
 ���� ����	
� ��
�
��  

 ������/	
��� 

���/���� ���1397 )56 -47( 
 

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

�*+,- ��+��  .���- ��/%�$ �0�  

&1�12 3
��1*�+-�� ���6� "2����- #%�8� "3  

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

2- ����-0 
�1#'(�  !�
"�#$ 
%&#'(�  	(� 3/456 !-�$� !*7#'(�  

3- 	(� 3/456 !-�$� 3�8*�9 :'(�   
�1#'(������*8 ;<�(
 )=<>? @A�B� " !�
"�#$  

 

 :DE�/
� F/
�6)16/04/97 -  :H-/4I F/
�617/06/97(  

���,:   

 -J�K :�"LI 
*MB� 3A56 H�
( " )/�<�<� N<$-6 ;<<=63/4  ;<<=6 OP� " Q/*� 30��6 !( �%'�7B. -<RS6T�* UV+�W�  �9

 
�37B�(-E " �X� D<+A�Y -A 
-<Z �"-A -<�W6 !�� )B6 %� 	�7'(.  (%�A(�<� N<$-6< " )/�37B�(-E �"-A -<�W6 !��  )B6

Q/*� 30��6  37'*/ " 	%B. 
�$ �A3�/�\� � .% OP�  ](-R(/^1/�ZB ) �A 
-<Z 3E*+, :WA-�_ U*T�  50  100  150  "200 

	-.  Q/*� 30��6$ 
�	-.*+< `#8 
��� 37B�(-E -A �"-A -<�W6 !�� )B6  )�
-A�% .���� 
� ��. %<0*6 �7K ;/-�#<A  !��

 �*<��A*&'( 3<0"()16  "24 D,��( " ) ��. %<0*6 a-'c ;/-��$ " Q/*� 30��6 �*<��A*&'( �A (
(%\� �9 !(-A  
%��#� 	%B. 
�$

�% )05/0P<(. ��K -� 3A ;/-�#<A  
(%\� ���� -/�� 
� ��. %<0*6 �*<��A*&'( !��   ^<' " ;/-�#<A ��. %<0*6 b<�'��I)b (

" 37'*/ 3A c*A-� -��$ ;/3A c*A-� �9  	%B. 
�$�*A )05/0P<( ;/-�#<A .
(%\� H
(*. )09 
��� " `#8 
��� !-/4I  

)A"-&<� ;<d6"-I " -<7'� 
�6*$ e-� !��%<�( �" 3A3+< 30��6  ;/-��$ " Q/*�
(%\� �*<��A*&'( �A �9  
%��#� 	%B. 
�$�% 

)05/0P<(-�   )B=� fg�8( 37'*/ " Q/*� 30��6 ;<A %B�  .D�(%' �*Z" !
(��A ��6 )B/^1/�Z3E*+, :WA !�Z 3A Q/*� 30  !(


-<Z  hT� �620  %_
�  3A^Z  )$�<'*�9 �i"-�<' DM+j"-I ^�B� " :��$ )T8 
*? 3A 3$)A"-&<� ;<d6 3$  )T8 
*? 3A 

 :/(^E(DE�/37B�(-E -/��   -<�W6 !�� S6 Dk6 -<RDE-1' 
(-Y )05/0>P( .A Q/*� 30��6  :�"LI ;/( �( b_�K Q/��' 3Z*6 �

3/456 H�
( " )/�<�<� N<$-6 !(
(�  	(� 3/456 
� ;/^1/�Z )$(
*8 
��� `/ �(*B, 3A �9 �( 
�����( " 
�*A )A*+T� !(

)� 3<_*6 *�.� :/���9 	�7'( %B���<' -J�K Q/��' %</S6  ��K -� 3A.D�( 
%'� 	(� 
� 
L/" 3A " -�#<A !�� 

�;�% ��&���< &: 3/456 H�
(  !( �"-A -<�W6   )B6Q/*� 30��6  %<0*6  ��. %B��*. 

  

  
* :�*d�� l%B�/*' azizi.msc.modares@gmail.com azizi.ay@lu.ac.ir;  

 



48                  !^/^, e*/(  "�(
�&�� :%<0*6 -A 
-<Z 
� Q/*� 30��6 V+�W� U*T� -R( H
(*.  ��. 3>�&� -<�W6 " !45� �(*� !-/4I ...  

 

���
� 

h<k_ 
�����(  !�
"�#$ !��%'���I �(!(-A  ��(*��


-<Z D�<Y ��*�'  )/(4j !��D�( ;&��  �*>�A N>�

)�(� ](%<0*6 �*� )Fazaeli and Frough Ameri, 

2006 .( �( 
�����()j�A " !�
"�#$ !��%'���I  3/456 
�

 	(�]�'(*<K -��$ )1��A(" n,�A  ]gj 3A)� �*�  "

;<Bo�� 3B/^� 3A ��<'  )E�J( !��(-A! 3��'-A  !��

)� f4K (
 )�/-/%� %B$ .]�=/�J  ]�7/^>� " 
*<�

)� @A�B� �(*B, 3A %B'(*6 -<j )$(
*8 f
�=��  3/456 
�

:\' ]�'(*<K )��� (
 !(-A @E
 	(� p(
*8 �*>�$  ��/(

%B/��' )Wadhwa and Bakshi, 2013.( 
� �*? 
-<7'� 

 !
"9-E 3��A  !%BA @/�*6 " f-q� 
*<� " ]�7/^>� 

�
(%\ ]�=/�J 
�<�A !��/� %<0*6 )� �*� .!(-A  ��r� 
� 

!��
*#$  %B�  ;<P<+<E ;<� " ]s�/( 
%k�� �&/-�9 3A 

N<6-6 3's�� �"%K 81/1  53/6  32 " 15 �*<+<� ;6 

]�=/�J !^>� " 
*<� %<0*6 )� �*� )Wadhwa and 

Bakshi, 2013.(  �(-/( 
� ]�=/�J ;/( %<0*6 �( )\<Y� 
��9

D�� 
� D�<'  ";/( ]�=/�J ts*�=� 3A ]
*_ 30�A� 3A 

u<k�  D�/�@E�  
%� 3$ N>� ��7/( ).�*09 !�� 

D�/� )T<k� )� �*� . 

Q/*�  )�+, 	�' �A)Ducus carota( �( 3+�Z ]�7/^>� 

3#/
 !( " ),
(� D�( 3$ ��� �9 
� %<0*6 ]�7/^>� 

)'��Z :<A �( 3 %_
� D�( " t�>/-\6 
� -�(-� �(-/( 

%<0*6 )� �*� . 
*$4� p(
*8!(
(� -/��\� !��/� 

]�><$-6 %<�� �( 3+�Z %<v*B6"
�$ �*+k� !��%BY  ��" 

!��-><E )$(
*8  ���'( 3/456 
�D�( . 
�<�A Q/*�

*8H )'��9 3A " 
�*A p(
*83+<�" 3A  ��.%BB$
(*W#'

)� f-q�  )A*+T� ��<0*A��� bA�Y !i-'( !(
(� " �*�

)29/3 .*+<$ 
� !-0�$�1� (`#8 
��� 	-D�()NRC, 

1989)� .(  3A (
 
��6 Q/*� �(*6
(%\� 20  �625  %_
�

 `#8 
��� 
�) �*�' 3/456 !-<� "�. 
-<ZMorel 

Arlex, 1990 �( 
�����( !-1/� 3=0�T� 
�  ;<Bo�� .(

 hT� �6 !
("-I 30��*. 
-<Z 
� Q/*�40  
��� %_
�

w<� `#8) D�( 
�(%' ��#' (
 )�B� -R( 3'*.Rust and 

Buskirk, 2008 .(OI �( A9!-<1  -/��\� bA�Y )�Z*6 �( 

]�><$-6 %<��  Q/*�3A 
(-�� 30��6 
%� )� �"
 . �"%K30 

 �650  �9 30��6 (
 Q/*� ��" %_
�
�(� b<&#6 )Bao and 

Chang, 1994(  3/456 H�
( b<0� 3A 3$ ) 3Z*6 bA�Y !( -A

 !"�K `#8 
��� x��(2/7  	�8 ;<d6"-I %_
� 24 

  )rB8 
%B/*� 
� �*+k��' f�<0( %_
�20 _
� f�<0( %

" !%<�( 
%B/*� 
� �*+k��' 3/4 )0*BE ]�><$-6 %_
� 

^<' "   �
�$�� 3+�Z �( �*+k� !��%BY " ��%<v*B6"
�$

�*+/(� " �*�$"-E D�((   (
 	(� 3/456 
� 
�����( D<+A�Y

�
(� )Schieber et al., 2001; Nawirska and 

Kwaśniewska, 2005 .( %'���I ;/( ;<Bo�� @>B� )Bj 

�( -_�B, )'%=� �$ ��<' " -I ��<' D�( )Tanska et al., 

2007; Wadhwa and Bakshi, 2013  .(D<_�8 b<0� 3A 

63/^7 !-/4I  ��/�" ).%BB$-I 3>�&�  !(�$f-q�    ;/(

%'���I  
� ]�'(*<K-7B� 3A  f-q� !s�A
��� `#8 

)� �*� )Wadhwa and Bakshi, 2013.(  )$%'( ]�,g?(


�

�A � Q/*� 30��6 �( 
�����( ��.%BB$
(*W#' 3/456 


 �
(� �*Z" 3=0�T� 
� ��(  yW#�  H*.-8 !"
 !(� 
%

 3$3/456  hT� �6 Q/*� 30��650  
-<Z `#8 
��� %_
�

w<� -R( 3'*. )�B� " !45� �(*� �X� D<+A�Y  %�
 -A

37B�(-E ) D�( 3��(%' )'*8 !��El-Medany et al., 

2008.(  

 )$%'( ]�=0�T� �*B$�6

�A
�  -R( 3/456 Q/*� 30��6 
�

 �9 -R( 
L/" 3A " ��.%BB$
(*W#' -A37B�(-E  %<0*6 !��

H
(*.  ��. !45� �(*� !-/4I  -<�W6 " 
� ]
*_ 3>�&�

 .D�( 3�E-.(40 (%�A( -J�K :�"LI 
�  " )/�<�<� N<$-6

37B�(-E <�W6 " ��. %<0*6 !�� ;<<=6 Q/*� 30��6 -� .%

 -R( OP� �%'�7B. %'���I ;/( V+�W� U*T� 
-<Z 
�

37B�(-E -A  " ��. %<0*6 !��" -<�W6 H
(*. !-/4I 

3>�&�  u/(-� 
� !45� �(*� !(�"-A )B6  ;<<=6%�. 

 %� % ��
���  

��� )? -J�K :�"LI  !��1397-1396  3,
^� 
�

 )+<�&6 	(� 3/456 
�1#/���9 " !
"-P�(� ����-0 
�1#'(�

 .DE-. ]
*_T� ;/( 
�)/�<�<� N<$-6 (%�A( 3=0�  "

3/456 H�
(  )B=/ -1/� )$(
*8 
��� "� �A Q/*� 30��6 !(

 37'*/ " 	%B. 
�$ 3�/�\��  OP� .% Q/��' x��( -A

  3+_�K :WA ;/^1/�Z Q/*� 30��6 V+�W� U*T�

3E*+,  (37'*/ " 	%B. 
�$ b���) 
-<Z !(%�.  ;/%A

 
*MB� 3'*�'  37'*/ " 	%B. 
�$ �A 
(-�� Q/*� 30��6 !��

 !��� �A �"9 
�60 )�'�� 3Z
� . ]%� 3A �(-48  D,��

 `#8�.%'% 
-<Z )/�<�<� N<$-6 " )$(
*8 	gY(  !��

 �"%Z 
� Q/*� 30��6 V+�W� U*T� !"�K )/(4j1  3v(
(



 ������/	
��� 

���/���� ��� )�(� ](%<0*6 ]�\<\k61397 )56-47                                                                         (49  

 

 

 

 

 .D�( 
%�  ;<Bo�� 
�$  Q/*� 30��6 )/�<�<� N<$-6


� 37'*/ " 	%B.  �"%Z2 .D�( 
%� 3v(
( 

 
%B�� �(*B, 3A 
%� !
(4.s*��<E %B��*. xz
 "� �(

 
�����( ��. %<0*6 �*��9 	�7'( !(-A 3>�&� @/��� .%

	(� �( 3>�&� ]�/*�k�  "� ]%� 3A bY(%K 3$ 
*$4� !��

!"�K )/(4j 
-<Z �A 3��� 60 %_
� 3E*+, " 40 %_
� 


-�'��B$ 
*8 �( b>Y  %'�*A 
%� 3/456p(  
%," )��

 h>_3+<�" 3A @�Z {g8 |�I  !
"9�
-<Z .%  )#/���9

 �(%B��*.!"�K 40 %_
� 
�$  	%B. 10 %_
� ig<� 

 ]
} 10 %_
� 37'*/  `#8 27 %_
� 
*5+A  ]
} 11 

%_
� x*>�  	%B. 9/0 %_
�  

"( 55/0 %_
� ]�BA-$ 

 �<�+$ 25/0 %_
� �(*� )'%=� " 3B<���/" " 25/0 

%_
� `�' A- N�K 
��� `#8  �"(%Z x��( -A 3$ �*A

3/456 ]�Z�<�K(  !( `�*$ ��.%BB$
(*W#')2007 

NRC,(  3<�6�%. 
(%\�  bA�Y !i-'( " 	�8 ;<d6"-I

 ��<0*A��� 
*$4� )#/���9 
-<Z N<6-6 3A12 %_
�  
���

 `#8 "2 !-0�$�1�  `#8 
��� 	-.*+<$ 
��*A . @/��

3>�&�  b>Y �( 3$ ~/�, `�gE `/ 
�3+<�" 3A  !� ��.

)A ;A-$ %<�$(  !��� 
�  �*A 
%� !�(*�39  3Z
�

)�'��  �( -��$ 
�) t�=/-� �(-.20  
�1#/���9 3A (3\<Y�

 b\�B����/" b8(� 3A ~/
^6 �( b>Y .%   )#/���9 !��

 3>�&� ]�/*�k�3+<�" 3A  f�_ -<BI 3�
�I 3/s 
���

� 3� 
� 	(%$ -� " ��. %<0*6 �*��9 3+K-� "� .%

"� 

)Run(  .%� 	�7'( (^7�  

�"( 3+K-� 
�  3/456 H�
(  " 	%B. 
�$ �A Q/*� 30��6 !(

37'*/ )3�   )#/���9 
��<610 
��<6 -� 
� 
(-&6 (�
*� 

)�
-A 
(-Y 
*MB� ;/( !(-A .DE-.  
(%\� 250 )+<� 	-. 

 ](
} 
�(%'( �A 
%� e�<�9 `#8 tg��$ 
-<Z 3'*�'`/ 

)+<�  -��-E ;<<=6 !(-A37B�(  ��. %<0*6 �*��9 !��3A 

b8(� -� 
(-Y ��/" 
�(� %� . OP� -� ��/"  3$ �( b>Y 

!��� �9 �A 
(-Y ��(� 
� ;A !
�� 3A 39 3Z
�  )�'�� �(-. 


%<�
  �*A �A 5 )+<� -�<0 @/�� 3>�&� " 
%� f�_ 20 

)+<� -�<0 �(^A ),*Bq� h<\+6 �% )Marten and Barnes, 

1980 .(3� ��/" ^<' A3 �(*B, `'gA )!"�K u\E @/�� 

3>�&� " �(^A ),*Bq� (
� -M' 3�E-. %� .OP� e
� 

��/" �� 3��A %� " 
� ;A !
�� �A !��� �"%K 39 3Z
� 

)�'�� �(-. 3A*&'( %'%� .�7K ��. !%<0*6 
� ��/" �� )5 

 (
��<6 -� 
� 
(-&63+<�" 3A 
�1��� QB�
�#E 
� 

����  !�� 2  4  6  8  12  16  24  36  48  72 " 96 

D,�� OI �( �*<��A*&'( 
�(%'( !-<. %� .!(-A ;<<=6 

!��-��(
�I !�� %<0*6 ��. �( -/� �*�-E  
�����(�% 

)Blümmel et al., 1997a:(  

)P = b(1 – e-ct                                             

�9 
� 3$  b ��. !%<0*6 �( :WA -/4I-<�W6 ))+<� -�<0(  

c a-' %<0*6 ��. 
�  D,�� t ���� �*<��A*&'( -A N�K 

D,�� " P �7K ��. !%<0*6 ))+<� -�<0 (
� ���� �
*� 

-M'  .D�(37B�(-E ;<<=6 
*MB� 3A ) -<�W6 !��5  
(-&6

H
(*. b��� (
��<6 -� 
� 3>�&� !-/4I !( 
��� `#8 

A��� bA�Y !i-'(  )09 
��� "3'*�' ��<0*   !��)#/���9 " 

37B�(-E b��� -<�W6 !�� pH�i"-�<'   ^�B�  )$�<'*�9 

" )A"-&<� ;<d6"-I )K(-? -<7'� 
�6*$ e-� !��%<�( 

%� .OI �( 24 �*<��A*&'( D,�� )Vercoe, 2010 ( ((%�A 

�7K ��. !%<0*6 -� ��/" D>R �% .OP� e
� ��/" �� 

��A �
% " pH �9 �� 3+<�" 3A �1���
 pH -�� )�%� 744� 

D$-� Metrohm O<v*� (D>R �% .!(*�k� -� ��/"  �A

g2000 3A ]%� 20 3\<Y�  !��� 
�
���  3Z
�

)�'�� i*<�/-�'�� �(-. �% .!�/�\A -� ��/" @�Z !
"9 " 

`#8 �% .
(%\� H
(*. !-/4I 3>�&� !( 
��� `#8 

)IVDMD (�( fg�8( ��" !(-��A*� 3<0"( " ��" �/�\A 

OI �( �*<��A*&'(   -/� ]
*_ 3A "3>��k� �%:  

 IVDMD (%) = (  �*<��A*&'( �( OI �/�\A ��"-  ��"

3<0"( !(-��A*�)  100 × / 3<0"( !(-��A*� ��"  


(%\� H
(*. !-/4I 3>�&� !( 
��� !i-'( " )09 bA�Y 

 ��<0*A���)ME (p(
*8 !�� 3A )#/���9 N<6-6  x��( -A

;<�W6 -/� ]s��=� 
�� %� )Menke and Steingass, 

1988:(  

  
IVOMD (g/kg OM) = 148.8 + 8.89 GAS + 4.50 CP 

+ 6.51 XA  
ME (MJ/kg DM) = 2.20 + 0.136 GAS + 0.057 CP 
+ 0.0029 CP2  

3$ 
� ;/( ]s��=� IVOMD  
(%\� H
(*. !-/4I 
��� 

)09  GAS 
(%\� ��. y0�8 !%<0*6 !(-A 200 )+<� 	-. 

(-��A*�  �( OI24 ��) �*<��A*&'( D,12(  CP 
(%\� 

;<d6"-I 	�8 3A ]
*_ 	-. 
� 100 	-. 
��� `#8  



50                  !^/^, e*/(  "�(
�&�� :%<0*6 -A 
-<Z 
� Q/*� 30��6 V+�W� U*T� -R( H
(*.  ��. 3>�&� -<�W6 " !45� �(*� !-/4I ...  

 

XA -��$�8  	�83A ]
*_ 	-. 
� 100 	-. 
���  `#8

" ME !i-'( bA�Y ��<0*A��� D�(. %<0*6 ;<d6"-I  )A"-&<�

 ~>?-/� 30��=�   3>��k��% )Blümmel et al., 1997b:(  

MP (mg/kg DM) = ADS (mg) - [GP (ml) × 2.2]  
3$ �9 
�  MP )+<�) )A"-&<� ;<d6"-I 
��� 	-. 
� 	-.

  (`#8ADS )+<�) !-��� 
%� 3/^76 !(-��A*�  (	-.

GP )+<�) !%<0*6 ��. �(^<� (-�<0 ���� 
�24  D,��

 �*<��A*&'(" 2/2 b��, !-��*<$*��( -A N�K )+<� 	-. 

 ;A-$ �i"
%<� �L<�$( " �
*� ��<' !(-A ^�B� ��%<�(! 

e-� 
�6*$ .D�( -<7'�  ;<Bo��!��%<�( e-� 
�6*$ 

-<7'� -/� �*�-E x��( -A 3>��k� %� )Getachew et 

al., 2002:(  
SCFA (mmol/ g DM) = 0.0222 × GP (ml) – 0.0042 

�9 
� 3$  SCFA  -<7'� 
�6*$ 
(-E e-� !��%<�(

)+<�) " (`#8 
��� 	-. 
� �*�GP  !%<0*6 ��. �7K

)+<�)(-�<0  ���� 
�24  �*<��A*&'( D,��D�(.  

  (%���) -�_ U*T� -R(  ��. %<0*6 �*��9 	"� !-� 
�

50  100  150  "200  
��� 	-.*+<$ 
� Q/*� 30��6 	-.

3E*+, :WA ;/^1/�Z 3$ `#8  (37'*/ " 	%B. 
�$) !(

 !
("-I 
-A )/(4j 
-<Z� .DE-. 
(-Y )�
-A �
*�  �*A 
%

� %B'�� ^<' 3+K-� ;/( 
� !(-A 3>�&� @/��  �"( 3+K-


-<Z �*<��A*&'(  �(%B��*. �( 
*$4� )#/���9 !��

)� 3/456 3/�I 
-<Z `/ �A 3$ 
%� !
(4.s*�<E   %'%�

.%� 3�E-.  

 �A �*A �"( 3+K-� �A 3A�#� 3+K-� ;/( 
� ��. %<0*6 �*��9


-�'��B$ b<0� 3A 3$ ]"��6 ;/( 
-<Z ��*A !(  )/(4j !��

)Vercoe, 2010  (37B�(-E  ���� 
� -<�W6 !��16  D,��

 ��j9 �( OI .%'%� ;<<=6 �*<��A*&'(
(%\� 
���  `#8 

-��$�8 	�8 " -A !%<�( 
%B/*� 
� �*+k��' f�<0( x��( 

H"
 !�� AOAC ) %� ;<<=6AOAC, 1990.(  

 H"
 �( 
�����( �A )rB8 
%B/*� 
� �*+k��' f�<0(

 3>��k� )rB8 
%B/*� �*+k� " �
(%'���(�) %Van 

Soest et al., 1991](
%<�*A-$ 
(%\� .(  !-><E -<j !��

p(
*8 
-<Z " ��  -/� �*�-E �( 
�����( �A )#/���9 !��

 3>��k��) %McDonald et al., 2011(:  

NFC (%) = 100 – [NDF (%) + CP (%) + EE  (%) + 
Ash (%)] 

    

 
 �"%Z1 -   )$(
*8 	gY( )/�<�<� N<$-6� bA�Y !i-'( " ��<0*A�� -$} %K(" �/ `#8 
��� 	-.*+<$ 
� 	-.)


-<Z (
%� 30��6 V+�W� U*T� !"�K !
("-I 
-A )#/���9 !�� )��1#/���9 �*<��A*&'( D�Z Q/*� 
Table 1. Feed ingredients, chemical composition and metabolizable energy (g/kg or as stated) of 

fattening lambs diet containing different levels of carrot pulp (CP) for in vitro incubation 
Level of CP in the diet (g/kg DM)   

Feed ingredients  
200  150  100  50  Control  
50  90  110  130  150  Alfalfa  
0  10  40  70  100  Wheat straw  

200  150  100  50  0  CP  
136 140 140 140 140 Corn grain 
350 350 350 350 350 Barley, ground 
80 80 80 80 80 Soybean meal 
150 150 150 150 150 Wheat bran 
10 10 10 10 10 Vitamin-mineral supplement 
6.0 6.0 6.0 6.0 6.0 Salt 
10 10 10 10 10 Sodium bicarbonate 
4.0 4.0 4.0 4.0 4.0 Dicalcium phosphate 
     Chemical composition 
751 793 836 878 921 Dry matter 
925 923 922 921 920 Organic matter 
135 135 135 135 135 Crude protein 
273 285 303 320 337 Neutral detergent fibre (NDF) 
123 131 141 152 162 Acid detergent fibre (ADF) 
483 471 456 436 418 Non fibre carbohydrates (NFC) 
24.3 23.9 23.6 23.4 23.1 Ether extract 
2.58 2.58 2.57 2.56 2.54 Metabolizable energy (Mcal/kg 

DM) 
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Table 2. Chemical composition of feed ingredients used (g/kg DM or as stated) 

  Carrot pulp  Alfalfa  Wheat straw SEM P value 

Dry matter (g/kg fresh 
weight)  

95.1b  936a  946a 8.34 <0.01  

Organic matter  925  902  904 8.58 0.19 
Crude protein  71.1b  146a  32.2c 4.39 <0.01  
Neutral detergent fibre   243c  408b  717a 7.58 <0.01  
Acid detergent fibre   203c  334b  463a 10.5 <0.01  
Ether extract 15.1a 11.7b 7.35c 0.385 <0.01  
Non fibre carbohydrates  595a 334b 142c 7.60 <0.01  
Lignin  35.6b  78.6a  86.5a 2.28 <0.01  
Metabolizable energy 
(Mcal/kg DM)  

1.85a  1.98a  1.44b 0.047 
<0.01  

Each value is average of four replicates. 
Different superscript letters within each row indicates significant differences (P<0.05). 
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Table 3. Gas production (GP) and fermentation parameter of experiental feeds 

 Carrot pulp Alfalfa  Wheat straw  SEM  P value  
GP after 16 h (ml) 24.2a 20.1b  12.5c  1.03  <0.01  
GP after 24 h (ml) 37.3a 36.3a  24.4b  1.69  <0.01  
GP after 48 h (ml) 45.8a 49.5a  34.3b  2.60  0.01  
GP after 72 h (ml) 47.7b 60.5a  39.8b  2.48  <0.01  
Total GP (ml) 50.2b 64.8a 42.2b 2.68 <0.01  
b 59.5b 75.5a 51.2c 2.13 <0.01  
c 0.075a 0.062b 0.057b 0.004 0.01  
IVDMD (%) 69.9a 65.8a 38.4b 1.59 <0.01  
IVOMD (%) 65.9a 62.7a 36.7b 1.24 <0.01  
ME (Mcal/kg DM) 1.73b  1.92a   1.34c  0.033 <0.01  
pH 6.46 6.23 6.34 0.060 0.01 
Ammonia-N (mg/dl) 15.3b 18.4a 11.2c 0.63 <0.01  
SCFA (mmol/g DM) 4.34a 4.12a 2.65b 0.08 <0.01  
MPS (mg/g DM) 592a 586b 335b 13.3 <0.01  
b: potential of GP from soluble fraction (ml); c: rate of gas production (/h); IVDMD: in vitro dry matter disappearance; 
IVOMD: in vitro organic matter disappearance; ME: metabolizable energy; SCFA: short chain fatty acuds; MPS: 
microbial protein synthesis; SEM: standard error of the means; means within same column with different letters differ 
significantly (P<0.05).  
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Table 4. Fermentation parameters of fattening lamb diets containing different levels of carrot pulp (CP) using gas 

production (GP) technique  
Contrast  SEM  Level of CP in the diet (g/kg DM)    

Quadratic  Linear  200  150  100  50  Control  
0.31  0.15  2.62  47.1  44.3  39.9  42.5  41.5  GP at 16 h (ml)  
0.11  0.79  2.65  54.5  51.9  47.4  50.9  53.9  GP at 24 h (ml)  
0.08  0.53  2.61  60.1  55.3  54.1  57.9  63.9  GP at 48 h (ml)  
0.14  0.28  3.05  62.3  60.9  56.3  60.1  68.2  GP at 72 h (ml)  
0.11  0.10  3.26  62.6  62.0  63.1  62.6  71.7  Total GP (ml)  
0.11  0.16  3.09  65.9  64.1  64.2  65.8  73.4  b  
0.15  0.12  0.005  0.068  0.075  0.073  0.077  0.068  c 
0.41  0.04  1.23  68.9  67.8  65.4  65.1  63.3  IVDMD (%) 
0.31  0.18  2.33  67.7  65.3  61.4  63.8  63.1  IVOMD (%) 
0.57  0.54  0.327  8.95  8.81  8.39  8.75  8.61  ME (MJ/kg DM) 
0.59  0.13  0.096  5.88  5.96  5.95  5.98  6.14  pH 
0.88  0.03  1.01  15.1  16.8  17.3  16.9  18.7  Ammonia-N (mg/dl) 
0.55  0.53  0.267  4.87  4.77  4.43  4.72  4.61  SCFA (mmol/g DM) 
0.18  0.04  10.7  613  591  567  563  561  MPS (mg/g DM) 
0.35  0.16  0.098  3.61  3.70  3.87  3.76  3.82  PF 

b: potential of GP from soluble fraction (ml); c: rate of gas production (/h); IVDMD: in vitro dry matter disappearance; 
IVOMD: in vitro organic matter disappearance; ME: metabolizable energy; SCFA: short chain fatty acuds; MPS: microbial 
protein synthesis; SEM: standard error of the means; means within same column with different letters differ significantly 
(P<0.05).  
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Abstract 

The aim of the present study was the determination of chemical composition and nutritive value of carrot pulp 
(CAP), and then evaluating the effects of its different dietary levels on diet digestibility and in vitro rumen 
fermentation. At first, chemical composition and nutritive value of CAP were compared with wheat straw (WS) 
and alfalfa. Then, the effect of substituting different levels of CAP (0, 50, 100, 150 and 200 g/kg dry matter 
[DM]) for forage portion of the diet on in vitro fermentation parameters was assessed. The highest and lowest 
volume of gas production after 16 and 24 h of incubation as well as constant rate of gas production (c) were 
observed with incubation of CAP and WS, respectively. However, the highest volume of gas production and 
potential of gas production (b) were observed for alfalfa, while the lowest amount was observed with WS 
treatment. The highest amounts of DM and organic matter disappereance, short chain fatty acids and microbial 
crude protein (MCP) were observed with CAP incubation, while WS resulted in the lowest amounts. With 
replacing forage portion of the diet with CAP, up to 200 g/kg DM, with exception of ammnia-N concentration 
and MCP which decreased and increased linearly, other fermentation parameters did not affect with 
experimental diets. Present results indicated that CAP has favourable chemical composition and nutritive value, 
and its incorporation as feedstuff in ruminant nutrition, up to 20% of diet, is suggested. However, more 
experiments, especially in vivo studies, are needed to confirm the present results. 
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