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(>*-�� &  (_�Z ;1*� L��   *l��^+ Lal�  0� :# �l�B^+

 � _�Z �) � �� (K�b .(l�� ���  l)�  �1Ul4 �&�J l��   /�lD

 0� 91�llJ "gll4�) :��ll�b Fll��  ���Bllk 9&�ll4 *ll��^+:#  0�

���5  �) /��! /��h��!   ���*l " /�lD  (�* %�l8��)  l��� 

 .(�� �) �lc�" F��D   �lJ3 m" n)�l�".  0�  �* %�l8��  /�*l)

"�+-m) F�0� �  1 �*�I F�d+1*� 1 /o*%�  Vl�2" *��l�   /�lD

) ���"� �1 1 �%�_"� C�D   �+1�lJ " /�D   �lc�" �l)  F�"�l+

%0�� /�D L���" �*G �&�J �� &�" *�5) &Hoffman et al., 

2009; Martin-Rosset et al., 2006; Pagan, 1998(.  

 �c�" �) 0��% F�"�+L��  �6)�l8" /�D  Ll�� 1 /�   /�lD  *l�k

8"�6)� (�K��_" /�����) /�    1 �l>�34 0� �lJ3 m" Q�Xl�

 �l" �&�J �� �* %�8��  ) &�l�Goodwin, 2002; Davidson 

and Harris, 2002.( 0��% F�"�ll+���Bllk /�llD Lll�� /�llD

�6)�8" /�  �&�J l�� �)  /p�l) Q�Xl� 0�   �* %�l8��  �*l�I &

:�2"� .(l�� *�B�   F�l�q�D   �* %�l8�� 0� �&�J l��  �*l�I &

L��  /�D�4�"  1L��  1 F�*�+ ��b & /�D (7+  ;0�l"#

 ) (l�� $���>� ��b & 01 �) 01Hoffman et al., 2009; 

Richards et al., 2006.( I & �* %�8�� 0� �&�J �� ��"�&�*� 

L�� 1 :��&�" ;0�"# (7+ /�D F�)10  �+40  �Z&  �&�l"

 Y-!.(��     Ll�� /�*l) �l�"�& Fl��     1 �l� ��lb & /�lD

L�� 8" /�D�6)�  F�) /�50  �+70  �Z& Y-! �&�"  �*l�I

  ���Blk (l�� )Martin-Rosset et al., 2006 .(   $���l>� �l)

�" $���>� �*�I & �* %�8�� �) 0��% L�� (�K�_> �)��.  �) �"�

 �I�+ �) �� F��%���b L���  rl34  ��l!  (l��  0� �&�J l�� .

       �l) *l��" (l�� Fl2�" �*l�I & �* %�l8�� /p�l) Q�X� 

 /�l��)   /�lD  �2�K�)�l "lis and Hill, 2005; Julliand,( 

2005)  &�� Y�K�� �3�I 0�.   �lI�+ �)  �l)   Ll�� (�l��8b

 �) (a8% /�l��)    �l���5 /�lD     /p�l) Q�Xl� �l) sa+*l"

 .�* %�8��L�� & �* %�8�� Q�X� F��_+   /1*](��.  

) F��*)��) �) �I�+ �  �*l�I & �* %�8�� C*S" :�1�*> (��D�

 Lll�� �ll� Yll� 0� 1�1 �ll) :�*ll�� & Lll�� (_�llZ �, ll8)

�* %�8��  �+�&�1 /�D 1   �lb 0� $�l) :&�) p�)   Fl�� (l��G

�* %�8�� �D *,�& /�� 0� �* %�8�� ��K�+ . �&�J �� �) n)��" 0�

 .&�& 91*] �3!�& ����!  ;0� (l�� 
0p ��b F�4 &

�* %�8�� ���Bk�)��0� &�" /��K�+ /�D  �*G .&*�5+  F�l�_

�� C*S" *t����Bk �*�I �HD (�3)�G L��*] *) �* %�8 *) .

 �3b*" F�K1� .:���b /1 �)��0� h��! /&*)�� ��B^+ &

"  �l" j�l87 ) &�l�Van der Honing and Alderman, 

1988(.   u�) �%���b L�� �� F�� �) �I�+ �) ��b F�4 &

�" j�87" �eI&��.   ;1 �l) h��! �HD (�3)�G F��_+

n�I�>�" V� /1#�%�a� \  �&�la% �%��# �� :���b F�� 01

����D 1 *)(��.   

 /B^" &��" �HD (�3)�G F��_+ ����*> & (K�f� �c�" �)

h��!
�& �3�4 ��B^+ & �D 0� �D*,%�-%�" �&�J �� �D .&��

*,%�-% 0� �&�J �� �3!�& /�D (h��! L��*+ & &�I�")

 �) (a8%*,%�-% /�D �I�! /��&(��"��D �� (K�f�) �

 1����D �� /*)* ((��. :# (G& �"� 1 \�% *�t�+ (7+ �D

 (c3k .h��! L��*+*,%�-%  &��" & :# (>��0�) (�3)�G 1

) �_>&�3��1 �) �" �*G (:���b&*�5 Julliand, 2005;  

Van Weyenber et al., 2007) 0� �&�J �� v�S! & .(
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:�5������m-%.  .(�� ��� *- �" /&��0 9�4UR� �I�+ �)

 F�� ��34 ��B^+ �) �I�+ .L�� ;1*� :�� �SSm+ �)

 ;0� F��_+ � �� F�� & �� (�� /1*] /*"� :���b

 h��! n)��" ���Bk:# �HD (�3)�G 1 �D L�� &
�5  ��f"

�" j�87"*,%�-% 0� �&�J �� .&�� �D �HD (�3)�G F��_+ &

� ��% L�� �*�I:�2" *�B�(�� )Almeida et al., 2001; 

Arbabi et al., 2016(.  & �� ���I :# 0� �"� ���"0 F��

(�� ��-% *- �" �%���x 9�4UR� )Sales, 2012( ���f)-

;1 /0��*,%�-% �) y�)*" /�D� & �Db F�:���  /1*]
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1*� ��8��
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 .&�& ��p�) (G& 1 �>�]� ����D �) 0��% .�*�I F��D �)
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 V"�� �&�J �� &�" �a-! 0� �R�3m") ��%��66  1 (�Z&

 ) ��l�5 ���34    .&�l) (�lZ&    �* %�l8�� 0� $��l"0# Fl�� &

 WXll� & �I�ll!25  �llZ&)Tc ( Yll-! �&�ll" 1 �*ll�I

�* %�8��  Q�X� & �3!�&20 .25 1 .30  �Z&)  Ll�+*+ �)
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1. ASPA 
2. Cavalor  
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��B^+ 0��% L�� /� � �&�J �� �) �D�1��I 0    ���Blk 9�lI�� b�

L�� )NRC, 2007*) 1 (     Ll�� (l�K�_> WXl� '�l��  /�lD 

Ya�)3s�� " .4F�,�� .5 F�,�� �3�! 16 ( �&�J �� &�" 
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L��  �*G �D�� �&�&.  $��"0# F�� & �&�J �� &�" �>�34
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3. Light work 
4. Moderate work 
5. Heavy work 
6. Very Heavy work  
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Table 1. Content of protein and digestible energy in treatments 
 

Treatments Diets protein(g/ kg)  Digestible energy(MJ/kg) 
Tc 25%concentrate (Cavalor) 119 8.95 
T1 20%concentrate (ASPA) 114 8.99 
T2 25%concentrate (ASPA) 115 9.30 
T3 30%concentrate (ASPA) 116 9.60 

 
�1�I 2 -  �Z& ����! 
UG�& �&�J �� &�" ) �3!�& �* %�8��(Y-! �&�" L8b*) 

Table 2. The percentages of feed ingredients used for local concentrate (DM basis)  
 

Ingredients  % 
Micronized Wheat 8  
Micronized barley 35 
Extruded corn 10 
Roasted soybeans 5 
Rice bran 5 
Beet pulpe 5 
Oats 8 
Vegetable oil mixturea 3 
Vitamin and mineral supplementsb 1 
Pelleted Concentratec 20 

Total  100  
a A mixture of soybean, sunflower and canola oil. b 15000 IU Vitamin A, 565 IU Vitamin E, 
1650 IU Vitamin D, 20 mg vitamin B1, 15 mg vitamin B2, 0.5 mg vitamin Biotin, 2.7 gr 
Ca, 1.1 gr P, 5 gr Mg, 29 gr K, 8.8 gr Cl and 4.5 gr Na per kg feed.  

c Calf starter contained 220g CP, 30g EE, 54gADF and 84gNDF and 14 MJ DE per kg DM 
 �llc�" �ll) �ll� Fll�� �ll) �llI�+ �ll) �llHD (ll�3)�G F�ll�_+ 0�

*,%�-%/�D  *l� ��8�� 1 F��,�K1 
   .�l� �&�J l��  ��lR &

�%�a� 01 �R�� �%��% L�� *D \�>�" 0� �3b*"   �l) /�&*l)

�"# V�4 )Sales, 2012( .�%��% 01 *D :���� & �D  \�>�l" /

 :���b *D �%��% Y� 1 y�3m" �D �)�c�" �)  
��%���+  �l�

�8�� :1& �������   /�l"& & �2� �U� /�D20-   �lI&

� %��  :���� & .�� �*�!� &�*57 �%��% 
��+ 01  y�)*" /�D

 1 y�3m" 
�& *D �)�D�,-��"0# ����+ �c�" �). 100  
*5

 :# 0� /�"& &20- � %�� �I&    .�l� �*l�!� &�*l5  VlaG  0�

��+ 
��%��� �.������ �%��% /�D�%��% 1 \�>�" /�DI�*� �D

�"& & 1 :1# &/ 55  �I& �+�:�� Y-! ()�t :01 �). 

1  }��   Yl� YlK� �) �f�" j���# �)" �l3�  /*l "   j��l�#

) �%��Wiley mill, Swedesboro, USA ;1 �l) `)�X" .(-

  &��%� ll�� /�llDAOAC, 1990) ( (llc3k  .Yll-! �&�ll"

d+1*� .* 8��!F�  �lS4 1 
�!�  *l+�/  �0��l%�  /*l�5  .�%�l�

��llI�/ &���ll� K�3ll�� )NDFom .ADFom  1ADL ( �ll)

��37" 0� �&�J �� F��_+ /���� 1 �e�! ������ /�D�%�� 

)AOAC, 1991; Van Soest et al., 1991 .(� 
1*� ��8� &

�ll%��%   0� �&�J ll�� �ll) &��%� ll�� ;1 `llaR \�>�ll" /�llD

��1* 2�) ��+� jBI * "� >Kozloski et al., 1993�0��%� (-

�� /*�5. �"�%��% & ��% F��,�K :��  \�>�l" 1 h��! /�D

�0��ll%�) �ll� /*ll�5Hindrichsen et al., 2006n .( /�*ll)

 �a��7" �HD (�3)�G 1 Y-! �&�"  �*l�I /Bl^" &��"   0� �lD

 �X)�*�0 �� �&�J ��: 

(�Z&) �HD (�3)�G =  

)×(h��! & *,%�-% �Z&/ \�>�" & *,%�-% �Z&×100[ -100  

 /B^" �&�" �Z&)](\�>�" & /B^" �&�" �Z&/h��! &  
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) �HD V)�G /o*%�Digestible Energy=DE0� �&�J �� �) (   

 &1#*) *�0 �X)��� (NRC, 2007):  
�G /o*%�)V �HD (/*K���,"/Y-! �&�" 
*5�3��) = 2.118- 0.01218 × 
�! F�d+1*�% - 0.00937 ×/���� ������ & ��37"�% C��K�% -

0.00383 × �K�3� ��D + 0.04718 × 
�! �)*x% + 0.02035×�%�� !�� *�k 9���D�)*�% - 0.0263 ×
�! * 8��! 

�K�3� ��D = �e�! ������ & ��37"�% C��K� - ��K�C ��37"�% /���� ������ &  �%�� !�� *�k 9���D�)*� = 100 –(�e�! ������ & ��37" �% C��K� 

+ 
�! F�d+1*� + 
�! �)*x + 
�! * 8��!) 

  

�1�I 4 - �*�I *t�  �HD (�3)�G *) �-��"0# /�D 1 Y-! �&�"*5) /B^" &��"(
*5�3�� & 
  0� �&�J �� �)*,%�-%  
1*� ��8�� 
Table 4. Effect of experimental diet on the digestibility of DM and nutrients (g/kg) using chromium oxide as a 

marker 

P-value          Experimental concentrate     

Q L Between all treatments SEM T3 T2 T1 Tc  

0.03 0.01 0.01 7.22 609a 531b 498c 512 bc Dry matter 
0.03 0.01 0.01 4.20 607a 547b 512c 506c Organic matter 

0.24 0.01 0.01 3.83 580a 545b 523c 527c Crude protein 

0.01 0.01 0.01 2.79 378b 309c 305c 427a Ether extract 

0.04 0.01 0.01 2.76 408a 373b 357c 358c NDFom1 

0.01 0.01 0.01 2.97 336a 274c 259d 307b ADFom2 
1Ash-Free Neutral Detergent Fiber. 2Ash-Free Acid Detergent Fiber. L: linear effect of different levels of ASPA; Q: 
quadratic effect of different levels of ASPA; SEM: standard error of means. a-bMeans with different letters in each 
column are significantly different (P<0.05). Tc: experimental diet with 25% of Cavalor. T1: experimental diet with 
20% of ASPA.T2: experimental diet with 25% of ASPA. T3: experimental diet with 30% of ASPA.

  
 

�1�I 5 - �*�I *t�  �HD (�3)�G *) �-��"0# /�D 1 Y-! �&�"(
*5�3�� & 
*5) /B^" &��"  0� �&�J �� �)*,%�-% F��,�K 
Table 5. Effect of experimental diet on the digestibility of DM and nutrients (g/kg) using Lignin as a marker  

                                     P-value       Experimental concentrate  

Q L Between all treatment SEM T3 T2 T1 Tc  

0.47 0.01 0.01 4.62 556a 514b 480c 501b Dry matter 
0.24 0.01 0.01 3.47 535a 523b 502c 496c Organic matter 

0.28 0.02 0.04 4.72 524a 508b 504b 493b Crude protein 

0.01 0.01 0.04 5.62 358b 289c 272d 447a Ether extract 

0.25 0.03 0.01 2.95 353a 345a 328b 348a NDFom1 

0.07 0.01 0.01 4.08 298a 268b 216c 279b ADFom2 
1Ash-Free Neutral Detergent Fiber. 2Ash-Free Acid Detergent Fiber. L: linear effect of different levels of ASPA; Q: 
quadratic effect of different levels of ASPA; SEM: standard error of means. a-b Means with different letters in each 
column are significantly different (P<0.05). Tc: experimental diet with 25% of Cavalor. T1: experimental diet with 
20% of ASPA.T2: experimental diet with 25% of ASPA. T3: experimental diet with 30% of ASPA.

  
    



26               /* %U� j��"�� �K� Q1  ::��2�D 13)�G(� I �HD�*�/�D �Bk�� 1�b/ 3!�& �* %�8��� I�! 1� 0� �&�J �� �) /�D*,%�-%...  

 
    �l���+ .�l� �*lI� �>&�S+ TU"�� ���� Q*R LK�G & $��"0#

�&�& 
*% �) � �K�"*% :�"0# 0� �_) �D ��>� )2/9 (SAS  (2008) 

F�,%��" �8��6" .�� 
��%� �D ;1 0� �&�J �� �)  �l�x :�"0#

��"�& /� WX� & 1 F2%�&5 .(>*5 
��%� �Z&  

" &��" 1 Y-! �&�" �HD (�3)�G      �l) ��l"# (l�& �l) /Bl^

.(>*5 �*G �8��6" &�" �D �) ��% *,%�-% 1& 0� �&�J ��  
Yij =µ + Ti + eij 

�� & ��"  ��B"µ  �l_K�X" &�l" (JZ F�,%��" : .Ti  *lt� :

���+  1eij�-��"0# /�X! *t� : �" .���)  

 A��!%B�� �  

 ��HD L��*] *�&�6" 1 Y-! �&�"�*�I /B^" &��"  /�D

 $��"0# &�" &1#*) 1�1��I & L�+*+ �) �HD V)�G /o*%� 

4 1 5 .(�� ��� ���� �*�I �HD (�3)�G 0� VZ�b <�� % �D

 0� �&�J �� �)*,%�-%) �&�J �� &�" /�D 
1*���8�� 1

 (F��,�K �� &�& :�-% &��" �HD (�3)�G /B^"�*�I /�D

��_" 91�J+ �-��"0#�� ��& �D �) /�& )05/0P<( . �8��6"

 (�3)�G �� &�& :�-% �*�I & �I�! 1 �3!�& �* %�8��

�K# �&�" �HD. 
�! F�d+1*� ������ & ��37"�% C��K� .

�HD V)�G /o*%� 1 �e�! ;1 �) ��"# (�& �)) .

 �1�I .
1*���8��4(  �I�! �* %�8�� /1�b �*�I)Tc (

%�8�� /1�b �*�I �) (a8%  WX� :��D �) �3!�& �*25 

) Y-! �&�" & �Z&T2 ( (�3)�G �"� &�& :�-% $D��

 & /���� ������ & ��37" �% C��K� 1 /*+� ��S4 �HD

 &�) *+p�) �I�! �* %�8�� /1�b �*�I)05/0P<( .  

� >��D �� &�& :�-% ��% F��,�K *,%�-% ;1 0� VZ�b /�

(�3)�G  /1�b �*�I �HD V)�G /o*%� 1 �K# �&�" �HD

 &�) �I�! �* %�8�� /1�b �*�I 0� *+p�) �3!�& �*%�8��

)05/0P<(.  .Y-! �&�" �HD (�3)�G L��*] *c% 0� �"�

$m) 1 
�! F�d+1*� 91�J+ �* %�8�� 1& F�) �>��K� /�D

��_" .�-% ��D�-" /�& 9�4UR� F���" �%��+ 0� ���b

 *t� /*+*)��F��_+ &��" �HD (�3)�G *) �3!�& �* %�8 �����

���Bk �*�I ���)�f" . (a8% �3!�& �* %�8�� 91�J+ F�*+

$m) �) y�)*" �I�! �) �1�I) �>��K� /�D3 .(�� ( 

 (c3kNDF .ADF    1ADL  L�+*+ �) �3!�& �* %�8�� &

3/25 .6/7  178/2 ll8�� & �ll� �K�llb & &�ll) �llZ&� �* %

 *l�^ " �I�! �lD    Ll�+*+ �l) �l)�" /1/35 .2/13  167/4 

    $lm) �l� Fl�� �l) �I�+ �) .&�) Y-! �&�" & �Z&  /�lD

 ) &�& �lHD (�3)�G *) /*t�" $6% h��! �>��K�Brøkner 

et al., 2012; Hainze et al., 2003(.    �*l�I /*l+*) F��*)��)

 �HD (�3)�G *c% 0� �I�! �) (a8% �3!�& �* %�8�� /1�b

�" ��I�+ V)�G���). )�    &��l" �lHD (l�3)�G F > p�) .�1U4

   �l�% �*l�I & �* %�8�� (a8% $���>� �) ���Bk �*�I /B^"

��I�+ 1 ���"�*�I �HD (�3)�G *) /*a�> $m) *t� ����� �D

(�� $m) .�* %�8�� (a8% $���>� �) �� �*x   /*la�> /�lD

 .(�� � >�� $D�� �*�I   $lm) /*D�l� �lHD (�3)�G  /�lD

 (a8% /*a�>  9��l�D�)*� �l)     Ll+�*" �l) /*la�>*�k /�lD

F���� *+(�� . F�,%��" �HD (�3)�GNDF  1 ADF�*�I /�D

 L�� ��B^+ & <�� ���Bk   Ll�+*+ �l)  &1�lb4/45  19/39 

9���D�)*� 1 F�d+1*� �HD (�3)�G �"� �Z& �) ��37" /�D

 L�+*+71  16/88  ;��5 �Z&) (�� ���Pagan, 1998( .

 .F�� *) �1U4 �-�"NDF  �*�I 1 h��! �HD (�3)�G *) ��%

�� �B5*�t�+ ���Bk) (Choct and Kocher, 2000( (�3)�G .

 �HDNDF  L�� ��B^+ & �&1�x36   �K�lb & (�� �Z&

 �HD (�3)�G ��NDF  L�+*+ �) 9� 1 �I �%�&2/42  147 

�" �Z&���) )Cichorska et al., 2014(.  �* %�8�� & /�D

" �+�&�1 p��_  �&�J l�� �&1�x 0�  &�l� �l"    �* %�l8�� �l"�

    �l" &�l! Fl�� �l� ��&*5 ��f+ �I ���� *) �3!�&   *l) �l%��+

 .�l��) �&�) *t�" �*�I �HD (�3)�G     �*l�I �l� �l-��"0# &

 /1�b ���Bk60    1 Yl-! �l>�34 �Z&40     �l) �lI �lZ&

 /1�b �*�I60  1 Y-! �>�34 �Z&40   & �&1�lx �Z&

6" &�" L�� ��B^+       �&�l" �lHD (l�3)�G (l>*5 �*lG �l8��

�*�I Y-! L�+*+ �) �D60  152      �l� �l� ;��l5 �lZ&

      ) &�l) �lI /1�lb �*l�I /*l+*) 0� ���lbBergero et al., 

2009(� aK� . V�4 ;1#   ��l��� F�l�_+ *lt� �%�& /1  *l) /�

&�& L�� & h��! �HD (�3)�G L�*].  �l� /�7% �).   �l)

*> �&1�x C*S"#3)�G ��� ����" �HD (�  �l%��+   :��l�" �l)

  �I�ll+ Vll)�G ) �ll)�� $���ll>�Julliand et al., 2006; 

Philippeau et al., 2015.(  1 �I 0� �3!�& �* �8�� ��f+ &

) ��� ���%1*2�" 
��5Micronized   ��l� &1* l8�� 9� 1 (

)Extruded �l" �c %� �� �� �&�J �� (    �lHD (l�3)�G (l>

 .����) � ��& ��p�)�*] <�� %   0� ��l"# (l�& �) ��HD L�

,�K 1 
1*� ��8��) *,%�-% 1& *D  �1�lI .F�l�  /�lD4  15 (
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 :# 0� ���b �� (��     �* %�l8�� rl3 m" Q�Xl� C*lS" &

��_" 9�*t� �*�I    &��l" 1 Yl-! �&�l" �HD (�3)�G *) /�&

) (ll��& /Bll^"05/0P<(.  �ll� /�ll7% �ll):��ll�" $���ll>� 

 �*�I & �* %�8��)T1. T2  1T3( �X! �R �)  �X!*�k 1

*,%�-%)    (F�l�,�K *,%�l-%) �X! 1 (
1*���8��   p�l) Lal�

 & ��37"�% C��K� .�K# �&�" .Y-! �&�" �HD (�3)�G F >

  �llHD Vll)�G /o*ll%� �ll�% 1 /��ll�� 1 �lle�! �����ll�ll� �

)05/0P<(.  L��*] & �-���>� F��x �HD (�3)�G�"  �l%��+

 $D�� V�K& �)$m)   �El�1 �l)) /*a�> /�DADF  1ADL (

�*�I   $D�l�1 �* %�l8�� WX� $���>� ��� % & ���Bk /�D

  �l��) �l>�34 (a8%   �*l�0    �l>�34 WXl� $D�l� �l).   (lc3k 

�" $D�� F��,�K  �)�� $���>� *"� F�� �� �HD (�3)�G & �

&�& �� )Freire et al., 2009( .�D    /1�lb �* %�l8�� F�l�x

 lc %� �*�I & :# (a8% $���>� �) �� �&�) ��p�) � ��-% �

�"   �lD& :�l-% $���>� /B^" &��" �HD (�3)�G L��*] &1

)Pagan, 1998; Cichorska et al., 2014 .( $D1E� �) `>��"

$D1E� *��� & *]�b ��� 
��%� /�D  �&�" �HD (�3)�G ��%

Y-! $m) 1 /B^" &��" 1     �fl� $���l>� �l) /*la�> /�D

 �*�I & �* %�8�� L�� $���>�  (l�� �l >�� )Karlsson et 

al., 2000 Miraglia et al., 2006; Hintz et al., 1971;(.  �)

   �l) �l� (�� ��� *- �" ��% ���D ;��5 ��b F��  $���l>�

  �lHD (�3)�G L��*] .L�� ���Bk �*�I & �* %�8�� (a8%

 �) �� (�� � >�� $D��� >��     Fl�� & *l]�b $D1El� /�lD

�D ���"0 .&��% �%��! �-��"0# & ���* %�8�� WX�  �*�I

 ���Bk 0�35  �)50  �Z& ��B^+ & L��  .�l� �&�& $���>�

 �HD (�3)�G Y-! �&�"  Vl�K& �� (>�� $D�� � :#  &�l�0

) �*�I & �* %�8�� WX� :&�)50   j�3X"�l% *�t�+ 1 (�Z&

1*2�" *) :#
��%�5�      &�l��� ��l� b� 1 ;��l5 ��, l�& /�D

  �l) .(l�� ��� :��) &�b (7+ 01����    WXl� .�1Ul4�)  * l-

) �*ll�I & �* %�ll8��50  *ll)�*) &35  $��ll"0# & (�llZ&

 ��B" $D�� La� ��l� h��! C*S" :�"0 9�"   & �l�

:# �� /B^" &��" �a4 (4*� .-�) ��� *  F��x & .(��

.�X��*�  
�2� �) � ��-% :��� :�"0 l�  �l >�� $D�  �l�

>�(       (l�� � l��& �l� & � �lHD (l�3)�G)Freire et al., 

2009(. 

& �-��"0#  .*JZ Q�X� 0� �&�J ��30  150   & �lI �Z&

�%�� �*�I. �HD (�3)�G    & ��37"�l% C�l�K� 1 
�! F�d+1*�

 /��l�� 1 �e�! ������    (l>�� $D�l�)Karlsson et al., 

2000( ��  rK�m"�)       �lI �l�B^+ .&�l) *l]�b $D1El� <�� %

 $�� �>�34 0�$D�� La�  :�"0 :�%�" �G�)�I &  ��, �&

 ;��5�  �l�� % & 1 ��   �lHD (l�3)�G   & ��37"�l% C�l�K�

/���� 1 �e�! ������  � ��& �� & � (��)Karlsson et 

al., 2000(. F�� *)��). �"     �l� &�l�% y�a� l�� :��l+  (al8%

  Ll�� ���Bk �*�I & �>�34 �) �* %�8��    /&1�l7" �lb �l+

�" �HD (�3)�G L��*] &�af) La�   (al8% �lq%��x 1 &��

 ���) p�) :#  �l" *lc% �) .(��& �D��! }24 �%1  & �l�

    �*l�I & �>*lS" �* %�l8�� (a8% F�*+p�) .*]�b $D1E�

) L��30    L��*l] �l� �*x ���) �&�) �a���" WX� (�Z&

�*�I �) (a8% �)�" �*�I & /B^" &��" �HD (�3)�G  /�lD

F���� Q�X� /1�b.&�) * -�) �* %�8�� *+   

    0� �&�J l�� �l) �lK# �&�" 1 Y-! �&�" �HD (�3)�G L��*]

     �*l�I & F�l�,�K �l) �l8��6" & 
1*l� ��8�� *,%�-%  /�lD

:# 91�J+ �"� &�) *+p�) �-��"0# /1�b �*�I & �D30  �Z&

��_" �* %�8�� V2�) &�) �&1 .(     /1�lb �*l�I �lI �l)20 

 �* %�l8�� �Z&.   �*l�I *��l� &     �lHD (l�3)�G L�*l] �lD

*�    *+p�l) F�l�,�K �l) (a8% 
1*� ��8�� 0� �&�J �� �) F�d+1

     1& F�l) �+1�lJ+ /*l+� ��lS4 v�S! & �� �K�b & &�)

 V2ll�) �ll-% ��D�ll-" *,%�ll-%2 �llHD (ll�3)�G .(NDF  &

�*�I�� �) �3!�& �* %�8�� /1�b /�D ��8�� 0� �&�J   
1*l�

 v�S! & �"� &�) F��,�K *,%�-% 0� *+p�)ADF   �*l�I s6>

1�b /20 ��8�� 0� �&�J �� �) �* %�8�� �Z&   L�*l] 
1*�

 V2�) (��& /*+p�) ��HD3 .(  

 ()�t ������� � !�� Y� /��& �&�J �� &�" 
1*� ��8��

 & .&�) ()�t �D �*�I ��D & :# 0� �&�J �� :���" 1 �&�)

 �� �K�b & �>�34 �f� $D�� 1 �* %�8�� (a8% $���>� �)

(c3k �f�+ �% .�*�I 1  (�� � >�� $D�� F��,�K (���

 ��% �%�� !�� *c% 0� �23) (�� F2�" � >�� *��^+���)  �*x

h��! & F��,�K � !�� ��(8�% :�82� r3 m" /�D  

)Santos et al., 2005: Sales, 2012(�" 9�*��^+ F�� . �%��+

 ��� % & 1 F��,�K (>��0�) *) *t�" �HD (�3)�G L��*]

�5 & .���) �&�) ��8�� (>��0�) :���" ��� ��"�& & 
1*�

76  �+103 F��,�K �)��0�) ��"�& 1 �Z& F�) 44  �+110 
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 �Z&(�� ��� *�� )Sales, 2012( . �� /*,�& $D1E� &

 �>�34 �HD (�3)�G 0� 1 r3 m" /�D*,%�-% �) ���x r34

 F�) F��,�K (>��0�) :���" .�� F��_+ F��,�K �3�I106  �+

129  " �Z&) &�) *�^Kanani et al., 2014 (>��0�) .(

�" * -�)1#*) La� �%��+&  �HD (�3)�G 0� /*+p�)�� .& &

 *]�b `�67+ F�,%��" &1�b 
1*� ��8�� �)��0�)5/100 

 F��,�K �)��0�) 1 �Z&8/98 .&�) �Z&  .��b F�� �)

,�K 0� �&�J ��� & ��37"�% * 8��! *,%�-% �) �8��6" & F�

& ����  /*+p�) (G& 0� �%��+ �" �>�34 �HD (�3)�G F��_+

) ���) �&�!*)Bergero et al., 2005(.  (G& .�3� �R �)

 \�% ��%�" :# 0� �&�J �� s��*� *�t�+ (7+ *,%�-% *D

�&�"# ��7% .���Bk �*�I 1 h��! (�*��" 1 h��! /0��

 :# (>��0�) (�3)�G 1 h��! & *,%�-% (c3k .:&�& h��!

�0��%� (G& ��% 1�" �*G ��,-��"0# & *,%�-% /*�5 &*�5

)Goachet et al., 2009 :Oliveira et al., 2012; Santos et 

al., 2005 .( �� (�� ��� ;��5��41 &��_+ $���>� �)  /�D

h��!. 1*2�" ��* �& :�"0
��%�5�  �& /�D ;��5 ��,

�" * -�) /B^" &��" �)  *��^+ * -�) F��,�K � !�� 1 &��

�" ���.  F��*)��) $D�� La� �)��0�)�" F��,�K &�� 

)Oliveira et al., 2012*) �1U4 .( F��.  & F��,�K �)��0�)
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Tc: 25% imported concentrate (CVL), T1: 20% concentrate (ASPA),  

                                T2: 25% ASPA, T3: 30% ASPA,  Cr2O3: Chromic Oxide 
 

Fig. 1. Comparing the digestibility of DM and OM by internal (Lignin) and external (Cr2O3) marker 
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Tc: 25% imported concentrate (CVL), T1: 20% concentrate (ASPA),  

                                  T2: 25% ASPA, T3: 30% ASPA,  Cr2O3: Chromic Oxide 
 

Fig. 2. Comparing the digestibility of CP and EE by internal (Lignin) and external (Cr2O3) marker 
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Tc: 25% imported concentrate (CVL), T1: 20% concentrate (ASPA),  
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Fig. 3. Comparing the digestibility of NDF and ADF by internal (Lignin) and external (Cr2O3) marker 
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Abstract 

The aim of this research was to compare the digestibility of two concentrates with chromium oxide (Cr2O3) and 
lignin as markers in the Turkmen horses. In a completely randomised experiment 16 Turkmen horses, weighting 433 
±50 kg and aged 8 ±3 years were used. The treatments were a control diet (Tc) contained 25 percent of imported 
concentrate and three diets contained 20, 25 and 30 percent of local concentrate, T1, T2 and T3 respectively. The 
trial was carried out for a period of 28 days, started with 21 days of adaptation period and 7 days sampling and data 
collection. When Cr2O3 marker was used, the digestibility of OM (547 vs. 506), CP (545 vs. 527) and NDF (427 vs. 
309) were higher (P< 0.05) in T2 in comparison to those in Tc diet. Increasing of concentrate level in the diets 
improved the nutrients digestibility (P< 0.05). The digestibility of CP was significant between two markers. In 
conclusion, a part from the digestibility of EE, the 25 or 30 percent level of local concentrate increased the nutrients 
digestibility in comparison to those fed imported concentrate. Additionally, lignin could be used as an internal 
marker for digestibility determination in horse fed diet contained at least 70 percent forage. 
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