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Abstract 
The aim of this experiment was to investigate the effect of starter soybean oil (SO) and crude protein (CP) level on growth performance, plasma 
parameters and urinary purine derivatives (UPD) of dairy calves. Forty-eighth 3-old Holstein dairy calves with initial BW of 39.8 ± 2.4 kg were used 
in a completely randomized design with 2 × 2 factorial arrangement. The experimental diets consisted of diet without SO and 19% CP, diet without 
SO and 22% CP, diet with 3% SO and 19% CP and diet with 3% SO and 22% CP. Feed intake, feces score, skeletal growth indices, plasma 
parameters, liver enzymes, urinary purine derivatives and microbial protein synthesis were measured. Growth performance, plasma parameters and 
UPD were not influenced by interaction effect of starter diet SO and CP level. Starter diet intake, average daily gain and feed efficiency were lower in 
calves fed SO than those fed diets without SO (P < 0.05). The fecal score and wither height of calves fed diets containing SO were higher and lower 
that those fed diets without SO, respectively (P < 0.05). Plasma concentrations of glucose, beta-hydroxy butyrate and total protein were lower in 
calves fed SO (P < 0.05). Addition of SO to the diets decreased urinary allantoin and total UPD concentrations (P ≤ 0.05). Microbial protein synthesis 
tended to be decreased in calves received diets containing SO compared to other groups (P=0.06). Plasma urea nitrogen concentration of calves 
increased by increasing dietary CP level (P < 0.05). According to this results, growth performance of Holstein dairy calves is not affected by 
interaction of SO and CP level in starter diet.  
 
Keywords: Dairy calf, Fat supplement, feed efficiency, microbial protein, nitrogen metabolism.  
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/�/ �� ���I3��  6�.\
�� ��2d�� �s ���� 6&�L -6� 6� +%   

:�$ ���� & �� 6�!0  �. A23	� ��;4
���  � n
 ��	B��

�������� .  :�$ 6�. 6��� ����kb +3��� "��  ���0

�  1��15  P��� �� 2!G�3500 2!G� �� �&� `�!I
�3��� 

)HETTICH ��� Rotofix32A(:��/  � & ���� :  ���5'  �.

 & ��"�� +I	� 6��� 20 +3��� "�� ���� 6���k;� ���0 .

P[��  ��&� :`&�3!� ��!��c/  �AB �!�%&�' �NB��0 �6� 

6�% \
N�  & �&�3��B ��
��!�0 1�%����  A��� 6�cB 6�.

���� �� ���I����%�	!�  �!�Z  & ���I����%�	!�   ���5' 6�.

� P!B �� F!%�% ����� 6�.92005  &92004  PB��

<��' ��� l&� �� & (:��
� �:��k%) :���  ��;3�� �� +�	�

) �3��%��&�3����Cintra1010������ (�!b �  6�!0 .����

P!B �� ���I3�� �� N!� ���5' 1��!%�� +�B&��!.�3� P[��  

) 6���%Abbott Diabetes Care������ (:�3��;�� �  .�� 6�!0  

���� �&� �� ����� 6�.30 /���0 �� ,
���  �� �.

g�" ����� 6��!3$� g�� :��� ~�� .�� 6�& 10 

+�!� �!�� �� a	' � m
 Pc�� � ����� ���� �3!/ 

 m
��I/��50 ������ 6��� & w��o� �K�� 6�!0

6��� �� m
�&� �!�� & �!]�3�Z  ��!	!%��B +I	� 20   "��
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3���+  ���0 �� m
�&� �!�� & �!	!%��B .���� 6���k;�

 l&�ELISA � &  ��;3�� m�BELISA ) ��
�Auto 

Analyzer Hitachi 717P!B & (�'�` � +.�;4
���  6�.

���%6 <��')  P!B ����� �� :��k% �:��� 52317-a (

������ ��� l&� �� �!]�3�Z  .�� 6�!0  ��� ��E �� +�	�

522 ) �3��%��&�3���� ��;3�� �� & �3�����Cintra1010 �

������ (�!b] �� 6�!07 "�% �� /���0 �. ����� \�L .[

������ �!	!%��B P[�� �6�!0  P��* ���2� & :�� :�& ����

�!	!%��B g�� ) :�� �� ���8/26 +�!� � #�0  #�0��!B �. 6���

] c��Q� (:�� :�&9Mo4� �� .�� [  ����� \�L :��

 �� ��"�� m
�&� �!�� & �!]�3�Z  P[�� & 6�!/�%

���� � & +	
��' 1�234� X���� ������ 6�.  :  ��c��

] 6��k	4!' l&� <����� +�&��!� �!�%&�' P$��7 �� & [

�� �� ���I3��) )�1.�� ��� �!�o% (  

 )���)1(            =(�&� �� #�0) +�&��!� �!�%&�' N3	�  

  (x (mmol/d) × 70)/(0.116 × 0.83 × 1000)  

 )��� �
� �� BX� qS" +	
��' 1�234� ���d�  ���

 ��O4	� +� +�&��!� B ����<����� +�!� �&� �� ���

 ��� �P��70  :`&�3!� ���2� � w���� �� ��"��

+� +	
��' 1�234� B ����<����� +�!� �� :`&�3!� #�0

+�!� ��� �P�� ���134/0  AB � +	
��' :`&�3!� Pc��

+� +�&��!� :`&�3!�  ��� & ����83/0  P!���G �!;��!� N!�

�
��' \v.+� +�&��!� 6�. .��������6�.  � w����

M$�� & :�� :�& +3���� ��� 6�.� ���I3�� �� 
&� �

MIXED #�� ��  6���  ��N��SAS  )���)2(  �
�2� &

�!;��!� � �.  & !/&� :�& .�� #���� +B�% :���  m�B

�	����  !/&� ��� 6�.� F!%�% :�& 6���   & :��

�	���� ������ ��� 6�.  �d� AL��� �� ��� 6�!0� :��	� 

 .���� 3��0 �[� �� ��� �� P
���B  

 )���)2    (       

Yijkl = µ+SOi+CPj+Ck+(SO×CP) ij+β(Xi– X̅) + eijkl. 

���� �
�� ���I3�� �� �. 
&� ��MIXED  ��N�� #�� ��

 6��� SAS  )���)3( �!;��!� �
�2� & � �.  :���  m�B

.�� #���� +B�%  

 )���)3( 

Yijkl = µ + SOi + CPj + Ck + (SO × CP) ij + eijk. 
/��d� �� ���� 6�.Yijkl  �. ���2����.�4� SOi  �*�

��!" �� �
�� ��&� ()� �CPj  #�$ �!�%&�' ()� �*�

 ���!" ��(SO × CP)ij  & �
�� ��&� ()� A��23� �*�

 ���!" �� #�$ �!�%&�' ()�Ck  �� /���0 +���C% �*�

 ����β(Xi - X̅)  & P
���B �*�eijk  +4
���  6�)$ �*�

+� .����  

  

��� 	 ����  

 �*� ()��� ��!" #�$ �!�%&�' & �
�� ��&�  ��!" -�C�

 �� ���I3�� ����� & ���&� :�& ,
�N�� ��!� -�C� ��
��� 

/���0 �� R���$ ���$�!� 6�.)�  �%63 0�&�+(  ��

) �&�"2 ���&� :�& ,
�N�� �R���$ -�C� .P�� ���  (

/���0 �� R���$ �� ���I3�� ����� & 
ST% 6�.  �� ���

��!"  6�.\B �
�� ��&� 6&�L ) ��� �%05/0<P ���� AB .(

 +��C� m4$)07/0=P ( 6�!0�!� �� :�& &)09/0=P (

/���0 
ST% 6�. ��!" �� ��� � A
��% ��&� 6&�L 6�.

 �R���$ -�C� �� #�$ �!�%&�' ()� .P��� ,.�B

 �*� .P���� �*� R���$ �� ���I3�� ����� & ���&� :�& ,
�N��

�%&�' ()� A��23���!" #�$ �! × �� �
�� ��&� ()�

 �� ���I3�� ����� & ���&� :�& ,
�N�� �R���$ -�C�

+	d� R���$.��c� ���  

 +4.&f' �� �) +u	$ A��� +��b �*� +���� ��

 ��!" �� 
N�% A��G �!�%&�' & (A��� +��b �K��

/���0 ������ �� +��
�' & �
���   #�� ����$�!� 6�.

�!*O% )� A��23� �*� 
N�% A��G �!�%&�' & A��� +��b (

] P�� ��� l��N0 ���&� :�& ,
�N�� ��8 .[  
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G�(9 2 � T���8 :� ����� � ��:�� "�$�:�� �:� U��M&� "3�:�4; �%'9 V%W+ %� �%'9 7�8 3'5��%6 � ���  34�� 12  %0� .

�D� �E X�&(+ ��< ����8%'
 ���  

  

  

�	����  

�
�� ��&� :&��    �
�� ��&�  

SEM  

P-value 

19  �K��  

#�$ �!�%&�'  

22  �K��  

#�$ �!�%&�'  

19  �K��  

#�$ �!�%&�'  

22  �K��  

#�$ �!�%&�'  

 ��&�  

�
��  

 ��%&�'  

#�$  

���� ��&�×  

#�$ �!�%&�'  

(�&� �� #�0) m4$ ���� -�C�  

�
���  ��!"  495  486    393  453  55/33  04/0  45/0  29/0  

�!�  638  639    637  638  14/20  97/0  97/0  98/0  

(�
���  ��!" +�!�) AB  1133  1124    1031  1093  63/45  07/0  49/0  34/0  

(�&� �� #�0) ���&� :�& ,
�N��  602  635    529  554  28/30  01/0  34/0  78/0  

(#�0��!B) :�� :�&                    

(+0�&� �) X&��  4/39  6/39    0/41  9/39  19/1  23/0  27/0  21/0  

) 6�!0�!� ��63 (+0�&�  4/74  5/76    0/73  8/71  63/2  09/0  81/0  37/0  

R���$ �� ���I3�� �����  55/0  56/0    50/0  51/0  03/0  04/0  82/0  80/0  

X���� �����                    

 �% �13 +0�&�  80/1  72/1    22/2  30/2  02/0  01/0  91/0  44/0  

14  �%23 +0�&�  55/1  69/1    25/2  19/2  04/0  01/0  72/0  40/0  

24  �%33 +0�&�  25/1  33/1    55/1  50/1  03/0  03/0  89/0  49/0  

34  �%43 +0�&�  27/1  28/1    41/1  51/1  04/0  05/0  51/0  52/0  

44  �%53 +0�&�  22/1  19/1    42/1  38/1  05/0  03/0  76/0  99/0  

54  �%63 +0�&�  27/1  25/1    38/1  46/1  06/0  12/0  79/0  59/0  

 ) ��&� AB3  �%63 (+0�&�  39/1  40/1    70/1  73/1  06/0  01/0  70/0  84/0  

SEM3'N$�'+ ���($�� � ��28 : .��  

  

 !'  �K�� &� & �
�� ��&� �K�� &� �� ���I3�� 3c/�

 �� ��� ,.�B Fc� ���!" ��/���0 �. &� B �� +


 ���B ���I3�� �
�� ��&� �K�� ��� ,.�B �
� B �����

+� ��  & +/  ���� �m4$ ���� \v. ,.�B � :��%

] ��� Pc�� �!�%&�'21 +��b gc	� �� �&5� P2!2L �� .[

/���0 �� ����$�!� 6�.�!*O% +� +��C� +��b ()�-

 a
�3� �� ����%�*��  � �� ���I3�� +4.&f' �� .����

/���0 ������ ��ck� Fc� A��� +��b �K��6�. 

] P�� ��� ���$�!�13[�  ��&� �K�� � ()� ���

,
���  �� �
�� �;
� 6�.�!*O%  ������ & ��� �� +I	�

/���0  ���$�!� 6�.\B �%  P�� 3��� �� ��� &� ��

]17 ��!" 6`��� ,
�N�� �� ��!" � A��� +��b :�&N�� .[

/���0 6��&�' ������ ��ck� F"��  R���$ ����� & �.

] ��13.[ \. �!	b  �
�� /��	B D�)� A��23� �*� +����

 c��� �!�o% ���� �� A��� +��b & ��� ���� 1���L

�	���� &/���0 +��$ 6�.  B ��� :�4� �
�34�. 6�.

 �� 
N�% A��G�!� �!�%&�' ()� �!� +���23� �*� �!.

 �:�� :�& ��
���  ��!" -�C� 6��� +��b & c���

��� & :�� :�& ,
�N�� p��3� R���$ �� ���I3�� ��

� �� .�4� ��.�4�
 �� ,!' ��&� ��E �� ,.&f' �
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 �� +%&�I% z�3o� 6�.���!% �!� ��&� AB & 6�!0�!�

�4� ��.�4� �
���  ��!" -�C� ��Q/�  ��!" -�C� ���

/���0 �� �
���   6�.
ST% ���  �� +��b 6���� ��!" ��

/���0 �� �
�2� 6�.
ST% ���  :&�� ��!" �� +��b

 P��� ,.�B � A
��%]18.[   

 B P�� ���� �;
� 6ST� ���� ��4� ��!" +��b

 PQ% �� NT� �� 6�!� NB����!*O%  :�N!� & ���� ���G

] �.� ,.�B �� +��C� R���$1 a
�3� �!� 1&�I% .[

� P�� ,.&f' & �s�L ,.&f' �� ���   �;
� 6�.

� P�� ���� & +�
`�/�
N!� p
��� �� 1&�I% A!/�  gc	�

 � �
�� ��&� :�&N�� .���� ��!" �� ���I3������ 6`���

�N�� p��3� �
���  ��!"
��� ,.�B �� ���&� :�& , 

]16.[ /���0 ��!" �� �
�� ��&� -�C�  �� 6�!� 6�.

 �!�%&�' & +/  ���� �m4$ ���� \v. P!���G ,.�B

+�  :�& ,
�N�� & R���$ -�C� ,.�B ���� ����%

] ��� ���&�14  &15 -�C� N!� �s�L ,
���  �� .[

 P�� 3��
 ,.�B �
�� ��&� �� ���I3�� �� �
���  ��!"

A��G 6`��� :�N!� <��� �!�. �� B /���0 <�3�� �� �.

 .P�� 3��
 ,.�B ��
���  R���$ -�C� ,.�B  

��!" �*�/���0 X���� ����� �� +4
���  6�.  6�.

) �&�" �� ,
���  ��E �� ���$�!�2(  .P�� ���  �����

/���0 X���� 
ST% 6�. ��!" �� ���   �
�� ��&� 6&�L 6�.

,!� ��� �% )05/0<P 
 (:�4� �
�  ��k�� X�G& ,
�N�� ��	.�

\B 6&����0 &  :��� �� l���0 ��;3�� +�v. ���� �%

� .P�� A��� +��b �� ���I3�� +� �[�  �!*O% � "�% �� ���

��� \v. �� �
�� ��&� +I	�,!' B 6ST� � N!� �%

 P�� ��� Mo4�]15� \v. .[  �!*O% PQ% +I	� 1��K

 6ST� ���� 6&����0 & P�� 3��0 ���G �
�� ��&� -�C�

 �
� �� �;
� -�E �� .P�� ���B �!!T% l���0 ��;3�� ��

/���0 c��� �� +�&��!� P!d�" A���% �� 6�.


�� ��&� |Z��3L� B P�� #���� ��L �� ���$�!� �� �

q&��!�  �� �*� �
� B P�� 3��� +I	� �*� N!� c��� 6�.

 �!�%&�' P$�� �� +��� AK�L +	
��' 1�234� g��

 �&�") P�� ��� Mo4� +�&��!�5 .(� ()� A��23� �*

��!" #�$ �!�%&�' × �
�� ��&� ()� ,
���  ��&� AB ��

 �% �)63  (+0�&� �� X���� �����+	d�.��c� ���  

 +4
���  ��+��b A��� 6�.   :&��) 1&�I3� g��	� ��

 ��&� w��o� & !' ��
�� ��&� �\/�' ��&� ���&�

��
�� /���0 X���� ����� �� (+.�� & \/�'  6�!� 6�.

] �	3���� 6�*�13� � "�% �� .[
� B,.&f'  :   �. ��

� �� #���� ��� ��� AC� +� �[� n��' B ���

/���0  +��b � �.� ��� AC� � A���! .���� +;3�� N

� :��	�  ��&� �� ���I3�� B P�� ��� Mo4� ��u�

��&� 1&�I3� g��	� �� +c!B�% & �
��  & \/�' ��
��) �.

/���0 ��ck� Fc� (+.�� ��!' l�&�' ���$�!� 6�.

] P�� ��
��0 ��� +)!Q� 6��� �� ���B13[�  �
� B

+� +)!Q� p
��� �.� +� :�4� F�)� % ��&� �� ����

 N!� 1&�I3� D�)� �� +��b g��	� n��'�!*O%  +I�3o�

 .���� 3��� �s�L ,
���  �� ��!" #�$ �!�%&�' ()�

+	d� �*�/���0 X���� ����� �� 6��� .P���� �. 

      ��!" 6�
�� ��&� ()� & #�$ �!�%&�' ()� �*�

�	���� �� /���0 �� ��� 6�. ) �&�" �� ���$�!� 6�.3 (

  �� ��0&�" X�I%�� .P�� ���/���0 
ST% 6�.  ��!" �� ���

\B �
�� ��&� 6&�L ) ��� �%05/0≤P �� �!. X�I%�� .(

/���0 
ST% 6�. ��!" �� ��� 6&�L 6�.22  �!�%&�' �K��

,!� #�$ ) ��� �%05/0< P 6�!0�!� �� :��� �� 	!� �&� .(

/���0 �� 
ST% 6�.  6&�L ��!" �� ���22  �!�%&�' �K��

) P��� ,
�N�� � A
��% #�$09/0=P ()� A��23� �*� .(

��!" #�$ �!�%&�' × ��&� AB �� �
�� ��&� ()�

 �% �) ,
��� 63  ��E �	!� �&� 1�IK 6��� (+0�&�

�� ���0&�" X�I%�� �\�� �&� �:�� ��� & �!. X�I%

+	d� �!..��c� ���  
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 G�(93�?. �%& %� �%'9 7�8 3'5��%6 � ���  34�� 12  %0� .�D� �E (
� ���!�$� ) ���8%'
 ���(%�+  

�	����  

�
�� ��&� :&��    �
�� ��&�  

SEM  

P-value 

19  �K��  

#�$ �!�%&�'  

22  �K��  

 �!�%&�'#�$  

19  �K��  

#�$ �!�%&�'  

22  �K��  

#�$ �!�%&�'  

 ��&�  

�
��  

 �!�%&�'  

#�$  

�
�� ��&�×  

#�$ �!�%&�'  

	!� �&�                    

X&��  8/76  1/77    5/75  5/78  02/1  99/0  21/0  31/0  

6�!0�!� ��  8/93  1/97    6/94  6/98  11/1  59/0  09/0  87/0  

:�� ��E                    

X&��  6/42  1/42    0/41  2/43  68/0  87/0  33/0  15/0  

6�!0�!� ��  6/47  5/49    7/47  8/49  85/0  89/0  11/0  88/0  

:�� \�L                    

X&��  8/77  5/80    0/77  0/80  09/1  67/0  11/0  91/0  

6�!0�!� ��  5/101  4/106    8/101  0/107  56/1  91/0  19/0  98/0  

��0&�" X�I%��                    

X&��  3/74  5/74    0/74  9/74  09/1  95/0  66/0  75/0  

6�!0�!� ��  8/86  5/87    5/83  6/84  21/1  05/0  63/0  92/0  

�!. X�I%��                    

X&��  3/76  6/78    8/77  3/79  11/1  55/0  24/0  90/0  
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 G�(94�?. �%& %� �%'9 7�8 3'5��%6 � ���  34�� 12  %0� .O�M$; � �	 @6 ��� �D� �E �(I- ������8%'
 ���  

�	����  

�
�� ��&� :&��    �
�� ��&�  

SEM  

P-value 

19  �K��  

#�$ �!�%&�'  

22  �K��  

#�$ �!�%&�'  

19  �K��  

#�$ �!�%&�'  

22  �K��  
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 ��&�  
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��  
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�
�� ��&�×  
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+�!�) 1��!%�� +�B&��!. �3�(�3!/ �� ���  14/0  16/0    10/0  11/0  01/  01/0  46/0  45/0  
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6�%+�!�) �
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