
  

Online ISSN: 2382-994X 

 

 

Journal of Animal Production 
 
 

 

Homepage: https://jap.ut.ac.ir/ 

 
 

University of Tehran Press 

 

The effect of licorice extract on growth performance of fattening 

lambs, fermentation parameters and rumen protozoan population 
 

Amenh Naseri Moghadam
1
 | Mohammad Ebrahim Nooriyan Soroor

2  |  

Fardin Hozhabri
3

  
 

1.Department of Animal Science, Faculty of Agricultural Science and Engineering, Razi University, Kermanshah, 

Iran. E-mail: amenhnaseri68@gmail.com 

2. Corresponding Author, Department of Animal Science, Faculty of Agricultural Science and Engineering, Razi 

University, Kermanshah, Iran. E-mail: menooriyan@razi.ac.ir 

 3. Department of Animal Science, Faculty of Agricultural Science and Engineering, Kermanshah, Iran. E-mail: 

hozhabri@razi.ac.ir 

 

Article Info ABSTRACT 

Article type: 

Research Article 
 

 
Article history:  
Received: November 28, 2022 

Received in revised form:  

March 04, 2023  

Accepted: March 06, 2023 

Published online: April 14, 2023 

 

 

 

 
Keywords:  

Degradability,  

gas production,  

metabolizable energy,  

methane production,  

volatile fatty acids. 

 

The effect of adding licorice extract (LE) on growth performance, fermentation 

parameters, and rumen protozoan population in fattening lambs were 

investigated using 28 Mehraban male lambs weighing 36.45±1.75 kg in a 

completely randomized design with four treatments and seven replicates. 

Experimental treatments included: control (basal diet without licorice extract), 

and basal diet plus five, 10 and 25 mg of LE per kg of DM. The basal diet 

contained 30% straw and 70% concentrate which was fed to lambs ad libitum. 

Adding 25 mg of the LE to the diet increased the daily weight gain and 

improved the feed conversion ratio (P<0.05). The addition of 25 mg of the LE to 

the diet increased the pH of the rumen fluid (P<0.05). Total in vitro gas 

production in lambs fed five and 25 mg of LE was higher than other groups 

(P<0.05). Methane production was not affected by adding LE to the diet. The 

changes in metabolizable energy, degraded organic matter and concentration of 

volatile fatty acids were estimated in in diets containing five and 25 mg of LE 

were more than other treatments (P<0.05). The total rumen protozoan population 

as well as the number of Entodinia decreased by feeding diets containing LE,  

but the number of Isotrichida increased (P<0.05). Based on the results of this 

research, adding 25 mg/kg of licorice extract to the diet improved rumen 

metabolism and the performance of fattening lambs, but did not affect the 

amount of energy loss in the form of methane. 
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i6d� A�F& �  6FN? ��&o8��&� � B9 120 �6	�*69� �9d� � :[�� ]� AJ ��� ��� 39  �M���9��� ���  �

�8 ]�� 24 ���N�� K
�����@�  .���C ��� �6*�? A���J �� ���O9�� �8 7"6*�8�9� :8�; �<�� A�=6��8 ZF�  �o8��)1( 
]15[ �  �� ���O9�� �8 ��6*�? A�9� ���  ��+�i8��� )2(  �)3 (] �C ���J86 .[  

 �o8��1 (  ME (MJ/kg DM) = 2.20+ (0.136×Gp) + (0.0057×CP) + (0.00029×EE
2
) 

 �o8��2 (  CH4 (MJ/d) = 96/3 (± 18/1 ) + 561/0 (± 130/0 ) × DMI (kg/d) 

 �o8��3 (  CH4 (MJ/d) = 70/2 (± 38/1 ) + 16/1 (± 271/0 ) × DMI (kg/d) – 8/15 (± 86/6 ) × EE (kg/d) 

�o8�� B � �� �� ��& ME �7"6*�8�9� :8�; �<�� �Gp �T �� ��6*�? ��� �24  �K
��CP ���[ B6$?�( �EE �85 �
 � K��  ��[DMIK�� �3D� Z�[ ���� �.  

45 ��&�6��  ��23)�	6� #�� /200 (�� �	6�                         ] ��[��� ���9�� �� ���O9�� �85 [������ 6� .�C �7& B6�5  ZF� �8
 �o8��)4( ] �C ���J8 =6�21.[            
 �o8��4 (  SCFA mmol/L= [( 0222/0 ×GP)- 00425/0 )  100 × ]  

�o8�� B � ��� SCFA� ��?�� 6>�� 45 ��&�6�� � GP ]�� �� ��6*�? ��� �24 .K�� K
��  
�	6� ���+�  � �\�� U"^8  7r& :8�; �*J ����  �� ��200 �	6� ) �o8�� Q���8 �9"8�� ��5] �C �I��d� (15.[  

 �o8��5 (  OMD %= 88/14  + 889/0  GP + 045/0 CP + 065/0  

�� ��  ��o8�� B �OMD �7r& :8�; �*J ���� �\�� �GP�	6�) ��6*�? ��� �  �(96*CP � �9"8�� B6$?�( �\�� �
Ash.K��9"8�� 9"��[ �\�� �  

j6;� #�	d� �� ���O9�� �8 J���?�( q��FC #��3 �����j6;� � B6*�� q��FC � �IF�C ���F� �����8 �	6�� 
J B � �� .�C ��>�� ���� ������6� �� ���O9�� �8 a ����� ��=3� ) ���� ������6� � �(���� �Car ZEISS 

Standard 20(A�F*J � ��6� ��9�� �J���?�( 9��96��F& �� ���6"*����� 3�� ��& ��6"*����� 3�� �Q�?����� 
�(� ���6� ��	x � ��>�6���( ��FC � � ����C ��6� ? ���� � ��6� ?�= � ������[ ���6� � .���C q  

 �� ���O9�� �8 �3D� w���[ � A�� a �=3� ����� A�� �8 z�8� X �9����  GLM �� ��=3�  ����JSPSS  a � �
)1/23) uo� �� � (05/0=α(  #�� ��8)6( �8 �6*�� A�� .���C � =>?  .�C �93� s� �� (K �����) ��F� 66`9� A���


B6���6� A���J �� ���O9�� �8 �&7� ?B  ��L� ]��O?  .�C �" �+� ���  
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 �o8��6 (  Yij=µ + Ai + β (Xij –X)+ebij 

Yij��F6? �8 z�8� ��&��� � i �j������ A��� ���6� µ��&��� �	� B6���6� � ��&Ai ���F6? E� �β (Xijk –X)�  A��
 �6*���8 A���
  �K �����ebij.a ���J ��o[ �   

�>���3 ���� ���IF�C 6FN? ��&  �� �	^� �� �� �����8���� ���� �� � K3� ��; AJ  �& � �� ���J ��F6? E�
����  ������ U*�; �� ��8 So� �6� ��C���? ��& A��� �^�� �� �� ���O9�� �8 �� ��=3� SPSS  �N"�)1/23(  � ��

GLM  #�� ��8)7(  B6���6� � � =>?����� ��5 A���J �� ���O9�� �8 �&�8 B���� �� ��L� #�F9^� uo� �\�� X�( ����
:���C �" �+�  

 �o8��7 (  Yij=µ + Ai+ Bj+ A×Bij+ Ebij 

 ��o8�� B � �� ��Yij��F6? �8 z�8� ��&��� � i �j������ A��� ��6� �µ��&��� �	� B6���6� � ��&Ai�  ���F6? E�Bj �
 ����� E�ABijE� � ��F6? :8�+9� i  ���� ��j �Ebij��J ��o[ �.K�� a �  
���� J���?�( ���L? �8 z�8� ��&�8 :6*� #��� ��98� ���9"& �C��FC y�� �� �� B � ���� B � A��8 A���J i��? �&

_�����F*�� �9����(��- _��6F�� )K-S vx� � �C ���8 (�� ���O9�� �8 �� ��=3� SPSS  �N"�)1/23(  � ��
GLM  #�� ��8)8(  B6���6� � � =>?�8 �& �������5 A���J �� ���O9����L� #�F9^� uo� �8 B���� �� �\�� X�( ����

.���C �" �+�  
 �o8��8   ( Yij = µ + Ti + Ebij                                                                                                                                                                            

� �� #�� B� Yij`9� �6 ��9"8�� µ� �6���6 B� �:Ti? E� �6 � ��FEbij .K�� a ���J ��o[ �   
  

3 .R�� � S��6�  
B 6C ���D
 �	9N� S�o� E� �>���3 8 A�68�8 �C� ��& #��M �� �&)2( �8 .K�� ��C ���� A��� ��&

K3� �� ����� 25 �	6� 96* D
 ����8 ����  ������ A�� a �=3� �3D� Z�[ ���� ���	6� &a68 ?  : �I? U b �
��9C�� �9�8 w���[ )05/0<P�8 �3D� Z�[ ���� 8 �&��F6?  E� .( �� �&��� �& �� ���J ���L� ��� .��I�                                                                         

8 �8��� _D� �b�^ X �9� �10 ) ��� �� ��56/0  �� � (�6M Z�[ ���� �� �\��B 6C A�68 6Ee? _D� 8 �
�"6	? Z�[ ����] KC��� �&21 �6M �\�� 76� A��=3� �3T �� .[B 6C A�68 �*���� �6M �8 ����( ��&6Ee? 8 �

��� ������ A�� a �=3� � Z�[ ���� _D�] KC��� �&11 .[                                      
  

 H��B2����= (��<% T76@	 U�V� �:� . ) ����C7�	 �6�#/ �?����! �� (C!�<	 O5K ( �	 ��X�7�8(�� �=� �����                    

�>���3�C� ��& 
  �� ���J ��&��F6?1    

SEM  
  

��L� uo� ����  
  �&�C  #��  ���  ���      

(���	6�) �6*�� A��    78/38  42/37  02/37 28/35  716/0    407/0  
(���	6�) � ��� A��    25/54  53/50 33/50 75/52 

 725/0    169/0  
(��) ������ A�� a �=3�    b78/257  b50/218  b94/221  a11/291    43/13    050/0  

 w���[ : �I? U b   b78/7  a17/9  a04/9  b89/6    469/0    048/0  
� �� ���	6�) �3D� Z�[ ����(��    97/1  95/1  97/1  96/1    019/0    824/0  

a-dB6���6� ]��O?  :�8 �&  _�^� �� & ��  �8����� �L����� ) K��05/0P<(.  
SEMB6���6� ������9�� ��o[ � �& 

1�8 ��� � ��� �#�� ��&�C ��&��F6? .  �X�( �3�b� �8 ����D
  A��8 � �( �6M :��C U6??10  �25 �	6�  6C ���D
 ��B �8 A�68 .��8 �3D� Z�[ ���� ���	6� & ����  
  



:;-�� (��<% =���� ���� ��  �)7�% �=� ��( ��� ����3�> �?����! ��� �@-�� � A�B�/  
�1�-��3C� �D�)=  31 

 �[8 b�^ �L*�o� _W[8a&�'( A��  A��=3� �� ����� A���5/4  ���D
 �\��B 6C A�68  _D� a&�� UI�
�C ������ Z�[ ����� �*�^ �� ��6Ee? w���[ : �I? U b � A�� a �=3� B6���6� ��@`� ���� 7r& K6	8�; 8 �

 ��O����; �: ] KC���8 �3D� Z�[ ���� ���+� ����@� �L*�o� �� .[850-890  =6� ���D
 ���+� � ��� �� ��38 
�	6�  �8 V��F9^� ��� �� w���[ _D� a �=3� �� K�� ��C q��=� .��8 ��� �� 96*6Ee?  ���( KI|�B 6C A�68  8

� �>�J�� .�C�8 iI?� A��6^ i��? AJ �����NC�[ a �=3�  6C ��B ] K�� B6��(�� ��9d� A�688[�  B � ��r^ V��F9^�
] �C�8 �9C�� ���C ��>�� ]�L*�o� �[8 �� A�6I� 6C ���@�E� �� �F�� a+� � ���E K6*�8�9�17 �16 8 B6��(�� E� .[

�����O��� A�� a �=3� ��5 �8 B6��(�� .���� ��9"8 7& �6M y�� �8 ��� ��	F
 8 ��� _D� �M <W6� �� ����
 �� ��93  �8 ��� �� ��115 ] ��� a �=3� ��� �� ��12 �[8 .K�� �;��9� w���[ _D� 8 B6��(�� E� X �9� .[

��� q��=� w���[ _D� �� �� (�\�� aC �? ��) �F� V�9I"� a&�� ]�L*�o�] ���3.[                                                        
6Ee?  ���D
 6CB A�68 �>���3 8#��M) �IF�C 6FN? ��& 3 �[�C �� ��� A��� ( pH �8 �IF�C z�8� ��&

�8 � �&�C ��F6? �8�&�   � X�(  ���^ �6M ��10 �	6� ��  ���D
 �� �	6� ��B 6C A�68  ����� �� ���� K3� ��
 �L6ITpH )5/6-8/5] ��8 (8 .[pH �8 �IF�C ��&K3� �� �����   �6M �� ?��8 S�o� ���^25 �	6� ��  ���	6� ��

�8  �� �� ��6M �&a68 ? ��8 )05/0<P ���D
 A��=3� X �9� B � _W[8 .(B 6C A�68  A�=6� �85/4  �6M �8 �\��
 A���O����; :� ]8 ���+� _D�  � [10  ���( �\��B 6C A�68 ] ���� A���O��� �6M �819  [6Ee? �[�C 8 �pH 

 .KC��� �IF�C�8 ��T a&�'( X �9� B68 ]��O? �� ��N8 �	�v���� ]�E� ������ �	9N� ��&���D
 � �& �&�6� ��&
 ]�66`? 8pH �� �IF�C�6M y�� �8 z�8� ����? ���� Ks	t � ���D
 uo� �Eh� K�� ��C q��=� .�C�8 AJ �

 B6���6�pH  Kd? �IF�C6Ee? B 6C ���D
 ) A�685/4 ������� � K3�� ��; (�6M Z�[ ���� �\  B68 ��1/6  �?8/6 
 :���
 �� ��  .KC��6Ee? A�=6� 8 ��@�pH 45 ��&�6�� �IF�C  ��23 .K�� �IF�C �� �@`� ���� 6FN? �� :\�^

 A�=6� a&�� k
�8 �8�  a �=3� #�Dd� B � �6*�? �5&pH �� �6*�? �� 66`? ��
 b�^ �L*�o� �� ��� .��C ��&�6��
45  ��23 #��M) :�3 66`? ��
 K	
 � �C (pH  �[�C a �=3� �  � ]�IE .�C�8 ���D
 B6 �( S�o� ��pH  �IF�C

 �C� ��87"6�������6� Z696*�*�	� ��& )Fibrobacter succinogenes � Ruminococcus flavefaciens(  ��6"8
] K�� 4�	o�28�8 �@* � [ �� s���L� a �=3� ���� �[�C �� pH �8 �� ) ��� ��F6? ��&6/7  :8�+� ��62/6 � (

�8 #�I��  a �=3� AJ13  ��8 i6d� i �C ��I�8 �� �C�� �&�C ��� �8 KI"� ��� B � ��& �8 ������ �C� ��\��
7"6�������6� �� �9�� B �.�C�8 �&                       

 A�=6� pH  ��� A� �( �� �IF�C30  �60  ����� �& uo� �� � 25 �	6� �� B 6C ���D
  ����8 ��� K3� �� A�68
a68 ?  ����� �&) ��8 � � �05/0<P A�=6� �� ���J ��&��F6? �6	� �� �3T �� .(pH  ��� ��60  ��� �� ?��830  ��8

)05/0<P #��M �4K6*�8�9� 8 ����� ��&�+� �� ��  .( � ���E ��&�8 A���
 O*h� 66`? � ������� #�F9^� �IF�C 6FN?
 ���� �8 6FN? i6d�Eh�] K�� � ���� A�&�6� �3[� �>���3 �@*������ a ���J ��� � #�� ��� A� �( �� 6FN? ��&  �6�

�" �+� �  �[�C .�C ��>�� �&��F6? B68 � �	� ��&pH  ��� A� �( ��60 ��  ���� ������ ����=3� �8 �IF�C i6d� ���?
� ��	8 ��8� �6	; i6d� ��� ��F6? � �8 �� �IF�C ���6���J A<�96� Ks	t .��8 ? ��&K3� �� �����  S�o�10  �25 

�	6� ��  ���D
7� ?  ����� �&) ��8 � � �05/0<P #��M �3_\ �>���3 B � Ks	t �3T �� .(  Ks	t �� s�
 ��� �� ���D
30 a68 ?  ��� ��60 ���F� ) �C �6�05/0<P .(                                  

Ks	t                                    �8 �� �IF�C ���6���J A<�96� ��� �� ��� ��F6? � �&�C ��&30 a68 ? �8 �� ) ��8 � � ��&05/0<P �
 #��M4 ��� �� ����� B6�5 .(60 �8 ��� ��&��� �8 �� �>���3 B � A�=6� �� ��d� �&�C ��&7� ?   �� ����� �& 
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) ��805/0<P) �L6IT ����� �� ���6���J A<�96� Ks	t �� ��5& .(300-85 �	6� �� ] (96* ��16 a �=3� �8 �*� ��8 [
 .K3�  a&�� ���6���J A<�96� Ks	t ����D
 ���+�7& B6�5  ��� �� �>���3 B � Ks	t60 7� ?  ��� ��30  a ���J

) ��805/0<P .(                                                                                                                                    �8 �� s�  ���6���J A<�96� Ks	t a&�� ���7& A���  ��
 �� A��� � J���?�( K6LFM a&�� �8
 ��� A� �( �� 6FN? i6d� �������60 C�8 a ���J.�                            

  
H��B3 ����= (��<% T76@	 U�V� �:� . �?����! CK�� �� ���� �D�)= ���@- ���  

6FN? �>���3  
  �� ���J ��&��F6?1    ���F� A�������8    

SEM  
  ��L�����  

  �&�C  #��  ���  ���    30  60      ��F6?  A���  
 ��F6?  
A��� ��  

pH  62/6 b 47/6 b 66/6 b 06/7 a  54/6 b 86/6 a  059/0   001/0  001/0  934/0  
�	6�)    ���6���J  A<�96� (96*  /��    94/172 a 07/189 a 81/101 b 73/114 b  01/181 a 27/108 b  21/7   001/0  001/0  764/0  

�	6�) :� ��23 45 ��&�6�� (96* /#��    66/47  09/48  99/47  58/47   95/48  70/46   21/1   999/0  371/0  307/0  
 ��?�� 6>�� 45 ��&�6��2 �	6�)  /#��200 �	6� (��                                      695/0 b 01/1 a 721/0 b 01/1 a 

  -  -  03/0   001/0   -  - 
  ���F� ����6�                           

pH 
30  51/6 ab 31/6 b 48/6 ab 87/6 a   -   -    073/0    04/0   -   -  
60  73/6 b 62/6 b 83/6 b 25/7 a   -   -    079/0    01/0   -   -  

 ��� B68 �" �+�30  ��� �860  ��L� ����                    06/0  35/0  13/0  09/0                   

�	6�)    ���6���J  A<�96� (96*  /��  
30  00/203 a 90/142 b 36/162 b 78/215 a   -   -    18/8    001/0   -   -  
60  60/96 b 02/107 ab 28/119 a 19/110 ab   --      75/2    019/0   -   -  

 ��� B68 �" �+�30  ��� �860       ��L� ����                    001/0  001/0  002/0  005/0                   

�	6�) :� ��23 45 ��&�6�� (96* /#��  
30  81/46  92/48  37/47  72/52    --   -    70/1    637/0   -   -  
60  50/48  26/47  61/48  45/42    -   -    72/1    576/0   -   -  

 ��� B68 �" �+�30  ��� �860      ��L� ����                    75/0  81/0  762/0  02/0                   

 A�9�(#�<���)  
30  12/5  11/5  12/5  12/5    -   -    003/0    887/0   -   -  
60  82/2  82/2  82/2  82/2    -   -    001/0    882/0   -   -  

 ��� B68 �" �+�30  ��� �860    ��L� ����                    001/0  001/0  001/0  001/0                   
1 .a-dB6���6� ]��O? :�8 �&  _�^� �� & ��  �8����� �L����� ) K��05/0P<(. 

SEMB6���6� ������9�� ��o[ : �&  .  

�8 ��� � ��� �#�� ��&�C ��&��F6?  �X�( �3�b� �8 ����D
  A��8 � �( �6M :��C U6??10  �25 �	6� B 6C ���D
 �� �8 A�68 � & ����.��8 �3D� Z�[ ���� ���	6  
2 .K�� ��C ���J8 �o8�� Q���8 .  

  
v���� �  ���D
 � � ���� A�&�6� E� ���� �� �r;��9� X �9� AJ  �& .K�� ��C q��=� ���6���J A<�96� Ks	t 8

 ���( � ��=� ���( A��=3�B 6C A�68 �L*�o� �� ��O��� �IF�C ���6���J A<�96� A�=6� 8 �E� ��] KC��� A�20 �T .[
 ���851  �� K�� ��C q��=� �L*�o�24  B6��(�� ��9d� A�&�6� ��r^ �L*�o�6Ee? �IF�C w�6���J A�=6� 8 �
KC����  �� ���27  �� a&�� B � �� ���� �����6( � �C �IF�C �� w�6���J a&�� UM�� B6��(�� ��r^ �L*�o�
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