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The aim of this study was to investigate the ruminal disappearance (releases or 
solubility) of mineral elements (calcium, phosphorus, magnesium, sodium and 
potassium) from feedstuffs (wheat straw, sugar beet pulp, alfalfa, silage and 
wheat bran) and to compare the disappearance of five types of mineral 
supplements (mono calcium phosphate, di calcium phosphate, calcium 
carbonate, oyster shell and limestone). The analysis of the feed section was 
performed by a completely randomized design five feed and the mineral 
supplements section was performed. Examination of ruminal release of minerals 
from feeds showed that except calcium, a large part of minerals in food was 
released at zero time (P<0.05). Disappearance rate increased with increasing 
incubation time. Release order of elements in the incubation times was in the 
form of potassium, phosphorus, calcium, sodium and magnesium and the highest 
disappearance rate was for potassium and the lowest release rate was for 
magnesium (P<0.05). In the study of the highest release rate was obtained during 
72 hours of incubation for potassium in alfalfa hay (P<0.05). In the other part of 
the experiment, the highest disappearance was obtained for monocalcium 
phosphate and the lowest for calcium carbonate in total incubation times 
(P<0.05). Also, monocalcium phosphate mineral supplements had the highest 
and calcium carbonate treatment had the lowest disappearance parameters 
soluble part of dry matter, and significant difference between experimental 
treatments for effective dry matter degradability at flow rates of 2, 5 and 8 
(P<0.05). In general, the amount of potassium disappearance was the highest in 
all nutrients and in all incubation times, and also monocalcium phosphate had 
the highest rate of degradability parameters. 
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Extended Abstract 
Introduction:  

The use of minerals by animals depends at least on the processes of the ability to dissolve or release the mineral 
element from the food and the ability to absorb the released minerals. The most important minerals needed by 
microbes can be provided through the circulation of saliva and the decomposed part of minerals in the rumen. 
Minerals must be dissolved in the rumen in order to be used by animals and rumen microbes, therefore the rumen 
should be considered as an important place. Solubility and release of mineral elements from feed materials, in order 
to use them by livestock in the rumen, complex processes take place. According to studies, the elements that are not 
released after 48 hours of incubation in the rumen from the edible material in nylon bags, are probably out of the 
reach of the animal and are not absorbed. The location of mineral elements in the structure of the food may affect 
their release. The release of minerals depends on the type of feed and incubation time. Also, the disappearance of 
mineral elements from nylon bags depends on the type of minerals and feed fiber.  
 
Materials and methods:  

The first part of the test includes comparing the rate of disappearance of calcium from five types of calcium 
supplements (monocalcium phosphate, dicalcium phosphate, limestone, oyster powder and calcium carbonate) and 
the second part includes measuring the rate of disappearance of calcium, phosphorus, sodium, potassium and 
magnesium from five The type of food was (sugar beet pomace, wheat bran, wheat straw, alfalfa fodder and corn 
silage). Each treatment consisted of four replicates. In this experiment, four adult male sheep with splenic fistula were 
used with an average body weight of 50 kg. Food samples were first dried and then ground through a 2 mm sieve, and 
five grams of each food item was poured into Dacron bags (14 x 7 cm) with an average hole size of 45 microns. The 
bags containing the samples were placed in the rumen at 0, 4, 8, 16, 24, 48 and 72 hours. Four repetitions per hour 
were considered for each sample. At the end of each incubation period, the bags were removed from the rumen and 
washed in a washing machine for 30 minutes. To determine the disappearance by the method proposed by Evitayani 
at zero time, the bags were washed without incubation in the rumen, using 39 degrees Celsius water, just like the bags 
removed from the rumen. After washing, the bags were dried in an oven at 60 degrees Celsius for 48 hours. The rate 
of disappearance of minerals was done using Ørskov & McDonald equation and data processing in statistical 
software and curve fitting software.  
 
Results and discussion:  

Examination of ruminal release of minerals from feeds showed that except calcium, a large part of minerals in food 
was released at zero time (P<0.05). Disappearance rate increased with increasing incubation time. Release order of 
elements in the incubation times was in the form of potassium, phosphorus, calcium, sodium and magnesium and the 
highest disappearance rate was for potassium and the lowest release rate was for magnesium (P<0.05). In the study of 
the highest release rate was obtained during 72 hours of incubation for potassium in alfalfa hay (P<0.05). In the other 
part of the experiment, the highest disappearance was obtained for monocalcium phosphate and the lowest for 
calcium carbonate in total incubation times (P<0.05). Also, monocalcium phosphate mineral supplements had the 
highest and calcium carbonate treatment had the lowest disappearance parameters soluble part of dry matter, and 
significant difference between experimental treatments for effective dry matter degradability at flow rates of 2, 5 and 
8 (P<0.05).  
 

Conclusion:  

In general, The release rate of potassium in all food items was the highest at zero time. Depending on the type of 
edible material, the rest of the elements were in the next levels of release. This was caused by the amount of elements 
in the samples. As the incubation time increased, the amount of elements released in the rumen increased. The 
interaction of mineral elements and food at different times of incubation showed that potassium in alfalfa had the 
highest release rate. In general, the amount of potassium release was the highest in all food items and in all incubation 
times. The parameters of disappearance of monocalcium phosphate and calcium carbonate mineral supplements had 
the highest and lowest values in all incubation times, respectively. 
 
Keywords: Dalagh sheep, disappearance, in situ, mineral, rumen. 
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."�R,5 ]�/  

���� ���" ��
� $ �@  �� P,��	5� $�@#A �! �"A $��# � � "�� !����  $3' ��	`�"A .1  $ �@  �� ��
 	�20 

���Z	R2� �R9 �� ��1 $R\�� H9�� �!  �$�K�	2 P  Z"� ��� �� �	#' �	�R2!�"�5! ) .KQ�
 ���U (�#Apz2 5 

����"A I	O *��G� �� �R9  	� �� �Q	O%n	� 	�5 ���]������"5 "2� �R9 1/0 *	��   �2 ��� !�2 �R94 *	��   $�

 ���@53  	'4 "�	,���� I��� ��hU3 $R\�� ��� ���! ��  pz2 � I����2��+H4  *��G� � $R\�� ��'��R' ���! ��

�"�1 K2"�� $|G9 �! "A �R'��  w � �&' [D�� $� E��U �� $ �@  w � $�!�!  I��� ��E��2��+ ��'��R' ���! H

 *���Q F��� �� P,�� ��E� ."A K~��U"�1 K2"� ��� )AOAC, 2012.(  

 $h���3(                                                               �� =
�����

�
×

�

��
  

 �� �$h��� H��Ca= �]�/ �!	� ��
��� �! ��
 ��� ^,M �� P,�� ��E� a = ��"A I�`� H2�� I��� ��E�

v= PTM ����� �	  .���� 

 �R,�	/ "D2�� $�O	M �����/ �!	� $ �@  "�1 K2"� �#��R#9� ���� $�2�� $��  	� ��5 ��� "2� �R9]��"���� 

                                                                                                                                                            
1. SAS (9.1) 
2. fitcurve 
3. Maroxide 
4. Orcien 
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1/0  � *	�� 20 ����� �h:� 01 �R9� Z	5 K�71 	�! 	�� 100  ���U !���R 	2 $a�!"A �!�!  � �\�' 	5 $ �@  	'

 !�"M $� �1 PTM10 ��� ��":� ."2�� �R910 ���	�! 	� �� �1 � $Q	u� �h:� 01 �1 $� ���! �R9� 90  Z��M $a�!

"A �!�!  �!�@  !�2 �� �1 $��!� �! I	O �� �1 �Q	O %n	� �� �!	DR2� 	� ��!�� ��	`� �	�	7 �! �  01 �� �!	DR2� 	� ��

 PTM $� �h:�100 ��� �R9�" 	2� ��� �"�1 K2"� *��G� �� ���" ��
� 3�  � "�� �O	�� ���") "AAOAC, 

2012 K3a .(���" � P2	R7 � P�"2 ��
�� �R��RQ P�Q �	�R2!2  $� Z��O H�"� ."A �!	DR2�  $��A �! ��	`� $ �@

$� Z��O �� �! �	\� ��	`� �! !�a�� P2	R7 � P�"2 � "�1$� Z��O �� K9	M �&' P'���":� � "�5!�  	3 1 �� $�A�

�� ��R��r�� *�� �! ��	�R � H�� Z"A $� !!�
	5� 5/766 ��� �R�� 	 �  � P2	R7589 ��� �R�� 	 �  !��� P�"2

�� ���U [T�2!�
. ���" ��
�  	� P�E�� � �D,Q �P,��K��	5 �`\�' ����1 S�	7 ) Z��O (�R2! o��

r�� *�� �! ^'�' $� 	5 $ �@  � KQ�
 �	5545 �640  �546  �	�R2! l2�' �R�� 	 �R��RQ�R#z2��3 " "A K~��U 

)AOAC, 2012�! .(  *�"a1  �! � "�� �O	�� ��E� �LU�����/ ��"�1.K2�  

  
G7�H 1 .I
��C �. ���9� �J�8& ;
<������ K?> ��) �	M5C (.�� N�O ���� �. N�O(  

P,�� �D,Q P�E�� P�"2 P2	R7 .���/ 

12/171  85/47  22/120  82/141  65/1414  �"�
 �	� 

43/687  73/100  74/270  15/211  92/192  "�U �"�&V $9	D' 

67/1403  06/236  89/310  21/122  46/1715  $T �� $Q��� 

65/225  73/219  86/190  39/11  49/971  Z�x kL2 

48/133  83/1375  68/60  24/42  61/1562  �"�
 S��2 

  

ET'��G' � $�!�! X��  �� �!	DR2� 	� 	5 1 ��EQ���	� SAS  [�����1/9 )2004 (Z���O 
 .KQ��	�1 *"�� �$ Z��O

��� 	:� � �!��Z	,� �H� 	 	5 ��' ����1 	�� ��� vh2 �!� ���!  ."A �	T � "O�! ��7����  Z	�L�� X�G' � $�ET'

�	�1 *"� ��� ��"A �!	DR2� �  $h���)4( :  

 $h���4                                                                                                              (Yij= µ + Ti + eij 

 ��1 �! $�Yij= �"5	�� �5 ��":� �μ= H� 	� K�@a �Ti�	@' �f� = �eijk���	��1 �	h/ =.  

  

3 .45( � 6����  

 $� c���� Z	�L��*LG ���%7� �"A "�"7	  � �! P,�� $�@#A X@#� ��$� �@,�� �	5 *�"a �! ^'�'2  �3 �"�1 

 .K2��	�1 E9	 1� ���� ILR/� !�a� �� 	��! ��! �"A "�"7	  � "�� !��� 	5�	@' H�� K�	2 $�� �! ���	��1	5� 

 ��2	��# � �� p7!�� )01/0P<(. �"A "�"7	  ��E� Q P,��� �� ��	2 $� K�,  ��2	��# � Z	�	2 $�� �! Z	D,

���� ��h� 	5�	@'Z	���� $� �9	M �! !�� �'C	� ���! �� ��E� H��R@� P,��KA�! )01/0P<(. $T�2��Q  �	5

� �� �! �"A"�"7	 Z	D,Q P,�� !�� �'C	� P,�� ��	�� ��	2 $� K�,   $� �9	M �!$T�2��Q H��  !��� �! 	5 Z	����

 H��R@� P,��!�� )01/0P<(. �	�  ��	�1 E9	 1���� ILR/� !�a� �"�5! ���� ���	��1 �	5�	@' H� ��! "�"7	  ��E�

�f�� �"A e�  �! ���� �	52 �5  �8 !�� "O�! )01/0P<(.  �"A"�"7	  ��E� �5 �! �f��$2 ���� e�  ����  I"O �!�7

                                                                                                                                                            
1. Hot Plate 
2. Flame emission spectrometer 
3. Spectrophotometer 
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�'C	�H� �Z	����!�� H��R@� P,��(01/0 )P<. X#A � �����/ X@#� ]� �! P,�� ���� �#�EQ �1 �! 0%a P,�� 

�	,� �f�� ��) "A	�Goff, 2006( .�u	M W�	R  	� �,@5 Hu et al. )2007 � (Martinez et al. )2012 "�RA�! �	� (

� �� $� P,�� Z	D,Q	�C$� ��V !��! ��/ P,�� K|�n �� K�	@M �! �� ��	 ��' H��'  	� P,�� �2�R2! K��	U

	�'C �� ��! ���� $�@#A �! 	3���"�"7	  	� $h��� �! �Q	� Z	�L�� ."���"A $�@#A�� P,�� X@#� �� �@,�� �	5

�� $��� H�� �! ��R�� Z	::G' $� �	  � !��"  !�a�."A	�  

  
G7�H 2#?,��� . ;
<�� R�)� �. A�?�� ;�= �,�3����	 ;��� �. ���9� S��T� ��	 )�� K?> ����N�O �. N�O���� (.��M5C(  

(K�	2) �	�� 	5�	@' 

72 48 24 12 8 4 0 (]�/ �!	� ��
���/��
 ���) � "�� X@#� 

25/43 d 60/40 d 20/38 d 70/35 d 35/34 d 70/33 d 85/28 d ]51 

75/92 a 75/92 a 75/92 a 40/92 a 20/90 a 65/90 a 02/87 a P,����� Z	D,Q  

83/76 b 10/71 b 92/69 b 72/66 b 60/64 b 05/63 b 05/56 b �!Z	D,Q P,��  

52/20 e 45/18 e 52/17 e 86/15 e 17/12 e 90/10 e 87/7 e P,�� Z	���� 

27/71 c 02/59 c 05/57 c 56/55 c 05/55 c 55/53 c 75/49 c I"O �!�7 

797/1  659/1  376/1  256/1  746/1  012/1  401/1  H� 	� �� !��" 	R2� �	h/ 

0001/0  0001/0  0001/0  0001/0  0001/0  0001/0  0001/0  ���� vh2���!  

a-e: ���� �$�	��	  I��M 	� m�!� �5 �! �	U�� Z�	D'K2� ��! )05/0<P(.  

  
G7�H 3#�8!
�0 .��	 (N�O���� �. N�O ����) ���9� %������ ;�=�,�3��  

$�ET'�f�� ���%7 )"O�!(  

(K�	2 �! "O�!) ���� K��2 �! 
$�ET' e�  K�	f 

(K�	2 �!) 

$T�2��Q�"A "�"7	  �	5  	5�	@' 

08/0  05/0  02/0  $�ET' X, 	R7���%7  ("O�!) $�ET' "�� [\� ("O�!) $�ET' ���2 [\� � "�� X@#� 

87/34 d 32/36 d 20/39 d 01/0 d 23/45 d 57/15 b 66/29 d ]51  

02/65 b 97/66 b 40/70 b 19/0 a 12/93 a 20/7 d 92/85 a P,����� Z	D,Q 

47/53 c 65/54 c 95/56 c 06/0 c 44/74 b 10/17 a 34/57 b �!Z	D,Q P,��  

55/13 e 87/14 e 25/17 e 10/0 b 32/20 e 62/12 c 70/7 e P,�� Z	����  

97/90 a 62/91 a 40/92 a 10/0 b 22/60 c 02/18 a 20/42 c I"O �!�7  

204/1  405/1  804/1  055/0  074/1  012/1  401/1  H� 	� �� !��" 	R2� �	h/ 

0001/0  0001/0  0001/0  0001/0  0001/0  0001/0  0001/0  ���� vh2���!  

a-e : ���� �$�	��	  I��M 	� m�!� �5 �! �	U�� Z�	D'K2� ��! )05/0<P(.  

  

�	2!��1 $� c���� Z	�L��� P�"2 �P2	R7 �O	��  �� P�E�� �$ �@  �	�� �! �����/ �	5 *�"a �! m�R\� �	54 

�"�1  .K2��	2!��1� ��	P2	R7 �O �P�"2  ��	�� �! P�E��	5� 	5�	@' H� m�R\��  ���	��1 !�� Z�	DR�

)01/0<P.( @� ��	2!��1 ��E� H��R .���/ �� � "�� !��� �DO �	�� �! !�� P2	R7 $� c���� �	5�	@' H� �! �

���	��1 R����	2!��1 ��E� H�� P2	R7  �! �1 ��E� H��R@� � $T �� �! "�U�"�&V $9	D') "A �"5	��01/0<P .(

@��"M � �DO �	�� �! P�"2 �`�� ��	2!��1 ��E� H��R� ���1  �!72  �� p7 K�	2��2	��# �  !���	5�	@' H� �! � 

�	2!��1 ��E� H��R�� ���	��1�  �1 �� ��E� H��R@� � "�U�"�&V $9	D' $� F��R� �!!�� Z�xkL2 )01/0<P .(  

 [�	��1 W�	R  	� �,@5 $� K2� �"A o��E
 �u	MP2	R7  ����!��	2!��1 ��E� H��R�� �� $�@#A �! "A	�

)Aghajanzadeh et al., 2012(.  H�d@5Serra et al. )1995 (R�� ����! P2	R7 $� " !�� �	� ��E� H��
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���" � !��� m�R\� � "�� !��� �	� �! ��	2!��1 !�� ��
 .Playne et al. )1978(  �O	�� H� �! $� " !�� �L��

 �	 �7 � "�� P2	R7$�@#A �"A!��1 ��E� H��R����  �� p712!��! �� ��2	��# � K�	2. Ceresnakova et al.  

)2007 (:� $� " !�� o��E
 �� "�� �1 $9�� ��":� 	� $,�	:� �! P2	R7 ��"72  �� [5	� H��R�� ���2	��# � K�	2

KA�!  ��	@' �! �1 �"A "�"7	  �.���/[�	��1 !��� �	5 H��'C	� !�� )7/98  .("O�!  

@��	2!��1 ��E� H��R� �"M � �DO �	�� �! P�"2 �`��� ���1  �!72  �� p7 K�	2��2	��# �  !��� �! � H

	5�	@'�  �1 ��E� H��R@� � "�U�"�&V $9	D' $� F��R� ��	2!��1 ��E� H��R�� ���	��1 �!kL2 !�� Z�x )01/0<P (


E o��K2� �"A  $� P�"2 �	@' 	���:' �� "�� 	���R��� �	
24 "A !��1 $�@#A �! ��2	��# � K�	2 )Ibrahim et al., 

1998(��R��� �	
 �! !�a�� P�"2 ��E� . �	�� [��EQ� 	� $� �9	M �! !�#  ��&' �5 �	�� �! 01 �! ��R,A 	� 	�

 �� "�� � "A �!�EQ� P�"2 ��	2!��1 ��E� �� $�@#A �! ��2	��# �24  $� ��":� H�� K�	267  ."2� $9�� ��E� "O�!

�! P�"2 ��	2!��1 ����"M $ �@  �� "�� S��
 kL2 �� ��	548 A �! ��2	��# � K�	2 $�@#) !��et al., 2017 

Zanetti .(Z��"5���� � $�@#A $R�"2� �f	' ��� �� $� ���	��1 �! �	 �7 �O	�� ��	2!��1 ��� �� �@\R9� ���2 �	5

 �	T ��"A  �� "�� P�"2 ��	2!��1 ��E�72  !�"M ��2	��# � K�	270  "O�!) !��Bamikole & Babayemi, 

2009.(  H�d@5Playne et al. )1978 ( �Ceresnakova et al. )2007 (��E� $ �@  �! P�"2 �"A !��1 �� 	5

�$ ^'�' 70  �72 " !�� �L�� "O�!.  

@��	2!��1 ��E� H��R�  �! P�E�� �`��8  �� p7 K�	2��2	��# �  ��E� ����"M ��1  �!72  �� p7 K�	2

��2	��# �  "A �"5	��	5�	@' H� �! �� �	2!��1 ��E� H��R�� ���	��1� �! P�"2  ��E� H��R@� � $T ���1 �! 

 S��2!�� �"�
 )01/0<P .(Ibrahim et al. )1998(  �	� $� " !��85  	'90 ���9 �! !�a�� P�E�� "O�! � 	5

�� !��1 01 �! HR,A 	� �DO �	�� �! W �� S��2 l:Q $� �9	M �! " �A45 � "�� �!	� H�� �� "O�!  t�� �� �	
 ]a

�� !��1 �DO �	�� �!!�A� �	� H� ��	2!��1 	550-60 ."�RA�! "O�!  �! " !�� o��E
 H�d@5 	3 124  �� p7 K�	2

��2	��# ��  H�� ��	2!��1 m�R\� �	5 $ �@  �! �`��90 .!�� "O�! Ceresnakova et al. )2005 ( K9LM H� 	�

$�@#A �`�� �� P�E��$Q��� �! ��	5  �!24 ��2	��# � �� p7 K�	2� 63  �" !�� �L�� "O�! ��E� �Q�� �� K9LM

P2	R7 � P�"2  �!�� p7 K�	2 $2  P�E�� K9LM 	�� �KA�"  �!	�� Z�	D' �DO �	�� 	� ��2	��# �22  [��EQ� "O�!

 Z"� [��EQ� ^�2 $� P�E�� K9LM�! [��EQ� H�� K�� H::G� H�� .KQ	��� ��2	��# �  �`�� H�� HRQ�
 ���U �!

$Q��� XQ���� 	5" !�! �\�'  .(K,  *��G� 01 �! P�E�� XQ����)Evitayani et al. )2011 ( ��E�

*LG �  ���%7�DO �	�� �! P�E�� $���! �! �� H� ��5/10  	'6/45 $Q��� ���� "O�! ]�/ *�`Q �! $� ��	5

 " !�� �"A KA�!��o��E
 ��" !�  �!24 *LG � ��E� ��2	��# � �� p7 K�	2$���! ���%7 H� ��2/18  	'2/50 

 �! � "O�!72  H� ��2	��# � �� p7 K�	29/35  	'4/54 !�� "O�!.  W�	R [�	��1 �u	M  ��	2 !��1 " �� !��� �!

 P�E�� �`��$RQ	� F�	h�	5�  �� �/��) !�� H::G�Bravo et al., 2000; Meschy & Bravo, 2003; Correac, 

2006; Ceresnakova et al., 2008)  	�� !�� (��	&�  o��E
Rooke et al. )1983 (!��.  �� W�	R  ILR/� X9!

�� �	R/	2 $� ���' Y�  ������/ �!	� �	�� Z"� �.���/ Y�  ���2	��# � �`�� � "�� � ��Q ) !�! K�,  .���/Costa 

et al., 2016 Galdamez et al., 2003;(.  

�	2!��1 $� c���� Z	�L��� �D,Q �O	�� �	�� �! �����/ !��� P,�� � *�"a �! ��2	��# � m�R\� �	55 �"�1 

 .K2��	2!��1� ��	 �O�D,Q  �P,�� �	�� �!���� ILR/� ���	��1 �	5�	@' H� m�R\� �	5KA�! ���! 

)01/0<P .(@� ��E� ����"M � �DO �	�� �! �D,Q �`�� ��	2!��1 ��E� H��R�1 �! 24  �� p7 K�	2��2	��# � !�� 
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�	�� �U	� �! � 	' 	572 �	�� 	� �'�	D' K�	2 24 "�  �"5	�� .	5�	@' H� �!� �	2!��1 ��E� H��R�� ���	��1� 

$� F��R� S��2  ��E� H��R@� � �"�
$� F��R� �	�  �"�
!�� )01/0<P(  
  

G7�H 4. ;�=�,�3�� ;
<�� A,�! @A�!��3 �J�8& I
��C A,<�8� 7�.�	 ;�����	 S��T� ;��!���)�
  

(K�	2) �	�� 	5�	@' 

72 48 24 12 8 4 0 (]�/ �!	� ��
���/��
 ���) P2	R7 

35/1386 c 35/1386 c 35/1386 c 21/1355 c 64/1318 c 57/1291 c 05/1237 c �"�
 �	� 

99/190 e 99/190 e 99/190 e 69/188 e 26/185 e 85/183 e 27/183 e "�U �"�&V $9	D' 

18/1681 a 18/1681 a 18/1681 a 12/1663 a 43/1622 a 40/1595 a 32/1509 a $T �� $Q��� 

34/942 d 34/942 d 34/942 d 15/931 d 71/902 d 77/893 d 90/768 d Z�x kL2 

67/1551 b 67/1551 b 67/1551 b 63/1549 b 68/1531 b 22/1467 b 97/1421 b �"�
 S��2 

692/0  694/0  691/0  968/0  567/0  467/1  864/0  H� 	� �� !��" 	R2� �	h/ 

0001/0  0001/0  0001/0  0001/0  0001/0  0001/0  0001/0  ���� vh2���!  

       (]�/ �!	� ��
���/��
 ���) P�"2 

14/131 b 68/130 b 58/129 b 06/128 b 82/120 b 16/112 b 56/89 b �"�
 �	� 

23/201 a 92/199 a 63/198 a 07/197 a 24/188 a 2/175 a 63/157 a "�U �"�&V $9	D' 

69/110 c 52/109 c 11/109 c 86/104 c 98/91 c 93/84 c 21/64 c $T �� $Q��� 

70/9 e 70/9 e 70/9 e 55/9 e 91/8 e 77/7 e 94/5 e Z�x kL2 

12/38 d 12/38 d 12/38 d 67/37 d 35/36 d 81/33 d 47/30 d �"�
 S��2 

42/1  42/1  425/1  948/0  774/0  814/0  04/1  H� 	� �� !��" 	R2� �	h/ 

0001/0  0001/0  0001/0  0001/0  0001/0  0001/0  0001/0  ���� vh2���!  

       (]�/ �!	� ��
���/��
 ���) P�"2 

94/85 d 49/82 d 46/74 d 02/61 d 75/42 d 17/25 d 86/10 d �"�
 �	� 

53/196 c 22/188 c 29/173 c 65/161 c 35/112 c 94/49 c 68/12 c "�U �"�&V $9	D' 

41/218 a 78/210 a 29/197 a 87/174 a 39/116 a 46/63 a 57/42 a $T �� $Q��� 

7/173 b 52/172 b 56/166 b 44/154 b 53/124 b 95/54 b 31/17 b Z�x kL2 

82/53 e 23/51 e 25/48 e 2/44 e 59/35 e 41/23 e 39/8 e �"�
 S��2 

801/1  068/1  385/1  747/1  325/1  814/0  388/0  H� 	� �� !��" 	R2� �	h/ 

0001/0  0001/0  0001/0  0001/0  0001/0  0001/0  0001/0  ���� vh2���!  

a-e:  �5 �! �	U�� Z�	D'��R2 ���� �$�	��	  I��M 	�K2� ��! )05/0<P(.   

  

 �! ��5�67Martz & Ledoux )1991 ($ �@  �! �D,Q K9LM H� 	�	5m�R\� �����/ �  ��67  "O�!o��E
 

" !�� H� �'�	D' �  �DO �	�� $2 � K�	2 �� p7 ��2	��# � H�� ."�  �"5	�� � "�� !��� *LG � ��E� �	G9 ��

H::G�  H�� �"A!��1 ��E��`�� �DO �	�� �! $T �� �!  �48  ^'�' $� �� ��2	��# � �� p7 K�	24/58 � 3/74 

." !�� o��E
 "O�! H�d@5 Ibrahim et al. )1998 ([�	��1 �! �	5 � $� !�/ �	�� [��EQ� 	� $� " "2� $TR  H�

 W �� �	� ��2	��# � $�@#A �! �`�� �"A!��1 ��E� �D,QEQ� [��KQ	�  �� "�� �24  �D,Q ��E� ��2	��# � K�	2

$ �@  �! �" 	� �U	�	5�  $�@#A50 "O�!  "�RQ�
 $TR  	3 1 H�d@5 .!�� $9�� ��E� �D,Q �`�� ��	2!��1 ��E� $�

DO �	�� �!�  �! ��2	��# �5	
�	 	���R��� �	�"2��
 ^'�' $� W �� S��2 � ]a t�� �85 �60 �5  �95  !�� "O�! �

 	� Z"� [��EQ�$�@#A ��2	��# ��� �&' �5�  ��	2!��1 ��E� �!"�  �"5	�� �`�� H�� .Mjoun et al. )2000 (

 ���� �DO �	�� �! �D,Q ��	2!��1 ��E� $R2�7 � 	��2 ��a $$���! �! �� �	
"������\�  ��a �! �!	DR2� !��� Z�x ��
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 H�9/41  	'78  "O�! ." !�� o��E
 �! $� " !�� o��E
 H�d@5 	3 148  ��	2!��1 ��E� ��2��# � �� p7 K�	2

 �!$���! H� ��6/88  	'100  "O�! ��G  $� !�� Z�x $ ��a ���� ��E� H��R�� � 	��2 $R2�7 ���� ��E� H��R@� $�

 .!�� 	��2 $9	T�� �Ceresnakova et al. )2007 (��2	��# � �! $� " !�� �L��) Z"� �	� �	512-14 (K�	2

 !�� EV	  ]�/ �a $9	D' �� �D,Q �"A!��1 $�$� C	@RM�  �! S�R2! X�	U �D,Q ^�n� $� K�� H��12 �	2 *�� K

 �"A "�"7	  .!��  

@��	2!��1 ��E� H��R� �	2!��1 ��E� ����"M � �DO �	�� �! P,���`���  �!12  �� p7 K�	2 ��2	��# �

."A �"5	�� 	5�	@' H� �!� �	2!��1 ��E� H��R�� ���	��1� �	� �1 ��E� H��R@� � $T �� �1 �� !�� �"�
 

)01/0<P.( Martz & Ledoux )1991 (�E� $T �� � S��
 m�� �Z�x kL2 ���� �DO �	�� �! P,�� K9LM �

 ]�/$� ^'�' 60�49  �34 " !�� �L�� "O�! ��G  $�  �� p7 P,�� K9LM ����"M $�48  ��2	��# � K�	2

 ."A �"5	��H�d@5 Ibrahim et al. )1998 ( �! P,�� ��	2!��1 ���9� �! �	#A1 Z�	D' ]� $� " !�! o��E


.���/�	5  !�a� $�9	h� !���KA�!$ �@  �	@' �! � !��� �	5�����/  �� �R@� �DO �	�� �! P,�� ��	2!��1 ��E�

100  �	�� �! � !�� "O�!48  !�"M �! ��	2!��1 W �� S��2 	3�'100  .KA�! "O�!Serra et al. )1995 ( ��E�

$Q��� �! P,�� K9LM$���! �! �� 	5 H� ��5/4  	'6/39  o��E
 H�d@5 	3 1 ." !�� �L�� �DO �	�� ���� "O�!

 H� 	� $� " !�!�"A"�"7	   �! P,��$2 ��2	��# � �� p7 K�	2� 43  �! � KQ	� [��EQ� �DO �	�� $� K�,  "O�!

 �	��72  $�9/84  .KQ	� [��EQ� "O�!Correac )2006 ( o��E
!��  KA�!�� �	�� $� �	
���#�1  ��E� ���

�1KA�"  ��f� � "�� �O	�� �"A!�  �	�� �! �� �32  �58 "A �DM �	
 �! !�a�� P,�� ��2	��# �  ��E� ����"M �

 �� p7 �1 K9LM72  ��2	��# � K�	2 "A �"5	��et al. Evitayani  )2011 ( �	�� �! P,�� K9LM H� 	�

 $Q��� $ �@  "�V ���� � ��	� � ]�/ *�`Q �! �� �DO ��5/19  "O�!o��E
  ��E� " !�� �L�� H�d@5 	3 1 ." !��

 P,���"A!��1 $ �@  �� �	�� �! ���n ���'	��2 �� �"A KA�!�� m�� �	524  �� ��2	��# �2/30  	'5/45  �! "O�!

 � � ��	� *�`Q ��4/21  	'50  l2�R� � !�� �&R� ]�/ *�`Q �! "O�!�"A!��1 Q��� �! P,��$	5� �"A KA�!�� 

 $:h�� H�� ��5/35  "O�!!��  �! �72  ��2	��# � �� p7 H� 	���	2!��1  � ��	� *�`Q �! �`�� H��85  �! � "O�!

 ]�/ *�`Q3/71  "O�!!�� .$RQ	� 	� �u	M W�	R  ) ����! H::G� �	5Babayemi & Bamikole, 2009; 

Aghajanzadeh et al., 2017 .!�� �,@5 (Zanetti et al. )2017 �(Aghajanzadeh et al. )2012 � (Bamikole 

& Babayemi )2009 ��	2!��1 $� " !�� o��E
 (P,�� � "�� �O	�� ��	2 $� K�,  $�@#A �!  H�� �! ���%�

.!��! ��2	��# � �	�� H��R�� $� �	  �[5�67   

�	2!��1 $� c���� Z	�L��� �O	�� � "�� �! $�@#A �	�� �! � m�R\� �	5� X�	:R� �f��� "�� !�  �	5�	@' 	�

�����/  ���	2!��1� $�*�"a �! ^'�' �	5 6  �7 �"�1  .K2��	2!��1 K��2� ��	 �! ���"#� 	� $,�	:� �! � "�� �O

 $���	��	5 	' �DO �72  K�	2 ���� ILR/�KA�! ���! )01/0<P .(�O	�� ��	2!��1 ^'�'  �P2	R7 Z��O $�

 � !�� P�E�� � P�"2 �P,�� ��D,Q�	�� X� �! � P2	R7 ���� �"A!��1 ��E� H��R�� ��2	��# � �	5 ��E� H��R@�

) !�� P�E�� ���� �"A!��101/0P< .(� X�	:R� �f� �2��� �! H��R�� E  .���/ � � "�� !�� H��R@� � ��	2!��1 ��E�

 �	�� �!72  ��2	��# � K�	2$� ^'�' $T �� P2	R7 ���� Z�x kL2 P�"2 �"�1 K2"� )01/0P<.(   

  

  

                                                                                                                                                            
1. Pennisetum clandestinum 
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G7�H 5;�= �,�3�� ;
<�� . �B?0 �J�8& I
��C A�?�� 7�. �	 ;�����	 S��T� ���)�
;��!  

(K�	2) �	�� 	5�	@' 

72 48 24 12 8 4 0 ]�/ �!	� ��
���/��
 ���) �D,Q(  

44/49 e 44/49 e 44/49 e 44/43 e 53/40 e 43/38 e 43/31 e �"�
 �	� 

14/95 d 14/95 d 14/95 d 14/95 d 18/92 d 24/90 d 19/79 d "�U �"�&V $9	D' 

39/215 b 39/215 b 39/215 b 39/205 b 97/182 b 75/170 b 68/137 b $T �� $Q��� 

28/204 c 28/204 c 28/204 c 28/95 c 66/180 c 07/154 c 45/126 c Z�x kL2 

36/1315 a 36/1315 a 36/1315 a 36/1225 a 55/1223 a 1/1184 a 1009a �"�
 S��2 

231/0  231/0  231/0  231/0  532/0  417/0  641/0  � H� 	� �� !��" 	R2� �	h/  

0001/0  0001/0  0001/0  0001/0  0001/0  0001/0  0001/0  ���� vh2���!  
       ]�/ �!	� ��
���/��
 ���) P,��(  
19/128 e 48/119 e 11/96 e 67/70 e 15/56 e 49/40 e 33/28 e �"�
 �	�  
15/576 b 19/567 b 27/539 b 58/405 b 33/364 b 09/313 b 44/115 b "�U �"�&V $9	D'  
91/1187 a 38/1149 a 91/1067 a 09/800 a 15/706 a 65/631 a 91/350 a $T �� $Q���  
38/199 c 09/193 c 69/172 c 85/121 c 05/106 c 51/92 c 13/45 c Z�x kL2  
43/117 d 46/109 d 39/100 d 75/78 d 74/70 d 48/61 d 37/33 d �"�
 S��2  

241/1  247/1  732/1  847/0  142/1  751/0  691/0  H� 	� �� !��" 	R2� �	h/ 
0001/0  0001/0  0001/0  0001/0  0001/0  0001/0  0001/0  ���� vh2���!  

a-e:  �5 �! �	U�� Z�	D'��R2 ���� �$�	��	  I��M 	�K2� ��! )05/0<P(.   

  

Martz & Ledoux )1991 (���" � � "�� �O	�� ��	2!��1 ^'�' �! �"A ��
�	3V  m�� �$T �� $Q��� Y� 

P2	R7 $� " !�� �L�� ^'�' H�"� �� $T �� kL2 � �!���� m�� ���`M  �� �R���D,Q� P�E�� � P,�� !��1  ."A

�1 H�d@5 ��E� 	� $h��� �! 	5$�@#A K9LM��  $� "�RA�! �	� �O	�� H�� P,�� � H��R�� ��`M m�� P2	R7

�E� H��R@� �!���� m�� �� "�� K9LM �48 RA�! �� ��2	��# � K�	2"�. �u	M [�	��1 W�	R  	� �,@5 Ibrahim et 

al. )1998 ( o��E
" !�� W �� S��2 � 	���R��� �]a t�� �	�"2��
 �	 �� m�� �W �� �	� �! $��  ����! P2	R7

K2� ��	2!��1 K��2 H��R��  �O	�� $:� �$� ^'�' � � P�E�� �P�"2 ��D,Q�� P,�A	��". �1	5  �!	� X�	:R� �f�

 �"A!��1 K��2 �! �� � "�� �!	� � �����/ �� "�� $�@#A �! � "�� �O	��48 ��2	��# � K�	2�  o��E
 ^'�' H�"�

 ."�RA�! �� K9LM ��E� H��R@� W �� S��2 �! !�a�� P,�� � H��R�� ]a t�� �! !�a�� P2	R7 $� " !��

Evitayani et al. )2011 $� "�RA�! �	� (*LG � " ��$�@#A ���%7$Q��� �! � "�� �O	�� ��  � ��	� � ]�/ *�`Q

!�� �	,#� P5 	� $� ��G  $� �K9LM P2	R7$� pz2 � �`�� H��'��%7  ^'�'!�
�
." !�� P,�� � P�E�� � Pal et 

al. )2011 ( �! � "�� �O	�� �"A!��1 ^'�'�	�  �	� �W ������ $U	2 ��"�
 �	� �Z�x  � m���a  �� p7 �� �2�!72 

 ��2	��# � K�	2*LG � ��E� $� " !�� o��E
 H::G� H�� ." !�! ���U �2��� !��� ^'�' $� ���%7  �P�E�� �P2	R7

�p� ��D,Q P,�� � ��� �E���� .!�� Correac )2006 ( �! $� !�� o��E
72 $�@#A ��2	��# � K�	2 �� �!�	
 

K9LM P2	R7 �`�� ���#�$� pz2 � �`�� H��'��%7 ." !�� P,�� � P�E�� ��D,Q �O	�� ^'�'  �u	M W�	R  	� �,@5

Zanetti et al. )2017 �(Aghajanzadeh et al. )2012 � (Bamikole & Babayemi )2009 $� "�RA�! �	� E  (

*LG � ��E� H��R����! P2	R7 �� $�@#A �! ���%7 H�d@5 .! �� XO	M W�	R [�	��1 �	5 W�	R  	� 	� Oikawa & 

Saiga )1995 �(Ceresnakova et al. )2007 � (Galdamez et al. )2003( !�� FQ���  ��u	M W�	R  	� !	�' �! 	��

Rooke et al. )1983��	2!��1 	� $h��� �! �'�	DR� W�	R  ( ." !�� �	� P�E��  
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G7�H6���! .
�X ;
<�� . �J�8& ���9� �. #��)= )�� K?> ����N�O �. N�O���� (.�� M5C( ;��� �. S��T� ��	 

(K�	2) �	�� 	5�	@' 

72 48 24 12 8 4 0 (]�/ �!	� ��
���/��
 ���) � "��!��� 

30/442 b 66/427 b 71/395 b 40/295 c 16/262 c 36/228 c 60/115 c P,��  

94/377 c 94/377 c 94/377 c 16/353 b 20/343 b 66/327 b 11/227 b �D,Q 

52/144 d 4/140 d 91/130 d 36/121 d 51/85 e 26/43 e 45/18 e P�E�� 

96/1150 a 96/1150 a 96/1150 a 24/1136 a 25/1112 a 49/1806 a 80/1024 a P2	R7  

88/96 e 88/96 e 88/96 e 96/93 e 08/89 d 87/82 d 51/69 d P�"2 

733/0  666/0  784/0  736/0  574/0  621/0  571/0  H� 	� �� !��" 	R2� �	h/  

0001/0  0001/0  0001/0  0001/0  0001/0  0001/0  0001/0  ���� vh2���!  

a-e : �5 �! �	U�� Z�	D'��R2 ���� �$�	��	  I��M 	�K2� ��! )05/0<P(.   

  
G7�H 7 . �
 �9� ���!.
�X /&�! �. ���9� (.�� 7 ��
��C .
�� R����� �Y
72 ����) ;��!���)�
 /&�!M5C (.�� N�O�����. N�O( 

P�"2 P2	R7 P�E�� �D,Q P,�� 	5�	@' 

31/132 m 27/1387 c 09/87 r 39/50 s 48/127 n �"�
 �	� 

28/197 j 05/191 k 48/194 jk 29/102 q 14/579 g "�U �"�&V $9	D' 

09/108 p 82/1681 a 95/216 h 14/216 h 55/1187 e $T �� $Q��� 

70/1 v 89/941 f 94/174 l 61/203 i 57/197 j Z�x kL2 

15/37 t 68/1552 b 15/49 s 26/1317 d 21/9 u �"�
 S��2 

733/  733/  733/  733/  733/0  H� 	� �� !��" 	R2� �	h/ 

0001/0  0001/0  0001/0  0001/0  0001/0  ���� vh2���!  
a-u : �5 �! �	U�� Z�	D'��R2 ���� �$�	��	  I��M 	�K2� ��! )05/0<P(.   

 

4�8��� . � �9  

�	2!��1 ��E��  �! �O	�� $:� �����/ �!	� Y�  $� $R,� .!�� H��R�� �DO �	�� �! �����/ !��� $�� �! P2	R7

�!� 	5� "��� �	2!��1�  ���U"�RA�! !�a�� �O	�� ��E� �� �A	  ��� H�� .$ �@  �! 	5.!��  ��2	��# � �	�� [��EQ� 	�

 [��EQ� $�@#A �! �O	�� �"A!��1 ��E�.KQ	� �	�� �! .���/ � � "�� �O	�� X�	:R� �f� 	5�  m�R\� ��2	��# �

�	2!��1 K��2 H��R�� $T �� �! !�a�� P2	R7 $� !�! �	� � KA�! ��. �	2!��1 ��E� X� �!�  !��� �	@' �! P2	R7

����/�	�� $�� �! � �	5� !�� H��R�� ��2	��# � .$T�2��Q �	5 �"A"�"7	  X@#�	5� � "�� � ��P,�� � Z	D,Q

Z	����$� P,�����! ^'�'�  H��R@� � H��R����":�  �!$@5 �	��	5�  m�R\�" !�� ��2	��# �.  

  

5;#��	 <)��� .  

�5  .!��"  !�a� �	
"�,��  H� ��Q	�� ��	�' $ �
  

  

6 .;(��	  

�@2	U��� ��:' ��V��U ���'�� �."5.�	�3� �� 	��U �"@M� ��	�	� �"�2 �����! )1394 .( ���" � � m�R\� ��!	:� �f�

 K ��L
 � $'	#�2����91 �	5 � 	� Z��x  P�5 K��	U �.���/ I�`� �]�/ �!	� �� $�@#A �"A "�"7	  ��

 "�D2�
 � �/ �	5 $T�2��Q � �%&� !���BC�! .���! Z�"9�' Z	::G' .4 )2 �(21-37.  
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