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 >�0�0 (') 3�&� $8�% � �:@� 32�A= B2C!PC  �NC  �8 �D�= �' "���� .( .PC 

 F�� (2AG0 
����� "� (� $% B�D&0  !�)2014  ��H9  Ross 308 &�  ���I (��0!�.!� $NC  B�J�� �'

�0 K�2�I(-1.4 g/kg) ��)�� ��J� �(-1.5g/kg) �Na (-0.3g/kg) �dLys (-0.2g/kg)  �Men (-

0.28MJ/kg)   ��' 3�&2�0�9 L2�0�� �2��M� F��,�500 FTU/kg  ��2�I � $%! �N��%  �8 #!�� !� "����

 "�! !� .$2��/ B�D&0 (3O�*9 
����� �' 32�A= B2C! 3&,2)24  P8�� Q��' "���� �FCR  >�0�0 (' �01.6 �

4.3  �4.6  ��!� RS� !� "�����500  �1000  �1500FTU/kg   ��� #$2��/ 32�A=  �8 B2C! (�8 K�'

(p<0.01) #�"�'  �! 32�A= B2C! 
T��,0 �' "���� .BW  "�! !�24  �35  $2��/ #$8���(P<0.01) "���� �+� .

 32�A= B2C! !�NC  �' (J2�M� !� 32�A= B2C!PC  "�! !� .��' �0 (�J)�' 3���24 (��-� P2�*�� Q��' "���� �

BW  �037 �55  �68  !� ;�/PC  �127 �233  �173  !� ;�/NC   �8 �D�= >�0�0 (' !�500 �1000  �

1500 FTU/kg  32�A= B2C! .��� #$%  � ��� ��� ����� � 39 �%!� ��J���  ��' *�9  "���� 
T��,0 �'

 32�A= ���� U��� ��*�� (' VW �:J9(P<0.01)  !� �0��'  "���� �+� �'NC  �' (J2�M� !�PC  #$2��/ #$8���

 "�! !� 
��
� �'�6!  ���X� �' "���� (9 32�A= B2C! (9 .���18  �221  $&�%�AY9  �+�(P>0.05)�O�9W . *

3��) 3<&� Z�6- $��) "�� �����  ��/ #!���  "�/ 3���/�0�����(SPME-GC-MS)  !�  "�/ 
�!�$.
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 (2*<0  ��' 3�%�/ ()�) 32�A= B2C! !� ���,� "���� 
��+� V�JX&2� �' � ��% 3� #������ 
����  ���X�

 (���2 P2�*�� 39C�$9� ���� ��� "� �(���2 P8�� 3�&2�0�9 B
8 \��% (� $&� 3� UA5 ��9W  � (2AG0$-

 c��� .��� (���2 P8�� ������ � �8 �&2�0�9 P�' � b!��/ (O�O \� RS� !� 
���� (2*<0 (� ��� #$%

 "���� �!�$9���� ��!� ��*�� !� F�d�2�500 FTU/kg  
��+� ��<2� Q��' �0��' RS� !� "���� .$%�' 3� ca�9

 (&��W$��� �(���2��:e'  C�9� $&9�� 3�%�/  �8 ()�) !� 12��J� f!�� B
8 ���'�a �P  � #$% �2�M0 $%! �

 ���� #��' "���� �0��' "�� �' ��� ��� �����!� 32�8��:e' #$&8� ���9 ���� (,O�S� 12 .$2��/ (2AG0 32�!��

 �! VW U��� $9��0 3� "���� .��� g�:0!� !� g�'�� ��� �' "���� (� �J9W "� 3��5 
�%!�*/ 3��' $&] �8

�a� �!�� PM9 �'�6! ��� !� � $8$' P2�*�� L2�0�� �2��M� "� #������ ��$' 32�A=  �8 B2C! �!�� (� 3

 .��% 3� 3�&2�0�9 B�J�� (��-� ('  C�9� � K�d0��I/�8 (&��W$���  ��' �! 3�&2�0�9 L2�0�� �2��M� ���,� "����

��J� �  �0 $8� 3� c���0 �8 ��������� ('I  �8 B2C! !� B2$� ��*�� .$&&� (��-� ��9W (&2*8 \a�$5 �' � (2�

 B2C! B�J�� �2 � B2$� ��*�� .��% 3� (���/ #$2��9 ��������� B�D&0 36 >�=� "����  ��' B2$� L2�0��

 ��� ��� � #�!�W #���8 ('  ��2" !�!�� V�JX&2� �' � ���' VW U��� P2�*�� 12�X0 Q��' $9��0 3� ��' 32�A=

��'  �e9�*�� !� #$% (��-� "���� .$8� 3� P2�*�� �! L�� (<��9 !� $9��0 3� B�J�� �2 � B2$� P8�� ��$' �0

 .�!�AY' �+� ��� ��� ����� �'  

 ����� h�5 .���  � (�J)�' (�dJ� ��9� \� !� �8  !�$=�� "� $'  �' � L�� ��� ��� (' g�'�� 
T���
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�!�$. \a�$5 � �e9W #��! � !��6 ��T� ���' ��'  ��' ��� ���  $9��0 3� ���

 � 39$,� ���� (' $9��0 3� 
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����  �! "���� .�!�� ���8� �0��' ��*�� !� #������ ;�Y&8 #H2�' ������� �' #���8 �' 
�!�$. � ��� ��� �

 (2�I �' 3�%�/  �8 ()�) 32�A=  �8 B2C! !� "���� #$%  $&' ()!� ��*�� 
��+� 3�!�' (,O�S� K2� "� U$8

 3��� �&2�0�9 �' � ;$&/�$=�� ��� �����/
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����� �.$%�' 3� �' 
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2 -1 -0�����1 �� �234� '5��( �����  

 #�Y�9�� i��0 3�2��"�  �e%�! (�8NewEngland  ��O����� !� 
�9���5 
��aT�� (����(AEC15-011) 

.��� #$��! >2��0 ('  

2 -2 - ����� ���� � ����(�� �1��6���6 7���8  

 \� ��$,0720  #"�! 12 3�%�/ 4��� ()�)Ross 308  ('8  �' 32�A= B2C! !���06  "� \���� !���015 

 F�2!����� >�0�0 �' 39�$=���8 !� #$9�I2  !�4  3�&� � �:@� $8�%  �8 #��/ �32�A= B2C! N�9 �� �'(PC,NC)  

 �4  "���� "��(0,500,1000,1500FTU/kg)  "����)Buttiauxella $9�' �Axtra PHY10000 TPT $9�' �

Dupont Animal Nutrition()!� �0 "���� K2� .$% #��� c���0 .( 
!��5 95  ���Y��9��  !�A/ ��I 36

 (9��!��) (9��!�� 
��T6� j:6Feedworks T��� 35��6 12 !� �8 3k� .�!�� 30!��5 
�:+ (��O����� �

 i���� �"� �') �8 ()�) .$9$% #��� c���0 3����037+/-1 g\:a (  ��&��6� �0 $9$% �"�  ��/!��a "�

 #"�$9� (' 39�$=�� �8 .�!�$9 ��)� �8!���0 K�'  !�� 3&,� 
���0 _�8 (� ��% \.�51.2×0.76m  � ��� #��'

 ���%) #"�0 f�� #!� ��� .��� #��' (9�8� �� 39�<&� VW U�l 12 � (9�� U�l 12 \��%Hysorb wood 

shavings, ECW  39�$=�� �8  �"� (' � $% #������ ��J' #��� ���&� (' (��O�����10.35 kg  .$2��/ (��-�

 32�A= B2C!PC  3�&2�0�9 
����� �0 $2��/ B�D&0Ros 308  F��2014  B2C! (��0!�.!� $&� B�D&0 �!

 32�A=NC  32�A= B2C! 3�&2�0�9 
����� ���8 �0 $2��/ B�D&0PC �M� "� #������ ;�Y&8 �! L2�0�� �2�

 "����  ��' 3�&2�0�9500 FTU  .$8$' (^�!� "���� #$&&� (�e0 (�.�0 j:6 32�A= B2C!  ��' �0 K�2�I 
�����

NC :\2n �!��� "� $9��' 
!�:�  



 

 

  

) $%! #!�� �(3/"�! #� �0 ��. "�) K2"�=W  �8 #!��  ��' K�2�I 
����� K2�11  �024 ) ;��0� � (3/"�!25  �0

35 !��' (3/"�!  >���0 .$% (�J' F�$) !� �e9� #$% \��X0 � #$% (:��X�  �8 �&2�0�9 � 3�2��"�  �8 B2C!

1  �2  $9�')  �! K�J2����' #��� .��� #$��ALBAC 150 ���% �Zoetis ��*�� (' (330g/t  ;�� ��!��

 F�,� "�� (' �<&� � $% #$9�<&/50 mg/kg  #��� .��� #��' N��% #!�� 36 �e&0Salinomycin  $9�')

SACOX 120 
!�. (' (coccidiostat  ��*�� ('500 g/t  (� $% #$9�<&/ $%! \5��� (�8!� ;�� ��!��

 F�,� "�� (' �<&�60 mg/g  32�A=  �8 B2C! (' "���� B2*9� .$2��/ ;�� ��!��PC  �NC  !�4  (��-� ��*��

 :$2��/0 �50)500 FTU/kg �(100 )1000 FTU/kg � (150 g/t )1500 FTU/kg g���� ;�� ��!�� .(

 !� � $2��/65  \�% (' ;��  �8 ��!�� (�8 .$2��/  !�A/ ��I ��O����� $&�Y9���9 #�Y�9�� !� ���Y��9�� ()!�

 �0 #*2! #���10  (,O�S� #!�� ;��0� �0 $,' (' �W "� (O��/ \�% (' � $2��/ (^�!� 3/"�!35  .$2��/ (^�!� 3/"�!

O�S� \� !� VW � ;�� ��!�� b!��I �2�2$� (��&��� j:6 32�&%�! (��9�' .��' ��)��  !����� !�6 (' (,

Ross 308  36 ;��$� 32�&%�! 12 �(�&2� K�� #�0�� .$2��/ (^�!�48  "� $,' �8 ()�) �$�W F�� ����

 �0 #"�! �8 (���� 12 3�2!�07  3�2!�0 �0 `2!$�' � ���/ ;�<9� "�!6  .���2 P2�*�� B8� "�! "� (����  
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 "�! !� ��$<� �e9W .$2��/ �"� ��. "�!!� �8 39�$=�� (�8 !� VW � ;�� ��!�� �!��610  �24  �35  �"�

 � �"� (��-� �;�� ��!�� U��� (' VW �:J9 � ;�� ��!�� U��� ��*�� �0 $9$%FCR  ��� � o�� p�XO "� (�)

 VW 19�0 !� VW (�O�� � 32�e9 �"� j2��0 �' VW U��� .���/ (:��X� (��� #$% R�X.20 L  39�$=�� �8!�

 "�! !� ���/ �$9�q�I �' 39�$=���8 "� #$9�I �� .$2��/  ��/ #"�$9�24  #$9���a�'  �8 39 �%!� � $9$% (���

Sa � F�6 �39 �%!� �"�  ��/ #"�$9�  ��' j:6 39 �%!� ������� .$9$2��/ f!�� ��J���  ���X� � �W �

 
�X�-�0 (' �&' �T��0� b�!Hall   F�� !� P9�!���8 �2003  "�! (9�:% 12 r�)� !� � $2��/ 32��" �%�/

 
!��5 ()!� !�105  �Sa � F�6 � $% �"� #$% 1�� 39 �%!�  �8 (9��9 .$2��/ 1�� ���Y��9�� ()!�

12 "� #������ �' $2��/  ��/ #"�$9� ��������  $9�')Mitutoyo  #!��%2050-08 (KI�C .  39 �%!� �������

 !�600  �$:� .��% (:��X� 39 �%!� ��J��� $.!� �0 ���/ \2$:0 ��J��� (' �'�+ �"� �0 ���Y��9�� ()!�



 

 

%  ��/ #"�$9� �e9W �"� �0 $2��/  !�W s�) ��/$9�I ���8 "� 1]�� #��! � ��!�' �F�X6 "�! !� .��35 �� �

 ;�9CC �;�9���) 3O�� 1]�� #��! � �3��% 3'�] �(&�� �%�/ �"� �0 $9$%  ��/ (9��9 39�$=�� �8 "� #$9�I

.���'  ��/ #"�$9� (;�d�2� �  

2 -4 -9�( :�4 � 0;�<& 0�=>�(  

 "�! !� ��� ��� �����35   ��' ��� ��� ����� � $% B�JM0 (��9 �� (' 39�$=�� �8 .$2��/  ��/ #"�$9�

 ��� ���  $&'"����� 
����� !� \M�J� $8�% (� .$%  ��/ K�Y9��� � #$%  $&'"����� 39�$=�� (��9 �8

XO "� ��� ��� ����� 
�"����� .$&&� >J� �! !�$M� i���� �0 $&�%�� ���% "� (� $�W ��$'  ��' p�1  �0

5  � ��� #��'1  � ��' �$% (���� �O�5 ��$' � 1�� 3��� ��� ��� 3&,25  (���� ��� ��� P%�I B8

 \� ��$,0 �B8� "�! !� .��' 39�$=�� \���96 ) #$9�I2   �8 L�a (' � #$% V���9� (39�$=�� �8 !� #$9�I

� VW p�XO "� #$% F��&� r�0� 12 !� 3��O�'���  � $9$2��/ \M�&� 32��86  L�a �8 !� #$9�I �� �8  ��' !���0

 "� 12 �8  ��'8  
$�  ��' �eJ�a !� ��/$9�I .�%�� ��)� !���08  "�! !� � $9��� 
��� "�!18   �8 (9��9

 \.��� !� (:0�� !�e] 
��
� #"�02  .��%  ��/ #"�$9� ��"W VW  ���X� � �'�6! �0 $2��/  !�� s�) (����

X� 38���8 �' #"�0 
��
� "� �'�6!  ���10  
!��5 ()!� !� �8 (9��9 ;�/105  
$�  ��' ���Y��9�� ()!�

48   "�� 1�� "� $,' � \:a �"� 
���0  ��/ #"�$9� �' � ���� 
��
� ��"W VW  ���X� .$2��/  ��/ #"�$9�

 (O�M� !� #$% #��� R�-�0 
����� j:6van der Hoeven-Hangoor ���8 � !� P9�!2013   ��/ #"�$9�

 �"� �:2�M0 �(.T� !�6 (' .$2��/22+/-0.3g  #$% �"� \:a "� C��2��9�� (O�O 12 !� #$% !�:9� 
��
� "�

 ���� �' � $2��/ �"�  ��/ #"�$9�2230×g  !�5  
$�  ��' ���Y��9�� ()!�24  (2� .$2��/ C��2��9�� (M�a�

 (' 
��
� ��"W VW .$% (���/ �"� \:a "� (O�O 12 � $2��/  "�� f!�� �k�I "� #������ �' 3��� !�6 (' 32�!

�.� 
��
� �"� $.!� \�% (' � $2��/ (:��X� 32�! (2� f��� "� $,' �"� � (�O�� �"� ���� 
���0 \�% 3

 "�! "� (9�"�! *�9 
��
� .$% ���'19  "�! �021  30����� ���8 "�  ���I �' �'�6!  ���X�  ��/ #"�$9�  ��'

 !� 
��
� �
!�. �� �8 !� .$9$%  !�W s�) �$% #��� R�-�0 T:a (�4  s�) tX� (' �!�� ���Y��9�� ()!�

 .$2��/  !�$eY9 F�q�2 !�  !��pH �
�  "�� g���� �' 
��
� �:J9 (' #*�9�2� VW � 
�1  ('5  �' �



 

 

  ��/ #"�$9�pH  #�Y��� 12 �'pH  #�Y���) `&�EcoScan 5/6 pH meter ���% �Eutech 

Instrument Pte Ltd.$2��/ K��,0 (!�I�Y&� �  

2-5- *(�% ��& ?��>
@���	�( ���� )��*��(SPME) ����� ���(  

��8 ��8 L�a !� #$��! ;��0� (' 
�,O�S� "� $,' K� !� .$9$%  !���' (9��9 �' 
�!�$. (,O�S�  ��' !��6 �22 

 �3/"�!45  ��$,0 "� ����&�2 �$' �"� �' #$9�I96   ��' � $9$% V���9� �8 L�a "� #$9�I3   �8 1a�0� (' "�!

' P2��"� .$9!��' �! ��% (6�'�� �J0 32�A= B2C! � ��%  ��/ #"�$9� �' 
�!�$. �0 $9$% !�/"�� 3��O�'��� (

 �' 3����0 T��� \�%5  � !���03   ��' !���03  :"� $9��' 
!�:� �8!���0 .$2��/ ��)� !���0 �8 !� #$9�I

.  "�! !� P2��"�25 � $% N��% ;�

 "�! !� 
�!�$.39   �8 (9��9 .$2��/  ��/ #"�$9�Headspace  �:�� �' ��� ��� � !��6 "�SPME 

 #"�$9� (' ��J����� \���  � 3�I/KJ��'��  $9�') $2��/  !�W s�)Supelco��Y�� ���% � -

 #�Y��� 12 "� #������ �' � (��O����� �u2!$OWAgilent HP 6890 series GC/5973 MSD  Z�6 #�Y��� �

3��) 3<&�-)  "�/ 3���/�0�����GC-MS !���' ���� 32���&%  ��' (��2���  ��9���O�� �9� � �8�:�� .$2��/ *�O�

 U��O� � �:�� � !���' (9��9 �8 "� \:a .$%  !�� \�� (9��!�� \�,O�!���� j:6 $2$) U��O�SPME  12 !�

 #$&&� j2!*0 #�Y���GC  
$�  ��'5  !� (M�a�260   !�� s�) $,' � $2��/ VA) #!�'�� ���Y��9�� ()!�

  �8SPME ���&2�  ��  �
� !� �:�� B�M�J� 4��0 �'  ��' �8 1a�0� 120  ���" K2� .$2��/ ��)� (M�a�

 ��G��  ��/ (9��9 ���" �' F��&�  ��  �
� (�O��  �8 �J0 4����'  !���' (9��9SPME $2��/ V���9�. 

"  ��/ (9��9 ���20  39�$=�� ��� �' (� $2��/ !���' ���� 32���&% \'�a �2��M� (' �<&� #!���8  � (M�a�

(�.��T' .��' i:0��  
�*�e<0 "� #������ �' !���' ���� � ��/ (9��9 "� $,'GC-MS  3:Sa 3/�2�� ���� 12 �'

30  3���� �Sa � ���0.25mm  (a!� ����- �0.25µm  #�Y���)Zebron Capillary GC column �

 ���%Phenomenex 
!��5 ()!� !� #$&&� j2!*0 #�Y��� .$2��/ *�O�9� (��O����� �260 ���Y��9�� ()!� 

 (�O�� 
!��5 ()!� �' ���� � $2��/ B�D&040  32�e9 
!��5 ()!� � ���Y��9�� ()!�240  ���Y��9�� ()!�

 3�2���O� !�' (' ;�) �:J9 (&��� .��' ;���8 \��5 "�/ .$2��/ B�D&0(m/z)  K�'40-300 amu  ;�) $5��)

 !� �8 Z�6 .$2��/ B�D&0 (3�0�5.36  � $2��/  !�� s�) (�9�+ !� K��� �' �'��' 39����O� �/��@�0 C��O�1224 



 

 

V  !�v�� 3OW 
�:���0 .$2��/ B�D&0 !����� !�6 (' (9�"�! �/���&% .��� #��'(VOC)   �8 Z�6 j�:S0 �'

  !�<0 (9��'��� "� �8 Z�6 � K�,��9 
�:���0 3��)MS   !��&� � 3�� �!�$9���� (J��� !�NIST  ��2���

 �e&0 .$2��/ 32���&%VOC  (O�M� i��0 (� 39�$=�� !� Be� !���'Murphy  F�� !� P9�!���8 �2014 

.���/ !��a U$8 �!�� $2��/ b!�*/  

2 -6 -������# ��$A�B��C  

  �e%�! "� #������ �' 
���J���I  �8*�O�9WAOAC  ��� � 32�A=  �8 B2C! 1�� #���  ���X� .$2��/ ��)�

� 1�� r�)� !� �8 (9��9 38�!��a �' 39�$=�� !� K105  
$�  ��' ���Y��9�� ()!�24  .$2��/ K��,0 ����

 (9��9 12  �! 32�A=  �8 B2C! cO���9  C�9�  ���X�0.5g  ���G0 ��$' >�' ���2�O�� #�Y��� "� #������ �'

 $9�') 
!��5IKA Werke ���% �GMBH & Co. �e% �Staufen  #��� ���&� (' 1�2�*&'$��� �' (���OW

 K��,0 �!�$9���� (9��9 12  �! 
��
� � 32�A=  �8 B2C! �C����9  ���X� .$2��/0.15g  !�*�O�9� #�Y��� �'

 F$�) 3a���5�Leco  #!��%FP-2000N ���% �Leco Corp. "� #������ �' (��2��� U"�) �&� �e% �

EDTA  $.!� V�- �' ;�� K�d0��I .$2��/  ��/ #"�$9� ������:�O�� �!�$9���� 12 ���&� ('N !� 6.25 

 f��*� 32���TI  !�9 
�!�$. 3<&� Z�6 #�Y��� "� #������ �' ;�� ��!�� !� 39$,� ���� .$2��/ (:��X�

 $9�') 32�MO�ICP-OES F$� �725  (#$% #$2� F�2��!  ��' $�J���I �C�!$�8 � 12����I$��� "� #������ �'

 .$2��/ *�O�9W �8 (9��9 B
8! j:6 ;�� ��!�� !�  "���� ��O�,� b�AOAC  #!��%2000.12   ��/ #"�$9�

 .$2��/  

2 -7 -���(C A�B��C  

  !����� P2�!� "�  ���I (' ��� ���/
��
�  �8����!�I � ������  �8 #���2  !�4  !�*�� ;�9 "� #������ �'

  !��WJMP   (�J98  (J���)SAS Inst.  �e%Cary  � "���� �32�A=  �8 B2C! 3�.� 
��+� �J0  ��' (��2���

 �J0 �� w�,� !� �8 #��� .$2��/ \��X0 �e9W P&���ANOVA �J0 �' �8 K�Y9��� � $&���/ !��a (��6 12  

Tukey's HSD  
����5� RS� 12 !�0.05  �J0 �' �' �D�=  �8  ��/ #"�$9� .$9$%  "���*<�ANOVA 

� $2��/ \��X0 (��6 12  �J0 �' �8 K�Y9���Tukey's HSD  �' �'��' 
����5� RS� !�0.05  .$%  "���$)

 �2��M�p   ��'0.10   !����� \�% ('NS .$% #��� ���9 F��$) !�  



 

 

3 -D��
�  

3 -1 -���
�& ��B�E& � F�� :���4 G���"  

 32�A= B2C!NC  32�A= B2C! "� ���� 3��� 
��J� B�J��  � � ����' 18W x&�  ��5PC  �2��M� .��� #��'

 K2� K��O� ��� #$% (:��X� N�9 "� �0��'  � #"�$9� �0 32�A=  �8 B2C! !� ��J� \� � B�J��  ��' #$% *�O�9�

 F�$)) $9��' ('��� �8!���0 K�' $9�!2 32�A=  �8 B2C! !�  "���� ��O�,�  ��' #$% \��X0 �2��M� .(PC  �

NC Y&8 ��' !�D�9� �!�� �2��M� (' 12�*9 F�$)) $�W V�J5 (' (#��*�� "���� �') (&��" "���� ��*�� (� 3��3 .(  

3 -2 -F�� :���4 H�=(  � IC �J�� � *#� ��	
��  

 "� ���� \��� (,O�S� #!�� 36 ��� � o�� \�4  _�8 � ��� #��' $.!� 32�A= B2C! (' g�'�� ��� � o��

) �%�$9 ��)�P>0.058 B2C! �+� .($�9 #��� ���9 �8 #��� �  �! "���� ��*�� P2�*�� �' !�� \��� 32�A=  �

 F��$) !� !��6 ������4  �06  F�$)) N��% #!�� 36 .��� #$% #��� ���94 B2C! "� #$&&� (2AG0 !��6 �(

 32�A=PC   �!��FI  >J� ��0��'BW  �0��'(P<0.001)  �FCR   "����� (� ��e'(P<0.01)  ()�) (' �:J9

B2C! "� #$&&� (2AG0  �8  32�A=NC  >J� ��:e' Q��'  "���� \��� �' 32�A=  �8 B2C! .$9��'BW  �FCR 

 $9$% "���� ��$' 32�A=  �8 B2C! �' (J2�M� !� y�S� (�8 !� !��6 !�(P<0.001) B2C! K�' \��,0 _�8 .

 F�$)) ��. "� #!�� 36 .�%�$9 ��)� N��% #!�� 36 "���� � 32�A=5 �0 (24  F�$))  "�!6A= B2C! �( �' 32�

  ��'  "���� 
T��,0FI  >J� �BW  $2��/ #$8���(P<0.01) 32�A= B2C! "� #$&&� (2AG0 !��6 .NC  ��$'

  �!�� "����FI  >J� �BW  32�A= B2C! "� #$&&� (2AG0  �8 ()�) �' (J2�M� !� �0 K�2�IPC  .$9��' "���� ��$'

 32�A= B2C! (' "���� ���*��NC  P2�*�� Q��'FI  >J� �BW  RS� �0 "�� (' (�J'�� �O�5 12 !�1000 

FTU/kg  ��*�� !�  $&' s�) K��O� $9$2��/1500 FTU/kg  �' (J2�M� !�1000 FTU/kg  "�! !�24 ;�

 ��' �0 K�2�I(P<0.01) "�! !� .24 32�A= B2C! (' "���� (� 3��Y&8 �;�PC   �!  �+� _�8 �$% (��-�FI  �8 !�

J� K��O� �%�$9 ��)� 3XS� (9�/  >BW  �04.2%   ��!� ��*�� !�1000  3O�1500 FTU/kg  �0��'

 ��� #��'(P<0.01) 32�A= B2C! "� #$&&� (2AG0 !��6 .NC  �0��' "����� ��  �!��FCR  "�! !�24  (J2�M� !�

 32�A= B2C! �' #$&&� (2AG0  �8 ()�) �'PC  $9��'(P<0.01) ��:e' Q��' "���� �3�.� �+� ���&� (' .FCR �0 2 

 �5  ��!� RS� !� "�����500  �1000  �1500 FTU/kg  ��� #��' >�0�0 ('(P<0.01) "�! !� .35 `2��9 �;�



 

 

 �' #$&&� (2AG0 !��6 !�  �0��' �+�  �!�� "���� �W !� (� ��� ��,:0 3e'���  �YO� "�NC  B2C! �' (J2�M� !�

 32�A=PC  F�$)) ��� #��'6.(  

 F�$)3 - *�O�9W "���� ��O�,� #$%(FTU/kg) 3�2��"W 32�A=  �8 B2C! !�  

  

 F�$)4- 3��� �&2�0�9 �' ;$&/ (2�I �' (2AG0 �' 3�%�/  �8 ()�) 32�A= U��� (' VW �:J9 � ������(PC) 

 �0 K�2�I 
����� �' ;$&/ (2�I �' 32�A=  �8 B2C! �(NC)  !�  "���� \��� �' 32�A=  �8 B2C! 4����'

.(B8� "�! �0 ��. "�! "�) 3�2�*�� y�S� 

  



 

 

 ;�� ��!�� U��� (' VW �:J9  �! "����  $&' ()!� ��*�� �+�(WI:FI)  F��$) !�4  3O�6  #$% #��� ���9

 �:J9  �! "���� � 32�A= B2C! ���� 3���,0 12 .���WI:FI  �0 ��. "�! !�"�! �B8� "�!  "�! �0 ��.24 ;�

��� (�%�� ��)� (P<0.01) .  

 F�$)5- 3��� �&2�0�9 �' ;$&/ (2�I �' (2AG0 �' 3�%�/  �8 ()�) 32�A= U��� (' VW �:J9 � ������(PC) 

 �0 K�2�I 
����� �' ;$&/ (2�I �' 32�A=  �8 B2C! �(NC)  !�  "���� \��� �' 32�A=  �8 B2C! 4����'

�. "�! "�) 3�2�*�� y�S� "�! �0 �24;�.(  

  

 F�$)6- 3��� �&2�0�9 �' ;$&/ (2�I �' (2AG0 �' 3�%�/  �8 ()�) 32�A= U��� (' VW �:J9 � ������(PC) 

 �0 K�2�I 
����� �' ;$&/ (2�I �' 32�A=  �8 B2C! �(NC)  !�  "���� \��� �' 32�A=  �8 B2C! 4����'

 "�! �0 ��. "�! "�) 3�2�*�� y�S�35.(;�  

  



 

 

 "�! !�35 �%�� ��)�  !�/$9��  ��' \��,0 K2�  ��' 3�2��0 12 �;�(P=0.06) B2C! "� #$% (2AG0 !��6 .NC 

 �:J9  �!�� "���� ��$'WI:FI  32�A= B2C! "� #$% (2AG0 !��6 �' (J2�M� !� $%! \5��� (�8 !�  �0��'PC 

 $9��' "���� ��$'(P<0.01) �0 ��. "�! !� .24 "���� ���*�� �;� 32�A= B2C! ('NC  P8�� Q��' y�S� (�8 !�

 �:J9WI:FI  �0 !��611.5%  3O�13  $.!�(P<0.01)  �:J9 K��O� �$2��/WI:FI  ���Y9 !��a ��+�0 �X0

 32�A= B2C! (' 39�*�� �8 (' "���� (� 3�a�PC  .$% (��-�  

3-3-�� �#�� K��>
@� 0�=>�( �  #; )����  

 ��)� 3��% 3'�] �2 (&�� �%�/ �1]�� #��! ���!�' �F�X6 �$:� 3:J9 �"�  �! 32�A= B2C! �+� _�8

 F�$)) �%�$97 "�! !� .(24 !� F�X6 3:J9 �"� P2�*�� Q��' 32�A=  �8 B2C! (' "���� ���*�� �;�500 

FTU/kg  �'p<0.05  "���� �0��' y�S� !� �"� !�  �Y2� P2�*�� _�8 K��O� $2��/ .�%�$9 ��)�  

 F�$)7- (�"� ;�/���� !� ;�/) 32��5�  �e��$9� 3:J9  �8 �"� � (%� #�"�' �' (2AG0 �' 3�%�/  �8 ()�)

 3��� �&2�0�9 �' ;$&/ (2�I(PC)  �0 K�2�I 
����� �' ;$&/ (2�I �' 32�A=  �8 B2C! �(NC)   "���� \��� �'

3�2�*��  

  

 F�$)8 - 3��� �&2�0�9 �' ;$&/ (2�I �' (2AG0 �' 3�%�/  �8 ()�) 39 �%!� ������� 
�����(PC)  B2C! �

 �0 K�2�I 
����� �' ;$&/ (2�I �' 32�A=  �8(NC)  "�!) 3�2�*��  "���� \��� �'24(  



 

 

  

  �8 �D�= !� �! 1]�� #��! 3:J9 �"� *�9 32�A=  �8 B2C! (' "����  "�� (��-�1000  �1500 FTU/kg 

 �08  "�! !� $.!�24 "�! !�  �+� _�8 K��O� ��� #��� P8�� ;�35  ;� �%�$9 ��)�(P>0.05) \2��0 "���� .

 (&�� �%�/ #�"�' P2�*�� ('(P=0.08)  "�! !�35 �W s�<0 � �%�� 32�A=  �8 B2C! K�' ;�4.94%  !�

 RS�1000 FTU/kg $:� 3:J9 �"�  �!  �+� _�8 "���� .��� #��' .��� (�%�$9 3��% 3'�] �2 ��!�' �

 �%�$9 ��)� #$%  ��/ #"�$9� 32��5� ;�$9� �2 (%� �8  �8����!�I  �! "���� � 32�A= B2C! ���� 3���,0 _�8

(P>0.05) .  

  �8 ()�) 39 �%!�  �e9������ ��J���  ���X� � �Sa ��"� �F�6  �! "���� #$%  $&' ()!� ��*�� �+�

 F�$) !� 3�%�/8 ��9 32�A= B2C! �' #$% (2AG0 !��6 .��� #$% #��� �PC  39 �%!� ������� i���� 12

1.4mm  32�A= B2C! "� (2AG0 �' �8 ()�) F�� "� �0$&�'NC  $9� (�%��(P<0.01) �0 �! 39 �%!� F�6 "���� .

2.7%  �3.4%  ��*�� (' 32�A=  �8 B2C! (' �$% (��-� ;�Y&8500  �1000 FTU/kg  >�0�0 (' #��� P2�*��

 ���(P<0.01) "���� � 32�A= B2C! \��,0  ��' 3�2��0 .(P=0.06)  ��/!*' u��I 12 �' 39 �%!� F�6  �!

 32�A= B2C! (' "���� 3�a�NC  32�A= B2C! �' (J2�M� !� $% #��*��PC  "���� (9 � 32�A= B2C! (9 .�%�� ��)�

 �%�$9  �+� 39 �%!� ������� �Sa �'(P>0.05),0 12 . ��J��� $.!�  �! "���� � 32�A= B2C! K�' 3���

 39 �%!�(P<0.001)  39 �%!� ��J��� �"� �(P<0.05)  B2C! �' #$&&� (2AG0 !��6 .��� (�%�� ��)�



 

 

 32�A=NC  �0 K�2�I 39 �%!� ��J��� �"�  �!�� "���� ��$'(P<0.05) 39 �%!� ��J��� $.!� �  K�2�I

 �0 (P<0.001)  ()�) �' (J2�M� !� 32�A= B2C! �' �8PC  "���� ��$'(P<0.001)  (' "���� ���*�� .$&�%��

 32�A= B2C!NC  B2C! "� (2AG0 �' !��6  �A= �' F��,�  �e9�*�� (�8 !� 39 �%!� ��J��� $.!� P2�*�� Q��'

 32�A=PC $2��/ (P<0.001)  B2C! (' �$% #��*�� ;�Y&8 39 �%!� ��J��� $.!�  �! "���� �+� _�8 3O�

= 32�APC  32�A= B2C! (' (� 3�a� $2��/ ��/$9�I 39 �%!� ��J��� �"� P2�*�� Q��' *�9 "���� .�%�$9 ��)�

NC  ��*�� ('1000  �21500 FTU/kg  $2��/ (��-�(P<0.05)  ���*�� ;�Y&8 
!�. K2� ('  �+� _�8 3O�

 32�A= B2C! (' "����PC  .$2��Y9 #$8���  

3-4-9�( :�4 � 0;�<& 0�=>�(  

 �
��
� �'�6!  �! "���� �2 32�A= B2C! �+�pH F�$) !� ��� ��� "����� � �
��
� ��"W VW �9  .��� #$��

 "�! !� #"�0 
��
� �'�6!  ���X�18  �' �'��' ;�11.3%  "� ;�� "�!  ��' #$%  !�� s�) 
��
� "� �0��'

 "�!19  �021  ��� #��'(P<0.001) "���� (9 � 32�A= B2C! (9 . "�! !� 
��
� �'�6!  ���X�  �!  �+�18 

 �221  �%�$9 ��)� 32�A= B2C! �' "���� \��,0  ��' 3�2��0 .��� (�%�$9(P=0.07)  �'�6! !�$M� K2�0 K�2�I �

 ��*�� ��!� �' #$% ���2 
��
�1500 FTU/kg  32�A= B2C! !�NC .��� #��'  

 F�$)9 - 
�����
��
� �' (2AG0 �' 3�%�/  �8 ()�)  3��� �&2�0�9 �' ;$&/ (2�I(PC)   �8 B2C! �

 �0 K�2�I 
����� �' ;$&/ (2�I �' 32�A=(NC)  3�2�*��  "���� \��� �' "�! !�18  "�! �19  3O�21.  

  



 

 

 RS� !� "����500 FTU/kg  �0 �! 
��
� ��"W VW  ���X�32.5%  ��� #��� P8��(P<0.05) ���*�� .

  �+� _�8 32�A= B2C! (' "����  �!pH  ��� (�%�$9 32�A= B2C!(P>0.05)  (2AG0 �' ��/$9�I K��O�NC 

 $�O�00.22  "�����pH  B2C! (2AG0 �' �8 ()�) (' �:J9 ���� 
��
�PC  $9� #��� ��<2�(P<0.01) 12  .

 "�! !� ��� ��� "�����  �! "���� � 32�A= B2C! N�9 ���� 3���,035 ��� (�%� ��)� ;�(P<0.05) "���� .

 32�A= B2C! (2AG0 �' ��/$9�I !� �! ��� ��� �����NC  #$% (2AG0  �8 ()�) ����� K��O� ��� #��� ��:e'

 32�A= B2C! �'PC  B2C! (2AG0 �' !��6 F�X&2� �' ���:9 K�&]NC  (J2�M� !�  ����,- ��� ��� ����� $�O�0

 32�A= B2C! (2AG0 �' !��6 �'PC �  "���� (� 3�a� $9��� .$2��Y9 (��-  

3 -5 - 7�� ��  � ��L�& �BC G���" 0���*MSPME-GC-MS .�@� )*# ���� )��*��  

 "� P�'50 VOC   �e�<&� �'SPME-GC-MS  �e&0 3O� $2��/ 32���&% 1a�0� "�18  (�8 "� #!���8 �0

 \�% !� � $2��/  ��/ #"�$9� �8!���01 �=  �! "���� �2 32�A= B2C! "�  �+� _�8 .��� #$�� K2� �DVOC �8

 ��� (�%�$9 ��)�(P<0.05) 1�&�0 i��0  �Y2� !��O�� 
�:���0 _�8 ����O�� \���  �  �&@��� (' .

SPME-GC-MS  "���� �2 32�A= B2C! "�  �+� _�8 .��� #$�9 32���&% \���  � $&9�� !���' ���� �D�=  �!

 ����O��2�3-\��� -1- �F�9�0�'3 -3J��!$�8 -2- � ��9�0�'2 -�9�0�' ��� (�%�$9 ��)� �(P>0.05) .  

OP�  

 ���� #$% 3�%�/  �8 ()�) !�  ��e' ������ (' �<&� ����� 32�A=  �8 B2C! !� "���� �0��' ��*�� $&]�8

 (O�M� j:6 .��� #��' #���8 ��� ��� ����� P8�� � ��� ��� �'�6! P2�*�� �' 
�a�� 38�/ "����

Debicki-Garier & Hruby  !�2003 !� 3]!�a "���� �1000FTU/kg  !� ��� ��� �'�6! P2�*�� Q��'

 "�! �� �87  �21  "���� "� #������ �' L�� ��� ��� #!�'!�  $8��% .$2��/ 3/$�W!� B�0 "� $,' !��0 (' �&'
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