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Abstract 
Different acidifiers have been introduced for animal 
nutrition in terms of type of organic acids and their 
composition. This study aimed to investigate the effects of 
consumption acidifier obtained from a mixture of organic 
acids (containing formic, citric, propionic and acetic acid 
and their salts) on the broiler chicks growth performance 
and some intestinal parameters .Therefore, one hundred 
eighty 1-d old male Ross broiler chicks were studid in a 
completely randomized design to 3  nutritional treatments 
with 6 replicates and 10 broiler chicks in each replicate, 
from d 0 to 35 posthatch. The treatments included 1) a  
corn-soybean based commercial diet or Un-supplemnted 
diet (Control), 2) Control diet supplemented with acidifier 
daily and 3) Control diet supplemented with acidifier every 
other day. All of dietary treatments were formulated to meet 
the National Research Council (1994) and Ross nutrient 
requirements for starter (1 to 11 d), grower (12 to 24 d), and 
finisher (25 to 35 d) growth periods. The results showed 
that in the starter and grower phase, feed intake in groups 2 
and 3 that had consumpted organic acids were less than 
control group or un-supplemented organic acids  (p˂0.05). 
In the starter phase, mean of  body weight gain of un-
suplemented group or control was higher than the groups 2 
and 3 or supplemented daily and every other day group, 
respectively  (p˂0.05). The experimental groups showed no 
significant change in their body weight gain during grower 
and finisher phases as well as whole rearing period affected 
by consumption of organic acids. The group  2 (daily 
supplemented) had better feed conversion ratio than control 
group during growth period (p˂0.05). The mean of ileal 
Enterobacteriaceae counts for the groups that had 
consumpted acidifiers (daily or  every other day) were 
significantly lower than control group (p˂0.05). The mean 
of villus length, villus width, crypt depth and villus height 
to crypt depth ratio of the ileum had no significant 
difference between groups affected by consumption of 
organic acids. The pH of ileal and duodenal contents 
between groups showed no significancy. The results of the 
present study revealed that supplemented diets with organic 
acids can reduce some of intestinal pathogens, improve the 
feed conversion ratio. Daily consumption of Organic acids 
was more effective than when it was consumption every 
other day for the bird growth performance characteristics. 
 
Keywords: Broiler, Enterobacteriaceae, growth, 
intestine, organic acids. 



68    2(3'4%�� �5�6� 7 �	() ��8-39 :�!"�; ���$
 �������� ���	
 � ����� ���� � ��� ����� ����1401 

 ���8� 

 2/ #$<% =�(�%/!8-/ :�#��0 >?0� �� �@A :�#��0

��	�
 ��<B���� R-COOH � �CA  .��0� �!;� �

E#'  #��0 #$"�' -�3"� ��9!/ �@A :�#��0 2/ 4�0 �

 :�#��0 -F�� � =�-�9!8 �=�"!���-� �=�<�0 �=�'-G

 �=���9��9 !H�@�' �=�</I #��0 #$"�' =�(�%/!8-/

=�-<�� � =���'!G 28 C0!$) �"���G0 �0 �H�  :�

 J��F��; � �8�-H�' #* ��%"�<� �8 �K�.L �/0�!B

�<"A =�9!�8 �#
 �G-K' #
� M-N' :� ) #"0Kim et 

al., 2015O�8 .( �0 30 ��� 4�0 2/ :�#��0 �@A �� 

2�QR9 �!�L ���S<�0 �'  #"!
)Adhikari et al., 

2020(��!' �!�-' �@A :�#��0 . 2�QR9 �� ���S<�0

 2/ #$<% �S�K* :�#��0 E�"0!�+pKa CA  �� �

 2$'0�3  �95 ) ��0� �0-?Vinolya et al., 2021 .(

28 ��@�  � �0-G ��!B �0�A �H
 28 �#��0 J�0 2/ J�0

#$<% �#"�!B� 0Q@ CA =	" �H
 28 0� �   :�#��0 :�

�' U-V' � #�@!9 �@A ) #$��	"Melaku et al., 2021 .(

=�HS9 �@A :�#��0  C��� 28 ���� �0 W� ��#5"

!�"A 28 �!(� ��X�!<�� =�HS9 C!9�-� � �0���8 C

�' #"!
 C!� ���K9 -��R9 Y;!' Z�S90 J�0 2/  :�

 O�0�G0 � C[��#�pH �!(� ���"�\�0�-H�' :�  :�

O$/0� ���' �8 � �#
 C[!9��  Y;!' �H�@!8�<' :�

C!�"A >	39 J�&9�-� �<$� �0 4K"�	' � �	� :�  ���

�' �9��+ ) #"!
Greene et al., 2022 .(  

 �0 �B-8 2�-\0O�6� C0-\ 4�	0  �0 ���S<�0

CA #�S' E0-]0 �0 �
�" 0� �!�L 2�QR9 �� �@A :�#��0  �

C[!9�� O�/ :�� ) ^�0!\ ��"�/ :�Adhikari et 

al., 2020�_80 O�0�G0 ����� :[!@!G�!' �!.�8  �(:  �0!'

 #
� � �$	�0 �<%�� �-H(	) O�0�G0 �C#8 �� :QR'

��!	" ^�0�\  #"0)Greene et al., 2022; 

Swaggerty et al., 2022; Elhassan et al.,. 

2019; Abdelrazek et al., 2016(� �'0 ^�0�\  :�

 `�!9 �@A :�#��0 U-V' �8 a�.9�0 �� b�_" � #*

O�6� C0-\  2/ 4�0 �#
 -5<$'C�5" �#$�  �!;�

�%�"�H' ��!' �� O"0� U�H
  �!N" �� c�?� :�

�' �/0�!B �"���G0 �0!' J�0 �-H(	)  d��0 J�0 -8 .#
�8

 E�K@�e' �9 4�0 ���"O�8 -9 ���S<�0 E0-]0 f!VB �� :

�"���G0 J�0 �0 ) �-�Q� E�!g �Elhassan et al., 

2019J�0 �0 .(  C���G0 -]0 ���-8 2K@�e' J�0 �0 U# ���

�=�'-G) �@A :�#��0 a!(h' :��+ :��39 �	H' 

�=�-<�� ��-��=�"!� =�<�0 28 �0-	 =	" :� CA  (�

2;!; �-�; 28  :�� CA U-V' 2'�"-8 � �<
!\ :�

i��� 2;!; =�[!@!�8 :�  � #
� �-H(	)) �<
!\ :�

� J�$�   � �8�-H�' ��	
 �:[!@!G�!'pH  .�!8 (����  

  

9�� � �"���  

2�(/ �+0-' `�!9 O��'�A J�0 2<�	/ �(' ZXB0 

�'X�0 �0�A ��F5"0�  #��j9� �8 ���	
 33617 4.] #
. 

 O��'�A J�0 ��28 �!k$'  � �@A :�#��0 -]0 ���-8

CA U-V' E��S<' 2'�"-8  ��180  d�-B 2;!; 2Ke?

 Y@�? �� d0� 2�!� �<
!\2� 2�QR9 ��-\  ��!' :0

 :��+ ��-\ - .#$<G-\ �0-? ���-8O
  - �� � �0-H9

 �0-H910 �� .�!8 2;!; 2Ke? :0#<80 ���� 2;!; � 28 

�B0� J@�� �^��-� 28 E�!g :�0-S"0 C�� �5/ #"#
  �

2;!; :� �8 C�� 28�5' 28 E�!g �G��V9  ��0-H9 ��

��-\ .#$<G-\ �0-? �'�
 �5��'�A :� 1 - �-�; :��39 

2���-8 E�l � ��!� ) #�
 (� 2 - �-�; #�
 28 ��X) 

:�#��0 2"0��� U-V'   �@A � 3 - �-�; #�
 28 ��X) 

U-V' =� ��� :�#��0 C��'�� �!8 �@A .2	 ��-\ :� 

�5��'�A �0 -k" 0�;0 � Y�/-9 ����	�
 �-�; 28�5' #"�!8 

� E��S9 C��' ��-\ � `_G �� ���S<�0 �0 :�#��0   �@A � 

2'�"-8 U-V' CA �!8. :�#��0  ��" �8 ���S<�0��!' �@A

 :��39A-Cid )4/-
 �M�9-G �#�5' C0-�0(� :��+ 

#��0 �=�'-G #��0 �=�-<�� #��0 �=�"!���-� #��0 

=�<�0 28 �0-	 =	" :� CA � �!8 2/  c8�e' 2�g!9 

4/-
 �#"��� 28 �H
 M-� 28 �0#_' 5/1 �-\ 28 - 

�-\!(�/ C0� 2G�*0 #
. �-�; ��0Qo �� 2� 2(+-' 

2�QR9 :0 ��'�
 J���oA )-Sg �9 11 �\��� (� #
� )12 �9 

24 �\���  (� �"���� ) 25 �9 35 �\��� (� �� ���<B0 

2;!; � �0-? 4G-\ )��#; 1 .(  



   :C0��H	 � :�0-'�0 C���G0 2'�"-8 E0-]0 2K@�e'��#: @A�  �� M0�!B 28: #
� �-H(	)  ...  69 

    

"	#� 1. 2��� �-�; ��@�"A � �/0�!B �0!' Y�/-9  
  J���oA  �9 -Sg)11 (�\���  #
� )12  �924 (�\���  �"���� )25  �935 (�\���  

0�;0: ;��- (#g��)        

E�l  93/52  2/58  22/63  

��!� 2@�3$/ 44/40  85/34  29/685 

��!� Jo�� 15/2  831/2  15/2 

 E�S%G ��%(/ :�18%  03/2  764/1  58/1 

 ��%(/E�$8-/ 83/0  73/0  66/0 

J�"!�<' �0 :� 36/0  31/0  29/0 

=	" 27/0  26/0  25/0 

J�'�<��1
 25/0  25/0  25/0 

�"#K' �	H'2
 25/0 25/0  25/0 

 #�-(/��#� J���@ �078% 19/0  18/0  19/0 

 J�"!r-9 �05/98% 13/0  10/0  09/0 

�8 ��#� E�$8-/ 10/0  20/0 22/0  

 #�-(/ J�@!/60% 06/0  06/0  06/0 

��@�"A 
�	���� 2.��N' �#
  

 :[-"0(kcal/kg)  2814  2916  3000  

(#g��) J�9�-� 21 12/19  40/17  

(#g��) J���@ 30/1  16/1 04/1 

 J�&<%�� + J�"!�<'(#g��) 96/0 87/0 81/0 

 J�"!�<'(#g��) 65/0 58/0 54/0 

 J�"�-9(#g��) 74/0 81/0 91/0 

 ��%(/(#g��) 90/0 80/0 71/0 

 -S%G(#g��) 45/0 40/0 36/0 

1 �'�
 M0�!B �-\!(�/ - �� �$�'�<�� �	H' (J�'�<�� �: A �9000  #+0�J�8 ((	@0�  �B1  �8/1 �(�'�-\  �B2  �015/0 �(�'�-\  J�9!�8 �1/0 �(�'�-\  �D3  �2000 

 #+0�J�8 ((	@0�  �E  �18 #+0� J�8�((	@0  �K3  �2 �(�'�-\ J�@!/ �#�0-(/500 �(�'.�-\  

2 �'�
 M0�!B �-\!(�/ - �� �"#K' �	H' (0#�%/�$F$' 100 �(�'�-\ JA E�S@!� � 50 �(�'�-\ :��#�%/0 �100�(�'�-\  � W' E�S@!�10 �(�'�-\  �  E0#�

��%(/  1 �(�'�-\  � 4�$(� ��#�  2/0 �(�'.�-\  

  

�� J�0 ���-8 �0 2'�"-8 ���!" �	r0� � �0 ��� 

:Qo�/ 28 C0!$) -<%8 �� C��� ��0-H9 ���S<�0 #��-\ .

2�(/ 2'�"-8 :� 4�-�#' d��0-8 :�	$0� ^��-� 

2;!; :� �<
!\ �06" d0� ��3"0 .4G-\ 28 �!k$' 

 �:[!@!G�!' ���-8��0#"0 -�\ :pH  �8�-H�' ��	
 �

�� ���� :��<"0 O��'�A ) J� 35 �\��� (=� 2Ke? 

�#"-� �0 - #+0� �5��'�A )O
 �#"-� �0 - ��-\ 

�5��'�A  (28 �!L �G��V9 t�h<"0 � #K8 �0 C�� �5/ 

28 ^�� C#�-8 C�-\ �0 2�+�" J�8 �-�' ��0 � ��� 

��<5/ #"#
  .  

  
#�� &�'��   

�� ��F$ -��R9 2(+-' 2�QR9 :0 �L J�$� 11 � 24 

� �\��� � J�$� 35 �\��� )C���� O��'�A (2;!; � 

28 E�!g :�0-S"0 C�� �5/ #"#
 .�/���!: a!8-' 28 

U-V' M0�!B d��0-8 - �0-H9 28 E�!g 2"0��� �� 

�!L ���� O��'�A 4.] #
 .Y�-* ��#.9 M0�!B 

28 E�!g '�F"��J - 2Ke? �#"-� �� �!L ���� :� 

��!/� :-�\ 2.��N' ) #
Farhangian et al., 2021.(  

  
 �()� ���*�+��, ��	�'(�   

28 �!k$' ���-8 ��	
 �8�-H�' �!&(�0� 5 �<"�� -<' #K8 

�0 �#r0� ��H' �9 :��<"0 �!H� - �#"-� :���0#; � 

�� ��$/ 2(K
 2(g�GX8 �� :��<"0 CA 2<%8 � C��� 

4�(� :� �g�V<B0 :�� i� �0-? ��0� #
 �  2(g�GX8

28 ��F5��'�A ����0 #
.  ��!' ����� � ��0�80 ��	9



70    2(3'4%�� �5�6� 7 �	() ��8-39 :�!"�; ���$
 �������� ���	
 � ����� ���� � ��� ����� ����1401 

�0-? �8 �.? �0 ����" J<G-\28 E#' 20  C��� 2_�?�

  :�'� �8  �X/!90121  2;���<"�� �0-\ 28 �!L  �'�/

�� .#"#
 ��-<�0 ��F5��'�A C���G0 �8 0#<80 3 �-\ �0 

E��!<N' Oh8 �!�(�0 �"��' 28 3 �� �� tA -e_' 

.#
 2��9 C[!	 C!�%"�u�!� ���-<�0 Wu� 1 

�� 2��9 C!�%"�u�!� �0 ��  28 �#
4 ��  tA ��

 #K8 �+0-' �� � #
 2G�*0 -e_'4S :-�  �8 4?�

 4?� Y�-*1/0 4?� �0 .#
 2��9 CA �0  :�2��9  �#


4(� ^�� 28 ���"�\�0�-H�' ^��	
 4�; 4"�/  :�

4?� .#
 ���S<�0 U# ��� 2/ �0#K9 �$(/ :� CA � 

J�8 30 �9 300 �#) �#"�!8 ��!' ^��	
 �0-? G-\ �8 � #$<

CA �0#K9 t-* :-</�8 ��	
 2L!8-' 4?� C0��' �� �  �

 J��K9�!
  v��<" �28 E�!g  �$(/ #+0� �<���F@28 :0�0 

 ����8!</I ^��	
 :0-8 .#
 ^�0�\ E��!<N' �-\ -

 2���-</�8�-<"0 �28 Y�9-9 ^�� c8�e' Zhang et al. 

)2022(  �Roofchaei et al. )2019( `�N' �0  :�

 45/MRS  ) ��\AMerck 11060 � (EMB  ��\A

)Merck 101347 �/ ^��	
 :0-8 .#
 ���S<�0 (

:-</�8  45/ `�N' �0 ��" :�0! :�Mueller–

Hinton agar ) #
 ���S<�0Garcia & Isenberg 

2007.(  

  
-&	� �.� �/���  

�� J�+ 2"!	" :�0�-8 �8�-H�' ����� �9�Ke? 28 0#"��0 

1 �<"�� -<' �0 4	%? �"��' 0!&(�� -80�4
 #
 .2�(h9 

��!<N'E E�Ke? �#
0#; �0 &(�0�! �8 0�S<��� �0 w"-� 

5/0 �(�' -<�@: �+:� -�� �'-"� J�@��� E�!g 

4G-\. Wu� 2"!	" � �9 ��'C 2��9 !(8M �: �<G�8 

C��� -G�8 �S%GE �'-GJ�@ 1/0 #g�� #�F":�0  .#"#
 

W� �0 �0��� 2"!	" � 4�.x9 � ��F5��'�A 28 C��� 

J�@�'-G 10 �#g�� �:-�F8A U�S
 :��� � �0-? J<G-\ 

�� J�G0��� �8 ���S<�0 �0 �!%��-�!5�9 )Shadon 

Citadel 1000 (M!(8 :� �<G�8 2��9 #
 .�8 ���S<�0 

�0 �!9�-H�' )Leica RM2125 (^-8 ��� �8 

4'�h* 5/0 -<'�-H�' 2��9 � :��-8 �I �0-? ��0� 

#
 � #K8 �0 w"� :��'A )J�(�%/!9�	 J��!r0(� y�S9�0 

� z-)  � �-�� J�$� c	) 4u�-/ �0 ���S<�0 �8 

 :�!" {!H��-H�'Olympus J�8��� 28 ��3' HD 

Lite 1080P � �-" �0�G0 TCapture Image 

Analysis System ��0#"0 2(g�G .#
 :-�\ J�8 2��� 

�9 �-� d|� � � J�$� 2(g�G J�8  J�G-L2��� �-� 

28 Y�9-9 28 C0!$) y�S9�0  #
 2<G-\ -k" �� �-� z-) �

)Aliakbarpour et al., 2012.( 4.%" Wu� y�S9�0 

�-� 28 c	) 4u�-/ 2.��N' #
 4+�%' � - �-� 

#
 2.��N' )Banaszak et al., 2020(.   

  
pH *�+��, 	 *��&�0&  

28 �!k$' ��0#"0 -�\: pH E��!<N' ��F<�� �^�0!\ 5/0 

�-\ 2"!	" �0 E��!<N' 4	%? �0#<80� � �!"�!r� �!&(�0 

C�� �#
 � 28 4.%" 1  2810 �8 tA -e_' 28 E#' v$� 

2_�?� 28 8!B� a!(h' Wu� � pH �g�+ �!(N' �8 

���S<�0 �0 @0H ��-<pH -<' )Digital desktop pH 

meter-PTR79-Zag chimi- IRAN ��0#"0 ( -�\: 

) #
Gao et al., 2021(.  

  
����1 "#�  

 �8 ���S<�0 �0 ���2 GLM �-" �0�G0  :��'ASAS )SAS 

Institute, 2003( ��0� :� �g�+ �0 J�0 O��'�A :0-8 

�#'  }-L~X'�/ 2��39 �G��V9 #"#
 .�.? �0 2��39 

��0� �� ��'-" C�!8 >��!9 CA � �8 ���S<�0 2��� 

Univaraite C!'�A #
. :0-8 2%��_' J�F"��' � ��" �0 

C!'�A JH"0� �� �e� 05/0 ���S<�0 #
.  

  

:%�$� 

&�'�� #��   

 ��#; �� #
� �-H(	) v��<"2 �' C�5"  J�F"��' 2/ #�

��-\ M0�!B U-V'  � J���oA �+0-' �� �5��'�A :�

 #
�28 �!L �$K'  4�0 E��S<' � �8 :�0�28 �!L 2/ :

O�8 -9 #�
 ��-\ 28 a!8-' M0�!B U-V' C0��' J�

 ��-\ M0�!B U-V' C0��' � �!83  ��-\ 28 4.%"2  ��
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 J���oA 2(+-'�/ -9 ) �!805/0P<(� �'0  U-V' J�F"��'

 � �"���� �+0-' �� M0�!B� J�$�  �G-V' M0�!B �/

��-\ C��' �$K' E��S9 �5��'�A :�  .4
0#" ��8 :�0�

 -F�� �0 O�8 J���oA 2(+-' �� #�
 ��-\ #
� C0��'

�-\ � ) �!8 �05/0P<(�@�+�� .  �"���� �#
� �+0-' �� 2/

 �� J�$� ) O��'�A ���� :��<"0-Sg  �935  (�\���

�$K' E��S9 ��-\ C��' :�0�  �0 �5��'�A :� ��N@

 �� M0�!B ��#.9 Y�-* 2�-\0 .#5" �#�5' #
� C0��'

��-\ C��' ^��-� ���� �/ � �"���� �J���oA �+0-'  :�

�$K' �5��'�A  4%�" �0��'0  ��#.9 Y�-* �#
� 2(+-' ��

 ��-\ M0�!B2 ) 4G�� �!.�8 #�
 28 4.%"05/0P<.(  

  
*�+��, ��	�'(� �()� ���  

v��<" ��	
 �8�-H�' ���� �� ��-\ :� �5��'�A �� 

��#; 3 C�5" ��0� �#
 4�0 . ��	
 J�F"��'

-</�8�-<"0�2��  ��-\ �!&(�0 U-V' :�  :�#��0 �#$$/

) �@A2  �328 ( �$K' �!L �/ #�
 28 4.%" :�0�  -9

 �!8)05/0P<.( :-</�8 �/ ��	
 :� :�0!  �

����8!</I �� � ��-\ :� �5��'�A �8 -F�#H� E��S9 

�$K' :�0� 0#"4
.  

  
�.� �/��� -&	�  

d��0-8 v��<" �0 �g�+ 2K@�e' :[!@!G�!' &(�0�! �� 

��#; 4� �$K' E��S9  4N9 :�0�-�]j9  U-V'

:�#��0 V' 2'�"-8 -��R9 � �@A��-\ C��' CA U-  :�

 �0 �5��'�A-k" �y�S9�0 z-) ��-� 4+�%' � c	) 

4u�-/  �� J�$� 4.%" y�S9�0 �-� 28 c	) 4u�-/ 

�!;�  4
0#")05/0P˃.(  

  
"	#� 2.  J�F"��') �5��'�A :� ��-\ #
� �-H(	)±SD(  

��� 28 J�  
(2�QR9 2(+-')  

�-H(	)  
��-\ �5��'�A :�*

 
P-value   

1  2  3 

-Sg  �911  
(J���oA) 

(�-\) M0�!B U-V'  51/0±a37/189 92/11±b00/169 17/7±c67/140 0001/0 

(�-\) #
�  23/10±a67/184 73/12±b17/164 62/11±c83/139 0001/0 

M0�!B ��#.9 Y�-* 06/0±03/1 07/0±03/1 04/0±01/1 7946/0 

14  �924  
(#
�) 

M0�!B U-V' )(�-\  60/66 ±a33/1143 93/49±b79/981 20/29±b03/954 0001/0 

(�-\) #
�  83/49±62/628 37/36±74/604 95/50±33/576 1800/0 

M0�!B ��#.9 Y�-* 19/0±a83/1 09/0±b63/1 11/0±ab67/1 0498/0 

25  �935  
(�"����) 

M0�!B U-V' )(�-\  46/104 ± 77/1642 67/215 ± 32/1689 39/86±36/1730 5977/0 

(�-\) #
�  60/97±23/871 27/206±70/968 94/88±78/1082 0621/0 

M0�!B ��#.9 Y�-* 18/0±90/1 45/0±81/1 21/0±61/1 2772/0 

-Sg  �935  
(�/)  

(�-\) M0�!B U-V'  89/166±46/2975 53/252±11/2840 72/98±06/2825 3234/0 

(�-\) #
�  36/71±51/1684 74/213±60/1737 06/50±94/1798 3559/0 

M0�!B ��#.9 Y�-* 06/0 ± 77/1 20/0 ± 65/1 09/0±57/1 0612/0 

�� - ���� J�F"��' :� :0�0� U�-+ E��S<' �0 ��N@ :��'A UX<B0 �$K' :�0� ) #"�0�05/0p<.(  
 *1. �-�; C�#8 :�#��0 �@A )#�
(� 2- #�
 �-�; �0-	 �8 U-V' 2"0��� :�#��0 ��@A 3 - #�
 �-�; �0-	 �8 U-V' =� ��� �� C��' :�#��0  .�@A 

  
 "	#�3. 4�K	; ��	
 �8�-H�' ) �!&(�0cfu/gr Log��-\ (  �5��'�A :�)J�F"��' ±SD(  

:-</�8  
��-\ �5��'�A :�*  

P-value 
1  2  3  

:-</�8 �/  :�0! :�  15/0 ± 39/9 17/0 ± 49/9 11/0 ± 45/9  7288/0  
����8!</I  28/0 ± 49/9 04/0 ± 77/9  05/0 ± 49/9  1373/0  

2���-</�8�-<"0  04/0 ± a60/7 09/0 ± b41/7 03/0 ± b40/7  0083/0  
�� - ���� J�F"��' :� :0�0� U�-+ E��S<' �0 ��N@ :��'A UX<B0 �$K' �0�: ) #"�0�05/0p<.(  
 *1- �-�; C�#8 :�#��0 �@A )#�
(� 2 - #�
 �-�; �0-	 �8 U-V' 2"0��� :�#��0 �@A� 3- #�
 �-�; �0-	 �8 U-V' =� ��� �� C��' :�#��0 �@A  
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 "	#�4. ��-\ �!&(�0 :[!@!G�!' 2K@�e' v��<"  �5��'�A :�)J�F"��' ±SD(  

4h�� ���$
  
��-\ �5��'�A :�*  

P- value 
1  2  3  

�-� �!L )µm(  37/131 ± 47/825  05/162 ± 08/804 84/234± 59/849  9103/0  

�-� z-) )µm(  11/13 ± 72/151  95/20 ± 60/160  74/33 ± 37/172  3568/0  

4u�-/ c	) )µm(  66/27 ± 30/205  89/26 ± 80/184  31/19 ± 14/192  3973/0  

�-� �!L /4u�-/ c	)  86/0 ± 08/4  75/0 ± 36/4  98/0 ± 41/4  7875/0  

�-� 4+�%' )mm2(  06/0 ± 39/0  09/0 ± 41/0  20/0 ± 47/0  5655/0  

�� - ���� J�F"��' :� :0�0� U�-+ E��S<' �0 ��N@ :��'A UX<B0 �$K' :�0�  #"�0�)05/0P<.(  

 *1- �-�; C�#8 :�#��0 �@A )#�
(� 2- #�
 �-�; �0-	 �8 U-V' 2"0��� :�#��0 ��@A 3- #�
 �-�; �0-	 �8 U-V' =� ��� �� C��' :�#��0 �@A.  

  
  

  

pH *�+��, 	 *��&�0&  

 ��#; v��<"5 �' C�5"  2/ #� J�F"��'pH 

Oh8 E��!<N'  =�!/ ���� �!&(�0 � �!"�!r� :� ��

��-\  E��S9 :��'A ��N@ �0 �(<h' �5��'�A :�

�$K'  � �8 :�0� 4
0#")05/0P˃(.  
  

 "	#�5. ��-\ �!&(�0 � �!$r!r� E��!<N' 2<�#��0  :�

 �5��'�A)J�F"��' ±SD(  
Oh8  :�  

���� 

��-\ �5��'�A :�* 

P-value 
1  2  3  

�!"�!r�  43/0± 24/5  15/0± 20/5  22/0± 44/5  3542/0  

�!�(�0  31/0± 37/6  21/0± 15/6  24/0± 24/6  3560/0  

�� - ���� J�F"��' :� :0�0� U�-+ E��S<' �0 ��N@ :��'A UX<B0 

�$K' :�0� ) #"�0�05/0P<.(  

 *1 - �-�; C�#8 :�#��0 �@A )#�
(� 2 - #�
 �-�; �0-	 �8 U-V' 2"0��� 

:�#��0 ��@A 3 - #�
 �-�; �0-	 �8 U-V' =� ��� �� C��' :�#��0 �@A.  

  

 � ;<��=	$�  ��	*  

&�'�� #��   

�� O�6� :�#��0 U-V' �8 -*�+   ��@AC0��' 

M0�!B  �G-V'2;!; :�  J���oA �+0-' �� �<
!\

 �� J�$�  #
� J�F"��'CA  � �011  �924  ��\���

O�/ #�
 28 4.%" 4G��  �� J�$�  �8 :0-;0

 U-V' 2'�"-8=� ��� :�#��0 C��' ��  �L �@A10 

 4.%" #
� � M0�!B U-V' J�F"��' �\#"� ��0 ���

 O�/ ��" �@A :�#��0 2"0��� U-V' 2'�"-8 28

 .4G��~X.?  �0 �B-8 ��"O�6� C0-\  �0 ���S<�0 �8

 4G�� O�/ #
� 2/ #$<G-\ 23�<" �@A#��0 U-V'

)Martinez et al., 2021 .(d��0-8  ^�0�\

O�6� C0-\:�#��0 -\0 �  `�0-
 �8 Y��$<' �@A

 #+ �0 O�8 O�/ �8 #"!5" U-V' �#"-� =�[!@!�8

 #
� O�/ Y.� 4�0 JH	' ^�0!\ ��"�/ 2<�#��0

 #"!
)Martinez et al., 2021.( 2<G�� d��0-8  :�

 J�__N' �0 �B-8O�/ U-V' M0�!B -]j<' �0 

C���G0 :�#��0 �@A �'  #"0!928 ��@� O�0�G0 tQ; 

J�&9�-� �� ���� #
�8 )Kim et al., 2015.(  0-��

O�0�G0 C0��' :�#��0!$�'A C!B �H� �0 �'0!) -]�' 

:�� �-<$/ C0��' U-V' �' t!%N' M0�!B  #$
�8

)Lamot et al., 2017( .�� J�0 ���-8 ���S<�0 �8  �0

 2"0��� U-V' :�#��0 �L �@A 2(+-' 2�QR9 :0 �#
� 

Y�-* ��#.9 M0�!B 4.%" 28 #�
 4G�� �!.�8 .

 �0 �B-8O�6� C0-\  ��"�/ �M0�!B 2<�#��0 O�/

 � EX�) � ^�0!\� J�$� #* -]0 �8�-H�'

:�#��0  �-H(	) �!.�8 :0-8 �	�' �'�) 0� �@A#
� 

-]j<' ) #"�!	" �G-K' -��S�#��0 U-V' �0Gao et 

al., 2021(O��'�A v��<" ���-8 �8 �@� .  :�

O�6� C0-\ �' ^�0�\ �!;� C0!9 :� ��?�$<' �� 

2e80� �8 E0-]0 �-��S�#��0 :�� �-H(	) #
�  #�
 0�

�!8 )Adhikari et al., 2020(�� . 5��'�A `�!9 �

O�6� C0-\ U-V' =�'-G#��0 -�]j9: :�� 

�-H(	) 2;!; :� �<
!\ 4
0#" )Abdollahi et 

al., 2020(.  ���A -F��O��' 28 :� �	)  `�!9 �#'A

O�6� C0-\ E0-]0 :�#��0 �@A :�� -8 �(<h' 

U-V' M0�!B �� J�$� E��S<' �\#"� 2;!; :� 

�<
!\ 28�5' �!."�  0-���#��0 U-V'� Y.� =�-<
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 Y;!' =�<�0#��0 �@� �M0�!B U-V' O�/

2;!; M0�!B U-V' O�0�G0  2<S �� �<
!\ :�

 �\#"� ��0#
  )Abdelrazek et al., 2016( .

28 �!L�(/� UX<B0 �� `�0-
 �<
0#�8 �^��-� 

2�QR9 `�0-
 � :0 � J�$� 4.%" E��S9 - =� �0 

:�#��0 �@A �� =� �	H' ��"���G0 C!��I!'-G 

:�#��0 U-V' J� � U-V' �!N" ��#��0   �@A

�' �!;� :0-8 �(�@� #$"0!9 v��<" E��S<' �L ���S<�0 

�0 :�-��S�#��0 �(<h' �� O��'�A :� O�6� C0-\ 

#$
�8 )Abdollahi et al., 2020; Emami et al., 

2017; Kim et al., 2015.(  

  
�()� ��	�'(� *�+��,  

  � C0!�+ �<'X� �� �	�' O_" ���� :�9!�8�-H�'

 #
� �-H(	) �!.�82;!;  ��X) ��0� �<
!\ :�

 CA-8:-</�8 ���' ���8 =� c8�e'  �!;!' C[!9�� :�

 ��<5/ ��F$ 28 2
I �\�!@A Y.� ���� ��"�/ ��

2;!;  �<
!\ :��' �' Z�S90 J�0 2/ #"!
  #"0!9

2$�'� ) �!
 ��" C�%"0 :��	�8 ���Jazi et al., 

2018 �-��S�#��0 �0 ���S<�0 .(28 C0!$) :690-<�0 =�  

2�QR9 C[!9�� O�/ :0-8 :0  ^�0!\ ��"�/ :�

 �B-8 .4�0 �#
 �G-K'O�6� C0-\  #"�!	" ^�0�\

:�#��0 2/ ���"A 4�@�KG O�0�G0 �8 �@A  :�

 �-' � #
� O�/ :�� �	�' O_" =�<�@!&9�-�

C[!9�� ) #"�0� �Jazi et al., 2018; Adhikari et 

al., 2020���-8 .( �' C�5" �  ���S<�0 2/ #�

��9!/ �'-G #��0 �0 E#' X"!	@�� ��	
 4�0 JH	' =

) #� O�/ ���� �� 0�Adhikari et al., 2020 .(

���-8 ��  :�28 �	)  `�!9 �#'AO�6� C0-\ 

�(/ O�/ Y.� =�-�9!8#��0 �0 ���S<�0 �-G  � �

 � X"!	@��� J�$� ����8!</I O�0�G0  �!H� :�

#
� �'0 -�]j94
0#" �!�-</�8�#�S�8 ��	
 :�� : 

)Jazi et al., 2018( �0 ���S<�0 2�-\0 ���-8 J�0 �� .

 E��S<' 2'�"-8 �� �L �@A :�#��0-�]j9 ��	
 :�� :

:-</�8 �/ �:�0! : ����8!</I � 4
0#" �� �'0 

 .#
 �!&(�0 �� 2���-</�8�-<"0 O�/ Y.�~X.?  ��"

O�6� C0-\  ���"0!9 �@A #��0 - 2/ #"�!	" ^�0�\

</�8 -80-8 �� 0� �!B f�B:- :��	�8 :�  ��0� 0�

)Melaku et al., 2021���-8 J�0 v��<" .( 

#��j9 O�/ �� C!'�A ��!' -��S�#��0 ���"0!9 �#$$/

C[!9�� �B-8  .4�0 ���� 4'X� � ^�0!\ ��"�/ :�  

  
�.� �/��� -&	�  

:[!@!G�!' ���� �VB�
 ��' :0-8 �8����0 4'X� 

���� 4�0 .y�S9�0 �-� � c	) 4u�-/ 28 Y�9-9 �B�
  

�(g0 �-H(	) �� � M0�!B tQ; � U-K' C0��' 

�!(8 �!(� :� 4G�8 ���� #$<% )Zhang et al., 

2022.( � J�$�  �90l �$	�0 �<%�� �0 �5h8 ����

�' t!%N' �#"-�  ���� �-� �!L O�0�G0 � �!


 ����� �-H(	) �!.�8 Y;!'28 C0!$)  �K�.L >"�' =�

:-</�8 -80-8 �� �� :� �� �!;!' �	� �0!' � C[!9

 ��"�/^�0!\�' � ) �!
Gao et al., 2021 .(

^�0�\ �' C�5" �!;!' :� :�#��0 2/ #�  � �@A

=	" CA :� 8 �2 /�8 4�K	; O�/ 2e�0�:-<  :�

��#N' � C[!9��A-G C�!	"��� �  �	� �H�@!8�<' :�

CA  �� �	�' O_" ^�0!\ ��"�/ �� ���0��/  �����

 #"�0� �#"-� �-H(	) �!.�8 � CA =�[!@!"!	�0 �����

)Melaku et al., 2021���-8 �!;� J�0 �8 .(  :�

:�#��0 E0-]0 f!VB �� �(<h'   :�� �@A

v��<" ����� :[!@!G�!' �9��S<' 0� �' C�5"  �� .#�

 O�6�O�6� C0-\  � =�'-G#��0 2"�\0#; U-V'

 =�-<��-�]j9� �!L 4.%" :�� : 4u�-/ c	) 28 �-

4
0#" �!"�!r�� �'0  � =�</I :�#��0 �0 ���S<�0

 c	) 28 �-� �!L 4.%" O�0�G0 Y.� =�"!���-�

#
 4u�-/ �  J�0O�6� C0-\  -]0 2/ #"�!	" ^�0�\

a!(h' :�#��0 y!" ��N@ �0 E��S<' :�  :�� �@A

4%�" C�%H� 4u�-/ c	) 28 �-� �!L 4.%" )Ali 

et al., 2020( .�B-8  �0 -F��O�6�  C0-\ �L ��"

���-8  2/ #"�!	" ^�0�\ �!B :� :-��R9 -��S�#��0

�-H" ��3�0 �!"�!r� 4u�-/ c	) � �-� y�S9�0 ��� �'0 
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