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ABSTRACT 

The objective of this study was to compare solvent soybean meal with extruded soybean meal at 135°C on 
performance and metabolic status of fresh Holstein cows. Twenty-four Holstein cows (BW± SD; 614.45± 28.33) 
were randomly assigned to 1 of 2 experimental treatments from caving until 21 days in milk: 1- control (containing 
solvent soybean meal; SSBM) and 2- experimental (containing extruded soybean meal; ESBM). Cows were housed 
in individual stalls, fed with total mixed ration, and feed offered and ort were recorded daily. Milk yield was recorded 
daily and milk sampls were taken weekly to determine its composition. Body weight and body condition score of 
cows were determined at immediately after calving and 21 DIM. Dry matter intake in ESBM cows was greater than 
SSBM cows (P˂ 0.01). Cows fed ESBM produced 3.71 kg/d more milk than SSBM cows (P< 0.05). Milk fat content 
in ESBM cows was lower than SSBM cows (P<0.05). The ESBM cows had lower serum glucose concentration 
(P<0.01) and higher cholesterol (P<0.01) than SSBM cows. Rectal temperature, BCS and BW changes, and feed 
efficiency were not different between treatments (P>0.1). Overall, the results of this study showed that replacing 
solvent soybean meal with extruded soybean meal increased DMI and milk yield of fresh cows. 
 
Keywords: Dry matter intake, extruded soybean meal, fresh cow, milk yield. 
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90.6 89.8 DM, % 

42.9 45.8 CP, % DM 

40.6 44.5 True protein, % CP 

40.3 43.3 Insoluble protein, % CP 

5.36 7.3 Fraction A, % CP 

0.7 2.5 Fraction B1, % CP 

75.29 79.7 Fraction B2, % CP 

11.31 5.0 Fraction B3, % CP 

7.34 5.5 Fraction C, % CP 

50.1 44 RUP, % CP 

11.1 5.18 EE, % DM 
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Table 2. Feed ingredients of experimental diets fed 

during fresh period (% of DM) 
ESBM SSBM Ingredient 
19.08 19.08 Legume forage hay, mature 

23.57 23.57 Corn silage, 20% DM 
5.87 5.87 Barley grain, rolled 

22.47 22.47 Corn grain, ground, dry 
4.03 4.03 Canola meal, mechanical extraction 
2.20 2.20 Corn gluten meal 
2.80 2.80 Cottonseed, whole with lint 

- 11.36 Solvent soybean meal 
11.36 - Extruded soybean meal 
4.79 4.79 Poultry meal 

0.70 0.70 Calcium carbonate 
0.19 0.19 Dicalcium phosphate 
0.26 0.26 Magnesium oxide 
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1.08 1.08 NaHCO3 
0.64 0.64 Vitamin premix1 

0.64 0.64 Mineral premix2 

1. Premix contained 750,000 IU of vitamin A/kg, 210,000 IU of vitamin 

D/kg, and 5,500 IU of vitamin E/kg. 

2. Premix contained 30 mg of Co/kg, 2500 mg of Cu/kg, 120 mg of 

I/kg, 3500 mg of Mn/kg, 60 mg of Se/kg, and 10000 mg of Zn/kg. 



156  ���
  :�����	� � !� �"�
#�$� %&�'$( )*��+ &,-� �. %&�'$( )*��+ �� /0(�  . � �1	2 �  ... 

 
 <�H"34 �" ����	�
 M�^�( : . �a���9Q +��%�67: 4H
 

49�: 4��� �?�P %. �`aE 4��� He��) �9���. ���)� 9�   (4H
  
Table 3. Chemical composition of experimental diets fed 

during fresh period (% of DM, unless otherwise stated) 
ESBM SSBM Component 

1.71 1.70 NEL (Mcal/kg of DM) 
18.2 18.5 CP 

11.2 11.7 RDP 
7.0 6.8 RUP 

41.8 42.1 NFC 
4.7 4 Ether extract 

28.2 28.2 NDF 
18.6 18.6 ADF 
20.3 20.3 Forage NDF 
+251 +256 DCAD (mEq/kg of DM) 
1.2 1.2 Ca 

0.6 0.6 P 
0.39 0.39 Mg 

  

������	�	 � ! � "�#���  

 �)? %. D��)E +���=. � ����; %. 4H
 %X 2 D��)E

 �: G��9 9�� 9� +�� 8>�21  .H
 [^! G��9 9� R� 9��

L� �@�$S%>)	> �� 9� ��"4 �  +��t,��(  u)1c�

)TMR49�H>� +� . %/8� �� ��. �� ���=. � ( + �;DM 

 �� � H>H
 %/B ;60  %"��/>�*�  MH� %. �� ;48 

 ��	�: � %/8� x*): Rz* � H>H
 `aE [2�*

%>)	> .H>H
 _�( :+��  <�. P `� \� ? 9� D��)E

�1�� `��H1( �k� /�> +� . � H>H
 s��*Q + /� <

)AOAC, 1990; method 984.13 + :� 4��C2 �(

)AOAC, 1990; method 920.39 �(ADF )AOAC, 

1990; method 973.18 � (NDF )Van Soest et al., 

1991 �� 9�� �� ��. %* �
�� �
 .H>H
 
�&�>Q (

[2�* +�� 6 �14  �22   �
 ��
�� � H
 Z�'>�

 ����; +H�&):%. M�)e [^! 4H2�  � �� %>�;�H" 

%>)	> � �
 M�^�( : @��W: [F" .H�� ;   �
 9� + �;

 4H2� %*  � �� +H�&):  �
 [^0> %.%. M�)e 

%>)	> .H
 Z�'>� �#/8�  +��� �� ��4  %"��

�/>�*  4�#a>�� Z�� %�67: 4�#a���9Q �� � +��HF#> �� ;

 � 9)/(q �@�A:� � ��. S)  �
 M�^�( : ��'>9

4��� �k� /�> 4��8/*� �. ( �
 +� )�1�� 4�#/*� 9�  @�*�

)EKOMILK-MILKANA KAM 98-2A( 

49�H>�  @��W: [F" .H>H
 + �;%'$*� B ��>)E +��

%>)	>  +��9�� � G��9 9�� �� �)E 9� + �;3 �7 �14 

 �21  �G��9 9� R���FS  ��� D��)E 9� R� [2�*

%&)& x*): ��� { ���* 9� |^e  Z�'>� }E [y: +��

%>)	> .H
 �B,. �)E +�� �. Z * +9�*�H" [F" %1e

3000  MH� %. ���15 ) k)�8� />�* %=�K�SIGMA 

101 GERMANI @��W: [F" Je�- Z * � H>H
 (

%'$*� B   � 80B �L�01( �
()1; J�^K 9� �>)E +��

: @�A:� � �Z)�
�$� �<� /01( �4��� �@��)^&Q �Z�

�/.) H�*� `� �:). �0(��H��BHBA +��H�*� � (

) %�8� /*� �P s SNEFA +��� �� (20 -  %"��

�/>�*  +��HF#> ���#a���9Q +��
�&�>Q ���9 �: �� ;

%'$*� B @��W: [F" .H>H
  J�^K 9� �>)E +��

 �@��)^&Q �Z�: @�A:� � �L�
�$� � 80B �L�01( �
()1;

) + /�)/B)/�z*� 4�#/*� 9� 4��� � <� /01(Perkin-

Elmer( [�( � n��� +�� .H
 4��8/*� �)�9Q

L� @�$S 49�H>� [F"  + �;BHBA  �NEFA  9�

) + /�)/B)/�z*� 4�#/*�Perkin-Elmer[�( � (  +��

 +��':RANDOX  9� @�&).)1; ��H=� .H
 4��8/*�

.H�Q [*� %. J( @�A:� � 9� @��)^&Q ��H=�  0(  

 � G��9 9�� ��21  9� R� ����; �G��9 9� R� 9��

D��)E 9� G�� � �
�� �
 <)�*�. x*): �|^e ���

)Ogawa Seiki CO., JapanL� .H>H
 @�9): ( @�$S

 9��/�� @��W: [F" G���9Q ����� � 9�PQ �� ����;

 n��=� n�*�  . �>H. [�WX�1  �:5 )Wildman et 

al., 1982@�#>��� 9� � H>H
 ���9��/�� (  4 	> +��

4��� +���Q J�1y: � %�
': [F" �>H. [�WX�  ��

� - %"�� + �; 49�H>� .H
 4��8/*� 9� R� ��)/(� M�

 MH� %. ��;  � +� . |^e �
�� �
21  M�)e 9��

 M�2,?� � [B ;%. M�)e  +� . .H�� ; [^! %>�9��

49�H>� <�/�'�� ~$*���� 9� ��)/(� M�� - %"�� + �;

)Microlife, Switzerland @�� [K� %( �H
 4��8/*� (

 ~$*���1/0±  �/>�* %"���� ; .�).  

v ? s)S��S �� G���9Q D)1.  J��( +��

4 �") ��	�: �� �. �B��C:  � (�a���9Q +��12  �� �:

4��� %	� .H
 Z�'>� ��	�:  � ��  %��� 9� 4��8/*� �. ��

Mixed Z >  ��
B�SAS )2004D)1. v ? _&�K �� (  +��

4��� .H>H
 
�&�>Q �B��C: J��(  4��� J�^K 9� ����

 4�9�. ��Q M�^�( : �  �
 H�&): ��B C� `aE

)E �D��%'$*� B �>)E +��%. M�)e 49�H>� +��

�� �: 
�&�>Q 4H
   �9 v 
 %. +���Q <H� � H>H


�� :H
�. 



   Z)12���� �� ����� �� 52��	
 �� 3 �
���� 1400  157 

 

.Yijkl = µ + Treati + Blockj + Timek + (Treat × 

.Block)ij + (Treat × Time)ik + (Block × Time)jk + 

.(Treat × Block × Time)ijk + Cowijl + εijkl  

�Q �� %(� Yijkl� = �%/0.��  �7/µ J( @�#>��� =

 �M�H��a�Treati  ��a���9Q ��	�: [.�!  !� =Blockj   !� =

 �(��� �
 4���) D)1. [.�!Timek ����9 [.�!  !� =

Blockk  �D)1. [.�!  !� =(Treat×Block)ij J.�=/�  !� =

  �D)1. �� ��	�:(Treat×Time)ik �� ��	�: J.�=/�  !� =

 ����9(Block×Time)jk� = ����9 �� D)1. J.�=/�  !

(Treat×Block×Time)ijk �� D)1. �� ��	�: J.�=/�  !� =

 ����9Cowijl ���; �B��C:  !� =εijkl.�a���9Q 4�^/
�  !� =  

  !� � ���9  !� ��H. �9� M� ��7: 
�&�>Q +� .

�Q J.�=/�  
�&�>Q +� . .H
 f6- q�. <H� 9� ��

%'$*� B  ��>)E +��%'$*� B  �>)E +�� G��9 9�� ��

 � H>H
 ���� +���Q <H� �� [����)( J��2 ��)$2 %.

 ZH2 M�)e ���$W� ���) +1/0P> ���F> <H� 9� (

4��� .H>H
 f6-  ��%. M�)e  M�W. � JK�H- @�#>���

)LSMM��8: � H>H
 ]��
; (  �� +���Q +��05/0≤P 

�$W� %. J��	: �  �� +���1/0< P < 05/0  %0��=� �

@�#>��� � �. ��Z�'>� �(): �)�9Q 9� 4��8/* .H
  

  

BC� � D ��3  

�$�%� &
' �	��  

 +����; �� �B C� `aE 4��� @�#>���%�67: 4H
  �.

 4 �"ESBM  +����; �. %0��=� ��%�67: 4H
  4 �" �.

SSBM  �?21   :q�. G��9 9� R� <�� 9��

)01/0<P m01/16  J.�=� ��37/14  m9�� �� Z ;)1�(

 <�H"4/*�� �� .�). (`aE 4��� G��
B� �. �  ��B C�

) �B C� +67� ��)�  #��NEL�CP  �RDP � RUP( 

 +����; ��%�67: 4H
  �.ESBM  �. %0��=� ��SSBM 

.�).  :q�.  

L� %/B�� �. )*  G��5� @�� +��Wu & Satter 

)2000 � (Broderick et al. )2004 %&�'$( 9� %( �>��9 (

 T^$� ��)$2 %. 4H
  1z0(� +��)*RUP  �. %0��=� ��

 @�A:� � 4H	2 T^$� ��)$2 %. �&,- +��)* %&�'$(

 �H>� ( 4��8/*�DMI   . ��
B� .H>� ( ]��
; �� + :q�.

 %&�'$() 4 �" %* 9� 4��8/*�  !� %(  #�� G��5� �� ��Q

@P�� ��)* + �;) <,- �. 4H
SSBM +��)* %&�'$( �(

 +��� �� 4H
 �� /0(�149 �/>�* %"�� �  �� ;171 

�/>�* %"�� ��  �
 H�&): � �B C� D��)E +��  . �� ;

 ��� �
 +��9�� @�#>��� �. 4� �
 +����;141  9��

 9� 4��8/*� %( H
 ]��
; �[B ; �� K �*� . ��)�

 �&,- +��)* %&�'$( %. [^0> �� /0(� +��)* %&�'$(

 G��
B� %.  '$�25/1  �B C� `aE 4��� �� Z ;)1�(

) H
Giallongo et al., 2015 +�� � %&�=� `� �� .(

Ipharraguerre & Clark )2005 `aE 4��� G��( (

 T.�$� �. �&,- +��)* %&�'$( �$�
#��" �� �� �B C�

RUP  H>� ( ]��
; (���� ��)� �M�w @:)1; %&�'$()

G��5� @�� ~��/> �. %( [
�� M ��7� %W&�i� �� %/^&� .

 ��� �
 +��9�� @�#>��� ��F>Q111 �
; 9�� 4H
 ]�

49�: 4��� �. 4��� @�� �� ��)�- 9��> %( [*�  t,��( �9

�� M��8/�  G��5� @�� ~��/> f,E . .H
�.Fathi Nasri 

et al. )2007�$W� M��8: l�� (  `aE 4��� �� +���

 4H
 %/
 . +��)* � �&,- +��)* %&�'$( @�. �B C�

��� �
 +��9�� @�#>��� �. G��9 ��.H$S +����; �� 50 

�� 9 %/
 . �Z�E +��)* %( H>��� ��a> � H>� �> 4H��a�

�$W� M��8: �&,- +��)* %&�'$( � 4H
 4���  . +���

 .H$/
�H> �B C� `aE  

  

 <�H"4�� /0(� +��)* %&�'$( V1/c� v)i*  !�  . 49�: +����; �� +k >� �9�): � +67� ��)� f C� +��  .@��/a1� +�9  

Table 4.  The effect of different levels of extruded soybean meal on nutrient intake and energy balance in Holstein 

fresh cows 

P-Value 
SEM 

Treat 
Item 

Treat* Parity Time Parity Treat ESBM SSBM 

0.78 ˂ 0.01 ˂ 0.01 ˂ 0.01 0.41 16.01 14.37 DMI, kg/d 

0.76 ˂ 0.01 ˂ 0.01 ˂ 0.01 0.49 27.22 24.01 Net energy intake, Mcal/d  

0.80 ˂ 0.01 ˂ 0.01 ˂ 0.01 0.05 2.91 2.66 CP intake, kg/d 

0.80 ˂ 0.01 0.15 0.35 0.99 22.06 20.73 Milk NEL, Mcal/d 

0.70 0.12 0.90 0.31 1.16 -4.61 -6.31 Energy balance, Mcal/d 

  
  



158  ���
  :�����	� � !� �"�
#�$� %&�'$( )*��+ &,-� �. %&�'$( )*��+ �� /0(�  . � �1	2 �  ... 

 
  


� (� #)�� � �#* �#+��  

�
 H�&): @�#>��� 4 �" ��  SSBM  �ESBM  _�: : %.

82/27  �53/31  <�H") �). 9�� �� Z ;)1�(5 +����; .(

%�67: 4H
  �.ESBM �71/3 9�� �� Z ;)1�(�   �


 +����; �. %0��=� �� + /a�.%�67: 4H
  �.SSBM  H�&):

) H>� (02/0=P  �
 �. S He�� G��( J�&� %. ��� �(

 +����; ��%�67: 4H
  �.ESBM  [^0> +����; %.

SSBM �|�yC:  �
 M��8:  n�*� . 4H
5/3  He��

|�yC:  �
 � �. S) +k >� n�*� . 4H
ECM @�. (

 ����	�:�$W� ���  .�).Schwab & Foster )2009 �� (

%/8� �� %( H>� ( ]��
; J> ( 4�#a>�� �� �a��5�  +��

  �
 H�&): +� . 4H$$(��Hy� J��2 ���� �
 4��� <��

� J.�K @�A:� � �&�E +k >� %> � [*� L0�&).�/

 v)i* ���� G��
B� %'�/> �� ���� �
RUP  T8> %.

 .[*�  �
 H�&): G��
B�  

 +��Q B �. ��  �
 H�&): G��
B� M�W&�i� �E .

 mH>� ( ]��
; �� /0(� ]�� %. ��)*Giallongo et 

al. )2015 %&�'$( �. %0��=� �� %( H>� ( ]��
; (

��)* %&�'$( ��&,- +��)* %"�� �� 4H
 �� /0(� +

 M�� -171 �/>�* %"�� G��
B� %.  '$� �� ;25/3 

 4��� x*��� +����; %>�9��  �
 H�&): �� Z ;)1�(

 ��Q  . ��
B� .H
 ��� �
Faldet & Satter et al. 

)1991 +����; %( H>� ( ]��
; (%�67: 4H
  %>�� �.

 4H
 4��� M�� - +��)*5/4  �4  �
 9�� �� Z ;)1�(  

  

|�yC:  �
 � Z�E  n�*�  . 4H
5/3  �. S He��

 .H>� ( H�&): Z�E +��)* %>�� �. %0��=� �� + /a�.

Fathi Nasri et al. )2007 %( H>� ( ]��
; 
�> (

%/
 . +��)* f C� �� �$�A:� � J	�� ��)$2 %. 4H


 _")� Z�E +��)* �. %0��=� �� 4� �
 +����; 4 �"

 ��
�� %.  �
 H�&): G��
B�6/1  �:8/1  �� Z ;)1�(

 +� . @�A:� �  /a�. �* /*� �� �Q J�&� %( H
 9��

4��� LI�  4��� �� ��H�*�)$��Q  /a�. s6" � +�

.H$/0>�� �J.�=� �� Palmquist et al. )1978 ]��
; (

 +����; �� %( H>� (%�67: 4H
 %/
 . +��)* �.  � 4H


 .�). %.�a� �Q M�^�( : �  �
 H�&): ���)* %&�'$(

L�  @�$SChouinard et al. )1997 +��)* 9� + !� (

 4H
 +��Q B%. M�)e  4
�>� ��� � %/
 . ��� /0(�

 4H��a�  �
 H�&):  . Z�E +��)* �. %0��=� �� 4H


 .H>� �>Arhami et al. )2015( >� ( ]��
;H 

 4H
 %/
 . � 4H
 �� /0(� +��)* %>�� �$�
#��" ��

 ��� �
 +��9�� @�#>��� �. + �
 +����; 4 �"

113  9��  !��$W� ��� . +  �Q M�^�( : �  �
 H�&):

.[
�H>  ��  �
 H�&): G��
B� � X�- G��5� ��

49�: +����; +�9%�67: 4H
  /0(� +��)* %&�'$( �. ��

 +����; %. [^0>%�67: 4H
  �&,- +��)* %&�'$( �.

 � �B C� `aE 4��� G��
B� J�&� %. [*� @�	�

 `S)( 4��� %. LI� J.�K +��H�*�)$��Q  /a�. %X 2

.H
�.  

<�H" 5. 49�: +����; �� D��)E 4�9�. � �Q M�^�( : �  �
 H�&):  . �� /0(� +��)* %&�'$( V1/c� v)i*  !�@��/a1� +�9  

Table 5.  The effect of different levels of extruded soybean meal on milk production and composition and feed 
efficiency in Holstein fresh cows 

P-Value 
SEM 

Treat 
Item 

Treat* Parity Time Parity Treat ESBM SSBM 

       Milk yield (kg/d) 
0.80 ˂ 0.01 0.07 0.02 1.03 31.53 27.82 Actual 
0.75 ˂ 0.01 0.14 0.41 1.49 31.67 29.91 3.5% FCM1 

0.82 ˂ 0.01 0.13 0.30 1.42 32.15 30.03 ECM2 

       Milk fat 
0.81 ˂ 0.01 0.81 0.02 0.12 3.53 3.98 % 
0.60 0.03 0.20 0.91 0.06 1.11 1.10 kg/d 

       Milk protein 
0.96 ˂ 0.01 0.28 0.20 0.026 3.27 3.31 % 
0.83 ˂ 0.01 0.12 0.04 0.03 1.03 0.92 kg/d 

       Lactose 
0.96 0.01 0.32 0.20 0.025 4.76 4.80 % 
0.84 ˂ 0.01 0.09 0.03 0.05 1.49 1.33 kg/d 
0.95 ˂ 0.01 0.45 0.32 0.24 15.18 15.52 MUN (mg/dL) 
0.96 0.03 0.82 0.80 0.08 1.94 1.97 Feed efficiency3 

0.71 - 0.28 0.27 3.40 -28.25 -33.68 BW change (kg/21 d) 
0.47 - 0.80 0.46 0.03 -0.27 -0.31 BCS change per 21 d 

1. 3.5% FCM = (0.432  kg mlik) + (16.216  kg milk fat) 

2. ECM= (0.327  kg milk) + (12.95  kg milk fat) + (7.2  kg milk protein) 
3. Actual milk/DMI 
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Table 6.  The effect of different levels of extruded soybean meal on serum metabolites in Holstein fresh cows 
P-Value 

SEM 
Treat 

Item 
Treat* Parity Time Parity Treat ESBM SSBM 

0.58 ˂ 0.01 ˂ 0.01 0.01 1.09 67.41 71.44 Glucose, mg/dL 
0.28 ˂ 0.01 0.35 ˂ 0.01 2.53 130.51 116.67 Cholesterol, mg/dL 
0.45 ˂ 0.01 ˂ 0.01 0.07 0.05 7.29 7.12 Total protein, g/dL 
0.36 ˂ 0.01 0.34 0.61 0.02 3.51 3.53 Albumin, g/dL 
0.51 ˂ 0.01 ˂ 0.01 0.27 0.06 3.75 3.63 Globulin, g/dL 
0.95 ˂ 0.01 0.46 0.32 0.37 16.82 17.27 BUN, mg/dL 
0.68 ˂ 0.01 0.50 0.06 0.10 9.75 9.43 Ca, mg/dL 
0.20 ˂ 0.01 0.02 0.23 0.07 6.29 6.51 P, mg/dL 
0.40 0.17 0.26 0.57 0.06 2.58 2.52 Mg, mg/dL 
0.94 ˂ 0.01 ˂ 0.01 0.87 0.07 0.96 0.98 NEFA, mmol/L 
0.90 0.64 0.01 0.73 0.08 0.74 0.70 BHB, mmol/L 
0.32 ˂ 0.01 0.70 0.18 0.06 38.70 38.60 Rectal temperature, 0C 
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