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Effect of sodium bicarbonate and pHmax buffer supplement on milk fat synthesis 

under milk fat depression conditions, using of 24 Holstein lactating cows were 

investigated in a completely randomized block design. Milk fat depression was 

induced in all cows for 10 d by feeding a diet containing high levels of starch. The 

experiment was conducted in two periods including: first period (day 1 to 20), 

allocation of cows to the treatments 1) control, 2) basal diet + 0.8% pHmax and 3) 

basal diet + 0.8% sodium bicarbonate and in the second period (days 21 to 30), all 

cows were fed the control diet. Buffer supplements increased milk fat 

concentration, without affecting dry matter intake, milk yield, and milk protein 

and lactose concentrations. The concentration of total trans fatty acids decreased in 

the experimental treatments compared to the control. The trans -10: trans -11 ratio 

was lower in cows receiving the buffer supplements compared with cows 

receiving the control, which indicating the effect of these compounds on the 

improvement of milk fat synthesis by stimulating normal fatty acid 

biohydrogenation pathways in the rumen. Addition of buffer supplements 

increased milk fat synthesis, which persisted for one week after cessation of 

mentioned compounds. Therefore, using of sodium bicarbonate and pHmax can 

maintain milk fat in dairy cows fed with diets containing high starch and under 

milk fat depression conditions. Also, using of pHmax reduces the costs of using 

common buffer compounds such as sodium bicarbonate. 
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)/� =-��> "
02� �
" 4��" ]14[.  

4� .[�-�& K\
U� $�6 ��� ��
]� FR
�"F +
� �)T R
�! -��2 �4 �� =�*X�
����0 ^0��  $�100  �2/
X��4.  

  

���: �� )
� �� �'�� .: �/
��(�/ �"/ �16  
24  IF,���c��� �'10 M�' �`�������A  �/��CW �� J���C.' ?��` 

FC� f�P����( S )� ���EF:� �' ��F�� �T �  
��� �/( NO��� QR  ���q�
. ,�� <W .����# A  
�b ��)W ��
� @� ��
X 

��� H�F:� ���/ ���M �,�� .�/
�� >/ I�	; ���:) )
� �� �'�� .:(�/ �E/ �15  
23�
� (���  J���C .����

,�P�#� M�'�����A � 
 J���C�� 2� ��( .' ?��` ��)W ��
� ��� �� 
 .��)
�
X  �%B��.��A� .(�/ S��� NO���  ���q�

&AS .��)
�(�
W k	� @`��, �� 
  �' �)
�
�*
�!  ���q� ����"C )� =� 
Z ��� �' �
W �� ���( 60 ��.S F��:# ����

.a	:��,  
  (�/��A�  #"
��)W1  

X
��)W X��  �/��  pHmax  #' �: ?�	'��
>  

#����C ���� )�`��(          

?�| iO�:  25  26  26  26  

.a��
 iO�:  5  5  5  5  

Z"C .a��
  10  4  4  4  

<��:W Z"C ?�| .��� ���  32  -  -  -  

(�
W�, ?�| .��� ���  -  5/38  5/38  5/38  

�
�: .2�a	�  11  10  10  10  

�b�� .2�a	�  6  6  6  6  

#/�� ����  5/1  3/1  3/1  3/1  

���� ����  2  2  2  2  

.F��' (�
�: .��� ���  7/1  2/3  2/3  2/3  

��	� H�%:  5/3  5/2  0/2  0/2  

#��$� ���� 
 I���F

 @A*�2  1  1  1  1  

?�	'�� >����  3/0  3/0  -  -  

ZA�  2/0  2/0  2/0  2/0  

#' ?�	'�� >
�:  8/0  -  8/0  -  

 (�,�' @A*�pHmax -  -  -  8/0  

L���  (Z"C ���� �`��) #
��A��        

(������� �� (�2���!�) #/���� x2�C (i���3  62/1  63/1  63/1  63/1  

(�`��) Z"C ����  3/62  1/62  9/61  0/62  

(�`��) ��C �F���C  0/7  3/6  4/7  2/7  

(�`��) ��C I�� 
��  9/16  8/16  8/16  7/16  

(�`��) (� � ���P�  11/5  09/5  13/5  06/5  

(�`��) #u	C ��	
�� �� ���+��� �%�,  5/31  1/29  9/28  9/28  

(�`��) (��:� ��	
�� �� ���+��� �%�,  3/18  1/18  0/18  0/18  

(�`��) @� <�; (�/��:�  2/3  8/4  8/4  8/4  

?����/�'��(�%�,��d (�/4 (�`��)  5/41  5/46  7/46  5/46  

(�`��) .F:�"�  32  4/35  2/35  6/35  
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.' ?�� 48 :W �' ����:� Z2� .' b�a� <�
Z ���#�F�( :W�ba  ��S 
 <�
�3  .
%# ����!�( .���� ��S 

�)���� ���( ���� �Z"C I�� 
�� ���C ���P� 
 (� � �F���C ��C )� p
�(�/ .�`�   ���#/�!"
��)W ������F:� ���EF:� 

] ��1[ .>/ I�	; (��' I��$  �%�, ���+��� �� ��	
�� #u	C 
 �%�, ���+��� �� ��	
�� (��:�  p
� )��
��F� ���EF:� 

�� ]24[. .F:�"� @�  >/.' .�`�  p
� ZA� �)���� ��� �� (��� ]8[.   

��� .��)
� )� .: �'�� #�
���� &AS(�
W �� 
 H�:��' >�: ��� �����2�  �/ �'�� �' �!
�*
 ���q� ���� . .'

.��A�.' ��� (�/ �:� Z
 ���W ���� �������!� )?��
�*�' >�:�F� (�� 
 �� .,�z� (��� ���; .S�� #F��:���� (����!� 

.���� =�: ��b�� �' ��� )�F�U 
 I�� 
�� �#'�; ���EF:� )� ��!F:�  I*:��*���)Foss Electric, Hillerød, Denmark( 

�)���� (��� ��. ��+P  ���  
 (i��� H�:��' ���5/3 .' #'�; �`�� ) D'�
� )� L� � 1) 
 (2] ���� .%:�+� (18[.   

 .t'��1 (                                                                                           � =�� ��+P  ��� H�:��' i���(  

�)������ � 
���I ���  ×2/7�) + (������ '�;# ���  ×95/12�) + (������ ���  ×327/0(  

 .t'��2           (                                                                     � =�� ��+P  ��� H�:��' 5/3 '�; �`��#  

�)������ '�;# ���  ×216/16�) + (������ ���  ×434/0(  

.��A�(�/  ���&AS(�
W ��� I��$  (��' @
�,
�� (�/��:� <�; �
�' ��
b,� �������!� �� (��� 20- .S�� 

#F��:���� ���C| ���� .=�: �' ���EF:� )� ��!F:�  #,���� ��
�� )��)3400 Varian Star instrument, Varian Inc., 

Palo Alto, CA( 
 p
�(�/ ������F:� ���� .
ba .  

 ����(�/ .' �:� ���W �' ���EF:� )� .

� MIXED (��') ����(�/ ���*  (���) �� ���
 ��� ��b,� (���WSAS   .q��)

04/9 () .t'�� H�:��'3( .�	F,�� ���M (���W .
ba  ����  

 .t'��3                                                                    (Yijkl = µ + Ti + Dj + (T × D)ij + A (k)l + Bl + εijKl 

�.t'�� I
� �� .� Yijk ��c� ���� ��/�"� ���3�y µ� ��!��� I�@y Ti�   �B����)W ��A
"# )3-1  =i( y Dj�  �B� �'�B

���)y (T × D)ij�  ���) �� ��A�  @'�3F� �B�y A (k)l�  
�� #,��P  �B�(k)  J��' @C�� ��(l) y Bl 
 J��' #,��P  �B� �

εijKl� �tC( ��)W
"#.�
�3� . I�!���� �/ �' ���EF:� )� ���)W �t: 
 #��  #	$�(��� k	� �`�� �,�� ��a��.  

  

3 .-.
 � /�� 0 

����(�/ ��'�� .' �#,�P� Z"C ���� ��2�  L���  
 ��� �� �
�S )2( p��b� ��� �:� .(�/��A�  #"
��)W ��Bg ( 

�' ���� Z"C #,�P� �	F���� .� �' .F,�
(�/  �
�:X/
0� ���� #���qA/ ] ����20[ ..;��� �
�: X/
0� ���� X
�b,� 

f�P� J���C �� p��b� ����] ���15  
19[ .�� .t'�� �' .
QR  �B� ?�%���  (�,�' �' ��2�  �(��� (�/
�� �� ��� #C�' 

?�$2�t� #q:�� ��/�"� ���*���� ]15[ #2�T�� .� I
�
�: X
�b,� �� ��2�  ��� �� �' ���EF:� )� @���� (�,�' �
 #
���M 

p��b� ���A���� ]17[ .I�!���� �c�d #'�; ��� �� n
�� 
 ��
�� .�T�� �32� .' L� �  75/3 
 71/2 �`�� �� )
� ��' .

I
� ��� �!���' Z
 X/�� N��
�T 28 (�`�� �� �c�d #'�; ��� �� ��
� V�32� �:� . )� ���EF:� �' #�'�"� k
�F�

�c�d .'�"� (�/#' @A*� 
 >
�: ?�	'�� �' .t'�� �� >
b�	� >���� ����2
� 
 >
b�	������ �	��� #A
b�	� (�/

.
QR  (�/
�� ��� #'�; �c�d X
�b,� ) U�' .F:�"� (
�T ���S �' ���2/34  �:� ��� p��b� (�`��]17[.  

NU�`� f�/ I
� X
��)W #:��' X3� #' ?�	'�� >
�: 
 @A*� (�,�' pHmax  jET �'#'�; ���  .� �:� #
�/
�� ��

.F,�� ���M ��� #'�; �,� X	  �+ ����a�W)� .#
 S .�����/( ��)W
"# .' � ��c	�
��a #'�; �,�  ���c	 �>  �����' ���

�/
��(  ���A =���  �c�d �/�� -10� 18:1 X�' � ( � ���� �F� �' .� �	F���
k �:
�
I ���� �3'�t� ]18[. �I
� �' �
O� 
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�c�d #'�; ��� #
�/
�� .� )� 
� ��A�  ���Q� .
QR  ������ =� )� fQT #' ?�	'�� >
�: 
 pHmax X�' �  )� �
�� �/�� 

��' )05/0P <  .(I
� ��"� #��/� .� �B� I
� ?�%���  �' (��F+� #'�; ��� I*A� �:� �' >��2�'�F� #'�; )� h
�� 

(�/���� ���:��i
���/��' 
 ?����R  �� �c�d (�/ =���  -10� 18:1 
 =���  -11� 18:1 ��Bg  ���Q!'.   

  
 =-�>2. ����� F_���� `�]� - B�+�� ��4 "
.-
5 ��%a� ��4 

 �
2�+�� "�!

 3���0� - 3��/ ��
& �
 

.a	:��,  ��
�1  #"
��)W (�/��A� 2   ���$� (�tC

I�!�����/ 

�t: #	$� ��AFT�(���  

�/��  pHmax  #' �: ?�	'��
>  ��A�   )
�   ��A� × )
�  

 #,�P� Z"C ����

()
� �� �������) 

�
�  9/25  2/26  5/26  57/0        

�
�  5/25  8/25  2/26  72/0        

  @�  8/25  1/26  4/26  61/0  51/0  06/0  93/0  

��� ��2�   

()
� �� �������)  

�
�  4/44  5/44  8/44  46/0        

�
�  9/43  1/44  3/44  16/1        

  @�  2/44  4/44  6/44  61/0  79/0  58/0  91/0  

��� ��+P  ��� (��' 

(i���  

�
�  b9/38 
a8/41  a1/43  55/0        

�
�  b8/39  ab0/41  a9/41  03/1        

)������� �� )
�(  @�  b5/39 
ab5/41 

a6/42 88/0  03/0  01/0<  80/0  

��� ��+P  ��� (��' 

5/3 �`�� #'�;  

�
�  b5/38  a0/42  a8/42  51/0        

�
�  b1/38  a7/40  a3/41  06/1        

)������� �� )
�(  @�  b4/38 a5/41 
a2/42 43/0  05/0  01/0<  75/0  

(�`��) #'�;  
�
�  b84/2  a19/3  a26/3  044/0        

�
�  b80/2  a04/3  a09/3  012/0        

  @�  b83/2 a14/3 
a18/3 021/0  02/0  01/0<  01/0<  

(�`��) I�� 
��  
�
�  06/3  10/3  08/3  025/0        

�
�  07/3  07/3  08/3  019/0        

  @�  06/3  09/3  08/3  067/0  56/0  01/0<  31/0  

(�`��) )�F�U  
�
�  63/4  59/4  61/4  033/0        

�
�  61/4  60/4  62/4  042/0        

  @�  62/4  60/4  62/4  028/0  38/0  12/0  41/0  

 �����+P  �' ���(� 

i��� Z"C ���� / (

#,�P�  

�
�  b52/1  a61/1  a63/1  042/0        

�
�  55/1  58/1  57/1  036/0        

@�  b53/1  a59/1  a60/1  031/0  01/0<  01/0<  87/0  
a-b :�-
U� R
b�� �� �. c��� 

 `-�N �

(���d �0Q����  /� )05/0 <P .(  

1 $-�) =-� ��-� .1  
�20 $-�) R-� ��-� D(21  
�30 $-�) ��-� K+ F(1  
�30.( 

2 .��
.�
A" 
�$C�(�>) �.
4 :��� 
&��> F(��� 
&��  +8/0 �!

 KA�� �L��" pHmax > -��� 
&��  +8/0 �
 �L�� �/ �
0
�+�3.  

  

?�� ���)#  .��c�d #'�; ���  ��
� )� =��32� �' ��
b,� @A*�(�/ (�,�'  @*� yk	� )
� �
�T) ��:� �
� .'1 (

�' p��b� �
�: I
�� ���)(�	' X/�� �c�d #'�; ��� �����a
� �' .
QR  =��� - 10� =�:- 12 ��:� <�; 

.�
0	� ��� )CLA (�
 ���S �' �%�, I�
�� 
 Id
� U�' #���qA/ ���� ]18  
21[. ?����R  �� �c�d #'�; ��� )� )
� 

>a	� ��
� �
� �  (��F�� ��
� �
�  @*�)1>/ ( ��	; U�' #M�' ����� ��� I
� ��
� #"
�b,� (��' (�/
�� f�P� ��		� 

��A�  #' ?�	'�� >
�: 
 @A*� (�,�' pHmax �� ��
� �
� >/ �� .�
�3� �' �
�� �/�� jET �� .� �'
I  ��
� �� ���S


��  fQT�?�% �,�'(� �W �%u� ?��B� �' �/�C�: '�;# ���  .FE/ Z
 � @A*� fQT )� =��/( �,�'(  
 ��' �������
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�W )� =� ��F�� � ( ��)W ��
�
X  �B� I
�' )��I .�,� (�/��A�  ��, >/ I�	; � ��2 ��� ��+P  ��� (��' (i��� 
 ��� 

��+P  ��� (��' 5/3 �`��  #'�;X�' � ( �� .�
�3� �' ��A�  �/�� �	F��� )05/0P< (  #� ��
g  �� ���!
� k
�F� .�

 �
�A�]17[ ��"� 
 X�' ��� #'�; ��2�  ��	/� #� �  ���'. ���S .; ��� �:� I*A� ��� #'�; �,� ��		���a
� (�/

X�' (i���  ���
W >/��, ��� #'�; bF	: (�S .' #'�; �,�' (��' �� (� ]9[ �z�T X/
0� �� ��� �.' � �c�#�:�  ��%�'

 ��2�  .a�F� #
�Qd ��)�'��� ��+P  ��� (��' (i��� X�' >� ���C| LS�� �
����� .� ���' �   #'�; �,�' �� (i��� � 

 ��#� .'�"� J���C f�P� ���3� .���  

  

 

K�4 1.  e*d �
�� ��4 �� ��-� =-� )$-� O� 
� 20 ("��
 ��
.-
5 �+ ���> �.
4 )f
�� ����� "� �
C g��(D ���> ��
& +8/0 

�L�� KA�� pHmax )f
�� �Q
�� K�4 ���b g��(D - ���> ��
& +8/0 �L�� �
 �
0
�+ 3��/ )f
�� �^*^� K�4 �2/ g�� (

 !
��� D����A� - ��-� R-� )$-� 21 
� 30 (��
#0. �+ �A. 
.-
5 

 ���> �.
4 ��%a� ���4.  

  

�� ��
� ��
� �C�: #'�; ��� .' k
��  �� ��� ���) �� �/ 
� ��A�  (
�T �,�' X
�b,� �,�
 .>����*� #�A� .� )� 

�W h
�� ?�%���  (
�T >
b�	� �	��� @A*� (�,�' pHmax LS�� X
�b,� (��F+� #'�; ��� #� ��� .' X
�b,� 

<QS (�  ������
� D:�  ��d ��F�� .%A*� ��Aq  (�!2� �� ?����R  �
 (���'�� #���� ]6  
23[.  X/
0� ��

 X
�b,� ��z�T �C�: <�; ��:� �c�d X/�� .' ��'�� �:� I*A� ��� #'�;=��� -10 18:1�� �� �  #���) ���� 

 �W �� .�pH  #	$
) .��F:W �T �
) �� .%A*�8/5#� ���M (X�' �%�� �
 
 ����  ���' ?�����
�� .' ?�F:� � ]17[ ��| .

#' (
�T ��A�  
� �/ .� �:� ��A/� (���� .F*� I
�  
 >
�: ?�	'��pHmax �c�dI�
�� (�/ <�; ��:� )� (� 

=��� -10 18:1 I
� ���C .' ��	F��� �/�� �
�� �' .�
�3� �� �#� L���  
� �/ . ��A$� (�/���� �	��� 

 ��!	/ .' �� ���:��i
���/��'�,� #'�; ���  <�; (�/��:� xM�� ���:��i
���/��' &M�
 �� .�	/� X/��18:2  
18:3 

(�F��' D:�  <�; (�/��:� @�*"  LS�� �/=��� -10 18:1=���  
-10 =�:-12 CLA #� .' .� ����  ���	�

F�W ?��B� �' ?�%��� ##� .FC�	� Z��i���2 ����]17[  .  

.' #�)�  @A*� .� �:� ��� p��b� (�,�' pHmax ZA� (
�T (�,�' L���  Z
 .� 
 �c�d �:� #��� �� (�/

.
QR  (�/
�� �� �� ��� #'�; ��2�  ���S �' ��� ��A/ �� .$2�t� k
�F� �' .� ��� X
�b,� .F:�"� (U�' �c�d �' (�/

#� ��'] �19[. H�:��' p��b� (�/ #���) �I�"�� .� pH .%A*� )� 4/6 .' 6/5 #� ��:� �t: .t:�
(�/ .' �:� ���W 

2.4

2.6

2.8

3

3.2

3.4

3.6

3.8

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
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�4

 �

�

� 
 

e
*d

)
�L

��
(

$-�

�/��

pHmax

>
�: ?�	'�*�'
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)� ���:��i
���/��' xM�� �� .%A*� .' ��� >"; (��� X
�b,� #�] �'�
7[ .�� Z
 (�
��	: .'�"� �� .$2�t�  �z�T

X/�� pH �� �
�� �/�� ��2�$, #C�' )� .���(�/ #
�
�F��' �� ���� #��	� .� ��, #���� �� �	
��, 

���:��i
���/��' .%A*�(� ��A/� # ��T .F��� �	��' .� .a�F� �W  �C�:>� �  #'�; ��� #�] ���'10[.  

?��B� (�/��A�  #"
��)W �' @
�,
�� (�/��:� <�; ��� �� ��
� �
� (#2��F� )
� �E/) �� �
�S )3( .���� ��� 

�:� .@A*� ���A� pHmax LS�� X
�b,� �c�d <�; ��:� =��� -11 18:1  .'��b�� 4/15 �`��  ��)05/0P < (. 

(��F+� X�' �  =��� -11 18:1 �
�� I
� .�z�, �:� .� @A*� (�,�' pHmax ���� #$�%� ���:��i
���/��' 

)=��� -11 (�� �%�� .' ���� .F,�
���R  )=��� -10 (��%�' #��"q' ]21.[ @� �c�d <�; ��:� 18:2 �+  ��Bg  

?�%���  (�,�' ���M �,�!� . <�; ��:�=��� - 10� =�:- 12 CLA #*
 )� >�� � I
 ���� ��		� (�/ ��32�' �C�: 

#'�; ��� #� ��'� ]22[� �	; �/ � ��
I ��)W
X�)���� ����( �c�d �W ��*�� �
Q� ��%� .�c�d  <�; ��:�=�: -9 

=��� -11 18:2 ��� �� I�' ���S(�/ #"
��)W ?
�E  #	$�(��� ��"� ���� .�c�d @� (�/��:� <�; =���  �� ��A�  

�/�� �� .�
�3� �' (�/��A�  #' ?�	'�� >
�: 
 pHmax X�' �   ��')05/0P<(�c�d . (�/��:� <�; ���q� �� 

(�/
�� �,�
�� ��		� pHmax �� .�
�3� �' ?�����T .
QR  ��� �' ���S �/�� X�' �   ��')05/0P < (.  

.' .;��� ��A$� ��� �c�d (�/��:� <�; #� (#��F�� g"	� )� #	$
) 
��� ?�� ���	: �,� #'�; ��� X/�� #���	'�
 

�c�d ��� (�/��:� <�; X�� .FC�: X
�b,� (��C p��� )� #	$
) #� �����		� ]21.[ =���  I�' ��% �� -10=�: � -12 

CLA =���  �
 -10 18:1 #2�T�� ��:� #E	� 
��� <�; (�/��:� �c�d 
 X�� <�; (�/��:� �%�� �' .�  �%�� .FC�:

���S (��' ���q� <�; (�/��:� 
 
��� <�; (�/��:� �c�d X
�b,� .' @
�A  ��z�T .$2�t� �� .����� �%u� (
�T (�/

#C�' .�� ��/�"� �/�� �' .�
�3� �� (�,�' ?�%���  X
��)W �/ &Aa  X�' �  (�/��
b
� =���  -10 �� .' ��!	/ .
QR  

���S (�/ #	d )� #'�; 
 .F:�"� �� (�/
�� Z"C 
 (��� p��b� ������� ]16 .[X
�b,� �� <�; ��:� �c�d =���  -11 

18:1� .� �� ��� ��
� �"�)�' �'�B #M�' ����� 
 X
�b,� �C�: (
��� (�/��:� <�; �� (�/��A�  (
�T �,�' ��"� #��/� 

.� I*A� �:� .%A*� �� (�/
�� .
QR  ��� �' @A*�(�/ (�,�' .' ���� #$�%� ���:��i
���/��' ��C .F"��' ����' I
� �� 

#2�T �:� .� �t: X�' <�; ��:� �  =���  - 10 18:1 .' ���	� Z
 �!��"� (���� �� ���� .F,�
���R  ����:��i
���/��' �� 

��A�  �/�� ��/�"� �� .?����R  �� =���  <�; ��:� - 10 18:1 L�d� �' ����� �,� #'�; ��� D% �� �:� 
 ���� ���R  .F,�
 

���:��i
���/��' �� .%A*� ���A/ �' ��:� <�; =���  -10 18:1 .' ���	� Z
 .t:�
 �� ���� I
b!
�S ���:��i
���/��' 

@A� #��	� ..;��� @�2� #�`� �,� #'�; ��� <��+� #A����� ��� L�d� .' ���	� Z
 @��� ��a
� �,� #'�; ��� 
 ������� 

(��' ���� ���R  .F,�
 ���:��i
���/��' .FC�	� #���� ]12.[  

�c�d  <�; ��:�=��� - 11 18:1 I�' �/��A� #"
��)W ( ?
�EF� ���' .'  ��`# .� ��A�  pHmax �%�� X�' � ( 

)� =��� - 11 18:1  ����)05/0P < .( ��
b
� =��� -11 18:1 .� ��P+� n�%�� ()�: =�:-9 =��� -11 CLA 

#� ��'�� �' ���� #$�%� ���:��i
���/��' ���A/ �:� ]9.[ @� �c�d <�; ��:� 18:2
 (�/��
b
� CLA �+  ��Bg  

@A*�(�/ (�,�' pHmax ���M �,�!� . <�; ��:�=�:-9 =��� -11 CLA �+  ��Bg  (�/��A�  #"
��)W ���M 

��,�!� I
� )�  �
���2�  ���
�� .t:�
(�/ =���  I*A� �:�  �!���'Z
 ��C�  �� �"�)�' K�t: #'�; ��� �	��' .

X
�b,� �c�d ��
 >
b�	� .' ��%�� ���EF:� )� ?�%���  (�,�' �' .
�� >
b�	�  �	���pHmax #�����  LS�� ��%�' ��2�$, 

Z�F
U��: (�F��' �� .%A*� (�/��� ]13.[ >���� ����2
� 
 >
b�	� ����� )� ���EF:� �' .� #�'�"� X/
0� ��- 

 �' >
b�	��C�: =���  <�; (�/��:� �c�d �,�� ?��` ��� #'�; �,� D
��� �+  ��� #'�;-10 =���  
-11 

18:1 .' L� �  22  
 X/�� �`��5/12  �� �z�T X/
0� k
�F� .� �,�
 X
�b,� �`����
g  #� �
�A�]18 .[ �� I�A/



412                                        ���� ����	
�� 
��� ����� � ���� 
���� � ������1401 

=���  �%�� X/�� �F:��-10 =���  .'-11 18:1 .' ��%��  ��
b,�#' ?�	'�� �:
 �� >
b�	� .
�� �' (�,�' ?�%���  
 >

.' k
�F� �' .� �:� ��� p��b� U�' .F:�"� �' (�/ ���S �:�  �� ���W.$2�t� I
�  ���� #���qA/]17 .[   

  
 =-�>3. 
!-�&�K /��
.�" 4 h���� 
.-
5" %a���  

 ��4+����
2 �!

3���0� - 3��/ ��
& �
 "  

<�;��:�  

/���)100 :� ����� (<�; 

#"
��)W (�/��A� 1 

I�!���� ���$� (�tC�/ 
#	$� �t: ��AFT�(��� 

�/�� pHmax #' �: ?�	'��
> ��A�  )
�  ��A� × )
� 

4:0  43/1 52/1 63/1 084/0 15/0 02/0 16/0 

6:0  b94/0 a38/1 a30/1 090/0 03/0 84/0 11/0 

8:0  03/1 99/0 00/1 036/0 78/0  84/0 71/0 

10:0  22/2 31/2 21/2 122/0 65/0  45/0 90/0 

10:1 32/0 36/0 31/0 017/0 17/0  22/0 49/0 

12:0  84/2 76/2 90/2 111/0 65/0  01/0 77/0 

14:0  0/11 3/11 8/10 30/0 61/0  01/0< 62/0 

=�: -9 14:1  85/0 92/0 90/0 021/0 11/0  01/0< 18/0 

=���  -9 14:1  38/0 36/0 40/0 022/0 23/0  01/0< 30/0 

15:0  83/0 82/0 85/0 029/0 85/0  34/0 29/0 

15:1  09/0 09/0 06/0 098/0 33/0  47/0 12/0 

16:0  2/30 3/32 5/30 32/0 21/0 24/0 94/0 

16:1  77/1 82/1 67/1 156/0 75/0 89/0 10/0 

17:0  50/0 48/0 40/0 050/0 16/0 14/0 35/0 

18:0  b2/11 b1/11 a5/12 26/0 04/0  01/0< 03/0 

=���  -10 18:1 a46/1 b20/1 b15/1 046/0 01/0< 04/0 50/0 

=���  -11 18:1 b52/1 a76/1 a73/1 066/0 02/0 03/0 78/0 

=�: -9 18:1 1/23 7/22 3/22 32/0 49/0 78/0 31/0 

=�: -9 =�: -12 18:2 55/2 44/2 49/2 114/0 88/0  60/0 91/0 

=�: -9 =��� -11 18:2 78/0 80/0 85/0 039/0 54/0 31/0 91/0 

=�: -9 =�: -12 =�:-15 18:3 60/0 58/0 67/0 041/0 34/0 71/0 75/0 

20:0 72/0 72/0 69/0 041/0 15/0 61/0 53/0 

=�: -9 20:1 14/0 15/0 16/0 011/0 20/0 35/0 12/0 

22:0 15/0 16/0 14/0 011/0 22/0 16/0 71/0 

=�: -9 22:1 14/0 16/0 14/0 010/0 54/0 38/0 21/0 

24:0 72/0 72/0 82/0 041/0 35/0 19/0 16/0 

<�; �/��:� n�Aa�                



��� <�; (�/��:�2  3/21  8/21  4/21  26/0  12/0  01/0<  49/0  

<�; (�/��:� ���q�3  8/31  0/33  1/32  35/0  07/0  31/0  81/0  

 <�; (�/��:�X�� .FC�:4  4/45  5/44  8/44  49/0  61/0  04/0  61/0  

=���  <�; (�/��:� @�5  a8/3  b52/3  b46/3  11/0  01/0<  05/0  04/0  

 =���  �%�� -10=��� /-11 18:1  a83/0  b71/0  b69/0  046/0  01/0  01/0<  01/0<  
1� .�
.�
A" 
�$C�(�>) �.
4 :��� 
&��> F(��� 
&��  +8/0 �!

 KA�� �L��" pHmax > -��� 
&��  +8/0 �
 �L�� �/ �
0
�+�3.  

2 i-$ h�� "
.��/� ��Aj� .4  
�14 .�0
�+  

3 h�� "
.��/� ��Aj� .16:0  -16:1.  

4) ��! h�� "
.��/� ��Aj� .15:0 ���j�$ =�� O� 

 h�� "
.��/� �A. - (17 k�
 - 6
�+ .��  

5 W���� ��Aj� .14:1W���� F -8 18:1W���� F -9 18:1W���� F-10 18:1 W���� --11 18:1.  

  



�1� +����
2 �!

" �
 
&�� �/�3 - 0����3 �
  �
/ 
��� 4�� 
.-
5" 
)(*.�6 �� ��4�7   !� 
��� 4��  413 

 @A*� .� �� ���� ��"� �!
� #"/
0� �� .
QR  (��� (�/
�� ���S �� (�,�' ?�%���  ���A�  U�' ��F���	� �' ���

#� =���  <�; ��:� �c�d X/�� LS�� ����  -10 18:1 .' =���  <�; (�/��:� @� 
  @
�$  @�2�pH  @
�,
�� 
 .%A*�

 ��� ��o�, <�; (�/��:�]19[X/
0� �
�: D:�  #�'�"� k
�F� .  �:� ��� p��b� ����]21.[ @A*� �&M�
 �� ���A� ?�%���  

#� (�,�'LS�� ����  Z
�+  ��2�$, #'
�*�� 
 ���R  @
�,
�� (�/��:� <�;  ��o�,��� .%A*� �� .N��/�v I
� D
��� ��3F�� 

�� (�/���� ���:��i
���/��' �� )� @�*"  .' ��A� ��� .t:�
�/( =���  -11 �  &Aa  X�' �  .t:�
(�/ =���  -10 )�+  

���	� ��3F�� )� =���  - 11 .' =���  10 .FC�	� #���� (Z
�+  #��	� .� I*A� �:� L%: ��a
� ��� ��� #'�; �,�. 

.' k
�F� .' .S�  �' �I
��'�	' �:� ���W #����  )� @A*� (�,�' pHmax 
 #' ?�	'�� >
�: �� (�F:�� ��%�' D
��� ��Aq  �� 

��!F:� p���� 
 (��!"�� )� �,� #'�; ��� .' �0

 �� ���S (�/
�� (��� ��2� �� ���EF:� ��A�.  

 H�:��'k
�F� �@`�T  (�,�' ?�%��� #' ?�	'�� >
�: 
 pHmax #��	���  ��2�  
 �C�: #'�; ��� �� ��%�' �	"q' 


 �:��(�/ ��'�� .' �C�: #'�; ��� #FT =� )� fQT I
� ?�%���  )� ���S �� �t: U�' #M�' #�����. ��'�	'
I  �'

 )� ���EF:�#' ?�	'�� �:
> 
 pHmax �#���   �t:'�;# ��� �/
�� �� ��( ���( S �' .����(�/ 
�T(  (U�' K�t:

QR  .F:�"�
. �#�����  jET��A�.  (�,�' @A*� )� ���EF:�pHmax  ��2� �� (��� (�/
�� ���S �� �
O��'  (�����S

.	
b/ ��� #'�; �,� )�%���  )� ���EF:� )� @`�T (�/?�  �	��� k
�� (�,�'#' ?�	'��  �� >
�: b�� X/��#�.�/�  

  

4 .�0�$#�2 � �3!
  

�
I �AT �' X/
0�
� 2��# �� ����
�  RQ
. '�h� L2�M ��  �') (��'��� 
 # �3�3+  K�����A� ������M 03-400 ( ��a��

��� ' .��
I :
�.� �����M 
 �*" # �# ����.  

  

5 .���� 5#�6
7  

��/ ����� ��S
 ����	�
�� D:�  &,�	� ���$  .���.  

  

6 . 7
���9$�: ��$#+�  
1. AOAC (2005) In: Official Methods of Analysis eighteenth ed. AOAC International, 

Gaithersburg, Maryland, USA. 

2. Bach A, Guasch I, Elcoso G, Duclos J and Khelil-Arfa H (2018) Modulation of rumen pH 

by sodium bicarbonate and a blend of different sources of magnesium oxide in lactating 

dairy cows submitted to a concentrate challenge. Journal of Dairy Science, 101: 9777-9788. 

3. Baumgard LH, Corl BA, Dwyer DA, Sæbø A and Bauman DE (2000) Identification of the 

conjugated linoleic acid isomer that inhibits milk fat synthesis. American Journal of 

Physiology-Regulatory, Integrative and Comparative Physiology, 278: 179-184. 

4. Cabrita ARJ, Vale JMP, Bessa RJB, Dewhurst RJ and Fonseca AJM (2009) Effects of dietary 

starch source and buffers on milk responses and rumen fatty acid biohydrogenation in dairy 

cows fed maize silage-based diets. Animal Feed Science and Technology, 152: 267-277. 

5. Dijkstra J, Ellis J, Kebrab E, Strathe A, Lopez S, France J and Bannink A (2012) Ruminal 

pH regulation and nutritional consequences of low pH. Animal Feed Science and 

Technology, 172(1-2): 22-33. 

6. Erdman RA, Hemken RW and Bull LS (1982) Dietary sodium bicarbonate and magnesium 

oxide for early postpartum lactating dairy cows: Effects of production, acid-based 

metabolism, and digestion. Journal of Dairy Science, 65: 712-731.    



414                                        ���� ����	
�� 
��� ����� � ���� 
���� � ������1401 

7. Fuentes MC, Calsamiglia S, Cardozo P and Vlaeminck B (2009) Effect of pH and level of 
concentrate in the diet on the production of biohydrogenation intermediates in a dual-flow 
continuous culture. Journal of Dairy Science, 92: 4456-4466. 

8. Hall MB, Hoover WH, Jennings JP and Miller-Webster TK (1999) A method for 
partitioning neutral detergent-soluble carbohydrates. Journal of the Science of Food and 
Agriculture, 79: 2079-20. 

9. Harvatine KJ, Perfield IW and Bauman DE (2009) Expression of enzymes and key 
regulators of lipid synthesis is upregulated in adipose tissue during CLA-induced milk fat 
depression in dairy cows. Journal of Nutrition, 139: 849-854. 

10. Jenkins TC, Wallace RJ, Moate PJ and Mosley EE (2008) BOARD-INVITED REVIEW: 
Recent advances in biohydrogenation of unsaturated fatty acids within the rumen microbial 
ecosystem. Journal of Animal Science, 86: 397-412. 

11. Le Ruyet P and Tucker WB (1992) Ruminal buffers: Temporal effects on buffering 
capacity and pH of ruminal fluid from cows fed a high concentrate diet. Journal of Dairy 
Science, 75: 1069-1077. 

12. Lock AL, Tyburczy C, Dwyer DA, Harvatine KJ, Destaillats F, Mouloungui Z, Candy L 
and Bauman DE (2007) Trans-10 octadecenoic acid does not reduce milk fat synthesis in 
dairy cows. Journal of Nutrition, 137(1): 71-76. 

13. Morales M and Dehority B (2014) Magnesium requirement of some of the principal rumen 
cellulolytic bacteria. Animal, 8: 1427-1432. 

14. National Research Council (2001) Nutrient Requirements of Dairy Cattle, 7th revised ed., 
National Academic Press, Washington, DC.      

15. Neville EW, Fahey AG, Gath VP, Molloy BP and Taylor SJ (2019) The effect of calcareous 
marine algae, with or without marine magnesium oxide, and sodium bicarbonate on rumen pH 
and milk production in mid-lactation dairy cows. Journal of Dairy Science, 102: 8027-8039. 

16. Ramirez Ramirez HA, Lopez EC, Harvatine KJ and Kononoff PJ (2015) Fat and starch as 
additive risk factors for milk fat depression in dairy diets containing corn dried distillers 
grains with solubles. Journal of Dairy Science, 98: 1903-1914. 

17. Razzaghi A, Malekkhahi M, Valizadeh R, Parand E and Bayat AR (2021) Modulation of 
ruminal pH, milk fat secretion, and biohydrogenation intermediates by alkalizing agents in 
dairy cows fed starch-rich diets. Livestock Science, 248: 104485-104493. 

18. Razzaghi A, Vakili AR, Khorrami B, Ghaffari MH and Rico DE (2022) Effect of dietary 
supplementation or cessation of magnesium-based alkalizers on milk fat output in dairy 
cows under milk fat depression conditions. Journal of Dairy Science, 105: 2275-2287. 

19. Razzaghi A, Valizadeh R, Ghaffari, MH and Brito AF (2020) Liquid molasses interacts 
with buffers to affect ruminal fermentation, milk fatty acid profile, and milk fat synthesis in 
dairy cows fed high-concentrate diets. Journal of Dairy Science, 103: 4327-4339. 

20. Rauch R, Robinson P and Erasmus L (2012) Effects of sodium bicarbonate and calcium 
magnesium carbonate supplementation on performance of high producing dairy cows. 
Animal Feed Science and Technology, 177: 180-193. 

21. Rico DE and Harvatine KJ (2013) Induction of and recovery from milk fat depression 
occurs progressively in dairy cows switched between diets that differ in fiber and oil 
concentration. Journal of Dairy Science, 96: 6621-6630. 

22. Shingfield KJ and Griinari JM (2007) Role of biohydrogenation intermediates in milk fat 
depression. European Journal of Lipid Science and Technology, 109: 799-816. 

23. Thomas JW and Emery RS (1969) Additive nature of sodium bicarbonate and magnesium 
oxide on milk fat concentrations of milking cows fed restricted roughage rations. Journal of 
Dairy Science, 52: 1762-1769. 

24. Van Soest PJ, Robertson JB and Lewis BA (1991) Methods for dietary fiber, neutral 
detergent fiber and non-starch polysaccharide in relation to animal nutrition. Journal of 
Dairy Science, 74: 3583-3597. 


