ����� ��H	-. \-��*1(.  

�5Q� ���. ��
�2 ��. ��
 
 Q�T� j��	R� �. ��
� 4�	b  ��
� c� �� �<-=7 
 c� 4�_
* �b�� 
 ���L	L  �?

������ -��� �K�� . �L	L  ��?}
* ��KaU. c� ��
 �. ,=�� aU. ��
 %-#0* �. �  �� 
 �?�*�	b �� 2-. �*  ��3/0 

 �L	L ��K�.}
* ��K 5L
  j��	R c��8* \��M .�K ��1C �<-=7 4�_
*n-1T* ��K +�=��8=�=��.  �8=�1� c� 4�_
*


 ����� �A ����� ���7�2 �-5  �U.�� �� ���_<=� �. ���A
�� ����. �-C	* �	<��Q)1( K �8=�1�� )Rashidi et al., 2020(.  

 �U.��1(  100×  
 (���	
-�) ���� ��
)× (�������� �b��  

 =SR�K ����. C	*-� �A
����
� c� ��  
 j��	R c��8* \��M)× 6
�Q a= (�
�)  

a= �� 40 ����
� J� �� �L	L �� �? *���� 
 s�3<�� �� |�?�-= ��� !�. �7 �? ��	I� �	R �<Q��  ,g
h 
 �K

,-C	.�<� ��? �!
�<#
�) �$��� ��	R LDL
2-
 !
�<#
� HDL

3-(!
�<#
� ,-� �� ���_<=� �. ��? ,��K +��A  �	��7

,-C�;Q 
 %�5�7  ��?a-�i7 ) ���_#���*	$-�7Alanine Aminotransferase: ALT ���_#���*	$-�7 4�*��k=7 
 (

)Aspartate transaminase: AST(���P
��-?� 4�<�i � )Lactate dehydrogenase: LDH ���<=� o=	* (

�5�i��7	*� )Hitachi 917 (aA�P �	�� .�K a--;* 

�. �	g$�  �=��.�-Oz*  �
� �j��	R �C7 ���� %q? ,-
.�V �. �����= 2$* 
 ������7 ��?��I-*38  �. 2����7

��-L  ������7 ��?3/0 �
�� �-#�� �b��  2K
 �K �Q�M� �<-Q�� �= �� ��;. �
�  w	Q�� 4��	<1���	I� ����.�K �. 

 �U.�� �� ���_<=� �. �C7 ���� %q? ,-
.�V)2( :�K �8=�1�  

 �U.��2(                          =(�b��) %q? ,-
.�V  

��	I� �� �	L	� ������ )} ��	I� �� �	L	� ������/w	Q�� ��?  (j��	R ��?× ��	I� �� �	L	� �tu� ����)  ��?

 �� �	L	� �tu� ����/j��	R��	I� {(w	Q�� ��?-1  

  

  

  

                                                                                                                                                            
1. Fourier transform infrared  
2. Low density lipoprotein 

3. High density lipoprotein 
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 L<�
1 .��-L ���-I-K \-��* 
 ����	R ��	�  (�b��) ���A 

�$�&�� '�+� ) � �+NO10 -1 (�R�<& ) ��&24 -11 (�R�<& ) ��+ +842-25 (�R�<& 

4�v  1/53  6/60  7/66  
) ��	= �C�`$�44 (a-"*
�A �b��  0/35  8/29  1/28  

�����.�<Q7 ah
�  0/1 0/1  6/1  
 4�v a*	
�)60 (a-"*
�A �b��  5/6  6/4  0  

4�_#Q %-#
� ��  52/1  45/1  2/1  
%-#
� 4�$.��  32/1  14/1  1/1  

��-!� - a-�	-<�  24/0  2/0  19/0  

!�-���
�
��-? a�5-C  28/0  26/0  16/0  

!�-a-�	f�*  05/0  042/0  004/0  

JI�  24/0  25/0  28/0  

a��-K 6	L  20/0  20/0  15/0  
�$-��<�
 cI��1  25/0  25/0  25/0  
���;� cI��2  25/0  25/0  25/0  

\-��* ��	� �tu� �8=�1� ��K )�b��( 

(���	
-��� ��C��	
-�) %#-C	.�<� c.�V �P��� 00/3000 00/3030 00/3030 

(�b��) ��R a-"*
�A 00/23 90/20 00/19 

(�b��) %q? c.�V a�5-C3 25/1 10/1 98/0 

(�b��) %q? c.�V a-�	-<� 60/0 52/0 44/0 

(�b��) %q? c.�V a-"<#-= 30/0 28/0 27/0 

(�b��) %q? c.�V a-"<#-= +a-�	-<� 90/0 80/0 71/0 

%q? c.�V a-�	f�* (�b��)  79/0  68/0  61/0  
(�b��) %-#
� 00/1 90/0 87/0 

(�b��) ���_<=� c.�V �_#Q 50/0 45/0 43/0 

(�b��) %��= 17/0 17/0 17/0 

 1  
2��-L \-��* �� ���_<=���	I?��_<=���	� cI�� . a-��<�
 d,=� ��	. ��� ��	� ����� ����	
-��? �� �?  c��K �?44000  �7 ���)L �N�
7200 � ���)L �N�
 -3 d440 �
-�  ��� ���40 
�
-�  ��� ���70 �
-�  �a-�i�.	� ���65 �
-�  �a-��-* ���320  �a�
�Q	8�� ���-
-�290 
-��  �J-$*	<��A �-=� ���1220 �
-�  �a-=�-� ���65 �
-�  �a-#�
���-A ���22 �
-�  ���

 
 a-*	-.270 �
-� �
-�) c��K ���;� ��	� .����
� a-C	� ��� :(���	
-� �� ��� 2/99 �
-� ) 5$�$� �-#�� ���MnO2 �(85 �
-� ) �
� �-#�� ���ZnO �(50 �
-�  a?7 4�_C	= ���
)FeSo4 �(10 
-�� ) Y� 4�_C	= ���SuSo4 �(2/0 �
-�  �(,-$
= %��=) �	-$
= ���13 �
-�  
 (%-#
� 4���) �� ���250 �
-�  .����
� a-
� ���  

  

 �
� ��42  (2����7 ����A)�. �	9 Q��T*� 
�  ����A (���� J� 
 �� J�) ����* �? ���. o���K J��5� �. a-���-� 

�
�� ���
 s�3<�� ��<�� ���. 
 ��K ��)H ,��= c8V �� ��<�� �L	L �. �K ���� ��$=�� �?. �L	L �? YA �� �a��	* 

��<�� ��K 
 �8#� ��
 �-g� �Ki ��5L� 
 �Ki �.�H ��$-= ���� �9	1� \
V 
 �$U. ������ ��-� ��	I� �. .�K  ��-�

��<��. ,�� 
 �	"
�� 4��	<1� �� -1� �� ��	IC�= 
 �
��-���K� �+	
-=�.	<�i ��? ,-;IL c� ��b�T<R� ,�� o

��<��. �L	L �	"
�� 
 �	�P
P ,Q�. �� .�K a--;* �	"
�� �� �	�t� ��? ��	I� ��K��<�� ��? ��	I� 
 �K ��-�  cR�� �?

 !	
1�10  �� �;. .�K ����)�� a-C���Q �b��48 ��	I� �� :U0� nU= �-)* 
 �,��=  ���;* ��	�P
P 
 �	"
�� ��?10  ��A

��
� � %C�= �� 
 �.����� ��	I� �? �
 !	9�
�� 
 l���
� �� mI� 
�,k � �� ���_<=� �.-�	�=
�� �	���  w�_*�� ,8#�

�� mI� �. ��A�,k 
 :U0� nU= 
�
� �-5  �� ���_<=� �.) �U.��3( �K �8=�1�. 

 �U.��3                           (                                  
 !	9�
�  ×
 l��)�
�  ÷2 ×(2 ×π  =
 :U0� nU=�
�  

���� ��? 
� �� ���_<=� �. cb�N�� GLM ��� ���7 ��5Q�� SAS   �3#�)4/9��. (�  !��4 5`*�� � 
-���-a *-�?��I  

�$����$H �	��7 �� ���_<=� �. �� ���7 nU= �� a����� �0� �b�� >$A��# �K )SAS, 2004( .  

 �U.��4                                                 (                                                             Yij = µ + Ti + eij  

�� �� �7�Yij  �4��?��� dµ ��-���-a 4��?���dTi �  ��I-* �O�i  
eij ��UR �O�� Q��T*� .,=� ��?��� �? �. Z	.��  

  



�?� 6�&+0� ��+��8  �# �@��A 6<�8�#��B < *�C��4 �6 A��
��� *�6+:��4 +=� ���� <   ...  /������ �	�
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4- $�(�) ��# +#�3� 

�-Oz* ��-L  !
�L �� j��	R c��8* \��M 
 ��. ��
 ��Q�T� j��	R �. ������7 ��?)2(  !�I�� .,=� ��K ���� ����

 2$*���= �K 6�
�A ��
� c� 
 �K� �a���h7 ��
� �� �Q�T� j��	R 2?�� \8= ��)05/0P<(�  a-���-� �. ���

 �Q�T� j��	R�L	L  �����A ��
� �� �<K	� ��?�-Oz* �$;�  .,K��� ����  

 
 L<�
2 .�L	L j��	R c��8* \��M 
 �K� ��Q�T� j��	R �. ������7 ��?��I-* �O� �<K	� ��?  

P-Value SEM  
 �( +��O �+=&+��#1   

7 6 5 4 3 2 1   

         (���)�Q�T� j��	R 

0001/0 15  b203 192b 207b b208 204b b175 a394 ) a���h710-1 (���
�  

001/0 43 886bc 839c 959bc 975bc 982b b1002 a1152  ) �K�24 -11 (���
� 

423/0 98 2970 2815 2681 2889 2884 2864 2975  ) �����A42 -25 (���
� 

040/0  139  b4058 b3846  b3847 4072b 4070b 4041b a4521 ) c�42-1 (���
�  
  

        (���) ��. ��
 

0001/0  6 141bc 142bc 152b 147bc 153b c131 a285 10 ���
�  

0001/0 32 686b 742b 786b 782b 742b 766b a1015 24 ���
�  

001/0  56  b2209  2163b 2185b 2233b 2166b 2173b a2541 42 ���
�  

                 (���) ��. ��
 2��5Q�  

009/0 30 b545 b601 635ab 635ab 589b ab635 a730  �K�)24 -11 (���
� 

209/0  43  1522  1421  1399  1452  1424  1406  1526 ) �����A42 -25 (���
�  

003/0  52  b2171  2125b 2147b 2195b 2128b 2135b a2503 ��
� c�  

          j��	R c��8* \��M 

88/0  07/0 44/1 36/1 35/1 42/1 32/1 33/1 38/1  ) a���h710-1 (���
�  

007/0  04/0 63/1 ab 40/1 c 52/1 bc ab54/1 a67/1  58/1ab ab58/1 ) �K�24 -11 (���
�  

885/0  07/0 96/1 98/1 92/1 0/2 03/2  04/2  95/1  ) �����A42 -25 (���
� 

585/0  05/0 84/1 78/1 76/1 83/1 88/1  86/1  78/1 ) c�42-1 (���
�  

01/0  92/3  2/24 a 4/11 b 6/17 ab 7/14 ab 0/11 b 0/22 a 9/1 c (�b��) c� 4�_
*  

007/0  31/1  6/6 ab 6/3 b 7/5 ab b 1/5  b2/3  4/8 a c26/0 (�b��) �<-=7 4�_
*  

0001/0 12 194b 230b 229b 227b 201b b193 a315 ���A
�� �-C	* ������ SR�K  

a-ba-���-� 4
�_* :�. �? x
�N �.����� �� �? }��� �$;���� ) ,=�05/0 < P.( 

SEM: a-���-� ������$<=� ��UR  d�?1-  ��-L,8e� �?�K) ���A-  �(+�� ��	= ��K �-b	* ���� �� 6�
�A2 - �_$� �?�K) ���A ��-L -  �(�����= 2$* o���K �� 6�
�A3- 

 +�_$� �?�K5/0  ���H	-. �b��4-  +�_$� �?�K75/0  ���H	-. �b��5-  +�_$� �?�K1  ���H	-. �b��6- ) J-*	-.
�A +�_$� �?�K200  �(a* �� ���7 -  +�_$� �?�K

C	f�.(a* �� ���	
-� J�) ,-  

  

���
5Q� a-. ��
� c� 
 a���h7 ��
� ��  ��?���_<=���	� �L	L ��-L �� �$;� 4
�_* �<K	� ��?  ��1C �� ����

 ��g<�� x�R�. ��K� ��
� �� 
 ,K��� �	L
 �Q�T� j��	R2?
@A ����	<��.	�� J-*	-.
�A ��
5Q� �- �. ,8#� �A

 �
��,Q���� ��$$� �
�N ��-L J�  2$* o���K �� �<Q�� 6�
�A �?�K �
�� 
 ��H	-. �b�����= 2?�� \8= ��

�L	L �Q�T� j��	R  �K �<K	� ��?)05/0<P(. %? a-$H 2$* !�I�� ����=�L	L ��. ��
 2?�� \8= ��  ��?

��
� �� �<K	�  
 6�
�A �����A 
 �K� �a���h7 ��?%? a-$H �L	L ��. ��
 2��5Q� ��5-� 2?��  �9 �<K	� ��?

 �K� ��
������ )05/0P<(� �L	L ��. ��
 2��5Q� �. ���  �����A ��
� �� �<K	� ��?�-Oz* �$;�  a-. ,K��� ����

�
��  ��?,Q���� ��$$� ���
5Q�  ��?���_<=���	��$;� 4
�_* a���h7 ��
� �� o0Q � ,K�� �	L
 ��. ��
 ��1C �� ����� 

�. ��	9 ��
5Q� �� J�  
5/0 � \8= ��H	-. �b���L	L ��. ��
 2��5Q  6�
�A �?�K �
�� �. ,8#� �<K	� ��?
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 2$* o���K �� �<Q�����= �K ��)05/0P<( 2$* .���=���
5Q� �� �� ��
� �� �?  ���
� c� 
 �����A �a���h7 ��?�-Oz* 

�$;� c��8* \��M �. ����  j��	R�$<K���  2?�� \8= ��-L �. J-*	-.
�A ��
5Q� �K� ��
� �� o0Q 
�$;�  \��M ���

c��8*  j��	R�L	L  �<K	� ��? �?�K �
�� �. ,8#� �K)05/0P <( . 

 2$* !�I�����=�$;� 2��5Q� \8= �� �L	L �<-=7 
 c� 4�_
* ���  ��
5Q� 
 �K �<K	� ��?5/0  
 ��H	-. �b��

	<��.	�� J-*	-.
�A-�$;� 2?�� \8= ��-L �. �A �L	L �<-=7 
 c� 4�_
* ��� 8#� �<K	� ��? �?�K ��I-* �. ,

�C�N�� �K �����= 2$* o���K �� �<Q�� 6�
�A 2-. �. �`$� ,-C	f� ��
5Q� �� �L	L 4�_
* a��*  �K �<K	� ��?

���
5Q� �H���  ��?��I-* ���t��-Oz* ��� �. �L	* �. .���	8� ,8e� �?�K �
�� �N �* 4�_
* 2��5Q� c��� ���8L �. ���V �?

j��	R c��8* \��M �. ������7 �� �� �	R �-Oz* �C	* ������ SR�K-� �A
���. ��� ���� ��  2$* !�I�� ����	9���= ��

�$;� 2?�� \8= ���
5Q� a-. 
 �K SR�K a�� ��� �$;� 4
�_* 5-� �?  ��1C �� ����C	* ������ SR�K-� �A
�� �	L
 ��

.,K���  

   
 L<�
3 . �. ������7 ��?��I-* �O��`$=��Q . ��?-K	-I���- 5�7 
�% �?� �8��  �	R ��=�L	L �<K	� ��?  

 �( +��O �+=&+��#1  

P-Value  SEM  7  6  5  4  3  2  1  �S�>��	  

001/0  9/4  33b b4/31 6/35 b 6/36 b 40/42 b b63/44  a6/68 ��* �
-�) ���#-
� �=� /��� (�<-C 

288/0  1/8  118 111 111 119 126 127 144 c� !
�<#
� �
-�) �=� /��� ( �<-C 

0001/0  1/2  7/38 a a7/43 9/40 a 4/41 a a 9/37  63/39 a b 2/24  HDL -!
�<#
� �
-�) �=� /��� (�<-C 

033/0  6/3  2/36 b b8/34  b0/40  8/43 ab 1/45 ab 25/46 ab a 6/54  LDL -!
�<#
� �
-�) �=� /��� (�<-C 

592/0  16 191 184 195 189 168 164 255 (�<-C �. �N�
) ��*�_#Q a-C��C7 

001/0  17 121b 126b 138b 139b 147b b162  a260  (�<-C �. �N�
) ���_#���*	$-�7 4�*��k=� 

007/0  56/0  b70/1 90/1 b b50/2 10/2 b 90/1 b b00/2  a60/5 (�<-C �. �N�
) ���_#���*	$-�7 a-�i7  

1 :1-,8e� �?�K) ���A ��-L -  �(+�� ��	= ��K �-b	* ���� �� 6�
�A2- �_$� �?�K) ���A ��-L - �� 6�
�A  �(�����= 2$* o���K3-  +�_$� �?�K5/0   ���H	-. �b��

4-  +�_$� �?�K75/0  ���H	-. �b��5-  +�_$� �?�K1  ���H	-. �b��6- ) J-*	-.
�A +�_$� �?�K200  
 (a* �� ���7- (a* �� ���	
-� J�) ,-C	f� +�_$� �?�K  

  

�-Oz* ��-L  �. ������7 ��?�`$=��Q  ��?I-K	-.���- %�5�7 
 �L	L �	R ��= ��8� ��?  !
�L �� �<K	� ��?)3( 

 2$* !�I�� .,=� ��K ���� �������=��* 2?�� \8= ��  ,-C�;Q 
 ��= a-�	8C7 
 a-C	.	
� �c� a-"*
�A ����#-
�

%�5�7 7�7 4�*��k=-���_#���*	$  
�i7-a �7-���_#���*	$  2��5Q� 
HDL-!
�<#
� �L	L �	R ��=  �K �<K	� ��?

)05/0P<(�  ���= ��*�_#Q a-C��C7 %�5�7 
 c� !
�<#
� ,g
h �. ����-Oz* �$;� ,K��� ����.  �� �?�K ��I-* �. �#��0�

cI�� ������= 2$* o���K �� �<Q�� 6�
�A  ���= ,g
h �. ,-C	f� �� J-*	-.
�A ���H	-. }
<3� [	U= ����

��*  ����#-
�LDL-!
�<#
�  
HDL-!
�<#
�7 
 a-C	.	
� �%�5�7 ,-C�;Q 
 a-�	8C  ��?ALT  
AST �L	L  ��?

6�
�A  �����= 2$* ,1* �<Q���-Oz* �$;�  �$<K��� ���� 

�. ������7 ��?��I-* �O� �5L� �8#� ��
�  �Ki�L	L  !
�L �� �<K	� ��?)4(  .,=� ��K ���� ������I? �	9 �

�� �gN�� �� 6�
�A �
�� �. �#��0� �� ��	K b	* ���� �� �<Q���-  2?�� \8= �����= 2$* !�I�� �+�� ��	= ��K

�`$=��Q ���= �. 
 �K �$U. ��_N �.�H �b�� 
 �Ki �b��  �Ki �. o8*�� ��?�-Oz* �$;�  ���H	-. ��
5Q� ,K��� ����

�L	L ��-L �. ,-C	f� �� J-*	-.
�A 6�
�A ��? ������= 2$* o���K �� �<Q�� �. ��-Oz* �L	L �Ki 4�_b �	8).  ��?

�<K	� ,K��� .  
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 L<�
4 .�. ������7 ��?��I-* �O� �5L� �8#� ��
� (���� ��
 �� �b��) �Ki �L	L 2����7 ,1* �<K	� ��? 

P-Value SEM 
�( +��O �+=&+��#   

7  6  5  4  3  2  1 �S�>��	  

002/0 9/1  b7/62 6/65b b0/61  b1/61 b3/62 b8/60 a1/69 �Ki 

022/0 20/0  11/1 b
 

b39/1 54/1 ab 19/1 b 14/1 b 24/1 b a03/2 �$U. ��_N �.�H 

698/0 20/0  20/2 32/2 54/2 27/2 33/2 49/2  10/2 �8� 

502/0 11/0  57/1 66/1 74/1 80/1 70/1 54/1  64/1 ����$= 

798/0 071/0  670/0 613/0 590/0 598/0 718/0 640/0  696/0  \
V 

080/0  025/0  240/0  283/0  240/0  223/0  225/0  248/0  166/0  ,=�� aU.  

001/0  029/0  360/0 ab 453/0 a 413/0 ab 375/0 ab 320/0 bc ab385/0  c246/0  aU. c� ��
 �. ,=�� aU. ��
 ,8#� �?  

197/0 3/1  3/30 9/31 1/30 1/32 8/32 3/34  2/30 ��� 

419/0 0/1  6/34 7/32 33 1/32 9/33 6/32  0/32 �$-= 

1 :1-��-L ,8e� �?�K) ���A-  �(+�� ��	= ��K �-b	* ���� �� 6�
�A2- �_$� �?�K) ���A ��-L-  �(�����= 2$* o���K �� 6�
�A3-  +�_$� �?�K1   ���H	-. �b��4 - 

 +�_$� �?�K75/0  ���H	-. �b��5-  +�_$� �?�K5/0  ���H	-. �b��6- ) J-*	-.
�A +�_$� �?�K200  
 (a* �� ���7- � +�_$� �?�K(a* �� ���	
-� J�) ,-C	f  

  

�. ������7 ��?��I-* ��<��. ,-;IL  ��?��	IC�= ��K���-
�� 
 �=�.	<�i-c ��<��.)  ���<=� �-_� 
 �q� ��?

 �	"
�� 4��	<1� (6��	�%? 
 a-$H �. �L	L �C7 ���� %q? ,-
.�V -<K	� ��?�-Oz< �$;�  !
�L) �$<K��� ����5.(  

  
 L<�
5 . ��?��I-* �O��. ������7  %<����C) �.
��-� ,-;IL ��IK10 �L	L (�b��) �C7 ���� %q? ,-
.�V 
 �	"
�� 4��	<1� (��� /��	
�  �<K	� ��?

2����7 ,1* 

P-Value  SEM  
�( +��O �+=&+��#  

7  6  5  4  3  2  1 �S�>��	 

23/0 23/0 22/6 93/5 50/5 90/5 66/5 53/5 47/5 ��	IC�= 

16/0 27/0 64/5 15/6 33/5 14/6 22/6 83/5 62/5 �
��-���K� 

237/0 207/0 85/6  90/6 82/6 53/6 30/6 80/6  90/6 c-=�.	<�i 

724/0  7/0  93  7/92  5/92  1/92  8/91  4/91  4/92  %q? ,-
.�V  

1 :1 -,8e� �?�K) ���A ��-L -  �(+�� ��	= ��K �-b	* ���� �� 6�
�A2 - �_$� �?�K) ���A ��-L - 2$* o���K �� 6�
�A  �(�����=3 -   �_$� �?�K5/0  ���H	-. �b��4 -  �?�K

 +�_$�75/0  ���H	-. �b��5 -  +�_$� �?�K1  ���H	-. �b��6 - ) J-*	-.
�A +�_$� �?�K200  
 (a* �� ���7 - (a* �� ���	
-� J�) ,-C	f� +�_$� �?�K 

  

�. ������7 ��?��I-* �O� ,3�� �L	L ��
� �	�P
P 
 �	"
�� �=�$K  !
�L �� �<K	� ��?)6(  .,=� ��K ���� ����

 
 ,k��� mI� �. ��A !	9 ,8#� 
 ��A !	9 2��5Q� \8= �����= 2$* !�I�� �JH	� ��
� �	"
�� 
 �	�P
P �-N�� ��

) �K ��A l�� 2?��05/0P<(�  a-. 4
�_* ���6�
�A �?�K �
�� 
� b	* ���� �� �<Q���-  mI� 4�_b �� ��= 
 ��K

�$;� ��A :U0� nU= 
 ,k���  ������= 2$* o���K �� �<Q�� 6�
�A �
�� �� ��	�P
P �-N�� �� �c.�0� �� .�	8� ����

 ��
5Q�75/0  2��5Q� \8= ��H	-. �b�� J� 
2-. �* �K �?�K ��I-* �. ,8#� ��A :U0� nU= 
 ��A !	9�  ���C�N �� 

	f� 
 J-*	-.
�A ��
5Q�) �K �	�P
P ��A :U0� nU= 
 ��A !	9 2?�� \8= ,-C05/0P<.(  

 ��
5Q�75/0  ���= �. �#��0� ��) ,k��� mI� �. ��A !	9 ,8#� 
 ��A l�� 2��5Q� �. �`$� ��H	-. �b��

���
5Q� ) �K �?�K ��I-* �. ,8#� �	�P
P �-N�� �� (�?05/0P< 
 J-*	-.
�A ��
5Q� .(5/0  mI� ��H	-. �b�� J� 


��) ��� 2��5Q� ��_$� �?�K ������A �. ,8#� �����= 2$* ,1* ������A �� �� �	�P
P �-N�� ,k�05/0P< �-N�� �� .(

6�
�A ������A �	"
��  ��
5Q� o0Q ������= 2$* o���K �� �<Q��75/0  2��5Q� \8= ��H	-. �b��2-. �*  ��A !	9

�K �?�K ��I-* �. ,8#�� ��
5Q� ��� ��A !	9 J-*	-.
�A  ���. �	9 �$;� ) ��� 2?�� ����05/0P<���
5Q� �0.�� 
 (  �?

 �`$=��Q a�� �.�-Oz* �$;�  �. ,8#� ��A :U0� nU= 
 ��A l�� 2��5Q� \8= ��-L �. J-*	-.
�A ��
5Q� �$<K��� ����
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) �K �?�K �
��05/0P<���
5Q� �0.�� 
 ( �L	L �	"
�� �-N�� ��A :U0� nU= 
 ��A l�� 2?�� \8= �? ? �<K	� ��

) ���K �����= 2$* ,1*05/0P<6�
�A �
�� �� .(  ��
5Q� ������= 2$* o���K �� �<Q��75/0  
 ��H	-. �b�� J� 


) �K ��	"
�� ,k��� mI� 2��5Q� \8= ,-C	f�05/0P<(�  ���C�N ��  �
�� 
 �?�K ������A a-.,Q���� ��$$� 

�$;� x�<R� �`$=��Q a�� �� J-*	-.
�A ��?��� ����  �. ,8#� ,-C	f� �� J-*	-.
�A ���H	-. �b�� J� ��
5Q� ���

) ��� 2?�� �����= 2$* ,1* ������A �� �� ��	"
�� ,k��� mI� �. ��A !	9 ,8#� ��?�K ��I-*05/0P<(� �� 

�C�N �� �
�� a-.  ��?,Q���� ��$$� 5/0  
75/0 �$;� 4
�_* ��H	-. �b�� .��� ��?��� �?�K ��I-* �. ����  

  
 L<�
6 .�. ������7 ��?��I-* �O� �L	L ��
� �P	C	Q�	� �<K	� ��? 

P-Value  SEM  
�( +��O �+=&+��# 

�S�>��	 
7  6  5  4  3  2  1 

                 �	�P
P  

001/0 71 c1352 cd1176 a1812 a1982 b1598 b1566  d1004 (�<�
��-�) ��A !	9 

001/0 11 b103 b105 b129 a162 b127 b120  a177  l��(�<�
��-�) ��A 

001/0 5 cd134 c139 a220 d123 b161 d121 d121 (�<�
��-�) ,k��� mI� 

001/0 47 de438 e389 b738 a1006 bc640  c587 cd555 ��A :U0� nU= 

001/0 55/0 c1/10 cd43/8 d30/8 a1/16 cd88/9  b0/13 cd42/8 ,k��� mI� �. ��A !	9 ,8#� 

           �	"
��  

001/0  31  c1278 d1048 bc1359 a1562 b1377 bc1312 e754  (�<�
��-�) ��A !	9  

001/0  8  a223 e8/77 a204 c142 b176 d107 c141 (�<�
��-�) ��A l��  

001/0  10  ab161 bcd131 a171 a170 abc148  cd125 d111 (�<�
��-�) ,k��� mI�  

001/0  39  a895 e256 ab869 c697 bc763 d442 de333  :U0� nU=��A  

001/0  50/0  bc98/9 bc10/8 bc28/8 ab30/9 ab33/9 a5/10 c84/6 ,k��� mI� �. ��A !	9 ,8#�  

1 :1-,8e� �?�K) ���A ��-L -  �(+�� ��	= ��K �-b	* ���� �� 6�
�A2- �_$� �?�K) ���A ��-L -  �(�����= 2$* o���K �� 6�
�A3-  +�_$� �?�K5/0  ���H	-. �b��

4-  +�_$� �?�K75/0  ���H	-. �b��5-  +�_$� �?�K1  ���H	-. �b��6- ) J-*	-.
�A +�_$� �?�K200  
 (a* �� ���7- (a* �� ���	
-� J�) ,-C	f� +�_$� �?�K 

  

5- :-�  

 ��M�N 2����7 >��<� �. mQ�	� ���� ���� ��K���= 2$* �� ,=��� ��N�. �`$� �  ���
I� s	��=�K�  
 ��. ��
)

�L	L (c��8* \��M  ��?a-H��
. 
 �<K	� ��  �	K)Qureshi et al., 2018( .a�� �. !�N�  �� ,=� ��K 6��5� ���V

�L	L ���� �?�<K	� � l�;� �� ���= 2$*�� �9 �� ��
� �?�  �� c8V }
<3�,-�	T�  ���= 2?�� �. �`$�

�$;��-h  ����K ��. ��
 
 �5Q��2 ���= 2$* 4�� !	9 �. ������A ��. ��
�� �U.�� � ,K�� +	�;� 

)Hangalapura, 2006(� ���C�N �� 2?
@A ����  �=��. �.�-Oz* ��
� !�I�� �L	L �. �����= 2$* ��  �<K	� ��?

 ���)H 
 �	= �
�)�. 4�� �=-��)H ���� �� ,��= 
� �* ,�?  �L���<��= ����  ���� �� %�K �<_? �* �	= �<_? �� 


25 a-. ���� �� �L�� 
� �* ,�?  �L���<��= ����6��5� ( ��� 2$* �� �����=��  �Q�T� j��	R 2��5Q� \L	�

�L	L � ��?�K �<K	� ���C�N ��  ,1* ��. ��
 2��5Q� 
 ��. ��
�-Oz*  4�_
* 
 ,Q��� ���V }
<3� ����� ��?��I-*

�L	L �<-=7 
 c�  �	. �?�K �
�� �� �*i�. �����= 2$* ,1* ��?)Qureshi et al., 2018( !�I�� 
 ��� 2?�� .

!	
= �P��� x�T� 2��5Q� \L	� �����= 2$* �� JH	� ��
� ��?  �	K�. �	9!	
= �� ��� �O� �� ,-=
�<�� ��? 

 �����= 2$*��*	� 4�� )72 �P ��-. (�<��=  a-"*
�A 4�_#Q	�	� a��	��7 o=	* ��K !�;Q ��$-�1 )AMPK 2��5Q� (

                                                                                                                                                            
1. AMP-activated protein kinase 
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�� ���� �� �.�� ,-=
�<�� �� �P��� x�T� 2��5Q� ��$?�  ,=� �?)Zhou et al., 2021( �� �
"#� a�� 
  2��5Q� ���	*

�L	L ���
I� 2?�� 
 j��	R c��8* \��M 
 �Q�T� j��	R 6�
�A �<K	� ��? �����= 2$* o���K �� �<Q��  ��

.�?� n-M	*  

 ��M�N 2����7 �� cb�N >��<� x�R�.2?
@A ����  �� ����� 6��5��L	L �?� <K	�� ��tu* ��K  �
�N ��-L �.

 �b�� 2K �* ��)H.-��H	 s	H 4�v �L	L �. ,8#� �?� ��tu* ��K �.  �b�� 
�.-��H	 
 L-�� �)� ��
 �g� �� �?�K�� 

�$=-a �* ���	.  j��	R c��8* \��M 
�� 03/2  �. (�?�K �
��)89/1  (��H	-. �b�� 2K �
��) �	8).�,Q� )Dim et 

al., 2018( ������7 �� . ������A��tu* ��K  �
�N ��-L �.5/0 �b�� ��*i�. ����
� ��
 2��5Q� ���H	-. �� �#��0� �. 

������A ��tu* ��K ��-L �. �b�� ��)H �� 
� �
�N � ��H	-.  �$<K��)Cheron, 2017( .�� �;C�U�   !�= �� �����2017 

2?
@A ���� * �� ����� ���� ��H	-. ��tu4i	qQ �	-91 )PLB ( ���L	L  �<K	� ��?�-Oz* j��	R x�T� �. �_$�� 

 
 ��
 2��5Q�c��8* \��M ,K�� j��	R ��5-� �� �7 ,
� 
 i�.� $=�7-J . ��-��H	 4i	qQ  ��� ����� ��v

)Evans et al., 2017(.  ��tu*�L	L �?� <K	� �J� ��
� �
�N ��-L �.  
� �b����H	-. �h�� �	�.	
U��� �O� ��  �.

 �K� ���
I��L	L �5Q� �. �`$� 
 ,K��� �?�2 
 ��
  j��	R c��8* \��M�0� �� �.�����# �K �?�K j��	R �. 

)Evans et al., 2017(.  

 ��M�N 2����7 >��<� �. mQ�	�2?
@A ����  !�= ��2020 �. �h�� �	� ��H	-. �b�� J� ��
5Q� �O� �=��. �. 


I���� �L	L  ��?�<K	� +��-308 �L	L ���
I� �� ����� 6��5�  \��M 
 ��. ��
 ��Q�T� j��	R) �<K	� ��?

 ,1* (j��	R c��8*�-Oz*  ,Q��� ���V ��H	-. c��)Rashidi et al., 2020( .�. �g� �� ��H	-. �� �=��. c-C�  ��	.����

��@�
�� sv�L ��<R�= 
 ���I<R�= ��?*�<��. �	I= �. ���	����  o=	* �	I= a�� stL �� :��� 
 ��K ���. �H��V 


a-#�	*
��� s�3� 4��O� �� ��-�	
L 
 6��	� ���<=� �	K ��. �. �? <8e� 4��O� 
� � �	
Q �.-.
���  
 6��	� ���<=�

���� ���� ����A �? 
 �K�. �<K��  !�= �� �K��5� �� ��M�N 2����7 >��<� �. mQ�	�2014�$;� �--u* � ���. ��
 �� ����

�L	L j��	R c��8* \��M 
 �Q�T� j��	R �<K	� ��?��tu* ��K  ��� ��?��� ��H	-. �.)Dim et al., 2018( .

���
I� 2?��  �	-9 �K�,Q���� ��$$� ��H	-. ��  ���	*�. c-C� ��H	-. ��K���. �. tu� ��	��  6��	� ���<=� �� �	L	�

�K�.�  ����!�T*� ���. ��H	-. �����	* �.  4��O� ��	��? ,=� a�I� s7��� .�$� ����* �� �tu� ��	� %q? �_$� ��5-� 

s7 4��	<1� �� �	L	�  ��
���K�. ����  ��4��	<1� �	8� ���$?  ,=� a�I� JH	� ��
� ���. c-C� m-V� ��K  


a-��A ���7 �7 �K��	� 4��	<1� 
 JH	� ��
� �	-
<-A� a-. +�I* nU=�  ��-�	
L �tu� ��	� stL ���	K. �. �	9 

 m-V�� S3��-#, �. ������A ��H �� �
�N ��-L ��tu* �*i�. ��H	-. �. ,8#� ������A�  �� ����-L  �?�K��  ��-L

�
�N �-��5 %� �*��H	-. � � ���_<=�� $��$� .	R ���
I�� ������ )Cheron, 2017(. 

x�R�.  ��M�N 2����7 >��<�2?
@A ����  �=��. �.�-Oz* a-�	-. 
 a-#�*
�A) J-*	-.
�A w	� 
�-�. (	8I�� 
I���� 

�L	L �<K	� ��? +��-308 6�
�A  ����� ���� ��<_? 2K �* �= a= �� �����= 2$* ,1* 
 ���� o���K �� �<Q��

�L	L ��
� c� ��
 2��5Q� 
 �Q�T� j��	R ��  ��?,Q���� ��$$� A6�
�A 
 a-�	-. J-*	-.
�  2$* ,1* �<Q��

,K�� 2?�� �?�K �
�� �. ,8#� �����=� �L	L �Q�T� j��	R 
 ��. ��
 2��5Q� \L	� a-#�*
�A ��
5Q� ���  ��?

6�
�A �K �?�K �
�� �. ,8#� �����= 2$* ,1* �<Q���  ,1* j��	R c��8* \��M ����-Oz*  J-*	-.
�A cI��

a-�	-. �� a-#�*
�A-	8I��  ,Q��� ���V)�8`�� �1391( .%? a-$H  !�= ��2015 �2?
@A ����  ��
5Q� �� ����� 6��5�

 J-*	-.
�APoultryStar �K �Q�T� j��	R c��8* \��M 2?�� 
 ��. ��
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���C�N �� �L	L 4�_
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@A ����  J-*	-.
�A ��
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1. Se-enriched Bacillus: SECB 

2. High-density lipoprotein 
3. Low-density lipoprotein 
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=�-�=-�<�J  �? �.:.���<�  ��<#. ��8#� ���
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@A �L	L �� �<=�� a-I? �� �����  ��?
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1. Woody green waste 
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