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Abstract 
The effects of feeding fermented cottonseed meal on performance, egg quality characteristics, gastrointestinal microbial population, and blood serum 
parameters were studied in a completely randomized design with nine treatments, six replicates, and 12 birds per replication using 648 Hy-Line W-36 
laying hens. Raw cottonseed meal was fermented with a liquid mixed culture containing Lactobacillus plantarum, Bacillus subtilis, and 
Saccharomyces cerevisiae with a ratio of one to 1.2. The experimental treatments included replacing 7.5, 15, 22.5, and 30 percent of the raw or 
fermented cottonseed meal with soybean meal in the diet. After seven days of fermentation, free gossypol content of cottonseed meal was reduced 
from 985 to 107 mg/kg (P<0.05). The use of different levels of fermented cottonseed meal in the diet increased egg production percentage and egg 
mass and decreased feed conversion ratio compared to raw cottonseed meal (P <0.05). The eggshell strength in hens fed diets containing fermented 
cottonseed meal was higher than control birds and chickens receiving diets containing raw cottonseed (P <0.05). Feeding the diets containing different 
levels of fermented cottonseed meal significantly increased lactic acid bacteria population in crop and cecal of laying hens (P <0.05). Blood 
cholesterol concentration was lower in birds receiving diets containing fermented cottonseed meal than in other birds (P <0.05). The results of this 
research showed that replacing fermented cotton meal up to 30% with soybean meal in the diet of laying hens improves the parameters of eggshell 
quality, microbial flora in the gastrointestinal tract, and blood cholesterol of laying hens without negatively affecting performance. 
 

Keywords: Cottonseed meal, Cholesterol, Free gossypol, Laying hens, Microbial fermentation. 
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62/0  62/0  62/0  62/0   62/0  62/0  62/0  62/0  62/0  ( ���)  H]� W�T �"��)C1C �$��M ��� �3"  

1. �#+B#�, )#��^� �:$; �!�8$9 � 
.�#13 �!�8$9 � =�> �<"�  

2. �#+B#�, )#��^� �:$; �!�8$9 � 
�.�#13 �!�8$9 � �)�	7/ �<"  

3 .���./ %$���6#� W	?� =)C15�9 )� :A3" )#* ��"1� � $$93500000 ��  �"� ����6#� %55	!"A &1000000 ��  �"�  ����6#� %55	!"D3 &9000 ��  �"�%55	!" 

 ����6#�E &1000 %5�� ����6#� =)CK3 &900 %5�� ����6#� =)CB1& 3300 %5�����6#� =)C �B2 &5000 %5�� ����6#� =)CB3 &15000 %5�� ����6#� =)CB5 &150 

%5�� ����6#� =)CB6 &500 %5�� ����6#� =)CB9 &5/7 %5�� ����6#� =)CB12 &250000 %5�� &��!19 =)C500 %5��.��/1� =)C 

4 .���./ %< @� W	?� *" =)C15�9 )� :A3" )#* �"1� � $$950000 %5�� &+$B$� =)C25000 %5�� &��M =)C50000 %5��  &��� =)C5000 %5�� &`� =)C500 

%5�� & # =)C100 %5��.=1�$53 =)C   
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��� �"�� 7)X��V �P 6) (����� 5��  � ." k�f

��� �������� 76, @�0���� ." 5�� �P), �9 5��

�9 .�C �*�^� �M
��6W  6) e).�8 V
��� I
�f !@�	g

e).�8 v�D� ���d� V �P �"�� �' ���  (����� 5��

' .�C �*�^� ��� ���� ���  �*.�' .�j	� ." 5��

' .)�#� �9 6) B
��6W �.," 7�
��  "�& * �+"�D� .�H

��� ��0M
��6W ' , k��1�) (��)�1� 6,. * �H .") 5��

��� .���C ��*.)5�� �' ��1��
" (,6)�� 6) �"��1*) �' �9

 2>"01/0 ' .���C @
6�� N�/  2�,�d� @��3� .�j	�

2�,�d� ���1��
" ��01*" 6) 1*�� ) h	*Ogawa Seiki 

Co., LTD. OSK 13473 R, Japan 2�*��P �' (01/0 

�1��* �' N�/�$�� -,. @
) ." .�C �"��1*) Q'���1�

��� 5�� (6)�� ^�  ," @�' �
)�1*) 2%�> 6) �9

��� ' 7W x
�H 6) ,��� , 1+�/ .)�> ��01*" , 5�� ".)

��j^� ." , �C��� 1*�� � ()5���� 1�#C �9 �C

 2�� �".), (,������ 1*�� 2���f .�C 5�� * 6) �9

��� |*, , � !�* Q=d�5��' �9  7W @
�
6 (�M_ �)�%9

) h	* 2���f ��01*" 6) �"��1*) �'Ogawa Seiki Co., 

LTD. OSK 13469, Japan�6)��) (  @�0���� , �C (��/

)' , �*�^� �
"�d� @
 ��� �9 1*�� 2���f 7)�	& 5��

 * �1�,�#�� 6) �"��1*) �' ��$_ ����* l���.) .�C 2��

) t�D�� 
��Ogawa Seiki Co., LTD. OSK 13471, 

Japan�6)��) ( ' ,�9 �P), , �C (��/ ) ='). 6) T%�1 (

.�C �*�^�  

) =').1    (      HU = 100 log (H + 7/57 - 1/7 W
0/37

)   

 !='). @
) ." �HU ! �,�9 �P),H ! �' ����* l���.)

�$�� �P), , �1�W !��� 76,�� N�/ �P), �' 5�� .�C�'  

�6)��) ()�' �
�d� -,. 6) �".6 ��. z8�C (��/

��. �%Mg2d'�=� , �9 7W 7")" ��%� �' �9 (�9

�.�� 6) -,. @
) ." .�C �"��1*) !".)���1*) (�9

��1�) 2��C �9"6Roche  .�C �"��1*)  

' �	*)�+ �*.�' .�j	� !7�8 N�* (�9."  7�
��

* 6) B
��6W �.," 3=> 5�� 6) �9 �P), ��6W
M 6) �

7�8 ��' �
., ��%� .�C (��/ ' !"�d3�) 6) S� 7�8 (�9

' , Vd1	� k���,�#��  ���10  2&�* �' d�>"2000 

)�4 N�* , n���
�1��* d�>" �' .," ) �C13 S]* .(

��%�B
��6W N���) 7��6 �� N�* (�9  ." H�'�� (�9

 (��"20- �1��* 4."  2j$_ .�
"�/ (.)�i0� ")�/

(�� !V� �,�1�$� !X��$/  �' @���,���]�� , �
���$/

) A�' ���0gHDL2�� |*�� ( 7��6W R.�� (.��� (�9

) �1��1+,�1#]*) 6) �"��1*) �' ,Clima, Ral. Co., 

Barcelona, Spain�6)��) ( 7�8 6) S� .�C (��/  !(��/

5��'�4 -,. ' �9  �' , ���C .�1M� 7"�/ ��i� �
�4

����&�f 7W -.)�/ ��01*" !CA �%#C �=* 7"��  �9

	�g S]* .�C u.�8 ",�P , )�4 N�#* , 7)"5/1  N�/

B�' ��
�1^� 6)' .���� (�9  V8)" ' ��/)�4 .�H

k���,�#���1*) (�9 2�3%4 �*.�' ()�' , �$�� V


(�1��'�$� , �#�1�A ��*) (�9N�+ (��" ." �970- 

�1��* 4." .�C (.)�i0� �',�#�� 2M� 7��6 �� ")�/

��%�u.�8 6) S� �9 ' .X
�+ 6) 7�C  2&�* ��� ���

�
 	�g ��
�1^� 6) N�/ T
 7W 6) S� , �C �
�M/ 7)"

>. (�* 28�* 2i4 , 1C)"�' N�#* ,x� 6) !(6�*

 2
�i�." .�C �"��1*) ��), 7�1]� ��$^�1/0 �$�� 6) �1��

2>.	�g I*�	� (�9' N�#* , 7)" (,. I����

2�$� |�^� (,�P (�9 .�/W R)..W.N) � �D18) (�9

(�1��' �
�*�	C ()�') ().�'..W.(, , (�#�1�A ��*) (�9

�$� �
�*�	C ()�')N�+|�^� .�C �")" 2M� (�9 (�9

�(�1��' (,�P 2M �$� , �#�1�A ��*) (�9 ." N�+

 ���24  (��" 2&�*37 �1��* 4." .�	1+�/ .)�> ")�/

�	$� ")�3� -.�%C 6) S� ." V �P "�& !2�$� �9 ." �9

' ��1� , k�f 2>. S#&  �	$� V�#M� �P), 7)�	&

)CFU �C -.)X/ ��%� N�/ T
 ." (]11[ ()�' .
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 7)X�� B�	*pH 	�g ��
�1^� 6) N�/ T
 !N�#* , 7)"

' .���� ��
�1^�  �' ��/)�4 .�H2 �$��  �=d� kW �1��

7)X�� S]* , O�$��pH   6) �"��1*) �'pH �1� ��1��
"

)pH Meter CG 804, Schott Gerate, Germany (

�6)��)  �C (��/]12[.  

�")" (�9' 2*" �"��1*) �' ���W N�� 6) .)X+)SAS ]15[ 

 ���)1/9�' () (.��W ��� ()1@�0���� , 
X�� ( �' �9

 ��%1P) �=* ." ���� 7��6W 6) �"��1*)5  �
�d� � ."

.���C ")6W ��]�*�/ .)�d� !N�8 @���,�� !.�%C 

(�1��'  7)X�� , �#�1�A ��*) (�9pH �	� ���	� ." �)"

��%�� , N�8 ((�	�� �' 7��6W t N�� 6) �"��1*) �' , .)X+)

SAS ) ���1/9 (�
�d� ���C ]15[.  

) =').1(                                     Үij = μ + Ti + εij   

='). @
) ."! Yij ���9�M� .)�d� �.�%�� μ  � @�0����

�2�  Ti� �	� ���	� ��) , (��%�� �
 , N�8 �)"εij� 

 �M
��6W (�=82*).   

  

3 .��� � ����   

�	� ���	� �',�#�� ��%�� �)"' !  7)X�� (��q� .�HpH  ,

 2�3%4 , N�8 @���,�� �=* , B9�� ). ")6W ��]�*�/

(�1��'�	� ���	� ." �#�1�A ��*) (�9 ). (��%�� �)"

) ")" B
)X+)05/0<P � �,�42 !�f�P B
��6W ." .(

 �%����
,�* S��
��,.���*  "�4�� 7m���) v�D� �'

�9)�+ I�* ��%�� 7X�� ." �' |�^� 7�C9 ()�' (6)�

 �C.S�$�1'�* R�$�*�' 2���3+ S]* .�C �1�
6 (�9

S�$�1'�* R�$�*�'  ,N,.�1�F� R�$�*�'�1�A  x
�H 6)

 B9��pH � �D18) I�*  ()�' �=�^� |
)�C 7�C

(�1��' �C. �' ��%�� �.," �H ." .�C T�1�A ��*) (�9

(�1��' 2�3%4 B
)X+)' , T�1�A ��*) (�9  7W ����"

� B
)X+)' ��*) ����  !T�1�A ��*) �m
,pH  2+) |�^�

�Mg .2+�
 (��/  !B
��6W @
) ��%�� |
)�C �' ��%9

B9,m�  6) �"��1*) � ��"�� -.)X/ 7)�/ R�$�*�'�1�A

N�1	��+ !S�$�1'�* R�$�*�' !��
,�* S��
��,.���*  ,

)�1�,���� R��*�+N  B9�� I�* )X$� ���	� ��%�� ."

pH  2�3%4 B
)X+) ,V�*�'�1�A�C �9 ]3[ .  

�	� ���	� ")6W ��]�*�/ 2j$_ B9�� V��"�)"  ."

' �',�#�� ��%�� �	
W�+ �H  ' ")6W ��]�*�/ ��D�)

�C�� 	��W (�9��*) , @���,��  
X�� �
 , �',�#�� ��C

2���3+ �H ." ")6W ��]�*�/ �")" O���.) �',�#�� (�9

 2*) ��C]25[�	� ���	� ��%�� .)"' �  T%�

��
�� R�$
n�]*W  �
)X
.,) R�$
n�]*W '  7)X�� I����

 6) ). ")6W ��]�*�/549 �$�� ���	� N�/�$�� ." N�/

�	�  ' N�8 �)"81  ,178 �$��  ")" B9�� N�/�$�� ." N�/

]25[�9 . 3��=� ." @�	g � 2*) ��C -.)X/ �0
" ()

 (�1��' 6) �"��1*)R�$�*�' S�$�1'�* � ()�' ���	� ��%�

�	��� B9�� ). ")6W ��]�*�/ 7)X�� �)" �9"]17[.  

  

 K� ,2�:$; �!�8$9 %#��	�
 R�:�9)/ � %?#+�E R���1a> ) %�)?�� )�	7/ )�-./ .�<"�  

�8$3")E��  �:$; �!�8$9=�> �<"�  �:$; �!�8$9�)�	7/ �<"�   ���@� ��2>  K�	6�" b23  

=�> ��[/�); ( ���)	 	67/39 b 85/42 a 43/0  006/0  

%5��) �"*M K1c�31C(=)C15�9 �� =)C  985a 107b 35/6  001/0<  

�)69�(=)C V# �� %$59 W�?'/  �"� �" @/) %?�69d  �3" ���  03/5 b
 28/10 a

 28/0  002/0  

pH  72/5 a
 96/3 b

 11/0  004/0  

a-b%$@� ��'��< e�)� � 4#�� )� �� =�T�" R���/ : A3" �"�)05/0<P .(  
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X+))
B ��,���@  N�8�	� ���	� ." (��%�� �)"

' 2*) @#%�  V��")�1^� B9��( TM8 �"��  ,����� 

��,���@ ��',�# � ��H ." �C�' ��%�� �.,"]3  ,19[ .

' �,F&! X�W
��9( ����,���1�T  |*�� ��CX1	*

����/.),�#���)X+) ' ��	� 2*) @#%� �9
B  �F^�)

B�'B
)X+) , �	���,�� (�9 1]���9� *) ,��9�( �W�	  ")6W

"�C ]19[.  2*) ��C -.)X/ !�f�P B9,m� h
�1� x'�=�

�	� ���	� ��%�� �' �)"  T%�S�$�1'�* R�$�*�'  7)X��

 6) ). N�8 @���,��68/46  '59/52  ")" B
)X+) � ."]17[ .

�	� ���	� �',�#�� ��%�� !@
)�'�	' ' !�)"  I�* (��q� .�H

.) "��i'�� 7W �
)�_ -6 ."�C  

 �' �M
��6W (�9.�%�� ����� ' O�'�� h
�1�

�	*)�+ 5�� "�#$%& (�9��� (�9 ) �,�4 ." .)�/3 (

��� 76, ." ��,��� .2*) ��C r).) v�D� , 5��

5�� 
��� .�M� �9�M� b$1�� (�9.�%�� @�' e).�8 �9

���4 �'�	� ���	� � (�9 7)X�� ' N�8 �)"5/22  �
30 

 ����� B9�� I�* "�' ��C �
�* ���	� @
X0
�4 � ."

������ �"�� , 5��) �C 5��05/0<P ����� ." ��,��� .(

������ �"�� , 5��5�� ." 5�����4 �' � �r�9 (�9

�	� ���	� (,�P 7�/���� �' ���C 
��� (��%�� �)"

�9 .�M� ��9�M� �9�C  e).�8 V
��� I
�f !@�	g

5�� �� (�9� 
��� .)�/ ���4 �' ��C ���	� (,�P (�9

�	��� (��%�� �)" 5�� 6) ��
��� (�9 ���4 �' ��C (�9

�	� ���	� (,�P) "�' N�8 �)"05/0<P.(  

 ���	� 6) �"��1*) � ")" 7�M� �f�P 3��=� h
�1�

�	�5�� ���4 ." N�8 �)"��� (�9  B9�� I�* .)�/

 ." B9�� @
) .�C "�#$%& �%* �)��) �' O���.)

�	� ���	� ." "�4�� ")6W ��]�*�/�� �)" .�C�'

 ")6W 7�$���) �,�/ �' 7�C���' x
�H 6) ")6W ��]�*�/

�
X�W 2���3+ ." �F18) , @
X�� 	��W ��*) �C.)�/ (�9

 �*�1*" 2�$'�> B9�� I�* !@��]
�� , @��]� $%4 6)

�w9 ,�� .��H ." @���,�� (�
��' � "�C  �' 7W ����"

 !7)��P �C. , (.)�i0� ()�' (��� ")�� �+�� @���� N�&

�� B9�� "�#$%& �'�
]14  ,21[ . 

  
 K� ,3�:$; �!�8$9 4567� 0123 )�-./ .( ) �)�	7/ � =�> �<"�G)� �)?5	H7/ ��� �"IC  

����	�/1  H7/ F*� G)�  
(=)C) 

H7/  �!1/ G)�   
( ���) 

H7/ ��1/ � �!1/ G)�   
(=)C) 

f"�1> e)a�  
(=)C) 

W# :/ �#)g 
f"�1>  

 ��
  57/62  51/86 a 11/54 a
 68/112  08/2 c

 

5/7 =�> �!�8$9  ���  20/62  68/85 ab 28/53 ab 14/112  10/2 bc 
15 =�> �!�8$9  ���  61/61  26/85 ab 53/52 ab 17/113  15/2 b 
5/22 =�> �!�8$9  ���  33/61  99/83 bc 51/51 bc 39/115  24/2 a 

30 =�> �!�8$9  ���  03/61  68/83 c 06/51 c 30/116  28/2 a 
5/7 �)�	7/ �!�8$9  ���  71/62  94/86 a 50/54 a 90/112  08/2 c 

15 �)�	7/ �!�8$9  ���  66/62  52/86 a 20/54 a 96/112  08/2 c 
5/22  �!�8$9  ���

�)�	7/  
46/62  26/86 a 86/53 a 10/113  10/2 c 

30 �)�	7/ �!�8$9  ���  43/62  63/85 ab 47/53 a 96/113  13/2 bc 
���@� ��2>  65/0  85/0  61/0  25/1  02/0  

K�	6�" b23  72/0  04/0  001/0  32/0  001/0  
a-c%$@� ��'��< e�)� � F163 )� �� =�T�" R���/ : A3" �"�)05/0<P .( 

1. �:$; �!�8$9 � 
 �#+B#�, )#��^�.�#13 �!�8$9 � �)�	7/ �# � =�> �<"�  
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@�
�� !@
) �' �,F&  ���	� �	���,�� 2���� 7"�'

�	� @�
��) N�8 �)"  �*�1*" 2�$'�> , �w9 I
�f 7"�'

 �0
" 6) �
�* ���	� ' 2��� ((.,�f 	��W (�9��*)

5�� "�#$%& B9�� V
A" ��� (�9 �/
��� .)  �' ��C

�	� ���	��� N�8 �)"  �C�']21[ @
) h
�1� �' '�M� .

 �	
X0
�4 � 2*) ��C -.)X/ !B
��6W6  ���	� � ."

�	�5�� ���4 ." �
�* ���	� �' N�8 �)"��� (�9  .)�/

'  2+) I�* ")6W ��]�*�/ (A�' 2j$_ "�4, V��"

z8�C�� ����� , "�#$%& (�9 "�C]23[�9 .  ." !@�	g

B
��6WN���) (�9 4�4 �' ��C ��C -.)X/ �1C�/ (�9

�	� ���	� �	
X0
�4 � 2*) ���	� �' N�8 �)"  

4�4 �C. "�#$%& B9�� I�* �
�* �1C�/ (�9

��  "�C]11[.  

 !V'�d� ." @
) h
�1�3��=� *) � ")" 7�M� 6) �"��1

�	� ���	� (��%�� �)"�	� ���	� �' �
�d� ." N�8 �)"

 "��i' I�*�	*)�+ (�9 "�#$%&5����� (�9 .)�/  .�C

 "�#$%& "��i' ��f�� ."5����� (�9 
��� .)�/ ��C  �'

���4 (,�P (�9�	� ���	� (��%�� �)"�� ' 7)��

")6W ��]�*�/ .)�d� B9�� ]18[�d�.) !( 
��� -6.)() 

�	� ���	��w9 2�$'�> B
)X+) x
�H 6) �)"  !@���,��

	��W (�9��*)  ")�� �
�* , (.,�f (�9��1]� ��j� (���

 Tg��]19[  ,2
�i� ."  -.)�/ ��01*" 2�F* "��i'

 2�3%4 B
)X+) x
�H 6) �����(�1��'(�9  V��" ') ����

e).�8 7"�' �	_(�1��' 6) (��%�� (�9 ��*) (�9

 "�%� �.�C) (�#�1�A]16  ,20[� 2*) ��C -.)X/ . 

 �	
X0
�42M9  ,12 �	� ���	� � ." �' ��C��%�� �)"

 �C. "�#$%& "��i' I�* �
)�_ ���4 ." �
�* ���	�

4�4�1C�/ (�9 �� "�C]18[.  

  

 K� ,4�:$; �!�8$9 4567� 0123 )�-./ .�8$3")E ) �)�	7/ � =�> �<"�H7/ %��9 ���G)�  

����	�/1  
  �"�  

��� 

 ���1:!M h��/�"  

%5��)()6� 

 i<�  

���* 

 �631; A��7g  

%5��)()6� 

 �631; A���^�  

%6<�3 �� =)C15�9)(j)�)6�  

 ��
  70/74  85/5  58/6  41/0  16/4 b
 

5/7 =�> �!�8$9  ���  27/74  76/5  50/6  40/0  13/4 b 

15 =�> �!�8$9  ���  96/73  70/5  75/6  38/0  18/4 b 

5/22 =�> �!�8$9  ���  55/73  63/5  83/6  43/0  22/4 b 

30 =�> �!�8$9  ���  24/73  56/5  04/7  43/0  21/4 b 

5/7 �)�	7/ �!�8$9  ���  27/75  93/5  67/6  50/0  71/4 a 

15 �)�	7/ �!�8$9  ���  79/74  85/5  75/6  51/0  72/4 a 

5/22  �!�8$9  ���

�)�	7/  

48/74  80/5  75/6  55/0  82/4 a 

30 �)�	7/ �!�8$9  ���  81/73  71/5  96/6  56/0  88/4 a 

�2>���@� �  08/1  13/0  23/0  05/0  16/0  

K�	6�" b23  97/0  74/0  81/0  19/0  002/0  

a-b%$@� ��'��< e�)� � F163 )� �� =�T�" R���/ : A3" �"�)05/0<P.(  

1. �#+B#�, )#��^� �:$; �!�8$9 � 
.�#13 �!�8$9 � �)�	7/ �# � =�> �<"�  
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����� ' O�'�� h
�1� �	� ���	� b$1�� G�=* �)"

(��%�� , N�8 '�	*)�+ ���� ���� (�95��  V��C

 , 1*�� 2�,�d� !�".6 ��. !@�����W l���.) !,�9 �P),

��� 1*�� 2���f 5�� �,�4 .")4( r).)  .2*) ��C

5�� 
������ (�9 ���4 �' .)�/ G�=* (,�P (�9

) b$1��5/7 !15 !5/22  ,30  (� ."�	� ���	� �)"

." (��%�� ���4 �
�* �' �
�d��M
��6W (�9  I�*

B
)X+) �	3� .)"��� 1*�� 2�,�d�5�� ) �C05/0<P .(

�	*)�+ �
�* !��P @
) �' !,�9 �P), ��j� ���� (�9

��� 1*�� 2���f , �".6 ��. !@�����W l���.) 5��

2+�0� .)�> �M
��6W (�9.�%�� ����� 2^�.  

��� 1*�� 2�����i� 6) �#
 5��
��z8�C @  (�9

��� ���� ��� 5�� -.,�� 23	  ." �� .)�/ .�C�'

��� 1*�� 2�,�d� , 2���f �'�
6.)B�' 5��  2�%9) @
��

��� 1*�� 2���� �*.�' ." ).  ".)"]23[��� . 5�� � �
�9

7W 1*�� 2���f �� k�$=��� , e6�� �9 ()�' �	C�'

.2C)" �9)��� ��)�	g -6.) 7�/�		� v�D�  

 )������� 1*5�� �'�
  2*) @#%� � ���W �� 6)

�C�' .)".�8�' �+�� N�#^1*) �� ��)�1' .)6�' �s�)�P 

�	��(  ).�
�%� I��. 3��=� h
�1� �f�P  ")" 7�M�

�  
���5��(�9 ��� .)�/  �'���4(�9  G�=* (,�P

 ���	� b$1���	�(��%�� �)"  �
�* �' �
�d� ."

I�* �9.�%��  B
)X+)�Mg ��/ 1*�� 2�,�d� 

��� 5�� (����� (�9�
"�/.  1*�����' 5��  .�H

��%& �$� ��	'�� 6)�� #M��V )X+) , 2*) ��C
B 

 7W 2���f ���	� 
��� ��) ."�	�(��%�� �)" 

C�� EA�%1P)� )X+) 6)
B ��� ")�� k�4(  $%4 6)

�$���  1*�� ." 7W k�*. , �",. 6)���C�' ]24[. 

e).�8�9(��%�� ( �	_ (�1��' 6) �#����',�� (�9

���	C�' �9)�+ �' -.)�/ ��01*" |�^� ." �  7"�%�

(�1��' �C. ()�' �&��� |
)�C  (�9�#�1�A ��*) 

 ��W (�9��*) ����� I�*')  , (T�1�A ��*) �m
,

'  ����"W7!  B9��pH �� -.)�/ ��01*"���C ]12[ .

 ."��1� !�",. 1
��*) B
)X+) I4��  k�4 B
)X+)

 �D	& ,") ���+ , ���$�����P  1*�� V�#M� ."

����� �",. 6) (5�� "�C]1[.  

 7)X�� �' �M
��6W (�9.�%�� ����� ' O�'�� h
�1�pH 

B�' �',�#�� 2�3%4 ,	�g (�9 N�#* , 7)"

5�� ��� (�9 ) �,�4 ." .)�/5 .2*) ��C -.)X/ (

�	� ���	� b$1�� G�=* �	
X0
�4�� �)" �' (��%

�	3� B9�� I�* ���4 ." �
�* ���	� .)"pH 	�g 7)"

) �C05/0<P�9 .( ���4 
��� !@�	g G�=* (,�P (�9

15 !5/22  ,30 �	� ���	� � ." I�* (��%�� �)"

 7)X�� B9��pH �$� .�%C ,N�+ �
"�/ N�#* ." �9

)05/0<P(�1��' 2�3%4 .( ." �#�1�A ��*) (�9

	�g N�#* , 7)" 5��
��� (�9 ���4 �' ��C (,�P (�9

) b$1�� G�=*5/7 !15 !5/22  ,30  ���	� (� ."

�	�' (��%�� �)"�	3� .�H B�' (.)"  �
�* 6) ��

�,�/ ) "�' �M
��6W (�905/0<P .(  

 �w9 ." ). �%i� Bd� -.)�/ ��01*" �',�#�� .�$+

�9 , (��� ")�� k�4 , (.�%�' V�)�& ��1	� @�	g 
) )6 ��

�� �	�]11[ 6) �"��1*) !�f�P B
��6W h
�1� �' '�M� .

�	� ���	�4�4 ���4 ." (��%�� �)" I�* �1C�/ (�9

 B
)X+)R�$�*�'�1�A�$� B9�� , �9N�+ ." N�#* (�9

 @*21  �C �/6,.]18[3��=� ." . �C �")" 7�M� �0
" ()

" �
�* ���	� �' (��%�� ()X$� ���	� �	
X0
�4 � .

 2�3%4 B
)X+) I�* ���4R�$�*�'�1�A , N�#* ." �9

4�4 7������ �1C�/ (�9 "�C]5[�9 .  -.)X/ @�	g

 2�3%4 � 2*) ��CR�$�*�'�1�A�$� , �9N�+ ." �9

4�4 N��$
)
��� �1C�/ (�9 e).�8 �' ��C (�9

' (��%�� ' I���� �	3� .�HB�' (.)" �� , ��  �,�/ 6) ��

�� �9�C' �C�]3[ .  
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 K� ,5�:$; �!�8$9 4567� 0123 )�-./ . ) �)�	7/ � =�> �<"�pH ) D�"1C ��B63� %�)?�� A�@	, �Log10 CFU (  

G)�H7/ ��� �"IC  

  F"� �$�k   =1?3  

����	�/1  
pH �)69�%?�69d  �3" ���   pH �)69���%?�69d  �3" �  %59=)E��  

 ��
  73/3 a
 

b 21/7   41/6 a
 78/8 b 95/6 a

 

5/7 =�> �!�8$9  ���  69/3 a
 08/7 b

  40/6 a
 70/8 b

 01/7 a
 

15 =�> �!�8$9  ���  74/3 a
 26/7 b

  35/6 a
 82/8 b

 12/7 a
 

5/22 =�> �!�8$9  ���  78/3 a
 10/7 b

  43/6 a
 69/8 b

 92/6 a
 

30 =�> �!�8$9  ���  67/3 a
 16/7 b

  46/6 a
 76/8 b

 98/6 a
 

5/7 �)�	7/ �!�8$9  ���  31/3 b
 03/8 a

  27/6 ab
 21/9 a

 39/6 ab
 

15 �)�	7/ �!�8$9  ���  25/3 b
 15/8 a  18/6 b

 17/9 a
 67/5 b

 

5/22 �)�	7/ �!�8$9  ���  27/3 b
 96/7 a  07/6 b

 25/9 a
 93/5 b

 

30 �)�	7/ �!�8$9  ���  20/3 b
 09/8 a  10/6 b

 33/9 a 80/5 b
 

���@� ��2>  08/0  17/0   10/0  19/0  21/0  

K�	6�" b23  001/0  01/0   002/0  01/0  01/0  

a-b%$@� ��'��< e�)� � F163 )� �� =�T�" R���/ : A3" �"�)05/0<P.(  

1�#+B#�, )#��^� . �:$; �!�8$9 � 
.�#13 �!�8$9 � �)�	7/ �# � =�> �<"�  

  

e).�8 .��,6�* �' ='). ." ��,. ." (��%�� (�9

�� -.)�/ ��01*" �',�#�� .�$+ "��i' @
) 7)��  7)�	& ��/

e).�8 � "��' (��%�� (�9 (�1��' @1C)" V��" (�9

!�#�1�A ��*)  , ��W (�9��*)pH  ." �%i� Bd� !@�
��

(�1��' 2�3%4 ��1	��9 , �w� (�9  "�
"6) @�	g

1��'(�  ��.)" �#�1�A ��*) (�9]16[ .�1��'(�9 (*)�� 

1�A�#� ) ." "�4��
@ e).�8 l���H 6) �i	� � �9
x 

����� *)��9�( �W, �  B9��pH ,.�"  |
)�C "��
) I�*

(�1��' ��s#� , �C. ()�' k�$=��� �=�^� �w� (�9

�� ���C�H 6) #$' !
x ��
�� 1'�>. v�P���3+ !�2�9( 

��/�1�W�1��  , ��j� �',�#�� �f ������� �8�' X1	*

�1��'
*��@ (.�%�' V�)�& �C. 6) �� (��/�$4 )6 �		�

]20[. '�D^	� �/m
, @
) � 2*) ��� 7�
�C  "�+

e).�8T����',�� Bd� ' ��C .���' (��%�� (�9 ." �9

�� -.)�/ ��01*" 2�F* "��i' �C�']13[. 


��6W (�9.�%�� ����� ' O�'�� h
�1� �' �M

�	*)�+ 5�� 7�8 (�9��� (�9 ) �,�4 ." .)�/6 r).) (

.2*) ��C  

���4 �' 7�/���� 
����	� ���	� � (�9 (��%�� �)"

 ' 7)X��15 !5/22  �
30  �
�* ���	� @
X0
�4 � ."

 �C 7�8 �,�1�$� 2j$_ B9�� I�* "�' ��C

)05/0<P.( (�� !X��$/ 2j$_ !�
���$/HDL , @�����W !

 .2+�0� .)�> �M
��6W (�9.�%�� ����� 2^� V� @���,��  

�9�1�).��( '�
��%�C�� 7�8 7�M� 3f, ��	9"2� 

+�#
n���
X� ��'�1� ,�#� P7)�� ��C�'	� h
�1� �' ��%9 .

6�_ 
��� !�f�P B9,m�e).�8 �' �9 I�* (��%�� (�9

 7)X�� �' (����� ��) �C 7�8 �,�1�$� �=* B9��

(��  2C)�� 7�8 V� @���,�� , X��$/ !�
���$/]6[ h
�1� .

")" 7�M� X�� ��3��=� 6) �0
" �8�'  ���	� �	
X0
�4 �

���� �
�* ���	� �' (��%�� ()X$� 2j$_ �' (�HDL !
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4�4 7�8 V� @���,�� , X��$/ ��) 2C)�� �1C�/ (�9

' ). 7�8 �,�1�$� 7)X�� �	3� .�H �,�/ ' 2��� (.)"

 ")" B9�� �9�C]3[�9 . B9,m� @�	g  �M9,m� ." 7)�/

 ." (��%�� (�
�* ���	� 6) �"��1*) � ��")" 7�M��0
"

@�g.�$' 
���$� 7)X�� B9�� I�* �	�)n (�9 , �,�1�

(���� 7�8 �
���$/ "�C]13[ �,�1�$� �/�	9�� �)��) .

�	� ���	� (,�P (�9.�%�� ."�� ). (��%�� �)" ' 7)��

(�1��' 2�3%4 B
)X+) ��01*" ." �#�1�A ��*) (�9

 ")" 2��� -.)�/]8[(�1��' 6) �6,��) . �#�1�A ��*) (�9

' B�� ()�' �$��& 7)�	& $� B
)X+) 6) (��/ N�� 7�8 �,�1�

 �"�'�� "�C]8  ,13[(�1��' @
) . �
X�W 2���3+ .�i� �' �9

 �
X�W�� V
.���$/ V�1� ���,.��9A  ." (��$� �
X�W T
)

�� !(�,�1�$� X1	* ���� 6) �,�1�$� �/�	9�� �)��) �	�)��

 �	9" 7�M� "�8]3[�9 . (�1��' !@�	g �#�1�A ��*) (�9 �'

_u,"X��� T%� @18�*�9( ,)�� �
  ." �F18) �&�'

6�' 8�g T%� k�4�9(  (,)��  � �",. 6)� ." , ���C

1��� �7)X� 7W k�4 � B9�� ). �9�)�'�	' .�	9"@
  4�� �'

) '@
 � T%��9( ,)�� ( ' $�*, ��$*�9( ���(  6)

� 18�* �,�1�$���� k�4 ���C T%� ���9( �� (,) 

�",. ." �,�1�$� k�4 B9�� I�* ��"�C ]22[ .  

  

 K� ,6�:$; �!�8$9 4567� 0123 )�-./ .�8$3")E ) �)�	7/ � =�> �<"�G)� F1> ���H7/ ��� �"IC  
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5C
  

%5
��)

��
 )

 =)
C

()
6�! 

%3
 

�[/�
);

 W
9 �

  

��
 )

 =)
C)

()
6�! 

%3
  

 �
��1

:!M
  

��
 )

 =)
C)

()
6�! 

%3
  

 ��
  4/165 a 8/1647  9/31  1/286  74/4  03/3  

5/7 =�> �!�8$9  ���  5/169 a
 1/1642  1/32  2/288  69/4  90/2  

15 =�> �!�8$9  ���  1/164 a
 2/1653  6/33  1/278  80/4  13/3  

5/22 =�> �!�8$9  ���  2/168 a
 6/1637  8/30  7/280  65/4  07/3  

30 =�> �!�8$9  ���  4/169 a
 5/1650  9/29  9/279  74/4  20/3  

5/7 �)�	7/ �!�8$9  ���  7/146 ab
 1/1626  3/32  1/282  78/4  98/2  

15 �)�	7/ �!�8$9  ���  5/132 b
 2/1610  6/34  9/286  95/4  35/3  

5/22 �)�	7/ �!�8$9  ���  1/128 b
 4/1621  8/33  1/285  80/4  24/3  

30 / �!�8$9  ����)�	7  7/125 b
 9/1600  6/33  6/283  82/4  19/3  

���@� ��2>  41/4  01/18  29/2  67/2  16/0  23/0  

K�	6�" b23  01/0  22/0  35/0  28/0  52/0  64/0  

a-c%$@� ��'��< e�)� � F163 )� �� =�T�" R���/ : A3" �"�)05/0<P.( 

1. �#+B#�, )#��^� �:$; �!�8$9 � 
�8$9 � �)�	7/ �# � =�> �<"�.�#13 �!  

2 .d� %!�Bk � ��[/�);1c�!.  
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(�1��' !@
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�H 6) �#�1�A ��*) (�9
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