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Abstract 
The effects of different levels of mild metabolic acidosis by anionic diet on the performance of transition dairy cows were investegieted in 12 cows 
from 3 weeks (wk) before calving. One wk before calving, cows assigned to two groups according to urine pH (UpH) to recommended level (R 
UpH=6.2 to 7) and less than 6.3 (low UpH). The average prepartum urine pH was 6.7 and 5.8 for R UpH and low UpH groups, respectively (P<0.01). 
The prepartum serum concentration of Ca was not affected by the experimental groups, but significantly increased in the low UpH group within 2 h 
after calving. A trend was observed for higher serum concentration of phosphorus in the low UpH cows before calving. Although no significant 
difference was observed in prepartum DMI, but postpartum DMI and milk production were higher during wk 1 after calving in low UpH group 
(P<0.05). Total concentrations of protein and globulin were decreased on the day before calving in low UpH group. Also, after calving the 
concentrations of BUN, total protein, globulin, and milk protein were lower in this group of cows (P<0.05). Therefore, the induction of higher levels 
of metabolic acidosis in comparison to the recommended level before calving, can improve serum concentration of Ca and performance of transition 
cows. 
 
Keywords: Anionic diet, Calcium homeostasis, Transition period, Urine pH, Performance. 
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S���) +� :� � "� Ot� .�� :�O�� "$�O V���� p�� :�<�

 ����� :�� � 1�O�� +� �]�pH ��D�� �� 7# )Model 

HANNA instrument, S/N: 137243, Lisbon, Portugal (

.�� IX.   

7�) ���� +� 6�8 +�� � ����  Ne� � ����� ��	�

 :�� � P�� 6
�+ +� N8 � .�� d�'�� 6
�+ 7��+ �& :��+��

 �� � 7�)12  �24 �� P�� � 7� 
�+ +� N8 I!�� ���+

 �I�� �s	8 ���[h �:� ��14  �21  :�O�� 7� 
�+ +� N8

:�� � .�� :*�* +� ������ �� 7�) ���  ���10 "���  � ����*

S���) +� �]� I!�� I2�  � Ne� .�� :�O�� "�

g3000  ����15 :�� � � ���� V���
����� :��M  � d�� ���

 W��&����� ��[h5/1 "���  � ����*20 - �� :$�"��  ���

:�� � .���� ���){ ���� +� 6�8 +�� � d�� ���  ��	�

����� B� �  � 6
�+ +� 6�8 j
 � � �:� ���+�� 1�	h

�+�� d� &  ���+�� +� ��L) 7� 
�+ +� N8 "���+ ���14  �21 (

�+���� I[$  :
P'& ���O � B
P�	� �B���C IK�L ����

�� +� 6�8 +�� � "��) ���������8 �
�� .������  ���	�

 � I�� �j
 ���+�� � 7� 
�+ +� 6�8 j
 � :� ���+��

21  �� B���C "��� IK�L .���� 6'	� 7� 
�+ +� N8

 p��Cresolphthalein complexon p�� �� B
P�	� �

Xildyl blue  p�� �� �� ���O �UV-test  3����� �

I�C 3��8) "U�v2& ��� (7��
� �7��[& �7��+#  ��D�� �� �

*��#�&� �P�)Abbott Aly-con, 300, USA(  u��-� �

�+���� �Q ]*�����  .���� ����  

) " 
P�# p�� �� PC��� "��� IK�LGOD-PAD �� � (

3��8) I�C I�*����� �
�� � (7��
� �7��[& �7��+#  "��) ���

I�C �� P��  7� � �� � 7��+# 3��8 IC�� ���'& ���

 Q ]*����� u��-� � �P
Y��#�&� ��D���+���� �������  ����

 IK�L .����NEFA |�� p�� +� ������ ��   " 
P�# "'	�

) ���'& I�C �� �Randox Laboratories Ltd., Ardmore, 

Uk .�� ���'	� �P�*��#�&� ��D�� �� � ( 

�� :'	���O ���  ��*�& �S���) T�U� �"��) ���

 :
�� +� ������ �� �7# \�X�C�& � ���Mixed d�� O� ��P

 ����#SAS  :v��)2/9 ���� (:-��� )1( .���� :
P'&  

 :-���)1(    Yijklo = μ+Treati+Timej+(Treat×Time)ij+ 

βlk +Cowl+Residijklo.  

 �:-��� 1
� �Yijklo �
 7�) B���C �	��� :����� ��m�� �

S���) T�U�y μ� QC 1�D����y Treati ���� I��. �.� �

"2
��+# iy Timej I��. �.� � 7��+jy Cowl�.� �  "O�U&

��� �� 1�D���� ��< � N��
��� �� ��]� 7���
 

N��
����C 1�� �+���� ���� ��� 1�� ���������& �����y 

Residijklo�.� � "M�� "O�U& ����� �� 1�D���� ��< � 

N��
��� 1D � 2
 .I��  N��
����C ���)�� +�

Autoregressive order 1  :CBC �&��]� 7�P�� 1
�AICC  

 I��:� 7��	! �� ���� :
P'& "
�[� ������)��  ���

�� .�� ������ 7��+ � ���������&  +� N8 � 6�8 � ��

 7� 
�+:� \��< P'& :�����$
���� :. ��  z���� ���

:�  pH :C ����j
 ��� �+���� 6
��+# ��5 �  ��� ����

 :
�� �� ���GLM  ���� �) :-���2( ��� :
P'&.�  

 :-���)2   (                               Yijk =  + Ti + eijk  

 �7# � :CYijk����2� �� ����� � yQC 1�D���� �y Ti �

 � "2
��+# ���� I��. �.�eijk �.� P�� "M�� "O�U& ����� �� 

1�D���� ��< � N��
��� 1D �2
I��. 
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3 .��� � ���   

pH "��]� ��� +�������� � ���� ���� �  "2
��+# ���

 ���$ �)3( .I�� ��� �� 7�2�  1�D����pH  � ����

 ����low UpH )8/5 ���� :� IX�� (R UpH )7/6 (

BC �& �� )01/0P<(:�O�
 1
� . "� 7�2� ��  ������ :C ��

low UpH  :$�6�� �& � �� "��*����� +����� +� �

��C :��'& 7�)  ��
+ .���3����� "����  �1�2�8 ���

:�<�& :	��  ���pH ���$ � ����  I[$ �"����# ���

 +� �7� 
�+ +� N8 � B���C +�������� �X[�3/6  I�� �&

I�� ]8[ +� "]��� (�5 ����� .pH  ��}a � �� ����

7���# I��. ����� "� 7�2� ���$ � ��  B������ "*� ��	�

I�� ��� p��P� .I�� ��2� Z
�2& "	��� :� 7#  :C

 �S���) T�U� Z-�pH  IJ& �� ������.H&  ���M

"�  ��]2  �10[ "�	� "D��X � P�� �^�a 6��o8 � .

 �� S���) T�U� 1��pH  �� ����2� ����)29/0= R
2( .

 ����� 1�� S���) T�U� 6	C��8 1�2�8 \�]*�-� �

 I�� ��� p��P� 7� 
�+ +� 6�8]11[ S���) T�U� .

6�� �& ]� :� ���� j
 � ���� � ��C 7�
 IO�
� "	

6�� �& "� S���) +�  ��a ��C 7�
 I� �� .����100 

 ��a � ���� � �<�60  I�� �<�]8[ +� N8 .

7# 7�
 :C  B���� ����� 7�) W_$ S���) u
�5 +� ��

 �) :� �� 7V����� 7�
 �IXq� ��� ��]& ���� "��)

"� W_$  7V����� wO :� ��X'� I
�[� � � �	C ��� +�

 :'��� � � ����pH  IO�
 ����) 6��C ����]3 � 10[ .

 ���� �^�a :]*�-� � ��$� 1
� ��low UpH  �[	&400 

 S���) T�U� d��6�� �& 1� � 1
� �� ��t! .I�� �

\���& I��  P�� ����� 1�� � ������ j
V�*�
P�O ���

`��8 :� �'	�  � \����� ���pH  ���� ��� ����]3[.  

 IJ& 7� 
�+ +� 6�8 B
P�	� � B���C "��� IK�L

��.H& ����  ���$) IO�D� ���M "2
��+# ���3 "*� .(

���O  ���� ������� 7� 
�+ +� 6�8 7�)low UpH 

Q
� & :� 6
�PO� ) I��08/0=P(���� �.� .  "2
��+# ���

"	]� �6
�+ +� N8 7�) B���C IK�L ��  ��� .�2� ��

 ������low UpH  IK�L6�� �& � B���C +� �� 

) 7� 
�+ +� N8 "
����� I!��23/8  Q���� �55/7 

"��� "� � d�� �	��� �) 7�) � (���* )05/0P<( .

"��*�����+����� ,�-� Q����� �.� :C �� gX� ��� 1
�× 

"	]� P�� 7��+ �� �� )05/0P<( B
P�	� � ���O IK�L .

 IJ& 6
�+ +� N8 7�)��.H& ����� ,�-� �
 "��*����� +

"��*�����+����� ,�-� Q����� �.�×  .IO�D� ���M +�� 

 ��O1
� ��  �
+ :� "��*����� +����� ���*� :C ��

:�<�& :	��  � �� 7�) B���C IK�L I�� 1� � ����

 � �[	& ��� .�� �X[� 7� 
�+ +� N8�  +� N8 I!��

"	]� �X[� 7� 
�+  ���� � ��low UpH � ����2� .�

 ���� ������ 7�) B���C IK�L �	h��low UpH  �

7��+ �
��  ��! �K� +� 6
�+ +� �]� I�� +�� �& ��

6�� �&  Q��) ��1.(  

��� W_$ :� B���C ��  1����
� :����D B� �  1�	h

 j C �� 7��v��� +� B���C W_$+����l���&���8 7����� 

:�  �& g�&�&24  �48 :� 7� 
�+ +� N8 I!�� ��5 

��	
�PO "� ��]O ��  ��]9[ :C �� �$� �� �a� 1
� .

 ����� "��*����� +����� �
�2&low UpH ���_��.� �

 7�������l���&���8 ������ ��  � 7��v��� � 7# ���

 IO� 7�) B���C IK�L :'��� � � �� �X[� �� ���

BC  .I�� :��� 7� 
�+ +� N8 :�*�� I!�� � � ��&

����� "*� ���� �R UpH ��]O �� 6�� 7�C  �& 7�����

��l���&���8  ������ � 7�) B���C IO� :� `��8 �

7��+ �
�� � �� B���C IK�L �6
�+  ���� �	�� � ��

low UpH �� 6
�PO� �� B� .���  �$� �� �a� 1
� 1�	h

:� �^�a 6
��+# BC ����# \��M :C ��  ��]& Q�*

) d� ��J�6 ���� 34�  ��.H& IJ& �� s
��� (���� ��

.���� �� ���M  
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A�&�3d D! �����-�� <,�) �6,9(�=! 4�&,+� <*=>! :(;+ ��89�  7� .  ��(! Jc*#   X�	��4 4� H,I �� �$(,$? � ,� �&33V

A�8=$� ���� �� X() U + �$&2!  

P-Value 
SEM 

�� - �E��!4? ��� 
�K3+� L 

:(;+ �6,9(�=!4�&,+� × X�!4 X�!4 �6,9(�=!4�&,+� :(;+  Low UpH  R UpH  

  X�	��4 4� H,I1  

... ... 001/0 17/0 8/5 7/6  pH �����  

56/0 01/0 85/0 13/0 20/9 15/9 �*,!) Z,/*V �+� �� U - ( =,9 

12/0 02/0 31/0 07/0 53/2 40/2 �*,!) Z�.,3! �+� �� U - ( =,9 

65/0 03/0 08/0  18/0 74/4 48/4 �/L�*,!)  �+� �� U - ( =,9 

 
X�	��4 4� 5I2  

03/0 01/0 36/0 16/0 57/8 40/8 �*,!) Z,/*V �+� �� U - ( =,9 

21/0 01/0 41/0 07/0 54/2 37/2 �*,!) Z�.,3! �+� �� U - ( =,9 

48/0 01/0 32/0 22/0 78/4 58/4 �*,!) �/L �+� �� U - ( =,9 

...  ...  ...  ...  0  0  �3,9� �	/*V(f,� ( ,
 \B)  

...  ...  ...  ...  3  4  �3,9� J�B �	/*V(f,�3  

R UpH � �� - :pH �,�(B �3!�� �� �����  �&
3/6  � J�� �Blow UpH � �� - :pH ZV �����  4�  B3/6. 

SEM: 1,Q$�,! ���&$�=+� ��;) .��  

1 H,I J�� 4�� �� ����� �$(	$ .4� �$(	$ � H��4 �� - 4� H,I 4�� �� U + ��� &
 ���4�� H��4 4� H,I ]� � �� ��+ ���4�� �� 5f+ � ����- �&3. 

2 ��� �� U + �$(	$ .12  �24 Z� � X�	��4 4� 5I J��+ .JL - �� % HK3+��(! X�	��4 &2 J�� � g3I ����_ ��+ ��� ���4�� �� 1,3_  

3ZV X() Z,/*V Jc*# .  4�  B5/8 �*,! �+� �� U -  ��  =,924 	��4 4� 5I J��+ X�]15[. 

  

:�^�O  ���� B���� ���_��.� B������ :� "&����� ���

:�)��8 B���C +�������� �� 7�� +�� �  ���]9[B[� .  1
�&

"� 7��� :�^�O  +� "��� :C +�*��*# %
��� � :C �	C

���$  �I�� �
+ B
�� � B����8 �� ���pH  ������ 7�)

"� 6
�PO�  1��&��8 Q�� ���m& gX� � ���
G 8d��  7���

"�  7����� "
����& � ����l���&���8  �� ����8 ���� ��

������ "� 6��C 7��v��� �
 ��� �:��C � �) ���  ��

]9[.  7����� ���_��.� 6��C��l���&���8  � 7���� �

:� P�� p�� ��� p��P� 7�) +�*��*# Q�*     I��]4  �

13[:� "��*����� +����� ���*� .  � "����# ���$ :����

 �"	���# �)# ��� � ���� ������:� ��5 "	]� `��8 ��� 

 IK�L 6
�PO� �� �� ��l���&���8 7�����1  �25 

 1����
� "�C�����D  IK�L 7# gM�]�� � � �X[�

 IO�
 6
�PO� 7�) B���C]9[ �	�� � ����C{ :]*�-� � .

 �^�a :]*�-�pH  :� ����BC �& 8 IO� 6� +�.�C ���  

 6��C ��^�a 6
��+# s
��� �� uO��� pH :� ����9/5 

 �� :�
��� �89/7 ���$ �  7�) B���C IK�L �"����# ���

 s
��� N�!�� ��� .� �X[� 7� 
�+ +� N8 ��� +�� � ��

 +� N8 d� +�� � B���C IK�L �X[� :� Q
� & ��^�a

 ���� � P�� 7� 
�+pH  ����9/5  p��P� P�� .I�� ���

�+�� �
�� � �	h��  7� 
�+ +� N8 I�� +�� �& "���+ ���

 I���� �$� "&���&]13[ ������ �	�� � �^�a :]*�-� � .

��C ������ "����# ���$ +� :C \�]*�-� �D
 +�  ����

��� ��� � ���� g& :��� :� �	h�� .�2� ����2� ��  g�&�&

 ���� � ��� :� � ��[hR UpH  �low UpH  �24  I!��

BC 7�) B���C IK�L 7� 
�+ +� N8  +� �&5/8 "���  � d��
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"�  ���$) �	��� (" ��C�e��) ���*3B� .(  +� ����� 1�	h

 �& 7� 
�+ +� 6�8 +�� j
48  ���� 7� 
�+ +� N8 I!��

 Q��) ��� 7�2� �) +� �� 7�) B���C IK�L 6��C1 .(

:� "� �K� ��� 1
� :C ��� :
_m& ��C  :������� +�	� ��

:� �� " ��C�e�� 6��o8 �_* � �	C ���	C ��.�� ��5  ���

6�� "� +��� ��� x�U) 1
� � ��& .����  

 :�*�� I!�� � � B���C IK�L �X[� :C I�� 1� �

:�O�
 6
�+ +� N8 BC ��  ��� ��� �� ���$ I� ��

p��P� Q��M ��� "� 7�2� :C ���� �$� "[$�&  :C �	�

[�"� "���+ �+�� 1� � � B���C IK�L �X  gX� ����&

��� �� 6��C  �� 7� 
�+ +� N8 j�*����� ���]17[ .

 I�*�]O +� "]��� (�5 B���C �X C :C I�� ��� �v2�

7����� Z��& :� $ +� 7���a j
V�*���  B���� �C��C ���

:����� \�^�X��� � "	 
� "� Q�v� �� ��  �	C]17 �19  �21[ .

�#+�"
�'  +����� ,�-� "���� :� ���J� \�]*�-� :C

��� �� �B���C +�������� �� "��*�����  � j�*����� ���

`��8 :�)��8 ���*�& ���  6��C :�<�& ����pH  :� ����

BC "�a �
 � 6� 6�� \�]*�-� :� �& .�� +��� ��&  

 � 7� 
�+ +� 6�8 � 7�) ���O 6
�PO� :� Q
� &

 ����low UpH �  �� ��^�a :]*�-�6�� �&  \�]*�-�

 �� u��-� �"C��� \�]*�-� �	h�� .I�� �}& � �D


��C 7��� �^�a 6
��+# s
���  7�) ���O IK�L :C ���

 Z-� 6��C �� 7� 
�+ +� 6�8 �7��&�C ��]&- 7���#

���$  I�� :�O�
 6
�PO�]20[ B������ 7�	C�& ��� .

��2� Z
�2& `��8 1
� ���� "*� �a�  7�PO� �� .I��

7���#  ����$ :� �� pH"� 6��C :X ��  ���
]7[ .B� 1�	h 

d�'�� "���� �  :C �� ����2� �	���� ��� :�O��

 ���� �� "�K�L g�� �:X �� � 7V����� 7�
 6
�PO�

"� Q�[�& ���O W_$  �	C]23[ �� �$� �� �a� 1
� .

 ���� :Clow UpH  �� ��t!pH  ����BC �& �pH 

��:X   ��BC �& W_$ �X[� gX� ��� 1
� :C :��� P�� �

.I�� ��� ���� 1
� � ���O  

"� "��*����� +�����  "C��� �� S���) T�U� ����&

 �� 6��C]25[ 1
� s
��� "*� .6��o8  ���� � 7�2�

low UpH  "��*����� +����� :C6�� �& ��C :��'& �

 �����4/0  S���) d�����C6�� �&  7� 
�+ +� 6�8 �

 ��C T�U� ����"	]� ����# ��J* :� :h�� �  �X� ��

 ���$)4.( 
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1 .d D! �����- �� <,�) �6,9(�=! 4�&,+� <*=>! :(;+ ��89�  7�  Jc*#   X�	��4 4� H,I �� �$(,$? � ,� �&33V

A�8=$� ���� �����- X() Z,/*V R UpH.  � �� -pH �,�(B ����� �&
 3/6 B � J�� �low UpH � �� - :pH ZV �����  4�  B3/6 
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B� 1�	h :]*�-� �  "����# j � +� :C ��D
 ��

 6��C I[$ ��C ��� ���'&pH  +� ����1/8  :�9/5 

 +� 6�8 S���) T�U� �� p��P� �� ��� ������
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