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Abstract 

 

Studies on effects of different chemical supplements and parameters of water quality on 

hatching rate, survival and growth performance were undertaken in the larvae of Nieuhofii's 

catfish (Clarias nieuhofii). The experimental condition was composed of : effect of disinfectants 

on hatching rate, effect of salinity, ammonia, nitrite, nitrate, light intensity and photo period, 

alkalinity, pH and temperature on hatching rate, survival and growth performance.  

The result showed that using of disinfectant substances as potassium permanganate, 

hydrogenperoxide, formaldehyde, sodium chloride and povidoiodine did not affect on the hatching 

rate of Nieuhofii's catfish. Incubation of Nieuhofii's catfish eggs in the salinity of 1-2 ppt resulted 

in lower survival but did not affect to growth performance of catfish larvae. The 10-50 ppm of 

tannin concentration resulted in reduction of survival and growth performance (p<0.05), growth 

performance of Nieuhofii's catfish larvae was reduced when incubated with ammonia 

concentration of above 0.1 ppm.concentration. The haching rate and survival of catfish larvae 

incubated and cultured in 0.5-3 ppm nitrite, 0-30 ppm nitrate and 20-50 ppm alkalinity were not 

significantly different (p>0.05). The highest hatching rate of catfish larvae found in pH 4-7 and 

was significantly different to the hatching rate of catfish larvae incubated in pH 8 (p<0.05). 
However, on week 2 of the cultured trial, the survival of catfish larvae cultured in pH 5-7 were 

higher than those cultured in pH 4 and 8.  The result from photoperiod trial showed the lowest 

survival of catfish cultured in 24 hr under darkness (p<0.05), whereas the survival of catfish 

cultured under  18 hr darkness and 6 hr with light, 12 hr under darkness  12 hr with light, 6 hr 

under darkness 18 hr with light and 24 hr with light did not significantly different (p>0.05). From 

ligh intensity trial, the hatching rate, survival and growth performance of catfish larvae were not 

significantly different among the group cultured in the light intensity of 500-1200 lux (p>0.05). 

The temperature of 25-270 C gave higher growth performance when compared to those cultured in 

230 C. 

The result concluded that using of disinfectant substances was not nesccesary for 

Nieuhofii's catfish egg incubation. The water used for catfish larvae should not contained tannin, 

optimum pH was 5-7, < 0.5 ppt of salinity, 20-50 ppm alkalinity, < 0.1 ppm ammonia, using 

natural photo period and light intensity with temperature of  25-270 C can able to produce 

satisfactory output on the parameters which have been studied.   
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3�5$ 10,435 C
�  ��"�	(" 
��*&�� #��.����3( (2529) 

�
��
	�$
��
��ก��
6�	.
*
�2�6
�5�
�6�	>�/����&$	��(��ก�	ก����
��ก&	��
E0	B <��ก
�V(�!$
*
?!�.*
���
�6-�*(� 1 <�. �����
ก	�"	 6-8 &�0�<*��@�V(�'��"��(0 2 ��G	���*
3 2 <�.  ?	�������
 
12-14 &�0�<*� ��
��6��
*?	ก
��
��5$  .
*
�2A.*��(�*���������>(ก
�A.*#������ก �Hก��
CDก


ก��G	!��?	 30-36 &�0�<*� #�����0*ก�	

�
�?	��	�(0 4 ����CDก

ก��G	!�� ��"�	(" 6�6	* (2538) 

����
��
	�$
.
*
�2A.*��(�*��
��ก��
6�	���<��ก
�?&�J
�/<*	.���'�
��/ LH-RH �$�*ก�� 
domperidone  <��V(�JJ�/<*	 LH-RH  5 �*<'�ก��*!$
��
 1 ก�<�ก��*�$�*ก�� domperidone  10 

*����ก��*!$
��
 1 ก�<�ก��* ?	'��"�#�ก �����
ก	�"	 6 &�0�<*��@�V(�  LH-RH ?	����� 5-15 

�*<'�ก��*!$
��
 1 ก�<�ก��*�$�*ก�� domperidone  10 *����ก��*!$
��
 1 ก�<�ก��* ��
��6��
*
?	ก
��
��5$?	�������
 14 &�0�<*�����ก
�V(��5F*�(0 2  
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ก
��(��)���*�� ���ก
����"'�+�
��ก�#
!$� 

 กO43� #��'3� (2551) ���-@ก4
'�6:�����
5
��Hก��
��ก��
6�	 <��-@ก4
?	�5$��
�(0
�6
�CDก�
กก
�A.*��(�*6$
#*$6�	>�/?	�$
I(�*	!/ �(0
�3�:H*�	"�
 26.5-27.5 
�-
�I��I(�. 6��$
�5$
��
��ก��
6�	��G	�5$�*<�����0**(ก
�#�$��I��/ (cleavage stage) �*E0
���
A$
	�� 25 	
�( 6�N	
�5�
.H$
���� morular �*E0
���
 3 &�0�<*� 15 	
�( ���� blastula �*E0
���
 4 &�0�<*� 40 	
�( ���� gastrula 

�*E0
���
 11 &�0�<*� 10 	
�( ���� closing of blastopore �*E0
���
 14 &�0�<*� #��CDก

ก��G	!���*E0

���
 33 &�0�<*� 15 	
�( ��"�	("?	ก
�
	��
���
��ก��
6�	.
*
�2?&�!��
$
	

�/�(�*(���G	

�
�
��("���Hก��
����( #���*E0
�Hก��
*(

�����*
3 3-4 .���
�/.
*
�2�(0��?&��5$!�Q	A.*��
�7	 #��
��!
*�	��*��G	

�
�
	��
��Hก��
���<��*(
�!�
ก
��
�!
�.H�2@� 85.33 % Kiriratnikom et al.  
(2007) .$�	?	ก
���("����
��ก��
6�	5	
���
	�"�?	�$
'
	ก�(! 6��$
��
��ก��
6�	*(ก
�
����=�!��<! 
�!�
ก
��
�!
� �(�(0.���*E0
��("��?	�����'�
*�	
#	$	 10 !��!$
!
�
��*!� 
(ก��"����
��
?��'�3:
6	"�
?	�$
��("��
�H$?	������(0��*
�.*?	ก
��6
���("��.�!�/	"�
?	�����
� (6�	>.��>�P 
#��'3�, 2551)  

 

+&(($'.���������ก
��!
��'
'!$�,�-+�
��ก 

?	ก
��6
�5�
�6�	>�/��
�(0���
�H$?	ก��$*��
��ก*�ก���.��D=�

�!�
ก
�CDก

ก��G	!��!0�

?	����$
�ก
�5�
�6�	>�/������>(A.*��(�* ��"�	("�ก��5@"	�	E0
��
ก��'	�'�(0?&�?	ก
�5�
�6�	>�/ #��
�D�����(0�ก���
ก'�3:
6	"�
?	����$
�ก
�CDก�5$�*$��*
�.* �&$	?	ก
�5�
�6�	>�/��
��ก��<��  
(Silurus glanis) ���.��D=�

�!�
ก
�CDก

ก��G	!��!0�
?	ก����	ก
��6
�5�
�6�	>�/������>(ก
�
A.*��(�* �	E0
��
ก.��.$�	���*
3.��W�/*!$
�5$?	ก
��6
�5�
�6�	>�/!
*�ก!�*(	�
��ก�	��  
Linhart et al. (2004) �
��
	�$
.
*
�2�6�0*
�!�
ก
�CDก �
ก 26 % ��G	 82�88% ����*E0
����
.��.$�	5
�.��W�/*!$
�5$��
?��
�H$?	�����'�
*�	
#	$	 800�80,000  �I��/5
�.��W�/*!$
 �5$
��
 1 C
� ?	ก
��6
�5�
�6�	>�/��
��ก#
C��ก�	    กF���.��D=�
�ก(0��ก��
�!�
ก
��S�.	>� #��
ก
�CDก

ก��G	!��!0�
 #��*('�
*A�	#��.H�?	����$
� 8-70% ��"�	("  Rasowo et al. (2007) ���-@ก4

A�5
�ก
�?&�.
����
�C
�/*
����J�/ <I��(�*'�
���/ #&$�5$��
ก$
		�
��CDก !$

�!�
ก
�CDก 
#��ก
��
�!
�5
��Hก��
?	�������
!$
�B 6��$
 ก
�#&$�5$��
��ก#
C��ก�	?	.
����
�
<�#�.�I(�*��
�/*��ก
�	! #���J<����	��
�/

ก�I�/?	�����'�
*�5�*5�	 0.5-4  .$�	?	��
	
.$�	 #�� 100-1000 .$�	?	��
	.$�	 !
*��
�����&$���6�0*
�!�
ก
�CDก #��ก
��
�!
�5
��Hก
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��
��ก#
C��ก�	���*
ก5@"	 �
ก 
�!�
ก
�CDก   34.4 % ?	&��'��'�*��G	 96.7 % ?	&��ก
����
��(0
#&$�5$��
?	.
����
�<�#�.�I(�*��
�/*��ก
�	! ��G	���
 30 	
�(  

?	��
��ก�
�&	���(0

-��
�H$?	.:
6#����
*�V6
�!�� 6��$
A�5
�'�3:
6	"�
�
��'*(�
�
���ก
�*(A�?��
�!�
ก
�CDก

ก��G	!� �5
��5$��
 �6�0 **
ก5@"	  ?	��
��ก#
C��ก�	   
Heterobranchus longifilis     I@0�*('�
*.
*
�2?	ก
�����!��?	'�
*�'F*&$��ก��
� #��*�ก6�?	
�@�	"�
ก�$
� *(
�!�
ก
�CDก

ก��G	!��5
��5$.H��(0.���*E0
CDก�5$��
?		"�
�(0*(�����'�
*�'F* 3 .$�	
?	6�	.$�	 I@0���G	'$
�(0.H�#!ก!$
�
�$
�*(	��.�
'�=�
�.2�!�ก��
�!�
ก
�CDก

ก��G	!��5
��5$��
�(0
�6
�CDก?		"�
�(0*('�
*�'F* 0 .$�	?	6�	.$�	 (Fashina-Bombataa and Busarib, 2003) 


�'/���ก
�
�

	?		"�
	����G	�D�����(0*(A�!$
6�N	
ก
� #��ก
��
�!
�5
�!��
$
	��

��G	
�$
�*
ก (Van der Velden et al., 1991)  �
กก
�-@ก4
5
� Silva et al. (2003)  6��$
���*
3
#'��I(�* #��#*ก	(�I(�*?		"�
*(A�!$

�!�
ก
�CDก

ก�G	!�� #��ก
��
�!
�5
���
��ก 
Rhamdia quelen ��"�	("ก
�����.:
6	"�
?��*(���*
3'$
'�
*ก����
� 70 .$�	?	��
	.$�	 <��ก
�
�!�*#'��I(�* #��#*ก	(�I(�* ?	
�!�
.$�	 80:20 ��&$���6�0*
�!�
ก
�CDก

ก��G	!��5
��Hก��

��ก���*
ก5@"	 #!$ก
��6�0*���*
3#'��I(�*?		"�
?	.��.$�	�(0.H�*
ก #��ก
��6�0*'�
*ก����
�5
�
	"�
��G	  150 .$�	?	��
	.$�	 ��*(A���
?��
�!�
ก
��
�!
�5
��Hก��
��ก����CDก

ก�
ก�5$
����*
ก ���	�"	ก
��!�(�*	"�
�6E0
?&�?	ก
��6
�CDก��
��ก  Rhamdia quelen �@�'������.:
6	"�

?��*('$
'�
*ก����
� ���*
3 70 .$�	?	��
	.$�	 ����ก
��!�*#'��I(�*!$
#*ก	(�I(�*?	���*
3 
20.26 #�� 2.89 *����ก��*!$
��!�   

+����.��!*/�+�
�ก��+�
��ก  ���+�
��0�1� (catfish) �����  

ก*�6� #��'3� (2534) �
��
	�$
 �
กก
�!���ก���6
�

�
�#����
�.�5
���
��ก
�� 
6�6�
>�!��ก�*TD�
�H$?	A	��5
�ก���6
�

�
�#����
�.� <����6�?	.$�	5
�ก���6
�

�
�
*
กก�$
 ��
��ก
���(0!���6���.�!	("
�H$?	&$����E
	�(0 3 #�� 4 5
�ก
���("�� ?	��
��ก
���
�!��
��6���.�!!��ก�*&	��	("*
ก2@� 20-30 !�� #!$?	�
�!��กF!����*$6���.�!&	��	("��� #���
ก
ก
�-@ก4
��ก43�!$
�B 5
�6�
>�!��ก�*�(06�	("��
#	ก&	�������G	 Procamallanus planoratus 
Kulmarni (1935) (
�
�<�� Bykhovskaya-Palovs-kaya et al. 1964, Fernando #�� Furatdo 1963, 

Yamaguti, 1961) �
��
	�$
 P. planoratus ��G	��.�!!��ก�*�(0*(5	
���Fก 5	
�!��*('�
*ก��
�
���*
3 0.10-0.15 *�����*!� �
����*
3 3.75-10.15 *�����*!� ��
!���
���(�� .$�	���*	 .$�	
��
���(����Fก A	����
!���$	!�
�2@�.$�	�
��H'��
�ก�����
���(�* (pseudo segment) &$
��
ก
���ก
�����.
�6�ก�'!�	
�H$�	�
.��*(��ก43�'��
�2����(��/ (barrel-shaped) ?	&$
��
ก��(�� �*$*(



 10 

.�	 *(!�$*�(0<'	&$
��
ก (buccal knob) 2 !�$* ��
�

�
�#�$���G	 2 .$�	 ��
�

�
�.$�	�	�

��G	ก��
*�	E"
 (muscular esophagus) �H���(��'��
�ก���X
� ��
�

�
�.$�	��
�*(��ก43���G	!$
* 
(glandular esophagus) ��G	�H����ก���
ก�$
!$
ก���
����	

�
�.$�	����I@0��
���!
*'�
*
�
�5
���
!�� ��.�!&	��	("��

ก�Hก��G	!��<��*(!��
$
	
�H$:
�?	!��*
���F	���
�$
�&����	 !��AH�*(
5	
���Fกก�$
!���*(� .$�	5
���
��
���<'���
*
�
���
	��
� �
���G	�H�ก��� *(��E
�&$��?	ก
�
A.*6�	>�/ (spicule) 2 
�	 I@0��
��*$��$
ก�	 *(!�0����.�*A�.
�H$.$�	�	�
5
���
� (pre anal papillae) 3 
'H$ #��!�0����.�*A�.������
� (post anal papillae) 
(ก 3 'H$ �&$	��(��ก�	 !���*(�*(�
��
���(�� .$�	
��
�*(!�0� (digit) #��*��Fก�E0	

ก*
 3 !�0� *(&$
��6- (vulva) 
�H$�����3ก�
���
!��'$
	���
�.$�	
�
���Fก	�
� #����#�$���
!��

ก��G	.$�	���#��.$�	�
�?	
�!�
.$�	 6:5 5	
�5
�
�����.$�	
!$
�B 5
� P. planoratum 6�
>�!��ก�*?	.ก�� Procamallanus *(�
��
	�$
6�?	��
	"�
�E�
(ก
��
�&	�� �&$	 P. mathurai  ?	��
 Heteropneustes fossillis (Bloch) P. mehrii ?	��
 Wallago 
attu (Bloch) (Pande et al., 1963) P. meulleri ?	��
�(	�(0�����-
�	��(� P. karachii #�� P. 
Wallagus  ?	��
	"�
�E��
ก�����-�
ก(.2
	 P. Clarias ?	��
��ก��
	�
ก�����-*
���I(� 
(Yamaguti, 1961; Fernando and Furtado, 1963) 
�$
���กF!
*?	�����-���6�
>�!��ก�*?	.ก�� 
Procamallanus �(06�*
ก�(0.��'E
 P. planoratum #��6�!�
��� 6�?	ก���6
�#����
�.�5
���

��
�&	�� �&$	 ��
��ก��
	 ��
��ก
�� ��
&$
	 (�D�*
, 2529; >	�&��, 2530) #����
�*
��� 
(6�3��6�/, 2521) 

��&���
 #��'3� (2548) �
��
	�$
��.�!�(06�?	��
�	E"

$
	 �����3ก�Y
	6���
 �
ก#*$	"�

<5� �����3
�
�:
�&(��5
� ��������&(���
� ?	�� 2547 ��G	��.�!?	ก��$*6�
>�!��ก�* ?	.ก�� 
Procamallanus (Yamakuti, 1961) ��ก43��H��$
� ��G	6�
>�!��ก�* ��
!���
���(�� &$
��
ก*(
��ก43���G	�H�2����(��/ (barrel shaped) 5
���
	�	�
5
�&$
��
ก���ก��G	�
	 2 �
	 ?	&$
��
ก
��(���*$*(.�	 *()
	5
�&$
��
ก*(!�$* (buccal knob) 2 !�$* �@�!��ก����
�

�
�.$�	�	�
 �*$*(5

�H�.
*�$
* A	����
!���$	!�
��	2@�.$�	�
�'��
�ก�����
�*
!$
B ก�	 #!$�*$��G	���
��(0#������ 
��
�

�
�#�$�

ก��G	.
�.$�	 .$�	�	�
*(��ก43���G	ก��
*�	E"
 ��G	�$
!$
ก���
����	

�
�
.$�	����I@0�*(��ก43���G	!$
*�
���!
*'�
*�
�5
���
!�� !��AH���
��
���<'���
*
�
���
	
��
� 5	
�5
���
!�� 0.10-0.15x3.75-4.21 *�����*!� .�W'H��
� �*$��$
ก�	 *(กH��
	
'H��* *(!�0����
.�*A�.�	�
��
� 3 'H$ #��������
� 3 'H$ &$
��
ก5	
� 0.04-0.05x0.05-0.06 *�����*!� !�$*�(0)
	
&$
��
ก5	
� 0.004-0.005x0.008-0.015 *�����*!� ��
�

�
�.$�	ก��
*�	E"
5	
�   0.04-

0.05x0.27-0.36 *�����*!� ��
�

�.$�	!$
*5	
� 0.04-0.07x0.56-0.64 *�����*!� &$
���
�
�H$
�$
��
ก��
��
� 3.36-4.00 *�����*!�!���*(� ��
��
�!���*$<'���
 5	
�5
���
!�� 0.18-
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0.22x7.20-9.36 *�����*!� &$
��
ก5	
�     0.05-0.06x0.040.05 *�����*!� !�$*�(0)
	&$
��
ก5	
� 
0.00-0.014 *�����*!���
�

�
�.$�	ก��
*�	E"
5	
� 0.07-0.08x0.39-0.42 *�����*!� ��
�

�
�
.$�	!$
*5	
� 0.06-0.07x0.84-1.12 *�����*!� �H��W�&$
�'�
�
�H$���*
3ก@0�ก�
���
!�� ��
��
�
�H�ก��� *(!�0���FกB �E0	

ก*
 3 
�	 !�
#�	$��(06� ��
�.� ��
	�	��.�!�(06���.�!?	��
#!$��!�� 
2-4 !�� 6�
>�?	.ก�� Procamallanus 6���G	��.�!?	.�!�/��E
���F	<���V6
�6�ก��
 .�
����?	
�����-���*(�
��
	6�?	��
	"�
�E�5
����
(ก��
�&	���&$	 6�?	��
�.�5
���
��ก��
	          
(�D�*
, 2529) ��
&$
	 (�D�*
, 2529; >	�&��, 2530) ��
�*
��� (6�3��6�/, 2521) #����
#'� 
(��&���
 #��'3�, 2548) 

<&'&�� #��	���!�-�� (2542) �
��
	�$
�
กก
�-@ก4
��.�!5
���
��ก��
6�	 Clarias nieuhofii 
�(0�กF�!��
�$�*
�
ก6��<!Y�#�� 
�
�:
!
ก?� �������	�
>��
. 6���.�!?	ก��$*6�
>�!��ก�*
��
	�	 3 .ก�� 3 &	�� ���#ก$ Capillaria sp., Procamallanus sp., #�� Camallanus sp. ��.�!�(06�
*
ก�(0.�����#ก$ Capillaria sp. (��
��� 84.29 5
�!��
�$
���.�!��"��*�) ��.�!�(06�	�
��(0.�� ���#ก$ 
Procamallanus sp. (��
��� 0.26) 
������(06�*
ก�(0.�����#ก$ ��
�.� (��
��� 54.83) .$�	!��!���
6�	�
��(0.�� (��
��� 2.06) ��E
	�(06���.�!*
ก�(0.�����#ก$��E
	�*4
�	�	2@���E
	!��
'* (��
�
�� 82.35) #��-@ก4
<�'#����.�!5
���
.���
*	�
�5�
 ��
กS�$
�
ก!��
�$
���
	"�
�E� 14 &	�� 
��
	�	 198 !�� 6���.�!?	ก��$*6�
>�!��ก�* ���#ก$ Camallanus fotedari ?	��
�
�	ก�H� 

��&���
 #��'3� (2548) -@ก4
��.�!?	��
��6
�
ก#*$	"�
<5� �����3
�
�:
�&(��5
� 
��������&(���
� ?	�� 2547 <��.�$*�กF�!��
�$
��
ก�����3���E
ก #����
�.� 6��$
�*$*(��.�!
:
�	
ก #!$*(��.�!:
�?	 1 &	�� <����G	��.�!?	ก��$*�	
	!��ก�* 
	�ก�**��>
	5
���.�!�(0
6�?	��
��6
!
* ����6.��� (2546); Hoffman (1967) #�� Bykhovskaya- Pavlovskaya et al., 

(1964)  

Phylum Nematoda 

   Family Cucullanidae 

     Cucullanus sp. 

�H��$
���ก43� ��G	�	
	!��ก�* ��
!���*$��G	���
� �H��$
���G	���ก���
ก�6�(���
� 
'��
��.�	��
� *(�6-#�ก !���*(�*(5	
�?�=$ก�$
!��AH� !���*(��
����*
3 12-15 *�����*!� !��AH��
�
���*
3 7.4-9.2 *�����*!� .$�	���*(��*T��
ก��
	5�
� ��
�

�
���G	ก��
*�	E"
!�
� !����
�
6
�

ก��G	ก����
� !
	�	�
5
���
�

�
���
�	�
�(0��G	&$
��
ก !���*(���
��
��H�<'	 
*(�H��$
 (vulva) 
�H$?ก�������3ก�
�!�� !��AH�*(.�W'H� (spicule) ��G	
������(0?&��@��ก
�53�A.*6�	>�/ 
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*(��		���� #666��(0 (genital papillae) ��G	
��������.�*A�. ��
	�	�(06���.�!?	��
#!$��!��
���*
3 12 !�� 

��&���
 #��'3� (2548) -@ก4
��.�!?	��
.
��H 
	�ก�**��>
	5
���.�!�(06�?	��
.
��H
!
*�
ก#*$	"�
<5� �����3
�
�:
�&(��5
� ��������&(���
� ?	�� 2547 ����6.��� (2546); 

Bykhovskaya- Pavlovskaya et al. (1964) #�� Lerssuttnichawal (1999) 

 

Phylum Nematoda 

   Family Atractidae 

     Monhysterides sp. 

�H��$
���ก43� ��G	�	
	!��ก�* !��*(5	
���Fก �H����ก���
ก��(���
� �����3�(0ก��
��(0.��
�H$&$��
ก�
�!�� '$
	���
���
�!����Fก	�
� !��AH�*(5	
� 2.5- 4.5 *�����*!� ก��
� 0.1-0.2 *�����*!� !���*(�
�
����*
3 4.0-7.0 *�����*!� ��"�.
��6-*(�
���(����Fก��G	�.�	��(���
���
�#��* �
ก��
*�
�
������*T��
ก !
	��
�5
���
�

�
���"�.
�.$�	��6
���G	ก����
���FกB I@0�ก����
�5
�
��
�

�
�.$�	!$
*��?�=$ก�$
5
���
�

�
�.$�	ก��
*�	E"
 ��
�.�!��>��*�
 �*$*(#5	�


ก�� !���*(��
�!�� ����5$*(
�	��(�� 

ก�Hก��G	!�� *(�5$
$
	#���Hก
$
	?	*��Hก�H��$
 (vulva) 

�H$��
�!�� ��	E
��
��	�ก (anus) ��Fก	�
� !��AH�*(�
�<'���
5���G	�ก�(�� �*$*(6�(#
�	� I�'�ก
�/ 
(pre anal sucker) #���*$*(กH��
	
'H��* (gubernaculum) !�
#�	$��(06�'E
 ก���6
�

�
�#����
�.� 
��
	�	��.�!�(06�?	��
 1 !�� *
กก�$
 100 !�� #��*(�
��
	ก
�6���.�!&	��	("?	��
.�
����� 
Pangasianodon hypopthalmus (����6.���, 2546) 

��&���
 #��'3� (2548) -@ก4
��.�!?	��
.��ก��
� 6�6�
>�!��ก�* Proleptus sp. #�� 
Procamallanus (����6.���, 2538) �
ก#*$	"�
<5� �����3
�
�:
�&(��5
� ��������&(���
� ?	�� 2547  

�H��$
���ก43� Proleptus *(&E0
6�
�5
�.ก���$
 Coronilla Beneden: Spiopterina Beneden �
ก*( 
lateral lip 2 
�	 #!$��
�	��*(CD	�H�<'	
�H$�(0A����
	?	 #��*(!�0����.�*A�.
�H$ 2 
�	 *(��
ก'
��FกB 
��
�

�
�#�$�

ก��G	 2 .$�	&����	 ��G	��
�

�
�.$�	ก��
*�	E"
 #����
�

�
�.$�	!$
* 
!��AH���
��
�<'����G	�ก�(�� .$�	!�0��(0�
� (caudal alae) ��*(!�0����.�*A�.�(0*(ก�
	 8-10 'H$ *(                
6�(#
�	� #66���(0 3 'H$ #��*(!�0����.�*A�.��G	!�$*B ��(0��B 
�H$�(0��
	�	�
5
���
��	�ก �$
*��Hก
5	
	ก�	��G	�5$ �5$*(5	
���Fก ���E
ก�	
*(!��
$
	
�H$:
�?	 6���G	��.�!
�H$?	&$
���
�!��
�H$
!
*
�����:
�?	5
���
�*
��� .$�	?�=$�(06���5���G	��ก�* *(��E0
�
�B ���*�(0!�� #��6�!��
�!F*����*$*(��E0
���*���� �*E0
V(ก��E0
���*

ก��.�!*(��ก43���*E
	!���(0�*$*(��E0
���* *(��
�

�
�
.$�	!$
*�
���F	���&�� ?	53��(0���*(&(��!
�H$����F	��G	��
ก.(5
��5�*��$	&��ก�$
.$�	
E0	B A��!��
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�$	 *
��H'��
���G	���
�#!$�*$?&$ 	
ก�
ก	("���6�
�H$?	�
����	

�
�5
���
	"�
�E�&	��
E0	B 
(ก
���� .ก�� Proleptus 	
ก�
ก��6�
�H$?	
�����:
�?	&$
���
�?	��
ก���Hก#5F�#������6�
�H$?	
ก���6
�

�
�#����
�.�5
���
ก���Hก
$
	�(0
�H$?	���� �&$	 6�ก��
V�
* ��
ก����	 ��F	
.$�	5
���
ก'
&����	 *(��*T��
ก 2 
�	 ��FกB ��
	�	��.�!�(06�?	��
#!$��!�� 1-2 !�� I@0�
��ก43�5
�  Proleptus sp. 1 �(06�?	��
.��ก��
�#!ก!$
��
ก Proleptus sp. 2 ?	��
ก����E
�
�	E0
��
ก*(.$�	5
���
ก'
 (collar) '$
	5�
�?�=$ก�$
5
�?	��
ก����E
� #��.$�	5
���
ก'

?	��
.��ก��
���
�H$?	.$�	 2 ?	3 5
�.$�	���I@0�?	��
ก����E
���
�H$���*
3 1 ?	 3 5
�
.$�	��� 

��&���
 #��'3� (2548) �
��
	�$
��.�!�(06�?	��
ก����E
��
ก#*$	"�
<5� �����3
�
�:

�&(��5
� ��������&(���
� ?	�� 2547 6�6�
>�!��ก�*���#ก$ Spinitectus sp., Rhabdochona sp. #�� 
Proleptus sp. (>	�&��, 2530; 6�.��>�P, 2530; Yamakuti, 1961) 

��ก43��H��$
� Spinitectus sp. ��G	6�
>�!��ก�* A��!��*(�	
* ��(����G	���
���
!����(�ก�$
 annual 

spine !�
��	2@�.$�	�
� �	
**(��ก43���G	�H�.
*���(0�* .$�	��
�#��*&("���
�.$�	��
�
5
���
!��     ���	
*.$�	�	�
5
���
!������(��ก�	�$
�*
���F	���&����	 .$�	���	
*��
�!��*(
5	
���FกB *
���F	�*$&����		�ก 6�
>�&	��	("�*$*(��*T��
ก ��ก43�&$
��
ก��G	�H����ก���
ก 
&$
�'
*(�H��$
�'��
���#��	 ��
�

�
�*(.
�.$�	 .$�	�	�
*(��ก43���G	ก��
*�	E"
 #��.$�	
����*(��ก43���G	!$
* !��AH�5	
���Fกก�$
!���*(� 5	
� 0.16-0.19x6.20-9.42 *�����*!� �	
*��#�ก

�H$�$
��
ก��
��	�
.�� 0.23-0.35 *�����*!� ���	
*�����3.$�	�	�
5
���
!��*( 19-20 �� #!$��
��*(�	
* 14-16 
�	 ���	
*���(0 1 ก�����(02 �$
�ก�	 0.014-0.028 *�����*!� .$�	��
E0	B �(0
�H$2��
����
�H$�$
�ก�	 0.03 *�����*!� �����3��
!����*
���F	���	
*�*$&����		�ก &$
��
ก��G	�H�ก��� 
&$
�'

�H$2���
ก&$
��
ก������
�

�
�.$�	ก��
*�	E"
5	
� 0.02-0.03x0.35-0.42 *�����*!� 
��
�
�
�.$�	!$
*5	
� 0.06-0.08x126-1.54 *�����*!� ��
��
�<'���
���
	��
� �*$*(กH��
	
-

'H��* *(!�0����.�*A�.�	�
��
� 4 'H$ #��������
� 4 'H$ .�W'H�*( 2 
�	 5	
���$
ก�	 ���'�
*�
���� 
0.14-0.52 *�����*!� #��
�H$�$
��
ก��
��
� 0.14-0.21 *�����*!� !���*(�5	
� 0.28-0.46x10.80-

15.68 *�����*!� ���	
*�����3.$�	�	�
��
!��*( 19-20 �� #!$����*( 11-16 
�	 ���	
*��#�ก
�H$
�$
���
��	�
.�� 0.07-0.12 *�����*!� .$�	��
E0	B �(0
�H$2������
�H$�$
�ก�	  0.024-0.026 *�����*!� 
��
�

�
�.$�	ก��
*�	E"
5	
� 0.014-0.028x0.28-0.42 *�����*!� ��
�

�
�.$�	!$
*5	
� 
0.06-0.07x0.70-0.84 *�����*!� �H��W�5
�&$
�'�
�
�H$�$
��
ก��
��
� 0.56-0.77 *�����*!�         
�5$�H����ก�*���E
ก�	
 5	
� 0.08-0.10 *�����*!� &$
���
�
�H$�$
��
ก��
��
� 0.06-0.08 
*�����*!� !�
#�	$��(06����
�.� ��
	�	��.�!�(06�?	��
#!$��!�� 1-3 !�� 6�
>�?	.ก�� Spinitectus 
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*(��ก43�6��-4 'E
  *(5
�	
*��(����G	���
�!��!�
���
!�� <��.$�	!�	5
���
!����*(��5
�	
*
*
กก�$
�����3��
�B !�� #����*(5	
�?�=$#����F	&��ก�$
��
�B !�� 6�
>�?	.ก��	("	
ก�
ก��
��G	��.�!?	��
	"�
�E�#������6�?	��
����#��.�!�/'�@0��ก'�@0�	"�

(ก���� Spinitectus sp. 6�
�V6
�?	��
ก����E
�!�
#�	$��(06�'E
 ��
�.�  

��ก43��H��$
� Rhabdochona sp. ��G	6�
>�!��ก�*5	
���Fก �H��$
���(���
� &$
��
ก�H�
ก��� 2���
ก&$
��
ก������G	'
�
�*(��ก43���G	�$
#'�B #��.�"	 ��
�

�
�#�$�

ก��G	
.
�.$�	 .$�	�	�
*(��ก43���G	�$
�
�!�� *(�.�	���.
��H���#��	 (nerve ring) ��
�

�
�
.$�	����ก��
�ก�$
��
�

�
�.$�	�	�
 !����
�6
�

ก��G	ก����
� (bulb) !$
�
ก��
�


�
���G	��
�.�*(��ก43���G	�$
�
�����W�

ก�(0&$
���
� �
���
�!��&$
���
�*(�H��W�5
�&$
�
'�
� .$�	��
�.��5
��
�*(!�0���FกB �E0	

ก*
 4 
�	 !��AH�5	
� 0.10-0.19x3.25-5.23 *�����*!� 
.$�	��
��
�*(.�W'H� 2 
�	 *(��ก43��*$��*E
	ก�	 �*$*(กH��
	
'H��* #!$*(!�0����.�*A�.�	�
��
�
#��������
� !���*(�5	
� 0.19-0.29x0.49-0.56 *�����*!� �.�	���.
��H���#��	5	
� 0.07-

0.10x0.0.06-0.08 *�����*!� #��
�H$�$
��
ก&$
��
ก 0.16-0.18 *�����*!� ��
�.��
� 1.40-1.68 
*�����*!� ��
��
�*(!�0���FกB �E0	

ก*
 4 
�	 &$
���
��$
��
ก��
��
� 0.08-0.14 *�����*!� �H
��W�5
�&$
�'�
�
�H$��	E
&$
���
� �$
��
ก��
��
� 0.21-0.28 *�����*!� !�
#�	$��(06� ��
�.� 
��
	�	��.�!�(06�?	��
#!$��!�� 1-2 !�� 6�
>�?	.ก�� Rhabdochona sp. *(&$
��
ก��G	�H�ก���
��E
�H����ก���
ก #!$�*$*(.
�6�ก�'!�	��G	
�'/���ก
� �
กก
�-@ก4
'��"�	("6��V6
�?	��

ก����E
� !�
#�	$��(06�6�
>�'E
 ��
�.� ��ก43�5
�&$
��
ก#���.�	���.
��H���#��	5
� 
Rhabdochona sp. �(06�?	��
ก����E
�'��
�ก�� Rhabdochona  bosei sp. n. #��6�?	��
�.�#��
ก���6
�

�
�5
���
 Eutropiichthys vacha �(0�����-
�	��(�    >(���N� #��ก��ก
� (2548) �
��
	
�$
�
กก
�-@ก4
&	��#��ก
�#6�$ก���
�5
���.�!?	��
	"�
�E��(0*(-�ก�:
6?	ก
���("��?	�������
	'�-�(>��*�
& 6�
>�!��ก�*�(06�

-��
�H$?	��
�.�5
���
��"��*� 6 &	�� 5 ��-/ ���#ก$ 
Camallanus pearsei 6�?	��
�*
��� Camallanus unispiculus 6�?	��
ก����E
� Unknown 

nematode sp. 1 6�?	��
��ก��
6�	 6� Unknown nematode sp. B ?	��
.�
� #��6� 
Spinitectus inermis ?	��
��� 
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���������"��*�.����'.���#
�$)/�+�
�"#
(�� ����$�1-�"#
�����  

 3����
(�ก �4+��4����' (haemorrhagic septicemia)  

 .
��!�*
�
ก�&E"
#�'�(��(� 3 &	��'E
 1) Aeromonas hydrophila (A. liguefaciens) 6���"�?	
.�!�/	"�
�E� 	"�
ก�$
� #��	"�
�'F* 2) Pseudomonas sp. #�� P. fluorescens '��
� A.  hydrophila #!$

�!�
ก
��ก��	�
�ก�$
 3) Vibrio angillarum, V. parahaemolyticus �ก��5@"	ก��.�!�/	"�
ก�$
� #��
	"�
�'F*��E
.�!�/	"�
�E��(0*(&$��&(��!�	@0�
�H$?	�5!	"�
ก�$
� �&$	 ก���ก�
*ก�
* 

ก
�5
�<�' 'E
 *(
��ก43�!ก��E
������3�
�#A� (haemorrhage) 	
ก�
ก	("���*(��ก43���*�����3��
� (abdominal 

dropsy) #A�#����G	�LM	 (red pest) ��E
!ก��E
������3�
ก (red mouth) (Eisa et al., 1994; Camus 

et al., 1998) 

 ��5.�- ��������� �4+��4����' (Motile Aeromonas Septicemia : MAS) 

 .
��!��ก���
ก�&E"
 A. hydrophila .��
�'�
*�.(��
���G	
�$
�*
ก<���V6
���
��ก �*$!0�

ก�$
 60% ?	�� 1930 	�ก����
-
.!�/&
���
�*�	 'E
 Schaperclaus '�	6�#��*(ก
�����	�@ก'��"�
#�ก 6������0���?	.:
6#����
*��	#��	"�
�(0*('�
*�5�*5�	5
�.
�
�	��(�/?		"�
*
ก �6�
�?&�
��G	#��$�

�
�����( �����G	�&E"
ก��$*V��<
ก
. (opportunistic fish pathogen) ��ก43�5
��&E"
��G	
#�$�.�"	 !��.(#ก�*�� �'�E0
	�(0���<��?&�#C�ก����
 ����=�	

�
���("���&E"
 Rimler-Shott 

medium ?��<'<�	(.(���E
�:
�?	 18-24 &�0�<*� �(0 35 °I  ����=�����"�?	.:
6�(0*(

ก
- #���*$*(


ก
- A��!ก��#��#กY.�
กก�H<'. ����=����	

�
���("���&E"
��
�&	�� �*$!�
�ก
�<ก�� #C'
�!
�/ (growth factor) .
*
�2�$
�.�
��*F���E
�#�� <��A��!.
�J(<*���I�	?����?. (clear zone) 

�	 Blood agar (BA) #����!�
-J(<*��I�. (β-haemolysis) (Camus et al., 1998; Francis-Floyd, 

2002) .�!�/	"�
��E
��
�(0��G	<�'!���&E"
 �	E0
��
ก A. hydrophila ��*(

ก
��IE0
�I@* �*$ก�	

�
� 
?	��
��ก��6��$
�!.$�	�	�
 (anteria kidney) �����3กก�H����* *(#A�#����ก43�!$
�B �����3
��
!�� '�(�ก�$
	 #��$� !
<�	 (exopthalmia) ��*(	"�
��E
� (bloody fluid) ?	&$
���
� !ก��E
� 
(haemorrhage) ?	
�����:
�?	!$
�B �!��*.(I(�  

 46������� �4+��4����' (Pseudomonas Septicemia) 

 .
��!��ก���
ก�&E"
 Pseudomonas fluorescens 6�����$
� #!$�*$*
ก��$
ก�� A. hydrophila ��

?���ก��ก
�!ก��E
���� ��G	!��.��
�.
�6�4 (toxin) *
ก ��
?���ก��#A������3A�� ก��
*�	E"
 ��ก43�
#A����@ก����*
กก�$
 A. hydrophila (?	����ก
�!���&E"
��$
ก�	) 6�?	#��$�	"�
��0��� *(��ก43�
��G	#C''�����(C #�'�(��(� (facultative bacteria) �'�E0
	�(0���<��?&�#C�ก����
 �H��$
���G	#�$�.�"	 
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!��.(#ก�*�� .
*
�2����=���?	.:
6�(0*(

ก
-
 
#!$�*$����=?	�(0�*$*(

กI���	 ����=���?	

�
�

��("���&E"
��
�&	�� �&$	 NA, BHI, BA .��
�.
���E
�#.� I@0�ก���
����?	

�
���("���&E"
 *(��ก43�
.(���E
��	�5(�� (Palleroni, 1984)  

 ���1�*����4�� (vibriosis)  

 .
��!��ก���
ก�&E"
 Vibrio anguillarum, V. parahaemolyticus ��ก43���0�����G	#�$�<'�� 
(curved rod) !��.(#ก�*�� �'�E0
	�(0�������<6�
#C�ก����
 (polaflagella) !�
�ก
��ก�E
?	

�
�
��("���&E"
�*$!0�
ก�$
 1.5-3% #���*$����=?	

�
���("���&E"
�(0�*$*(�ก�E
A.*
�H$.
*
�2?&�	"�
!
����
��
�&	�� ����=����	

�
���("���&E"
 TCBS ?����ก43�<'<�	(�V6
�!�� �&$	 V. cholera �����
<'<�	(.(���E
� V. parahemolyticus ?��<'<�	(.(�5(�� �&E"
	("��!$
�
�S�&(�	�<	<���<
I�	 
(novobiocin) �&E"
#�'�(��(�ก��$*�����<
 ��G	!��.�
'�=�(0ก$
?���ก��?	.�!�/	"�
ก�$
�#��	"�
�'F* ก
��ก��
<�'!���&E"
ก��$*	(".
*
�2�ก��?	.�!�/	"�
�E�����&$	��(��ก�	 #!$!�
���G	.�!�/	"�
�(0*(&$��&(��!�	@0�
�H$?	
�5!	"�
ก�$
���E
	"�
�'F* (catadromous) �&$	 ก���ก�
*ก�
* (Macrobrachium rosenbergii) ��ก43�


ก
�<����0���'��
�'�@�ก��ก
��ก��<�'!���&E"
 A. hydrophila #�� Pseudomonas  *(��ก43�
#A���G	���*!
*��
!�� (ulceration of body surface) !ก��E
�!
*A���	�� '�(�!$
�B ก�$
	#��$� 
ก
�!��!$
5
�<�'

��ก���
กก
�
�H$�$�*ก�	 ��E
������

�
��(0�	��LM
	�
ก�&E"
 Vibrio (Reed and 

Francis-Floyd, 2002) 

 ������$��
��� (columnaris diseases)  

 .
��!��ก���
ก#�'�(��(�ก��$**�ก<I#�'�(��(�* (myxobacterium) &E0
 Flexibacter columnaris 
��E
 Chondrococcus columnaris *(��ก43���G	#�$��
� (long slender rod) 5	
� 0.5x10µm 
�'�E0
	�(0<��ก
�'E�'�
	 (creeping or flexing) ����=����(�	

�
���("���&E"
�(0*(>
!�

�
�!0�
 (low 

nutrient media) �&$	

���./ *(��(� (Ordal's media) ��E
�I<!C
� �
ก
�/ (cytophaga agar) ����=����(0

�3�:H*�&$�� 25-30°I ��ก43�<'<�	(.(���E
� ���ก!��5
� (crenulated margin) <'<�	(��!��
#	$	
�H$ก��A���	�
5
�

�
���("���&E"
 ��ก43�5
��&E"
*(
�H$ 2 �H�#�� 'E
 1. ��������(C .�!� 
(vegetative stage) ����	("��*(�H��$
���G	#�$��
� (long rod) ���*
3 5x10µm ��G	
�	�C'�(C 
.�!� (infective stage) �*E0
��
ก
�5H��*E
ก*
��
.���/.� (wet mount) �
กA���	����E
�
�#A���

�(0��G	<�'����F	�I��/5
�#�'�(��(� 2. '
''�. .�!� (coccus stage or microcystis stage) *(��ก43�
��G	���ก�* (spherical cell) �I��/6�ก	("���*$*(<����'�(� �
��/ (protective wall) ��ก43��&$		("
���ก��5@"	����	

�
���("���&E"
�
�&	�� (Durborrow et al., 1988) <�''
��*	
�(.�ก������$
���"�?	
��
*(�ก�F�#���*$*(�ก�F� ?	��
	"�
�E�#��	"�
ก�$
� ก
��ก��<�'&	��	("*�ก��G	A�.E��	E0
�*
�
ก
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'�
*�'�(��:
�?	!����
 �&$	 '�
*�
�&"�
�	E0
��
กก
���
��(��#��5	.$� ก
��6�0*��5
�
�3�:H*�

�$
������F� ก
���("��
�$
��	
#	$	 (over crowding) ��ก43�

ก
��(0�ก��5@"	*(��
��H�#�� �&$	 1. 

�ก���V6
��	���E
ก *�ก�*$6��	��
!�� *('�
*��	#��*
ก #��
�!�
ก
�!
�.H� ��
���*$*(
�
�#A� ���E
ก.(���E
�I(� ��E
�����3��
����E
ก��G	.(	"�
!
�#��*(�	E"
!
� (brownish necrotic 

tissue) 2�
��
.���/.��H����F	�I��/#�'�(��(�*
ก*
������3I(0���E
ก��*ก�	
�H$��G	ก��$* (column) 

2. �ก�������3��
!��#�����E
ก 6��$
�	A���	�������3��
!����*(.(I(�5
�#A$��G	�����3ก��
� �*F�.( 
(pigment) �	A���	��2Hก��
�
� ��ก43��(0�ก����G	���.(5
�'��
��&E"
�
 (cotton wool diseases ��E
 
mouth fungus) �����35
�B 5
�#A�

���*(

ก
�!ก��E
��$�*���� (slightly hyperemic) .$�	
?�=$��*(��ก43���G	ก
�!���&E"
�����3A���	�� (cutaneous infection) 

���6���ก43�5
�ก
�!��
�&E"
��0�!�� (systemic infection) �����
�#!$	�
� ����ก
�!��!$
5
��&E"
&	��	(".�"	*
ก *(
�!�
ก
�!
�
.H� :
�?	 1-2 ��	 

 ����0���ก (bacterial gill diseases)  

 <����0���<�'���E
ก (gill diseases) ?	��
�ก��5@"	�����
�.
��!� <�'���E
ก�
ก#�'�(��(� 
(bacterial gill diseases) �ก���	E0
��
ก.:
6#����
*�(0����� �$�*����ก
�!���&E"
#�'�(��(� ก��$**�ก
<I#�'�(��(��(0���E
ก  <�'���E
ก�
ก.
�

�
� (nutritional gill diseases) �ก���	E0
��
กก
�5
�>
!�


�
�6�กก��#6	<!��	�' (pantothenic acid)  <�'���E
ก!ก��E
� (haemorrhagic gill diseases) 

I@0�*(ก
�!ก��E
������3I(0���E
ก �ก���	E0
��
ก.
��'*(�(0��G	*�:
�� �&$	�
Z$
#*��ก��$*C�	
� 
(pesticide phenol) ��E
��.�!?	��E
� ��
	&�<
*��<'I�. (branchiomycosis) กF��G	<�'���E
ก &	��
�	@0��(0�ก���	E0
��
ก�&E"
6�ก��
	&�<
*���I. (banchiomyces) .�
����<�'���E
ก�
ก#�'�(��(� �&E0

�$
�ก���
กก��$**�ก<I#�'�(��(� I@0�*(.:
6#����
*�(0�.E0
*<��*��G	.
��!�<	�*	�
 (predisposing 

cause) 	
ก��	E
�
กก��$**�ก<I#�'�(��(� #������*(!��
E0	�$�*���� �&$	#
<�<*#	.  (Aeromonas) 
#��IH<�<*#	. (Pseudomonas) 

ก
����0*#�ก�(0#.��

ก'E
 ��
�*$ก�	

�
� (loss of appetite) 

��
���$
�	"�
#V����*
 �$
�2H�25�
��$
 ��E
'��.�$
	 (?	��
��ก ���$
�	"�
#�����!�"�) ก��6���
#ก�*��W�
�
*
กก�$
�ก!� �$
�	"�

�$
��&E0
�&�
�����3A��	"�
 &
��$
���	ก��#.	"�
 ���E
ก��5���*E
ก


ก*
*
กA���ก!� #��*(.(#���5�*?	�������0*#�ก ��
�(0*(

ก
�*
กB ���E
ก��I(� I(0���E
ก�&E0
*
!��ก�	��G	�H�!��
� (clubed shape) �*E0
!���.
��
��	E"
��E0
 (histological examination) 6��$
 
�����3��
�5
��.�	���E
ก (gill filament) ���&E0
*!��ก�	 �I��/�����3	("���6�0*��
	�	*
ก5@"	 
(hyperplasia) ����F	�I��/#�'�(��(��ก
�
�H$�!F*���*� ��ก43�5
�<�'���E
ก ����$
�<�'���E
ก�(0
�ก���
ก#�'�(��(� ก��<�'���E
ก�(0�ก���
ก.
�

�
� ��*('�
*'��
�'�@�ก�	*
ก #!$�*E0
-@ก4
�
�
�	E"
��E0
����
6��$
*('�
*#!ก!$
�ก�	!���H�#��5
�ก
��&E0
*��*ก�	5
�I(0���E
ก (pattern of 
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hyperplasia) ?	<�'���E
ก�(0�ก���
ก#�'�(��(� ��ก43�5
�ก
��6�0*��
	�	�I��/�����0*!����
�5
�
�
�*��
 (lamellae) I@0����&E0
*!��ก�	ก$
	 (lamella fusion) ��
?���ก����G	&$
��$
� (hole) 5@"	 .$�	


ก
�5
�<�'���E
ก�(0�ก���
ก.
�

�
� �����0**(ก
��6�0*��
	�	5
��I��/�����3)
	5
��
�*��

ก$
	 #!$���&E0
*!��ก��!����
�5
��
�*��
 #����ก43�5
�ก
��6�0*��
	�	5
��I��/���*$*(
&$
��$
� (hole) ?����F	 (Francis-Floyd, 2002)  

 ������1
�-�4������4�� (Edwardsiellosis)  

      .
��!��ก���
ก�&E"
#�'�(��(� Edwardsiella tarda  
�H$?	ก��$*�
	��
��' #�'�(��(� (enteric 

bacteria) *(��ก43���G	#�$�.�"	B !��.(#ก�*�� ��ก43���$	'E
�I<!<'�* 

กI���. (cytochrome 

oxidase) ?��A��� (negative) �'�E0
	�(0���<���6
�����'�. #C�ก����
 (peritrichous flagella) ����=
����	

�
���("���&E"
��
�&	�� �*$.
*
�2�$
�.�
��*F���E
�#�� (non-hemolysis) �	

�
���("��
�&E"
 BA (blood agar) �	 TSI (triple sugar iron) ��?��
��'
��	/ .#�	�/ (alkaline slant) #��A��!
#กY.�5$�	$
 (H

2
S) <�' Edwardsiellosis *(&E0
��(�ก
(ก
�$
��$
 EPDC Gemphysematous putrefactive 

diseases of catfishH �ก��*
ก?	��
ก��$*�*$*(�ก�F� (catfish) 5
�!$
������- 'E
��
ก�
�*��ก�	 
(channel catfish) ?	�����-���6���G	*
ก?	��
��ก�(0*(��ก43�5
�ก
���("��
�$
��	
#	$	 
'�3:
6	"�
�*$�(6
 ก$
?���ก��<�'	("����$
�5@"	 #��?	��
	�� (Galal et al., 2005) *�ก�ก�������3
��
	5�
���
!�� �����3'�(�
ก#��'�(��H <����*(�*E
ก*
กA���ก!���G	��$
*B ก
��ก��'��"�#�ก��
��G	!�$*��FกB �����3A���	�� !�$*	("��#!ก

ก#��#A$5�
���G	��ก��
� �*E
ก#��A���	�������3#A�
�������
ก 

ก
����$
	("��6�N	
 :
�?	 10-15 ��	  ก
��ก��<�'���ก��5@"	53��(0*(ก
�
���(0�	#���.�0�#����
*#��.:
6ก
���("�� �����35
�B �(0�
*5
�#A���2Hก!���&E"
I"�
<�� A. 
hydrophila 

�6������3'�(�
E0	#!$	�
�*
ก�*E0
��G	#��� ��*(
�!�
ก
�!
�'$
	5�
�.H� (Mohanty 

and Sahoo, 2007) 

 ������0��� (ulcer diseases)  

 .
��!��ก���
ก�&E"
#�'�(��(� Aeromonas salmonicida (syn Haemophilus piscium) *(��ก43�
��G	#�'�(��(�#ก�*��#�$�.�"	 #���*$.
*
�2�'�E0
	�(0��� ก
���("���&E"
ก����
���'$
	5�
��
ก 
�6�
��&E"
&	��	("    �*$����=?	

�
��ก!� .
*
�2����=���
�$
�&�
B �	 BA #��

�
���("���&E"
�(0
A.* ATP, ��E
��C
.<C-��
�*(	 (Diphosphothiamine) ��E
���<!	�
ก��
 (fish peptone) 
��ก43�5
�<�'#A����**('�
*'��
�'�@�ก�	ก��#A���L[
��(0A���	�� (skin ulceration) �(0�ก���
ก�&E"

#�'�(��(�
E0	B ��
�&	�� �&$	 Aeromnas hydrophila, A. salmonicida  ?	���*(�
��
	'��"�#�ก�
ก
��
&$
	�(0��G	<�'#A�
*�	
� ��ก43�5
�#A��(0�ก�� �	E0
��
ก H. piscium ��*(��ก43���G	���*
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'��
�ก���(0�ก���
ก<�'CH���'H<�I(. ��E
�&E"
#�'�(��(�&	��
E0	 ��ก43�5
�#A��(0�ก������G	���**(.(
#���5�*��E
.(��
 ��ก43�5
�<�'�
�'��"�����G	#����E"
��� (chroric) 'E
�*$#.��

ก
�:
�	
ก
?����
กS #!$
�����:
�?	

���*(#ก�	H�5
��&E"
 #��.
*
�2#�ก�&E"
����
ก��
�(0*(

ก
�
���ก�$
� (Cipriano and Bullock, 2001) 
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ก����ก�����
�ก�� ������!����, ���3����,
�/�
�ก���� 45����	��,
�/

ก43�/  

�3�������
4��/ (
�/�����45�/  �!�%����4
�
���  

��


���ก��,6���0�  �!

���ก��()ก

ก�,7��
��
��8ก,���"ก�'�%
� 

 

The study on effects of potassium permanganate, hydrogenperoxide, sodium 

chloride, formaldehyde and povidoiodine on fertilization and hatching rate of 

Nieuhofii#s Catfish (Clarias nieuhofii) 

 

+��'� 

��
��ก��
6�	��G	��
	"�
�E��(06����	�
� ���
�H$?	ก��$*��
�(0
�H$?	.2
	:
6*(#	�<	�*?ก��
.H=6�	>�/ (Vulnerable, VU) #!$��G	��
�(0*(.(.�	 ����
�.���
* #��*(6O!�ก��*�(0	$
.	?�  #*��$

�D�����	�����.�'�
*.�
��F�?	ก
��6
�5�
�6�	>�/��
&	��	("������>(ก
�A.*��(�* #!$กF���'�*(
A�A��!	�
� �	E0
��
ก*(
�!�
ก
�CDก

ก��G	!�� #��ก
��
�!
�!0�
 �	E0
��
ก!
*>��*&
!���
��ก
��
6�	

-��
�H$�V6
�?	�7
6���(0*(��ก43��
�ก
�:
6 #���'*(5
�	"�
�V6
�!�� �@�*('�
*��G	�����
.H��(0��*('�
*!�
�ก
�.:
6#����
*�(0*('�
*�V6
�!��?	ก
�����=�!��<!5
��Hก��
���
$
	 ��"�	("  
Rasowo  et al. (2007) ���-@ก4
A�5
�ก
�?&�.
����
������"��&E"
&	��!$
�B ���#ก$ C
�/*
����J�/ 
<I��(�*'�
���/ <�#�.�I(�*��
�/*��ก
�	! #���J<����	��
�/

ก�I�/#&$�5$��
ก$
		�
��CDก 
!$

�!�
ก
�CDก #��ก
��
�!
�5
��Hก��
?	�������
!$
�B 6��$
 ก
�#&$�5$��
��ก#
C��ก�	 
(Clarias gariepinus) ?	.
����
�<�#�.�I(�*��
�/*��ก
�	! #���J<����	��
�/

ก�I�/?	
�����'�
*�5�*5�	 0.5-4  .$�	?	��
	.$�	 #�� 100-1,000 .$�	?	��
	.$�	 !
*��
�����&$���6�0*

�!�
ก
�CDก #��ก
��
�!
�5
��Hก��
��ก#
C��ก�	���*
ก5@"	 �
ก 
�!�
ก
�CDก  34.4 % ?	&��
'��'�*��G	 96.7 % ?	&��ก
����
��(0#&$�5$��
?	.
����
�<�#�.�I(�*��
�/*��ก
�	! ��G	
���
 30 	
�(  

ก
�-@ก4
A�5
�ก
�?&�.
����
�&	��!$
�B #&$�5$��
����ก
��S�.	>�!$

�!�
ก
�CDก


ก��G	!�� #��ก
��
�!
�5
��Hก��
����
?����
�2@�.:
���(0*('�
*��*
�.*?	ก
��6
�
5�
�6�	>�/��
&	��	(" I@0���&$���6�0*
�!�
ก
�CDก #��
�!�
ก
��
�!
�5
��Hก��
��ก��
6�	?��
.H�5@"	��� 
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�
�1",�!���/�
�ก����	
� 

�6E0
-@ก4
A�5
�ก
�#&$.
����
������"��&E"
&	��!$
�B ก$
	ก
�CDก�5$!$

�!�
ก
�CDก #��

�!�
ก
��
�!
�5
��5$��
 #���Hก��
��ก��
6�	����CDก

ก��G	!�� 

 

��0�ก���'�����ก����	
� 

ก
��!
�!$�,�-+�
��ก�#
!$�/�����!
�%&ก ���ก
�����'��$�1-.���� 

'����E
ก6$
-#*$6�	>�/��
��ก��
6�	�
กก
��6
�6�	>�/�(0��("��?	��
��S���!�ก
�5
��	$�������
��'<	<��(&(�:
6ก
��6
���("��.�!�/	"�
 '3�����
-
.!�/ *�
����
�����ก4�3 ����
�5!6�����  #��
6$
-#*$6�	>�/��
��ก��
6�	�
กก
��6
�5�
�6�	>�/?	��
��S���!�ก
��(0 ��("��?	�$
��	5
�ก��$*
�ก4!�ก���("����
��ก��
6�	�6E0
ก
�
	���ก4/6�	>�/ !
*<'��ก
��6
���("����
��ก��
6�	�6E0
ก
�

	���ก4/6�	>�/ 6.-. 2551 5
�.
5
��&
����
-
.!�/ก
��6
���("��.�!�/	"�
 :
'��&
&(�����
 '3�
����
-
.!�/ *�
����
�����ก4�3 ?	�5!
�
�:
�7
6��
* �������6�����  �6E0
	�
*
!���.
�.�5:
6 
!���.
�'�
*.*�H�3/�6- #����@��6
�5�
�6�	>�/������>(ก
�A.*��(�* <��ก
�V(�J
�/<*	
.���'�
��/ LH-RH �$�*ก�� domperidone !
*��>(ก
�5
� 6�6	* (2538) #�� -�
��> #��'3� 
(2538) :
�����ก
�V(�J
�/<*	�5F*�(0 2 ��G	���
 14 &�0�<*� �@������*�5$�
ก#*$��
 #��	"�
�&E"

�
ก��
�6-AH� A.*6�	>�/�&$	��(��ก����
��ก&	��
E0	 !
*��>(ก
�5
�  Hossain et al. (2006) �
ก	�"	
	�
��-@ก4
A�5
�ก
�#&$�5$��
��ก��
6�	!$

�!�
ก
�CDก #��
�!�
ก
��
�����CDก��G	!��!$
��  
 ����!�(�*����ก
�CDก�5$��
��ก��
6�	!
*��>(ก
�5
� Kiriratnikom et al. (2007)  �����
ก
	�"	#&$�5$��
�(0�S�.	>�#���?	.
����
�!
*&��ก
����
� ��G	�������
 15 	
�( �
ก	�"	�@�CDก
�5$��
��ก��
6�	?	�����'�
*�	
#	$	 1 C
�!$
 1 !
�
��I	!��*!�  <��?&�2
�CDก�5$�(0*(5	
�
6E"	�(0 50 !
�
��I	!��*!�    &��ก
����
��� 3 2
� ?	����CDก�5$��
�(0*(ก
��*�	��(�		"�
 200 % 

!$
��	 <��#�$�&��ก
����
�

ก��G	 

 

 ���ก
�.����.�� 1  CDก�5$��
��ก��
6�	?	.:
6'��'�* (�*$*(ก
�#&$?	.
����
�ก$
	ก
�
CDก) 
 ���ก
�.����.�� 2  CDก�5$��
��ก��
6�	�����
ก#&$?	.
����
�<�#�.�I(�*��
�/*��ก

�	! ?	�����'�
*�5�*5�	 1 .$�	?	��
	.$�	 

���ก
�.����.�� 3  CDก�5$��
��ก��
6�	�(0#&$?	.
����
�<�#�.�I(�*��
�/*��ก
�	! ?	
�����'�
*�5�*5�	 3 .$�	?	��
	.$�	 
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���ก
�.����.�� 4 CDก�5$��
��ก��
6�	�(0#&$?	.
����
��J<����	��
�/

ก�I�/ ?	�����
'�
*�5�*5�	 100 .$�	?	��
	.$�	 

���ก
�.����.�� 5 CDก�5$��
��ก��
6�	�(0#&$?	.
����
��J<����	��
�/

ก�I�/ ?	�����
'�
*�5�*5�	 200 .$�	?	��
	.$�	 

���ก
�.����.�� 6   CDก�5$��
��ก��
6�	�(0#&$?	.
����
�C
�/*
����J�/ ?	�����'�
*
�5�*5�	 100 .$�	?	��
	.$�	 

���ก
�.����.�� 7 CDก�5$��
��ก��
6�	�(0#&$?	.
����
�C
�/*
����J�/ ?	�����'�
*
�5�*5�	 200 .$�	?	��
	.$�	 

���ก
�.����.�� 8 CDก�5$��
��ก��
6�	�(0#&$?	.
����
�<I��(�*'�
���/ ?	�����'�
*
�5�*5�	 2,000 .$�	?	��
	.$�	 

���ก
�.����.�� 9 CDก�5$��
��ก��
6�	�(0#&$?	.
����
�<I��(�*'�
���/ ?	�����'�
*
�5�*5�	 5,000 .$�	?	��
	.$�	 

���ก
�.����.�� 10 CDก�5$��
��ก��
6�	�(0#&$?	.
����
�<6��<��
<
�(	 ?	�����'�
*
�5�*5�	 0.1 .$�	?	��
	.$�	 

���ก
�.����.�� 11 CDก�5$��
��ก��
6�	�(0#&$?	.
����
�<6��<��
<
�(	 ?	�����'�
*
�5�*5�	 0.3 .$�	?	��
	.$�	 

 

ก
���1(��*�$��
ก
�%&ก��ก�+7��$1 

 !���.
�
�!�
ก
�CDก

ก��G	!��5
��Hก��
��ก��
6�	�(0��("��?	#!$��&��ก
����
��(0
�������
 36 &�0�<*�����ก
��S�.	>� !
*��>(ก
�5
� Silva et al. (2003) !
*.*ก
� 

 


�!�
ก
�CDก (hatching rate) = (��
	�	�5$��
���0*!�	���
	�	�5$��
�(0�.(�/��
	�	�5$��
���0*!�	) X 

       100 

 

ก
���1(��*ก
�����
'����6ก+�
��ก�#
!$�0�$�%&ก��ก�+7��$1 

 !���.
�ก
��
�!
�5
��Hก��
��ก��
6�	�����
กCDก

ก��G	!�� �(0�������
  24, 48, 72 

#�� 96 &�0�<*� ����ก
��S�.	>� !
*��>(ก
�5
� Silva et al. (2003) ���.*ก
� 

 

ก
��
�!
�5
��Hก��
�����
กCDก

ก��G	!�� (post-hatch survival) = 

(��
	�	�Hก��
���0*!�	 � ��
	�	�Hก��
�(0!
�.�.* / ��
	�	�Hก��
���0*!�	)  X 100 
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��ก����ก�� 

 

�$��
ก
�%&ก��ก�+7��$1 


�!�
ก
�CDก

ก��G	!��5
��5$��
��ก��
6�	�(0A$
	ก
�#&$?	.
����
������"��&E"
&	��!$
�B 
?	'�
*�5�*5�	�(0!$
�ก�	#.��?	 Table 1.  ��"�	("6��$
�5$��
�(0#&$?	.
����
�<6��<��
<
�(	 0.3 
ppm ��G	���
 15 	
�( *(
�!�
ก
�CDก

ก��G	!��!0�
�(0.�� (73.91 + 8.37 %) #��#!ก!$
�
�$
�*(
	��.�
'�=�
�.2�! (p<0.05) ก���5$��
�(0#&$?	.
����
�<6#�.�I(�*��
�/*��ก
�	! 3 ppm  

�J<����	��
�/

ก�I�/ 100 #�� 200 ppm C
�/*
��	 100 ppm <I��(�*'�
���/ 5,000 ppm #��        
<6��<��
<
�(	 0.1 ppm  ��G	���
 15 	
�( 
 

Table 1. Hatching rate (%) of Nieuhofii's catfish larvae after treated with each disinfecting  

solution for 15 mins. 

 

 Hatching rate  (%) 

Control  81.49 + 1.35 
ab 

KMnO
4 
 1 ppm 81.31 + 3.68 

ab 

KMnO
4 
 3 ppm 85.13 + 4.13 

a 

H
2
O
2
 100 ppm 84.28 + 3.57 

a 

H
2
O
2
 200 ppm 85.07 + 2.30 

a 

Formalin 100 ppm 84.95 + 5.52 
a 

Formalin 200 ppm 79.20 + 3.48 
ab 

NaCl  2,000 ppm 80.43 + 6.29 
ab 

NaCl 5,000 ppm 85.95 + 2.81 
a 

Povidone iodine 0.1 ppm 82.89 + 0.18 
a 

Povidone iodine 0.3 ppm 73.91 + 8.37 
b 

Mean within column not sharing the same superscript are significantly different (P<0.05). 
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�$��
ก
�����
'0�$�(
ก%&ก��ก�+7��$1 

��
ก
�!���.
�ก
��
�!
�5
��Hก��
��ก��
6�	�(0CDก

ก��G	!���
ก�5$��
�(0A$
	ก
�#&$
?	.
����
����&E"
#!$��&	��?	�����'�
*�5�*5�	�(0!$
�ก�	 <��!���.
�ก
��
�!
�5
��Hก
��
�(0�������
 24, 48, 72 #�� 96 &�0�<*� A�ก
����
�6��$
�Hก��
�(0CDก�
ก�5$��
��ก&��ก
�
���
�*(ก
��
�!
��*$#!ก!$
�ก�	�
�.2�!� (P>0.05) ���#.��?	 Table 2. <��*('$
�V�(0�ก
��
�
!
�?	����2���5$#�����!�� #�����0*ก�	

�
� (�������
 96 &�0�<*�����CDก) 
�H$?	&$�� 88.60 + 

2.48 - 93.90 + 2.60 % 

 

Table 2. Survival rate (%) during 96 hrs. of  Nieuhofii's catfish larvae after hatch out from each  

treated solution.              

 

 0 hr 24 hr 48 hr 72 hr 96 hr 

Control  100 + 0.00 96.88 + 1.93
 ns 

95.70 + 2.09 
ns

 92.66 + 1.07 
ns

 91.28 + 0.90 
ns

 

KMnO
4 
 1 ppm 100 + 0.00 96.74 + 1.15 

ns

 94.89 + 2.47 
ns

 93.76 + 1.32 
ns

 92.98 + 1.85 
ns

 

KMnO
4 
 3 ppm 100 + 0.00 94.19 + 1.14 

ns 

92.58 + 1.72 
ns

 89.58 + 2.82 
ns

 88.60 + 2.48 
ns

 

H
2
O
2
 100 ppm 100 + 0.00 96.53 + 2.53

 ns

 94.26 + 4.77 
ns

 93.12 + 4.90 
ns

 91.02 + 5.10 
ns

 

H
2
O
2
 200 ppm 100 + 0.00 97.77 + 1.58

 ns

 95.45 + 2.22 
ns

 94.96 + 2.19 
ns

 93.90 + 2.60 
ns

 

Formalin 100 ppm 100 + 0.00 97.97 + 1.75
 ns 

94.06 + 3.60 
ns

 92.42 + 2.76 
ns

 91.47 + 3.13 
ns

 

Formalin 200 ppm 100 + 0.00 95.73 + 3.56
 ns

 93.43 + 3.96 
ns

 91.58 + 3.60 
ns

 90.71 + 2.63 
ns

 

NaCl  2,000 ppm 100 + 0.00 97.53 + 1.64
 ns

 94.41 + 1.02 
ns

 93.09 + 1.57 
ns

 92.45 + 1.20 
ns

 

NaCl 5,000 ppm 100 + 0.00 97.34 + 1.13 
ns

 92.74 + 6.72 
ns

 91.76 + 6.99 
ns

 91.76 + 6.99 
ns

 

Povidone iodine 0.1 ppm 100 + 0.00 94.69 + 0.93 
ns

 93.37 + 1.30 
ns

 92.94 + 1.65 
ns

 90.81 + 1.49 
ns

 

Povidone iodine 0.3 ppm 100 + 0.00 94.61 + 3.84 
ns

 92.89 + 3.49 
ns

 92.43 + 4.28 
ns

 91.29 + 4.69 
ns

 

ns = non-significant (P>0.05) 
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�
กก
����
�.
*
�2.�������$
ก
�?&�.
��'*(�����*
3�&E"
#&$�5$��
:
�����ก
�
�S�.	>��*$*(A�&$��?��
�!�
ก
�CDก

ก��G	!��5
��Hก��
 #��
�!�
ก
��
�!
�5
��Hก��
�6�0*
.H�5@"	  	
ก�
ก	("ก
�?&�.
��'*(�
�&	��#&$�5$5
��Hก��
���*(#	�<	�*?��
�!�
ก
�CDก

ก��G	!��
5
��Hก��
���� #*���6��$
ก
�?&�.
����
�<6#�.�I(�*��
�/*��ก
�	! 3 ppm  �J<����	��
�/


ก�I�/ 100 #�� 200 ppm #��<I��(�*'�
���/ 5,000 ppm #&$�5$��
��ก��
6�	�(0�S�.	>�#�����G	
���
 15 	
�( *(A�?��
�!�
ก
�CDก

ก��G	!���6�0*.H�5@"	ก�$
ก
�#&$�5$��
���.
����
�<6��<�
�
<
�(	 0.3 ppm  #!$��G	'$

�!�
ก
�CDก

ก��G	!���(0�*$#!ก!$
��
ก&��'��'�*�(0�*$*(ก
�?&�
.
����
�#&$�5$��
ก$
		�
��CDก  A�ก
����
�	("*('�
*#!ก!$
��
ก�
��
	ก
�?&�.
��'*(��
�&E"
#&$�5$�Hก��
��ก#
C��ก�	(Clarias gariepinus) <�� Rasowo et al. (2007) I@0����-@ก4
A�5
�ก
�
?&�.
����
�C
�/*
����J�/ <I��(�*'�
���/ #&$�5$��
ก$
		�
��CDก !$

�!�
ก
�CDก #��ก
��
�
!
�5
��Hก��
?	�������
!$
�B 6��$
 ก
�#&$�5$��
��ก#
C��ก�	?	.
����
�<�#�.�I(�*��
�/
*��ก
�	! #���J<����	��
�/

ก�I�/?	�����'�
*�5�*5�	 0.5-4  ppm #��<I��(�*'�
���/ 100-

1,000 ppm !
*��
�����&$���6�0*
�!�
ก
�CDก #��ก
��
�!
�5
��Hก��
��ก#
C��ก�	���*
ก5@"	 
�
ก 
�!�
ก
�CDก 34.4 % ?	&��'��'�*��G	 96.7 % ?	&��ก
����
��(0#&$�5$��
?	.
����
�
<�#�.�I(�*��
�/*��ก
�	! ��G	���
 30 	
�(  ��"�	("�
��
	ก
�-@ก4
���ก�$
�?&�	"�
�
ก#��$�	"�

>��*&
!�.�
����ก
��6
�CDก I@0�

�*(ก
��	��LM
	����	��(�/!$
�B .$�A�?��
�!�
ก
�CDก

ก��G	!��
!0�
?	&��'��'�* #!ก!$
��
กก
����
�?	��
��ก��
6�	�(0��
�	�	ก
�?	'��"�	(" I@0�?&�	"�
����
�(0
A$
	ก
�6�ก?����
-�
ก'�
�(	��G	���
 7 ��	 ก$
		�
*
?&��6
�CDก�5$��
?	��ก&��ก
����
�  

�$
���กF!
*A�ก
�-@ก4
?	��
��ก��
6�	 6��$
ก
�?&�.
����
�<6#�.�I(�*��
�/*��ก
�	! 3 
ppm  �J<����	��
�/

ก�I�/ 100 #�� 200 ppm #��<I��(�*'�
���/ 5,000 ppm #&$�5$��
��ก��

6�	�(0�S�.	>�#��� !$

�!�
ก
�CDก5
��Hก��
?	'��"�	("*('$
�*$#!ก!$
��
�.2�!�ก��ก
��*$?&�
.
����
�#&$�5$��
ก$
		�
��CDก  �@�

�ก�$
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�
ก��
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�����6
���("��
��
?	<���6
�CDก?��*('�
*��*
�.* กF�*$*('�
*��
��G	�(0��!�
�?&�.
��'*(�����*
3�&E"
#&$�5$
5
��Hก��
ก$
		�
���6
�CDก ��"�	("ก
�?&�.
��'*(!$
�B 	
ก�
ก

���ก$
?���ก��ก
�.�.*?	
#��$�	"�
>��*&
!� ก$
?���ก��'�
*�*$��
�:��!$
AH�?&�#��� ���	����G	!�	��	?	ก
��6
�CDก�(0�6�0*5@"	
<���*$*(.$�	&$��?	ก
��6�0*���.��>�:
6ก
�A��!�Hก��
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ก����ก�����
��"#$�%�&'���


���ก���%�!()ก ก���
����  

 �!ก���	��*���+���
�,���"ก�'�%
� (Clarias  nieuhofii) 

 

The Study on Effects of Water Quality on Hatching rate, Survival and Growth  

of Nieuhofii#s Catfish (Clarias nieuhofii). 
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�E��(0
�H$?	ก��$*��
�(0*('�
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 �
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 ��
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domperidone 10 *����ก��*!$
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 1 ก�<�ก��* .
*
�2�(��5$�6E0
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��ก��
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84 #�� 96 &�0�<*� ����ก
��S�.	>� !
*��>(ก
�5
� Silva et al. (2003) ���.*ก
� 

 

ก
��
�!
�5
��Hก��
�����
กCDก

ก��G	!�� (post-hatch survival) = 

(��
	�	�5$��
���0*!�	 � ��
	�	�5$��
�(0�.(�-��
	�	�Hก��
�(0!
� / ��
	�	�5$��
���0*!�	)  X 100 

 

ก
���1(��*ก
��(��)���*�� ���ก
�����
'����6ก+�
��ก�#
!$�/���01�
�ก
����*
� 

 �*E0
�Hก��
��ก��
6�	*(

�����*
3 96 &�0�<*������
ก�S�.	>� ���5�
.H$�������0*ก�	

�
� 

	��
��Hก��
��ก��
6�	����!��
$
	

�/�(�*(� #��!���.
�ก
��
�!
� #��ก
�����=�!��<!5
�
�Hก��
��ก��
6�	�����
ก���0*ก�	

�
� <����
��Hก��
?	#!$��&��ก
����
�����("��?	!H�ก���ก�(0*(
'�
*��	"�
 10 ��!� ?	�����'�
*�	
#	$	 10 !��!$
��!� '��'�*'�
*�5�*#.�?	#!$��!H����
�?��

�H$?	�����!$
�B !
*&��ก
����
� !���.
�ก
��
�!
� #��'�
*�
�!���V�(0�5
��Hก��
?	#!$
��&��ก
����
��(0�������
 7 #�� 14 ��	 !
*��>(ก
�5
� Kiriratnikom et al. (2007)  ���.*ก
� 

 


�!�
ก
��
�!
� (% survival) = 

(��
	�	�Hก��
�*E0
.�"	.��ก
����
� / ��
	�	�Hก��
�*E0
���0*ก
����
�) X 100 
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'�
*�
�!���(0�6�0*5@"	 (% body length gain) =  

(('�
*�
�!���*E0
.�"	.��ก
����
�-'�
*�
�!���*E0
���0*ก
����
�) / '�
*�
�!���*E0
���0*ก
�
���
�))  X 100 

 

ก
�.����.�� 10 : ก
���ก

��������0 6������$��
ก
�%&ก ก
�����
' ���ก
��(��)���*�����
+�
��ก�#
!$�1$'���� 

 ����!�(�*����ก
�CDก�5$��
��ก��
6�	!
*��>(ก
�5
� Kiriratnikom et al. (2007)  <��?&�2
�
CDก�5$�(0*(5	
�6E"	�(0 100 !
�
��I	!��*!� <��CDก�5$��
��ก��
6�	?	�����'�
*�	
#	$	 1 C
�
!$
 1 !
�
��I	!��*!�  ���#�$�

ก��G	 4 &��ก
����
� &��ก
����
��� 3 2
� ?	����CDก�5$
��
�(0*(ก
��*�	��(�		"�
 200 % !$
��	 ?	�����
�3�:H*��(0!$
�ก�	 <��?&��'�E0
�?��'�
*��
	 #��
�'�E0
���
'�
*��F	
�!<	*�!�#����$*��G	#��$�ก�
�	��'�
*��
	  <��#�$�&��ก
����
�

ก��G	 4 

&��ก
����
� <��CDก�5$��
��ก��
6�	?	
�3�:H*�	"�
  23, 25, 27 #�� 29  
�-
�I��I(�.!
*��
��� 

 

��� 
!�"#
�����**ก
�.���� 

 ����!�(�*	"�
����
?	�$
6�ก	"�
6��
*?��

ก
-!�
����
��G	���
 7 ��	ก$
		�
*
?&�?	ก
�
�6
�CDก #��
	��
��Hก��
 <��!���.
�'�3:
66E"	)
	ก$
		�
*
?&�?	ก
����
� 6��$
*('$

'�
*��G	�$
� (alkalinity) 45-50 ppm  '�
*��G	ก��-�$
� (pH) 7.6-8.2  

 

ก
���1(��*�$��
ก
�%&ก��ก�+7��$1 

 !���.
�
�!�
ก
�CDก

ก��G	!��5
��Hก��
��ก��
6�	�(0��("��?	#!$��&��ก
����
��(0
�������
 30 #�� 36 &�0�<*�����ก
��S�.	>� !
*��>(ก
�5
� Silva et al. (2003) !
*.*ก
� 

 


�!�
ก
�CDก (hatch rate) =  

(��
	�	�5$��
���0*!�	 � ��
	�	�5$��
�(0�.(� / ��
	�	�5$��
���0*!�	)  X 100 

 

ก
���1(��*ก
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'����6ก+�
��ก�#
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 !���.
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�!
�5
��Hก��
��ก��
6�	�����
กCDก

ก��G	!�� �(0�������
  48,  60, 72, 

84 #�� 96 &�0�<*� ����ก
��S�.	>� !
*��>(ก
�5
� Silva et al. (2003) ���.*ก
� 
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ก
��
�!
�5
��Hก��
�����
กCDก

ก��G	!�� (post-hatch survival) = 

(��
	�	�5$��
���0*!�	 � ��
	�	�5$��
�(0�.(�-��
	�	�Hก��
�(0!
� / ��
	�	�5$��
���0*!�	)  X 100 

 

ก
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��ก�#
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�
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	��
��Hก��
��ก��
6�	����!��
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�
�Hก��
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'�
*��	"�
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*�	
#	$	 10 !��!$
��!� '��'�*
�3�:H*�?	#!$��!H����
�?��
�H$?	
�����!$
�B !
*&��ก
����
� !���.
�ก
��
�!
� #��'�
*�
�!���V�(0�5
��Hก��
?	#!$��&��
ก
����
��(0�������
 7 #�� 14 ��	 !
*��>(ก
�5
� Kiriratnikom et al. (2007)  ���.*ก
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�!�
ก
��
�!
� (% survival) = 

(��
	�	�Hก��
�*E0
.�"	.��ก
����
� / ��
	�	�Hก��
�*E0
���0*ก
����
�) X 100 

 

'�
*�
�!���(0�6�0*5@"	 (% body length gain) =  

(('�
*�
�!���*E0
.�"	.��ก
����
�-'�
*�
�!���*E0
���0*ก
����
�) / '�
*�
�!���*E0
���0*ก
�
���
�) X 100 

 

ก
�1����
�0-�� 

���'�
��/'�
*#�����	5
�'$
�V�(0�
�!�
ก
�CDก

ก��G	!�� 
�!�
ก
��
�!
� #��'�
*
�
�!���(0�6�0*5@"	5
���
?	#!$��&��ก
����
����� One way analysis of variance (ANOVA) #��
���'�
��/'�
*#!ก!$
�5
�'$
�V�(0����� Duncan' s multiple range test (DMRT) (Zar, 1984) 

 

 

 

 

 

 

 

 



 44 

��ก����ก�� 

 

ก
�.����.�� 1: ก
���ก

������1
���8� ����$��
ก
�%&ก ก
�����
' ���ก
��(��)���*�����
+�
��ก�#
!$�1$'���� 

 

�$��
ก
�%&ก��ก�+7��$1 

 
�!�
ก
�CDก

ก��G	!��5
��5$��
��ก��
6�	�(0CDก?	'�
*�'F*�����!$
�B #.��?	 Table 3.  
��"�	("6��$
�5$��
��ก��
6�	�(0CDก?	��ก�����'�
*�'F**(
�!�
ก
�CDก

ก��G	!��
�H$?	&$�� 71.08 + 

2.37
   -  75.44 + 4.47%  <���*$*('�
*#!ก!$
�
�$
�*(	��.�
'�=�
�.2�! (p>0.05)  

 

Table 3. Hatching rate (%) of Nieuhofii's catfish in different salinity. 

 

 % hatching rate 36 hr. 

T1 = control 0 ppt 75.44 + 4.47 
ns 

T2 = 0.5 ppt 72.01 + 1.86
 ns

 

T3 = 1 ppt 71.08 + 2.37
 ns

 

T4 = 2 ppt 73.59 + 4.11
 ns

 

ns = non-significant (P>0.05) 

 

�$��
ก
�����
'0�$�(
ก%&ก��ก�+7��$1 

ก
��
�!
�5
��Hก��
��ก��
6�	�(0CDก

ก��G	!��?	�����'�
*�'F*�(0#!ก!$
�ก�	 #.��?	 
Table 4.   A�ก
����
�6��$
�(0�������
 48 &�0�<*�����CDก

ก��G	!�� ก
��
�!
�5
��Hก��
��ก
��
6�	�(0
	��
�?		"�
�(0*(�����'�
*�'F* 1-2 ppt *(ก
��
�!
���!0�
�� <���V6
��(0�����'�
*'F* 2 

ppt *(A�?���Hก��
*(ก
��
�!
�!0�
ก�$
�(0�����'�
*'F* 0-0.5 ppt (P<0.05) 
�$
���กF!
*ก
��
�
!
�5
��Hก��
��ก��
6�	�(0�������
 72 #�� 96 &�0�<*� *(ก
��
�!
��*$#!ก!$
�ก�	�
�.2�!� 
(P>0.05) <��*('$
�V�(0�ก
��
�!
�?	����2���5$#�����!�� #�����0*ก�	

�
� (�������
 96 &�0�<*�
����CDก) 
�H$?	&$�� 80.88 + 3.92

  - 86.71 + 3.88
 

% 
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Table 4.  Survival (%) during 96 hr after hatch out of Nieuhofii's catfish in different salinity 

 O hr 24 hr 48 hr 72 hr 96 hr 

T1 = 0 ppt 100.00 + 0.00 95.67 + 5.38
ns 

95.67 + 5.38
a 

88.05 + 4.79
 ns

 83.04 + 1.06
 ns

 

T2 = 0.5 ppt 100.00 + 0.00 99.57 + 0.75
 ns

 93.52 + 4.71
a 

86.60 + 5.16
 ns

 83.19 + 3.81
 ns

 

T3 = 1 ppt 100.00 + 0.00 98.47 + 1.56
 ns

 88.88 + 3.30
ab 

88.35 + 4.04
 ns

 86.71 + 3.88
 ns

 

T4 = 2 ppt 100.00 + 0.00 99.10 + 1.56
 ns

 84.70 + 3.37
b 

83.94 + 3.32
 ns

 80.88 + 3.92
 ns

 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

ns = non-significant (P>0.05) 

 

ก
��(��)���*�� ���ก
�����
'����6ก+�
��ก�#
!$�0�$���'������ก���
0
� 

  '$
�V�(0�'�
*�
�!��5
��Hก��
��ก��
6�	�����
ก���0*ก�	

�
� �(0��("��?		"�
�(0*('�
*�'F*?	
�����!$
�B ��G	�������
 14 ��	 #.��?	 Table 5. ��"�	("�Hก��
�(02���5$#�����!�� ก$
	���0*ก
�
���
�*('�
*�
�!���V�(0� 
�H$?	&$��  10.38 + 0.59 - 10.80 + 0.37 *�����*!�  I@0��*$#!ก!$
�ก�	?	
#!$��&��ก
����
� (P>0.05) �*E0
��
ก
�!���.
�'�
*�
�!��5
��Hก��
�(0�������
 7 #�� 14 

��	5
�ก
���("�� 6��$
�Hก��
*('�
*�
�!���*$#!ก!$
�ก�	�
�.2�!� (P>0.05) <��?	��	�(0 14 5
�
ก
����
��Hก��
*('�
*�
�!���V�(0� 14.65 + 0.21 - 14.98 + 0.53 *�����*!�   

 
�!�
ก
��
�!
�5
��Hก��
��ก��
6�	�(0��("��?		"�
�(0*('�
*�'F*?	�����!$
�B ��G	�������
 
14 ��	 #.��?	 Table 5. ��"�	("'$
�V�(0�ก
��
�!
�*('$

�H$����$
� 75.56 + 20.37 - 80.00 + 11.55 % 
I@0�ก
��
�!
�5
��Hก��
��ก��
6�	?	#!$��&��ก
����
��*$*('�
*#!ก!$
�ก�	�
�.2�!� (P>0.05) 
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Table 5.  Body length (mm) and survival (%) of Nieuhofii's catfish in different salinity for 2  

weeks. 

 Body length (mm) 

Week O Week 1 Week 2 

T1 = 0 ppt 10.70 + 0.34 
ns

 12.80 + 0.50 
ns 

14.65 + 0.21 
ns 

T2 = 0.5 ppt 10.80 + 0.37 
ns

 12.94 + 0.61 
ns

 14.84 + 0.89 
ns 

T3 = 1 ppt 10.54 + 0.53 
ns

 13.03 + 0.33 
ns

 14.69 + 1.12 
ns 

T4 = 2 ppt 10.38 + 0.59 
ns

 12.40 + 0.23 
ns

 14.98 + 0.53 
ns 

 

Survival (%) 

Week O Week 1 Week 2 

T1 = 0 ppt 100.00 + 0.00  80.00 + 13.33 
ns 

77.78 + 16.78 
ns 

T2 = 0.5 ppt 100.00 + 0.00  82.22 + 20.37 
ns 

77.78 + 16.78 
ns 

T3 = 1 ppt 100.00 + 0.00  77.78 + 16.78 
ns 

75.56 + 20.37 
ns 

T4 = 2 ppt 100.00 + 0.00  84.44 + 7.70 
ns 

80.00 + 11.55 
ns 

ns = non-significant (P>0.05) 

 

ก
�.����.�� 2: ก
���ก

�����+���
��.���� ����$��
ก
�%&ก ก
�����
' ���ก
��(��)���*��
���+�
��ก�#
!$�1$'���� 

 

�$��
ก
�%&ก��ก�+7��$1 


�!�
ก
�CDก

ก��G	!��5
��5$��
��ก��
6�	?		"�
�(0*(#�		�	�����!$
�B #.��?	 Table 6.  
��"�	("6��$
�5$��
��ก��
6�	�(0CDก?		"�
�(0*(#�		�	��ก����� *(
�!�
ก
�CDก

ก��G	!��
�H$?	&$�� 
78.31 + 6.76 -  87.62 + 2.32

  %  <���*$*('�
*#!ก!$
�
�$
�*(	��.�
'�=�
�.2�! (p>0.05)  
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Table 6. Hatching rate (%) of Nieuhofii's catfish in different tannin. 

 

 % hatching rate 36 hr. 

T1 = control 0 ppm 81.45 + 3.43 
ns 

T2 = 10 ppm 78.31 + 6.76 
ns

 

T3 = 25 ppm 87.62 + 2.32
 ns

 

T4 = 50 ppm 79.64 + 0.05
 ns

 

ns = non-significant (P>0.05) 

 

�$��
ก
�����
'0�$�(
ก%&ก��ก�+7��$1 

ก
��
�!
�5
��Hก��
��ก��
6�	�(0CDก

ก��G	!��?		"�
�(0*(#�		�	�����!$
�B #.��?	 
Table 7.   A�ก
����
�6��$
�Hก��
��ก��
6�	*(ก
��
�!
������
กCDก

ก��G	!��.H��(0.��?		"�
�(0
�*$*(#�		�	 (&��'��'�*) #��#!ก!$
��
ก&��ก
����
�
E0	B 
�$
�*(	��.�
'!�=�
�.2�!� (P<0.05) 

<���(0�������
 96 &�0�<*�����CDก

ก��G	!�� ก
��
�!
�5
��Hก��
��ก��
6�	?		"�
�(0�*$*(#�		�	 
*('$
�V�(0� 78.30 + 7.20 % 53��(0�Hก��
�(0��("��?		"�
�(0*(�����#�		�	 10-50 ppm *(ก
��
�!
�
!0�
�� <��*(
�!�
ก
��
�!
�����$
�  60.91 + 3.29 -  64.98 + 10.09 %  
 

Table 7.  Survival (%) during 96 hr after hatch out of Nieuhofii's catfish in different tannin levels. 

 

 O hr 24 hr 48 hr 72 hr 96 hr 

T1 = 0  ppm 100.00 + 0.00 94.89 + 5.17
ab 

92.80 + 6.25
a 

83.60 + 5.32
a 

78.30 + 7.20
a 

T2 = 10 ppm 100.00 + 0.00 96.66 + 3.51
a 

75.66 + 3.22
b 

68.79 + 2.54
b 

60.91 + 3.29
b 

T3 = 25 ppm 100.00 + 0.00 86.96 + 3.39
b 

81.26 + 2.78
b 

77.52 + 3.53
ab 

61.97 + 5.68
b 

T4 = 50 ppm 100.00 + 0.00 90.94 + 5.24
ab 

81.62 + 5.82
b 

76.32 + 7.38
ab 

64.98 + 10.09
b 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

 

ก
��(��)���*�� ���ก
�����
'����6ก+�
��ก�#
!$�0�$���'������ก���
0
� 

  '$
�V�(0�'�
*�
�!��5
��Hก��
��ก��
6�	�����
ก���0*ก�	

�
� �(0��("��?		"�
�(0*(���*
3     
#�		�	?	�����!$
�B ��G	�������
 14 ��	 #.��?	 Table 8.  ��"�	("'�
*�
�!���V�(0�5
��Hก��
�(0
�������
 7 ��	 *('$
#!ก!$
�ก�	�
�.2�!� <��6��$
'�
*�
�!���V�(0�5
��Hก��
�(0��("��?		"�
�(0�*$*(
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#�		�	*('$
.H� #��#!ก!$
��
�.2�!�ก��'�
*�
�!��5
��Hก��
�(0��("��?		"�
�(0*(�����#�		�	  25 

ppm  (P>0.05)  
�$
���กF!
*�*E0
��
ก
�!���.
�'�
*�
�!��5
��Hก��
�(0�������
 14 ��	5
�
ก
���("�� 6��$
�Hก��
*('�
*�
�!���*$#!ก!$
�ก�	�
�.2�!� <��?	��	�(0 14 5
�ก
����
��Hก��

*('�
*�
�!���V�(0� 14.30 + 8.26 - 15.50 + 1.21 *�����*!�   


�!�
ก
��
�!
�5
��Hก��
��ก��
6�	�����
ก���0*ก�	

�
��(0��("��?		"�
�(0*(#�		�	?	
�����!$
�B  ��G	�������
 14 ��	 #.��?	 Table 8. ��"�	("'$
�V�(0�ก
��
�!
�5
���
�(0��("��?		"�
�(0
*(#�		�	?	����� 50 ppm *('$
!0�
�(0.�� �
���*
���#ก$��
�(0��("��?		"�
�(0*(#�		�	?	����� 25 

ppm 53��(0ก
��
�!
�5
��Hก��
�(0��("��?		"�
�(0*(#�		�	?	����� 0-10 ppm *('$
.H�ก�$

�$
�*(
	��.�
'�=�
�.2�!�  (P<0.05) <��*('$

�H$����$
� 84.44 + 3.85 - 86.67 + 6.67 %  
 

Table 8.  Body length (mm) and survival (%) of Nieuhofii's catfish in different tannin for 2 weeks. 

 

 Body length (mm) 

Week O Week 1 Week 2 

T1 = 0  ppm 10.34 + 0.32 
ns

 13.25 + 0.27 
a 

14.46 + 0.33 
ns 

T2 = 10 ppm 10.46 + 0.37 
ns

 11.99 
 

+ 0.71 
ab 

14.58 + 0.36 
ns

 

T3 = 25 ppm 10.28 + 0.72 
ns

 11.22 + 6.48 
b 

14.30 + 8.26 
ns

 

T4 = 50 ppm 10.24 + 0.74 
ns

 12.54 + 1.03 
ab 

15.50 + 1.21 
ns

 

 

Survival (%) 

Week O Week 1 Week 2 

T1 = 0  ppm 100.00 + 0.00 91.11 + 10.18 
b

 84.44 + 3.85 
b 

T2 = 10 ppm 100.00 + 0.00 88.89 + 3.85 
b

 86.67 + 6.67 
b 

T3 = 25 ppm 100.00 + 0.00 90.00 + 4.71 
b

 73.33 + 9.43 
ab 

T4 = 50 ppm 100.00 + 0.00 57.78 + 15.40
 a 

55.56 + 13.88 
a 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

ns = non-significant (P>0.05) 
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ก
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�������������' ����$��
ก
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�����
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��(��)���*�����
+�
��ก�#
!$�1$'���� 

 

�$��
ก
�%&ก��ก�+7��$1 


�!�
ก
�CDก

ก��G	!��5
��5$��
��ก��
6�	?		"�
�(0*(���*
3#
*<*�	(�?	�����!$
�B 
#.��?	 Table 9.  ��"�	("6��$
�5$��
��ก��
6�	�(0CDก?		"�
�(0*(#
*<*�	(���ก����� *(
�!�
ก
�CDก


ก��G	!��
�H$?	&$�� 75.43 + 2.98

 

-  80.45 + 7.35
 

%  <���*$*('�
*#!ก!$
�
�$
�*(	��.�
'�=�
�
.2�! (p>0.05)  

 

Table 9. Hatching rate (%) of Nieuhofii's catfish in different ammonia 

 % hatching rate 36 hr. 

T1 = control 0 ppm 78.99 + 3.49
 ns

 

T2 = 0.1 ppm 80.45 + 7.35
 ns

 

T3 = 0.25 ppm 78.14 + 5.24
 ns

 

T4 = 0.5 ppm 75.43 + 2.98
 ns

 

ns = non-significant (P>0.05) 

 

�$��
ก
�����
'0�$�(
ก%&ก��ก�+7��$1 

ก
��
�!
�5
��Hก��
��ก��
6�	�(0CDก

ก��G	!��?		"�
�(0*(���*
3#
*<*�	(��(0�����!$
�B  
?	���� 96 &�0�<*�#�ก #.��?	 Table 10.   A�ก
����
�6��$
ก
��
�!
������
กCDก

ก��G	
!��.H�5
��Hก��
��ก��
6�	?		"�
�(0*(���*
3#
*<*�	(� 0-0.5 ppm �*$*('�
*#!ก!$
�ก�	�
�.2�!� 
(P>0.05) <��*(ก
��
�!
�
�H$?	&$��  56.64 + 22.15 -

 

78.78 + 7.68
  %  
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Table 10.  Survival (%) during 96 hr after hatch out of Nieuhofii's catfish in different  

    ammonia levels. 

 O hr 24 hr 48 hr 72 hr 96 hr 

T1 = 0  ppm 100.00 + 0.00 97.46 + 2.50
 ns

 95.37 + 5.88
 ns

 86.71 + 7.04
 ns

 78.78 + 7.68
 ns 

T2 = 0.1 ppm 100.00 + 0.00 94.55 + 2.68
 ns

 85.37 + 12.97
 ns

 81.39 +11.89
 ns

 77.12 + 8.45
 ns

 

T3 = 0.25 ppm 100.00 + 0.00 92.60 + 4.63
 ns

 88.11 + 6.32
 ns

 76.58 + 6.29
 ns

 75.21 + 7.90
 ns

 

T4 = 0.5 ppm 100.00 + 0.00 91.30 + 2.21
 ns

 85.40 + 3.85
 ns

 74.48 + 5.09
 ns

 56.64 + 22.15
 ns

 

ns = non-significant (P>0.05) 

 

ก
��(��)���*�� ���ก
�����
'����6ก+�
��ก�#
!$�0�$���'������ก���
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  '$
�V�(0�'�
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��Hก��
��ก��
6�	�����
ก���0*ก�	

�
� �(0��("��?		"�
�(0*(���*
3
#
*<*�	(�?	�����!$
�B ��G	�������
 14 ��	 #.��?	 Table 11.  �(0�������
 7 #�� 14 ��	5
�
ก
���("�� 6��$
�Hก��
*('�
*�
�!���*$#!ก!$
�ก�	�
�.2�!� (P>0.05) <��?	��	�(0 14 5
�ก
�
���
��Hก��
*('�
*�
�!���V�(0� 14.50 + 0.45

 

- 15.07 + 0.54
 

 *�����*!�   
 
�!�
ก
��
�!
�5
��Hก��
��ก��
6�	�(0��("��?		"�
�(0*(���*
3#
*<*�	(�?	�����!$
�B 
��G	�������
 14 ��	 #.��?	 Table 11. ��"�	("'$
�V�(0�ก
��
�!
�*('$

�H$����$
� 80.00 + 11.55 - 
88.89 + 3.85 % I@0�ก
��
�!
�5
��Hก��
��ก��
6�	?	#!$��&��ก
����
��*$*('�
*#!ก!$
�ก�	
�
�.2�!� (P>0.05) 
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Table 11. Body length (mm) and survival (%) of Nieuhofii's catfish in different ammonia for  

2 weeks. 

 

 Body length (mm) 

Week O Week 1 Week 2 

T1 = 0  ppm 10.28 + 0.72
 ns

 13.39 + 0.21 
a 

15.07 + 0.54
 ns 

T2 = 0.1 ppm 10.23 + 0.74
 ns

 12.07 + 0.65 
b 

14.95 + 0.50
 ns

 

T3 = 0.25 ppm 10.46 + 0.37
 ns

 11.63 + 0.54 
b 

14.93 + 0.18
 ns

 

T4 = 0.50 ppm 10.28 + 0.72
 ns

 11.35 + 0.58 
b 

14.50 + 0.45
 ns

 

 

Survival (%) 

Week O Week 1 Week 2 

T1 = 0  ppm 100.00 + 0.00 84.44 + 10.18 
ns 

80.00 + 11.55 
ns 

T2 = 0.10 ppm 100.00 + 0.00 84.44 + 3.85 
ns

 84.44 + 3.85 
ns

 

T3 = 0.25 ppm 100.00 + 0.00 93.33 + 0.00 
ns

 88.89 + 3.85 
ns

 

T4 = 0.50 ppm 100.00 + 0.00 93.33 + 0.00 
ns

 86.67 + 6.67 
ns

 

ns = non-significant (P>0.05) 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

 

ก
�.����.�� 4 : ก
���ก

�����5�5��. ����$��
ก
�%&ก ก
�����
' ���ก
��(��)���*�����
+�
��ก�#
!$�1$'���� 

 

�$��
ก
�%&ก��ก�+7��$1 


�!�
ก
�CDก

ก��G	!��5
��5$��
��ก��
6�	?		"�
�(0*(���*
3�	�!���(0����� 0-3 ppm 
#.��?	 Table 12.  ��"�	("6��$
�5$��
��ก��
6�	�(0CDก?		"�
�(0*(�	�!����ก����� *(
�!�
ก
�CDก


ก��G	!��
�H$?	&$�� 13.73 + 2.89

  -  21.74 + 0.97
 

%  <���*$*('�
*#!ก!$
�
�$
�*(	��.�
'�=�
�
.2�! (p>0.05)  

 

 

 



 52 

Table 12. Hatching rate (%) of Nieuhofii's catfish in different nitrite 

 % hatching rate 36 hr. 

T1 = control 0 ppm 21.74 + 0.97
 ns

 

T2 = 0.5 ppm 15.87 + 4.90
 ns

 

T3 = 1 ppm 17.52 + 3.77
 ns

 

T4 = 3 ppm 13.73 + 2.89
 ns

 

ns = non-significant (P>0.05) 

 

�$��
ก
�����
'0�$�(
ก%&ก��ก�+7��$1 

ก
��
�!
�5
��Hก��
��ก��
6�	�(0CDก

ก��G	!��?		"�
�(0*(���*
3�	�!���(0�����!$
�B  ?	
���� 96 &�0�<*�#�ก #.��?	 Table 13.   A�ก
����
�6��$
 �(0�������
 96 &�0�<*�5
�ก
�
���
� ก
��
�!
������
กCDก

ก��G	!��.H�5
��Hก��
��ก��
6�	?		"�
�(0*(���*
3�	�!�� 0-0.5 

ppm *(ก
��
�!
�
�H$?	&$��  30.95 + 10.31 -
 

43.65 + 7.91 % I@0�*('$
.H�ก�$
#��*('�
*#!ก!$
�ก�	
�
�.2�!� (P>0.05) ก��ก
��
�!
�5
��Hก��
�(0��("������	"�
�(0*(���*
3�	�!�� 1-3 ppm  

 

Table 13. Survival (%) during 96 hr after hatch out of Nieuhofii's catfish in different nitrite levels. 

 

 O hr 24 hr 48 hr 72 hr 96 hr 

T1 = 0  ppm 100.00 + 0.00 80.26 + 12.09 
ns 

60.91 + 15.43 
ns 

36.61 + 15.02
 ns 

30.95 + 10.31 
ab 

T2 = 0.5 ppm 100.00 + 0.00 90.22 + 11.94
ns 

77.22 + 13.80
ns 

47.18 + 8.61
ns 

43.65 + 7.91 
b 

T3 = 1 ppm 100.00 + 0.00 87.27 + 11.06
ns 

66.51 + 2.80
ns 

47.82 + 18.92
ns 

27.53 + 6.54 
a 

T4 = 3 ppm 100.00 + 0.00 88.13 + 13.98
ns 

67.42 + 23.66
ns 

34.44 + 3.32
ns 

18.59 + 2.15 
a 

ns = non-significant (P>0.05) 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

 

ก
��(��)���*�� ���ก
�����
'����6ก+�
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�
� �(0��("��?		"�
�(0*(���*
35
�
�	�!��?	�����!$
�B ��G	�������
 14 ��	 #.��?	 Table 14.  �(0�������
 7 #�� 14 ��	5
�ก
�
��("�� 6��$
�Hก��
*('�
*�
�!���*$#!ก!$
�ก�	�
�.2�!� (P>0.05) <��?	��	�(0 14 5
�ก
����
��Hก
��
*('�
*�
�!���V�(0� 15.43 + 0.04 - 17.40 + 1.54 *�����*!�   
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�!�
ก
��
�!
�5
��Hก��
��ก��
6�	�(0��("��?		"�
�(0*(���*
3�	�!��?	�����!$
�B ��G	
�������
 14 ��	 #.��?	 Table 14. ��"�	("'$
�V�(0�ก
��
�!
�*('$

�H$����$
� 22.22 + 7.70 - 44.44 + 

19.25% <���(0ก
��
�!
�5
��Hก��
��ก��
6�	?	#!$��&��ก
����
��*$*('�
*#!ก!$
�ก�	�
�
.2�!� (P>0.05) 

 

Table 14. Body length (mm) and survival (%) of Nieuhofii's catfish in different nitrite for  

2 weeks. 

 

 Body length (mm) 

Week O Week 1 Week 2 

T1 = 0  ppm 8.90 + 0.75 
ns 

12.48 + 0.30 
ns 

17.40 + 1.54 
ns 

T2 = 0.5 ppm 8.50 + 0.58 
ns

 12.01 + 0.71 
ns

 16.74 + 0.54 
ns

 

T3 = 1 ppm 8.82 + 0.41 
ns

 11.87 + 0.55 
ns

 15.43 + 0.04 
ns

 

T4 = 3 ppm 8.72 + 0.77 
ns

 11.18 + 1.04 
ns

 16.83 + 2.09 
ns

 

 

Survival (%) 

Week O Week 1 Week 2 

T1 = 0  ppm 100.00 + 0.00 53.33 + 28.28 
ns 

44.44 + 19.25 
ns 

T2 = 0.5 ppm 100.00 + 0.00 50.00 + 4.71 
ns

 43.33 + 10.00 
ns

 

T3 = 1 ppm 100.00 + 0.00 44.44 + 10.18 
ns

 42.22 + 9.43 
ns

 

T4 = 3 ppm 100.00 + 0.00 31.11 + 10.18 
ns

 22.22 + 7.70 
ns

 

 

ns = non-significant (P>0.05) 
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ก
�.����.�� 5 : ก
���ก

�����5����. ����$��
ก
�%&ก ก
�����
' ���ก
��(��)���*�����
+�
��ก�#
!$�1$'���� 

 

�$��
ก
�%&ก��ก�+7��$1 

�5$��
��ก��
6�	�(0���
�CDก?		"�
�(0*(�	�!��?	���*
3 0-30 ppm *(
�!�
ก
�CDก

ก��G	
!��
�H$?	&$�� 12.89 + 1.63 -  17.26 + 3.92 %  <���*$*('�
*#!ก!$
�
�$
�*(	��.�
'�=�
�.2�! 
(p>0.05) (Table 15.)   

 

Table 15. Hatching rate (%) of Nieuhofii's catfish in different nitrate 

 % hatching rate 36 hr. 

T1 = control 0 ppm 16.25 + 2.46 
ns 

T2 = 5 ppm 12.89 + 1.63 
ns 

T3 = 15 ppm 17.26 + 3.92 
ns 

T4 = 30 ppm 14.95 + 4.30 
ns 

ns = non-significant (P>0.05) 
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กCDก
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6�	�(0
	��
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�(0*(���*
3�	�!�� 0-30 ppm ��G	�������
 96 &�0�<*� *('$

�H$?	&$��  26.40 + 

9.97  -
 

33.00 + 8.84 % I@0��*$*('�
*#!ก!$
�ก�	�
�.2�!� (P>0.05) ?	#!$��&��ก
����
� 
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Table 16. Survival (%) during 96 hr after hatch out of Nieuhofii's catfish in different nitrate levels. 

 

 O hr 24 hr 48 hr 72 hr 96 hr 

T1 = 0  ppm 100.00 + 0.00 78.22 + 18.87 
ns 

53.27 + 15.70 
ns 

34.59 + 9.34 
ns 

33.00 + 8.84 
ns 

T2 = 5 ppm 100.00 + 0.00 83.00 + 10.88 
ns

 53.57 + 8.85 
ns

 41.62 + 10.82 
ns

 26.40 + 9.97 
ns

 

T3 = 15 ppm 100.00 + 0.00 79.63 + 17.86 
ns

 49.90 + 31.79 
ns

 37.44 + 21.11 
ns

 26.92 + 16.32 
ns

 

T4 = 30 ppm 100.00 + 0.00 80.45 + 23.87 
ns

 64.00 + 18.63 
ns

 40.06 + 2.27 
ns

 28.53 + 18.58 
ns

 

ns = non-significant (P>0.05) 
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��Hก��
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�!���V�(0� 
15.74 + 0.32 - 16.64 + 0.78 *�����*!�   
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Table 17.  Body length (mm) and survival (%) of Nieuhofii's catfish in different nitrate for  

2 weeks. 

 

 Body length (mm) 

Week O Week 1 Week 2 

T1 = 0  ppm 8.92 + 0.76 
ns 

12.06 + 0.98 
ns 

15.74 + 0.32 
ns 

T2 = 5 ppm 8.50 + 0.58 
ns

 12.32 + 0.25 
ns

 16.64 + 0.78 
ns

 

T3 = 15 ppm 8.64 + 0.75 
ns

 11.61 + 0.20 
ns

 16.49 + 2.50 
ns

 

T4 = 30 ppm 8.72 + 0.77 
ns

 11.46 + 1.02 
ns

 16.41 + 0.97 
ns

 

 

Survival (%) 

Week O Week 1 Week 2 

T1 = 0  ppm 100.00 + 0.00 43.33 + 33.00 
ns 

42.22 + 31.51 
ns 

T2 = 5 ppm 100.00 + 0.00 40.00 + 18.86 
ns

 33.33 + 20.00 
ns

 

T3 = 15 ppm 100.00 + 0.00 53.33 + 28.28 
ns

 36.67 + 33.00 
ns

 

T4 = 30 ppm 100.00 + 0.00 55.56 + 13.88 
ns

 40.00 + 24.04 
ns

 

 

ns = non-significant (P>0.05) 
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Table 18. Hatching rate (%) of Nieuhofii's catfish in different alkalinity. 

 

 % hatching rate 36 hr. 

T1 = 20 ppm 46.93 + 1.95 
ns 

T2 = 30 ppm 39.40 + 13.96
 ns

 

T3 = 40 ppm 43.37 + 8.62
 ns

 

T4 = 50 ppm 39.55 + 3.27 
 ns

 

ns = non-significant (P>0.05) 
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����
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��
�!
�?	����2���5$#�����!�� #�����0*ก�	

�
� 
(�������
 96 &�0�<*�����CDก) 
�H$?	&$�� 41.43 + 1.52 - 53.55 + 2.57 % 

 

Table 19.  Survival (%) during 96 hr after hatch out of Nieuhofii's catfish in different alkalinity 

 

 O hr 24 hr 48 hr 72 hr 96 hr 

T1 = 20 ppm 100.00 + 0.00 79.99 + 7.98
ns 

51.18 + 6.63
 ns 

48.12 + 2.35
 ns

 41.43 + 1.52
 ns

 

T2 = 30 ppm 100.00 + 0.00 78.19 + 12.61
ns

 63.71 + 25.03
 ns 

54.87 + 13.50
 ns

 45.13 + 9.96
 ns

 

T3 = 40 ppm 100.00 + 0.00 72.74 + 3.29
 ns

 66.47 + 1.24
 ns 

59.63 + 3.52
 ns

 53.55 + 2.57
 ns

 

T4 = 50 ppm 100.00 + 0.00 69.55 + 15.57
 ns

 53.95 + 9.40
 ns 

47.29 + 11.48
 ns

 41.96 + 6.85
 ns

 

ns = non-significant (P>0.05) 
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�Hก��
�(0��("��?	�����'�
*��G	�$
� 30 ppm <��*('$
�V�(0� 20.66 + 0.59 - 21.34 



 58 
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��Hก��
��ก��
6�	?	#!$��&��ก
����
��*$*('�
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Table 20.  Body length (mm) and survival (%) of Nieuhofii's catfish in different alkalinity for  

    2 weeks. 

 

 Body length (mm) 

Week O Week 1 Week 2 

T1 = 20 ppm 11.78 + 0.24 
ns

 14.44 + 0.44 
bc 

21.34 + 0.18 
b 

T2 = 30 ppm 11.86 + 0.47 
ns

 13.74 + 0.66 
ab

 19.08 + 1.41 
a 

T3 = 40 ppm 11.54 + 0.43 
ns

 13.44 + 0.23 
a

 19.86 + 0.08 
ab 

T4 = 50 ppm 11.48 + 0.39 
ns

 14.62 + 0.27 
c

 20.66 + 0.59 
b 

 

Survival (%) 

Week O Week 1 Week 2 

T1 = 20 ppm 100.00 + 0.00  90.00 + 10.00 
ns 

86.67 + 5.77 
ns 

T2 = 30 ppm 100.00 + 0.00  83.33 + 15.28 
ns 

76.67 + 15.28 
ns 

T3 = 40 ppm 100.00 + 0.00  90.00 + 0.00 
ns 

80.00 + 17.32 
ns 

T4 = 50 ppm 100.00 + 0.00  83.33 + 11.55 
ns 

76.67 + 11.55 
ns 

ns = non-significant (P>0.05) 

Mean within column not sharing the same superscript are significantly different (P<0.05). 
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ก
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Table 21. Hatching rate (%) of Nieuhofii's catfish in different pH. 

 

 % hatching rate 36 hr. 

T1 = pH 4 86.20 + 2.27 
b 

T2 = pH 5 86.45 + 2.82 b 

T3 = pH 6 85.99 + 2.51 b 

T4 = pH 7 77.22 + 3.34 b 

T5 = pH 8 66.39 + 10.55 a 

Mean within column not sharing the same superscript are significantly different (P<0.05). 
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Table 22.  Survival (%) during 96 hr after hatch out of Nieuhofii's catfish in different pH 

 

 O hr 24 hr 48 hr 72 hr 96 hr 

T1 = pH 4 100.00 + 0.00 68.00  + 10.01
ns 

58.53 + 10.20 
ns

 56.94 + 8.75
 ns

 56.30 + 8.30
 ns

 

T2 = pH 5 100.00 + 0.00 80.60 + 2.97 
ns

 72.56 + 3.15 
ns

 68.36 + 6.17
 ns

 67.00 + 7.13
 ns

 

T3 = pH 6 100.00 + 0.00 80.14 + 3.26
 ns

 70.76 + 4.67 
ns

 67.00 + 4.52
 ns

 66.41 + 4.14
 ns

 

T4 = pH 7 100.00 + 0.00 75.91 + 7.09 
 ns

 65.69 + 7.52 
ns

 61.61 + 7.87
 ns

 61.08 + 7.55
 ns

 

T5 = pH 8 100.00 + 0.00 67.79 + 19.40 
ns

 50.76 + 23.13
 ns

 45.83 + 22.58
 ns

 45.83 + 22.58
 ns

 

ns = non-significant (P>0.05) 
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Table 23.  Body length (mm) and survival (%) of Nieuhofii's catfish in different pH  for 2 weeks. 

 

 Body length (mm) 

Week O Week 1 Week 2 

T1 = pH 4 10.48 + 0.52
 ns

 13.54 + 0.30 
b

 17.40 + 0.54 
b 

T2 = pH 5 10.33 + 0.64
 ns

 13.47 + 0.76 
b 

17.70 + 0.55 
b 

T3 = pH 6 10.48 + 0.37
 ns

 13.57 + 0.40 
b 

17.04 + 0.46 
b 

T4 = pH 7 10.46 + 0.41
 ns

 12.95 + 0.58 
ab 

17.15 + 0.46 
b 

T5 = pH 8 10.38 + 0.82
 ns

 12.21 + 0.16 
a 

15.56 + 0.63 
a 

 

Survival (%) 

Week O Week 1 Week 2 

T1 = pH 4 100.00 + 0.00  56.67 + 32.15 
a 

53.33 + 28.87 
b 

T2 = pH 5 100.00 + 0.00  96.67 + 5.77 
b 

93.33 + 11.55 
c 

T3 = pH 6 100.00 + 0.00  86.67 + 15.28 
b 

80.00 + 10.00 
bc 

T4 = pH 7 100.00 + 0.00  96.67 + 5.77 
b 

86.67 + 5.77 
c 

T5 = pH 8 100.00 + 0.00  40.00 + 36.06 
a 

23.33 + 15.28 
a 

ns = non-significant (P>0.05) 

Mean within column not sharing the same superscript are significantly different (P<0.05). 
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Table 24. Hatching rate (%) of Nieuhofii's catfish in different light periods. 

 

 % hatching rate 36 hr. 

T1 = D 24 hr 11.90 + 1.40 
a 

T2 = D 18 L 6 hr 18.78 + 2.25 
b 

T3 = D 12 L 12 hr 15.45 + 3.17 
ab 

T4 = D 6 L 18 hr 19.04 + 6.17 
b 

T5 = L 24 hr 16.33 + 1.57 
ab 

Mean within column not sharing the same superscript are significantly different (P<0.05). 
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.�$
� 12 &�0�<*� *E� 6 &�0�<*� .�$
� 18 &�0�<*� #��?	&$��#.�.�$
�!�
����
 *(
�!�
ก
��
�!
�
�*$#!ก!$
�
�$
�*(	��.�
'�=�
�.2�! (P>0.05)  <��*(
�!�
ก
��
�!
�����$
�  48.59 + 9.53 -  
61.96 + 9.29 %  
 

Table 25.  Survival (%) during 96 hr after hatch out of Nieuhofii's catfish in different light 

periods. 

 

 O hr 24 hr 48 hr 72 hr 96 hr 

T1 = D 24 hr 100.00 + 0.00
 

76.12 + 23.08
ns

 53.60 + 9.03
a 

51.51 + 6.24
ns 

43.95 + 6.38
a 

T2 = D 18 L 6 hr 100.00 + 0.00 82.24 + 6.39
ns

 61.46 + 11.54
ab 

50.84 + 9.50
 ns

 48.59 + 9.53
ab 

T3 = D 12 L 12 hr 100.00 + 0.00 84.35 + 5.33 
ns

 70.90 + 2.49
b 

59.17 + 11.89
 ns

 53.43 + 6.91
ab 

T4 = D 6 L 18 hr 100.00 + 0.00 81.27 + 11.04
ns

 70.59 + 3.58
b 

56.36 + 4.90
 ns

 54.61 + 7.27
ab 

T5 = L 24 hr 100.00 + 0.00 89.20 + 9.87
ns

 65.00 + 8.81
ab 

63.92 + 10.67
 ns

 61.96 + 9.29
b 

ns = non-significant (P>0.05) 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

 



63 

 

ก
��(��)���*�� ���ก
�����
'����6ก+�
��ก�#
!$�0�$���'������ก���
0
� 

 '$
�V�(0�'�
*�
�!��5
��Hก��
��ก��
6�	�����
ก���0*ก�	

�
� �(0��("��?	&$��#.�!$
�B��G	
�������
 14 ��	 #.��?	 Table 26.  ��"�	("'�
*�
�!���V�(0�5
��Hก��
�(0�������
 7 ��	 *('$
�*$
#!ก!$
�ก�	�
�.2�!� <��6��$
'�
*�
�!���V�(0�5
��Hก��
�(0��("��?	?	&$��#.�!$
�B *('$

�H$
?	&$�� 14.29 +1.09 - 15.52 + 0.23

 *�����*!� �*E0
��
ก
�!���.
�'�
*�
�!��5
��Hก��
�(0
�������
 14 ��	5
�ก
���("�� 6��$
�Hก��
*('�
*�
�!��#!ก!$
�ก�	�
�.2�!� (P<0.05) <���Hก��

��ก��
6�	*('�
*�
�!��!0�
.��?	&$��#.�*E�!�
����
 (P<0.05) 53��(0�Hก��
�(0��("��?	?	&$��#.�
*E� 18 &�0�<*� .�$
� 6 &�0�<*�, *E� 12 &�0�<*� .�$
� 12 &�0�<*� *E� 6 &�0�<*� .�$
� 18 &�0�<*� #��
&$��#.�.�$
�!�
����
 *('�
*�
�!���*$#!ก!$
�
�$
�*(	��.�
'�=�
�.2�! (P>0.05)   

 
�!�
ก
��
�!
�5
��Hก��
��ก��
6�	�����
ก���0*ก�	

�
��(0��("��?	&$��#.�!$
�B  ��G	
�������
 14 ��	 #.��?	 Table 26.  ��"�	("'$
�V�(0�ก
��
�!
�5
���
�(0��("��?	&$��#.�!$
�B  
!�
��������
 14 ��	 *('$
�*$#!ก!$
�
�$
�*(	��.�
'�=�
�.2�! (P>0.05)  <��*('$

�H$����$
� 76.67 

+ 11.55 - 96.67 + 5.77 %  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 64 

Table 26.  Body length (mm) and survival (%) of Nieuhofii's catfish in different light periods for  

2 weeks. 

 

 Body length (mm) 

Week O Week 1 Week 2 

T1 = D 24 hr 10.34 + 0.72 
ns

 14.84 + 0.25
ns 

18.30 + 0.25 
a 

T2 = D 18 L 6 hr 10.36 + 0.56 
ns

 15.34 + 0.66
ns 

19.39 + 0.42 
b 

T3 = D 12 L 12 hr 10.38 + 0.74 
ns

 15.52 + 0.23
ns 

19.25 + 0.44 
b 

T4 = D 6 L 18 hr 10.28 + 0.84 
ns

 14.29 +1.09
ns 

19.08 + 0.73 
ab 

T5 = L 24 hr 10.35 + 0.56 
ns

 14.97 + 0.90
ns 

19.08 + 0.56 
ab 

 

Survival (%) 

Week O Week 1 Week 2 

T1 = D 24 hr 100.00 + 0.00  100.00 + 0.00 
ns

 96.67 + 5.77 
ns

 

T2 = D 18 L 6 hr 100.00 + 0.00  86.67 + 11.55 
ns

 83.33 + 5.77 
ns

 

T3 = D 12 L 12 hr 100.00 + 0.00  90.00 + 10.00 
ns

 83.33 + 11.55 
ns

 

T4 = D 6 L 18 hr 100.00 + 0.00  90.00 + 17.32 
ns

 90.00 + 17.32 
ns

 

T5 = L 24 hr 100.00 + 0.00  86.67 + 11.55 
ns

 76.67 + 11.55 
ns

 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

ns = non-significant (P>0.05) 
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Table 27. Hatching rate (%) of Nieuhofii's catfish in different light intensity. 

 

 % hatching rate 36 hr. 

T1 = 500 lux 45.25 + 4.00 
ns 

T2 = 800 lux 37.60 + 2.49 
ns 

T3 = 1000 lux 36.83 + 6.70 
ns 

T4 = 1200 lux 41.074 + 7.20 
ns 

ns = non-significant (P>0.05) 

 

�$��
ก
�����
'0�$�(
ก%&ก��ก�+7��$1 

ก
��
�!
�5
��Hก��
��ก��
6�	�(0CDก

ก��G	!��?	'�
*�5�*#.��(0#!ก!$
�ก�	#.��?	 
Table 28.  ��"�	("6��$
�Hก��
��ก��
6�	�(0��("��?	'�
*�5�*#.���ก����� ��G	���
 96 &�0�<*�*(
�!�

ก
��
�!
������
กCDก

ก��G	!��
�H$?	&$�� 34.44 + 12.43

 

-  55.70 + 5.63
 

%  <���*$*('�
*
#!ก!$
�
�$
�*(	��.�
'�=�
�.2�! (p>0.05)  

 

 

 

 

 

 

 



 66 

Table 28. Survival (%) during 96 hr after hatch out of Nieuhofii's catfish in different light 

intensity. 

 

 O hr 24 hr 48 hr 72 hr 96 hr 

T1 = 500 lux 100.00 + 0.00
 

75.99 + 3.10
 ns

 63.07 + 5.27
 ns

 59.80 + 7.82
 ns

 55.70 + 5.63
 ns

 

T2 = 800 lux 100.00 + 0.00
 

 61.48 + 11.54
 ns

 57.69 + 13.32
 ns

 52.54 + 16.76
 ns

 44.28 + 13.52
 ns

 

T3 = 1000 lux 100.00 + 0.00
 

 68.69 + 12.48
 ns

 45.81 + 17.94
 ns

 44.70 + 18.42
 ns

 45.91 + 20.47
 ns

 

T4 = 1200 lux 100.00 + 0.00
 

 62.65 + 6.69
 ns

 39.84 + 14.94
 ns

 36.48 + 13.18
 ns

 34.44 + 12.43
 ns

 

ns = non-significant (P>0.05) 
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Table 29. Body length (mm) and survival (%) of Nieuhofii's catfish in different light intensity for  

2 weeks. 

 Body length (mm) 

Week O Week 1 Week 2 

T1 = 500 lux 10.40 + 0.65 
ns 

14.12 + 0.21 
ns

 17.87 + 0.49 
ns

 

T2 = 800 lux 10.50 + 0.59 
ns

 14.32 + 0.29 
ns

 17.34 + 1.18 
ns

 

T3 = 1000 lux 10.32 + 0.51 
ns

 14.15 + 0.78 
ns

 17.46 + 0.63 
ns

 

T4 = 1200 lux 10.72 + 0.73 
ns

 14.62 + 0.24 
ns

 17.85 + 0.30 
ns

 

 

Survival (%) 

Week O Week 1 Week 2 

T1 = 500 lux 100.00 + 0.00 76.67 + 11.55 
ns

 76.67 + 11.55 
ns

 

T2 = 800 lux 100.00 + 0.00 73.33 + 30.55 
ns

 73.33 + 30.55 
ns

 

T3 = 1000 lux 100.00 + 0.00 80.00 + 26.46 
ns

 80.00 + 26.46 
ns

 

T4 = 1200 lux 100.00 + 0.00 83.33 + 15.28 
ns

 76.67 + 11.55 
ns

 

 

ns = non-significant (P>0.05) 
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Table 30. Hatching rate (%) of Nieuhofii's catfish in different temperature 

 

 % hatching rate 36 hr. 

T1 = 23 
0 

C 39.76 + 9.16 
a 

T2 = 25 
0 

C 30.94 + 3.17 
ab 

T3 = 27 
0 

C 27.58 + 6.82 
ab 

T4 = 29 
0 

C 25.48 + 5.82 
b 

Mean within column not sharing the same superscript are significantly different (P<0.05). 
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Table 31. Survival (%) during 96 hr after hatch out of Nieuhofii's catfish in different temperature. 

 

 O hr 24 hr 48 hr 72 hr 96 hr 

T1 = 23 
0 

C 100.00 + 0.00
 

71.59 + 8.39 
 a

 46.58 + 11.93
 ns

 42.39 + 10.25
 ns

 38.43 + 7.05
 ns

 

T2 = 25 
0 

C 100.00 + 0.00
 

 58.72 + 7.35
 ab

 48.01 + 1.76
 ns

 35.72 + 1.84
 ns

 34.24 + 0.93
 ns

 

T3 = 27 
0 

C 100.00 + 0.00
 

 61.16 + 8.47
 ab

 55.671 + 5.24
 ns

 42.22 + 5.16
 ns

 40.53 + 6.81
 ns

 

T4 = 29 
0 

C 100.00 + 0.00
 

 49.13 + 6.90
 b

 44.96 + 7.59
 ns

 43.12 + 6.43
 ns

 41.59 + 7.58
 ns

 

ns = non-significant (P>0.05) 

Mean within column not sharing the same superscript are significantly different (P<0.05). 
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6�	�(0��("��?	
�3�:H*���ก����� �(0�������
 7 ��	#�ก 
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*('�
*�
�!���*$#!ก!$
�ก�	�
�.2�!� (P>0.05) #!$?	��	�(0 14 5
�ก
����
��Hก��
�(0��("���(0 270 C 

*('�
*�
�!���V�(0�.H�ก�$
#��#!ก!$
�ก�	�
�.2�!� (P<0.05) �*E0
��(��ก���Hก��
�(0��("���(0 230 C 

 
�!�
ก
��
�!
�5
��Hก��
��ก��
6�	�(0��("��?	
�3�:H*��(0#!ก!$
�ก�	#.��?	 Table 32. 

��"�	("6��$
�Hก��
��ก��
6�	�(0��("��?	
�3�:H*���ก����� *('$
�V�(0�ก
��
�!
��*$#!ก!$
�ก�	�
�.2�!� 
(P>0.05) 

 

Table 32. Body length (mm) and survival (%) of Nieuhofii's catfish in different temperature for  

2 weeks. 

 Body length (mm) 

Week O Week 1 Week 2 

T1 = 23 
0 

C 9.34 + 0.15 
ns 

13.32 + 0.37 
ns

 17.34 + 0.71 
a

 

T2 = 25 
0 

C 9.40 + 0.11 
ns

 13.30 + 0.81 
ns

 17.80 + 0.98 
ab

 

T3 = 27 
0 

C 9.29 + 0.10 
ns

 13.25 + 0.67 
ns

 18.80 + 0.33 
b

 

T4 = 29 
0 

C 9.43 + 0.13 
ns

 12.95 + 0.04 
ns

 17.80 + 0.12 
ab

 

 

Survival (%) 

Week O Week 1 Week 2 

T1 = 23 
0 

C 100.00 + 0.00 90.00 + 10.00 
ns

 90.00 + 10.00 
ns

 

T2 = 25 
0 

C 100.00 + 0.00 93.33 + 11.55 
ns

 83.33 + 11.55 
ns

 

T3 = 27 
0 

C 100.00 + 0.00 86.67 + 15.28 
ns

 80.00 + 10.00 
ns

 

T4 = 29 
0 

C 100.00 + 0.00 76.67 + 20.82 
ns

 66.67 + 15.28 
ns

 

ns = non-significant (P>0.05) 

Mean within column not sharing the same superscript are significantly different (P<0.05). 
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�
กก
�-@ก4
A�5
�'�3:
6	"�
�
��'*(�
����ก
�!$
ก
�CDก

ก��G	!�� ก
��
�!
� 
#��ก
�����=�!��<!5
���
��ก��
6�	���
$
	 I@0�!
*�ก!�����
��&(��!?	#��$�	"�
?	�7
6���(0*(
��ก43�'�3:
6	"�
�V6
�!�� ���#ก$ 
�3�:H*� 24.7-320 C '�
*��G	ก��-�$
� (pH) 2.6-5.13 ���*
3
5
�#5F����
�	"�
 (total dissolved solids) 89-134 ppm ���*
3#.��(0A��	"�
 2,760-100,000 Lux 



กI���	���
�	"�
 (DO) 1.8-16 ppm '�
*ก����
� (hardness) 2.19-9.21 ppm BOD 22-26 ppm 

COD 173-189 ppm C�	
���"��*� (total phenols) 12.4-28.5 ppm �	�!�� 0.1-0.2 ppm �	�!��/ 
0.1 ppm #��C
.C
��. 0.1 ppm  (Shuhaimi-Othman et al., 2009 ; Yule and Gomez, 2009)  �
ก
ก
�-@ก4
A�5
������'�
*�'F*!$
ก
�CDก #��ก
��
�!
�5
���
��ก��
6�	 6��$
'�
*�'F*	"�
*(
A�?��
�!�
ก
��
�!
�5
��Hก��
��ก��
6�	?	����#�ก��!0�
�� #!$�*E0
�Hก��
����=�!��<!*
ก5@"	
6��$
'�
*�'F*?	&$�� 0-2 ppt �*$*(A�!$
ก
��
�!
�#��ก
�����=�!��<! ��"�	("��
��ก?	ก��$* 
Clarias ��G	��
	"�
�E��(0*('�
*�	�
	!$
ก
����(0�	#���'�
*�'F*���	�
� (stenohaline fish) 

�
�*$.
*
�2����!��!$
'�
*'F*��� (Gabulubo and Erondu, 1998) 
(ก��"�?	�Hก��
#�กCDก

�����*$*(
6�N	
ก
�5
�����'�
*'�*.*����/?	�$
�ก
��(0�( �@��*$.
*
�2�	�
	!$
���*
3�ก�E
?		"�
��� 
I@0�#!ก!$
��
กA�ก
�-@ก4
?	��
��ก Heterobranchus longifilis     I@0�*('�
*.
*
�2?	ก
�
����!��?	'�
*�'F*&$��ก��
� #��*�ก6�?	�@�	"�
ก�$
�  6��$
*(
�!�
ก
�CDก

ก��G	!��5
��5$.H�
�(0.���*E0
CDก�5$��
?		"�
�(0*(�����'�
*�'F* 3 ppt  I@0���G	'$
�(0.H�#!ก!$
�
�$
�*(	��.�
'�=�
�.2�!�
ก��
�!�
ก
�CDก

ก��G	!��5
��5$��
�(0�6
�CDก?		"�
�(0*('�
*�'F* 0 ppt (Fashina-Bombataa and 

Busarib, 2003)     
�$
���กF!
*'�
*�'F*?	����� 0.5-2 ppt ��G	'�
*�'F*�(0

��ก��5@"	���?	6E"	�(0�7

6���(0?ก��&
�TD[� ��E
*(&$
��
�ก
����5
�	"�
�(0��W�

ก.H$���� �
กA�ก
����
�'��"�	("

�
	�*
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�7
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�TD[���E
6E"	�(0�(0������
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ก������G	2�0	
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�.*!$
ก
�
5�
�6�	>�/5
���
��ก��
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!� !�
��	ก
����ก
�6E"	�(0�7
6��?���ก���
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����(0
�&E0
*!$
ก��#��$�	"�
�(0������A�ก�����
ก	"�
5@"	 	"�
�� 

���
?��*('�
*�'F*�6�0*5@"	?	�7
6�� I@0���
.$�A�?��ก
�CDก

ก��G	!�� #��ก
��
�!
�5
��Hก��
��ก��
6�	?	>��*&
!������36E"	�(0�7
6��	�"	
��!0�
��  

���*
3#�		�	?		"�
*(A�?����"�
�!�
ก
�CDก ก
��
�!
� #��ก
�����=�!��<!5
���
��ก��

6�	���� I@0�5��#���ก����ก43�	"�
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6��I@0���G	6E"	�(0

-��5
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��ก��
6�	�(0*�ก*(.
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total phenolic compounds ?	����� 12.4-28.5 ppm  (Yule and Gomez, 2009)  #.��?����F	�$
?	
>��*&
!��
ก��
��ก��
6�	A.*6�	>�/�
��5$?	�7
6��<��!����*(
�!�
ก
�CDก #��ก
��
�!
�5
�
�Hก��
!0�
 �
กA�ก
������	("��
?��.�3	�4)
	�$
!
*>��*&
!���
��ก��
6�	

���E
ก6E"	�(0A.*6�	>�/
#���
��5$	
ก�7
6����E
��E
กA.*6�	>�/�
��5$?	O�H�(0*(	"�
��
ก #��*('�
*�5�*5�	5
�#�		�	
?		"�
!0�
*
ก 
�$
���กF!
*��
��G	!�
�*(ก
�-@ก4
?	�
����
(���(0�ก(0��ก��A�5
�#�		�	?		"�
!$

.�5:
6 ก
����(0�	#����
�.�(�����
 #���	E"
��E0
5
���
��ก��
6�	?	#!$��&$��

��!$
��  

���*
3#
*<*�	(� #���	�!��?		"�
*(A�?��
�!�
ก
��
�!
�5
��Hก��
��!0�
�� �@�

�
ก�$
�����$
:
��	"�
�.(� �
กก
�.�.*5
��.(��	<!���	*(A���
?����
��ก��
6�	����
	�	��?	
>��*&
!� ��E
��
��ก��
6�	*('�
*�	�
	!$
5
��.(��	<!���	���!0�
  I@0�.
�'��
�ก��'�3:
6	"�

?	�7
6���(0*(���*
35
��.(��	<!���	!0�
 <��*(���*
3  BOD 22-26 ppm �	�!�� 0.1-0.2 ppm 

#���	�!��/ 0.1 ppm (Yule and Gomez, 2009)  53��(0���*
3'�
*��G	�$
�5
�	"�
ก����*$*(A�!$

��"�ก
�CDก

ก��G	!�� #��ก
��
�!
�5
��Hก��
��ก��
6�	 #*��$

�'/���ก
�
�

	?		"�
	����G	
�D�����(0*(A�!$
6�N	
ก
� #��ก
��
�!
�5
�!��
$
	��
��G	
�$
�*
ก (Van der Velden et al., 

1991)  �
กก
�-@ก4
5
� Silva et al. (2003)  6��$
���*
3#'��I(�* #��#*ก	(�I(�*?		"�
*(A�!$


�!�
ก
�CDก

ก�G	!�� #��ก
��
�!
�5
���
��ก Rhamdia quelen ��"�	("ก
�����.:
6	"�
?��*(
���*
3'$
'�
*ก����
� 70 .$�	?	��
	.$�	 <��ก
��!�*#'��I(�* #��#*ก	(�I(�* ?	
�!�
.$�	 
80:20 ��&$���6�0*
�!�
ก
�CDก

ก��G	!��5
��Hก��
��ก���*
ก5@"	 #!$ก
��6�0*���*
3#'��I(�*?	
	"�
?	.��.$�	�(0.H�*
ก #��ก
��6�0*'�
*ก����
�5
�	"�
��G	  150 .$�	?	��
	.$�	 ��*(A���
?��

�!�
ก
��
�!
�5
��Hก��
��ก����CDก

ก�
ก�5$����*
ก ���	�"	ก
��!�(�*	"�
�6E0
?&�?	ก
��6
�
CDก��
��ก  Rhamdia quelen �@�'������.:
6	"�
?��*('$
'�
*ก����
� ���*
3 70 .$�	?	��
	
.$�	 ����ก
��!�*#'��I(�*!$
#*ก	(�I(�*?	���*
3 20.26 #�� 2.89 *����ก��*!$
��!�   

?	��
	A�5
�&$��#.� #��'�
*�5�*#.�!$
ก
�CDก #��ก
�����=5
���
��ก��
6�	#.��?��
��F	&$��#.�'�
*�5�*#.�!
*>��*&
!���*
�.*?	ก
��6
�5�
�6�	>�/��
��ก��
6�	 I@0�.
�'��
�
ก��.:
6#.�?	�7
6�� ��E
?	2�0	

-��5
���
��ก��
6�	!
*>��*&
!� �(0*('$
'�
*�5�*#.��(0A��	"�
 
2,760-100,000 Lux  �
กก
�-@ก4
'�
*��G	ก��-�$
� 6��$
��
��ก��
6�	.
*
�2CDก

ก��G	!�����
�(?		"�
�(0'$
	5�
���G	ก�� ��*��"����*(
�!�
ก
��
�!
�.H�ก�$
ก
��6
�CDก #��
	��
��Hก��
��ก��

6�	?		"�
�(0*(.:
6��G	�$
� ��"�	("#.��?����F	�$
:
��ก��
$
	?		"�
*(.$�	&$��?	ก
���
��&(��!5
�
��
��ก��
6�	 ��"�	("?	�7
6��*('$
'�
*��G	ก��-�$
�5
�	"�
 
�H$?	&$�� 2.6-5.13 (Shuhaimi-Othman et 

al., 2009 ; Yule and Gomez, 2009)  #!$�
กA�ก
����
� 6��$
'$
'�
*��G	ก��-�$
� 5-7 ��G	&$���(0
*(A�&$��?��ก
�CDก

ก��G	!�� #��ก
��
�!
�5
���
��ก��
6�	���
$
	*('$
.H��(0.�� �@�

�ก�$
�
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����$
	"�
�E���0���?	.:
6>��*&
!��(0*('$
'�
*��G	ก���$
� 5-7 กF.
*
�2?&�?	ก
��6
�CDก #��

	��
��Hก��
��ก��
6�	����(  .$�	�����5
�
�3�:H*�?	&$�� 25-29 0 C �����G	&$���(0��*
�.*!$

ก
���
��&(��! #���6
�5�
�6�	>�/��
��ก��
6�	 I@0�.
�'��
�ก��'$
�V�(0�
�3�:H*�5
�	"�
?	�7
6��I@0�
*('$

�H?	&$�� 24.7-320 C (Yule and Gomez, 2009)   

�
กA�ก
����
���
?��.
*
�2.�������$
ก
��6
�5�
�6�	>�/��
��ก��
6�	.
*
�2��
����(
<���*$��
��G	!�
�?&�.
��'*(�����*
3�&E"
#&$�5$��
ก$
	ก
��6
�CDก �Hก��
��ก��
6�	*(ก
�CDก
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� #������=�!��<!����(?	.:
6	"�
�E��ก!�!
*>��*&
!� �(0*('$
'�
*��G	
ก��-�$
� 5-7 '$
'�
*��G	�$
� 20-50 ppm ���*
3#
*<*�	(�	�
�ก�$
 0.5 ppm ��"�	("'�
*�5�*#.� 
#��&$��#.�!
*>��*&
!�*('�
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�.*!$
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��ก��
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ก����ก����������9&
:�,���"ก�'�%
�������&��:�����%�!()ก 

The Study on Diseases of Nieuhofii#s Catfish Cultured in Hatchery  

 

+��
���
 

 

#�ก�&E"
#�'�(��(� 6 ��
	�	�
<I��� ����
ก#A������3��
!�� !�� #���! 5
���
��ก��

6�	�(0#.��

ก
��7��?	<���6
�CDก 	�
�&E"
��"� 6 �
<I��� V(�ก����5�
&$
���
���
��ก��
6�	#��
��	�@ก
�!�
ก
��
�!
� ��G	���
 12 ��	 6��$
 �&E"
 LE03 ��
?����
��ก��
6�	*(
�!�
ก
��
�!
�
	�
��(0.�� 'E
 36.67±5.77%  ��
�(0!���&E"
��
!��*(.(I(�#��6�#A�#�������3��
!��  �
ก	�"	�@�	�

#�'�(��(� LE03 *
��
#	ก&	��<��ก
���.
�'�3.*��!��
�.�3)
	����
 ก
�:
6 #��&(��'*( 
6��$
��G	#�'�(��(�#ก�*�� ?��A�ก
���.
�

กI���.#��

�/��	(	 ���J<����. ��G	��ก #��
.
*
�2����=�	

�
���("���&E"
 Tryptic soy agar #�� Ordal's agar ��� �E	��	A�<��-@ก4
5�
*H�
�
�6�	>�ก��*5
�#�'�(��(� 6��$
 16S rDNA �(0����
กก
��6�0*��
	�	������'	�' PCR *(5	
�
���*
3 1,500 'H$��. 	�
 PCR product �(0���.��>�P�����'�
��/��
�����.�(0����
ก primer 20F 

���(����(��'�
*'��
��
ก)
	5�
*H���
�����.?	 GenBank <��?&�<��#ก�* BLAST #.��A�
ก
���
#	ก&	��5
�#�'�(��(� 'E
 Pseudomonas putida I@0���G	ก
��
��
	ก
�!���&E"
&	��	("'��"�#�ก
?	��
��ก��
6�	 

 

Six bacterial isolates were collected from wound, liver and kidney of moribund hatchery-

reared Nieuhofii's catfish. Pathogenicity test of each isolate was done by intraperitoniel chellenge 

test. The fish injected with LE03 showed lowest survival after 12 days of infection (36.67±5.77%) 

diseased catfish exhibited pale body color with red wound along its body. Bacterial isolate LE03 

was subjected to identified by morphological, physical and biochemical characteristic. The result 

showed that LE03 is Gram negative bacteria with positive oxidase and arginine dihydrolase. 

Culturable on Tryptic soy agar and Ordal's agar. From the genetic study of these bacteria, the PCR 

product of 16SrDNA was 1,500 bp. The sequencing data of the PCR product from primer 20F 

were compared to the GenBank database by means of  BLAST program, the result show high 

similarity to Pseudomonas putida, which is the first report in this catfish. 
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��
��ก��
6�	 (Clarias nieuhofii) ��G	��
	"�
�E��(0�*$*(�ก�F�
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��ก
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�����-*
���I(�2@��
�/�	(�� 6�

-��?	#��$�	"�
�(0��G	ก��#��*(.(&
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ก
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ก
���"��*� ��
	�	 8 !�� �6E0
	�
��!���.
���.�!#��#�'�(��(�!$
��  

 

ก
���1(��*���"�+���� 

	�
!��
�$
���
*
!���.
���.�!:
�	
ก�����3A���	�� �*E
ก '�(� !
 ���E
ก #��&$
�
�
ก <��ก
�?&�.���/5H��*E
ก�
ก#!$�������3#����W�����#A$	�W�.���/ .$�	!��
�$
�
�����&�"	
?�=$��
ก
�!��&�"	.$�	�
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���
��ก��
6�	�6E0
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�#�ก�&E"
#�'�(��(��
ก#A� #��
�������U
�*
� �&$	 
*�
* !�� �! 	"�
?	&$
���
� ������>(��
��&E"
 (aseptic technique) �6
��&E"
<��ก
� streak �	

�
�
��("���&E"
 Tryptic soy agar #�� Ordal's agar �$*�(0
�3�:H*� 30 
�-
�I��I(�. ��G	���
 18-24 &�0�<*� 
�*E0
�&E"
����=�	

�
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ก�
	�6
��&E"
 *
��
*.(#ก�* �6E0
-@ก4
��ก43��
�
.�	)
	����
5
��&E"
 	�
����.
� catalase #�� oxidase #���	�
*
��("���	����&E"
���.��>�P �กF�?	


�
���("���&E"
 Tryptic soy broth (TSB) #�� Ordal's medium �(0A.* glycerine 15 ��
�/�IF	!/ �(0

�3�:H*� �70 
�-
�I��I(�. �	ก�$
��?&��
	  

 

ก
���ก

�1
��
�
�D/�ก
�ก���������*�.����'.���'ก5�:(
ก+�
��ก�#
!$� ��'ก
�.���*���"�ก��
��� (Koch" postulates) 

	�
��
��ก��
6�	.�5:
6�(�(0*(	"�
�	�ก�V�(0� 11.28±1.46 ก��* '�
*�
��V�(0� 13.20±0.76 
�I	!��*!� ��("��?	!H�ก���ก!H��� 10 !�� 3 I"�
 �6E0
����.:
6?���5�
ก��ก
����
� ��G	���
 3 ��	 

�!�(�*�&E"
#�'�(��(����.��>�P (pure culture) �(0#�ก���#!$���&E"
 ����'�
*�5�*5�	 OD
610 nm

 = 0.1 #���
V(�ก����5�
&$
���
���
��ก��
6�	 ��	�@ก
�!�
ก
��
�!
� ��G	���
 12 ��	 �
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��ก��

6�	�(0*(

ก
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(Water temperature) <��?&���
�/<**��!
�/ '�
*��G	ก��-�$
� (pH) <��?&��'�E0
� pH meter ���*
3


กI���	���
�	�"
 (Dissolved oxygen) <��?&��'�E0
� DO Meter '$
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*��G	�$
� (Alkalinity) #��
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#
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� Boyd and Tucker (1992) 
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�:��6�.
�!$�,�ก�������*�.����'ก�����.���#
�$)�!���/�:/�ก
�(#
��ก�
��
'
1�1$G�
ก
� 

ก
��ก$� genomic DNA  
.ก�� genomic DNA �
ก#�'�(��(�ก$
<�'�(0.	?� <��ก
�#�ก�&E"
#�'�(��(��(0!�
�ก
�?��

���.��>�P?	

�
���("���&E"
#�'�(��(� TSA 2$
��&E"
#�'�(��(�?	

�
���("���&E"
 TSB ��("����G	���
 16 

&�0�<*� �D[	#�ก�I��/#�'�(��(� ��
�!�ก
	#�'�(��(����� PBS pH 7.4 ��
?���I��/#�'�(��(�#!ก<��
?&� sonicator �$�*ก�� lysis buffer .ก�� DNA <���!�* DNAzol 400 µl  �
ก	�"		�
���*�	���(0���(0 
10,000 g �(0
�3�:H*� 4 

o

C ��G	���
 10 	
�( �H�.
����
�?.*
!ก!�ก
	 DNA ���� absolute 

alcohol 200 µl �
ก	�"		�
���*�	���(0���(0 10,000 g �(0
�3�:H*� 4 
o

C ��G	���
 5 	
�( ��
�!�ก
	 
DNA ���� 95 % #
�ก
J
�/�(0��F	��� 2 '��"� ���
�!�ก
	 DNA ?		"�
ก��0	 30 µl <��ก
��$*�(0

�3�:H*� 60 oC ��G	���
 1 &�0�<*���E
�	ก�$
!�ก
	 DNA �����
��*� !���.
�'�3:
6#��
���*
3 DNA ������'	�' electrophoresis <��?&� 1.2 % agarose gel ?	 Tris-acetate (TAE; 0.04 M 

Tris-acetate, 0.001 M EDTA) ��
*���� ethidium bromide #���!���.
������'�E0
� UV trans-

illuminator 	�
��������*
3#��'�
*���.��>�P5
� DNA �����'�E0
� spectroscopy �(0'�
*�
�'�E0	 
260 #�� 280 nm  

 

ก
��!���(#
�1� 16S rDNA ���.#
/0:*����.,�H 
�6�0*��
	�	 16S rDNA ������'	�' PCR <��?&� Bacterial universal primer  20F (5'-

GAGTTTGATCCTGGCTCAG-3') #�� 1500R (5'-GTTACCTTGTTACGACTT-3') I@0�.
*
�2
.���'�
��/.
� DNA �
ก#�'�(��(��(0.	?�5	
����*
3 1,500 'H$��. <��?&� DNA !�	#�� 50-

100 ng, MgCl
2
 1.5 mM, dNTPs 8 µM, primer 0.45 pM #���
	�I*/ Taq polymerase 2 Unit ����

�'�E0
� thermocycle (PTC-100tm MJ Research, MA ) �����
�ก
���
�
	 (cycle) 30 �
� !
*
5�"	!
	!$
��	("  �$* PCR reaction �(0 94 

o

C ��G	���
 4 	
�( ก$
	���0*�S�ก����
 �
ก	�"	 denaturation 

94 
o

C 40 ��	
�( annealing 48.9 
o

C 1 	
�( elongation 72 
o

C 1 	
�( #!$�
�.����
����6�0*���
��G	 5 

	
�( !���.
�5	
� PCR product ������'	�' agarose gel eletrophoresis ��
'�
*.�

� PCR 

product ����&�� Gel/PCR DNA Fragments extraction Kit (RBC science, Taiwan) !
*��>(ก
�5
�
'H$*E
A��!:�3]/ 
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�1����
�0-�#
�$*�*����'�� 16S rDNA  

���'�
��/��
�����.5
� PCR product ���.��>�P�����'�E0
� DNA sequencer (ABI, 

Prism377) #�����(����(��ก��)
	5�
*H�.
>
�3� (GeneBank) <����>( Basic local alignment 

search tool (Blast; http://www.ncbi.nlm.nih.gov !
*��>(ก
�5
� Altschul et al., 1990) �6E0
!����

&	��5
�#�'�(��(� 

 

��ก����ก�� 

 

�'ก���"��*�.����'(
ก+�
��ก�#
!$� 

�
กก
�#�ก�&E"
�
ก#A������3��
!�� !�� #���! 5
���
��ก��
6�	 6��$
.
*
�2#�ก�&E"

���   6 �
<I��� 'E
 LV01 #�� LV02 #�ก�
ก!�� LE02 #�� LE03 #�ก*
�
ก�����3�(0�ก��#A��	
A���	�� #�� KD #�� KDL01 #�ก�
ก�! 5
���
��ก��
6�	 I@0�'�3.*��!���E"
�!�	5
��&E"
#!$���

<I���#��:
6�&E"
#!$���
<I������#.��?	 Table 33. #�� Figure 1. !
*��
��� 

 

Table 33.  Characteristic of each bacterial isolate. 

 

 isolate target organ morphology Gram stain 
Oxidase 

test 

Catalase 

test 

1 LV01 liver rod/spiral negative - + 

2 LV02 liver rod/spiral negative - + 

3 LE02 wound short rod negative - + 

4 LE03 wound rod/spiral negative + + 

5 KD kidney rod/spiral negative + + 

6 KDL01 kidney rod/spiral negative + - 
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Figure 1   Pure bacterial isolates from Nieuhofii's catfish, staning with 4/, 6-diamidino-2- 

phenylindole (DAPI) (Bar = 5 um)  
 

ก
���1(��*���"�+���� 

�
กก
�!���.
��&E"
��.�!�
ก��
��ก��
6�	ก$
	ก
����
� �*$6�ก
�!���&E"
��.�!?	
��
��ก��
6�	�(0?&�?	ก
����
� 

 

ก
�.���*���"�ก�����.���.:(��� (Koch" postulates) 
�
กก
�	�
�&E"
��"� 6 �
<I��� V(�ก����5�
&$
���
���
��ก��
6�	#����	�@ก
�!�
ก
��
�

!
�  ��G	���
 12 ��	 6��$
 �&E"
 LE03 ��
?����
��ก��
6�	*(
�!�
ก
��
�!
�	�
��(0.�� 'E
 
36.67±5.77 ��
�/�IF	!/ �&E"
 LV02 ��
?����
��ก��
6�	*(
�!�
ก
��
�!
��
���*
 'E
 63.33±5.77 
��
�/�IF	!/ .$�	�&E"
 KDL01  LE02  LV01 #�� KD *(
��
ก
��
�!
� 'E
 70.00±  76.67±5.77   
83.33±5.77 #�� 93.33±5.77��
�/�IF	!/ #��&��'��'�*�(0?&�	"�
�ก�E
 0.85 ��
�/�IF	!/#�	�&E"
 ��
?��
��
��ก��
6�	*(
�!�
ก
��
�!
� 'E
 96.67±5.77 ��
�/�IF	!/ I@0�
�!�
ก
��
�!
�.�.*5
���
��ก
��
6�	�
กก
�V(��&E"
#!$���
<I��� #.����� Figure 2. #��
�!�
ก
��
�!
�5
���
��ก��
6�	
�����
กก
�V(��&E"
#!$���
<I��� ��G	���
 12 ��	 (Figure 3.)   

LV01 LV02 LE02 

LE03 KD KDL01 
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Figure 2.  Cumulative mortality of the Nieuhofii's catfish after challenge with each bacterial  

Isolate.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure  3. Survival rate (%) of the Nieuhofii's catfish after challenge with each bacterial  

isolate for 12 days. 
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��� 
!�"#
 

���'�
��/'�3:
6	"�
�����
ก.�"	.��ก
����
� ��G	���
 12 ��	 ���#.��?	 Table 34. 
 

Table 34.  Water quality during the bacterial challenging period.  

No. pH Alkalinity Temp (
o

C) DO (mg/l) NO
2
 (mg/l) NH

4
 (mg/l) NH

3
 (mg/l) 

1 7.53±0.23 54.00 28.00 6.22±0.09 0.10 0.33±0.14 0.01±0.01 

2 7.15±0.10 54.00 28.00 6.19±0.06 0.10 0.67±0.29 0.00±0.01 

3 7.31±0.05 54.00 28.00 5.88±0.10 0.10 0.67±0.29 0.01±0.01 

4 7.42±0.12 54.00 28.00 5.90±0.08 0.10 0.50±0.00 0.07±0.05 

5 7.32±0.09 54.00 28.00 5.98±0.11 0.10 0.42±0.14 0.03±0.06 

6 7.21±0.05 54.00 28.00 5.90±0.02 0.10 0.42±0.14 0.00±0.00 

 

+�
��ก�#
!$�(
กก
�.���� 

��
��ก��
6�	�
ก&��'��'�* �*$6�#A������3��
!�� .$�	��
��ก��
6�	�
ก&�����
��(0
V(��&E"
 LE03 6�#A� #�������3��
!��*(.(I(� (Figure 4.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.  (Upper) Control fish from challenging trial (Lower) The moribound fish after  

challenged with  LE03. 
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ก
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��$�F
�1�.'
 ก
' 
!�����1���� 
#�'�(��(��(0��.
�#.��A�'�3.*��!��
�&(��'*( <�����(����(��ก��5�
*H��
กก
�

�
��
	5
� Eissa et al. (2010) #�� Altinok et al (2006) 6��$
*('�3.*��!�'��
�'�@�ก���&E"
 
Pseudomonas putida

 

 (Table 35.) 

 

ก
���ก

�:��6�.
�!$�,�ก�������*�.����'ก�����.���#
�$)�!���/�:/�ก
�(#
��ก�
��
'1�1$G�
ก
� 

�
กก
�!���.
�5	
�5
�&�"	 DNA 5
�#�'�(��(��(0.	?� 6��$
 DNA �(0����
กก
���
 
PCR *(5	
����*
3 1,500 'H$��. #.��?	 Figure 5. 	�
 PCR product �(0���.��>�P	("���
��
�����.
�(0����
ก primer 20F (Figure 6 - 7) 	�
����(��'�
*'��
��
ก)
	5�
*H���
�����.?	 GenBank 

<��?&�<��#ก�* BLAST <��#.��A�ก
���
#	ก&	�� 'E
 Pseudomonas putida #.��?	 Figure 

8.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.   PCR products from 16S rRNA of bacterial isolate LE03   
Lane 1  is PCR products from LE03   
Lane 2  is  DNA marker 

Lane 3  is  Negative control 
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Table 35.  Biochemical test of the bacterial isolate LE03. 
 

*from Eissa et al. (2010) 
**from Altinok et al. (2006) 
n.a.   not applicable 

 

Phenotypic characteristics 
�*�.����'.��

.���* 
Pseudomonas putida

 * 
P. putida

 ** 

β-galactosidase -ve n.a. -ve 
Arginine Dihydrolase + ve n.a. + ve 
Lysine Decarboxylase -ve n.a. n.a. 

Ornithine Decarboxylase -ve n.a. n.a. 
Citrate utilisation + ve + ve n.a. 
H2S Production -ve -ve -ve 

Urease -ve -ve -ve 
Tryptophane deaminase -ve n.a. n.a. 

Indole production -ve -ve n.a. 
acetoin production 
(Vogas-Proskauer) -ve -ve n.a. 

gelatinase -ve -ve -ve 
glucose -ve +  ve + ve 
manitol -ve -ve -ve 
inositol -ve n.a. n.a. 
sorbitol -ve -ve -ve 

rhamnose -ve n.a. -ve 
sucrose -ve -ve -ve 

melibolose -ve n.a. n.a. 
amyadalin -ve n.a. n.a. 
arabinose -ve n.a. + ve 

cytochrome oxidase + ve + ve + ve 
NO2 production -ve n.a. n.a. 
Reduction to N2 -ve n.a. n.a. 

Motility + ve + ve + ve 
Growth on TSA + ve n.a. + ve 

Growth on Maconkey’s 
medium + ve n.a. + ve 

Oxidation exposed to the air + ve n.a. n.a. 
Fermentation under mineral 

oil -ve n.a. n.a. 

Gram stain -ve -ve -ve 
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5
/

GCGCAGCTACACATGCAGTCGAGCGGATGACGGGAGCTTGCTCCTTGATTCAGCGGCGGACGG

GTGAGTAATGCCTAGGAATCTGCCTGGTAGTGGGGGACAACGTTTCGAAAGGAACGGTAATAGGGA

ATATCTACAAAAGGAGAAAGTTTGGACCTTCGGGCCTTGCGCTATCAGATGAGCCTAGGTCGGATTA

GCTAGTTGGTGGGGTAATGGCTCACCAAGGCGACGATCCGTAACTGGTCTGAGAGGATGATCAGTC

ACACTGGAACTGAGACACGGTCCAGACTCCTACAGGAGGCAACGGTGGGGAAGAT3
/

 

 

Figure 6.  DNA sequences of the bacterial isolate LE03 

 

Figure 7.  16S rDNA sequences of the bacterial isolate LE03 
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>ref|NC_010322.1|  Pseudomonas putida GB-1 chromosome, complete genome 

Length=6078430 

 Score =  468 bits (253),  Expect = 2e-129 

 Identities = 291/309 (94%), Gaps = 4/309 (1%) 

 Strand=Plus/Plus 

Query  9       ACACATGC-AGTCGAGCGGATGACGGGAGCTTGCTCCTTGATTCAGCGGCGGACGGGTGA  
67 
               |||||||| ||||||||||||||||||||||||||| |||||||||||||||||||||||| 
Sbjct  183670  ACACATGCAAGTCGAGCGGATGACGGGAGCTTGCTCCTTGATTCAGCGGCGGACGGGTGA  
183729 
 
Query  68      GTAATGCCTAGGAATCTGCCTGGTAGTGGGGGACAACGTTTCGAAAGGAACGGTAATAGG  
127 
               |||||||||||||||||||||||||||||||||||| |||||||||||||||| |||||   
Sbjct  183730  GTAATGCCTAGGAATCTGCCTGGTAGTGGGGGACAACGTTTCGAAAGGAACGCTAATACC  
183789 
 
Query  128     GAATATC-TACAAAAGGAGAAAGTTTGG-ACCTTCG GGCCTTGCGCTATCAGATGAGCCT  
185 
               | ||| | | | |  ||||||||   || ||||||| |||||||||||||||||||||||| 
Sbjct  183790  GCATA-CGTCCTACGGGAGAAAGCAGGGGACCTTCGGGCCTTGCGCTATCAGATGAGCCT  
183848 
 
Query  186     AGGTCGGATTAGCTAGTTGGTGGGGTAATGGCTCACCAAGGCGACGATCCGTAACTGGTC  
245 
               |||||||||||||||||||||||||||||||||||| |||||||||||||||||||||||| 
Sbjct  183849  AGGTCGGATTAGCTAGTTGGTGGGGTAATGGCTCACCAAGGCGACGATCCGTAACTGGTC  
183908 
 
Query  246     TGAGAGGATGATCAGTCACACTGGAACTGAGACACGGTCCAGACTCCTACAGGAGGCAAC  
305 
               |||||||||||||||||||||||||||||||||||| |||||||||||||| ||||||| | 
Sbjct  183909  TGAGAGGATGATCAGTCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGC  
183968 
 
Query  306     GGTGGGGAA  314 
                |||||||| 
Sbjct  183969  AGTGGGGAA  183977 

 

Figure 8.  Comparison of  DNA sequences from bacterial isolate LE03 to the GenBank  using the  

BioEdit programe. 
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��
�
!
� #!$��
�(0������

�
����
��.��*.���H��	
?	���*
3�(0*(#'<��(	
��/ 200-300 ppm (21.50-

32.25 %) ��*(ก
�����=�!��<! #��
�!�
ก
�#�ก�	E"
 ��!0�
��
�$
�*(	��.�
'�=�
�.2�!� (p<0.05) 
ก
�-@ก4
�����5
���!
*�	I(?	

�
� 6��$
��
��ก��
6�	������
	�"��(0������

�
��.��*��!
*�	I( 
50-300 ppm *(ก
�����=�!��<! ก
��
�!
� 
�'/���ก
��
��'*( #�����*
3��!
*�	I(?	!����
�*$
#!ก!$
�ก�	 (P>0.05) 53��(0��
I@0�������

�
��*$�.��*��!
*�	I(*(ก
�����=�!��<!!0�
 #��*(6�
>�
.:
65
���E0
��A�����E
ก�ก��5@"	 

 

Abstract 

 

The studies on development of practical diet for Nieuhofii's catfish in the aspect of 

ornamental specie were carried out by the study on the effects of soybean meal replacing of fish 

meal on growth performance, survival, proximate chemical composition and feed efficiency in 
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either juvenile and fingerling of Nieuhofii's catfish,  study on various form and levels of 

carotenoids supplement on the growth performance, survival, feed efficiency impact on body color 

and carotenoids contents and the study on effect of dietary vitamin C on growth, proximate 

chemical composition and histological change in Nieuhofii's catfish.   

The study of the effects of soybean meal replacing the fish meal was  studied  in juvenile 

fish showed promising results on application of 45% soybean meal replacing of fish meal protein 

in the diet for catfish, without showing the adverse effect on the growth performance, survival, 

proximate chemical composition and feed efficiency. In Nieuhofii's catfish fingerling, the level of 

soybean meal replacement of fish meal could be up to 60% without negative effect to the growth 

performance, FCR and survival. From the study on various form and levels of carotenoids 

supplement, it was found that the diet supplemented with 100 ppm total carotenoids from β-

carotene, cantaxanthin, astaxanthin and Spirulina gave the significantly increasing of a
*

 value, but 

the yellow color (b
*

 value) was only increased in the fish fed test diet supplemented with Spirulina 

and significantly different from other treatment (p>0.05). However, the growth performance, 

survival, and feed efficiency were not significantly different (p>0.05) among the fish fed with 

control diet and all carotenoid sources. When investigated on the optimum level of Spirulina on 

growth, feed efficiency and body color, it was found that the supplementation of 25-100 ppm total 

carotenoids from Spirulina (2.69-10.75% Spirulina in diet) resulted in increasing of a
* 

and b
*

 value 

without the adverse effect on growth performance, survival, and feed efficiency, but the growth 

performance, survival, and feed efficiency in the fish fed test diet supplemented with 200-300 ppm 

total carotenoids from Spirulina (21.50-32.25 % Spirulina in diet) resulted in significantly lower 

growth performance and FCR (p<0.05). Result from the study on the effect of vitamin C levels in 

juvenile Nieuhofii's catfish indicated that growth, survival, proximate chemical composition and 

body vitamin C content were not different among the catfish fed 50-300 ppm vitamin C, whereas, 

the catfish fed test diet without vitamin C supplementation showed lower growth performance and 

histological changes in respiratory epithelium. 

 

 

 

 



95 

 

+��'� 

����'�
*.�
��F�?	ก
��6
�5�
�6�	>�/ #��
	��
���
��ก��
6�	���
$
	5
��	$�������
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(Kiriratnikom et al., 2007)  ��
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.$�5
���G	��
�	E"
�6E0
ก
����<:' #*��$
��*(�
'
?	
��
�!�
�.H�2@� 140-180 �
�!$
ก�<�ก��*  #!$�����H��$
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�?&�#��$�<��!(	��#�	��
�7	?	.H!�

�
�  	
ก�
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�CDก ���6��$
�Hก��
�
�.$�	*(��ก43���
!��'��
A���ก!� '�(��
� #��'�(�
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�&	�� <���V6
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* ��
��G	�(0��!�
�*(ก
�'��'�*.( #������
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���������.(
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�&	�� �&$	 �(!
-#'<��(	 (β-carotene),  �I(�#I	�(	 (zeaxanthin), �H�(	 (Lutein), 

#
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ก���+������#ก�������ก�����2
� 

+�
��ก�#
!$� 

���*��
��ก��
6�	2Hก�����
#	ก��G	��
�(0
�H$?	�(	�. Prohagorus <��*(&E0
����
-
.!�/�$
 
Prophagorus nieuhofii �	E0
��
ก!��
�$
���
�(0?&�?	ก
������
#	ก&	��*('�(��
� '�(����� #��
'�(�ก�	 �&E0
*!��ก�	��"��*� (Lim and Ng, 1999)  �
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�-@ก4
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���:
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��ก     
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��
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� #���
ก
ก
�-@ก4
'�
*#!ก!$
�5
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(Sudarto et al., 2004)  
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ก
��!
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	�$
��
��ก��
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>�	�
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ก
�
5
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� 53��(0��
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5
�����5$*(	"�
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�  ��"�	(" 
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�
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��6��
*?	ก
��
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*
�2A.*��(�*���������>(ก
�A.*#������ก �Hก��
CDก


ก��G	!��?	 30-36 &�0�<*� #�����0*ก�	

�
�?	��	�(0 4 ����CDก

ก��G	!�� ��"�	(" 6�6	* (2538) 

����
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	�$
.
*
�2A.*��(�*��
��ก��
6�	���<��ก
�?&�J
�/<*	.���'�
��/ LH-RH �$�*ก�� 
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��
 1 ก�<�ก��*�$�*ก�� domperidone  10 

*����ก��*!$
��
 1 ก�<�ก��* ?	'��"�#�ก �����
ก	�"	 6 &�0�<*��@�V(�  LH-RH ?	����� 5-15 

�*<'�ก��*!$
��
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��
 1 ก�<�ก��* ��
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0
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��ก��
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ก�	��"�6E&#��.�!�/ (omnivorous fish)  �
กก
�-@ก4

�'/���ก
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 �
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'
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���*
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!�
�ก
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�B ��G	#��$�5
�6����
	����( (Weerd, 1995) 
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.H�.���*E0
������
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�!�
ก
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��
��ก�HกA.* Clarias gariepinus × 

Heterobranchus bidorsalis �(0*(5	
� 12.53+0.35 ก��*!$
!�� *(ก
�����=�!��<!.H��(0.���*E0
������


�
��(0*(���*
3<��!(	 40 % ?	
�!�
ก
�?��

�
� 5 % 5
�	"�
�	�ก!��!$
��	 (Adebayo, 2005) 

ก
�/�:1$�D���*!���+7��0����+����.��.�+�
+J�/��
0
��$�1-�"#
 

6E&��
	�	*
ก*(���*
3<��!(	.H�*
ก�6(��6
�(0��	�
*
?&���G	#��$�<��!(	?	

�
���
 
<���V6
�6E&�(0�*�F�*(	"�
*�	 �&$	 2�0�!$
�B  <���V6
�2�0����E
�	����G	6E&<��!(	.H��(0*(ก
�
�����ก!/?&���G	#��$�<��!(	?	

�
���

�$
�#6�$��
� #*��$
��5
�ก��
�*�<	��
��G	
<���V6
� methionine ��*��"����

�*(ก
��	��LM
	5
�.
������"�ก
��$
� ���#ก$ protease (trypsin) 

inhibitor, phytohaemagglutinin #�� anti vitamin #!$��"�	(".
*
�2��
�
�.
������"�ก
��$
����ก�$
�
����*E0
A$
	'�
*��
	?��ก��2�0����E
�ก$
	�(0��	�
*
 ?&�A.*?	

�
���
 (Tacon, 1996) �	E0
��
ก
2�0����E
�5
�ก��
�*�<	��
��G	�
�&	�� <���V6
� methionine �@���*
��(0��?&���#�	��
�7	?	


�
�.�!�/	"�
����
�.$�	 ��E


������ก!/?&��$�*ก��ก
��.��* methionine 
�.����?	

�
���
  
?	

�
���
�(0*(<��!(	.H�B *�ก.
*
�2?&�2�0����E
���G	#��$�<��!(	��#�	��
�7	?	.��.$�	�(0
*
ก5@"	��� 
�$
���กF!
*ก����	ก
�A��! ��E
5�"	!
	ก
��!�(�*2�0����E
�*(A�
�$
�*
ก!$
'�3:
6  
ก
�?&�'�
*��
	.H�?	ก
�A��!2�0����E
���E
ก
ก2�0����E
��7	��&$����
�
� protease inhibitor �(0*(
?	2�0������� ��*��"����&$����
�
�A	���I��/�(0*(
�'/���ก
���G	 cellulose ��
?����
.
*
�2�$
�
#��	�
��?&����<�&	/���*
ก5@"	  	
ก�
ก2�0����E
� #��ก
ก2�0����E
�#��� �*�F�	�$	 repeseed �
 
#��ก
ก�
!�
��	ก
ก�
�/*กF*(�
��
	ก
������ก!/?&�?	

�
���
 #��

�
�ก���ก��
��
 
(Bautista-Teruela  et al., 2003) ��*��"�?�6E&!��กH�2�0�
E0	B ��
�&	�� �&$	?�ก��2�	�7	 #��?�
*���* กF6��$
*(<��!(	.H�#��.
*
�2	�
*
?&���#�	��
�7	�
�.$�	?	

�
���
���
�$
�
��*
�.* ��"�	("!�
���*�������.
������"�ก
�?&�

�
� (anti nutrient) �
�
�$
��&$	 gossypol I@0���G	
6�ก.
����ก
� phenolic antinutrient #�� cyclopropionic acid �(0*�ก6�?	�*�F�	�$	 ��E
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0 

glucosinate ?	 rapeseed  ��*��"�.
�?	ก��$* alkaloid �(0*�ก6�?	�*�F�6E&!$
�B (El-Sayed, 1999) 
.
����$
	("���	��LM
	?	

�
�#��.$�A�?����
*(ก
�����=�!��<!������� ���	�"	ก
������ก!/?&�
��.���
ก6E&<��!(	.H�!$
�B �@�

�?&��6E0
��#�	��
�7	����
�.$�	 
�$
���กF!
*��
��G	!�
�*(
ก
�-@ก4
2@���>(ก
��(0��*
�.*�(0��?&���
�
�.
������"�ก
�?&�

�
��(0*(?	6E&���ก�$
� ��*��"�ก
�
��E
ก��.��<��!(	��#�	
E0	B A.*?	

�
��6E0
?��*(.*���5
�ก��
�*�<	��
��G	��*
�.* I@0���
&$��?��.
*
�2?&���.��6E&<��!(	.H���#�	��
�7	?	

�
���
���*
ก5@"	 ?	ก���5
� Sudaryono 
et al. (1999) ����
��
	ก
�?&��*�F�	�$	��G	#��$�<��!(	�.��* I@0�6��$
.
*
�2?&���#�	<��!(	
?	

�
�ก�������6(���
�.$�	�	E0
��
ก�D=�
��
	���.��>�:
6ก
��$
� #��
�'/���ก
�ก��
�*�
<	�*$.*���  	
ก�
ก6E&�ก#���6E&	"�
��
�&	��กF*(���*
3<��!(	��*.H��6(��6
�(0��	�
*
?&�
��G	#��$�<��!(	��#�	��
�7	?	

�
���
  Naegel (1997) 6��$
.
*
�2?&�#�	#�� (Azolla 
pinata) A.*?	

�
���
	���6E0
��#�	��
�7	���2@� 30% <���*$*(A�ก����!$
ก
�����=�!��<!
5
���
�(0��("��  �
��
	ก
�-@ก4
?	�$
��	6��$
.
*
�2?&�#�	��G� (Lemna sp. #�� Wolffia sp.) 

I@0���G	6E&	"�
�(0*(���*
3<��!(	��*.H�2@� 35-45 % ��G	#��$�<��!(	��#�	��
�7	��"��*�?	


�
���
	�����
�$
�*(���.��>�:
6<���*$*(A�!$
ก
�����=�!��<!5
���
#!$
�$
�?� (Skillicorn 

et al., 1993) .$�	.
��$
���"�	"�
�E� #��.
��$
�������
	�	*
ก6��$
*(���*
3<��!(	��*.H� 
��*
�.*�(0��	�
*
?&���G	#��$�<��!(	?	

�
�����(  #!$.$�	?�=$*(�
'
#6��ก�	ก�$
�(0����*
�
ก��ก
�	�
*
?&���G	#��$�<��!(	 .$�	?�=$�@������ก!/?&�.
��$
���E
.
�.ก���
ก.
��$
�?	


�
�.�!�/	"�
�6E0
��G	#��$�5
���'��!2��
�&	�� �&$	 ��!�
 #'<��(	 ��G	!�	  

�����1��
���4�/�+�
��ก  

��!
*�	�����G	.
�

�
��(0*('�
*.�
'�=!$
�S�ก����
�
��'*(?	�$
�ก
�5
�.�0�*(&(��! ��"�
��!
*�	���
�	"�
 #����!
*�	���
��5*�	  .�!�/	"�
*('�
*!�
�ก
���!
*�	#!$��&	��?	���*
3�(0
#!ก!$
�ก�	  ?	.$�	5
���!
*�	���
�	"�
 6��$
��!
*�	I(��G	��!
*�	�(0*('�
*.�
'�=!$
ก
�
����=�!��<! #��*(A�!$
'�
*.*�H�3/5
�<'��.��
�5
��$
�ก
���
��G	
�$
�*
ก (Halver and 

Hardy, 2002) �
ก�
��
	ก
�-@ก4
6��$
��
��ก�(05
���!
*�	I( ��E
������?	���*
3�(0�*$�6(��6
 
��#.����ก43�ก���Hก.�	����'��
 ��
!��'��
 <'��.��
�5
�ก��<��กA���ก!� ���
�'/!$
�B 
��"��	�� #��'�(��
�.@กก�$
	 ��.�"	 ?	53��(0��
�(0������

�
��.��*��!
*�	I(?	���*
3�(0
��*
�.* ��*(�H��$
���ก43� #��ก
�����=�!��<!!
*�ก!� (Boonyaratpalin and Phromkunthong, 

2001)  	
ก�
ก	("��!
*�	I(���*(A�!$
����:H*�'��*ก�	 ก
�.*
	�
�#A� #��'�
*!�
	�
	<�' 
#��'�
*!�
	�
	'�
*�'�(��5
���
 I@0���&$��?����
�(0������

�
��(0*(���*
3��!
*�	I(
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��*
�.**(.�5:
6�( '�
*!�
	�
	<�'.H�5@"	 (Eo and Lee, 2008) ��!
*�	I(?	�H�#�� ascorbic 

acid ��G	��!
*�	���
�	"�
�(02Hก��
�
� #���.(�.:
6����$
� ��"��
ก'�
*&E"	 '�
*��
	 #.� #��ก
�
���
��.(�.:
6?		"�
  �@�*(ก
�6�N	
�H�#��5
���!
*�	I(�(0*('�
*'�.:
6*
ก5@"	 �6E0
?&���#�	 
L-ascorbic acid   �&$	��!
*�	I(?	�H�#�� ascorbyl-2-sulfate, ascorbyl-2-monophosphate, ascorbyl-

2-polyphosphate #����!
*�	I(�'�E
�&	��!$
�B  (Halver and Hardy, 2002)   

Khajarern and Khajarern (1997) �
��
	�$
 .
*
�2?&� ascorbate-glucose ��G	#��$�5
�
��!
*�	I(?	��
��ก�HกA.* (Clarias macrocephalus × C. gariepinus)   ���
�$
�*(���.��>�:
6 <��
��
�(0��������!
*�	I(?	�H�#�� ascorbate-glucose 80 *����ก�*!$


�
� 1 ก�<�ก��* ��*(.�5:
6�( 

�!�
ก
�#�ก�	E"
!0�
 #��ก
��
�!
�.H�   
�$
���กF!
*��!
*�	I(
	�6�	>�/C
.�C!�����G	��!
*�	I(�(0
*(���.��>�:
6.H�?	��
 ��"�?	�H�#�� ascorbyl-2-monophosphate #�� ascorbyl-2-polyphosphate 
<�� Boonyaratpalin and Phromkunthong (2001) �
��
	�$
��!
*�	I( ?	�H�#�� ascorbyl 

polyphosphate ��G	��!
*�	I(�(0*('�
*'�.:
6.H� #��*(���.��>�:
6ก
��H�I@* #��	�
��?&�����(
?	��
��ก�HกA.*  (Clarias macrocephalus × C. gariepinus)  ��"�	( 6��$
��
��ก�(0������

�
�
�.��*��!
*�	I(<6�(C
.�C! ?	���*
3�(0*(�	E"
��!
*�	I( 12.6 *����ก��*!$


�
� 1 ก�<�ก��**(ก
�
����=�!��<!.H� !�
��	�*$#.��

ก
�5
���!
*�	I( #���*$6�ก
����(0�	#���5
��	E"
��E0

�	E0
��
กก
�5
���!
*�	I( !�
��������
5
�ก
����
� 10 .���
�/  

ก
�/�:����.���'�-�!���+�$*+������$�1-�"#
 

.(.�	5
�.�!�/	"�
�ก��5@"	�	E0
��
กก
�.�.*��'��!2�#'<��(	
��/?	�	E"
��E0
!$
�B �
ก�
��
	
ก
� -@ก4
6��$
#'<��(	
��/�(0*(A�?	ก
�ก$
?���ก��.(!��?	.�!�/	"�
*(��
�&	�� �&$	 �(!
-#'<��(	 
�H�(	 I(#I	�(	 #'	!
#I	�(	 #
.!
#I	�(	 
�$
���กF!
*#'<��(	
��/#!$��&	��กF*(
���.��>�:
6ก
��H�I@* #��	�
��?&����<�&	/ (Bioavailability) #!ก!$
�ก�	?	.�!�/	"�
#!$��&	�� 
(Matsuno, 2001) �	E0
��
กAH����<:'*('�
*!�
�ก
�A�A��!.�!�/	"�
�(0*(.(.�	.���
* ��E
.(.�	�(0!��
!
*'�
*!�
�ก
���"�?	ก
����<:' #��/��E
ก
��6
���("����G	.�!�/	"�
.���
* �@�*(ก
�-@ก4

�ก(0��ก��A�5
�#'<��(	
��/&	��!$
�B !$
.(!��5
�.�!�/	"�
 �6E0
?����
�2@�&	��5
�#'<��(	
��/�(0
*(���.��>�:
6.H��(0.��.�
����ก
�?&��6E0
��������.(!��5
�.�!�/	"�
#!$��&	�� #����
�2@�������(0*(
'�
*��*
�.*?	ก
�?&�#'<��(	
��/A.*?	

�
��6E0
ก
���������.(!��5
�.�!�/	"�
�(0*(
���.��>�:
6�(0.�� 6�&=
#��'3� (2544) �����
ก
�-@ก4
A�5
�#
.!
#I	�(	!$
��
ก�6�#�� 

6��$
��
�(0������

�
��.��*#
.!
#I	�(	�(0�����'�
*�5�*5�	  150 #��  100 *ก./กก.

�
�  �(0
�����3'�(�#����
!����*(.(#���5�*ก�$
��
�(0������

�
����
�&��
E0	  *(
�!�
�
�
�H$?	&$�� 
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2 

96.67-100 ��
�/�IF	!/#��
�!�
ก
����(0�	

�
���G	�	E"
*('$

�H$?	&$��  1.05-1.16 .�:;
 #��'3� 
(2548) ���
�?&�.���H��	
��G	#��$�5
�#'<��(	
��/?	

�
���
�
� 6��$
��
�
��(0������


�
��.��*.
��$
�.���H��	
?	����� 3% *(ก
�����=�!��<!�(0�(�(0.�� <��*('$
.(���E
� #��#�� .H�
ก�$
ก��$*��
�
��(0������

�
�&��'��'�* #���.��*.
��$
�.���H��	
?	���*
3 1% Chien and 

Jeng (1992) ��
ก
�-@ก4
ก
���$�.(?	ก���'���*$
  (Penaeus japonicus) <���.��* #
.!
#I	�(	  �(!�
-

#'<��(	 #��.
��$
��H	
���
��
��?	

�
�  6��$
#
.!
#I	�(	��G	.
�.(�(0*(A�*
ก�(0.��  #��
ก
��.��*#
.!
#I	�(	�(0�����'�
*�5�*5�	 100 *ก./กก.

�
�  ��G	���
  1 ��E
	ก$
	���5
���?��
.(!��ก��'�
*!�
�ก
�5
�!�
�#���*$���E
�!�	��	  <��ก����(0�.��*#
.!
#I	�(	*(
�!�
ก
��
�
!
�.H�ก�$
ก����(0�.��*�(!�
-#'<��(	#��.
��$
��H	
����
 I@0�6��$
�����5
�.
�.(?	�	E"
��E0
?	!��
ก������ก(0��5�
�ก��
�!�
ก
��
�!
�5
�ก�������  Gouveia et al. (2002) �����
ก
�-@ก4
�.��*.
��$
� 
Chlorella vulgaris  #
.!
#I	�(	.���'�
��/?	

�
���
  Gilthead seabream (Sparus aurata) 

6��$
A��  4 �����3  ���#ก$  #A$	�W����E
ก  �����3��
�  '�(�����  #�������3�	�
A
ก����$
�!
*(
���*
3#'<��(	
��/��"��*��6�0*5@"	 <�������3�	�
A
ก����$
�!
*(���*
3#'<��(	
��/*
ก�(0.�� 

53��(0ก
�-@ก4
?	��
.���
* Characins 6��$
��
��*(.(.�	 #�����*
3#'<��(	
��/?	!��.H�
�(0.���*E0
������

�
��(0*(ก
��.��*#
.!
#I	�(	 #��

�
��(0�.��*#'<��(	
��/A.* 1:1 5
�#

!
#I	�(	 !$
�(!
-#'<��(	 ?	���*
3�(0*(#'<��(	
��/��*?	

�
� 40 *����ก��*!$


�
� 1 

ก�<�ก��* (Juan Wang et al., 2006) 

��N�6� #�� 
�=&�( (2548) ���-@ก4
A�5
�.
��$
�.���H��	
!$
ก
�����=�!��<! #�������
#
	!��
�(?	��
��ก6�	>�/A.* (Clarias macrocephalus X Clarias gariepinus) 6��$
ก
��.��*
.
��$
�.���H��	
 I@0�*(#'<��(	
��/?	�H�#��I(#I	�(	 #���(!
-#'<��(	 *(A�?���	E"
 #��
A���	��5
���
��ก*(.(���E
��6�0**
ก5@"	 #�����.$�A�?�����*
3#'<��(	
��/��*?	�	E"
��
�6�0*
.H�5@"	 I@0�#.��?����F	�$
I(#I	�(	 #���(!
-#'<��(	?	.
��$
�.���H��	
*(A�!$
��ก43�.(5
�
A���	��#���	E"
��
��ก�HกA.* 53��(0��
��ก��
6�	�(0

-��?	>��*&
!�6��$


�
�.$�	?�=$ 
���#ก$ ��
5	
���Fก #��ก��� (-�
��> #��'3�, 2538) ��"�	(".�!�/?	ก��$*'��.!
�I(���*(���*
3#'<�
�(	
��/?	�H�#��#
.!
#I	�(	
�H$*
ก #��.�.*!
*�$��<I$

�
� I@0���*(A�!$
��ก43�.(5
�
A���	��#���	E"
��E0
5
���
�(0ก�	'��.!
�I(�?��*(.(	"�
!
�-#��   #*��$
�D�����	����*$*(�
��
	�ก(0��ก��
A�5
�#'<��(	
��/&	��!$
�B !$
ก
����(0�	#���.(!��5
���
��ก 
�$
���กF!
* Tsushima et al.  
(2002) ����
��
	
�'/���ก
�5
�#'<��(	
��/?	��
��ก?	.ก�� Clarias <��6��$
.$�	?�=$5
�
#'<��(	
��/?	�$
�ก
�5
���
��ก.ก��	(" 'E
 I(#I	�(	 (31.7%)  '���<!#I	�(	 (27.1%) ��
�<!
#I	�(	 (17.4%)   #���(!
-#'<��(	 (3.7%)   
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ก����ก�����
�ก��:�2ก�ก1
���<�9
��,7��
�1"��+�,������ ��,��,?�:�
�<�� 

��
ก���	��*���+�� 

���ก���,�����
�<���,7���9&
 ก���
����  

 �!
��/,�!ก
+��������
�,���"ก�'�%
��!�!,����&� 

 

The Study on the Effects of Application of Soybean Meal as Protein Replacement 

of Fish Meal on Growth Performance, Feed Conversion Rate, Survival and Body 

Composition of Nieuhofii#s Catfish (Clarias Nieuhofii)  

 

+��'� 

��
��ก��
6�	��G	��
	"�
�E��(0*(.(.�	 #������
�.���
* ?	>��*&
!�6�.(��
!��#!ก!$
�ก�	
!�"�#!$	"�
!
�
$
	 	"�
!
�#�� .(#���5�* #����
 53��(0����
����.(���E
�.�5�
���
!����
*('�
*
#!ก!$
�ก�	?	#!$��!�� !�
��	��G	��
�(0*(6O!�ก��*�(0	$
.	?�  *(-�ก�:
6.H�?	ก
�6�N	
��G	
.
�6�	>�/��
.���
*�6E0
ก
�.$�

ก ก
�6�N	


�
��(0*('�
*��*
�.*.�
������
.���
*��G	
ก
��6�0**H�'$
��
.���
*����
��	@0�<��*('�
*��
��G	!�
�A��!

�
�.�
������
.���
*�(0*(�
'

��*
�.* #��'����G	

�
��(0.$��.��*?����
*(.�5:
6�( �H��$
���ก43�.���
*  ก
�6�N	
.H!�


�
�?��*('�
*��*
�.*!$
.�!�/	"�
 ��
��G	!�
�-@ก4
��"�?	��
	A�5
�

�
�!$
.�5:
65
���
 
#��'�
*��*
�.*��
	�
'
5
�

�
� <���V6
�ก
���E
ก��!2����.�
����?&���#�	.$�	A.*


�
��(0*(!�	��	.H� ���#ก$ก
������*
3ก
�?&���
�7	������!2����<��!(	��#�	�
ก6E&�(0*(
<��!(	.H�  

ก
�-@ก4
	("*�$��	�	!���.
�A�5
�ก
�?&�ก
ก2�0����E
��6E0
��G	#��$�<��!(	��#�	��

�7	 !$
ก
�����=�!��<! ก
��
�!
� ก
�#�ก�	E"
 
�'/���ก
��
��'*(5
�!����
 #��
���.��>�:
6ก
�?&�<��!(	 

 

�
�1",�!���/�
�ก����	
� 

�6E0
-@ก4
A�5
�ก
�?&�ก
ก2�0����E
������!$
�B ?	

�
� ��G	#��$�<��!(	��#�	��
�7	 
!$
ก
�����=�!��<! ก
��
�!
� ก
�#�ก�	E"
 
�'/���ก
��
��'*(5
�!����
 #�����.��>�:
6
ก
�?&�<��!(	5
���
��ก��
6�	������
	�"�  
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4 

��0�ก���'�����ก����	
� 

 

�!�(�*

�
����
��(0*(�����6����
	��$
ก�	 (isocaloric test diet) ?	&$�� 330 - 340 kcal / 

100 g <��*(�����<��!(	��*5
�

�
����
� 40 %  ���#.��?	 Table 36.  <��

�
����
�#!$
��.H!�?&�ก
ก2�0����E
���#�	��
�7	?	����� 0, 15, 30, 45, 60 #�� 75  % 5
����*
3<��!(	
��"��*� 

�
�#A	ก
����
�#��.�$*!�
� (CRD) <����("����
��ก��
6�	������
	�"��(0*(5	
� 1-1.5  
ก��*!$
!�� ?	!H����
�5	
� 120 ��!� �(0*(���*
!�	"�
 100 ��!�  !H��� 15 !��  <��#�$���G	 6 &��ก
�
���
� &��ก
����
��� 3 I"�
 ?��

�
���
!
*#!$��&��ก
����
�  <��?��

�
���
��	��  2  

'��"� ?	���*
3�(0��
ก�	�*�:
�?	 20 	
�( (���*
3 3-5 % 5
�	"�
�	�ก!��!$
��	)   �H�!�ก
	
#���-4

�
��(06E"	!H���
��ก��	 <�����(0�	2$
�	"�
 50 % ��ก��	   ��ก 2 .���
�/5
�ก
����
� 
!���.
�ก
�����=�!��<!5
���
?	#!$��&��ก
����
�<��&�0�	"�
�	�ก��* ��	�@ก���*
3

�
�
�(0?&� 	����
	�	��
�(0 ���E
�6E0
'�
	�3	"�
�	�ก�V�(0�!$
!�� 	"�
�	�ก��
�(0 �6�0*5@"	 
�!�
ก
�
����=�!��<!!$
��	 
�!�
ก
����(0�	

�
���G	�	E"
 #��ก
��
�!
�5
���
?	#!$��!H����
���G	
�������
 12  .���
�/  !
*.*ก
� (Halver and Hardy, 2002) 

 

�$��
ก
���ก�+���'��
0
��+7����"� (Feed conversion ratio, FCR) 
FCR = 	"�
�	�ก

�
��(0��
ก�	 / 	"�
�	�ก��
�(0�6�0*5@"	 

 

 �$��
ก
�����
' (Survival rate), % 


�!�
ก
��
�!
� = (��
	�	��
�(0.�"	.��ก
����
� / ��
	�	��
���0*!�	) x 100 

 

 �"#
0�$ก.���!�����"� (Weight gain, WG), % 

WG = [(	"�
�	�ก��
.����
�-	"�
�	�ก��
���0*!�	) / 	"�
�	�ก��
���0*!�	] x 100 

 

�*E0
.�"	.��ก
����
�.�$*!��
�$
���
 6 !���
ก#!$��&��ก
����
��6E0
	�
��!���.
�

�!�
.$�	'�
*�
�!$
	"�
�	�ก (Condition factor) #��'$
��&	(!��!$
!�� (Hepatosomatic index, HSI)  

#��.�$*!��
�$
���
�6E0
	�
�����'�
��/
�'/���ก
��
��'*(5
�!����
 ���#ก$ ���*
3'�
*&E"	 
<��!(	 �5*�	 #���2�
 !
*��>(ก
�5
� AOAC (1990)  '�
	�3���.��>�:
6ก
�?&�<��!(	 (protein 

efficiency ratio)  #��ก
�?&����<�&	/�
ก<��!(	.��>� (Apparent net protein utilization, ANPU) 

<��?&�.*ก
����	(" (Halver and Hardy, 2002) 
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+����.,� 
!ก
�/�:�+���� (PER)   

  =           	"�
�	�ก�(0�6�0*5@"	 (ก��*) 

  	"�
�	�ก5
�<��!(	�(0��
ก�	 (ก��*) 

 

ก
�/�:+���'��-(
ก�+������.,� (ANPU, %) 

 =  	"�
�	�ก<��!(	?	!����
�(0�6�0*5@"	 (ก��*) 

         	"�
�	�ก5
�<��!(	�(0��
ก�	 (ก��*) 

 

���'�
��/'�
*#�����	5
�'$
�V�(0�	"�
�	�ก��
 
�!�
ก
�����=�!��<! ก
��
�!
�5
���
 

�!�
.$�	'�
*�
�!��!$
	"�
�	�ก '$
��&	(!��!$
!�� 
�'/���ก
��
��'*( !�
��	���.��>�:
6ก
�
?&�<��!(	 #��ก
�?&����<�&	/�
ก<��!(	.��>� 5
���
��ก��
6�	�(0������

�
�#!$��&��ก
�
���
����� One way analysis of variance (ANOVA) #�����'�
��/'�
*#!ก!$
�5
�'$
�V�(0����� 
Duncan' s multiple range test (DMRT) (Zar, 1984) 
 

Table 36. Composition (%) of experimental diet. 

 

% in diet T1 T2 T3 T4 T5 T6 

Fish meal 72 58.7 45.4 32.1 18.8 5.5 

Soybean meal - 13.3 26.6 39.9 53.2 66.5 

Rice flour 8 8 8 8 8 8 

Wheat flour 10 10 10 10 10 10 

Rice brain 5 5 5 5 5 5 

Mineral premix 0.5 0.5 0.5 0.5 0.5 0.5 

Vitamin premix 1.0 1.0 1.0 1.0 1.0 1.0 

Soybean oil 3.3 3.3 3.3 3.3 3.3 3.3 

Vitamin mixture (mg/ kg diet): thiamine hydrochloride 30; riboflavin 30; nicotinic acid 140; 

calcium pantothenate 100; pyridoxine hydrochloride 25; vitamin B
12

 0.005; inositol 2,000; 

biotin 6; folic acid 6; choline chloride 1,000; ascorbyl- polyphosphate 250; vitamin E 200; 

vitamin K
3
 12; vitamin A 12,000 IU; vitamin D

3
 2400 IU; 

Mineral mixture (g/kg diet) KH
2
PO

4
 4.2; CaHPO

4
 3.3; NaH

2
PO

4
 6.25; KCL  2;

 
KI 1.6; 

 

MgSO
4
.7H

2
O 2; ZnSO

4
 0.1;MnSO

4 
0.1 
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6 

��ก����ก�� 

 

���-+��ก�*.
���������
0
�.���� 

 �
กก
����'�
��/
�'/���ก
��
��'*(5
�

�
����
���"� 6 .H!� 6��$


�
����
���ก
.H!�*(�����<��!(	?ก���'(��ก�	?	&$�� 42.23 + 0.26 - 42.81 + 0.09 % #�����*
3�5*�	
�H$?	&$�� 
18.08 + 0.23 - 18.46 + 0.63 % ���#.��?	 Table 37. I@0������G	�����'$

�'/���ก
��
��'*(5
�
.
�

�
�?��6����
	�(0�*$*('�
*#!ก!$
�ก�	?	#!$��.H!�  
 

Table 37. Chemical composition of the experimental diet (%) 
 

 

Protein 

(% dry weigh) 

Crude lipid 

(% dry weigh) 

Ash 

(% dry weigh) 

Moisture 

(% as fed) 

T1  0 % SBM of FM 42.81 + 0.09 18.08 + 0.23 13.99 + 0.04 2.17 + 0.15 

T2  15 % SBM of FM 42.79 + 0.10 18.24 + 0.21 12.80 + 0.34 2.08 + 0.05 

T3  30 % SBM of FM 42.72 + 0.09 18.14 + 0.35 11.69 + 0.20 2.15 + 0.08 

T4  45 % SBM of FM 42.52 + 0.58 18.46 + 0.63 10.32 + 0.30 2.05 + 0.04 

T5  60 % SBM of FM 42.26 + 0.29 18.20 + 0.60 9.27 + 0.20 2.17 + 0.03 

T6  75 % SBM of FM 42.23 + 0.26 18.40 + 0.41 8.20 + 0.11 2.11 + 0.06 

 

�"#
0�$ก�M���' ก
��(��)���*�� ����$��
ก
�����
'���+�
��ก�#
!$� 

	"�
�	�ก�V�(0�!$
!��5
���
��ก��
6�	�(0������

�
����
��(0?&�ก
ก2�0����E
���#�	��
�7	
*('$
�6�0*.H�5@"	!
*�������
5
�ก
����
� ���#.��?	 Table 38. ��"�	("6��$
	"�
�	�ก�V�(0�!$
!��
5
���
��ก��
6�	���0**('�
*#!ก!$
�ก�	�
�.2�!� (P<0.05) !�"�#!$.���
�/�(0 2 5
�ก
����
� <��
��
�(0������

�
����
��.��*ก
ก2�0����E
���#�	<��!(	?	����� 60 % 5
�<��!(	��"��*� *(
	"�
�	�ก!��!0�
ก�$
&��ก
����
�
E0	B #�����0*6��$
	"�
�	�ก�V�(0�!$
!��5
���
��ก��
6�	*(#	�<	�*
���� ?	��
�(0������

�
����
��.��*ก
ก2�0����E
�?	���*
3�(0*
ก5@"	 <��?	.���
�/�(0 4 -10 

6��$
��
?	ก��$*�(0������

�
����
��.��*ก
ก2�0����E
���#�	<��!(	?	����� 60-75 % *(
	"�
�	�ก�V�(0�!$
!��
�H$?	�ก3]/!0�
 53��(0��
?	ก��$*�(0������

�
����
��.��*ก
ก2�0����E
�
��#�	<��!(	?	����� 15-45 %   *(	"�
�	�ก!��.H� �*$#!ก!$
�
�$
�*(	��.�
'�=�
�.2�!�ก����
�(0
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������

�
����
�I@0��*$�.��*ก
ก2�0����E
���#�	��
�7	 �*E0
.�"	.��ก
����
�?	.���
�/�(0 12  

6��$
��
��ก��
6�	�(0������

�
��.��*ก
ก2�0����E
���#�	<��!(	?	����� 15 % *(	"�
�	�ก�V�(0�

�H$?	�ก3]/.H� #��#!ก!$
�
�$
�*(	��.�
'�=�
�.2�!�ก����
�(0������

�
��.��*ก
ก2�0����E
�
��#�	<��!(	?	����� 60-75 %  
�$
���กF!
*��
ก��$*�(0������

�
����
��.��*ก
ก2�0����E
�
��#�	<��!(	?	����� 0-45 % *(	"�
�	�ก�V�(0�!$
!��?	�ก3]/.H��*$#!ก!$
�ก�	�
�.2�!� (P>0.05) 

53���(��ก�	6��$
��
�(0������

�
����
��.��*ก
ก2�0����E
���#�	<��!(	?	����� 45-75 % *(
'$
�V�(0�	"�
�	�ก!���*$#!ก!$
�ก�	�
�.2�!� (P>0.05)  
 

�"#
0�$ก.���!��� �$��
ก
��(��)���*�� �$��
��ก���"� ����$��
ก
�����
' 

 	"�
�	�ก�(0�6�0* 
�!�
ก
�����=�!��<! 
�!�
#�ก�	E"
 #��
�!�
ก
��
�!
�5
���
��ก��
6�	�(0
������

�
����
�#!$��.H!� #.��?	 Table 39. ��"�	("	"�
�	�ก�(0�6�0*5
���
��ก��
6�	#!$��&��ก
�
���
�*('�
*#!ก!$
�
�$
�*(	��.�
'�=�
�.2�!� (P<0.05)  <����
�(0������

�
����
��.��*ก
ก
2�0����E
���#�	<��!(	?	����� 0-45 % *(	"�
�	�ก�(0�6�0*?	�ก3]/.H�.���*$#!ก!$
�ก�	 53��(0��

�(0������

�
����
��.��*ก
ก2�0����E
���#�	<��!(	?	����� 45-75 % *(	"�
�	�ก�V�(0�!$
!��
�H$
?	�ก3]/!0�
 #���*$*('�
*#!ก!$
�ก�	�
�.2�!� (P>0.05)  

 
�!�
ก
�����=�!��<!!$
��	5
���
��ก��
6�	�(0������

�
����
��.��*ก
ก2�0����E
�
��#�	<��!(	?	����� 0-45 % *('$

�H$?	�ก3]/.H� #��#!ก!$
�
�$
�*(	��.�
'�=�
�.2�!�ก����
�(0
������

�
����
��.��*ก
ก2�0����E
���#�	<��!(	?	����� 75 % 

 
�!�
#�ก�	E"
5
���
��ก��
6�	!�
��������
ก
����
� 12 .���
�/*('$

�H$?	�ก3]/!0�
 
(1.15 + 0.14 - 1.41 + 0.30)  ?	��
ก��$*�(0������

�
����
��.��*ก
ก2�0����E
���#�	<��!(	?	
����� 0-45 % 53��(0��
I@0�������

�
��.��*ก
ก2�0����E
���#�	<��!(	?	����� 60-75 % *('$


�!�
#�ก�	E"
����$
� 1.57 + 0.07 - 1.81 + 0.23 

 53��(0
�!�
ก
��
�!
�5
���
?	��ก&��ก
�
���
��*$*('�
*#!ก!$
�ก�	�
�.2�!� (P>0.05) <��*('$

�H$?	&$�� 77.78 + 10.18 - 95.56 + 3.85 %  
 

Hepatosomatic index ��� Condition factor ���+�
��ก�#
!$� 

 Hepatosomatic index #�� Condition factor 5
���
��ก��
6�	�(0������

�
����
�#!$��
.H!�#.��?	 Table 40. ��"�	("6��$
'$
 hepatosomatic index 5
���
��ก��
6�	*(#	�<	�*����!
*
�����5
�ก
��6�0*ก
ก2�0����E
���#�	<��!(	�
ก��
�7	 <����
�(0������

�
����
��.��*ก
ก
2�0����E
���#�	<��!(	?	����� 0 % *('$
 Hepatosomatic index ?	�ก3]/.H�#!ก!$
�
�$
�*(
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8 

	��.�
'�=�
�.2�!�ก����
�(0������

�
��.��*ก
ก2�0����E
���#�	<��!(	?	�����  75 % 
�$
���กF
!
*'$
 condition factor 5
���
�(0������

�
����
���ก.H!�*('$
�*$#!ก!$
�ก�	�
�.2�!� (P>0.05)  

 

���-+��ก�*.
���������$1+�
 

 ���*
3'�
*&E"	 <��!(	 �5*�	 #���2�
?	!����
��ก��
6�	�(0������

�
����
�#!$��.H!�
��G	�������
 12 .���
�/#.��?	 Table 41. ��"�	("6��$
 ��
��ก��
6�	�(0������

�
����
��.��*
ก
ก2�0����E
���#�	<��!(	�
ก��
�7	?	����� 0-60% *(���*
3<��!(	?	!����
�*$#!ก!$
�ก�	
�
�.2�!� (P>0.05) #!$��
�(0������

�
����
��.��*ก
ก2�0����E
���#�	<��!(	?	�����  75 % 

*(���*
3<��!(	?	!����
!0�
�(0.�� #��#!ก!$
�ก��&��ก
����
�
E0	B 
�$
�*(	��.�
'�=�
�.2�!� 
(P<0.05) ��"�	("���*
3�5*�	 #���2�
5
�!����
�(0������

�
���ก&��ก
����
�*('$
�*$#!ก!$
�ก�	
�
�.2�!� (P>0.05) 

 

+����.,� 
!ก
�/�:�+���� ���ก
�/�:+���'��-����+������.,� 

 ���.��>�:
6ก
�?&�<��!(	 #��ก
�?&����<�&	/5
�<��!(	.��>� 5
���
��ก��
6�	�(0������


�
����
�#!$��.H!���G	�������
 12 .���
�/#.��?	 Table 42.  

��
��ก��
6�	�(0������

�
����
��.��*ก
ก2�0����E
���#�	<��!(	�
ก��
�7	?	����� 
0-45% *('$
���.��>�:
6ก
�?&�<��!(	 �*$#!ก!$
�ก�	�
�.2�!� (P>0.05)   <��*('$
����$
�  1.55 + 

0.34  - 1.91 + 0.26 53��(0��
��ก��
6�	�(0������

�
����
��.��*ก
ก2�0����E
���#�	<��!(	�
ก
��
�7	?	����� 15% *('$
���.��>�:
6ก
�?&�<��!(	#!ก!$
�
�$
�*(	��.�
'�=�
�.2�!� (P<0.05)   
�*E0
��(��ก����
��ก��
6�	�(0������

�
����
��.��*ก
ก2�0����E
���#�	<��!(	�
ก��
�7	?	
����� 60-75% 

'$
ก
�?&����<�&	/5
�<��!(	.��>�5
���
��ก��
6�	�(0������

�
����
��.��*ก
ก2�0�
���E
���#�	<��!(	�
ก��
�7	?	����� 60-75% *('$
!0�
 (17.71 + 1.47 - 17.79 + 2.85%) 53��(0
��
I@0�������

�
����
��.��*ก
ก2�0����E
���#�	<��!(	�
ก��
�7	?	����� 15-45 %  *('$

ก
�?&����<�&	/5
�<��!(	.��>�
�H$?	�ก3]/.H�  (23.81 + 3.99 -  29.88 + 3.35 %)  
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Table 38. Average body weight (g) of Nieuhofii�s catfish in fed each experimental diet for 12 weeks. 

 

 O wk 2wk 4 wk 6 wk 8 wk 10 wk 12 wk 

T1  0 % SBM of FM 1.09 + 0.06 
ns 

1.91 + 0.11 
b 

3.15 + 0.04 
bc 

5.25 + 0.11 
bc 

8.49 + 0.39 
bc 

11.52 + 1.15 
bc 

15.13 + 2.17 
bc 

T2  15 % SBM of FM 1.12 + 0.07 
ns

 1.85 + 0.04 
ab 

3.50 + 0.27 
cd 

6.35 + 0.82 
d 

10.40 + 1.65 
d 

13.93 + 1.18 
d 

16.92 + 1.36 
c 

T3  30 % SBM of FM 1.10 + 0.05 
ns

 1.92 + 0.04 
b 

3.52 + 0.26 
d 

6.01 + 0.29 
cd 

9.57 + 0.72 
cd 

12.33 + 1.31 
cd 

15.39 + 2.17 
bc 

T4  45 % SBM of FM 1.08 + 0.06 
ns

 1.85 + 0.08 
ab 

3.37 + 0.26 
cd 

5.58 + 0.51 
bcd 

8.63 + 1.08 
bc 

11.14 + 1.90 
bc 

13.67 + 2.49 
abc 

T5  60 % SBM of FM 1.10 + 0.06 
ns

 1.71 + 0.12 
a 

2.92 + 0.04 
ab 

4.89 + 0.30 
ab 

7.43 + 0.31 
ab 

9.64 + 0.35 
ab 

12.39 + 0.64 
ab 

T6  75 % SBM of FM 1.11 + 0.08 
ns 

1.87 + 0.08 
b 

2.73 + 0.05 
a 

4.23 + 0.36 
a 

6.53 + 0.56 
a 

8.83 + 0.83 
a 

10.77 + 0.67 
a 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

ns = non-significant (P>0.05) 
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Table 39.  Weight gain (%), specific growth rate (%), FCR and survivals  of  Nieuhofii�s catfish 

fed each experimental diet for 12 weeks. 
 

 Weight  gain  

(%) 

SGR  

(% / day) 

FCR Survival   

(%) 

T1  0 % SBM of FM 1,285.60 + 135.04  
bc 

3.13 + 0.12 
bc 

1.35 + 0.19 
ab 

95.56 + 3.85 
ns  

T2  15 % SBM of FM 1,417.13 + 145.27 
c 

3.23 + 0.12 
c 

1.15 + 0.14 
a 

91.11 + 3.85 
ns

 

T3  30 % SBM of FM 1,291.43 + 156.74 
bc 

3.13 + 0.13 
bc 

1.41 + 0.30 
ab 

82.22 + 5.24 
ns

 

T4  45 % SBM of FM 1,169.28 + 251.07 
abc 

3.01 + 0.23 
bc 

1.36 + 0.24 
ab 

95.56 + 3.85 
ns

 

T5  60 % SBM of FM 1,027.40 + 105.64 
ab 

2.88 + 0.11 
ab 

1.81 + 0.23 
 c 

77.78 + 10.18 
ns

 

T6  75 % SBM of FM 878.54 + 138.63 
a 

2.71 + 0.17 
a 

1.57 + 0.07 
bc 

93.33 + 6.67 
ns

 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

ns = non-significant (P>0.05) 

 

Table 40.  Hepatosomatic index and condition factor of Nieuhofii�s catfish fed each experimental 

diet for 12 weeks. 

 

 HSI (%) Condition factor 

T1  0 % SBM of FM 1.16 + 0.11 
b 

0.56 + 0.03 
ns 

T2  15 % SBM of FM 1.13 + 0.21 
ab 

0.59 + 0.08 
ns 

T3  30 % SBM of FM 1.05 + 0.09 
ab 

0.60 + 0.08 
ns 

T4  45 % SBM of FM 0.96 + 0.16 
ab 

0.54 + 0.03 
ns 

T5  60 % SBM of FM 0.97 + 0.22 
ab 

0.60 + 0.05 
ns 

T6  75 % SBM of FM 0.91 + 0.17 
a 

0.59 + 0.08 
ns 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

ns = non-significant (P>0.05) 
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Table 41. Chemical composition (%) of the experimental fish fed each test diet for 12 weeks. 

 

 

Protein 

(% dry weigh) 

Crude lipid 

(% dry weigh) 

Ash 

(% dry weigh) 

Moisture 

(% as fed) 

Initial fish 54.11 + 1.06 21.96 + 0.53 10.98 + 0.93 77.83 + 0.74 

T1  0 % SBM of FM 54.62 + 2.19
 b 

31.52 + 0.52 
ns 

8.92 + 0.52 
ns

 75.37 + 2.95 
b 

T2  15 % SBM of FM 56.65 + 1.98 
b 

26.50 + 3.09 
ns

 9.15 + 0.66 
ns

 72.82 + 1.03 
ab 

T3  30 % SBM of FM 56.30 + 3.62 
b 

30.53 + 4.55 
ns

 9.35 + 0.27 
ns

 73.09 + 1.26 
ab 

T4  45 % SBM of FM 54.30 + 2.68 
b 

28.63 + 1.85 
ns

 9.38 + 0.29 
ns

 72.09 + 0.82 
a 

T5  60 % SBM of FM 54.73 + 1.88 
b 

28.48 + 1.26 
ns

 9.36 + 0.36 
ns

 72.95 + 0.48 
ab 

T6  75 % SBM of FM 48.49 + 1.66 
a 

30.06 + 4.75 
ns

 9.36 + 0.41 
ns

 73.11 + 1.04 
ab 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

ns = non-significant (P>0.05) 

 

Table 42.  PER and ANPU of Nieuhofii�s catfish fed each experimental diet for 12 weeks. 

 

 PER ANPU (%) 

T1  0 % SBM of FM 1.61 + 0.23 
ab 

21.84 + 3.75 
ab 

T2  15 % SBM of FM 1.91 + 0.26 
b 

29.88 + 3.35 
c 

T3  30 % SBM of FM 1.55 + 0.34 
ab 

23.81 + 3.99 
abc 

T4  45 % SBM of FM 1.63 + 0.32 
ab 

25.14 + 5.49 
bc 

T5  60 % SBM of FM 1.17 + 0.17 
a 

17.79 + 2.85 
a 

T6  75 % SBM of FM 1.34 + 0.07 
a 

17.71 + 1.47 
a 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

ns = non-significant (P>0.05) 
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���� ���	
���
���ก����ก�� 

 

���������	ก����
��ก��������������� ��
ก�ก����������������� �!���	������������� ��
�"� ���� #���กก��$%ก&������'�ก�(�"���
�
����)*� "�� �+��������ก�ก����������������� �
!���	�,'�,�����-�.'����
'�� 45% 2��!���	�,�*���'������� �+'������3�� ����'�ก�(�"��
������ ��
���!���	���ก�����')���
�4,"��.'�'	 5%��+�'6����ก��"7�)ก���ก��ก)������2��
���'�ก�(�"��!'� $����8 ��
69
 (2538) .'�������� � ���'�ก�(�"���������ก)�,�*�"����
+���� 
(omnivorous fish)  ��กก��$%ก&���6���
ก���������ก�
�"�
2�����,	������ก8������) "�� �
�����,	�"���ก�
�"�
���'�ก�(�"����
ก��'������*���� 73.6 % ���*��; ��
ก��� 12.3 % ���� 1.7  

% 5�ก�)�,�	��  1.2 % ��
����<  11.2 % ���� �ก�ก�����������
���������')�!���	�,	�2�'ก�'�
�)!�
�(����������)'!'��="�
 methionine ���,�*��������	ก������>?��2��+�������*�ก��� �� .'��ก  
protease (trypsin) inhibitor, phytohaemagglutinin ��
 anti vitamin �� ,�*��	*+�����,(����+��
�����*�ก��� ��'��ก� ��.'������# ��6����������ก������������ก ��,	��
�(������#+����������� 
(Tacon, 1996) ก�ก����������,	������ก��$%ก&��	*����ก�ก����������.� +ก�'.2��� (full fat soy bean 

meal) 5%����'���������')�,	��	6�96 �,�������+;� ��
�	+������>?����(�  �� ������'��������������	
��)��9ก�'�
�)!� methionine ��(��%�����
,	��
���,'�,�����-��������+�����*(�.'����+ �� 
���������
��ก������ ��ก��ก���+�)� methionine �)+�
������������  ����������,	��	!���	�
+;�< ��ก+������������������������� �!���	�,'�,�����-���+�'+ ��,	���ก2%*�.'� 5%��+�'6����
ก��#�ก��$%ก&������'�ก�(�"���
�
����)*�5%��"�� �ก�����ก�ก����������������� �!���	�,'�,�
����)��9,	���กก� � 60 % 2��!���	���������
+ �#����ก�����)B��)�!� ��
+),8)4�"ก�����
!���	� ��
ก�������
!����2��!���	�+�,8)�'��.'� ��ก��ก��B��,	��ก)'��ก4��
ก�'�
�)!� 

methionine ���������(�����  ��ก�ก��������������	+�������*�+�������������)' 5%������	#����
ก�����)B��)�!�2������'��.'�  (El-Sayed, 1999) �� � Sudaryono et al. (1999) .'�������ก�����
���3'�� �������� �!���	��+�)� ��ก���2��"�� �+��������,'�,�!���	��������ก���.'��"	��
���+ ����������ก��B��'�����
+),8)4�"ก��� �� ��
��6���
ก��ก�'�
�)!�.� +�'�� 

��ก#�ก��$%ก&��	*�+'������3�� �+��������ก�ก����������������� �!���	�,'�,�����-�
����������'�ก�(�"���
�
����)*�.'�'	 !'�+��������,'�,�!���	���ก����-�.'� 45% 2��
!���	�,�*���'������� !'�.� �	#�� �ก�����)B��)�!� ก����ก���*� ก����'��� ��

��6���
ก��,���6�	2�������� 
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ก����ก�������ก�����ก�ก���	�������� !	�"��#
$%��"&!'#�'!����(!�!����� 

")�ก�����
*�"
$%" ��"��ก�����&�+!������� !�!�,� ก����#"�+  

��-����ก�$'���-.&������#�ก�/�0�!��+�	�+��)! 

 

The Study on the Effects of Application of Soybean Meal as Protein Replacement 

of Fish Meal on Growth Performance, Feed Conversion Rate, Survival and Body 

Composition of Nieuhofii#s Catfish (Clarias Nieuhofii) Fingerling. 

 

$'!/� 

���'�ก�(�"����������*(���',	��	+	+�� ��
��'���+����� 5%���	$�ก�4�"+;���ก��"�F������
+��"��8�����+������"���ก��+ ���ก ก��"�F�������,	��	6�������
+�+(��������+���������
ก���")���;�6 ����+�����.'�,����%��!'��	6����(���������#�)������+(��������+�����,	��	��6�
����
+� ��
6�����������,	�+ ��+�)��������	+�24�"'	 �;�� ����ก&9
+�����  ��กก��$%ก&�ก��
���ก�ก�����������"���������� �!���	�,'�,�����-� � �ก�����)B��)�!� ก����'��� ก����ก���*� 
��6���
ก��,���6�	2�������� ��
��
+),8)4�"ก�����!���	�2�����'�ก�(�"��2��'����)*� 
"�� �+��������ก�ก����������������� �!���	�,'�,�����-��������.'��%� 45% 2��!���	�
��ก����-�  ����ก�)�
��ก��� �� ��
�����
!����2�������')��������+�����*(��
�	
��
+),8)4�"+;�2%*��������2��+�����*(� ���,�*�6�������ก��+���������ก�	6 ��'�������+�����*(�
���)B��)�!���3�,	� ,�*��	*�%��	6�������.�.'�,	��
+��������ก�ก����������5%��������� �!���	�,	��	
��6��;ก�")����ก2%*��������2�����'�ก�(�"���
�
����� ������
�
��3����  5%���
����ก���'���,��
6 ������+(�������	*�������)'�	*���
�
���  

ก��$%ก&��	*�%��� ���������+��#�2��ก�����ก�ก�����������"���������� �!���	�,'�,����
�-� � �ก�����)B��)�!� ก����'��� ก����ก���*� ��6���
ก��,���6�	2�������� ��

��
+),8)4�"ก�����!���	������'�ก�(�"���
�
����� � #���กก��$%ก&��
+������(�.����"�F��
+;�������,	��	6�94�"����
+�� �+�24�"��� ��
�	���,��,	�����
+�� �.� 

 

 

 



 
114

	�"�������-����ก��	
��+ 

�"���$%ก&�#�2��ก�����ก�ก�����������
'��� ��< ������� ������� �!���	�,'�,�����-� 
� �ก�����)B��)�!� ก����'��� ก����ก���*� ��6���
ก��,���6�	2�������� ��
��
+),8)4�"
ก�����!���	�2�����'�ก�(�"���
�
����� � 

 

	
1&ก��#/��!
!ก��	
��+ 

���	�������,'���,	��	�
'��"�������, �ก�� (isocaloric test diet) ��� �� 330 - 340 kcal / 

100 g !'��	�
'��!���	����2�������,'��� 40 %  '���+'��� Table 43.  !'������,'����� 
�
+;�����ก�ก����������,'�,�����-����
'�� 0, 15, 30, 45, 60 ��
 75  % 2����)��9!���	�
,�*���' 

����#�ก��,'������+� ����' (CRD) !'���	*�����'�ก�(�"���
�
����� �,	��	2��' 10-12  
ก���� ���� �����"��+�)ก2��' 500 �)�� ,	��	��)�����*(� 300 �)��  ����
 10  ���  !'��� ����� 6 ��'
ก��,'��� ��'ก��,'����
 3 5*(� ���������������� �
��'ก��,'���  !'����������������
  
2  6��*� ����)��9,	����ก)���'4���� 20 ��,	 (��
��9 3-5 % 2���*(����ก���� ����)   ';'�
ก��
��
�$&�����,	�"�*�� ����,�ก 2 ��� !'����	���� ���*(�,�ก+��'���   ,�ก 2 +��'���2��ก��,'��� 
����+��ก�����)B��)�!�2��������� �
��'ก��,'���!'������*(����ก��� ���,%ก��)��9�����
,	���� ����(�������,	� ������"���6(���9�*(����ก�=�	��� ���� �*(����ก���,	� �")��2%*� �����ก��
���)B��)�!�� ���� �����ก�����	���������������*� ��
ก����'���2��������� �
�;�,'�������
�
�
���� 12  +��'���  ���+�ก�� (Halver and Hardy, 2002) 

 

��	
�ก�

�ก�����������
��������� (Feed conversion ratio, FCR) 
FCR = �*(����ก�����,	����ก)� / �*(����ก���,	��")��2%*� 

 ��	
�ก�

��	�� (Survival rate), % 
�����ก����'��� = (�(�������,	�+)*�+�'ก��,'��� / �(���������)�����) x 100 

 �������ก���� !�"#$�� (Weight gain, WG), % 
WG = [(�*(����ก���+�',���-�*(����ก�����)�����) / �*(����ก�����)�����] x 100 
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�����+)*�+�'ก��,'���+� ������ ����� 6 �����ก�� �
��'ก��,'����"����(�.�����+��
�����+ ��6������� ��*(����ก ��
6 �'���	���� ���� (Hepatosomatic index, HSI)  ��
+� ������ ��
����"����(�.��)�6��
����6���
ก��,���6�	2�������� .'��ก  ��)��96�����*� !���	� .2��� ��

���� ����)8	ก��2�� AOAC (1990)  6(���9��
+),8)4�"ก�����!���	� (protein efficiency ratio)  

��
ก�������
!������ก!���	�+�,8) (Apparent net protein utilization, ANPU) !'����+�ก��'���	* 
(Halver and Hardy, 2002) 

 

�
%&!�'!(� ก�
)*+,�
	�� (PER)   
  =   �*(����ก,	��")��2%*� (ก���) 

  �*(����ก2��!���	�,	����ก)� (ก���) 

 

ก�
)*+�
%,�*�-.�ก,�
	��&/�'! (ANPU, %) 
 =  �*(����ก!���	���������,	��")��2%*� (ก���) 

  �*(����ก2��!���	�,	����ก)� (ก���) 

 

�)�6��
��6����������2��6 ��=�	���*(����ก��� �����ก�����)B��)�!� ก����'���2����� 
�����+ ��6���������� ��*(����ก 6 �'���	���� ���� ��6���
ก��,���6�	 ���'����
+),8)4�"ก��
���!���	� ��
ก�������
!������ก!���	�+�,8) 2�����'�ก�(�"��,	�.'����������� �
��'ก��
,'���'��� One way analysis of variance (ANOVA) ��
�)�6��
��6�����ก� ��2��6 ��=�	��'��� 
Duncan� s multiple range test (DMRT) (Zar, 1984) 

 

 

 

 

 

 

 

 

 

 

 



 
116

Table 43. Formular (%) of  the experimental diet  

% in diet T1 T2 T3 T4 T5 T6 

Fish meal 72 58.7 45.4 32.1 18.8 5.5 

Soybean meal - 13.3 26.6 39.9 53.2 66.5 

Rice flour 8 8 8 8 8 8 

Wheat flour 10 10 10 10 10 10 

Rice brain 5 5 5 5 5 5 

Mineral premix 0.5 0.5 0.5 0.5 0.5 0.5 

Vitamin premix 1.0 1.0 1.0 1.0 1.0 1.0 

Soybean oil 3.3 3.3 3.3 3.3 3.3 3.3 

Vitamin mixture (mg/ kg diet): thiamine hydrochloride 30; riboflavin 30; nicotinic acid 140; 

calcium pantothenate 100; pyridoxine hydrochloride 25; vitamin B
12

 0.005; inositol 2,000; 

biotin 6; folic acid 6; choline chloride 1,000; ascorbyl- polyphosphate 250; vitamin E 200; 

vitamin K
3
 12; vitamin A 12,000 IU; vitamin D

3
 2400 IU; 

Mineral mixture (g/kg diet) KH
2
PO

4
 4.2; CaHPO

4
 3.3; NaH

2
PO

4
 6.25; KCL  2;

 
KI 1.6; 

 

MgSO
4
.7H

2
O 2; ZnSO

4
 0.1;MnSO

4 
0.1 
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��ก����ก�� 

 

�12-�
%ก�3��1�2"�#�1����
����1 

 ��กก���)�6��
����6���
ก��,���6�	2�������,'���,�*� 6 +;�� "�� ������,'���,�ก
+;���	�
'��!���	��ก���6	��ก����� �� 42.23 + 0.26 - 42.81 + 0.09 % ��
��)��9.2�����; ��� �� 
18.08 + 0.23 - 18.46 + 0.63 % '���+'��� Table 44. 5%����'�����
'��6 ���6���
ก��,���6�	2��
+����������"������,	�.� �	6�����ก� ��ก������ �
+;��  
 

Table 44. Chemical composition of the experimental diet (%) 

 

 

Protein 

(% dry weigh) 

Crude lipid 

(% dry weigh) 

Ash 

(% dry weigh) 

Moisture 

(% as fed) 

T1  0 % SBM of FM 42.81 + 0.09 18.08 + 0.23 13.99 + 0.04 2.17 + 0.15 

T2  15 % SBM of FM 42.79 + 0.10 18.24 + 0.21 12.80 + 0.34 2.08 + 0.05 

T3  30 % SBM of FM 42.72 + 0.09 18.14 + 0.35 11.69 + 0.20 2.15 + 0.08 

T4  45 % SBM of FM 42.52 + 0.58 18.46 + 0.63 10.32 + 0.30 2.05 + 0.04 

T5  60 % SBM of FM 42.26 + 0.29 18.20 + 0.60 9.27 + 0.20 2.17 + 0.03 

T6  75 % SBM of FM 42.23 + 0.26 18.40 + 0.41 8.20 + 0.11 2.11 + 0.06 

 

�������ก�4���� ก�
�.
!5�	!3,	 
�%��	
�ก�

��	��#�1����/ก��� �� 

 �*(����ก�=�	��� ����2�����'�ก�(�"���
�
����� � ,	�.'���������,'���,	����ก�ก����������
,'�,�����-��	6 ��")��+;�2%*�����
�
����2��ก��,'���'���+'��� Table 45. ,�*��	*�*(����ก�=�	��
� ����2�����'�ก�(�"��,	�.'����������� �
+;��.� �	6�����ก� ��ก��,��+�)�) (P>0.05) ���
�� ��
� ��+��'���,	� 0-6 2��ก��,'��� 29
,	���+��'���,	� 8 2��ก��,'���"�� �  ���'�ก�(�"���
�

����� � ,	�.'���������,'���,	����ก�ก����������,'�,�!���	���ก����-� 15-45 % ��
 75 % (+;��
,	� 2-4 ��
 +;��,	� 6) �	�*(����ก�=�	��� ������; ���ก9M�+;�.� ��ก� ��ก��,��+�)�) (P<0.05) �� ��.�ก3
�����������.'���������,'����� �
+;��� �.������
�
���� 10-12 +��'��� "�� ����'�ก�(�"��
�
�
����� � ,	�.'���������,'���,�ก+;���	�*(����ก�=�	��� ����.� ��ก� ��ก��,��+�)�) (P>0.05) 
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�������ก���� !�" ��	
�ก�
�.
!5�	!3,	 ��	
�
�ก����� 
�%��	
�ก�

��	�� 

 �*(����ก,	��")�� �����ก�����)B��)�!� �������ก���*� ��
�����ก����'���2�����'�ก�(�"��,	�
.'���������,'����� �
+;�� �+'��� Table 46. ,�*��	*�*(����ก,	��")�������ก�����)B��)�!� ��

�����ก����'���2�����'�ก�(�"���� �
��'ก��,'���.� �	6�����ก� ���� ���	���+(�6�B,��+�)�) 
(P>0.05) �� �����ก����ก���*�2�����,	�.'���������,'����+�)�ก�ก����������,'�,�!���	���
�
'�� 30 % �	6 ���(�ก� ����,	�.'�����������'6��6�� (.� �+�)�ก�ก����������,'�,�!���	�) 
�� ��.�ก3��������ก�����)B��)�!��(��"�
2�����,	�.'���������,'����+�)�ก�ก����������,'�,�
!���	�,�ก�
'�� �	6 �.� ��ก� ��ก���� ���	���+(�6�B,��+�)�) (P>0.05)   
 

Hepatosomatic index 
�% Condition factor #�1����/ก��� �� 

 Hepatosomatic index ��
 Condition factor 2�����'�ก�(�"��,	�.'���������,'����� �

+;���+'��� Table 47. ,�*��	*"�� �6 � hepatosomatic index 2�����'�ก�(�"��,�ก��'ก��,'����	6 �
.� ��ก� ��ก���� ���	���+(�6�B,��+�)�) (P>0.05)  + ��6 � condition factor 2�����,	�.'���������
,'����+�)�ก�ก����������,'�,�!���	����
'�� 0-60 % �	6 �.� ��ก� ��ก��,��+�)�) (P>0.05) 
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Table 45. Average body weight (g) of  Nieuhofii�s catfish fingerling fed each experimental diet for 12 weeks. 
 

 O wk 2wk 4 wk 6 wk 8 wk 10 wk 12 wk 

T1  0 % SBM of FM 11.34 + 1.48 
ns 

13.25 + 1.96 
ns 

14.29 + 2.31 
ns 

17.26 + 1.37 
ns 

19.13 + 1.15 
a 

21.49 + 0.97 
ns 

23.35 + 0.57 
ns 

T2  15 % SBM of FM 11.22 + 1.08 
ns

 14.25 + 1.83 
ns

 15.88 + 2.45 
ns

 17.85 + 2.66 
ns

 20.15 + 2.81 
ab

 23.18 + 3.50 
ns

 25.29 + 3.76 
ns

 

T3  30 % SBM of FM 11.54 + 1.23 
ns

 15.00 + 1.38 
ns

 18.10 + 1.37 
ns

 21.30 + 2.03 
ns

 24.30 + 3.16 
b

 26.89 + 3.75 
ns

 29.34 + 5.14 
ns

 

T4  45 % SBM of FM 11.26 + 1.77 
ns

 14.39 + 2.05 
ns

 16.47 + 2.69 
ns

 18.63 + 3.25 
ns

 21.75 + 2.93 
ab

 25.10 + 3.27 
ns

 27.91 + 3.44 
ns

 

T5  60 % SBM of FM 11.79 + 1.49 
ns

 13.95 + 1.04 
ns

 15.11 + 1.80 
ns

 17.86 + 2.32 
ns

 19.13 + 1.80 
a

 23.26 + 4.25 
ns

 25.99 + 3.76 
ns

 

T6  75 % SBM of FM 11.53 + 0.76 
ns 

14.22 + 1.42 
ns 

15.98 + 1.69 
ns 

18.02 + 1.63 
ns 

19.86 + 1.98 
ab 

22.69 + 3.01 
ns 

24.77 + 2.88 
ns 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

ns = non-significant (P>0.05) 
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Table 46.  Weight gain (%), specific growth rate (%), FCR and survival of  Nieuhofii�s catfish 

fingerling fed each experimental diet for 12 weeks. 

 

 Weight  gain (%) SGR (% / day) FCR Survival  (%) 

T1  0 % SBM of FM 108.31 + 27.36 
ns 

0.87 + 0.15 
ns 

2.67 + 0.20 
b 

86.67+ 23.09 
ns  

T2  15 % SBM of FM 124.65 + 13.46 
ns 

0.96 + 0.07 
ns 

1.98 + 0.45 
ab 

100.00 + 0.00 
ns

 

T3  30 % SBM of FM 156.00 + 52.61 
ns 

1.10 + 0.24 
ns 

1.74 + 0.15 
a 

86.67 + 15.28 
ns

 

T4  45 % SBM of FM 149.40 + 25.85 
ns 

1.08 + 0.12 
ns 

2.11 + 0.59 
ab 

75.00 + 21.21 
ns

 

T5  60 % SBM of FM 120.50 + 16.55 
ns 

0.94 + 0.09 
ns 

2.13 + 0.14 
 ab 

83.33 + 20.82 
ns

 

T6  75 % SBM of FM 114.82 + 20.90 
ns 

0.91 + 0.12 
ns 

2.16 + 0.58 
ab 

96.67 + 5.77 
ns

 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

ns = non-significant (P>0.05) 

 

Table 47.  Hepatosomatic index and condition factor of Nieuhofii�s catfish fingerling fed each 

experimental diet for 12 weeks. 
 

 HSI (%) Condition factor 

T1  0 % SBM of FM 0.81 + 0.17 
ns 

0.64 + 0.08 
ab 

T2  15 % SBM of FM 0.90 + 0.22 
ns 

0.65 + 0.04 
ab 

T3  30 % SBM of FM 0.91 + 0.13 
ns 

0.64 + 0.09 
ab 

T4  45 % SBM of FM 0.81 + 0.11 
ns 

0.64 + 0.05 
ab 

T5  60 % SBM of FM 0.93 + 0.16 
ns 

0.67 + 0.06 
b 

T6  75 % SBM of FM 0.94 + 0.23 
ns 

0.59 + 0.11 
a 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

ns = non-significant (P>0.05) 
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Effects of Dietary Carotenoids on Growth Performance, Pigmentation  

and Carotenoid Content in Nieuhofii�s Catfish (Clarias nieuhofii) 

 

$��(� 

 �	���ก	�����&�+��	������(������"�"�� ,	�	��	��"��*�� ��>

�$�.��!"�	��.��,.ก.��*ก��
.��*,.�����.�	)�)� ����.�	,�* "�,�*&4%� ,	���� 48����	��	�����"�&'	()*"�4%�*	��.���	���:���
,.ก.��*ก����,.�	�.�� .	)���&�+��	�������A.�ก

�������"���  ����ก�?��"7*��ก�
��6��&�+�"��
���>�9�	�"��*��&�(�)ก�
"�*))ก ก�
��6��)�'�
�����:���&'���"�"��'
�!�	�"��*��&�+�ก�
&����
�7	:���	�"��*��0�%��*'���*-����:������&�+�.%)*�	�.)�'�
"��'
�!�	�"��*�������
�:�&'���"� 
���%��"�4)*.���	�ก5.%)*��"�"�&4%� ,	�	��	��&�+�������"��� ;��*"���
#��6��0�%-��ก�
�$%
�
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���)��9$���������
�"��>�?��ก�
���0��$%�
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����)�'�
��
�
���8���&'���"���$���&�����7	:��4)*�	�	�.�	���ก	�����0�%��	����!.�)0�   

 

	%�*�����������ก��	
�%� 

 &�(�)�
�!#�*�	4)*ก�
&"
��,:-
���)��9$���.��*B ��)�'�
�����.�))�.
�ก�
&�
�=&.�!-. 
�
�"��>�?��ก�
�$%)�'�
 �	.�)"�!
�&�8�(��	��.�� ,	�!
�&�8	��	�� .	)����
���8,:-
���)��9
��.���	���ก	����� 

 

	
+�ก���(�"�
�ก��	
�%� 

ก�������	
�����
�
� 

&.
���)�'�
��	)*-���"�"�
"�"�*&:
��'9 0�%,ก� ,)".�,;����"�*&:
��'9 (Astaxanthin) 
!�.%�-,:-
���"�*&:
��'9 (β-Carotene) ,:���,;���� (Cantaxanthin) "���"�
"���ก,'	�*>

�$�.� 
0�%,ก�&;		9"�'
���"0�
7	���� (Spirulina sp.) -���
�!�
���8�'%��,:-
���)��9
��&���ก�! 100 ppm 

"���)�'�
"��'
�!$��:�!:��0��&"
��,:-
���)��9��)�'�
 (Table 48.)  )�'�
��	)*"��'
�!�	�
��ก	��������&.
���-����-�
.�� 40 % .����>�ก�
4)*"�?E� ,	�:8� (2551) �'%)�'�
��	)*,.�	�
"7.
,ก��	���,.�	�$��ก�
��	)*��&���*�).�):���.%)*ก�
4)*�	���ก��� ���	� 2 :
��* ��&�	� 
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.
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&�
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�!)�'�
��	)*,.�	�"7.
��ก$��* 2 "����'94)*
ก�
��	)* &�+�
���&�	� 8 "����'9 -��$��*����'��ก�	����*.7% !����ก������.�� &�(�):����8����'��ก
&F	���.�).�� ����'��ก���&���� ,	�)�.
�ก�

)�.�� !����ก�
���8)�'�
����$%&�(�)�����:����8)�.
�,	ก
&�(�)   .��"�ก�
 

 

 
����ก��� ��!��
����� "���#$
 (Feed  conversion  ratio, FCR) 
=     ����'��ก)�'�
����	�ก�� 

      ����'��ก�	����&����4��� 

 
�����

��� (Survival  rate) % 
= �������	����"���"��ก�
��	)*    ×  100       

  �������	����&
���.%� 

 �$'����ก��!�(�!	��$�  (Weight gain , WG) % 
=  (��.�	�&�(�)"���"��ก�
��	)* ; ��.�	�&�(�)&
���ก�
��	)*) ×  100      
  ����'��ก�	����&
���.%� 

 

ก��)�
ก��� ��!��� ���
�*���)+���
ก 

&�(�)"���"��ก�
��	)* &ก5!.��)���*�	�-��"	!�%�� 100 ppm �������ก���	7 (Clove oil) ,	%�
��������:��"����!
�&�8���'��*  &�
��!&���!ก�
&�	����,�	*"�?���)ก-��.
�����:���,.ก.��*4)*:��
"� L, a ,	� b .����>�ก�
4)* Choubert and Heirich (1993) 
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Table 48. Feed ingredients contained different sources of carotenoid for the Nieuhofii�s catfish. 

 

 T1 

control 

T2  Asx 

100 ppm 

T3 Beta 

100 ppm 

T4 Canta 

100 ppm 

T5  Spi 

100 ppm 

Fish meal 70 70 70 70 66.65 

Rice flour 8 7 7 7 8 

Wheat flour 10 10 10 10 10 

Wheat gluten 2 2 2 2 2 

Rice bran 2.7 2.7 2.7 2.7 2.7 

 Mineral premix
1 

2 2 2 2 2 

Vitamin premix
2 

2 2 2 2 2 

Fish oil 1.5 1.5 1.5 1.5 1.5 

Soybean oil 1.8 1.8 1.8 1.8 1.8 

Astaxanthin
3 

- 0.1 - - - 

Beta-carotene
3 

- - 0.1 - - 

Cantaxanthin
3 

- - - 0.1 - 

Spirulina
4 

- - - - 3.35 

 
1 

Mineral mixture (g/kg diet) KH
2
PO

4
 4.2; CaHPO

4
 3.3; NaH

2
PO

4
 6.25; KCL  2;

 
KI 1.6; 

 

MgSO
4
.7H

2
O 2; ZnSO

4
 0.1; MnSO

4 
0.1 

2 

Vitamin mixture (mg/ kg diet): thiamine hydrochloride 30; riboflavin 30; nicotinic acid 140; calcium 

pantothenate 100; pyridoxine hydrochloride 25; vitamin B
12

 0.005; inositol 2,000; biotin 6; 

folic acid 6; choline chloride 1,000; ascorbyl- polyphosphate 250; vitamin E 200; vitamin K
3
 

12; vitamin A 12,000 IU; vitamin D
3
 2400 IU. 

3

 BASF products, 10 % carotenoids activity. 

4

 Contained 1,500 ppm total carotenoid. 
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��ก����ก�� 

 

ก����ก�����
��������
�
���
ก������������� 

 ��กก�
.
��")!ก�
&�
�=&.�!-.4)*�	�'	�*��ก0�%
�!)�'�
��	)*,.�	�"7.
��ก$��* 2 
"����'94)*ก�
��	)* &�+�
���&�	� 8 "����'9 �!�������'��ก&F	���.�).��4)*�	���ก	��������0�%
�!
)�'�
��	)*&"
��,:-
���)��9$���.��*B ��:��0��,.ก.��*ก����*"#�.� (P>0.05) -��&�(�)"���"��ก�

��	)*���
���&�	� 8 "����'9����'��ก&F	���.�).��4)*�	���ก	���������ก$��ก�
��	)*��:��)�7���$��*  
9.69 + 0.48 - 11.45 + 1.11 ก
��.�).�� (Table 49.) 

 

Table 49.  Average body weight (g) of  Nieuhofii�s catfish fed test diet contained each source of 

carotenoid for 8 week. 

 

 0 wk 2 wk 4 wk 6 wk 8 wk 

T1 Control  1.10 + 0.06 
ns

 2.89 + 0.27 
ns

 4.59 + 0.56 
ns

 7.71 + 0.97 
ns

 10.96 + 1.93 
ns

 

T2 Asx 100 ppm 1.11 + 0.02 
ns

 2.83 + 0.10 
ns

 4.59 + 0.33 
ns

 7.26 + 0.51 
ns

 10.82 + 0.65 
ns

 

T3 Beta 100 ppm 1.15 + 0.06 
ns

 2.77 + 0.01 
ns

 4.32 + 0.17 
ns

 6.89 + 0.32 
ns

 9.69 + 0.48 
ns

 

T4 Canta 100 ppm 1.13 + 0.07 
ns

 2.93 + 0.16 
ns

 4.84 + 0.50 
ns

 8.01 + 0.88 
ns

 11.45 + 1.11 
ns

 

T5 Spirul 100 ppm 1.10 + 0.00 
ns

 2.71 + 0.25 
ns

 4.15 + 0.33 
ns

 7.02 + 0.46 
ns

 9.99 + 0.80 
ns

 

ns = non-significant (P>0.05) 

 

&�)
9&;5�.9����'��ก���&���� (% Weight gain) 4)*�	���ก	��������0�%
�!)�'�
��	)*&"
��,:-
         
���)��9$���.��*B &�+�&�	� 8 "����'9��:��)�7���$��*  725.66 + 52.00 - 869.01 + 106.49 %  -�����0����
:���,.ก.��*ก����*"#�.� (P>0.05) ��,.�	�$��ก�
��	)* &$��&����ก��ก�!)�.
�ก�
&�	����)�'�
&�+�
&�(�) ,	�ก�

)�.��;��*��:����$��* 1.06 + 0.10 - 1.15 + 0.09 ,	� 95.56 + 3.85 - 97.78 + 3.85 % 

.��	����! (Table 50.) "���:��)�.
�ก�
&�
�=&.�!-.���&��� (Specific growth rate, SGR) ��:��"7*���	�
���0�%
�!)�'�
��	)*&"
��,:���,;���� ,	�$��:�!:�� ;��*,.ก.��*��ก�	����0�%
�!)�'�
��	)*
&"
��!�.�-,:-
���)���*�����"��:�=��*"#�.� (P<0.05)  
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Table 50.  Weight gain (%), specific growth rate (%), FCR and survivals  of  Nieuhofii�s catfish fed 

test diet contained each source of  carotenoid for 8 week. 

 

 % Weight gain % SGR FCR % Survival 

T1 Control  871.44 + 137.52 
ns 

4.09 + 0.21 
a 

1.07 + 0.15 
ns 

97.78 + 3.85 
ns 

T2 Asx 100 ppm 831.06 + 106.69 
ns

 4.06 + 0.13 
ab 

1.08 + 0.10 
ns

 95.56 + 3.85 
ns

 

T3 Beta 100 ppm 725.66 + 52.00 
ns

 3.81 + 0.05
 b 

1.15 + 0.09 
ns

 97.78 + 3.85 
ns

 

T4 Canta 100 ppm 869.01 + 106.49 
ns

 4.13 + 0.14 
a 

1.06 + 0.10 
ns

 95.56 + 3.85 
ns

 

T5 Spirul 100 ppm 730.76 + 94.87 
ns

 3.94 + 0.14 
ab 

1.16 + 0.05 
ns

 91.11 + 3.85 
ns

 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

ns = non-significant (P>0.05) 

 

ก��)�
ก��� ��!��� ���
�*���)+���
ก 

&�(�)"���"��ก�
��	)* &ก5!.��)���*�	�-��"	!�%��"�
	�	�� 100 ppm �������ก�
�	7 (Clove 

oil) ,	%���������:��"�4)*���'��*���!
�&�8�%��4%�*	��.����,��
�'���*:
�!ก%� (Anal fin) ก%��,
กก�!
:
�!'	�* (Dorsal fin) (Figure 9.) &�
��!&���!ก�
&�	����,�	*"�?���)ก-��.
�����:���,.ก.��*
4)*:��"� L*, a* ,	� b*  �	ก�
��	)* �!����	���ก	��������0�%
�!)�'�
��	)*&"
��,)".�,;���� ��
"�����.�	,�*!
�&�8	��.�� 48�����	����0�%
�!)�'�
�"�"�'
���"0�
7	�����"�&'	()*!
�&�8	��.��
$��&��ก����	���$��ก�
��	)*)(��B (Figure 10.)  

 

Figure 9.  The zone of  Nieuhofii� s catfish skin used to determine body color by colormeter.  

Source :   Adapted from  Sudarto et al. (2004) 

 

 Determination zone 



 

 ��กก�
���:��"� ;��*,"�*�� 
L
*

) )�7���$��* 22.39 + 4.23 -   
(P>0.05)   48�����	����0�%
�!)�'�
$��:�!:�� 
ก��� ,	�,.ก.��*��ก�	����0�%
�!)�'�
��	)*&"
��,:-
���)��9��ก$���)���*�����"��:�=��*"#�.� 
(P<0.05) &�(�)���ก�
.
��")!:��"�&'	()* 
��	)*&"
��"�'
���"0�
7	�����
���!�����,:-
���)��9
�� 
���"�� (11.53 + 1.45) "����	����0�%
�!)�'�
$��:�!:��  
���'��*.������"�� (3.93 + 1.08) ,	�,.ก.��*)���*�����"��:�=��*"#�.�ก�!$��ก�
��	)*)(��B 
 

Figure 10. Body color of the Nieuhofii

 

Table 51.  Color parameters  of  Nieuhofii�s catfish fed test diet contained each source of  carotenoid 

for 8 week. 

 

T1 Control  

T2 Asx 100 ppm 

T3 Beta 100 ppm 

T4 Canta 100 ppm 

T5 Spirul 100 ppm 

Mean within column not sharing the same superscript are significantly different (P<0.05).

ns = non-significant (P>0.05)

��กก�
���:��"� ;��*,"�*�� Table 51.  �!����	�����ก$��ก�
��	)*��:��"�4��
   27.56 + 5.52  ;��*0����:���,.ก.��*ก����*"#�.���,.�	�$��ก�
��	)* 

48�����	����0�%
�!)�'�
$��:�!:�� (0��&"
��,:-
���)��9)  ��:��"�,�* 
�*��ก�	����0�%
�!)�'�
��	)*&"
��,:-
���)��9��ก$���)���*�����"��:�=��*"#�.� 

&�(�)���ก�
.
��")!:��"�&'	()* (Yellowness, b
*

) �!���&F����	���ก	��������0�%
�!)�'�

��	)*&"
��"�'
���"0�
7	�����
���!�����,:-
���)��9
�� 100 ppm ��:��"�&'	()*!
�&�8���'��*"7*

"����	����0�%
�!)�'�
$��:�!:��  (0��&"
��,:-
���)��9
,	�,.ก.��*)���*�����"��:�=��*"#�.�ก�!$��ก�
��	)*)(��B 

Body color of the Nieuhofii�s catfish fed each carotenoid supplemented diet for 8 weeks.

Color parameters  of  Nieuhofii�s catfish fed test diet contained each source of  carotenoid 

Lightness 

L* 

Redness 

a* 

27.56 + 5.52 
ns 

1.42 + 0.55 
b 

24.47 + 5.22 
ns

 3.23 + 0.57 
a 

22.39 + 4.23 
ns

 2.71 + 0.36
 a 

22.48 + 2.01 
ns

 2.60 + 0.42 
a 

24.56 + 4.96 
ns

 2.76 + 0.59 
a 

Mean within column not sharing the same superscript are significantly different (P<0.05).

significant (P>0.05) 
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�!����	�����ก$��ก�
��	)*��:��"�4��-��� (Lightness, 

��*"#�.���,.�	�$��ก�
��	)* 
��:��"�,�* (Redness, a

*

) .���
�*��ก�	����0�%
�!)�'�
��	)*&"
��,:-
���)��9��ก$���)���*�����"��:�=��*"#�.� 

�!���&F����	���ก	��������0�%
�!)�'�

��:��"�&'	()*!
�&�8���'��*"7*

0��&"
��,:-
���)��9) ��:��"�&'	()*4)*
,	�,.ก.��*)���*�����"��:�=��*"#�.�ก�!$��ก�
��	)*)(��B (P<0.05)  

 

�s catfish fed each carotenoid supplemented diet for 8 weeks. 

Color parameters  of  Nieuhofii�s catfish fed test diet contained each source of  carotenoid 

Yellowness 

b* 

3.93 + 1.08 
d 

7.09 + 1.28 
b 

5.64 + 0.97 
c 

5.02 + 0.55 
cd 

11.53 + 1.45 
a 

Mean within column not sharing the same superscript are significantly different (P<0.05). 
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 ��	�.�������
�
���$��	
/���) �� 

 ��กก�
��&:
��'9�
���8,:-
���)��9���*'����.���	���ก	�����&�(�)"���"��ก�
��	)* ��*,"�*
�� Table 52.  �!����
���8,:-
���)��9���*'����.���	���:��"7*���"����ก	����	����0�%
�!)�'�

��	)*&"
��,)".�,;���� &!.�-,:-
��� ,	�"0�
7	���  
)*	*��0�%,ก��	���ก	��������0�%
�!
)�'�
&"
��,:�.�,;���� ;��*,.ก.��*)���*�����"��:�=��*"#�.�ก�!�	����0�%
�!)�'�
$��:�!:��;��*0��
&"
��,:-
���)��9��)�'�
 (P<0.05)  

 

Table 52.  Total carotenoids contents  of  Nieuhofii�s catfish fed test diet contained each source of  

carotenoid for 8 week. 

 

 Total carotenoid  (ug/g dry weight) 

Intitial fish 3.99 + 1.23 

T1 Control 1.35 + 0.48 
a 

T2 Asx 100 ppm 9.47 +  1.61 
c 

T3 Beta 100 ppm 10.65 + 2.13 
c 

T4 Canta 100 ppm 6.06 + 2.37
 b 

T5 Spirul 100 ppm 12.06 + 1.14 
c 

Mean within column not sharing the same superscript are significantly different (P<0.05). 
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��	)*�!��� ,:-
���)��9��ก$��� 0�%,ก� !�.�-,:-
��� ,:�.�,;���� ,)".�
,;���� ,	�"�'
���"0�
7	��� ;��*&�+�,'	�*4)* ;�,;���� ,	� !�.�-,:-
��� ���	�'%:��"�,�* 
!
�&�8.���	���ก	�������:��"7*4��� ,.�&�(�)���ก�
.
��")!:��"�&'	()* �!���&F����	���ก	��������
0�%
�!)�'�
��	)*&"
��"�'
���"0�
7	�������:��"�&'	()*!
�&�8���'��*"7*���"�� ���*���&,:-
���)��9
,.�	�$������
�"��>�?��ก�
�7�;�� ,	����0��$%�
�-�$�9 (bioavailability) ,.ก.��*ก����"�.�9����,.�
	�$��� (Matsuno, 2001) ��$=�,	�:8� (2544) 0�%���ก�
��ก
��	4)*,)".�,;����.�)�	�ก��*
,�* �!����	����0�%
�!)�'�
&"
��,)".�,;�������
���!:���&4%�4%� 150 ,	� 100 �ก./กก.)�'�
 ���
!
�&�8:
�!,	�	��.������"�,�*&4%�ก����	����0�%
�!)�'�
��	)*$��)(�� 48���� "�?E� ,	�:8� (2548) 
��	)*�$%"0�
7	���&�+�,'	�*4)*,:-
���)��9��)�'�
�	��)* �!����	��)*���0�%
�!)�'�
&"
��
"�'
���"0�
7	�����
���! 3% ��ก�
&�
�=&.�!-.��������"�� -����:��"�&'	()* ,	�,�* "7*ก���ก	����	�
�)*���0�%
�!)�'�
$��:�!:�� Chien and Jeng (1992) ���ก�
��ก
�ก�
&
�*"���ก�%*:�
���� (Penaeus 

japonicus) -��&"
�� ,)".�,;���� !�.%�-,:-
��� ,	�"�'
����7��	�&)		�	*��)�'�
 �!���
,)".�,;����&�+�"�
"�������	.�)"�.��4)*ก�%*��ก -��ก�%*���&"
��,)".�,;������)�.
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���8          
,:-
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0�%
�!)�'�
�����ก�
&"
��,)".�,;���� ,	�)�'�
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��*�����*")�:	%)*ก�! 
��6��
 ,	� )�=$	� (2548) ;��*0�%��ก
��	4)*"�'
���"0�
70	��.�)ก�
&�
�=&.�!-. ,	�
���!
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&"
��
"�'
���"0�
7	��� ;��*��,:-
���)��9��
7�,!!;�,;���� ,	�!�.�-,:-
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The Study on the Optimum Levels of Spirulina for Body Color  

Improvement in Nieuhofii�s Catfish (Clarias nieuhofii) 
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 �	���ก	�����&�+��	������(������"�"�� ,	�	��	��"��*�� ��>

�$�.��!"�	��.��,.ก.��*ก��
.��*,.�����.�	)�)� ����.�	,�* "�,�*&4%� ,	���� 48����	��	�����"�&'	()*"�4%�*	��.���	���:���
,.ก.��*ก����,.�	�.�� .	)���&�+��	�������A.�ก
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���>�9�	�"��*��&�(�)ก�
"�*))ก ก�
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&����
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�!�	�"��*�������
�:�&'���"� 
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�
���8,:-
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��ก
���������� �!���ก�
&"
��"�'
���"0�
7	�����)�'�
���
���8�����,:-
��
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��.�))�'�
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&�(�)��ก
�
���!:���&4%�4%����&'���"�4)*,:-
���)��9������
�"��>�?�� .�))�.
�ก�

&�
�=&.�!-. �
�"��>�?��ก�
�$%)�'�
 ,	��	.�)"�����.�	,�*!
�&�8	��.�� ,	�"�&'	()*"�!
�&�8
	��	�� .	)����
���8,:-
���)��9��.���	���ก	����� 

 

	
+�ก���(�"�
�ก��	
�%� 

 

ก�������	
�����
�
�  ��1ก��/�2
�����*��	*��*� 

&.
���)�'�
��	)*"��'
�!�	���ก	�����  -���'%��-�
.�� 40  % .����>�ก�
4)* "�?E� ,	�
:8� (2551) )�'�
��	)*&"
��"�'
���"0�
7	���,'%* ���
���!:���&4%�4%�4)*,:-
���)��9
��  0, 

25, 50, 100, 200 ,	� 300  ppm .��	����! (Table 53.) ���0�&	���*�	���ก	�����&�+�&�	� 8 "����'9 ��*
,��ก�
��	)*,!! CRD (complete randomize design)  �
�ก)!�%�� 6  $��ก�
��	)* ,.�	�$��ก�

��	)*�
�ก)!�%��.7%��	)* 3 ;��� 

 

ก����ก�����
��������
�
���
ก������������� 

 .
��")!ก�
&�
�=&.�!-.4)*�	���ก	�����'	�*��ก0�%
�!)�'�
��	)*,.�	�"7.
��ก$��* 2 
"����'94)*ก�
��	)* &�+�
���&�	� 8 "����'9 -��$��*����'��ก�	����*.7% !����ก������.�� &�(�):����8
����'��ก&F	���.�).�� ����'��ก���&���� ,	�)�.
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)�.�� !����ก�
���8)�'�
����$%&�(�)�����:����8
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����ก��� ��!��
����� "���#$
 (Feed  conversion  ratio, FCR) 
=     ����'��ก)�'�
����	�ก�� 

     ����'��ก�	����&����4��� 

 


�����

��� (Survival  rate) % 
= �������	����"���"��ก�
��	)*    ×  100       
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�$'����ก��!�(�!	��$�  (Weight gain , WG) % 
=  (��.�	�&�(�)"���"��ก�
��	)* ; ��.�	�&�(�)&
���ก�
��	)*) ×  100      

   ����'��ก�	����&
���.%� 

ก��)�
ก��� ��!��� ���
�*���)+���
ก 

&�(�)"���"��ก�
��	)* &ก5!.��)���*�	� 6 .����ก,.�	�$��ก�
��	)* &�(�)�����"	!�%��
"�
	�	���������ก���	7 (Clove oil) 100 ppm &�+�&�	� 15-20 ���� ,	%���������:��"����!
�&�8���'��*  
&�
��!&���!ก�
&�	����,�	*"�?���)ก-��.
�����:���,.ก.��*4)*:��"� L, a ,	� b .����>�ก�
4)* 
Choubert and Heirich (1993) 

 

ก��)�����1�� ��	�.�������
�
�  

&ก5!.��)���*�	���	)*������ 10 .��.�)$��ก�
��	)*��������,'%*�%����>� freeze dry ,	%���*
���0�"ก��,:-
���)��9 ,	�.
������
���8,:-
���)��9���*'�� -�����.��)���*���!����ก����'��ก0�%
,	%�"ก���%�� acetone ���)�8'?7�� 45 

0

C ,�ก acetone ))ก�"�'	)���	)*�'�� ,	%�"ก��;���.��4���.)�
4%�*.%���ก
����*0���!"�	�	��))ก����ก.��)���*)�ก ��*,�ก,:-
���)��9���	�	��)�7��� acetone 

���*'��))ก�%�� ether -��ก�
&.������ก	��� 0.5 ml ,:-
���)��9��	�	��)�7���$��� ether ,	%���*,�ก
"��� etheric phase ))ก ���,:-
���)��9���	�	���� ether ���*'�����"ก��0�%))ก������'%&4%�4%��%��
ก�
&.�� sodium sulphate ,	�
�&'��%�� evaporator ?���.%,กH"0�-.
&�� (Yamada et al., 1990)  

��ก�������.��)���*,:-
���)��9���"ก��0�%������
���8,:-
���)��9���*'��.����>�ก�
4)* Sommer et 

al. (1991) -��	�	��.��)���*�� acetone ,	%����0����:��ก�
�7�ก	(�,"*���:������:	(��
�'���* 350-

750 nm �%�� scanning spectrophotometer ����
���8,:-
���)��9���*'����.��)���*-���$%:��ก�

�7�ก	(�,"*"7*"��������0�%:����8�%��:�� E1%

cm
 2150  
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Table 53.  Feed ingredients contained different levels of Spirulina carotenoid for the Nieuhofii�s 

catfish. 

 T1 T2 T3 T4 T5 T6 

Fish meal 70 66.97 63.94 57.88 45.76 33.65 

Rice flour  10 9.73 9.47 8.95 7.99 6.94 

Wheat flour 8 8 8 8 8 8 

Wheat gluten 2 2 2 2 2 2 

Rice bran 2.7 2.7 2.7 2.7 2.7 2.7 

Mineral premix
1 

2 2 2 2 2 2 

Vitamin premix
2 

2 2 2 2 2 2 

Fish oil 1.5 2.11 2.71 3.92 6.25 8.66 

Soy bean oil 1.8 1.8 1.8 1.8 1.8 1.8 

Spirulina
3 

- 2.69 5.38 10.75 21.50 32.25 

 100 100 100 100 100 100 

1 

Mineral mixture (g/kg diet) KH
2
PO

4
 4.2; CaHPO

4
 3.3; NaH

2
PO

4
 6.25; KCL  2;

 
KI 1.6; 

 
MgSO

4
.7H

2
O 

2; ZnSO
4
 0.1; MnSO

4 
0.1 

2 

Vitamin mixture (mg/ kg diet): thiamine hydrochloride 30; riboflavin 30; nicotinic acid 140; calcium 

pantothenate 100; pyridoxine hydrochloride 25; vitamin B
12

 0.005; inositol 2,000; biotin 6; 

folic acid 6; choline chloride 1,000; ascorbyl- polyphosphate 250; vitamin E 200; vitamin K
3
 

12; vitamin A 12,000 IU; vitamin D
3
 2400 IU. 

3

  Contained 900 ppm total carotenoid. 
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 ��กก�
.
��")!ก�
&�
�=&.�!-.4)*�	���ก	�����'	�*��ก0�%
�!)�'�
��	)*,.�	�"7.
��ก
$��* 2 "����'94)*ก�
��	)* &�+�
���&�	� 8 "����'9 �!�������'��ก&F	���.�).��4)*�	���ก	��������
0�%
�!)�'�
��	)*&"
��"0�
7	�����
���!.��*B ��:��,.ก.��*ก����*"#�.� (P<0.05) -��&�(�)"���"��
ก�
��	)*���
���&�	� 8 "����'9 �!����	���ก	��������0�%
�!)�'�
��	)*&"
��"0�
7	������
���8
�����,:-
���)��9 300 ppm ������'��ก&F	���.�).��.������"�� ,	�,.ก.��*��ก�	����0�%
�!)�'�
��	)*"7.

)(��B (P<0.05)  ��48�����	����0�%
�!)�'�
��	)*&"
��"0�
7	������
���8�����,:-
���)��9 0-100 

ppm ������'��ก&F	���.�).��0��,.ก.��*ก����*"#�.� (P>0.05) (Table 54.) 

 

Table 54.  Average body weight (g) of  Nieuhofii�s catfish fed test diet contained different levels of 

Spirulina carotenoid for 8 week. 

 

 0 wk 2 wk 4 wk 6 wk 8 wk 

T1 Control  0.68 + 0.05
ns 

1.53 + 0.16
ns 

3.10 + 0.19
b 

5.40 + 0.37
b 

8.06 + 0.39
c 

T2 25 ppm total caro. 0.70 + 0.08
ns 

1.49 + 0.23
ss 

2.78 + 0.40
b 

4.76 + 0.55
b 

7.18 + 0.42
bc 

T3 50 ppm total caro. 0.72 + 0.07
ns 

1.53 + 0.17
ns 

2.87 + 0.24
b 

4.81 + 0.53
b 

6.95 + 0.97
bc 

T4 100 ppm total caro. 0.69 + 0.05
ns 

1.54 + 0.06
ns 

3.12 + 0.10
b 

5.33 + 0.25
b 

7.85 + 0.56
c 

T5 200 ppm total caro. 0.70 + 0.06
ns 

1.53 + 0.15
ns 

2.72 + 0.26
b 

4.56 + 0.30
b 

6.46 + 0.41
b 

T6 300 ppm total caro. 0.71 + 0.05
ns 

1.38 + 0.09
ns 

2.23 + 0.25
a 

3.45 + 0.54
a 

4.78 + 0.96
a 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

ns = non-significant (P>0.05) 

 

����'��ก���&���� (% Weight gain) 4)*�	���ก	��������0�%
�!)�'�
��	)*&"
��"0�
7	���
���!
.��*B &�+�&�	� 8 "����'9��:���,.ก.��*ก����*"#�.� (P<0.05) -���	����0�%
�!)�'�
��	)*&"
��"0�

7	������
���8�����,:-
���)��9 0-100 ppm ��:������'��ก���&����)�7���$��* 835.41 + 51.09 - 946.38 + 

91.27 % ;��*0����:���,.ก.��*ก����*"#�.� (P>0.05) ,.�,.ก.��*)���*�����"��:�=��*"#�.�ก�!����'��ก���
&����4���4)*�	����0�%
�!)�'�
&"
��"0�
7	������
���8�����,:-
���)��9 200 ,	� 300 ppm (P<0.05) 

48����)�.
�ก�
&�	����)�'�
&�+�&�(�)��ก	����	����0�%
�!)�'�
��	)*&"
��"0�
7	������
���8�����
,:-
���)��9 300 ppm ��:��"7*���"�� ,	�,.ก.��*��*"#�.�ก�!$��ก�
��	)*)(��B   (P<0.05) "���ก�
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)�.��0����:���,.ก.��*ก����*"#�.���,.�	�$��ก�
��	)*-����:����$��* 88.89 + 10.18 - 97.78 + 

3.85 % (Table 55.)  

 

Table 55.  Weight gain (%), specific growth rate (%), FCR and survivals  of  Nieuhofii�s catfish fed 

test diet contained different levels of Spirulina carotenoid for 8 week. 

 

 % Weight gain % SGR FCR % Survival 

T1 Control  946.38 + 91.27
c 

4.41 + 0.14
c 

1.15 + 0.17
a 

88.89 + 10.18
 ns 

T2 25 ppm total caro. 889.47 + 47.62
c 

4.17 + 0.11
bc 

1.21 + 0.14
a 

95.56 + 3.85
 ns

 

T3 50 ppm total caro. 835.41 + 51.09
bc 

4.03 + 0.09
b 

1.12 + 0.14
a 

97.78 + 3.85
 ns

 

T4 100 ppm total caro. 940.75 + 38.68
c 

4.35 + 0.15
c 

1.04 + 0.01
a 

91.11 + 7.70
 ns

 

T5 200 ppm total caro. 763.33 + 74.57
b 

3.97 + 0.07
b 

1.26 + 0.14
a 

93.33 + 6.67
 ns

 

T6 300 ppm total caro. 511.04 + 53.43
a 

3.40 + 0.23
a 

1.77 + 0.30
b 

91.11 + 3.85
 ns

 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

ns = non-significant (P>0.05) 

ก��)�
ก��� ��!��� ���
�*���)+���
ก 

&�(�)"���"��ก�
��	)* &ก5!.��)���*�	�-��"	!�%��"�
	�	���������ก���	7 ,	%���������:��"�
4)*���'��*���!
�&�8�%��4%�*	��.����,��
�'���*:
�!ก%� (Anal fin) ก%��,
กก�!:
�!'	�* (Dorsal fin)  
&�
��!&���!ก�
&�	����,�	*"�?���)ก-��.
�����:���,.ก.��*4)*:��"� L

*

, a
*

 ,	� b
*

  �	ก�

��	)* �!����	���ก	��������0�%
�!)�'�
��	)*&"
��"0�
7	������
���8�����,:-
���)��9 25-100 

ppm  ��"�&'	()*!
�&�8	��.��$��&��ก����	���$��ก�
��	)*)(��B (Figure 11.)  

 

 ��กก�
���:��"� ;��*,"�*�� Table 56. �!����	���$��ก�
��	)*���0�%
�!)�'�
&"
��"0�
7	���
���
���8�����,:-
���)��9 0 ppm ��:��"�4��-��� (Lightness, L

*

) "7*���"�� ,.�0��,.ก.��*)���*��
���"��:�=��*"#�.�ก�!�	����0�%
�!)�'�
&"
��"0�
7	������
���8�����,:-
���)��9 25-100 ppm -��
)�7���$��* 19.75 + 1.27 - 23.77 + 3.94 ,.�,.ก.��*��*"#�.�ก�!�	����0�%
�!)�'�
��	)*&"
��"0�
7       
	������
���8�����,:-
���)��9 200-300 ppm  :��"�,�* (Redness, a

*

) 4)*�	���ก$��ก�
��	)*0��
,.ก.��*ก��)���*�����"��:�=��*"#�.� (P<0.05) ,.�&�(�)���ก�
.
��")!:��"�&'	()* (Yellowness, b

*

) 

�!����	���ก	��������0�%
�!)�'�
��	)*&"
��"�'
���"0�
7	�����
���!�����,:-
���)��9
�� 25-100 

ppm ��:��"�&'	()*!
�&�8���'��*��ก	���"7*���"��,	�,.ก.��*)���*�����"��:�=��*"#�.�ก�!$��ก�
��	)*
)(��B (P<0.05)  
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Figure 11. Body color of the Nieuhofii�s catfish fed diet contained different levels of Spirulina 

carotenoid for 8 weeks. 

 

Table 56.  Color parameters  of  Nieuhofii�s catfish fed test diet contained different levels of 

Spirulina carotenoid for 8 week. 

 

 Lightness 

L* 

Redness 

a* 

Yellowness 

b* 

T1 Control  23.77 + 3.94
b 

2.02 + 0.67
ns 

2.53 + 0.72
ab 

T2 25 ppm total caro. 19.75 + 1.27
ab 

2.31 + 1.05
 ns

 5.10 + 0.84
d 

T3 50 ppm total caro. 21.21 + 2.17
ab 

1.96 + 0.29
 ns

 4.45 + 0.78
cd 

T4 100 ppm total caro. 20.50 + 3.89
ab 

2.51 + 0.98
 ns

 4.05 + 1.04
cd 

T5 200 ppm total caro. 17.22 + 1.94
a 

2.45 + 0.85
 ns

 3.63 + 0.66
bc 

T6 300 ppm total caro. 18.39 + 4.00
a 

1.70 + 0.46
 ns

 1.97 + 0.61
a 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

ns = non-significant (P>0.05) 
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 ��	�.�������
�
���$��	
/���) �� 

 ��กก�
��&:
��'9�
���8,:-
���)��9���*'����.���	���ก	�����&�(�)"���"��ก�
��	)* ��*,"�*
�� Table 57. �!����
���8,:-
���)��9���*'����.���	���:��"7*���"����ก	����	����0�%
�!)�'�

��	)*&"
��"0�
7	������
���8�����,:-
���)��9 25-300 ppm  ;��*,.ก.��*)���*�����"��:�=��*"#�.�
ก�!�	����0�%
�!)�'�
$��:�!:��;��*0��&"
��"0�
7	�����)�'�
 (P<0.05)  

 

Table 57.  Total carotenoids contents  of  Nieuhofii�s catfish fed test diet contained different levels of 

Spirulina carotenoid for 8 week. 

 

 Total carotenoid  (ug/g dry weight) 

T1 Control  2.36 + 0.94
a 

T2 25 ppm total caro. 6.18 + 0.94
b 

T3 50 ppm total caro. 6.38 + 1.15
b 

T4 100 ppm total caro. 6.71 + 1.88
b 

T5 200 ppm total caro. 7.09 + 1.75
b 

T6 300 ppm total caro. 6.58 + 0.58
b 

Mean within column not sharing the same superscript are significantly different (P<0.05). 
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���� ���	
���
���ก����ก�� 

 

��กก�
��ก
� �!���ก�
�$%"�'
���"0�
7	����"���)�'�
���
���8�����,:-
���)��9 25-100 
ppm (2.69 -10.75 %) ���	�'%"�&'	()* ,	�"�,�*4)*���'��*�	���ก	�����&����4��� ;��*")�:	%)*ก�!
"�?E� ,	�:8� (2548) ;��*��	)*�$%"0�
7	���&�+�,'	�*4)*,:-
���)��9��)�'�
�	��)* �!���
�	��)*���0�%
�!)�'�
&"
��"�'
���"0�
7	�����
���! 3% ��ก�
&�
�=&.�!-.��������"�� -����:��"�
&'	()* ,	�,�* "7*ก���ก	����	��)*���0�%
�!)�'�
$��:�!:�� ,	�&"
��"�'
���"0�
7	������
���8 
1% ���*���,:-
���)��9,.�	�$������
�"��>�?��ก�
�7�;�� ,	����0��$%�
�-�$�9,.ก.��*ก����"�.�9
����,.�	�$��� (Matsuno, 2001) "��'
�!,:-
���)��9��"�'
���"0�
7	��� "����'=��
�ก)!�%��!�.�-

,:-
���  ,	�&;��,;���� ;��*&�+�,:-
���)��9������
���8��ก��.���	���ก ���*��� Tsushima et al. 

(2002) 
��*��)*:9�
�ก)!4)*,:-
���)��9���	���ก��"ก�	 Clarias -���!���"����'=�4)*,:-

���)��9��
��*ก��4)*�	���ก"ก�	��� :() &;��,;���� (31.7%) :
��-.,;���� (27.1%)  0�)�-.,;
���� (17.4%) ,	�!�.�-,:-
��� (3.7%) ��กก�
��ก
�4)* Boonyaratpalin et al. (2001) �!���ก�%*
ก�	����"���
#���!�.�-,:-
���;��*"ก����ก"�'
����7��	�&)		� (Dunaliella sp.) &�+�,'	�*4)*
*:
��.#�0�%)���*���
�"��>�?�� 
�����*ก�
��ก
�4)* Liao et al. (1993) �!���ก�%*ก�	����"���
#���!�.�-,:
-
���  ,	�&;��,;������ก"�'
��� "0�
70	��0��$%0�%��ก���!�.�-,:-
���"�*&:
��'9 ��".9 Phaffia 
,	� krill oil ;��*��,)".�,;����)�7���ก  ��กก�
��	)*����!���ก�
�$%"�'
���"0�
7	�����)�'�
��
�
���8�����กก��� 10.75 % ��)�'�
�����	�'%)�.
�ก�
&�
�=&.�!-.4)*�	���ก	�����	�	* ���*���)��
&�(�)*����ก
���!:���&4%�4%�4)*"0�
7	�����)�'�
���&����4������	.�)"���	4)*ก
�)���-�
����
)�'�
 ก�
0�%
�!)�'�
�����ก
�)���-�0��"���	���	����'%ก�
&�
�=&.�!-.4)*�	�	�	*0�% (Halver 

and Hardy, 2002) ;��*")�:	%)*ก�!ก�
��	)*��ก�%*ก�	����4)* Liao et al. (1993) ;��*�!���ก�%*ก�	�������
0�%
�!)�'�
&"
��"0�
7	��� 5%  ��ก�
&�
�=&.�!-..���ก���$��ก�
��	)*���0�%
�!)�'�
0��&"
��"0�
7	�
�� �)ก��ก�����ก�
��	)*�$%-�
.��&;		9&���� (single cells protein, SCP) &"
����)�'�
���
���8
��ก&ก�������	&"��.�)ก�
&�
�=&.�!-.4)*"�.�9���� ;��*)��&ก����ก���*��ก"���	4)*ก
�)���-�
����
)�'�
 .	)���)����"�
��!���*ก�
&���	�=)�'�
 (antimetabolites) )�7���&;		9���������$%&�+�,'	�*
4)*-�
.��&;		9&���� (Halver and Hardy, 2002)  �)ก��ก���$%"�'
���"0�
7	���&�+�,'	�*4)*,:-

���)��9��)�'�
,	%� Promya and Chitmanat (2011) ��*
��*�����ก�
�$%"�'
���"0�
7	����"�
)�'�
���
���8 5 % ���	$����'%
�!!?7��:�%�ก��4)*�	���ก,)L
�ก�����*��0�%���
�"��>�?����ก
4��� �%��&'.����)��.%)*��ก�
��ก
�&����&.��&ก����ก�!ก�
�$%"�'
���"0�
7	����"���)�'�
.�)ก�
���*��
4)*
�!!?7��:�%�ก�� ,	�:���.%�����-
:4)*�	���ก	�����;��*��$����'%ก�
��6��)�'�
"��'
�!�$%
&	���*�	���ก	��������
�"��>�?��"7*���"��  
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ก����ก�����%$���	
��&
�0�'���-��� �ก��"��
#"�
$�� ก��������  

ก����ก"�12� �������ก�$���"�&�  �����
&�
	
��&
�0�'������ก�(�)%� 

 

Study of Dietary Vitamin C Levels on Growth, Survival, Feed Conversion, Body 

Composition and Body Vitamin C Content of  Nieuhofii� s Catfish (Clarias nieuhofii) 

 

���'� 

 

 �	���ก	����� (Clarias nieuhofii) &�+��	������(�$���'���*���)����&F���#��� �!"����'=���
!
�&�8�/��
� &�+��	�������������!
�-?:&�(�)*��ก��
"$�.���ก����	���ก����0� ,	���กก�
"��
��
�!����	���ก	�������>

�$�.���,��-�%�	�	* (�
���> ,	�:8�, 2538) ��*��:���������&���
4������>�9�	���ก	�����&�(�)ก�
)��
�ก
9���>�9�	�,	���ก
�:���&�+�0�0�%��ก�
&���&	���*&$�*
&�

Oก�� ,.�&�(�)*��ก&�+��	�$����'�����"���
#&���4������>�90�%��*4��4%)�7	.��*B ������&�+�.�)ก�

&���&	���* ,	�4������>�9 -��&F���4%)�7	�%��:���.%)*ก�
"�
)�'�
4)*�	�;��*��&F����%��4)*
"�
)�'�
����'%�	�**�� ("�?E� ,	�:8�, 2551) ,.�4%)�7	"�
)�'�
���0���'%�	�**�� 0�%,ก� ��.����
,	�,
�>�.�;��*��!���&�+�"�
)�'�
�����:���"��:�=.�)"�4?��,	��	�	�.4)*�	�������*0����
��*��
ก�
��ก
� ���*�����.����;�&�+���.����	�	�����������:���"��:�=.�)ก�
&�
�=&.�!-. ,	����	.�):���
"�!7
894)*-:
*"
%�*4)*
��*ก���	�&�+�)���*��ก (Halver and Hardy, 2002) ��ก
��*��ก�
��ก
�
�!����	���ก���4����.����;� '
()0�%
�!���
���8���0��&���*�) ��,"�*	�ก
8�ก
��7ก"��'	�*:�*) 
	��.��:�*) -:
*"
%�*4)*ก
�-'	ก����ก.� 
���*:9.��*B ���*'��� ,	�:
�!'�*"�กก
�)� '�"��� 
��48�����	����0�%
�!)�'�
&"
����.����;����
���8���&'���"� ����
7�
��*	�ก
8� ,	�ก�
&�
�=&.�!
.���ก.� (Boonyaratpalin and Phromkunthong, 2001)  �)ก��ก�����.����;���*���	.�)
�!!?7��:�%�ก�� 
ก�
"���!��,�	 ,	�:���.%�����-
: ,	�:���.%�����:���&:
���4)*�	� ;��*��$����'%�	����
0�%
�!)�'�
������
���8��.����;�&'���"���"�4?���� :���.%�����-
:"7*4��� (Eo and Lee, 2008) 
*������������*������&�(�).
��")!�	4)*ก�
&"
����.����;���
���!.��*B .�)ก�
&�
�=&.�!-. ,	�
"�4?��4)*�	���ก	����� ;��*��$���&����)*:9:���
7%��ก�
�
�!�
�*"7.
)�'�
"��'
�!ก�
&���&	���*
�	���ก	����� &�(�)&�+�,����*'���*���$���"�*&"
���'%ก�
&���&	���*�	���ก	������
�"!�	"��&
5���ก
���*4��� 
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	%�*�����������ก��	
�%� 

&�(�)�
�!�	4)*��.����;�
���!.��*B .�)ก�
&�
�=&.�!-. )*:9�
�ก)!��*&:��4)*.���	� 
,	�ก�
&�	����,�	*��*&�(�)&�(�) ,	�ก�
&�	����,�	*�
���8��.����;���.���	���ก	����� 

 

	
+�ก���(�"�
�ก��	
�%� 

&.
���)�'�
��	)*�����-�
.��
�� 40 %  (Table 58.)   -��)�'�
��	)*,.�	�"7.
&"
��
��.����;�)�����>9L)"&L. (ascorbyl-2-polyphosphate) ���
���8�������.����;� 0, 50, 100, 200 ,	� 
300 "�����	%��"��� .��	����!  

 

Table 58. Feed ingredients contained different sources of carotenoid for the Nieuhofii�s catfish. 

 

 T1 

control 

T2   

50 ppm 

T3  

100 ppm 

T4  

200 ppm 

T5   

300 ppm 

Fish meal 70 70 70 70 70 

Rice flour 8 7.9857 7.9714 7.9429 7.9143 

Wheat flour 10 10 10 10 10 

Wheat gluten 2 2 2 2 2 

Rice bran 2.7 2.7 2.7 2.7 2.7 

 Mineral premix
1 

2 2 2 2 2 

Vitamin premix
2 

2 2 2 2 2 

Fish oil 1.5 1.5 1.5 1.5 1.5 

Soybean oil 1.8 1.8 1.8 1.8 1.8 

Ascorbyl-2-

polyphosphate
 

0 143 mg 286 mg 571 mg 857 mg 

 
1 

Mineral mixture (g/kg diet) KH
2
PO

4
 4.2; CaHPO

4
 3.3; NaH

2
PO

4
 6.25; KCL  2;

 
KI 1.6; 

 

MgSO
4
.7H

2
O 2; ZnSO

4
 0.1; MnSO

4 
0.1 

2 

Vitamin mixture (mg/ kg diet): thiamine hydrochloride 30; riboflavin 30; nicotinic acid 140; calcium 

pantothenate 100; pyridoxine hydrochloride 25; vitamin B
12

 0.005; inositol 2,000; biotin 6; 

folic acid 6; choline chloride 1,000; ascorbyl- polyphosphate 250; vitamin E 200; vitamin K
3
 

12; vitamin A 12,000 IU; vitamin D
3
 2400 IU. 
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��*,��ก�
��	)*,!!"���.	)� (CRD) -��&	���*�	���ก	�����
����	����������4��� 1-1.5  
ก
��.�).�� ��.7%&	���*4��� 120 	�.
 ������
���.
���� 100 	�.
  .7%	� 15 .��  -��,!�*&�+� 5 $��ก�

��	)* $��ก�
��	)*	� 3 ;��� �'%)�'�
�	�.��,.�	�$��ก�
��	)*  -���'%)�'�
�	����	�  2  

:
��* ���
���8����	�ก��'��?���� 20 ���� (�
���8 3-5 % 4)*����'��ก.��.�)���)   �7�.�ก)�,	�
&�
)�'�
����(��!�)�	���ก 2 ��� -��&�	����#���������ก 2 ���    ��ก 2 "����'94)*ก�
��	)* .
��")!
ก�
&�
�=&.�!-.4)*�	���,.�	�$��ก�
��	)*-��$��*����'��ก
�� !����ก�
���8)�'�
����$% ��!
�������	����&'	()&�(�):����8����'��ก&F	���.�).�� ����'��ก�	����&����4��� )�.
�ก�
&�
�=&.�!-..�)��� 
)�.
�ก�
&�	����)�'�
&�+�&�(�) ,	�ก�

)�.��4)*�	���,.�	�.7%��	)*&�+�
���&�	� 10  "����'9  
.��"�ก�
 (Halver and Hardy, 2002) 

 


����ก����ก� ��!��
����� "���#$
 (Feed conversion ratio, FCR) 
FCR = ����'��ก)�'�
����	�ก�� / ����'��ก�	����&����4��� 

 
����ก���

��� (Survival rate), % 
)�.
�ก�

)�.�� = (�������	����"���"��ก�
��	)* / �������	�&
���.%�) x 100 

  

�$'����ก��!�(�!	��$� (Weight gain, WG), % 
WG = [(����'��ก�	�"���%��-����'��ก�	�&
���.%�) / ����'��ก�	�&
���.%�] x 100 

 

&�(�)"���"��ก�
��	)*"���.��)���*�	� 6 .����ก,.�	�$��ก�
��	)*&�(�)���0�.
��")!�
���8
��.����;���.�! ,	�0."���'�%� -��,$�&�()ก,45*�	���ก,.�	�.7%&	���*���)�8'?7�� -80 )*��&;	&;��" 
,�ก.��.�! ,	�0."���'�%����0���&:
��'9�
���8��.����;� .����>�ก�
4)* Boonyaratpalin and 

Phromkunthong (2001) .
��")!:�������ก.�4)*&�(�)&�(�)&'*()ก .�! 0. -��&ก5!.��)���*&�(�)&�(�)�	� 
10 .�� ��ก,.�	�$��ก�
��	)*�)*��"�
	�	�� 10 % buffered formalin ,	%����0���ก
���*&�(�)&�(�)
�����.����>�ก�
4)* Humason (1972)     ��ก����"���.��)���*�	����&'	()&�(�)���0���&:
��'9
)*:9�
�ก)!��*&:��4)*.���	� 0�%,ก� �
���8:���$(�� -�
.�� 04��� ,	�&#%� .����>�ก�
4)* AOAC 

(1990)  :����8�
�"��>�?��ก�
�$%-�
.�� (protein efficiency ratio)  ,	�ก�
�$%�
�-�$�9��ก
-�
.��"��>� (Apparent net protein utilization, ANPU) -���$%"�ก�
��*��� (Halver and Hardy, 2002) 

 

  �1*��9�+�(ก��/:2� ���� (PER)   
  =   ����'��ก���&����4��� (ก
��) 

  ����'��ก4)*-�
.������	�ก�� (ก
��) 
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 ก��/:2 �1��:����ก� ����*;�9� (ANPU, %) 
 =  ����'��ก-�
.����.���	����&����4��� (ก
��) 

  ����'��ก4)*-�
.������	�ก�� (ก
��) 

 

��&:
��'9:���,�
�
��4)*:��&F	�������'��ก�	� )�.
�ก�
&�
�=&.�!-. ก�

)�.��4)*
�	� �
���8��.����;���.�! ,	�0."���'�%� )*:9�
�ก)!��*&:�� .	)����
�"��>�?��ก�
�$%
-�
.�� ,	�ก�
�$%�
�-�$�9��ก-�
.��"��>� 4)*�	���ก	��������0�%
�!)�'�
,.�	�$��ก�
��	)*
�%�� One way analysis of variance (ANOVA) ,	���&:
��'9:���,.ก.��*4)*:��&F	����%�� Duncan� s 

multiple range test (DMRT) (Zar, 1984) 

 

��ก����ก�� 

ก����ก�����1
��)���	��<���
ก������������� 

 ��กก�
.
��")!ก�
&�
�=&.�!-.4)*�	���ก	�����'	�*��ก0�%
�!)�'�
��	)*&"
����.����;�
,.�	�
���!��ก$��* 2 "����'94)*ก�
��	)* &�+�
���&�	� 10 "����'9 �!�������'��ก&F	���.�).��4)*
�	���ก	��������0�%
�!)�'�
��	)*&"
����.����;�
���!.��*B ��:��,.ก.��*ก����*"#�.� (P<0.05) -��
&�(�)"���"��ก�
��	)*���
���&�	� 10 "����'9 �!����	���ก	��������0�%
�!)�'�
��	)*0��&"
����.����
;� ($��:�!:��) ������'��ก&F	���.�).��.������"�� ,	�,.ก.��*��ก�	����0�%
�!)�'�
��	)*"7.
)(��B 
(P<0.05)  ��48�����	����0�%
�!)�'�
��	)*&"
����.����;���ก
���! (50-300 ppm) ������'��ก&F	���.�)
.��0��,.ก.��*ก����*"#�.� (P>0.05) (Table 59.) 

 

Table 59. Average body weight (g) of the Nieuhofii�s catfish fed test diet supplemented with  

different vitamin C for 10 weeks. 

Vitamin C 0 week 2 week 4 week 6 week 8 week 10 week 

T1 0 ppm 1.01±0.12
a 

1.90+0.15
a 

3.09±0.13
a 

4.22±0.11
a 

5.06±0.45
a 

5.89±0.80
a 

T2 50 ppm 1.04±0.06
a 

2.05±0.15
a 

3.56±0.33
ab 

5.48±0.66
b 

7.42±1.12
b 

9.35±1.11
b 

T3 100 ppm 1.04±0.05
a 

2.08±0.21
a 

3.73±0.43
b 

5.76±0.52
b 

7.96±0.98
b 

10.74±1.57
b 

T4 200 ppm 1.04±0.03
a 

2.08±0.10
a 

3.74±0.32
b 

5.75±0.55
b 

7.50±1.00
b 

9.77±1.48
b 

T5 300 ppm 1.06±0.05
a 

2.00±0.17
a 

3.71±0.23
b 

5.65±0.48
b 

7.77±0.05
b 

10.08±0.82
b 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

ns = non-significant (P>0.05) 
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����'��ก���&���� (% Weight gain) 4)*�	���ก	��������0�%
�!)�'�
��	)*&"
����.����;�
���!
.��*B &�+�&�	� 10 "����'9��:���,.ก.��*ก����*"#�.� (P<0.05) -���	���ก	��������0�%
�!)�'�

��	)*0��&"
����.����;� ($��:�!:��) ������'��ก���&����.������"�� 48�����	����0�%
�!)�'�
��	)*&"
��
��.����;���ก
���! ������'��ก���&���� )�7���$��* 801.97 + 98.49 - 941.12 + 155.73 % ;��*0����:���
,.ก.��*ก����*"#�.� (P>0.05) ,.�,.ก.��*)���*�����"��:�=��*"#�.� )�.
�ก�
&�	����)�'�
&�+�&�(�)��:��
"7*���"�����	����0�%
�!)�'�
��	)*0��&"
����.����;� ($��:�!:��) ,	�,.ก.��*��*"#�.�ก�!$��ก�

��	)*)(��B   (P<0.05) "���ก�

)�.���!����	���ก	��������0�%
�!)�'�
��	)*&"
����.����;� 300 
ppm ��ก�

)�.��.���ก����	����0�%
�!)�'�
��	)*&"
����.����;� 50 ppm ,.�ก�

)�.��4)*�	����* 
2 ก	��� 0����:���,.ก.��*ก����*"#�.�ก�!�	���$��ก�
��	)*)(��B (Table 60.)  

 

Table 60.  Weight gain (%), specific growth rate (%), FCR and survivals  of  Nieuhofii�s catfish fed 

test diet contained different levels of vitamin C for 10 week. 

 

 % Weight gain % SGR FCR % Survival 

T1 0 ppm 495.78 + 144.07
a 

2.52 + 0.33 
a 

2.26 + 0.38 
a 

88.89 + 3.85 
ab 

T2 50 ppm  801.97 + 98.49 
b 

3.14 + 0.15 
b 

1.52 + 0.13 
b 

97.78 + 3.85 
b 

T3 100 ppm  941.12 + 155.73 
b 

3.34 + 0.22 
b 

1.42 + 0.05 
b 

88.89 + 10.18 
ab 

T4 200 ppm  841.27 + 126.15 
b 

3.19 + 0.19 
b 

1.44 + 0.17 
b 

93.33 + 0.00 
ab 

T5 300 ppm  852.14 + 125.37 
b 

3.21 + 0.19 
b 

1.48 + 0.11 
b 

84.44 + 3.85
a 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

ns = non-significant (P>0.05) 

 

 
��� �1ก
������	��
�����ก�� �� 
 �	���ก	�����ก	������0�%
�!)�'�
��	)*0��&"
����.����;� ��:���$(����
��*ก��"7*���"�� 
,.ก.��*��กก	���)(��)���*�����"��:�=��*"#�.� (p<0.05) 48�����	���ก	��������0�%
�!)�'�
��	)*��ก
"7.
���
���8-�
.�� ,	�04�����
��*ก��0��,.ก.��*ก��)���*�����"��:�=��*"#�.� (p>0.05) "���ก�

��&:
��'9�
���8&#%��!��� �	�ก	������0�%
�!��.����;���ก
���!��:��&�)
9&;5�.9&#%��%)�ก���ก	������0��0�%

�!��.����;�)���*�����"��:�=��*"#�.� (p<0.05) (Table 61.)  
 :���
�"��>�?��ก�
�$%-�
.�� (PER) ,	� ก�
�$%�
�-�$�94)*-�
.��"��>� (ANPU) ��:��.���
���"�����	���ก	��������0�%
�!)�'�
��	)*0��&"
����.����;� 48�����	����0�%
�!)�'�
��	)*&"
��
��.����;� 50-300 ppm ��:���
�"��>�?��ก�
�$%-�
.�� ,	� ก�
�$%�
�-�$�94)*-�
.��"��>�0��
,.ก.��*ก��)���*�����"��:�=��*"#�.� (p>0.05) (Table 62.) 
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Table 61.  Chemical compositions  of  Nieuhofii�s catfish fed test diet contained different levels of 

vitamin C for 10 week. 

 Moisture (%) Ash (%) Lipid (%)  Protein (%) 

T1 0 ppm 74.26±0.74
a 

12.04±0.40
a

 32.86±0.34 
ns

 53.43±1.06 
ns 

T2 50 ppm  70.87±0.62
b 

9.25±0.36
b

 38.20±1.52 
ns

 50.75±1.13
 ns

 

T3 100 ppm  71.82±1.66
b 

9.23±0.91
b

 36.40±5.18 
ns

 53.47±3.79
 ns

 

T4 200 ppm  72.15±0.85
b 

8.92±0.08
b

 37.01±2.37 
ns

 52.74±0.78
 ns

 

T5 300 ppm  72.40±0.80
b 

9.40±1.44
b

 34.97±3.36 
ns

 53.74±0.32
 ns

 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

ns = non-significant (P>0.05) 

 

Table 62.  Protein efficiency ratio (PER) and apparent net protein utilization (ANPU)  of  Nieuhofii�s 

catfish fed test diet contained different levels of vitamin C for 10 week. 

 PER ANPU (%) 

T1 0 ppm 1.10 + 0.20
 a 

15.56 + 3.00 
a 

T2 50 ppm  1.63 + 0.14 
b 

24.57 + 1.84 
b 

T3 100 ppm  1.73 + 0.04 
b 

26.56 + 0.83 
b 

T4 200 ppm  1.68 + 0.21 
b 

25.13 + 3.05 
b 

T5 300 ppm  1.63 + 0.11 
b 

24.79 + 2.06 
b 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

 

  ��	�.)���	��<�/������13�*�)���2� 

 �	�ก	������0�%
�!)�'�
0��&"
����.����;� ���
���8��.����;���.�! ,	�0."���'�%��%)����"��
,.ก.��*��กก	���)(��)���*�����"��:�=��*"#�.� (p<0.05) ���*����
���8��.����;���.�!4)*�	���ก	��������
0�%
�!)�'�
��	)*&"
����.����;� 50, 100, 200 ,	� 300 ppm ��:��&����"7*4��� ,	���:���,.ก.��*
)���*�����"��:�=��*"#�.� (p<0.05) .��
���!4)*��.����;����0�%
�!��)�'�
 48�����
���8��.����;���
0."���'�%�4)*�	����0�%
�!)�'�
��	)*&"
����.����;� 50-300 ppm ��:��0��,.ก.��*ก����*"#�.�
(p>0.05) (Table 63.) 
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Table 63.  Vitamin C content in the liver and head kidney of  Nieuhofii�s catfish fed test diet 

contained different levels of vitamin C for 10 week. 

 

 Vitamin C in  liver 

(ug/g) 

Vitamin C in head kidney 

 (ug/g) 

T1 0 ppm 8.48±14.69
a

 1.69±2.93
a

 

T2 50 ppm  33.42±3.37
b

 65.04±16.36
ab

 

T3 100 ppm  58.44±4.58
c

 40.79±19.87
ab

 

T4 200 ppm  87.32±7.87
d

 63.57±18.60
ab

 

T5 300 ppm  111.30 + 6.42
e

 91.40 + 26.73
b 

Mean within column not sharing the same superscript are significantly different (P<0.05). 

 

 ก��� ��!��� �������#$
��#!
 
 0���!���>�"?����&�(�)&�(�)&'*()ก4)*�	���ก	��������0�%
�!)�'�
&"
����.����;���ก
���!  
,.���ก	������4����.����;� �!:�������ก.���&�(�)&�(�)&'*()ก ก	���:() respiratory epithelium 4)* 
secondary lamellae ��ก�
,�ก.�� ,	�&ก��ก�
,!�*&;		9��ก����ก.� (hyperplasia) 4)* epithelium cell 

!
�&�8 secondary lamellae ���*�����&�(�)&�(�).�! ,	�0.4)*�	����0�%
�!)�'�
��	)*��ก"7.
��"?��
&�(�)&�(�)�ก.� (Figure 12-14) 
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Figure 12. (Upper) Normal structure of gills in the Nieuhofii�s catfish fed test diet supplemented with 

vitamin C, secondary lamellae (SdL) are line up along both sides of the primary lamella (PL) 
(Lower) Detachment of respiratory epithelium in the secondary lamellae and hyperplasia of 
secondary lamella epithelium in the fish fed diet without vitamin C supplementation (H&E, 

40×) (PL = primary lamellar, SdL = secondary lamellae, Epi = epithelium cell, Pi  = Pillar 

Cells, De = detachment, Hy = hyperplasia) 
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Figure 13. Normal liver parenchyma of Nieuhofii�s catfish fed all test diet. (H&E, 40×) (Hp = 

hepatocyte, Si = sinusoid) 
 

 

 

Figure 14. Normal structure of posterior kidney of Nieuhofii�s catfish fed all test diet, the figure  

 shows normal cells of the renal corpuscle and renal tubule. (H&E, 40×) (G = glomerulus,  

BC = Bowman�s capsule, RT = renal tubule) 



 
148

 

���� ���	
���
���ก����ก�� 
 

 
���!4)*��.����;���)�'�
���	.�)ก�
&�
�=&.�!-.4)*�	���ก	�����:() �	�ก	������0��0�%
�!
��.����;���ก�
&�
�=&.�!-.,	��
�"��>�?��ก�
�$%)�'�
.��� ")�:	%)*ก�!�����
��*�����	�$���)(��
0�%,ก� �	�ก�)&�
�ก�� (Channel catfish) (Lim et al., 2000) ,	��	���ก!�Sก)�� (Booyaratpalin and 

Phromkunthong, 2001) ,"�*�'%&'5����
���!4)*��.����;����	.�)ก�
&���!)	�;��4)*
��*ก�� ���*���
��.����;����'�%����'	�ก��ก�
&�+� co-factor 4)*&)�0;�9 prolylhydroxylase ,	� lysly hydroxylase ;��*
���'�%������ก�
&.��'�7� hydroxyl ��ก
�)���-� proline ,	� lysine ��
�'���*ก�
"
%�* collagen ;��*
&�+�-�
.��-:
*"
%�*4)*&�(�)&�(�)&ก�������.��*B ��
��*ก��"�.�9���� 
�����*��*���*��
���ก�!&)�0;�9��
ก
�!��ก�
&���	�=04��� (Halver and Hardy, 2002) ��ก
8�����	�4����.����;� '
()0�%
�!)�'�
���
���
���8��.����;�0��&���*�)��"�*�	�'%&ก��ก�
"
%�*&�(�)&�(�)&ก����������0��"�!7
89 ,	�4��:���
,45*,
* ����'%-:
*"
%�*4)*���'��* ก
��7ก '	)�&	()� ,	�&�(�)'�%�)�����.��*B ����ก.� ,	����	&"��
.�)"�4?�� ,	�ก�
&�
�=&.�!-.4)*�	� (Booyaratpalin and Phromkunthong, 2001) 
 
���!4)*��.����;����&����4�����)�'�
�����	�'%�
���8��.����;���.�!,	�0.&����4����%�� 
&$��&����ก�!����!���	�$���)(�� 0�%,ก� �	�ก�)&�
�ก�� (Murai et al., 1978) ,	��	���	 

����
9&�� (Sobhana et al., 2002) �	���ก	��������4����.����;��������>�"?��4)*&�(�)&�(�)���,"�*
:�������ก.�)���*$��&�� :() ก�
,�ก.��4)* respiratory epithelium !
�&�8 secondary lamellae 

&�(�)*��กก�
4����.����;����&�+�)*:9�
�ก)!
���4)*&)�0;�9����$%"
%�*0T�
)ก;�-�
	�� ,	�0T�

)ก;�0	;�� ;��*���	.�)ก�
"
%�*:)		�&�� (Booyaratpalin and Phromkunthong, 2001) ����'%:)		�
&�����"
%�*0�%0��,45*,
* "�*�	.�)ก�
���.��4)* Respiratory Epithelium ก�! Pillar Cells ,	�&�(�)*��ก
ก�
���.��4)* Respiratory Epithelium ก�! Pillar Cells ���0�%0������*��ก�
,!�*.��4)* Epithelium Cell 
��ก����ก.� &�(�)�U)*ก��'	��))ก4)*&;		9 ,.���)�����.�!,	�0.0���!���>�"?���������ก.�)��
&�
��
���������ก�
��	)*�%)�&ก��ก�������	���,"�*)�ก�
����ก.� (Booyaratpalin and 

Phromkunthong, 2001)  
 ��กก�
��	)*����!����	���ก	�������:���.%)*ก�
��.����;���
���!.��� :()��.����;����
���! 
50 ppm &���*�).�)ก�
&�
�=&.�!-.4)*�	�$������ ;��*")�:	%)*ก�!����!��
��*��4)* NRC (1993) 

���
�!�����	���ก	��� Catfish ��:���.%)*ก�
��.����;� 50 ppm   
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9>�� ��*'��� .
�*, 27-29 "�*'�:� 2551. 
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��$�ก�
 F!�!��� 19/2544. �7��9
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��
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