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Table 1. Ingredients and chemical composition of experimental diets 

Steam rollers diets  Ground diets Item 
 ---  56.72 Ground barley 

56.72  ---  Steam rollers barley  

14.84 14.84 Soybean meal (48% CP) 

12.23 12.23  Wheat bran 

6.12 6.12 Wheat straw 

8.59 8.59  Corn silage 

0.4 0.4 Calcium carbonate  

0.7 0.7 Animal supplement 

0.4 0.4 Salt 

Chemical composition, % DM  
69.26 69.46 Dry matter 

16.2 15.9 Crude protein 

35.13 35.0 NDF 

2.8 2.7 Ether extract 
0.39 0.53 Ca 

0.53 0.53 P 

5.7 5.8 Ash 

2.43 2.43 Metabolizable energy (Mcal/kg) 
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Table 2. Effect of type of processing barley grain and different levels of supplemented cobalt on rumen pH in 

fattening lambs at days 35 and 70 of experiment 

  Cobalt levels (mg/Kg Dry 
matter) 

  

  Type of processing 

   SEM P 
value 

0.75 0.50 0.25 0 SEM P 
value 

Steam 
rollers 

Ground  Variables  

0.06 0.01 6.39ab
 6.23b

 6.51 a
 6.50a

 0.04 0.13 6.46 6.36  Day 35 
0.10 0.82 6.76 6.64 6.72 6.76 0.07 0.19 6.65 6.79  Day 70 

   a
–

c Means within a row with different superscripts differ significantly (P < 0.05). 

�
�C 3 - 0B� U��f4&  K��
J07� 
 �C I��   E)4F& G�H�6D�#�  ��� U�/&0� pH �0� I#�/��@� �
0��  ��@'
  35  


70 ?3�&'J  

Table 3. Effect of interaction of type of barley grain processing and different levels of supplemented cobalt on 
rumen pH in fattening lambs at days 35 and 70 of experiment 

  Treatments*   

SEM P value 8 7 6 5 4 3 2 1 Time 
0.09 0.01 6.41 a 6.43 a

 6.61 a
 6.38 a

 6.36 a
 6.03b

 6.42 a
 6.62 a

 Day 35 
0.14 0.63 6.59 6.64 6.64 6.73 6.93 6.63 6.81 6.77 Day 70 

a–c Means within a row with different superscripts differ significantly (P < 0.05). 
* 1- fed containing ground barley and without supplementation of cobalt, 2- fed containing ground barley with 
0.25 mg per kilogram of dry matter Cobalt Supplements , 3- fed containing ground barley with 0.50 mg per 
kilogram of dry matter Cobalt Supplements , 4- fed containing ground barley with 0.75 mg per kilogram of dry 
matter Cobalt Supplements , 5- fed containing steam rollers barley and without supplementation of cobalt, 6- fed 
containing steam rollers barley with 0.25 mg per kilogram of dry matter Cobalt Supplements , 7- fed containing 
steam rollers barley with 0.50 mg per kilogram of dry matter Cobalt Supplements , 8- fed containing steam 
rollers barley with 0.75 mg per kilogram of dry matter Cobalt Supplements. 
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Table 4.  Effect of type of barley grain processing and different levels of supplemented cobalt on rumen volatile 

fatty acids (mmol/L) in fattening lambs at days 35 and 70 of experiment 

  

Cobalt levels (mg/Kg Dry matter) Type of processing 

SEM P 
value 

0.75 0.50 0.25 0 SEM P 
value 

Steam 
rollers 

Ground Time 

         Day 35  

4.80 0.90 45.45 42.12 44.10 42.00 3.39 0.34 41.01 45.82 Acetate 
2.43 0.15 34.95 31.45 37.67 32.29 1.72 0.20 35.04 31.66 Propionate 
2.35 0.65 14.20 11.47 9.95 12.25 1.66 0.94 11.89 12.05 Butyrate 
0.05 0.12 0.15 0.20 0.25 0.35 0.03 0.09 0.20 0.19 Valerate 
0.23 0.74 0.77 0.55 0.75 0.92 0.16 0.83 0.72 0.77 Isovalerate 
7.75 0.72 95.50 85.80 92.75 84.85 5.48 0.84 88.94 90.51 Total 

         
Day 70  

4.80 0.97 43.53 41.50 43.50 41.38 3.40 0.41 40.39 44.53 Acetate 
2.44 0.01 36.43bc 45.30a 39.30ab 30.60c 1.73 0.08 40.27 35.54 Propionate 
2.36 0.67 14.00 11.30 9.85 12.05 1.67 0.94 11.71 11.88 Butyrate 
0.05 0.12 0.15 0.20 0.25 0.35 0.03 0.09 0.29 0.19 Valerate 
0.23 0.74 0.78 0.55 0.75 0.93 0.16 0.83 0.73 0.78 Isovalerate 
7.69 0.66 94.88 98.85 93.60 85.30 5.44 0.95 93.39 92.92 Total 

 
a
–

c Means within a row with different superscripts differ significantly (P < 0.05). 

�
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Table 5. Effect of type of barley grain processing and different levels of supplemented cobalt on plasma glucose 

(mg/dl) and B12 (pg/ml) concentration in fattening lambs at days 0 and 68 of experiment 

  

Cobalt levels (mg/Kg Dry matter) Type of processing 

SEM P 
Value 

0.75 0.50 0.25 0 S.E.M P 
Value 

Steam 
rollers 

Ground Time 

        Glucose (mg/dl) 

1.90 0.93 79.17 80.53 79.21 80.37 1.35 0.44 79.08 80.56 D 0 

1.67 0.002 85.40 91.16 85.16 80.14 1.18 0.07 83.85 87.08 D 68 
         B12 (pg/ml) 

132.91 0.15 1401.80 1168.20 939.30 1163.80 93.98 0.54 1209.3 1127.3 D 0 

111.39 0.001 1644.20a 1629.00a 1652.20a 478.20b 78.80 0.34 1297.0 1404.7 D 68 

 
a–c Means within a row with different superscripts differ significantly (P < 0.05). D= Day 



8                        �3���� ���&  :S��/�@ 
0B� 6D�#� 
 K�� �
J07 I��  �C 0� , 0/)�* 6")��N �M@  ��& �=L& I����07 
 ��@...  

  

?"�'�� i��)1 �& �� )Tiffany and Spears, 2005; 

Tiffany et al., 2003 .(  ,��j��1  �#�� 6D�#� k*�� 

�f�   �g"D���4& -���"�
0� �& �� 
 >3� ��& 

�g"D���4& �&����9 0��& I� ?@�� `H� i��)1 S�O  �� 

)Wang et al., 2007 .(  

b3�4� I!D�H& 0n�d S���  �  I� �0���@  �� I� �@�� �
01

C�0" �� � u�� 6D�#�>" =L9I3 
 6h)^ ����>"&�43 B12 

 ���.��04��   Ig3�f& �� 03�� �
01�@ ��4��  .�� IC�9 

I� I/�3� �g"��1�
0/"&��@ �0� I#�/�� D�9�" 
>"&�43 

B12 �'�" �@�07 I�� 4�   ���  6D�#�I�"  6h)^ ?@��


>"&�43 B12 ���.�  � �0���@ �
01 �@�� � I"C�9 

�&�3���
 6h)^ .>"&�43 B12  ��j��1   ���.�

)Bishehsari et al., 2010 (
 
�1 )Stangl et al., 2000 (

I� �� �0"C ���   �#�� 6D�#� I3=L9 ���� ?@�� 67�3 .

�� S 
i7� 6D�#� I� �0"C �� 6D�#� >"u�� ?3�i7� `H� 

i��)1 ���.� ��@��& �� .'� ���J I� -���"�
0� ���* 

?"�'�� � 0� �
.* 
 6�� i��)1>3 
 6h)^>"&�43 B12 

�0�   ��� ��@��&��@  Y#� I� 6�� >/�& �@�� �
01

D�!7 ?@��6" i�J�3 4&U" ��D�&U" i�J���3  I� I4g��
 J


>"&�43 B12�#9 ,U3 4&U" ��D�&U" i�J���3  I� J

g���U"�" i�J���3 4�   
 � �  ?@�� � JI�" �?"-

��@'�� X"�t�l����)1 ?@�� I47�3 
 YN�!4& SJ `H� 

i��)1 ���.� ?@�� ���3 )Tiffany and Spears, 2005.(  

b3�4� ���S  �  6")��N �M@ � �& X�O 6s9 0"B�9 K�� 

07J�
 I��  �C �0N ,670+� )��N �&�6"  X�O � �& �M@

 `H� I�   6D�#� S 0� U�/& ��25/0 ,50/0  
75/0 

&�)"� 0� (01(01�)"  X�O � �&6#g� I� `H� 0jT 

U�/& 6D�#� �"�04  �� )05/0 <P  ,�
�C 6� .(>3 

� a.4O�>" �!& 6D�#� E)4F& G�H�� �   . �#�>"+��"& 

)��N �T 6" 0@�v �M@� NDF �  >" 9�@��"  a.4O�

�!&�� � � I� ,6�� >3 909Y" 9 I���" ��@1  
6 

04��>3 )��N6"  �M@NDF  I� 6#g� �0+3  9�@��" 

 ��4�� )05/0 <P  ,�
�C 7(, �&� �>" 9��@��"  E)4F&

)��N 0h� '�6" l9
0� �M@>" �0] ,04g��O ,(�O�  
 (�O

ADF �!& -
�j9�� �  �
�C) 6����  �C
7 .(I� 0h� 

�&�� U�/& S 0� 6D�#� �M@ I#�/���  ��& ����O 

I� �A3
 I7�)* �� 6"j"� >"3��09 ,� ?3�i7� �&�@  

)Lopez-Guisa and Satter, 1992 .(>3� 0B� >/�& 6�� 

I� U"D  >3� ���� I� �M!� '� 6"!�C��@ ��
0/"& I� 

�3����9 � �3'   �M@ I7�)*��@ �� 6"j"� >"3�� ,���  I� 

6D�#� �� G�H� 09c�� '�"� ���  
 �3 >/�& 6�� I�"4��� 

'� >3� K�n�& ���� I� S�"9�� 6D�#� 
  �4"70v k*�� 

U"/�9 U� �n0* >"� �04�����@ � �� �j�& 
 -�q 

I7�)* � �� �j�& �& �� 
 >30���� I� �04��� I��$ 

�0B�& S�/&� S�"#g] I� -�q I7�)* � �@��O  �    

)Lopez-Guisa and Satter, 1992 c�� �� 6D�#� U�/& .(

D�!7 S 0�6" 04����& �@� �M@ ����9a�"D�  ��F�  �#�� �

� I�>3 X3 )T� U&�*� 4O� a0Z&   �=10B���"  p��O

6�� Hussein et al., 1994) .(�M!� '� -���i1 ���d '� 

SJ 6�� I� I3=L9 �� �0"C3�@� I� '� |�sD 6D�#� ��0"f7 

?@�� � ��!9 '� �g"��1�
0/"&��@ I#�/� �   �� 

 �  )Wang et al., 2007; Kadim et al., 2003 (I� 

0��& I� ?@�� �M@ I#�/���  ��& �=L& �&���� .  

���1������F�� I� `H� �7���� 6D�#� 67�3  �� 0� 

>/�& 6�� _=C � 
��  ��& �=L& ?@�� ���3 

)Berger and Cunha, 1993� 0� S
i7� .(>3 d  �9����" 


  �#�� I�>"&�43 B12 �@'0� ��$ ��4�� � � 
�� 

��9��09  �� )Pond et al., 1995 .(�Md 6D�#�   �0"C 

F���S�1����� �
0n ,6�� >"�e�@ ?3�i7� 6D�#� 

�&����9 � '�� �M@ �0#"7 I� I)"�
 I� �04����@ (���� 

�& �� �   I#�/�  �#�� ��F� )Berger and Cunha, 

1993; Wang et al., 2007 .(I3=L9 �0���@   ��d �� 

�� b��  ,0jT ) 6D�#� E)4F& `H�25/0 ,5/0 ,75/0  
1 

&�)"(01 6D�#�   (01�)"� � �& X�O p��O (S��� 

 �  09c��>3 )��N ��f&6" =L&  ��& �M@�   `H� ���"& 

)5/0 ( �� )Wang et al., 2007 .(  U��f& 6")��N �M@ 

�0@�v � �& X�O   �0"C �@�� �9
�j9 �� �0"C��@ 

�
�d U�/& 6D�#� 6���� )Tiffanny et al., 2003.(  

  

  

  

 

 

 

  



 ��� �&�  -��"D�9 -�f"fs9��� ����/��
�/��� 1395 )13-1                      (                                                              9  

 

0B� 
J07 K���  
 �C I�� G�H�  U�/& 6D�#� E)4F&

 ����0�  0/)�* 
 �=L&  ��& �M@ 6")��N 0���
0� ��@ 

 �
�C  6 b3�4� .6�� ��� <�i1 w��0& I� ��@�4��7 

� 0/)�* S���  �  I� K�� �
J07 X4)^ ��0�@ �� �F� 

6#g� I� _�"�J I��  �C Y#� ?3�i7� a0Z& � �& X�O 

�& ��. >"�e�@ G�H� 25/0 
 50/0 �)"&(01 0� 

(01�)"� � �& X�O U�/& 6D�#� i"� � �& X�O �70Z& 

� ?3�i7�  �   �
�C)2 (I� ��0�@ �� ?3�i7� ��!&�  

?3�i7� S'
 I��'
  �� )�
�C 7 � �& a0Z& >"+��"& .(

 G�H� 
 �C I��  �
J07 U��f4& 0B� 0"B�9 6s9 X�O

 � p��O a0Z& >304�"� ?� ��"9 
 6701 �0N 6D�#�

 �
�C) 6��  �@��"9 >"�  7 .( 

�0�   X�O � �& a0Z& S �� >"3�� �� ��� I3=L9 ��@

�0� I� 6#g� ��� _�"�J �C 0� ��4#& �0"C I3=L9 ��@

 �C �� ����& �F� �� ��0�@ � �O XH)^����9  6)* I�

O�)" i3 �J_�"  -.^ I��  
 p��O S 0�����  I�

D�9 YC�&�" �C�9 U��N ��f&�  k*�� I� ��� p�O 
  01

 p��O a0Z& ?@���&)  ��Hale, 198070$ '� .(,� 

�  �C
 ��I/�3 & 0h� I�� J U/� ��� I�� )��N ,�@6" 

� �M@�04�"  ��� �&� 07J�
 ?"� '� �d I��  i"� YC�& 

?3�i7� I3i�9�03=� I#�/��� ��� 
 Y)^� ?@�� a0Z& 

p��O �   �� �@��O 6��  )Allen, 2000 .(<
��@ 

07 E)4F&J
�  0B�& X�O � �& a0Z& 0� -.^ I�� 

�@
A�   .6��� I� Lesmeister and Heinrichs 

)200470Z& X�O � �& ,�� �  (���� (� 67�� p��O  -

� ��� � 04�" �J p��O '�_�"  . �� ��� 6)� 
 ���

09c��>3    X�O � �& a0Z&�0"C �
�d I�� ��@ 

XH)^ X�O � ' 909 I� oy� 
Y" )^ ,U&�� I��   H X

 0OJ   
 �F� �� ��0�@ S 0� >�� ,�F� �� ��0�@ S '

I�� ��@ �J"� ��@��& ���  0O 
 ��� _�� .  �9�"3 

�b3�4 �&'J?3 0n�d ��0� b�� `H� U�/& 6D�#� ,0jT 

25/0 ,50/0 ,75/0 
 1 �)"&(01 6D�#�   (01�)"� � �& 

X�O   �0���@ �
0�� S���  �  �i7� k*�� 6D�#�?3 

 �&� X�O �70Z& 
 ?3�i7� S'
   �0��@ ��� �0� 
��@ 

I3=L9 ��� �� `H� ���"& ,6D�#� >304�"� >"+��"& 

�i7�?3  � I��'
 S'
��4��  )Wang et al., 2007 .(

-�!D�H& � �!4& ?@�� >47�3 a0Z& p��O 
 �3 S'
-

�0"1 �   ��j��1 I3=L9 ��� �� �0"C��@ 0� I3�� �C �3 

I7�)* ���   �#�� ,6D�#� 6#g� I� SJ�3�@ I� U�/& 

6D�#� 67�3  ,�� 0� 0$�O S��� �� 0� )Bishehsari et 

al., 2010; Abou-Zeina et al., 2008ID���1 .(�@�3  I�

C�0" �=^�3 �� 0�I3  �C�3 9q� ��  I��  6D�#�  �#��

)02/0 ,40/0 &�)" � 0@ {�'� I� 6D�#� (01(01�)"  � �&

   �� (p��O X�O67�3 ��)H&�� -�0B� ,�� 0��  0�

!n
 
  0/)�*6" 
>"&�43 B12  S 0� I7�n� 
 �� �  S���

�i7� k*�� 6D�#�?3 70Z& X�O � �&,� �i7� ���4&?3 

D�9 S�&��� 
 I��'
 S'
�" �&'J U�  ?3 �e�@ 
 ��>" 

�i7� ��1�4��   � I�c (01 S'
 
 I�c �T ?3   � 

�
�C 6- 0B� 
J07 K���  
 �C I�� G�H�  ��� U�/& 6D�#� E)4F&�0�  0/)�* 
 �=L&  ��& �M@ 6")��N 0���
0� ��@ 

�$70 '
  

Table 6. Effect of type of barley grain processing and different levels of supplemented cobalt on nutrient 
digestibility and performance in fattening lambs during 70 days 

  

Cobalt levels (mg/Kg Dry matter) Type of processing 

SEM P 
value 

0.75 0.50 0.25 0 P 
value 

Steam 
rollers 

Ground Nutrient 

2.36 0.02 74.70a
 77.68a

 75.70a
 69.47b

 0.58 73.92 74.87 Dry matter 
3.62 0.35 74.91 78.67 75.09 71.86 0.90 74.96 75.30 Crude protein 

12.44 0.98 68.81 66.15 66.30 63.86 0.92 65.84 66.71 Crude fat 

3.43 0.01 54.75a
 53.70a

 53.38a
 43.38b

 0.97 51.25 51.35 NDF 

3.96 0.12 35.89 43.14 42.56 35.20 0.26 37.57 40.83 ADF 

3.80 0.92 42.60 43.11 42.45 40.64 0.38 43.42 40.97 Ash 

16.85 0.01 829.62 875.05 852.38ab 809.37c 0.01 858.56a 824.65 Dry matter intake 

3.90 0.04 175.01 180.00 173.46ab 163.64b 0.17 175.77 170.28 Weight gain (g/ d) 

0.01 0.86 0.22 0.22 0.21 0.21 0.92 0.21 0.21 Feed efficiency 

    

a–c Means within a row with different superscripts differ significantly (P < 0.05). 
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Table 7. Effect of type of barley grain processing and different levels of supplemented cobalt on nutrient 
digestibility and performance in fattening lambs during 70 days 

 Treatments 

P value 8 7 6 5 4 3 2 1 Nutrient 
0.43 75.36 75.69 73.93 70.68 74.05 79.67 77.48 68.26 Dry matter 
0.58 76.98 78.19 72.19 72.50 72.84 79.14 78.00 71.23 Crude protein 

0.37 70.07 53.74 68.38 74.20 67.55 78.55 67.23 53.53 Crude fat 

0.02 56.67ab
 52.48ab

 46.87bc
 49.00 ab

 52.84ab
 54.93ab

 59.88a
 37.76c

 NDF 

0.54 35.53 38.91 39.54 36.29 36.25 47.37 45.58 34.11 ADF 

0.55 47.14 44.01 41.79 40.75 38.06 42.21 43.11 40.52 Ash 

0.01 843.43bc 869.23ab 906.99a 814.58c 815.80c 880.87ab 797.77c 804.16c Dry matter 
intake (g/ d) 

0.69 174.25 183.85 175.77 169.22 175.77 176.15 171.15 158.05 Weight gain 
(g/d) 

0.21 0.22 0.20 0.22 0.22 0.21 0.22 0.20 0.20 Feed efficiency 
a
–

c Means within a row with different superscripts differ significantly (P < 0.05). 
Treatments: 1- fed containing ground barley and without supplementation of cobalt, 2- fed containing ground 
barley with 0.25 mg per kilogram of dry matter Cobalt Supplements , 3- fed containing ground barley with 0.50 
mg per kilogram of dry matter Cobalt Supplements , 4- fed containing ground barley with 0.75 mg per kilogram 
of dry matter Cobalt Supplements , 5- fed containing steam rollers barley and without supplementation of cobalt, 
6- fed containing steam rollers barley with 0.25 mg per kilogram of dry matter Cobalt Supplements , 7- fed 
containing steam rollers barley with 0.50 mg per kilogram of dry matter Cobalt Supplements , 8- fed containing 
steam rollers barley with 0.75 mg per kilogram of dry matter Cobalt Supplements. 
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Abstract 

This study was conducted to evaluate the effects of different levels of dietary cobalt and processing barley grain 
on dry matter intake, daily gain, feed efficiency, nutrient digestibility and rumen and blood parameters in 

fattening lambs. Thirty two mixed Zell lambs, 134±16 d with an average initial weight 25 ± 2 Kg randomly 

assigned to a factorial experiment 4 × 2 as a completely randomized design. Lambs during the experiment (70 
days) were in individual boxes. Treatments were; two type of barley grain processing (ground barley and steam 
rollers barley) and four level of Cobalt (0, 0.25, 0.50 and 0.75 mg/Kg dry matter). The results showed that daily 
dry matter intake in lambs fed barley is processed with steam rollers above the lambs were fed a ground barley 
(P = 0.04). Treatment containing of 0.50 mg per kg Cobalt Supplements have higher weight gain (P = 0.04) and 
acid propionate concentration than other treatments (P = 0.01) compared to 0.75 mg per kg of dry matter and 
treatments without Cobalt supplements (P = 0.01). Plasma levels of glucose and vitamin B12 was greater in lambs 
fed Cobalt supplements compared to other treatments (P = 0.0001). In general Cobalt supplementation and 
barley processing with steam rollers improved performance of the lambs. 

Keywords: Fattening lamb, Barley, Processing, Cobalt supplement  
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