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The present study was aimed to evaluate temporal changes in milk fatty acids 
and antioxidants of Saanen goat in response to berberine (BBR) supplementation 
during the transition period. Twenty-four primiparous Saanen dairy goats were 
used from 21 days before predicted parturition to 21 days after kidding. 
Experimental treatments were included: 1) control (without BBR supplement), 
2) control + 1 g/d BBR, 3) control + 2 g/d BBR and 4) control + 4 g/d BBR. 
Body condition score (BCS) and body weight (BW) of individual goats were 
measured on days -21, -14, -7, 0, 7, 14 and 21 relative to parturition. Also, milk 
samples were harvested at days 0, 7, 14 and 21 following parturition. The results 
showed that dry matter intake (DMI), BCS and milk yield were increased with 
supplementation of 2 and 4 g/d BBR (P≤0.05). Milk lactose was also enhanced 
with increased BBR ingestion (P≤0.05). BBR consumption caused changes in 
milk fatty acids (FAs) profile in accordance with the energy balance. By 
supplementing 2 and 4 g/d BBR in transition goats, the level of denovo FAs 
were increased and free fatty acids (FFAs) were decreased (P≤0.05). BBR 
supplementation was also associated with a decrease in C18:1n9 fatty acid. The 
level of milk malondialdehyde (MDA) in goats supplemented with 2 and 4 g/d 
BBR was also decreased (P≤0.05). The total antioxidant capacity (TAC) as well 
as the level of glutathione peroxidase (GSH-Px), superoxide dismutase (SOD) 
and catalase (CAT) enzymes in the milk of goats fed 2 and 4 g/d BBR was 
higher than the control (P≤0.05).In summary, these results showed that BBR 
supplementation as a new therapeutic strategy in transition period could improve 
lactation performance, energy balance, and milk antioxidant indicators. 
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Extended Abstract 

Introduction 

Dairy cattle experience severe physiological, hormonal, and immune changes during the transition period from the 
late pregnancy to the early lactation.The occurrence of negative energy balance at the beginning of the lactation leads 
to the mobilization of body reserves,and consequently increase the non-esterified fatty acids concentration in blood 
circulation, which had a negative effect on the health, production, and reproduction performance of animal.Recently, 
the evaluation of milk fat has been considered as a non-invasive and accurate approaches to evaluate the metabolic 
status of preparturition dairy cattle.Berberine (BBR) is a plant isoquinoline alkaloid with a wide range of biological 
activities and medicinal properties.Today, numerous studies using animal models have been shown the advantageous 
effects of berberine on the improvement of metabolic abnormalities.All above, the present study was aimed to 
evaluate temporal changes in milk fatty acids and antioxidants of Saanen goat in response to BBR supplementation 
during the transition period. 
 

Materials and Methods 

24 primiparous Saanen goats with an average weight of 45±3.5 kg and a body condition score of 3±0.5 were used 
from 50 days before expected kidding to 21 days after parturition.Pre- and post-partum total mixed rations that 
contained the same energy and protein were offered in two meals a day.Experimental treatments included: 1- control 
(basal diet without BBR), 2) control + 1 g of BBR per day, 3) control + 2 g of BBR per day and 4) control + 4 g of 
BBR per day.Body condition score (BCS) and body weight (BW) of individual goats were recorded on days -21, -14, 
-7, 0, 7, 14, and 21 relative to parturition. Also, milk samples were colected at days 0, 7, 14 and 21 following 
parturition.Determination of fatty acids in milk was done using Fourier transform infrared spectrometry (FTIR).The 
data obtained from the experiment were statistically analyzed with the mixed procedure of SAS statistical software 
version 9.2.The statistical model included the fixed effects of treatments (different levels of BBR), sampling time, 
and the interaction effect of treatment and sampling time, and the individual effect of each goat in the experimental 
unit was included as a random factor in the model. 
 

Results and discussion 

The results showed that dry matter intake (DMI), BCS and milk yield were increased with supplementation of 2 and 4 
g/d BBR (P ≤ 0.05). Milk lactose was also enhanced with increased BBR ingestion (P ≤ 0.05). BBR consumption 
altered the milk fatty acids (FAs) profile in accordance with the energy balance. By supplementing 2 and 4 g/d BBR 
in transition goats, the level of denovo FAs were increased and free fatty acids (FFAs) were decreased (P ≤ 0.05). 
BBR supplementation was also associated with a decrease in C18:1n9 fatty acid. The level of milk malondialdehyde 
(MDA) in goats supplemented with 2 and 4 g/d BBR was also decreased (P ≤ 0.05). The total antioxidant capacity 
(TAC) as well as the level of glutathione peroxidase (GSH-Px), superoxide dismutase (SOD) and catalase (CAT) 
enzymes in the milk of goats fed 2 and 4 g/d BBR was higher than the control (P ≤ 0.05). 
 

Conclusion 

In summary, these results show that BBR supplementation as a new therapeutic strategy in transition period could 
improve lactation performance, energy balance, and milk antioxidant indicators. 
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��b58� ��!	� %� �D %<!Q� .��=�  �*�+, d�5� �H	� �K8� 
��� )8�!�  �Q����������  �� )�FW ��*
���/� 
��b58� `�Y^ &)���= � /.)��>�
  � �!��=� ��FZ� V"�	 e9�� �!� ���  ��� 7!�!� �� )�j )I#FU ��*

)5�6 G� KH#X!l ��:X� #���)	 �!#9 ��*:� )��� ) ��9Ghavipanje et al., 2016%.�bD � (   !� )b�	 !>� e9��
%9g E�H#\�Y^ � �9� �!��=� 
!� � ) ����� ����!, ��*Moghaddam et al., 2021.(  

 E�!##CD )����� �{�X E�o#@�D %� %H"�D ����� �� !#9 ;!< ��*�#8�  KZ" )5!�	 ��*���*�� �� )� �!#9 ��*
��D���J�*�� ��!� �� �!#��#, � ~# )	 ��� �� yFD!	 )�#.���5	 ��* ) �9��Gross & Bruckmaier, 2019 .(

�*��Q �� n�@�	 7� %<!Q� ) K8� 
�9 )8�!� )��^ %� �!#9 �Ducháček et al., 2014; Gross et al., 2013; 

Stoop et al., 2009
��� �H	� �( #8� !##CD ���.� ���	 �� ��"�	 ��*
��� �� :� !#9 ;!< ��*�   .K8� ���o	 ��/5��
%.�/	 ��:� �*�+, e �� )��� !@�A � %BCD !>�  6 �� %� K8� !D K^�8 ��!��=� !� 7!�!� GH=�	 � �  �:���Q ��8

%��	�8 �)�#.���� K	��/	 )5�6 � 
��� �� !#9 ;!< ��*�#8� ��=#8 � )���#���   
�9 )����� 7��8 �!#9 ��*:� ��/5��
%5X� .K8� %��	�8 %� ���  ��� �*�+, 7� )�FW ��* )5�6 � ~^�9 � �=8S, )���#���   ���D �� yFD!	 )��^ ��*

) KX� ��FZ� 7!�!� �� 
�9 %BCD �!#9 ��*:� �� �f!��Ghavipanje et al., 2021%#@!X �7�!���� .(   !@�A h#/oD
�*�#8� E�!##CD ���.� � V#�!D %� K8� ��F	 7� !�
��� G��� �� !#9 ;!< �   � 
��� �f!��  ���D �� !v>u5	 )*�!#9

���.� 7� ��FZ� 7=@ 7!�!� GH=�	 �� 
��b58� %J�8�!X ��:X� V"�	 E�!##CD )5�6 ��* )	 !#9 )���#���  7� �� .��9
� ;!< ��*�#8� E�!##CD ���.� !� 7!�!� GH=�	 �� 
��b58� !>� )8�!� !@�A �*�+, �� _�* ��� )5�6  ��#���  !#9 ��*


��� ��  )	 7��8 �!#9 ��*:� ��/5�� �9��. 
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2 .1�! � ���* �� 

2 .1 .2�� ���3 � �� �$�*+� 
��  

��� )	�=D 
��=9) G=I.���58� L�8� !� ��	�6 7� �� 
��b58� ���	 ��*19293  �!� )�*� E����#A KFW�!	 ����9 G�D�!, (
)1995 !@�A �*�+, .���9 ����Z�� ( ���ID .�9 ��J�� ��"!#� 
������ )	�� ���� 
�!Q )D�/#/oD ���!�	�� �A�� ��24  LM�

��� �H�� K��� �� 7��8 :�1   �� 7#���#	 ��5/3±45  )��� K#I@� ��#5	� � �!Q��#�5/0±3  ��50 �#, ��� �� GFW ���  )�#�
 �D 
�921  .��5X!Q ��!W 
��b58� ���	 ��� �� �I� ���29 ���� ���
���  ���� %�   %� ).�=5A� E�!##CD �� �!#Q��" ��!� ���Q��8

 � )�Bj af� !##CD G#.�42 
����� ��!� ��I� ��� %J�8�!X �!#Q 
!#" .�9 %5X!Q !?� �� ��/5�� 
��� �� ��	�6 ���	 ��*  ��*
%#\�D L�8� !� ��� �� �I� � GFW )��	�6 
�o5	 Eg�� )v�	 E�/#/oD ����9 ��*2 )NRC(  �!� �� 
��b58� ��  a5�#8 ��:X�

%BCD  e<��  �Q����������3 )SRNS ���") �9 a#?�D (1.(  

 E=�H1*�H �I7>� 2"�� = *�
�2 D�+90 �"BH" J�;0 . L�"5 5" �M6 = DN� ���  
Table 1. Ingredients and nutrient composition (DM basis) of pre- and post-partum diets 

 

!#" �*  

��� �� GFW1  ��� �� �I�2  

��	 �\��) 
!#" ��:"� (e�^ �    

%J�� 00/4  5/29  
E�z fS#8 3/34  8/10  

���Q 
�� 9/17  00/5  

�9 ;�#86 �" %���  70/7  8/10  


�9 ;�#86 E�z %���  5/31  2/22  
��8 %.�J��  00/1  0/17  
���Q L�F8  80/1  20/2  

a#��� E���!�  90/0  00/1  
 GH=�	)��I	 -)�#	�5�3  90/0  50/0  

e=�  00/0  00/1  
)�#=#9 E�F#�!D    


��	 �!Q��#� �� �!.����	) a�#.���5	 G��W �f!�� (e�^ �  60/2  90/2  

��	 �\��) ��^ 7#�D�!, (e�^ �  4/10  1/16  


��Y� 
��	 �\��) �!D� � (e�^ �  50/2  50/2  

��	 �\��) !5���^ (e�^ �  60/7  00/8  

 KX�#.�
��	 �\��) )}�^ ���9 �� ���o	�� (e�^ �  0/43  3/37  
E���#*��!� 
��	 �\��) �!F#X!#j ��* (e�^ �4  0/38  7/36  

1  .�50 @�� @
�. .� ABC .�)  @
�. .�) �� ��- $	��  
2 .�) �� @
�. .�) .�21 �)�&  $%&��-  
3  ��#�"
� /��DA)250F000 $  2�� ��� �D�� (H��� �� )& ��#�"
� FD )50F000 $  2�� ��� �D�� (H��� �� )&��#�"
� FE)1F500  ��� �D��

$  2�� (H��� �� )& F) 	0	#25/2 ) J�: � F(H��� �� )& H��120 ) /�) F(H��� �� )& H��7/7 ) �<:= F(H��� �� )& H��20  F(H��� �� )& H��

) J
�	#5/20 ) J
�+ F(H��� �� )& H��186 ) �%� F(H��� �� )& H��25/1 ) &���� F(H��� �� )& H��3 ) N# F(H��� �� )& H��25/1  )& H��

) *��B� F(H��� ��14 $ �# ) �
 F(H��� �� )& H��56 $ �# ) H��	 + � (H��� �� )& H��10 $ �# .(H��� �� )& H��  

 

                                                                                                                                                            
1. Primiparous 
2. National research council  
3.Small Ruminant Nutrition System (SRNS) 
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��� 
���" �� �*  ��I�� ��) ���!b�� ��*8/1  !5	× 6/1 
!#" � %59�� ��!W (!5	 �* %� E��\ �RS	� ����	 �� �� 
��� �� 
K��8 �* �6:00 � 16:00  6 ��#5^� �� .KX!Q ��!W �* )8!58� %� ;6 
��� ���6 � ]���^   5 D�10 ��\� !5�#� �� �A �Z59� 
%@!� )	 ) ~.�^ 7!�!� ���, G�9 %� �
��b58� ���	 7!�!� GH=�	 .�9Bulk Supplements, Eastgate, Henderson, 

USA !��/	 �� � %H#ZD (!b\  �D4  :G	�9 )��	�6 ��*��=#D �7�!���� .KX!Q ��!W 
��b58� ���	 ��� �� �!Q1
!#") �*�9 (   %�,
 �(GH=�	  ���2 + �*�9 (1  ���� �� 7!�!� �!Q3 + �*�9 (2  � ��� �� 7!�!� �!Q4 + �*�9 (4  !� .��� ��� �� 7!�!� �!Q

���  �� 7#���#	 L�8�	 �* V#D!D %� KX��� %� !J�	 �GH=�	 !��/	 7� _!Y0 �25 �50  �100 )�#	  !* ���� %� 7!�!� �!Q

��� �#* %<!Q� .�9 ��� ��  ��  �� �!Q��#� %��/	 G��W �  �H	� ������ ��"�  �Q���������� ���!�!� �� 
��b58� ���	 �� ��

���  ���  �Q����������!#j ��� 7#�#, E�/#/oD d�5�  !��/	25 �D100 )�#	   ��  �� �!Q��#� !* ���� %� 7!�!� �!Q
)	 ���J�*�� ��FZ� !� �!v>s	 ��U %� ����D ) ���BQ !>� )�#.���5	 ��*De Oliveira et al., 2016; Wang et al., 2014 %� .(

 �� 
��b58� �� 7!�!� ���, ��	�6 n�!9 �� �#, �GH=�	 !��/	 _!Y	 ��  ��#=U� ��?�	%��,����� ��*   �!�) )�#Dgf

��� ��U �� � 
��	6 )��	�6 ��*��=#D �� !l��5	 !��/	 �� �( �!� � �!ZD ������  
��� �� �#, ��	�6  �� ��F\ ]���^ �

 �� 
��b58� ���^ `!W%BCD �  ) �9 ���F"�Stanford et al., 2010; Aazami et al., 2019.(  
  

2 .2 .���(� 4(3 � 
��5 ���� 
!�� ��  


����� ��?�	 %� 
���=#W�����!*�%����� ]���^ _!Y	 �!#Q %@!����#������ ��� � 
  �F\ �� ��^6 �=" ���6 � 7��D 

��� ��U �� .��!Q   ��*��� ��) )�5b* E��\ %� �*:� :#� ��	�621-�14-� 7- �!b\ �7 �14  �21 �#, ��� )�#�

a* � ���9  �� (
�9 L�8� !� �*��=#D n�� �� )*�Q6  ��� � !*�	 ;���� e y8�D ��� !* )��� K#I@� ��#5	�  �	�
 L�#/	1  �D5 7##ID) �9Villaquiran et al., 2004c, .(  KF> �v.�D �� �I� %�\�XS� %.�j:� !*  �� � ���ID ���� ��

��� �7#�m=* .��!Q E���8 �� ��� �� ��� �� ���!b�� E��\ %� �*05:30  �15:30  �#.�D !#9  �:#	 � 
�9 )9��!#9

��� �� �f!��  ���D .��!Q KF>  %i��� �� ��� �� GFW  )X!Y	 ~.�^ �f!�� =�f!��  ���D :�-  ����Z�� ~.�^ �f!��)


��� �� � ()�5��6 ~.�^ �f!�� +  %i��� hFU ��� �� �I� )X!Y	 ~.�^ �f!�� =�f!��  ���D :�-  ~.�^ �f!��)
�Z�� ~.�^ �f!�� + ���) 
�o5	 Eg�� E�/#/oD )v�	 ����9 ���Z��#, Eg��I	 �� 
��b58� �� ()*�!#9NRC, 

2007 .��!Q %F8�o	 (  
%��=�) ��� ��� �� ��j6 ��*0%��=� � ( ��*��� �� !#9 ��*7 �14  �21   �9 
��:X� �� ��� �� �I�

�� E�	�!� %��=� e �7� !� 
�S� .�9 B^� a#8�5,  ��?�	 %� (
�����Z��  ��:X�  ���)  �	�  �=* �� :#� !#9

����� ~^�9 �!#Q)5�6 ��*  ��	� �� )���#���80- %"��  )5��8  �� !#9 ;!< ��*�#8� ��=#8 7##ID .�9 
!#^z ��!Q

 |�� �� 
��b58�t#U �!8�!X %��X G�FD )J�81 )FTIR
�� 
����	�6 �� (   ���8!� ��!�) ���.�  �f�� ( �
)Lactoscope FTA, Delta Instruments, Drachten, Netherland .�9 ��J�� (X!lH#K 5�6) ���#���) G�2 9# ! ��

�� �� 
��b58� |Benzie & Strain )1996( �! L�8�p�� ��� �!���� D��#�  ABTS3 )2 �2-�6��-��-3- D�#G 
D:��#.���#7  (E���b.�8
�����Q#�! 	 V�A !� �#�).�� ��	#!5 �!Q |��:Q�.  |�� 7� �� �%\S^ ��U %�ABTS  ��

 � 
�9  �#8������  f���#* �#���!, � ���#���!,  �#D�� ������ABTS )+ABTS)	 �#.�D ( ��9 :F8 p�� %�- )�6

                                                                                                                                                            
1.Fourier-Transform Infrared Spectroscopy 
2. Total Anioxidant Capacity 
3.2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) 
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)5�6 ��"� .���� �����,  ��#��� )	 p�� 7� ;��!8 V"�	 K?�j �� V8��5	 %��=� �� �* K?�j .��9  �.�	��k�.6#� 
�!.�� � �#8� e��5#�����#D �� 
��b58� �� !#9  h��i	 �!5	 |��Placer et al. )1966( ���##ID �  ��	���� V�A !� d�5�
a:�6 KH#.�HIX  �:#	 .�9 |��:Q !5#. �� )5�6 ��* ��D�=�� �#���!,�8 G	�9 )���#���1 )SOD  �#D�D��Q �(

���#���!,2)GSH-Px (�g�D�� �3 )CAT �� :#� (K#� �� 
��b58�  ���JD ��*) c�����Randox Laboratories Ltd., 

Ardmore, UK
����� 
����8 K�!9 G=I.���58� h��i	 ( .�9 �!#Q  
  

2 .3 .
!�*� &�78� � �%#9� 


���
����� )����� L�8� !� ��	�6 �� G\�A ��* �!#Q  �� )X��YD RS	�� T!U V.�W �� �  �	� ��U �� 
�9 ��!�D ��*
�� %Mixed �!�  ���	6 ��:X�SAS  ��!�9.2 )SAS, 2007	 (.KX!Q ��!W ���	6 G#�oD � %:JD ���  ���	6 ��	

 G	�9G	��� !>� %��=�  �	� �(7!�!� t�5�	 T�i8) �*��=#D K��> %��=�  �	� � ��=#D G��/5	 !>� � �!#Q  T!9 %� ��!#Q
 �� )9�� ��i^ _BA ��?�	 %� 7#�m=* ���� !�»_��94«  �»h��iD ���5 «
����� KH#*�	 7#� )I#FU �!#Q   ��*


����� KH#*�	 �  �	� �� ()��	�6 ��*�A�� !>�) ��=#D !* G/5�	  �� e !* ��!b�� !>� �(��=#D �� ��� !* !>�) 
�9 �!#Q
)��	�6 �A�� �� �*:�6 � ��	 �� )X��YD G	��  ���� %�) �9 
���J�QBello et al., 2016.(  

yijkl=μ+Ti+Aj(i)+Wk+Ti×Wk+eijkl 

��	 7��� �yijkl!#C5	 : %5���� �μ :7#���#	 K#I=" ��!� !#C5	 �Ti :��=#D!>� �Aj(i) :)X��YD !>�  :�j  ��=#D ��i �Wk :
%��=�  �	� !>� �!#Q �Ti× Wk �	� � ��=#D G��/5	 !>� :  �eijkl :)X��YD!>� ���!	 %� ��i^ )��	�6 )	 .�9�� ���D

 !* ��	!�%J�8�!X �� e�!#,�9 
��	6 �� %I.�i	 ���	 ��*-
��� ��#� E��\ �� � �9 )8�!� e�� �)=5���. G�FD �� �*
 ������ �� )�\� Gk��	 �� )� .���9 ��	!�
����� �!#Q  �	� ��U �� 
�9 ��!�D ��* c������� ��5^�8 75X!Q !?� �� �

 �*�+, �� �7�!���� .K8� 
���9 ��!�D ��*����� �!I	 �� 
�9 :#.��6 !H#C5	 !* !@�A3  :G	�9 )������� ��5^�8
��� %"�� �#8!Q��D�7 ��/D V#�!D �8 )��X E��W �9  ��#I	 7!5�#� %� ���5^�8 � %5X!Q ��!W)D��SU� e��610  ��


��� .�9 
��b58� �K9�� �����58� ��i^ � E�I�!	 7#���#	 GW��A E��\ %� �*�� �9 |��:Q�� 7#���#	 �  �� 
��b58� �� �*
)��D  �	�6- %�:Q �� !	�!�PDIFF  ���	6 ��=5A� �i8 ��05/0 .���9 %��/	 

  

3 .:8� � ;%���  

3 .1 . 
<��� �+��� � ��$ ���� =>�!�? @�A*  


��� ��U �� 7!�!� GH=�	 �� 
��b58� !>�   ���" �� 7��8 �!#9 ��*:� �!��=� !� ��/5��2  .K8� 
�9 %k���
��	 _!Y	  

��� ��U �� e�^  ) ���  ��� ��:X� %� G�=D �7!�!� GH=�	 %BCD ��:X� �� ��� �� GFW097/0=P
��� �� .(   ��� �� �I�

                                                                                                                                                            
1. Superoxide dismutase 

2. Glutathione peroxidase 

3. Catalase 

4. Gap 

5. Mismatch 

6. Goats nested within a treatment 
7. Autoregressive Order 
8.Compound Symmetry 
9.Spatial Power 
10.Akaike Information Criterion 
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 _!Y	 :#�2  �4  ��*��=#D) ��� �� 7!�!� �!Q3  �4)�I	 ��:X� %� !J�	 ( ���) �9 e�^ 
��	 _!Y	 �05/0≤ P %<!Q� .(
���  ��  �� 
��� ��U �� �*  ) ���  ��� )��	�6 ��*��=#D 7#� ��� �� �I� � GFW05/0 >P)  ��  �� E�!##CD �H	� �(010/0 

P=) )��� KH#I@� ��#5	� E�!##CD � (092/0 =P
��� �� (   �V#D!D 7#=* %� .K9�� ��FZ� %� G�=D 7!�!� _!Y	 �� ��� �� �I�
H=�	 �� 
��b58�)�I	 ��:X� V"�	 7!�!� G ) �9 �*�9 ��=#D %� KF�� !#9 �#.�D ���05/0≤ P .(  ���D
��� ��U �� �f!��  

) K9�� ��:X� %� G�=D 7!�!� GH=�	 %BCD �� ��� �� GFW097/0= P
��� ��U �� �(   �f!��  ���D 7!Dg�� :#� ��� �� �I�
 ��=#D ��3  �� 
�9 GH=�	)2  �� 7!�!� �!Q ��=#D ��  6 ��F�� %� � (���4  �� 
�9 GH=�	)4  ��=#D � (��� �� 7!�!� �!Q2 

 �� 
�9 GH=�	)1 ) �9 
�*��	 (��� �� 7!�!� �!Q05/0≤ P%.�j:�  �� n�=J	 � ���ID .(  _S5 �̂ ��� a�9 !* �� �*
)�I	 ) ����  ��� 7!�!� GH=�	 
���� KX��� ��*��=#D � �*�9 ��=#D 7#� ����05/0 >P .(  

%�	��   �]���^ _!Y	 ��!� 
�9 
�*��	 !��/	  ���D|��:Q �� �!@�A ��	�6 �� )��� KH#I@� ��#5	� � �f!��  ��*

��� `�Y^ �� 7#�#,   7��8 �!#9 ��*:� ��/5��) K9�� K/��i	Pinotti et al., 2008; Sadjadian et al., 2013; 

Zamuner et al., 2020 )�#.���5	 E�!##CD .(
��� )�f�.�:#X �    ���D ��!� � ]���^ _!Y	 �*�� VF8 ��/5��
��� �� �f!�� )b�	 )	 �!#9 ��*  �!F" ��!� ��� R�FW�I5	 ���9  � 
�!� d#�� �� )��� )�!< !�^z �)X!Y	 �f!�� ��F=�

%^!<  K^�8 )�!< ��8�  ��:X� �*)	 ��#, ) ���Stádník et al., 2015�b58� �!@�A �*�+, �� .( GH=�	 �� 
�2  �4 
 � )��� KH#I@� ��#5	� �]���^ _!Y	 ��FZ� VF8 ��� �� 7!�!� �!Q  ���D 7#� )=#/5�	 ��FD�� %� �J�6 �� .�9 �f!��

 � e�^ 
��	 _!Y	  ���D��� �� �f!�� ) K8� 
�9 |��:Q ��/5�� ��A �� �!#9 ��*Sun et al., 2020 �7�!���� �(
%5X� ����D %� !@�A �*�+, ��* � ]���^ _!Y	 ��FZ� �� 7!�!� )  ���Dd#�� �� KI��=	 h!U �� �f!��  �A �� �#�

 �� �!#9 ��*:� �� �f!�� a����5	 K#I@� ��FZ� %� !J�	 %� ���� 
��9� )�#.���� K	��/	 G�ID � )��� )�!< !�^z
 .K8� 
�9 ��/5�� ��A) �	 )�FW d�5�Ghavipanje et al., 2021 ���  ��� :#� (%BCD %�   2  �4 
��� �� 7!�!� �!Q  

�5� � %#b!58�!#j ;!< ��*�#8� K?�j �*�� V"�	 �!#9 ��*:� ��/5��  �Hs	 %� �9 �=8S, E�!#D�� )����#*
 !� 7!�!� KF}	 !>� ��58�� �� .K8�  �� )�!< !�^z d#�� !5=�  �:#	 ��f!�� ��8 � K^�8Ilyas et al. )2020 (

�!� %� ���!� |��:Q
�9 ��IX ���#� 7#�D�!,  �!� ��HIX h!U �� 7! -AMP1)AMPK8�=* ��FZ� VF8 ( �f!�� ��5

)	  .��9Kahn et al.)2006 ���!� |��:Q (AMPK  � !��A a5�#8 e � e#Df!���#� a#?�D �� aZ	 ���.�	 e
��#, ���8 �� �f!�� )*�  �9 ��HIX K8� 
�9 ~��	 �7#�m=* .K8� �* AMPK /	 �*�� V"�	 � )�#.���� K	��

)	 �f!�� ��58�=* a#?�D ) ��9Kumar et al., 2015 �#.�D �7!�!� GH=�	 �� 
��b58� ��:X� �� �!@�A �*�+, �� .(

��	 _!Y	 �� !##CD �� ���� �A �D !#9 �#.�D �� E�!##CD 7� .���  ��� ��:X� 7��8 ��*:� !#9   _!Y	 � e�^

)	 
��� �#@�5f!�� �#uD �� .��9 %5X�  � !#9 �#.�D 7#� a#/5�	 ��FD�� ��"� �!@�A ��*  ���D �!#9 :� �� �f!��
)Zamuner et al., 2020) �!#9 ��Q � (De Vries et al., 2000|��:Q (   ��� )�*�+, d�5� �7#�m=* .K8� 
�9


��� �� ]���^ _!Y	 ��:X� %� ���   �� !#9 �#.�D ��:X� �� ��/5��� 
�!=* ��� G���) K8De Vries et al., 

2000 ��:X� %� G�=D )��� K#I@� ��#5	� ��!#9 ��*:� �� 7!�!� GH=�	 _!Y	 ��:X� �� �!@�A �*�+, �� .(
 ��58�� 7#=* �� .K9��Walsh et al. )2007
��� �� �f!�� )b�	  ���D %� ���!� |��:Q (  ��� ��/5��  VF8 �!#9 ��*

)	 ��#, ��=� )��� K#I@� ��#5	� �*�� �� %� 
�9  �� )�!< !�^z d#�� ��:X� %5X� �7�!���� .���   ��� !@�A ��*
)	  !�^z d#�� �*�� �]���^ _!Y	 ��:X� �� 7��8 �!#9 ��*:� ��/5�� 
��� �� 7!�!� GH=�	 �� 
��b58� %� �*�

I@� ��FZ� �  �� )�!<.K8� 
�!� a*�!X )��� K#I@� ��#5	� �bA � !5�#� !#9 �#.�D ��!� )���i	 y�!9 ��f!�� K# 

                                                                                                                                                            
1. AMP-activated protein kinase 
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 E=�H2��4���� . D�"�� &�M6� ST� *2�� UV9W 5����" 3�MX= �<�" �5"�0 = �5= U���6  *�A ��7>0 ���� ��A ���B6 /2

*/=2 /2 ��66 D��+� �6  E�%��"1  
Table 2. Least squares mean of dry matter intake, body condition score, weight and energy balance in 

Saanen dairy goats supplemented with berberine during the transition period
1
 

 ����  
)��	�6 ��*��=#D   ������58� ��i^

7#���#	 �*  
 �i8

)�I	 ����  1  2  3  4  
L�"5 5" DN�              

e�^ 
��	 _!Y	 (�!Q��#�)  58/1  57/1  61/1  63/1  021/0  097/0  
 ��  �� (�!Q��#�)  96/49  99/50  98/50  21/50  695/1  752/0  

)�#.���5	  �� (�!Q��#�)  78/18  08/19  07/19  94/18  478/0  857/0  
 ��  �� E�!##CD(�!Q��#�)  822/0  804/0  780/0  846/0  101/0  827/0  

)��� K#I@� ��#5	� E�!##ID (��#5	�)  100/0 -  050/0 -  0,00  050/0 -  078/0  815/0  
�f!��  ���D (�!Q��#� �� �!.����	)  545/0  569/0  864/0  01/1  151/0  082/0  

L�"5 5" �M6              
e�^ 
��	 _!Y	 (�!Q��#�)  b21/2  b28/2  a47/2  a42/2  058/0  021/0  

!#9 �#.�D (�!Q��#�)  b70/1  ab98/1  a54/2  a15/2  155/0  013/0  
 ��  �� (�!Q��#�)  08/43  70/43  58/44  85/43  480/1  844/0  

)�#.���5	  �� (�!Q��#�)  81/16  99/16  25/17  83/16  435/0  739/0  
 ��  �� E�!##CD (�!Q��#�)  880/0 -  408/0 -  451/0  522/0  411/0  100/0  

)��� K#I@� ��#5	� E�!##ID (��#5	�)  050/0 -  050/0  050/0  150/0  043/0  092/0  
�f!��  ���D (�!Q��#� �� �!.����	)  b837/0  ab09/1  a83/1  a

65/1  223/0  028/0  
�#.�D 
����  b819/0  ab946/0  a092/1  a010/1  048/0  048/0  

 %.�j:� ���ID  40/1  40/1  60/1  40/1  244/0  817/0  
%.�j:� �#.�D  ��  (�!Q��#�)  07/5  03/5  15/5  19/5  739/0  889/0  

17#���#	 . ��* �� _�!A %���	!#j �� !* t�� ����� _S5 �̂ )�I	 ��� )	 ) ��9��05/0≤P.( 
2 :G	�9 )��	�6 ��*��=#D .1 -  �(GH=�	  ��� %�, 
!#") �*�92 -  + %�, 
!#"1  �7!�!� �!Q3 -  + %�, 
!#"2  � 7!�!� �!Q4 -  + %�, 
!#"4 )	 ��� �� 7!�!� �!Q .��9��  
3 .(��� �� �!Q��#�) %����� ]���^ _!Y	 7#���#	 / (��� �� �!Q��#�) %����� !#9 �#.�D 7#���#	 = �#.�D 
����  

1. Means with different alphabets are statistically different. 
2. Experimental treatments include: 1- Control (basal diet without supplement), 2- Basal diet + 1 g/d berberine, 3- Basal diet + 2 g/d berberine and 4- Basal diet + 4 
g/d berberine. 
3. Production efficiency = average daily milk yield (kg/d) / average daily DMI (kg/d). 

  

��� �� !#9 E�F#�!D !##CD ���.� !� 7!�!� GH=�	 �� 
��b58� !>�   G�9 �� �!#9 ��*:� ��/5��1  �� .K8� 
�9 
���  ���


��� ��U  
�!Q �� !#9 )�!< ���	�6 
���� KX��� ��*   (��j6) ��� ��� �� _S5^� 7� � ��� �*�9 
�!Q �� !5=� 7!�!�
)�I	 ) �9 ���05/0 P≤< KF�� .( � (��j6) !b\ ��*��� �� :#� 7#�D�!, %� )�!7  �� 
�9 %BCD ��*:� �� ��� %� KF��2  �4 

7#�, �*�9 ��=#D �� ���� �� 7!�!� �!Q ) ��� !D05/0 P≤ 7#�D�!, ���/	 �7!�!� GH=�	 �� 
��b58�  �:#	 ��:X� �� �G��/	 �� .(
�  ��� ��:X� (GH=�	 �W�X) �*�9 ��=#D %� KF�� !#9)�I	 ���	6 !?� �� ��� ��� �� _S5 �̂ 7� %� ��� ) ��� ���05/0 P≤ .(

 ��*��� �� �7#�m=*7  �14 ) ��� 
�!=* !#9 ��5�g K?�j ��:X� �� 7!�!� GH=�	 �� 
��b58� ���� %� KF��05/0 P≤ .(
!�� ��!W )��	�6 ��*��=#D !#>�D KoD !#9 )�!<  ��� �	�" ���	 � �	�" ���	 G� K?�j) KX05/0 >P .( 

��� %� 
�!� ~��	 )��^ %� E�/#/oD  y�!9 �� ���Q��8 ��!� �!#9 ��*  ���D%�) �f!�� )b�	  G��� �� 
+�
  �� )�!< !�^z �� (���)	 
��b58� ) ����Esposito et al., 2014 !#j ;!< ��*�#8� �� ���� ���/	 �%J#5� �� .(

  �^ |�!Q ���� )�!< KX�� �� %#b!58�)	 ��/5�� �F� %� ��8 � K^�8 ��!� c�8 � 
�9  ;!< ��*�#8� R�FW�I5	 .����
)	 �f!�� �#.�D � 
�9 �#��� G	�� E��\ %� � %#b!58�!#j %J#5� �� � � ����  ���"� �#.�D VF8 ~W��  �#8��#��� �

�5� R�D�=�) )��5�-)	 (E�!#D�� )�����#* ) ��9Gross et al., 2013; Shi et al., 2018 K9��!�  ��	� %� �J�6 �� .(

�j y8�D ;!< ��*�#8� 7� a#/5�	 %� !#9 )�!< �\�� ��:X� ����� ��"�  �5�, �  )b�	  ���D �� )Y^�9  ����
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��� G��� �� �f!��   !?� �� )*�!#9)	 %5X!Q ) ��9Gross & Bruckmaier, 2019; Palmquist et al., 1993 �� .(
!@�A d�5� ��58�� 7#=*  �!#9 ��*:� ���  ���7#�, �f!��  ���D %� )�!< d#�� ���/	 � ���59�� �!D  �� )��� ��*

 6  )8�!�  �Q���������� %BCD �� 7!�!� �� 
��b58�  ����D .��59�� �!Dg�� !#9 )�!< �\�� (�*�9 ��=#D) ��� !Dg�� �*
K8� 
���
�I	 eD ��� ��I5	 E�I.�i	 �H	� � ��  ��	��8 !>� �*���J�*�� �� %���/	 ��  6  
�!� �#uD �� )�.���5	 ��*

  �!� ��IX �� V�j� ��	��8 ��>6 7� %� K8�AMPK ) K8� 
��� 
�!=* )�#.���� K	��/	 ��FZ� �Kumar et al., 

2015%I.�i	 e R�!#^� .( K#8�D��* �� 
��b58� �� )*����	�6 � 
!#J�� ��FZ� VF8 7!�!� %� ���  ��� ���Q ��*  
%�  6 �� � 
�9 )������5#	 )�b�D �����8  �	�� �� ��" �+D�!58�  ����  �� ;!< ��*�#8� �� yFD!	 )�#.���5	 ��*

) K8� 
�9Shi et al., 2018 !#9 �� 7#�D�!, � )�!< K?�j ���� �� c, %�\�XS� %� K8� 
���  ��� E�/#/oD .(
 �*��  6 �� �I� � ���� �� ��^  �:#	 7!Dg��)	 ��#, ) �8!� )5��> ���/	 %� �D ���De Vries & Veerkamp, 2000; 

Gross et al., 2013�*�+, �� .(  �� 
�9 GH=�	 � �*�9) �*��=#D ��=D �� 7#�D�!, � )�!< �\�� 7!Dg�� :#� !@�A
 c, %�\�XS� (7!�!� .�9 
�*��	 ��� ��Gross et al. )2013!, � )�!< �\�� %� ���!� |��:Q ( !#9 7#�D�

)	 ��:X� !#9 )�!< �\�� �L!58� �� �f!�� ��F=� �� .��5�*  ��#A �f!�� K#I@� �� )F8��	 ~^�9  G#.� %�) ���
)	  ��� �*�� !#9 7#�D�!, �\�� �H	� �()��� !�^z �� 
��b58� ��*������8  ��!� �f!�� )X���� 7#	uD %� �!< ��*�

;�!�#	  7#�, �#.�D %� !J�	 %F=�9 ��*)	 )��!�#	 7#�D�!, ) ��9Gross & Bruckmaier, 2019 G	�� ���5�g .(
����� �� ;6 ;B"  �:#	 � K8� !#9 ).�=8� a#?�D )�\� K#8�5�g )o9!D ��* )	 �!5�� �� �*  �\�� %<!Q� .���

)=� ��!W �f!�� ��F=�!#>uD KoD !#9 ��5�g ��5�g �\�� ��:X� �� �f!�� _!Y	 ��:X� �H	� ��!#Q  K8� 
�!=* !#9
)Gross et al., 2013; Chilliard et al., 20037� .( |��:Q �*  ��:X� ���  ��� %� K8� !@�A d�5� �� ��=*

)	 !#9 ��5�g �\�� ��:X� V"�	 �7!�!� �� 
�9 GH=�	 ��*��=#D �� �f!�� _!Y	  .��9  
  

3 .2 .��$ ��	 
����� ������� 
����  

 GH=�	 �� 
��b58� !>� G�9 �� �!#9 ��*:� ��/5�� 
��� ��!#9 ;!< ��*�#8� E�!##CD ���.� !� 7!�!�2  
�9 
���  ���
%5^�8 ;!< ��*�#8� �\�� .K8� ) ��" 
�9de novo( � ��*��=#D �1  �2  %�) KX��� V#D!D  � !bY*����1  �� 7!�!� �!Q

�!#9 ��j6 �� .���  ��� )��:X� ���� �)*�!#9 KX!�#, �� (��� ;!< ��*�#8� ���/	 %<!Q� )*de novo  ��*��=#D ��3  �4 
%�) 
���� KX��� V#D!D  �2  �4  ���/	 7!Dg�� .���  ��� )�*�� ���� )*�!#9 KX!�#, �� �H	� ���� !Dg�� (��� �� 7!�!� �!Q

 ;!< ��*�#8�de novo � � !b\ ��*��� �14 ��� %� KF��  ��*��=#D ��3  �4 ) �9 
�*��	05/0 P≤ �� %� ).�A�� �(
 ���21  ��*��=#D ��� %� KF��1  �2 ) �����  ��� �� ;!< ��*�#8� 7� �� �!Dg�� �\��05/0 P≤ ;!< ��*�#8�  �:#	 .(

) ����	mixed(  �!b\ ��*��� !#9 � (!b\ ���) ��j6 ��7  �21 
!#" 7#� ��� %� KF��)�I	 _S5 �̂ �*  K9��� ����
)05/0 >P 7� �� �( ��� ��  6 �i8 ���A14 D �� !Dg�� 7!�!� �� 
�9 GH=�	 ��*��=#D �� ��� %� KF��) ��� �*�9 ��=#05/0 

P≤) 
�9 G#��D GFW �� ;!< ��*�#8� �\�� �)v�� ��U %� .(performed
��� ��U �� (   
�9 GH=�	 ��*��=#D �� ��	�6
7#�, �7!�!� t�5�	 !��/	 ��  .��� �*�9 ��=#D �� !D ��*��� �� �*�� 7� %<!Q�7  �21 )�I	 ��� %� KF�� ) ��F� ���05/0 

>P ��*��� �� �	� �(0  �14 �� 
�9 %BCD ��*:� �2  �4  ��=#D) ��� �� 7!�!� �!Q3  �4 ;!< ��*�#8� �\�� (performed 
�) ��59�� �!5=05/0 P≤���6 ;!< ��*�#8� �\�� .(1 )FFAs ���) ��j6 (0( � � 7��8 ��*: ��*��� !#97 �14  �21  KF��

 KX��� �� ��� %�2  �4 )�I	 �*�� ��� �� 7!�!� �!Q ) K9�� �*�9 ��=#D %� KF�� ����05/0 P≤ .(  

                                                                                                                                                            
1. Free Fatty Acids 
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Figure 1. Effect ofberberine supplementation during transition period of Saanen dairy goats on milk 

composition  

 
n�F9� ;!< ��*�#8� �\��1 )SFAs
��� G� �� %<!Q� .���  ��� )��:X� ���� �)*�!#9 KX!�#, �� !#9 (   �\�� ��	�6

 ��*��=#D �� ;!< ��*�#8� 7�3  �4 �� ��� �� �Z�D _S5^� 7� �	� ���� �*�9 ��=#D �� !Dg��)�I	 � ) �9 ���05/0 P≤ .(
n�F9�!#j ;!< ��*�#8� �\��2 )UFAs ��� 7!�!� �� 
�9 GH=�	 ��*��=#D �� !Dg�� �*�9 ��=#D �� 
��� G� �� R�F!/D !#9 (

� �� _S5^ 7� %� ��7 )�I	 ��� %� KF�� ) �9 ���05/0 P≤%��Q�� ���#, e �� n�F9� !#j ;!< ��*�#8� �\�� .(3 
)MUFAs �� ( ��� !#9 � ��j614  �� 
�9 %BCD ��*:� �� ��� %� KF��2  �4 7#�, ��� �� 7!�!� �!Q  �*��=#D !�8 �� !D

                                                                                                                                                            
1. Saturated Fatty Acids 
2. Unsaturated Fatty Acids 
3. Monounsaturated Fatty Acids  
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) ���05/0 P≤%��Q�� ���#, ��< �� n�F9� !#j ;!< ��*�#8� �\�� .(1 )PUFAs ���  ��� )�*�� ���� )*�!#9 KX!�#, �� �(
) ���  ��� �*��=#D 7#� ��  6 �i8 �05/0 >P ;!<�#8� �\�� .(C16:0  )*�!#9 KX!�#, �� )��	�6 ��*��=#D ��=D ��

 ��� �D14 )�I	 _S5^� %<!Q� ��9 K��>  6 �� c, � ���  ��� )��:X� ���� ��� �� �I�  �� 
�9 GH=�	 ��*��=#D 7#� ����
) ��� 
�*��	 `�Y^ 7� �� �*�9 ��=#D � 7!�!�05/0 >P�V#D!D 7#=* %� .( <�#8� �\�� ;!C18:0  
��� ��U ��:#�

)�I	 _S5^� )��	�6 ��*��=#D 7#� ��	�6 9��� ��� K)05/0>P ;!< ��*�#8� �i8 �)v�� ��U %� .(C18:1n9  ��U ��

���  
���� KX��� ��*��=#D �� ��	�6  �2  �4 7#�, ��� �� 7!�!� �!Q  ��j6 �� �Z�D �*�� 7� %<!Q� ���� �*�9 ��=#D �� !D
 ���)0 ( ��� !#9 �7 )�I	 ��� %� KF�� ) ��� ���05/0 P≤ .(  

%F�" �� )�!< %�:*!, ��f!�� %� ��#� �  � !#9 K^�8 ��!� ��#� ���	 �f!�� G� �� )=#� %� %� K8� !#9 �:" 7!D35  �\��
) ���� ��#5A� �!#9 ��� )5X��� ~.�^ �f!�� ��Bauman & Currie, 1980|��:Q .( 
�9 K8� %� ����/	 �\�� � V#�!D 

��*�#8� ;!< %� %5�� !#9 n�� ���+� �%BCD %�A!	  )*�!#9 � y�!9 )i#o	 ) K8� %5����Pulina et al., 2006 )�!< .(
 6 e !* aZ8 %� K8� 
�9 G#��D ;!< �#8� �\ ��< �� :� !#9  :�	 G� �� �* !#9 ;!< ��*�#8� %�  G��W ��U

%?AS	  .K8� E��b5	 ��Park et al. )2007 G	�9 :� !#9 ;!< �#8� d�, n�=J	 %� ���!� |��:Q (C10:0 �C14:0 �
C16:0 �C18:0  �C18:1n9  �� �#�75 )	 G#��D �� !#9 �� ;!< ��*�#8� G� �\�� �*�. ��Z< ��!#9 ;!< ��*�#8�

�!5��� K^�8 � %:JD � �#8��f���#*�#�) %F=�9 �)��5�, ��j �� �� �� K^�8 �
!#" :G	�9 )�\� �F�	  �� )�!< !�^z � ()
)	 Eu�� ) �!#QStoop et al., 2009 .(Gross & Bruckmaier )2019 ��*�#8� V#�!D E�!##CD %� ���!� |��:Q (

%� ���/5�� 
��� �� !#��!< .K8� ;!< �#8� �#.�D ��*!#�	 7� �� KH#.�HIX !##CD �� )9�� �)*�!#9 ���5�� �� 
+�  
n�F9� ;!< ��*�#8� E�!##CD ���.� ��� �� )�FW E�9��:Q �� !@�A %I.�i	 �� !#9 n�F9� !#j � 
��� �� �!#9 ��*  

) ���� K/��i	 ��/5��Palmquist et al., 1993 ;!< ��*�#8� �\�� )*�!#9 KX!�#, �� .(de novo � � ��:X
 ;!< ��*�#8�performed 9 ��� %� ��!� ��#, �*�� !# 
��*�   .K8� )��� )�!< !�^z d#�� �*�� E�!##CD ���.�


��� G��� �� :#� )Z���	   �!#9 ;!< ��*�#8� ��=#8 ���!� |��:Q  �//o	 � 
�9 
�*��	 7�5��* ��*��Q )*�!#9

���� c�I�	 ) K8� �f!��  ���D �� E�!##CD �Karlsson et al., 2020; Gross et al., 2013  .(Van Knegsel et 

al. )2007)b�	  ���D ���!� |��:Q ( !��
��� G��� �� �f  ��*�#8� K^�8 �*�� %� !J�	 �!#9 ��Q )*�!#9  ;!<
de novo )C6:0  �DC14:0)�!< ��:X� � !#9 ( )	  �� ����	 �� ��*  !#9 �� n�F9� ��*�#8� K?�j �7�!���� .��9

)	 ��:X� n�F9�!#j ;!< ��*�#8� K?�j � �*�� < ��*�#8� �\�� ��:X� �:#� !@�A �*�+, �� .��� ;!de 

novo 
�!Q 7� �� �f!�� !5Z�  ���D %� Rg�=5A� �7!�!� GH=�	 �� 
��b58� !>� �  �f!��  ���D %��� �=� �K8� yFD!	 �*
%5X� 7� �#uD �� .K8� n�@�	 7� �s	 :#� �!#9 ��*:�  G��� ��  �� )�!< !�^z �� 
��b58� %� K8� 
�9 |��:Q ��*

#8� K9��!� ��:X� V"�	 ��� ;!< ��*�#8� K^�8 � 
�9  �5�, 
�j �� !#J�� ���� ;!< ��*�de novo � h!U �
 a:�6�� G#58� a:�6 ��Z	A )	 ��Z	 ��S#����!� ) ��9Palmquist et al., 1993%5X� �� ��=* .( ��*Ducháček et 

al.  )2015 �7#�, �f!��  ���D y�!9 �� 7�5��* ��*��Q !#9 ���!� |��:Q %� (����� a� n�F9� ;!< ��*�#8�  �
n�F9�!#j ;!< ��*�#8� �f!��  ���D %� ���  ��� :#� !@�A �*�+, d�5� �K8� g��  7��8 !#9 ��*:� �� 7#�,

 ��*��=#D)1  �2)	 !#9 �� n�F9� ;!< ��*�#8� !5=�  �:#	 � n�F9�!#j ;!< ��*�#8� �g�� �\�� %� !J�	 ( ��9. 
8� �\�� %� K8� 
�9 |��:Q �� )Y^�9 ����6 ;!< ��*�#  ���D)�!< d#�� ��:X� .K8� !#9 �� �f!��  ��  �� ��*

)	 !#9 R�FW�I5	 �  �^ �� %#b!58�!#j ;!< ��*�#8� K?�j ��:X� %� !J�	 ���� G��� ) ��9Chilliard et al., 

                                                                                                                                                            
1. Polyunsaturated Fatty Acids 
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Figure 2. Pattern of changes in milk fatty acids profile of Saanen dairy goats supplemented with 

berberine during the transition period  
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1. Reactive Oxygen Species 
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Figure 3. Pattern of changes in milk antioxidant indices of Saanen dairy goats supplemented with 

berberine during the transition period  
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