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The experiment was conducted to investigate the effect of Multimineral Chito Amino 
Acid Organic Chelate (MAC) supplementation on boar semen quality. Fifteen Duroc boars, 
average 24 months of age, were allocated randomly into 3 treatments. Each treatment consisted 
of five boars. All treatments were fed with boar diet (basal feed). The boars in treatment 1 were 
provided with basal feed (control group), treatment 2 basal feed + 1 liter/ton of MAC and 
treatment 3 basal feed + 2 liter/ton of MAC in the diet. The results indicated that the boars in 
treatment 2 and 3 had higher percentage of live sperm (P<0.05) than control group. There were 
not significant difference (P>0.05) of color, pH, semen volume, sperm concentration, total 
sperm per ejaculation, motile sperm, percentage of progressive movement, velocity and 
movement of sperm and percentage of abnormal sperm of the boars in all treatment. The results 
from analysis of minerals level in serum of the boar found that there were not significant 
difference of calcium, magnesium, chromium, cobalt, copper, iron, manganese, potassium and 
zinc (P>0.05) but only selenium level of the boar in treatment 2 and 3 had higher than control 
group (P<0.01). The were not significant difference (P>0.05) of fertility of the sow which is 
inseminated by the semen of each treatment boar. 
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)*+�
,-*� A	Cก�?9U;8 �#;)���
^��0�-?(.)/%0
(=�:U>	-�".;��%D� (spermatozoa) B�C�#;)
���
>�;>	-�
^
�).�(���
� (seminal plasma) >	-�)*+�ก�
 (Hafez, 1993) L98".;��%D�
ก�9D�ก
ก	C?;)ก�	�	U��
^��0�-?(.)/%0
(=�:U ^RK�".;��%D�DCV:ก�	U���R*)
�

-K���8%\9U 80-150 ;.) B�C>�.K�
)*+�
,-*�\9U

-K���8% 5.5-6 
9-�) (=	E�%;		&, 2542) �+�>	.?)*+�ก�
^RK��	U��
�D�ก"#�
	#;
�	U��
)*+�ก�
"#��w \9UBก# "#�
)*+�ก�
 (seminal vesicles) "#�
)E*���"���
>�;��ก
� 20 
A�	0
^_)"0���
)*+�ก�
 ^RK����
>�;A	Cก�?9U;8 )*+�"��t	%$L"� (fructose) B�C^�	0?�<�� (sorbitol))�กD�ก)E*
8.�
ELA	"E) L(B"�
^E8
 ก	9^�"	�ก "#�
�:ก>
�ก (prostate gland) <+�>)U�<EK���")*+��U��<#�
A����;CB�CB	#/�"%"#�� w 
,#) L^
9E8
 L$�E) B�C8.����"��	�C��8A���ก.)".;��%D�D�กก�	V:กD.?
W>U
AZ),.*) B�C"#�
�U��<#�A����;C (cowperps glands >	-� bulbo urethral glands) "#�
)E*DC���"
��	>�#��-K) ���";."V%
>�;W� 
(-K�,C�U��<#�A����;Cก#�)<EK)*+�
,-*�DC�#�)��กB�C8.����"

_9��$:

(-K��%9".)A�ก,#��$��9���B
#�%ก	\
#W>U)*+�
,-*�\>�ก�.?>�.�ก�	��
(.)/%0 (=	E�%;		&, 2542)  
 
 ".;��%D� (spermatozoa) $-� 
^��0<EK<+�>)U�<EKW)ก�	V#�8<�9�.กM&C<��(.)/%ก		
����.";0

(=�:U V:ก���"W)<#�
^
�)�
t�	.� (seminiferous tubule) ����.&@CL98�?;)ก�	�	U����%D�<EK

	E8ก;#� spermatogenesis ��%D�DCV:ก�#�
�
ก_?�C�
\;U<EK<#�(.ก��%D� (epididymis) W)�#;))E*��%D�
E
ก�	(.r)�
A�EK8)BA��
AZ)".;��%D�<EK�
?:	&0B�C(	U�
>�.K���ก)�ก	#��ก�8 (Hafez, 1993) ก�	
���"��%D�V:กก	C"%U)L98��	0L
)D�ก"#�
W"U�
���#;)>)U� $-� �:"�\)^����	0L
) (luteinizing 
hormone; LH) B�Ct����
$���"�
:�
�"����	0L
) (follicle stimulating hormone; FSH) L98
��	0L
) LH 
E��ก	C"%U)ก�	
D	�J
"�?L"�����)
"�	0�"�
�E8� (interstitial) >	-�
^��0
�9�ก (leydig 
cell) ^RK�
^��0
�9�ก<+�>)U�<EKW)ก�	>�.K���	0L
)
<�L<�
"�L	) (testosterone) B�C��	0L
)
<�
L<�
"�L	)
E��ก	C"%U)<#�
^
�)�
t�	.�W>U<+�>)U�<EK���"".;��%D� B�C)�กD�ก)E*��	0L
)
<�
L<�
"�L	)8.�
E��"#�ก�	
D	�J
"�?L" ก�	(.r)� B�Cก�	<+���)���"#�
	#;
"#��w \9UBก# 
seminal vesicle, prostate gland B�C cowperps gland >	-� bulbo-urethal gland �#;)��	0L
) FSH 

E��"#��?;)ก�	�	U��".;��%D� (Hafez, 1970) 
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�����
,# 1  ��$0A	Cก�?<��ก�8'�(B�C<��
$
E���)*+�
,-*��%ก	 
 

  

,#��: Hafez (1993) 
 
 �#;)���
>�; 
AZ)��	$.9>�.K�D�ก"#�
	#;
"#��w (accessory glands) ���	C??�-?(.)/%0

(=�:U <+�>)U�<EKB�;)��8B�Cก	C"%U)W>U��%D�
$�-K�)\>; 
(-K�DC)+�(���%D�D�ก	C??�-?(.)/%0
(=�:U 

�U��:#	C??�-?(.)/%0
(=

E8�&C��
(.)/%0 B�C<+�>)U�<EKAกA�����%D�9U;8 (Hafez, 1993) )�กD�ก)E*

^
�).�(���
�<+�>)U�<EK
AZ)��	<EKA	.?�'�($;�

AZ)ก��� (buffer medium) B�C
AZ)B>�#�
(�.���)���".;��%D� L98Aก"�
^
�).�(���
�
E$#�$;�

AZ)ก	9-9#�� (pH) A	C
�& 7.0 B�C
E
B	�9.)
<#�ก.?B	�9.)
�-�9 (
ก�-� NaCl 0.9%) (Hafez, 1974) 
^
�).�(���
�A	Cก�?9U;8 L^
9E8
 

Characteristic on component Range 
Ejaculate volume (ml) 150-200 
Sperm concentration (million/ml) 200-300 
Sperm/ejaculation (billion) 30-60 
Motile sperm (%) 50-80 
Morphologically normal sperm (%) 70-90 
Protein (g/100 ml) 3.7 
pH 7.3-7.8 
Fructose (mg/100 ml) 9 
Sorbital (mg/100 ml) 6-18 
Citric acid (mg/100 ml) 173 
Inositol (mg/100 ml) 380-630 
Glycerophosphorylcholine (mg/100 ml) 110-240 
Ergothioneine (mg/100 ml) 17 
Sodium (mg/100 ml) 587 
Potassium (mg/100 ml) 197 
Calcium (mg/100 ml) 6 
Magnesium (mg/100ml) 5-14 
Chloride (mg/100 ml) 260-430 
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L(B"�
^E8
 B$�
^E8
 B
ก)E
^E8
 ��)�^�<�� (inositol) t	%$L"� ^�	0?�<�� ก	9^�"	�$ (Citric 
acid) ก�E
^�L	t��t�	��L$�E) (glycerophosphorylcholine; GPC) 
��Lก\<L�)E) (ergothionine) 
�8:#W)	C9.?�:� )�กD�ก)E*8.�
E ก	9B��L$?�$ (ascorbic acid) ก	9�C
�L) 
AA\<90 LA	"E) \�A�9 
(lipid) ก	9\�
.) (fatty acid) B�C
�)\^
0 (enzyme) W)A	�
�"	
�ก
,#)ก.) A	�
�"	
�#;)A	Cก�?���
^
�).�(���
��R*)�8:#ก.?D+�);)B�C�)�9���"#�
	#;
 W)
^
�).�(���
�8.�
E 
antimicrobial ^RK�A	Cก�?9U;8 seminalplasmin B�C immunoglobulin <EK�+�$.J$-� IgA B�C
)�กD�ก)E*8.�A	Cก�?9U;8��	0L
)>��8,)�9 \9UBก# B�)L9	
D) (androgen) 
��L"	
D) 
(estrogen) LA	�"�Bก�)9�) (prostaglandins) FSH LH L$	�L�)�กLก)�L9L<	A�)\�<0
�
<�
	E8� 
(chorionic gonadotropin-like material) ��	0L
)$;?$%
ก�	
D	�J
"�?L" (growth hormone) 
��)^:��) (insulin) ก�:$�ก�) (glucagon) LA	B�$"�) (prolactin) 	EB�$^�) (relaxin) \<	�890	E	E�
^����	0L
) (thyroid-releasing hormone) 
�)
$A���) (enkephalins) (Hafez, 1993) B�C��	0L
)
��ก^�L"^�) (Watson et al., 1999) 
 
ก�0��
ก����&�������F'	  
 

ก	C?;)ก�	�	U��".;��%D� (spermatogenesis) 
AZ)ก	C?;)ก�	<EK�
A�	0
�L"Lก
)E8 
(spermatogonia) 
Eก�	(.r)�D)ก��8
AZ)�
A�	0
�L"^.; (spermatozoa) ก	C?;)ก�	9.�ก�#�;

ก�9�R*)W) <#�
^
�)�
t�	.�<:?:� (seminiferous tubules) <EK�8:#W)�.)@C (�%	,.8, 2545) <#�
^
�)�

t�	.�<:?:� 
E�.กM&C
AZ)<#�
�_ก w �9\A
��8:#'�8W)�:ก�.&@C '�8W)<#�
^
�)�
t�	.�<:?:� 
A	Cก�?9U;8 
D�

^��0 (germ cell) >	-� �
A�	0
�L"Lก
)E8 
E�)�9ก�

�_กB�C
ED+�);)
�ก B�C 

^�	0L<\�
^��0 (sertoli cell) 
AZ)
^��0
E�)�9W>J#B�C
EA	�
�&)U�8 ^RK�
^��0
>�#�)E*<+�>)U�<EK
���"".;��%D�L98DC���""��9
;�� (=	E�%;		&, 2542) D�ก'�(<EK 1 �#;)���<#�
^
�)�
t�	.�<:?:� 
B�9�W>U
>_)VR�$;�
�.
(.)/0��� �
A�	0
�L"Lก
)E8 <EK�8:#Wก�U 
^�	0L<\�
^��0 ก�	�	U�� �
A�	0

�L"^.;
ก�9�R*)?	�
;&�).�
^��0��� <#�
^
�)�
t�	.�<:?:� Wก�U
8-K�?%��;
?�

)<0 



?	) ^RK�
AZ)
?	�
;&<EK �
A�	0
�L"Lก
)E8 
	�K

Eก�	B?#�".; B�C\9U
AZ) \(	
�	EK �
A�	0
�L"\^"0 (primary 
spermatocyte) 
^$.)9�	EK �
A�	0
�L"\^"0 (secondary spermatocyte ) �%9<U�8\9U
AZ) �
A�	0
�<�9 
(spermatid) (Senger, 1999) 
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���
,# 1  '�(".9�;�����<#�
^
�)�
t�	.�<:?:�  
 

,#��: Senger (1999) 
 

�%ก	
(=�:UDC
	�K
���"".;��%D��.*)B	ก (primary spermatocyte) W)�:ก�.&@C

-K���8%\9U
A	C
�& 3 
9-�) >�.�D�ก
ก�9
�B�U; ก�	���"��%D��.*)<EK 2 (secondary spermatocyte) 

-K�
	�K
��8%\9U
A	C
�& 4-5 
9-�) B�CDC
E".;��%D�A	�ก}�R*)

-K���8%A	C
�& 5-6 
9-�) B"#��%D�	C8C)E*8.�\
#
�
?:	&0 

-K���8%\9UA	C
�& 6-7 
9-�) DC
	�K

E".;��%D�<EK�
?:	&0 B"#
EA	�
�&)U�8�8:# VU�>�ก"	;D
(?��%D�����%ก	
(=�:UDCB�9�VR�ก�	8#��
�U��:#;.8
D	�J(.)/%0 (puberty) ����%ก	 (=	E�%;		&, 2542) 

)-*��:ก�.&@C����%ก	W) 1 ก	.
DC
E�."	�ก�	���"".;��%D�A	C
�& 25-30 �U�)".;"#�;.) B�C

-K�
$�9$+�);&
AZ)"#�;.)
Eก�	���"".;��%D�W)(#��%ก	A	C
�& 5,600-14,000 �U�)".;"#�;.) (�		&(, 
2545) ก�	�	U��".;��%D����(#��%ก	<.*�>
9ก�)
;�� 34.4 ;.) B�Cก�	
$�-K�)8U�8".;��%D�\A(.ก8.�<#�
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�E(�9�\9
E� (epididymis) DCW,U
;�� 9-12 ;.) (=	E�%;		&, 2542) ก	C?;)ก�	�	U��".;��%D�B?#�\9U

AZ) 2 �.*)"�) 9.�)E* 

 
1.  	C8Cก�	B?#�
^��0�-?(.)/%0
(=�:U (spermatocytogenesis) 

 
ก	C?;)ก�	)E*
	�K
D�กW)"�)<EK�.";08.���8%)U�8 
Eก�	
D	�J
"�?L"����;.8;C�-?(.)/%0

�R*)
� 

-K�
�U��:#;.8>)%#
��; W)�.";0
(=�:UDC
E
^��0�-?(.)/%09.*�
9�
 (gonocyte) �8:#W)�.&@C<EK?	�
;&
<#����"��%D� 
^��0�-?(.)/%09.*�
9�

>�#�)E*
D	�J�R*)
AZ)�
A�	0
�L"Lก
)E8 �
A�	0
�-L"Lก
)E8
E 3 
,)�9W>J#w $-� ,)�9
� (A-spermatogonia) ,)�9\� (I-spermatogonia) ,)�9?E (B-spermatogonia) 
�
A�	0
�L"Lก
)E8,)�9 A0 B?#�".;\9U�
A�	0
�L"Lก
)E8,)�9 A1 VR� ,)�9 A4 "#�D�ก).*)�
A�	0
�
L"Lก
)E8,)�9 A4  B?#�".;\A
AZ)�
A�	0
�L"Lก
)E8,)�9\�
�_) B�U;DR�
D	�J\A
AZ)�
A�	0
�
L"Lก
)E8,)�9?E 
AZ)ก�	B?#�
^��0B??\
L"^E� (mitosis) ^RK�DCB?#�".;�8#��)U�8 1 $	.*� B�U;DR�
ก��8
AZ)\(	
�	EK �
A�	0
�L"\^"0 B�C
D	�J
AZ)
^$.)9�	EK �
A�	0
�L"\^"0 
Eก�	�9L$	L
L^

W))�;
$	E8���
�$	RK�>)RK� <+�W>U
^$.)9�	EK �
A�	0
�L"\^"0
EL$	L
L^

AZ)$	RK�>)RK� (haploid) 
���
^��0	#��ก�8 ^RK�
^$.)9�	EK �
A�	0
�".;\^"0
Eก�	B?#�".;�Eก$	.*�L98\
#
Eก�	
(�K
D+�);)
L$	L
L^
ก��8
AZ) �
A�	0
�<�9 (Senger, 1999) 9.�B�9�W)'�(<EK 2 

 
2.  	C8Cก�	
A�EK8)BA��	:A	#�����".;��%D� (spermiogenesis) 
 

W)	C8C)E*
AZ)ก�	
D	�J����
A�	0
�<�9\A
AZ)".;��%D� L98
Eก�	
A�EK8)BA��	:A	#�� 
E
ก�	�	U��>��B�C�CL$	L^
 (acrosome) Senger (1999) 	�8��);#�ก�	
A�EK8)BA��	:A	#�����".;
��%D�B?#�\9U
AZ) 4 	C8C 9.�)E* 

 
	C8C<EK 1 ก��\D
t� (golgi phase) 
AZ)	C8CB	กW)ก�	(.r)��CL$	L^
L98
Eก�	

	;
ก�%#
���

_9�)�9
�_ก (granule) ^RK��8:#W)ก��\D B�((�	�<.� (golgi apparatus) ก��8
AZ)


_9�CL$	L^
 (acrosome granule) "�9ก.)�8:#	�?w )�;
$�E8�����
A�	0
�<�9 B�C	C8C)E*DC
	�K

E
ก�	
D	�J���>��W)9U�)"	��U�
ก.?

_9�CL$	L^
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���
,# 2  �.*)"�)ก�	B?#�
^��0�-?(.)/%0
(=�:U 
 

,#��: Senger (1999) 

 
	C8C<EK 2 B$A
t� (cap phase) 	C8C)E*ก�%#


_9�CL$	L^
DCก	CD�8�U�
	�?

)�;
$�E8�����
A�	0
�<�9 
AZ),.*)?��w 2 ,.*) 
E�.กM&C$�U�8>
;ก ก�)
)-*�<EKA	C
�& 2 W) 3 
�#;)���)�;
$�E8� B�C
Eก�	
D	�J���>�� (axoneme) 
(�K

�ก�R*) L98(	�ก^�
�� 
^)<	�L�� 
(proximal centriol) 
AZ)�#;)<EK
,-K�
�#;)>.;���".;��%D�
�U�ก.?�#;)>��B�C9��".� 
^)<	�L�� 
(distal centriol) DCก#�	:A
AZ)>��L98
Eก�	8-98�;��ก
� L98
EL$	��	U��
AZ)<#�W>J#"	�ก��� 1 
<#� B�C<#�
�_ก w 9 <#� �U�
	�? 

 
	C8C<EK 3 �CL$	L^

t� (acrosome phase) W)	C8C)E*
Eก�	
A�EK8)BA�����)�;
$�E8� 

�CL$	L^
B�C>�� L98)�;
$�E8�DC
$�-K�)".;D�ก"+�B>)#�<EK�8:#W)?	�
;&D%9=:)80ก���
��8:#<EK
?	�
;&��?���
^��0 
Eก�		;
".;���L$	
�"�) (chromatin) B�C
Eก�	
A�EK8)BA��	:A	#�����
)�;
$�E8�D�ก	:Aก�
W>U
AZ)	:A8�;�R*)B�CB?)�� �CL$	L^
DC
A�EK8)	:A	#��\A"�
ก�	

A�EK8)BA�����)�;
$�E8�B�C8.�$�
E�.กM&C
AZ)>
;ก>%U
)�;
$�E8��8:#
,#)
9�
 ก�	
A�EK8)BA��
���)�;
$�E8�V:ก$;?$%
L98
^��0
^�	0L<\� ^RK��#���<+�W>U�
A�	0
�<�9W)�.";0,)�9"#�� w 
E�#;)
>.;�����%D�B"ก"#��ก.)��ก\A
AZ)�.กM&C
Y(�C".; 
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�+�>	.?ก�	
A�EK8)BA��<EK)�;
$�E8� �#;)>��
Eก�	
D	�J�R*)L98\^L"(���^R
���

^��0
Eก�	
$�-K�)\A<���#;)<U�8B�C>#�>%U
>��
AZ)	:A<	�ก	C?�ก W)�#;)���\^L<(���^R

DC
E<#�
�_ก w �8:# 
	E8ก\^L"(���^R
B�C<#�
�_กw	;
ก.);#� B
)
,"
< (manchette) 
AZ)�#;)<EK
"#�
�D�ก9U�)<U�8����CL$	L^
 �#;))E*DC>#�>%U
�#;)>��\;U�8#��>�;
w B�CW)B
)
,"
<).*)
E
L$	��	U��<EK
AZ)\^L"(���^R
<EK
	E8ก;#� L$	
�"�)?�9E (chromatin body) ^RK�	;
ก�%#
ก.)B�C>)�
".;�R*)	�? w >�� �#���W>U
ก�9
AZ);�B>;) 
	E8ก;#� B�)):�.� (annulus) 
ก�9�R*)Wก�Uก.?(	�ก^�

�� 
^)<	�L�� B�CDC$#�8w 
$�-K�)".;
�<��<U�8����#;)>�� �+�>	.?\
L"$�)
9	E8^RK�
AZ)
B>�#�(�.���)���
^��0DCก	CD�8�8:#<.K;\AW)\^L<(���^R
 B�C	;
".;ก.)Wก�U?	�
;&�#;)>�� 
ก��8
AZ)B�#)�8:#	�?>���#;)
�9(E,����
A�	0
�<�9 

 
	C8C<EK 4 B
)<	:
	,.)
t� (maturation phase) W)	C8C)E*
Eก�	(.r)�
(-K�W>UL"
"_
;.8 


,#) 
ก�9ก�	>%U
���\
L"$�)
9	E8,E< B�Cก�	
D	�J���\t?	.�,E< >%U
(.)	�?>�� W)	C8C)E*VU�
".;��%D�8.�
ก�C"�9�8:#ก.?
^��0
^�	0L<\� DC8.�
E\^L"(���
�$ 9	�A
�< (cytoplasmic droplet) 
?	�
;&>���#;)
�9(E, B�CDC���8".;\A

-K�
$�-K�)".;>�%9��กD�ก
^��0
^�	0L<\�
(-K��#�)\A8.�
<#��E(�9�\9
E� 

 
ก�� �� F�ก����&�������F'	 

 
��	0L
)
(=,�8 >	-� 
<�L<�
<�L	) (testosterone) 
AZ)��	0L
)<EK$;?$%
ก�	�	U��".;

��%D� L98�	U��
�D�ก
^��0��)
"�	0�"�
,E8� (interstitial cell) >	-�
^��0
�809�$ (leydig cell) ^RK�"�9
�8:#ก.?
^
�)�
t�	0	.�<�;?:� 
^��0
�809�$V:กก	C"%U)9U;8��	0L
)�:"�\)^�K� <+�W>U
ก�9ก�	>�.K���	0L
)

<�L<�
<�L	) �#;)��	0L
)t����
$���"�
:
�"�*� DCก	C"%U)W>U
^��0
^�L"\� (sertoli cell) �	U��
LA	"E),)�9
�?E(E (androgen binding protein, ABP) L98
�?E(E<+�>)U�<EK$;?$%
A	�
�&���
��	0L
)
<�L<�
<�L	) (testosterone, T) W)
^
�)�
t�	0	.�<�;?:� L98D.?ก.?B�)L9	
D)
ก��8
AZ) ABP-T ก	C"%U)W>U
Eก�	�	U��".;��%D� ��	0L
)B�)L9	
D)
��ก_
E?<?�<W)ก�	ก	C"%U)
W>U
^��0
^�L"\�"�?�)��"#���	0L
)t����
$���"�
:
�"�*�
�ก�R*)9U;8 9.�).*) >)U�<EK�����	0L
)
Lก)�L9L<	A�)<.*����,)�9 (��	0L
)�:"�\)^�K� B�C ��	0L
)t����
$���"�
:
�"�*�) $-� 	.กM�	C9.?
���
<�L<�
<�L	)B�C\9\�L9	
<�L<�
<�L	)W)
^
�)�
t�	.�<�;?:� ^RK�DC,#;8ก	C"%U)ก�	
�	U��".;��%D� B�C<+�W>U
ก�9".;��%D�<EK�
?:	&0 (
�$�, 2543) 
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��.
���	T-���������F'	 
 
 )*+�"��
AZ)B>�#�(�.���)<EK�+�$.J�+�>	.?ก�	
E,E;�"B�Cก�	
$�-K�)<EK���".;��%D� ^RK�)*+�"��
<EK
E�8:#W)
^
�)��(���
�$-� t	%$L"� �#;))*+�"��ก�:L$�ก_
AZ)B>�#�(�.���),)�9>)RK�<EK��%D�
��
�	V)+�\AW,UA	CL8,)0\9U B�C)�8
)+�
�W,U
AZ)�#;)��
W)��	
D-�D��)*+�
,-*� L98��%D�
��
�	V)+�)*+�"��\AW,UA	CL8,)0�#�)ก	C?;)ก�	\ก�L$\�^�� (glycolysis) B�C\
L<$�)
9	E8 
��ก^�
9<Et t��Lt	E
�,.K) (mitocondrial oxidative phosphorelation) 
(-K��	U��(�.���) �).?�)%)
ก�	
E,E;�"B�Cก�	
$�-K�)<EK (Naing et al., 2010) ��<EK\9UD�กก�	W,UA	CL8,)0D�ก)*+�"�������%D� 
$- �  ก� � ^ $ � 	0 ? � )\ 9� �ก \ ^ 90  )*+ �  B � C ก 	 9B� $ "� $  L98 > � ก 
E $;� 
 
�U 
 �U )� � � ก� � ^
$�	0?�)\9��ก\^90W)	C9.?�:� DC
E��\A8.?8.*�ก�	
$�-K�)\>;���".;��%D� B�C>�กA�#�8<�*�\;U
)�)w DC
ก�9ก�	�C�
���ก	9B�$"�$ DC<+�W>U$;�

AZ)ก	9-9#�����)*+�
,-*��9�� B�C
E�� 
<+�W>Uก�	
E,E;�"	�9���".;��%D�)U�8�� (=	E�%;		&, 2542) 
 
 F�������
GH��!"G� 
 
 $%&'�(���)*+�
,-*�
E$;�
�+�$.J"#�ก�	)+�\AW,UA	CL8,)0 ก�	A	C

�)$%&'�()*+�
,-*�DR�

AZ)ก�	A	C

�)$%&'�(�����%D� L98��=.8�.กM&C"#�� w \9UBก# A	�
�"	 �E $;�

AZ)ก	9
AZ)9#�� 
��%D�<EK
$�-K�)\>;\9U>	-�
E,E;�" $;�

�U
�U)���)*+�
,-*� $;�
��9Aก"����".;��%D� L98ก�	8U�
�E

(-K�9:".;
AZ) ".;"�8 B�C
(-K�9:	:A	#��B�C$;�
��9Aก"����".;��%D� L98Aก"�B�U;)*+�
,-*��9DC(?
$;�
��9Aก"����".;��%D�A	C
�&	U�8�C 20 B�C�+�>	.?)*+�
,-*�B,#B�_�(?$;�
��9Aก"����".;��%D�
A	C
�&	U�8�C 50 $;�
��9Aก"�<EK(?
�ก $-� ?	�
;&�CL$	L^
 (=	E�%;		&, 2542) L98$#�Aก"�
���)*+�
,-*�(#��%ก	 
AZ)$#�<EK?#�,E*>�.�D�กก�	"	;D$%&'�()*+�
,-*�^RK�
E$;�
��9Aก"�\AD�ก)*+�
,-*�
<.K;\A>	-�\
# 9.�B�9�W)"�	��<EK 2 
 
ก����0��	
 F����
GH��!"G� 
 

ก�	A	C

�)$%&'�()*+�
,-*�
E$;�
�+�$.J"#�ก�	=RกM�$;�
��
�	VW)ก�	�8:#	�9�����%D�
ก#�)<EKDC)+�)*+�
,-*�\A<+�ก�	
ก_?	.กM�"#�\A (Saacke, 1982) �.กM&C���)*+�
,-*�<EKW,UW)ก�	A	C

�) 
\9UBก#  
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1.  ��	����
GH��!"G�  
 
     )*+�
,-*��%ก	
EA	�
�"	
�ก>	-�)U�8�R*)�8:#ก.?A�DD.8>��8A	Cก�	 
,#) ��8% �)�9�.&@C 

(.)/%0�%ก	B"#�C".; ��>�	 q9:ก�� �%&>':
� $;�
VEK���ก�		E9 B�C;�/Eก�		E9
ก_?)*+�
,-*� 
AZ)"U) 
(Hafez, 1974) A	�
�"	)*+�
,-*��#;)W>J#A	Cก�?9U;8
^
�).�(���
�<EK>�.K�
�D�ก"#�
	#;
"#��wW)
	C??�-?(.)/%0
(=�:U (Hafez, 1993) L98Aก"�)*+�
,-*��%ก	
EA	�
�"	 150-300 
������"	 (Hafez, 1993; 
Rozeboom, 2000)  

 
     ���F �.";0��8%)U�8 
E�)�9�.&@C
�_ก ��
�	V���")*+�
,-*�\9UA	�
�"	)U�8ก;#��.";0<EK
E

��8%
�กก;#� B�C
E�)�9�.&@C<EK�)�9W>J# (Hafez, 1974) ��9$�U��ก.? Kennedy and Wilkins 
(1984) <EK	�8��);#�A	�
�"	)*+�
,-*�
(�K
�R*)"�
��8%����%ก	 B�C Greenberg and Mahone (1981) 
	�8��);#� A	�
�"	)*+�
,-*��#;)�U)
(�K
�R*)"�
��8%�%ก	
,#)ก.) 
 
�����
,# 2  $#�Aก"����)*+�
,-*�(#��%ก	   
 

 

,#��: �		&( (2545) 

�.กM&C $#�
Y�EK8 ,#;� 
A	�
�"	 (
�.)  250 100-500 
$;�

AZ)ก	99#��  7.5 7.3-7.8 
$;�

�U
�U) (�U�)".; "#� 
�.)  100 25-300 
".;��%D�<.*�>
9"#�ก�	>�.K� (109

 
)  25 10-100 

ก�	
$�-K�)\>;
Y(�C".; (%)  70 60-90 
".;��%D�Aก"� (%)  \
#)U�8ก;#� 80 70-90 
".;��%D���9Aก"� (%)  \
#
ก�) 20 5-20 
- $;�
��9Aก"�����#;)>.; (%)  3 2-5 
- 
E$;�
��9Aก"�����#;)ก����+�".; (%)  3 2-5 
- $;�
��9Aก"�����#;)>�� (%)  2.5 1-5 
- 
E>89)*+� (%)  2.5 1-5 
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     ��
�F� �%ก	W)B"#�C(.)/%0��
�	VW>U)*+�
,-*�\9UW)A	�
�"	<EK"#��ก.) L98 Swierstra (1973) 
	�8��);#� �%ก	(.)/%0 Yorkshire 
EA	�
�"	)*+�
,-*�
�กก;#�(.)/%0 Lacombe ��9$�U��ก.? Kennedy 
and Wilkins (1984) <EK	�8��);#� )*+�
,-*�����%ก	(.)/%0"#��w 
EA	�
�"	\
#
<#�ก.) L98��
�	V

	E8��+�9.?D�กA	�
�"	
�ก\A>�A	�
�"	)U�8\9U9.�)E* (.)/%0 Yorkshire, Landrace, Duroc, 
Hampshire B�C Lacombe 

 
     U)%ก�� W)B"#�Cq9:ก���%ก	��
�	V���")*+�
,-*�\9UB"ก"#��ก.) L98 Kunavongkrit and 

Prateep (1995) 	�8��);#� W)q9:	U�)�%ก	DC���")*+�
,-*�\9UA	�
�"	)U�8ก;#�W)q9:�) (P<0.1) B�C
W)q9:>)�; ��9$�U��ก.? Kennady and Wilkins (1984) <EK	�8��);#� ,#;�
9-�)

M�8)�%ก	���"
)*+�
,-*�\9UA	�
�"	"K+�<EK�%9B�C�%ก	��
�	V���")*+�
,-*�\9UA	�
�"	
(�K
�R*)�:��%9W)
9-�)(q=D�ก�8) 

 
      ���P,# $;�
VEKW)ก�		E9)*+�
,-*�
AZ)A�DD.8>)RK�<EK
E��ก	C<?"#�A	�
�"	)*+�
,-*� L98 

Swierstra and Dyck (1976) 	�8��);#� �%ก	<EK	E9
ก_?)*+�
,-*�<%ก;.) A	�
�"	)*+�
,-*�<EK	E9
ก_?\9UDC)U�8
ก;#�ก�		E9
ก_?<%ก 3 ;.) (161 B�C 195 
������"	 "�
�+�9.?) (P<0.01) ��9$�U��ก.? Swierstra 
(1973) <EK	�8��);#� ก�		E9)*+�
,-*�$	.*�<EK 1 �%ก	W>UA	�
�"	)*+�
,-*�
�กก;#�

-K�	E9W)$	.*�<EK 2 B�C 3 

 
      ����ก��ก.�0.� 
,��,� $;�
�กA	กB�CB?$<E
	E8<EK��DACA)
�ก.?)*+�
,-*�'�8

>�.�D�ก	E9
ก_?)*+�
,-*� DC<+�W>Uก�	
E,E;�"���".;��%D��.*)��B�C<+�W>U��%D�"�8\9U '�8>�.�D�ก	E9
"U��	E?A�9A�ก'�,)C<EK	��
ก_?)*+�
,-*� (=	E�%;		&, 2542) 
   

     )�กD�ก)E*;�/Eก�	
�E*8�9:ก_
E��"#�ก�	���")*+�
,-*�
,#)ก.) L98 Trudeau and Sanford 
(1986) 	�8��);#� �%ก	
(=�:U<EK
�E*8�B8กก.?�%ก	
(=

E8 W>UA	�
�"	)*+�
,-*�)U�8ก;#��%ก	
(=�:U<EK
�E*8�
Wก�Uก.?�%ก	
(=
E8 W)<+�)��
9E8;ก.?��)<9������ Hemsworth et al., (1981) <EK	�8��);#� �%ก	

(=�:U<EK
�E*8�B8กก.?�%ก	
(=

E8W,U
;��>�.K�)*+�
,-*��.*)ก;#��%ก	
(=�:U<EK
�E*8�Wก�U�%ก	
(=

E8 (p<0.05) 
B�C
E?��	�8��)ก�#�;;#��%&>':
�����'�(B;9�U�
'�8)�กB�C,#;�$;�
8�;B��W)B"#�C;.)\
#

E��"#�A	�
�"	)*+�
,-*� (Wettermann et al., 1976; Wettermann et al., 1979; Greenberg and 
Mahone, 1981) 
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2.  �,���
GH��!"G�  
 
     �E���)*+�
,-*���
�	V?#�?�กVR�$;�
��9Aก"����)*+�
,-*�>	-�(#�(.)/%0\9U (Buhr, 1994) 

B�C8.���
�	V)+�
�W,UA	C

�)$;�

�U
�U)���)*+�
,-*��8#��$	#�;w \9U L98�E���)*+�
,-*�B?#�
��ก
AZ) 3 	C9.? \9UBก# 9E (good) (�W,U (fair) B�C\
#9E (poor) (Sorensen, 1979) 

 
9E >
�8VR� )*+�
,-*�<EK
E�E��;);�
>
-�)$	E
 
E$;�

�U
�U)�����%D� 
 
(�W,U  >
�8VR� )*+�
,-*�<EK
E�E��;�%#)
>
-�))*+�)
 
E$;�

�U
�U)�����%D�)U�8

ก;#�	C9.?9E 
 
\
#9E >
�8VR� )*+�
,-*�<EK
E�EW� 
E$;�

�U
�U))U�8 

 
     L98Aก"�)*+�
,-*�DC
E�E��;�%#)$�U�8)
 B"#VU�)*+�
,-*�
E�E�-K) B�9�;#�)*+�
,-*���D
Eก�	

A)
Auv�)�����K�BA�กA��
>	-���K��กA	ก >	-���D
ก�9D�ก$;�
��9Aก"����(#�(.)/%0
�� 
,#) 
 
�E
>�-�� (yellewish) ��D
E�#;)���A����;CA)��ก
�9U;8 )*+�A���;CDC
E��"#�

ก�	
E,E;�"�����%D� )*+�
,-*�<EK(?
E�E
>�-��DR�)+�\AW,U��
(.)/%0\
#\9U 
 
�E,
(: (pinkish) ��D
E�#;)���
^��0

_9
�-�9B9�A)��ก
� 
)-K��D�ก�R�$0 

(penis) 
AZ)B��
(	�CV:ก9R�>	-��:9W)	C>;#��ก�		E9)*+�
,-*� VU�
EA	�
�&���
�-�9A))U�8��D)+�
)*+�
,-*�\AW,UA	CL8,)0\9U B"#VU�
E
�ก$;	<�*�\A 

 
�E
>�-��$�*+� ��D
ก�9D�ก

_9�E riboflavin ^RK�A	�ก}W)�.";0?����8(.)/%0 �E<EK


ก�9�R*)\
#
E��"#��."	�ก�	
E,E;�"	�9�����%D� �.กM&C
,#))E*��D
ก�9�R*)\9UW)?��q9:ก�� 
  
 )�กD�ก)E*�.กM&C���)*+�
,-*�?���8#�� 
,#) )*+�
,-*�
Eก��K)
>
_) 
E�.กM&C
>)E8;>)-9
"�9"�
>��9<9��� 
E
ก�_9"Cก�) ��D
ก�9
(	�C
E>)��A)��ก
�
)-K��D�ก(#�(.)/%0
AZ)L	$ 
$;	DC)+��%ก	\A	.กM�>	-�$.9<�*�"#�\A (Serenson, 1979; Buhr, 1994; Rozeboom, 2000) 
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3.   E� �����W
ก�)-)E�� (pH) 
 
     )*+�
,-*��%ก	Aก"�
E$#�$;�

AZ)ก	9-9#�� �8:#	C>;#�� 7.2-7.8 (Hafez, 1993) $;�
�.)BA	

���$#�$;�

AZ)ก	9-9#�� �R*)�8:#ก.?ก�	W,U(�.���)D�ก)*+�"��t	%$L"������%D� W)�'�;C��9
��ก^�
D) )*+�"��t	%$L<�DCV:ก
A�EK8)
AZ)ก	9B�$"�$ (lactic acid) <+�W>U$#�$;�

AZ)ก	9- 9#��
���)*+�
,-*��9�� )*+�
,-*�
E�'�($;�

AZ)ก	9
(�K

�ก�R*) B"#W)�'�;C<EK
E��ก^�
D))*+�"��t	%$
L"�DCV:ก
A�EK8)\A
AZ)$�	0?�)\9��ก\^90 (CO2) B�C)*+� )�กD�ก)E*�&C	E9
ก_?)*+�
,-*�VU�
E)*+�
A����;C���(#�(.)/%0ACA)��\A ��D<+�W>U$#�$;�

AZ)ก	9-9#��
A�EK8)BA��\9U >�ก)*+�
,-*�
E
�'�($;�

AZ)ก	9-9#��
�ก
ก�)\A 
E��W>U�."	�

B<?���^R
�����%D��9�� (Bearden and 
Fuquay, 1984) $#�$;�

AZ)ก	9-9#��<EK
>
�C�

E$;�
�+�$.J"#�ก�	<+���)���
�)\^
0W)��%D� 
B�Cก�	
E,E;�"	�9�����%D� B�C<+�W>U
ก�9�?;)ก�	

B<?���^R
�:�<EK�%9
E$#�Wก�U
$E8�ก.? 7.0 >	-�

E�'�(
AZ)ก��� (Sorenson, 1979; Bearden and Fuquay, 1984) 9.�).*)��	
D-�D��)*+�
,-*�<EK9E<EK

>
�C�
ก.?)*+�
,-*� ก�	;.9$#�$;�

AZ)ก	9-9#����
�	V;.9\9UL98W,Uก	C9�M��"
.� (lithmus 
paper) >	-�
$	-K��;.9$;�

AZ)ก	9-9#�� (pH meter)  
 

4.  ��ก��0�%��E�������F'	 (Morphology of spermatozoa) 
 
     	:A	#���.กM&C�����%D�B�C$;�
�
?:	&0����CL$	L^

E��"#�ก�	A	C

�)�."	�ก�	

	�9,E;�"�����%D� B�C8.�
E$;�
�.
(.)/0ก.?$;�
��
�	VW)ก�	A}��)/� $%&�
?."�<.*� 2 A	Cก�	
9.�ก�#�;8.�
AZ)$%&�.กM&C<EK�+�$.JW)ก�	A	C

�)$%&'�()*+�
,-*�)�ก
>)-�D�กก�	>�$#�ก�	

$�-K�)<EK
(E8��8#��
9E8; 
(	�C��%D�<EK
$�-K�)<EK��DDC
E�.กM&C	:A	#����9Aก"� <+�W>U$;�
��
�	V
W)ก�	A}��)/�ก.?\�#�9"K+��� W))*+�
,-*�<EK
E��%D�	:A	#��Aก"�
�กก;#� 70 
A�	0
^_)"0 ��
�	)+�\AW,U
A	CL8,)0\9U (Rozeboom, 2000) 
A�	0
^_)"0��%D�<EK
E�#;)>.;	:A	#��Aก"�)U�8
E$;�
�.
(.)/0ก.?ก�	
�9ก�	A}��)/� (Hafez, 1993) �.กM&C	:A	#�������%D�=RกM�L98ก�	8U�
�E B�U;"	;D9U;8ก�U��
D%�<		=)0 (microscope) >	-�W,Uก�U����
�_ก"	�) (electron microscopy) L98�E<EKW,U8U�
 \9UBก# �E 
eosin-nigrosin, basic fuchsin, eosin-fast green FCF Stain (Soresen, 1979; Laing et al., 1988) 
Willian stain W,U�+�>	.?A	C

�)�.กM&C	:A	#���#;)>.; �#;)�E naphthol yellow B�C erythrocin 
stain W,U �+�>	.?A	C

�)�.กM&C���L$	L
L^
 (Rozeboom, 2000) 
AZ)"U) )*+�
,-*�<EK
E$;�

��9Aก"�
�กDC
E$;�
��
�	VW)ก�	��
"�9�9�� (Laing et al., 1988) Aก"�W))*+�
,-*�<EK>�.K�B"#�C
$	.*�
E<.*���%D�<EK
E	:A	#���.กM&CAก"�B�C��9Aก"� �R*)�8:#ก.?,)�9����.";0 ก�	<+���)����.&@C B�C
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ก�	
A�EK8)BA��'�8W)<#�(.ก��%D� 
AZ)"U) (Liang et al., 1988) Kunavongkrit and Prateep (1995) 
	�8��);#� q9:ก��<EK"#��ก.)\
#
E��ก	C<?"#���%D�	:A	#����9Aก"� B"#	�8��)��� Wettemann et al. 
(1976) (?;#� W)�'�(B;9�U�
<EK�%&>':
�'�8)�ก�:�
E��<+�W>U��%D�	:A	#��Aก"�
ED+�);)�9�� 
B�C
A�	0
^_)"0��%D�	:A	#����9Aก"�
(�K

�ก�R*) 

 
4.1  ��F'	�%��E���ก�	 (Normal spermatozoa)  

 
��%D�	:A	#��Aก"�A	Cก�?9U;8 �#;)>.;B�C�#;)>�� �#;)>��B?#�
AZ) 3 �#;) 

$-� �#;)
�9(E, (mid piece) 

)(E, (main piece) B�C
�)(E, (end piece) (Sorensen, 1979) 
 

 �#;)>.;  8�;A	C
�& 8 \
$	�) (micron) A	Cก�?9U;8 )�; 
$�E8� 
(homogeneous nucleus) �#;)?)V:ก$	�?$�%
L98>
;ก 3 ,.*) (three-layered cap) $-� loose, thin 
B�C dense B�C�#;)<U�8DC$	�?$�%
9U;8L(�)�;
$�E8B$A (postnuclear cap) B�C�CL$	L^
 
(acrosome) DC$	�?$�%
�#;)?)���)�;
$�E8����".;��%D� '�8W)�CL$	L^
A	Cก�?\A9U;8

�)\^
0<EKD+�
AZ)�+�>	.?W>U��%D���
�	V
D�C
�U�\AW),.*)L$L	)�
	
9E8"� (corona rediata) B�C,.*)
L^)#�
(��:^�9� (zona pellucida) ���\�#\9UW)	C>;#��ก�	A}��)/� 
 
 �#;)>�� 8�;A	C
�& 49 \
$	�) 
AZ)�#;)<EKW,UW)ก�	
$�-K�)\>;>	-�

$�-K�)<EK L98A	Cก�?9U;8
�U)W8�)�9W>J# 9 
�U) B�C
�U)W8 9 
�U)DC�U�
	�?
�U)W8 2 
�U)\;U
"	�ก��� �#;)
�9(E,DC
E$;�
>)�
�กก;#��#;)>��?	�
;&�-K)w 8�;A	C
�& 11 \
$	�) �#;))E*
DC
E\
L"$�)
9	E8(.)	�? \
L"$�)
9	E8DC
A�EK8))*+�"��t	%$L"�B�C��	�-K)<EKW>U(�.���)\A

AZ)�#;)A	Cก�?<EKW>U(�.���)�:�<EK".;��%D���
�	V)+�\AW,U\9U �#;)

)(E,B�C
�)(E,8�;
A	C
�& 38 \
$	�) �#;)
�)(E,DC"#��D�ก>���#;)�-K)$-� \
#
ELA	
<$<Et,E< (protective 
sheath) �#;)>��<.*�>
9
E axial filament <�98�;D�ก9U�)<EK�#;)>��"�9ก.?�#;)>.;
�D)VR�A��8
>���%9 '�8W) axial filament DC
E\t?	�� (fibrils) 
�_ก w �8:# L98ก�	?E?	.9".;���\t?	��DC<+�W>U
�#;)>�������%D�
ก�9ก�	
$�-K�)\>;<+�W>U��%D�
$�-K�)<EK\9U 
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4.2  ��F'	�%��E��$	)�ก�	 (Abnormal spermatozoa)  
 

��%D�	:A	#����9Aก"�B?#���ก\9U
AZ) 2 ,)�9 (Sorensen, 1979) 9.�)E* 
 

1. $;�
��9Aก"�<EK
ก�9�R*)W),#;�B	ก (primary abnormalities) 
AZ)$;�

��9Aก"�<EK
ก�9<EK�.&@C L98 ก�	
ก�9$;�
��9Aก"�W),#;�ก�	
A�EK8)BA��
	:A	#����%D� (spermatogenic process) B�C
ก�9$;�
\
#
>
�C�
W)ก�	

A�EK8)BA��

-K��#�)
�<EK	C??<#� (�'�(B;9�U�
\
#
>
�C�
) 
 
-  $;�
��9Aก"��#;)>.; \9UBก# 

1. >.;
E�.กM&C$�U�8�:กB(	 (pyriform >	-�  pear-shaped) 
2. >.;
E�.กM&Cก�
 (round) 
3. >.;
E�.กM&C8�;>	-���
 (elongated >	-� slender) 
4. >.;
E�)�9
�_ก (microcephalic >	-� small) 
5. >.;
E�)�9W>J# (macrocelphalic >	-� giant) 
6. 
E���>.; (double >	-� twin) 
7. �CL$	L^
��9Aก"� (abnormal acrosome) 
- �#;)>
;ก>�8 (loss of apical ridge) 
- 
EA%�
 (knobbed) 
- 
AZ)�%8 (ruffled) 
- \
#�
?:	&0 (incomplete) 
- 
�-K�
 (deteriorated) 
 

-  
�9(E,��9Aก"� \9UBก# 
1. 
E�.กM&C�� (bent >	-� kinked at right angle) 
2. �#;)
�9(E,
E 2 �#;) (twin >	-� double)  
3. $�?;
 (enlarged >	-� swollen) 
4. $�
�E8� (off-center attachment >	-� abaxial) 
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-  �#;)>����9Aก"� \9UBก# 

1. >��
U;) (coiled >	-� curled) 
2. 
E���>�� (double tail) 

 
2. $;�
��9Aก"�<EK
ก�9�R*)W),#;�<EK��� (secondary abnormalities) 
AZ)$;�


��9Aก"�<EK
ก�9W)	C??<#�>�.�D�ก��%D�
$�-K�)��ก
�D�ก<#�
^
�)�
t�	.�
B�C�.&@CB�U; >	-���D
ก�9D�ก$;�
��9(��9W)ก�	�

E8	0 �.กM&C<EK
��9Aก"� \9UBก# 

 
1. >.;��9 (detached heads) 
2. 
ED%9>89)*+�<EK�#;)$�>	-�>�� (protoplasmic droplet on neck or tail) 
3. >��(.?�� (shoehook tail) 
4. >
;ก>�%9 (loose cap from the head) 

 
5.  ��F'	�,!,�	� 
 
     D+�);)��%D�<EK
E,E;�"
E$;�
�.
(.)/0
กEK8;�U��ก.?�."	�ก�	��
"�9 L98$#�<EK\9UDC)+�\A

$+�);&	#;
ก.?$;�

�U
�U)���)*+�
,-*�
(-K�
D-�D��)*+�
,-*� �.9�#;)�����%D�<EK
E,E;�"B�C��%D�<EK"�8W)
)*+�
,-*�<EK	E9
ก_?
�\9UB"#�C$	.*� 
AZ)".;?#�,E*VR�$%&'�()*+�
,-*� ก�	A	C

�)�."	�ก�	
E,E;�"�����%D� 
��
�	VA	C

�)\9UL98ก�	8U�
�E
,#)
9E8;ก.?ก�	=RกM��.กM&C���	:A	#�������%D� B�C"	;D
'�8W"Uก�U��D%�<		=)0 ก+��.��8�8 400-1,000 
<#� L98�E<EK)�8
W,U$-� �E eosin-nigrosin (Liang et al., 
1988) 
^��0��%D�<EK
E,E;�"DC\
#"�9�E �#;)
^��0��%D�<EK"�8DC"�9�EB9�>	-��E,
(:����E eosin 
(	�C
�).�
^��0V:ก<+���8>	-�
�-K�
�'�(<+�W>U�E^R
�#�)\9U B�C
E�E��� nigrosin 
AZ)(-*) (Hafez, 1993) 
A�DD.8<EK
E��ก	C<?"#�ก�	
E,E;�"���".;��%D� 
,#) q9:ก��<EK"#��ก.)
E��"#�D+�);)".;��%D�
E,E;�" L98
(?;#�W)
9-�)
ก	�$
)*+�
,-*�
E
A�	0
^_)"0��%D�
E,E;�"�:�<EK�%9B�C�9��"K+��%9W)
9-�)���>�$
 
(Kennedy and Wilkins, 1984) B�C)�กD�ก)E*8.�(?;#�D+�);)��%D�
E,E;�"
(�K
�R*)"�
��8%�%ก	 
(P<0.05) (Kennedy and Wilkins, 1984; Greenberg and Mahone, 1981) 
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6.   �����&��&
���
GH��!"G� 
 
     $;�

�U
�U)���)*+�
,-*����(#��%ก	(.)/%0).*)
E$;�
B"ก"#��ก.) L98D+�);)��%D�"#�ก�	

>�.K�B"#�C$	.*��R*)ก.?A�DD.8>��8�8#�� \9UBก# ��8% �)�9����.&@C �%�'�(	#��ก�8 ��>�	 $;�
VEK
W)ก�		E9)*+�
,-*� B�C;�/EW)ก�		E9
ก_?)*+�
,-*� (Laing et al., 1988) Swiersta and Dyck (1976) 
	�8��);#� ก�		E9)*+�
,-*��%ก	<%ก;.) )*+�
,-*�DC
E$;�

�U
�U))U�8ก;#�ก�		E9<%ก 3 ;.) (99 B�C 221 
(× 106 ) ".;"#�
������"	) (P<0.01)  B�C8.�(?;#�D+�);)��%D�8.�)U�8ก;#�9U;8 L98
E$#�
<#�ก.? 11.2 × 
106  B�C 32.1 × 106 ".; "�
�+�9.? (P<0.01) W)q9:	U�))*+�
,-*��%ก	DC
E$;�

�U
�U))U�8ก;#�W)q9:
�)B�Cq9:>)�; (P<0.001) L98$;�

�U
�U)
E$#�
<#�ก.? 174.4, 266.8 B�C 241.4 × 106 ".;"#�

������"	 "�
�+�9.? ก�	$+�);&>�$;�

�U
�U)�����%D�W))*+�
,-*�$�9
AZ)D+�);)��%D�"#�
������"	 
ก�	>�$;�

�U
�U)�����%D�W))*+�
,-*�
E$;�
D+�
AZ)"#�ก�	)+�\A$+�);&
(-K�
D-�D��)*+�
,-*� �+�>	.?
$�9
AZ)D+�);)A	�
�"	���)*+�
,-*� (dose) "#�ก�	>�.K�B"#�C$	.*� (Rozeboom, 2000) A	�
�"	���
)*+�
,-*�ก.?$;�

�U
�U)���
^��0��%D� 
E$;�
�.
(.)/0ก.)W)<��"	��U�
 ก�#�;$-� VU�)*+�
,-*�
E
A	�
�"	
�ก $;�

�U
�U)���
^��0��%D�"#�
������"	DC"K+� B"#VU�A	�
�"	)U�8 $;�

�U
�U)���

^��0��%D�"#�
������"	DC�:� (=	E�%;		&, 2542 B�C McIntosh, 1998) )*+�
,-*�<EK
E$;�

�U
�U)"K+�DC
��
�	V
D-�D��\9U)U�8 (Buhr, 1994) L98<.K;\A)*+�
,-*��%ก	
E$;�

�U
�U)A	C
�& 200-300 �U�)".;
"#�
������"	 (Hafez, 1974)  McIntosh (1998) 	�8��);#� $;�

�U
�U)���)*+�
,-*�DC
A�EK8)BA���8:#
W),#;� 100-500 �U�)".;"#�
������"	 L98��%D�	:A	#��Aก"�
EA	C
�& 60-80 �U�)".;"#�
������"	 
)�กD�ก)E*8.�(?;#� q9:ก��ก_
E��"#�ก�	���"".;��%D�
,#)ก.) L98(?;#��%ก	��
�	V���"��%D�\9U
�:��%9W)q9:>)�;B�C���"\9U"K+��%9W)q9:W?\
U���B�Cq9:	U�) (Trudeau and Sanford, 1986) 
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���
,# 3  �.กM&C��%D�<EK��9Aก"� 
 

,#��: Singleton (1997) 
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( +�+��	+ก.T  �(�)� (Chitooligosaccharide) 
 
( �	
-( +�T�
 (chitosan) 
 

\$"�)$U)(?$	.*�B	กW)A� $.=. 1811 L98 Braconnot Odier W)A�$.=. 1823 
	E8ก��	)E*;#� 
\$"�) (chitin) 
�D�ก$+�;#� chiton W)'�M�ก	Eก 
E$;�
>
�8;#� 
ก	�C>%U
\$"�)
AZ)L(��

�	0
,E;'�(<EK
E
�ก
AZ)�.)9.?���	��D�ก
^��:L�� (?\9UW)
A�-�ก����.";0 
,#) ก%U� A: Bก)>
Rก 

A�-�กB�_���� B
�� ".;\>
 >�8
%ก �).�
^��0���(;ก	� 8E�"0 B�CD%��)<	E80>��8,)�9 B>�#�
�+�$.J���\$"�)<EKW,UW)ก�	���"W)�%"��>ก		
 $-� 
A�-�กก%U� B�Cก	C9��A: ^RK�
AZ)���
�E8D�ก
L	���)�%"��>ก		
BA		:A��>�	<C
� (?;#�DC
E\$"�)W)A	�
�&	U�8�C 10-50 

-K�$�9
AZ)
A	�
�&"#�A������K�
>�-�<�*�D�กก�	���"B�CBA		:Aก%U�B�CA:<.*�L�กDCW>U\$"�)VR� 150 �U�)
ก�L�ก	.
 (A�8)%z, 2551) 

 
\$"�)-\$L"^�)
AZ)��	L$L(��

�	0/		
,�"�	C>;#�����L
L)

�	0��� anhydro-N-

acetyl-D-glucosamine B�C anhydro-D-glucosamine VU��.9�#;)<EK�8:#	#;
ก.)���L
L)

�	0B	ก

�กก;#� DCB�9��.กM&C�
?."�
9#)���\$"�) B"#VU��.9�#;)<EK�8:#	#;
ก.)���L
L)

�	0<EK���

�กก;#�DCB�9��
?."�
9#)���\$L"^�) ^RK��.กM&CL$L(��

�	0)E*DC
E��"#�
)-K��\A8.��
?."�ก�	
�C��8���\$"�)-\$L"^�) D.9�8:#W)ก�%#
���$�	0L?\�
9	"��
<EKA	Cก�?9U;8�)%(.)/0���
)*+�"��ก�:L$�<EK
E/�"%\)L"	
D) (W)	:A���>
:#�C^�L"
�L9 �NHCOCH3) 
ก�C�8:#'�8W)L

�ก%�<EK
"+�B>)#�$�	0?�)".;<EK 2 <+�W>U
E�
?."�
Y(�C".;W)ก�	
ก�9A}�ก�	�8�ก.?��	�-K)w >��8,)�9 \$"�)
E
�:"	<��
$
E���L
L)

�	0$-� C8H13NO5 A	Cก�?9U;8 C 47.29% H 6.45% N 6.89% B�C O 
39.37% (?\9UW)
A�-�ก����.";0 
,#) ก%U� A: >
Rก B
�� ".;\>
 >�8
%ก B�C�).�
^��0���(;ก	� 
8E�"0 B�CD%��)<	E80�Eก>��8,)�9 \$"�)W)/		
,�"�
AZ)���B�_��.)8	:A�E��;$	E
 
Eก��K)�#�)w

Y(�C".; 
E�.กM&C
AZ)��8
�U)W8

-K��#��D�กก�U��D%�<		=)0 \
#
E	�,�"� <)$;�
	U�)\9UVR� 
170 ��=�
^�
^E8�L98\
#
�-K�
$%&'�( W)<��A}�?."�\$"�)�C��8\9UW)ก	9�)�)<	E80 
,#) ก	9

ก�-� ก	9ก+�
CV.) B�Cก	9t��t�	�ก ก	9t�	0
�ก<EKA	�=D�ก)*+� B"#\
#�C��8W))*+�9#��
D-�D�� 
B��ก�����0 B�C".;<+��C��8��)<	E80�-K)w DR�)�8
W,U\$"�)W)	:A���B�_�L98"	� �#;)\$L"^�)

ก�9D�กA}�ก�	�8�ก�	ก+�D.9>
:#�C^�"�� (deacetylation) ���\$"�)9U;89#��
�U
�U) <+�W>UL$	��	U��
���\$"�)?���#;)
A�EK8)BA��\AL98
Y(�C>
:#t��ก0,.K)<EK
E/�"%\)L"	
D) (W)	:A���>
:#�C^�"�
�
L9 �NHCOCH3 
A�EK8)\A
AZ)	:A���>
:#�C
�L) �NH2) <EK"+�B>)#�$�	0?�)".;<EK 2 �
?."�<��
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ก�8'�(B�C<��
$
E���\$L"^�)
AZ)L(��

�	0��88�;<EK
EA	CD%?;ก
)-K��D�ก
E>
:#�C
�L) (W)	:A 
NH3

+) Aก"�\$L"^�)�C��8\9UW)ก	9��)<	E80 
,#) ก	9�C^�"�ก ก	9L(	(�)�ก ก	9B�$"�$ 
AZ)
"U) pKa ���\$L"^�) �R*)�8:#ก.?$;�
>)�B)#)A	CD%���L(��

�	0 ��?
�"���$;�
�C
<�)���
A	CD%B�C$#�	C9.?ก�	ก+�D.9>
:#�C^�"�� (%DD) <EK
E
=M�#;)L
�
9E8;ก.)ก.?$:#ก	9<EKV:ก�C
<�) pKa 
���\$L"^�)
E$#��8:#W),#;� 6.2 VR� 6.8 ��	�C��8���\$L"^�)
AZ)���
>�;W� 
E$;�
�U)>)-9
�:� $�U�8)*+��R*� 
E(q"�ก		
B??)�) )�;L"
)E8) (non-newtonian) ��
�	V�R*)	:A
AZ)B�#)
8-K�?��
\9U"�
/		
,�"� 
E�.กM&C���(���"�กW�B�C8-9>8%#)\9U 9.�).*)\$L"^�)��
�	V�R*)	:A\9U>��8
B?? 
,#) B�#)
8-K�?�� 
D� 

_9 
�U)W8 $�����890 B�C��	
$�-�?W)ก�Dก		
<��,E;'�( \
#
AZ)
(�M"#���K�
E,E;�" B�C8#�8���8\9U"�
/		
,�"� DR�
E$;�
A��9'.8W)ก�	
��\$"�)-\$L"^�)
�
A	C8%ก"0W,U��)9U�)"#��w 
,#) ก�	
กM"	 ��>�	 ก�	D.9ก�	 $%&'�()*+� ก�	<� ก�	B8ก��	 
ก�	B(<80 8� B�C
$	-K���+���� ��� (A�8C?%"	, 2543) 

 

 
 
���
,# 4  L$	��	U����� \$"�)-\$L"^�) 
 

,#��: ?%J�U�
 (2546) 
 
 ก��'�)ก����,�����������( +�T�
 
 


Eก�	D.9B?#�"�
ก�	
	E8�".;�����8L^#L

�ก%� B?#���ก
AZ) 3 ,.*) 
 

1. α � form   
• $-� 
Eก�	
	E8�".;�����8L^#L

�ก%�W)�.กM&C�;)<��ก.) (anti-parallel chain 

alignment) 
E$;�
B�_�B	��:� \9UBก# \$"�)D�ก
A�-�กก%U� ก	C9��A: 
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2. β - form  
• $-� 
Eก�	
	E8�".;�����8L^#L

�ก%�W)�.กM&C<��
9E8;ก.) (parallel chain 

alignment) ก�	D.?ก.)DR�\
#$#�8B�_�B	� 
E$;�
\;"#�A}�ก�	�8�
$
E
�กก;#�
B??�.�t� \9UBก# \$"�)D�กBก)A��>
Rก 

 
 

3. γ - form  
• $-� 
Eก�	
	E8�".;�����8L^#L

�ก%�W)�.กM&C<EK\
#B)#)�) (�;)<��ก.)��.?

<�=<��
9E8;ก.)) 
E$;�
B�_�B	�	��D�กB??�.�t� \9UBก# \$"�)D�ก
>_9 	� 
B�C(-,,.*)"K+� 

 
 \$"�)W)/		
,�"��8:#	;
ก.?LA	"E)B�C
ก�-�B	# "U��)+�
�ก+�D.9
ก�-�B	#��ก(deminerali-
zation) L98W,Uก	9DC\9UB�#)
>)E8;>)-9$�U�8(���"�ก B�U;)+�\Aก+�D.9LA	"E)��ก (deproteini-
zation) L98W,U9#��DC\9U\$"�) >�ก
AZ)\$"�)<EK\9UD�ก
A�-�กก%U�>	-�A: DC
E�E�U
A)�8:# )+�\AB,#W)

�<�)��
(-K��C��8�E��ก  
 

	:AB??���\$L"^�) <EK���"�R*)
�D+�>)#�8W)�&C)E*
E 4 	:AB?? \9UBก# 
 

1.  \$L"^�)<EK
AZ)
ก�_9>	-�B�#)?��
�_กw (flake)  
 

2.  \$L"^�)<EK
AZ)���C
�E89$�U�8BA�� (micromilled powder) 
 

3.  \$L"^�)W)	:AB??��	�C��8
AZ)���
>�;>)-9 (solutions) ^RK�$;�

�U
�U)
��DDCB"ก"#��ก.)\A"�
 $;�
"U��ก�	����:U�.K�^-*� 

 
4.  \$L"^�)<EK�8:#W)	:A

_9
�_ก�)�9A	C
�& 300-500 \
L$	

"	 ���"'.&@0\$

L"^�)<EK�8:#W)	:A flake, powder, bead ).*)>�ก
AZ)���"'.&@0<EK
E$%&'�(�:�DC"U��
E$;�
,-*)"K+�

�ก$-�\
#
ก�) 5-10 
A�	0
^_)"0 >�ก$;�
,-*)�:�ก;#�)E*ก_��DDC<+�W>U
ก�9
,-*�	�>	-�
E��K�A)
Auv�)
�-K)w
�U�\AACA)�8:#<+�W>U$%&'�(9U�8�� >	-���DDC
ก�9$;�

AZ)(�M 
)-K��D�ก
,-*�	� 
,-*�
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B?$<E
	E8>	-���K�A)
Auv�)).*)w���"��	(�M��ก
� $;�

AZ)\A\9U<EKDC
ก�9ก�	A)
Auv�)�����K�\
#
(R�A	C��$0W)\$L"^�)).*) 
)-K��D�ก;."V%9�?<EK)+�
��ก.9).K)
�� 
 
ก���!&( �	
-( +�T�
��W
�����E�ก���'�	���	�+��
�Fก� 
 

�%ก	
AZ)�.";0
=	Mzก�D<EK�+�$.J
)-K��D�ก
)-*��%ก	
AZ)<EK)�8
?	�L'$L98<.K;\A B�CW>U
��"�?B<)�:�ก.?�:U���" 9.�).*)ก�	
�E*8��%ก	
,��/%	ก�D DR�D+�
AZ)"U����=.8>�.ก;�,�ก�	<EKV:ก"U�� 
	C??ก�	D.9ก�	t�	0
<EK9EB�C
<$L)L�8Eก�	���"<EK
>
�C�
 ��>�	
AZ)A�DD.8(-*)z�)<EK�+�$.J<EK
E
��"#�ก�	
�E*8��%ก	W>UA	C�?���+�
	_D 
(	�C
AZ)"U)<%)�#;)W>J#W)ก�	
�E*8��%ก	<.*�>
9 A�DD%?.)

Eก�	W,U��>�	�+�
	_D	:A <.*�,)�9��B�C,)�9

_9 
)-K��D�ก
E$;�
�C9;กB�C�#�8"#�ก�	D.9ก�	 
>	-�ก�	W,U>.;��>�	)+� \A��
"�
�."	��#;)<EK
>
�C�
 ,#;8W>U�%ก	\9U	.?��	��>�	W)A	�
�&
<EK
(E8�(��+�>	.?ก�	
D	�J
"�?L"B�Cก�	�	U�������" ^RK�W)��>�	�+�
	_D	:ADC
EA	�
�&
��	��>�	W)	C9.?<EK
>
�C�
W>U
�-�ก 	;
<.*���	��
�#;�>)U� (premix) <EK
AZ);�"�
�) B	#/�"% 
��	
	#�ก�	
D	�J
"�?L" 8�A}�,E;)CB�C��	
�	�
(�
=M�-K) w <EKDC<+�W>U�%ก	
Eก�	
D	�J
"�?L"<EK9E 
A	�
�&
)-*�B9�
(�K
�R*) ก�	
ก�9L	$B�C�."	�ก�	"�8�9"+K��� ^RK�DC,#;8W>U\9U	.?�����"�:��%9 ��	

	#�ก�	
D	�J
"�?L" (growth promoter) 
AZ)ก�%#
<EK
Eก�	W,U�8#��B(	#>��8W)ก�	
�E*8��%ก	 
,#) ��	

�	�
A}�,E;)C 
�)\^
0 ก	9��)<	E80 �
%)\(	 B�C8�A}�,E;)C ���  

 
\$"�)-\$L"^�) D.9
AZ)��	L$(���

�	0/		
,�"� ก�%#
$�	0L?\�
9	<<EKA	Cก�?9U;8�)%

(.)/%0���)+*�"��ก�:L$�<EK
E/�"%\)L"	
D)W)	:A���>
:#�C^EL"
�L9 (-NHCOCH3) 
ก�C�8:#<EK
$�	0?�)"+�B>)#�<EK 2 <+�W>U
E$%&�
?."�
Y(�C".;W)ก�	<+� A}�ก�	�8�ก.?��	�-K)w >��8,)�9 L98
Aก"�\$L"^�)DC�C��8\9U9EW)ก	9��)<	E80 
E$%&�
?."�
AZ)L(��

�	0A	CD%?;ก 
E$;�

>)E8; W�
��	�C��8\$L"^�)��
�	V�R*)	:A\9U>��8B?? \
#
AZ)(�M"#���K�
E,E;�"B�C8#�8���8\9U"�

/		
,�"� (biodegradable) W)9U�)���"'.&@0��>�	�.";0 \$L"^�)
AZ)��	
�U)W8<EK\
#V:ก9:9^R

B�C\
#8#�8���8W)	C??<��
9�)��>�	 B"#
E$%&�
?."�W)ก�	9:9^.?\�
.) B�CD.?".;ก.?L�>C
>).ก	;
<.*���	(�M�-K)w <EKA)
Auv�)
�ก.?��>�	B�C8� 
�
-�)
AZ)".;,#;8W)ก�	�U����	(�M
"ก$U�� (detoxification) �9ก�	�C�
(�.���)�#;)
ก�)B�C,#;8W>U	C??>
%)
;E8)
�-�9B�C>.;WD9E
�R*) 
Eq</��"U�)
,-*�	�B�C
,-*�L	$?��,)�9 
�	�
�	U��	C??�+�\�UB�C	C??�.?V#�8 L98\$L"^�)
^RK�
AZ)A	CD%?;กDC�C��8W)ก	C
(�C��>�	B�U;BA	�'�(
AZ)
D�>%U
\�
.)<EK
AZ)A	CD%�?
A���ก.)ก�	9:9^R
\�
.)\A�C�
 D�ก).*)\�
.)<EK9:9^.?\;UDCV:ก�.?V#�8��กD�ก	#��ก�8 
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ก�	)+�\$L"^�)
�W,UW)ก�	
�E*8��%ก	 
AZ)<��
�-�ก>)RK�<EK,#;8
�	�
�	U��ก�	
D	�J
"�?L"
����%ก	B�C
	#�ก�	�	U��
)-*�B9� 	;
<.*�$;?$%
A	�
�&\�
.)�C�
\9U 
)-K��D�กW)ก	C
(�C
��>�	����%ก	
E�'�(
AZ)ก	9 (pH ~ 2-3) 
>
�Cก.?ก�	<+���)���\$L"^�) W)ก�	A	.?�'�(
$;�

AZ)ก	9-9#�� ,#;8W>Uก�	8#�8LA	"E)
AZ)\A�8#��
EA	C��</�'�( D�กก�	<9���W,U\$L"^�)

AZ)��	
	#�ก�	
D	�J
"�?L"W)�%ก	�%) L98ก�	
"�
\$L"^�)��W)��>�	9U;8�."	��#;) 1.5 - 2 
ก�L�ก	.
"#���>�	 1 ".) B�C
Eก�	
�	�
8�A}�,E;)C amoxycillin (AMOXY) B�Cchlortetracycline 
15% (CTC15%) L98�9��
>�-�A	�
�&$	RK�>)RK�����."	�Aก"�<EK
$8W>U $-� AMOXYD�ก 300 ppm 

AZ) 100 ppm B�C CTC15% D�ก 2 ก�L�ก	.
"#���>�	 1 ".) 
>�-� 1 ก�L�ก	.
 "#���>�	 1 ".)
W>U��ก�	<9���9.�"�	��<EK 3  
 

��ก�	
�	�
\$L"^�)W)��>�	<EKW,U
�E*8��%ก	 (?;#���
�	V,#;8W>UA	C��</�'�(ก�	

A�EK8)��>�	
AZ)
)-*�9E�R*) �'�(^�ก
E
.)�9�� <.*�
.)W),#��<U��B�C
.)�.)>�.�?���� ;.9$#�\9U
$;�
>)�
Y�EK8 1.5 
^)"�

"	 

 
>�.�ก�	
�	�
\$L"^�)W)��>�	W>U�%ก	A	C
�& 7-10 ;.) ��
�	V�.�
ก"
>_)\9U;#��%ก	
E

�%�'�(9E ��;>).��9W� �)
AZ)
.)
�� 9:�%�'�(9E 	C??�.?V#�8
AZ)Aก"� �."	�ก�
D	�J
"�?L" 
�
+K�
�
� 

-K�
E��ก�	
D_?A�;8 "�9
,-*� (?;#���
�	Vtuv)".;D�ก��ก�	A�;8\9U
	_;ก;#��%ก	<EK\
#\9U	.?
\$L"^�)
�8 	;
<.*���
�	V
D	�J
"�?L"\9U<.)ก.?".;�-K) w 
 

ก�	W,U\$L"^�)W)�%ก	<EK	C9.? 1.5 ก�L�ก	.
"#���>�	 1 ".) ��
�	V�9ก�	W,U8�
A}�,E;)C��\9U(��
$;	 B�Cก�	W,U<EK	C9.? 2 ก�L�ก	.
"#���>�	 1 ".) 8�K���
�	V�9A	�
�&8�
A}�,E;)C��\9U
�ก B�9�W>U
>_);#�\$L"^�)
AZ)��	
	#�ก�	
D	�J
"�?L" <EK,#;8W>U�%ก	L"
	_; \
#
"U��W,U8�A}�,E;)CW)	C9.?�:� DR�<+�W>U�%ก	
EL�ก��A��9��	(�M\9U
�ก W)<��"	�ก.)�U�
ก�.?
<+�W>U�%ก	
E�%�'�(9EB�CB�_�B	� 

 
ก�	
�	�
\$L"^�)
AZ)��	
	#�ก�	
D	�J
"�?L"����%ก	 ��
�	VA	.?A	%�A	C��</�'�(

ก�	
A�EK8)��>�	
AZ)
)-*�W>U9E�R*) $%&'�(^�ก9E�R*) �%ก	L"
	_;\9U)*+�>).ก9E <+�W>U�9"U)<%)
$#���>�	B�CA	�
�&ก�	W,U8�A}�,E;)C��\9U
�ก �:U
�E*8�\9U	.?��"�?B<)$%U
$#� L98\
#"U��
�EK8�
ก.?��	(�M"ก$U�� <EK
AZ)�.)"	�8"#��:U?	�L'$ (A�8C?%"	, 2543) 
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�����
,# 3  B�9�ก�	
A	E8?
<E8?�����ก�	\9U	.?\$L"^�)
AZ)��	
	#�ก�	
D	�J
"�?L"W)�%ก	 
 

ก�%#
<9��� 
ก�%#
<EK 

1 
ก�%#
<EK 

2 
ก�%#
<EK 

3 
ก�%#
<EK 

4 
ก�%#
<EK 

5 
ก�%#
<EK 

6 
ก�%#
<EK 

7 
ก�%#
<EK 

8 
W,U\$L"^�) (กก./".)) 0      2 0 1.5 0 2 1.5 2 
Amoxycillin (ppm.) 300  200 300 200 100 300 200 100 
Chlortetracycline 15% (กก/".)) 2 1.5 2 1.5 1 2 1.5 1 
)+*�>).ก
	�K
"U) (ก.ก.) 2,223 2,128 1,962 1,812 2,029 820 794 1,109 
)+*�>).ก��*)�%9 (ก.ก.) 2,807 2,695 2,844 2,603 2,974 1,456 1,460 1,837 
D+�);)".; (".;) 30 27 34 29 29 29 30 34 
)+*�>).ก��>�		;
 (ก.ก.) 1,750 1,555 1,940 1,721 1,749 1,425 1,465 1,450 
)+*�>).ก��>�	"#�".; (ก.ก./".;) 58.33 57.59 57.06 59.34 60.31 49.14 48.83 42.65 
)+*�>).ก
(�K
 (ก.ก./".;/;.)) 0.63 0.68 0.84 0.88 1.05 0.71 0.72 0.69 
)+*�>).ก��>�	 (ก.ก./".;/;.)) 1.88 1.86 1.84 1.91 1.95 1.59 1.58 1.38 
FCR 2.98 2.74 2.19 2.17 1.86 2.24 2.19 2.00 
Back Fat (^.
.) 3 1.5 3 1.5 1.5 3 1.5 1.5 

 

,#�� : A�8C?%"	 (2543) 
 
( +�T�
�a��ก�
+� 
���)	
����� 
 
 \$L"^�) ,#;8W)ก�	
D	�J
"�?L"���
,-*�B?$<E
	E8W)�+�\�UW>J#<EK
AZ)A	CL8,)0"#�
	#��ก�8 L98DC,#;8
�	�
�	U��$%&'�( "#�"U�)
C
	_� ,#;8ก+�D.9B�C8.?8.*�ก�	
D	�J
"�?L"���
,-*� 
�EL$\� <EKA)
Auv�)W)��>�	B�C)*+� �.)
AZ)��
>"%���L	$<U��	#;� �Eก<.*�,#;8ก+�D.9��	(�ML�>C
>).ก<EKA)
Auv�)�8:#W)��>�	 
C
	_��+�\�U B�C��>�	
AZ)(�M )�กD�ก)E*\$L"^�) 8.�,#;8

�	�
�	U��;�"�
�)?EW>Uก.?	#��ก�8 (Akira, 1988)  
 
( +�+��	+ก.T  �(�)� (Chitooligosaccharide) 

 
\$L"L���LกB^$$�\	90
E�.กM&C
AZ)L$(���

�	0<EK�8:#	#;
ก.)?)��8L^#���L

�ก%�

	C>;#��L
L)

�	0���\$"�) (anhydro-N-acetyl-D-glucosamine ) B�CL
L)

�	0���\$L"L���
LกB^$$�\	90(anhydro-D-glucosamine) L98L
L)

�	0���\$L"L���LกB^$$�\	90
	E8ก;#� ก�:L$
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^�
E) 
E�:"	<��
$
E $-� C6H11NO4 
ก�9D�กA}�ก�	�8�ก�	ก+�D.9>
:#�C^�<�� (deacetylation) ���\$
"�)9U;89#��
�U
�U) <+�W>UL$	��	U�����\$"�)?���#;)
A�EK8)BA��\A  L98
Y(�C>
:#t��ก0,.K)<EK
E
/�"%\)L"	
D) (�%;?%J B�C$&C, 2544)   

 
\$L"L���LกB^$$�\	90 (chitooligosaccharide) 
	E8ก8#�;#� COS  
AZ)��	
�	�
ก�	
D	�J 


"�?L"�+�>	.?�.";0 (animal supplementary) L98ก�	�ก.9��	\$L"^�)W>U
�_ก��W)	C9.?)�L)
L98�#�)ก	C?;)ก�	���"VR� 3 
<$L)L�8E�.)A	Cก�?9U;8 \$L"
<$L)L�8E (chito technology)  
)�L)
<$L)L�8E (nanotechnology) B�C\?L�
<$L)L�8E (biotechnology)L98
�_)\^
0D�ก
/		
,�"� DR�<+�W>U
E$;�
?	��%</��
�กก;#�B�C
E�)�9<EK
�_กก;#�\$L"^�)<.K;\A 1,000 
<#� �.";0DR�
��
�	V9:9^R

�U��:#ก	CB�
�-�9\9U
	_;B�C)+�\AW,UA	CL8,)0\9U<.)<E  
 

\$L"L���LกB^$$�\	90 
AZ)��	�ก.9D�ก/		
,�"� 100% \
#
E��	(�M
D-�A) )+�
�W,UW)
ก�	�	U��
)-*�
8-K� B�CL$	��	U��	#��ก�8 ,#;8
(�K
ก�	9:9^R
��	��>�	 B�C�.?��	(�M��กD�ก
	#��ก�8�.";0
�E*8� <+�W>U�.";0
�E*8�
E	C??ก�	�.?V#�8<EK9E �#���W>U�.";0
�E*8�L"
	_; B�_�B	� 
E$;�

"U�)<�)L	$�:� \
#
E��	(�M
D-�A) 
>
�C�+�>	.?�.";0)*+� B�C�.";0?ก<%ก,)�9 
 

8.�
E�U�
:�)U�8
�ก
กEK8;ก.?ก�\ก<EK
กEK8;�U��ก.?ก�	"U�)�)%
:����	C���\$L"^�) B"# Xie 
et al. (2010) 
,-K�;#� �)%
:����	C��
�	V<+�A}�ก�	�8�ก.?>
:#�C
�L)���	C -NH2 ���\$L"L���Lก
B^$$�\	90 B�U;t�	0
".;
AZ) stable macromolecule radical B�C>
:#�C
�L) -NH2 ��
�	V
A�EK8)
	:A
AZ)B�
L

)E8
 NH3

+ L98ก�	9:9^.? \�L9	
D)����)D�ก��	�C��8 
 

( +�+��	+ก.T  �(�)��E�ก����,G������� 
 
/)ก	 (2553) <+�ก�	
�	�
\$L"L���LกB^$$�\	90W)��>�	"#�$%&'�()*+�
,-*����(#�(.)/%0

�%ก	 W,U(#��%ก	(.)/%09:	�$ D+�);) 15 ".; B?#�ก�	<9�����ก
AZ) 3 ก�%#
 9.�)E*  ก�%#
<EK 1 ��>�	
$;?$%
\
#
�	�
\$L"L���LกB^$$�\	90 (ก�%#
$;?$%
) ก�%#
<EK 2 
�	�
\$L"L���LกB^$$�\	90 200 
ppm "#�ก�L�ก	.
��>�	"#�;.)B�Cก�%#
<EK 3 
�	�
\$L"L���LกB^$$�\	90 200 ppm "#�ก�L�ก	.

��>�	"#�;.) D�ก��ก�	<9���(?;#� (#�(.)/%0�%ก	ก�%#
<EK 2 B�C ก�%#
<EK 3 
E
A�	0
^_)"0 progressive 
movement,  �."	�
	_;W)ก�	
$�-K�)<EK
Y�EK8
AZ)
�U)"	�D�กD%9
	�K
"U)VR�D%9�%9<U�8���".;��%D��:�ก;#� 
B�C
E
A�	0
^_)"0$;�
��9Aก"�W)�#;)���>.;��%D� "K+�ก;#�(#�(.)/%0�%ก	W)ก�%#
$;?$%
B"ก"#��ก.)
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�8#��
E).8�+�$.J<���V�"� (P<0.05) B�C
E
A�	0
^_)"0 live sperm �:�ก;#�ก�%#
$;?$%
�8#��
E).8�+�$.J8�K�
<���V�"� (P<0.01) B�C(?;#� �E���)*+�
,-*� $;�

AZ)ก	9-9#�� $;�

�U
�U)���".;��%D� A	�
�"	���
)*+�
,-*� D+�);)".;��%D�<.*�>
9W))*+�
,-*� 
A�	0
^_)"0 motile sperm �."	�
	_;W)ก�	
$�-K�)<EK
AZ)
�U)L$U� 
�."	�
	_;W)ก�	
$�-K�)<EK
AZ)B);"	�

-K�
<E8?ก.?ก�	
$�-K�)<EKD	�����".;��%D� 
A�	0
^_)"0$;�

��9Aก"�<EK�#;)>��B�C cytoplasmic droplet ���(#�(.)/%0�%ก	<.*� 3 ก�%#
 B"ก"#��ก.)�8#��\
#
E
).8�+�$.J<���V�"� (P>0.05) 

 
กM�9��
9, (2554) ก�	
�	�
\$L"L���LกB^$$�\	90W)��	�C��8)*+�
,-*�"#�$%&'�()*+�
,-*�

���(#��%ก	 B?#�ก�	<9�����ก
AZ) 3 ก�%#
 ก�%#
<EK 1 )*+�
,-*�
D-�D��9U;8��	�C��8�:"	 NSRTC 4 
(ก�%#
$;?$%
) ก�%#
<EK 2 )*+�
,-*�
D-�D��9U;8��	�C��8�:"	 NSRTC 4 + )�;
$�E8	0-COS �:"	1 W)
�."	��#;) 2 
A�	0
^_)"0 ก�%#
<EK 3 )*+�
,-*�
D-�D��9U;8��	�C��8�:"	 NSRTC 4 + )�;
$�E8	0-COS 
�:"	2 W)�."	��#;) 2 
A�	0
^_)"0 <+�ก�	
D-�D��)*+�
,-*�W)B"#�Cก�%#
W>U)*+�
,-*�<EK
D-�D��B�U;B"#�C
ก�%#

E$;�

�U
�U)���".;��%D�
E,E;�"
<#�ก.? 3 x 109 ".;"#�)*+�
,-*� 80 
������"	 )+�)*+�
,-*�
�"	;D
$%&'�(<EK
E��8%ก�	
ก_?	.กM�
AZ)
;�� 1, 3, 5, 7 B�C 10 ;.) ��ก�	<9���(?;#� )*+�
,-*�<EK
D-�D��
9U;8��	�C��8W)ก�%#
$;?$%

E$#�$;�

AZ)ก	9-9#��B�C
A�	0
^_)"0 progressive movement 
B"ก"#���8#��
E).8�+�$.J8�K�<���V�"� (P<0.01) ก.?)*+�
,-*�W)ก�%#
<EK
�	�
)�;
$�E8	0-COS �:"	 1 B�C 
ก�%#
<EK
�	�
)�;
$�E8	0-COS �:"	 2 �#;)$#�B	�9.)���L
"�$B�C
A�	0
^_)"0 curve line movement 
B"ก"#���8#��
E).8�+�$.J<���V�"� (P<0.05) )*+�
,-*�<EK
D-�D��9U;8��	�C��8ก�%#
$;?$%
 ก�%#
<EK
�	�

)�;
$�E8	0-COS �:"	 1 B�C )�;
$�E8	0-COS �:"	 2 <EK<+�ก�	
ก_?	.กM�\;U
AZ)
;�� 1,3,5,7 B�C 10 
;.) 
E$#�$;�

AZ)ก	9-9#�� $#�B	�9.)���L
"�$
A�	0
^_)"0 motile sperm 
A�	0
^_)"0 live sperm 

A�	0
^_)"0 progressive movement $;�

	_;W)ก�	;#�8B?? VCL VSL VAP B"ก"#��ก.)�8#��
E
).8�+�$.J8�K�<���V�"� (P<0.01) 

-K���8%ก�	
ก_?	.กM�
(�K
�R*) �#;)
A�	0
^_)"0 curve line movement 
B"ก"#���8#��
E).8�+�$.J<���V�"� (P<0.05)  

 
.�E���F�
�E��ก������� 

 
	#��ก�8�.";0
EB	#/�"%"#��w �8:#A	C
�& 40 ,)�9 ^RK�D+�
AZ)"#�ก�	
D	�J
"�?L" ก�	W>U��

���" ก�	�-?(.)/%0 
AZ)�#;)A	Cก�?���L$	�	#��
,#) ก	C9:ก t�) 
AZ)�#;)A	Cก�?���
)-*�
8-K� 
	.กM�$;�

AZ)ก	99#��W)	#��ก�8 
AZ)"U) B	#/�"%DR�
AZ)L',)C<EK
E$;�
D+�
AZ)"#�	#��ก�8 B
U;#�
	#��ก�8DC"U��ก�	W)A	�
�&
�_ก)U�8ก_"�
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�����
,# 4  $;�
"U��ก�	B	#/�"%���(#��%ก	 
 
 Mineral elements % or amount/kg of diet amount/day 
Calcium 0.75 % 15.0 g 
Phosphorus, total 0.60 % 12.0 g 
Phosphorus, available 0.35 % 7.0 g 
Sodium 0.15 % 3.0 g 
Chlorine 0.12 % 2.4 g 
Magnesium 0.04 % 0.8 g 
Potassium 0.20 % 4.0 g 
Copper 5 mg 10 mg 
Iodine 0.14 mg 0.28 mg 
Iron 80 mg 160 mg 
Manganese 20 mg 40 mg 
Selenium 0.15 mg 0.3 mg 
Zinc 50 mg 100 mg 
 

,#��: NRC (1998) 

 
B	#/�"%<EKD+�
AZ)"#�ก�	
D	�J
"�?L"����.";0��
�	VB?#�\9U
AZ) 2 ก�%#
 $-� 

 
 1.  B	#/�"%>�.ก (macro mineral) $-�B	#/�"%<EK�.";0"U��ก�	W)A	�
�&�:�\9UBก# B$�
^E8
 
(Ca) t��t�	.� (P) L^
9E8
 (Na) $��\	90 (Cl) B
ก)E
^E8
 (Mg) L(B"�
^E8
 (K) B�C ^.�
t�	0 
(S) 
 

2.  B	#/�"%	�� (micro mineral >	-� trace mineral) $-�B	#/�"%<EK�.";0"U��ก�	W)	C9.?"K+� 
,#) 
L$	

E8
 (Cr) <��B9� (Cu) \�L�9E) (I) 
>�_ก (Fe) B
�ก�)E� (Mn) L
��?9E).K
 (Mo) ^E�E
)E8
 
(Se) �.�กC�E (Zn) 
AZ)"U) B	#/�"%	��
E?<?�<<EK�+�$.J
กEK8;�U��ก.?ก�	<+���)���	C??"#��w W)
	#��ก�89.�B�9�W)"�	��<EK 5 B�C
AZ)L$Btก
"�	0 (co-factor) ���
�)\^
0>��8,)�9W)	#��ก�8 
B	#/�"%	��
E��L98"	�"#�ก�	
D	�J
"�?L"B�Cก�	�-?(.)/%0����.";0 ();�D.)<	0 B�C��),.8, 2544)  
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�����
,# 5  ?<?�<���B	#/�"%	��W)	C??"#��wW)	#��ก�8 
 

?<?�<W)	#��ก�8 B	#/�"% 
	C??':
�$%U
ก.)L	$ Cr, Zn, Fe, Se, Cu 
ก�	�	U��(�.���) Mg, P, Mn 
	C??��	0L
) Fe, Mn, Zn, Cu, Mg, K 
ก�	�	U��;�"�
�) Co 
ก�	�	U��
�-�9 Cu, Fe 
	C??
�)\^
0 Zn, Cu, K, Mn, Fe, Mg 
	C??�-?(.)/%0 P, Cu, K, Mn, Zn, Mg 

 

,#��: Miller (1990) 
 
. ��T,�� (Calcium)  
 
 B$�
^E8
D.9
AZ)B	#/�"%<EK
E$;�
�+�$.J"#�ก�	
D	�J
"�?L" L98(?;#�B$�
^E8
A	C
�& 99 

A�	0
^_)"0 
AZ)�#;)A	Cก�?���ก	C9:กB�Ct�) �#;)<EK
>�-�
AZ)�#;)A	Cก�?���
�-�9 B�C

)-*�
8-K��#�) (soft tissue) L98
Y(�CW)(���
�
EA	C
�& 10 
���ก	.
/100
������"	 L98A	�ก�".; 
3 	:AB?? $-� B??����)���	C (Free Ca2+) B??	;
".;ก.?LA	"E) B�CB??	;
".;�8#��^.?^U�)
ก.?ก	9��)<	E80 (organic acid) 
,#) ก	9^�"	�ก (citric acid)  >	-� ก	9�)�)<	E80 (inorganic acid) 

,#) ก	9t��t�	�ก (phosphoric acid) (Georgievskii et al., 1981) 
  

�
&�
,#���. ��T,�� 
 

1. 
AZ)L$	��	U��<EK�+�$.J<EK�%9���ก	C9:กB�Ct�) ^RK�
AZ)B>�#�
ก_?B$�
^E8
<EK
E
$;�
�+�$.J
�ก�+�>	.?$;?$%
	C9.?B$�
^E8
���	#��ก�8 (Marie, 1969) 

 
2. $;?$%
ก�	<+���)���A	C��< B�Cก�U�

)-*�W>U<+���)
AZ)\A"�
Aก"� 
,#) ก�	

<+���)���ก�U�

)-*�>.;WDB�C$;�
\;A	C��< (Carafoli et al., 1975) 
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3. 
AZ)��$0A	Cก�?<EK�+�$.JW)�?;)ก�	B�_�".;���
�-�9 L98 Ca2+ DC<+���)	#;
ก.?

�_)\^
0<	�
L?(���"�) (thromboplastin) ^RK�DC
A�EK8)LA	<	�
?�) (prothrombin) 
AZ)<	�
 
?�) (thrombin) <+�W>U
�-�9B�_�".; (Marie, 1969) 
 
.�ก
,�T,�� (Magnesium) 
 

B
ก)E
^E8

AZ)B	#/�"%A	CD%?;ก<EK
E
�ก
AZ)�.)9.?���W)���
>�;'�8W)
^��0	��D�ก
L(B<�
^E8
 W)
^��0B
ก)E
^E8
����)DC	;
�8:#ก.?LA	"E) B�Cก	9)�;$����ก �+�>	.?$;�


�U
�U)Aก"����B
ก)E
^E8
W)(���
��8:#	C>;#�� 18 VR� 30 
����ก	.
"#���"	 �.";0<EK��8%
�ก
.ก
��9B$�)B
ก)E
^E8

�กก;#��.";0��8%)U�8 
(	�C;#��.";0<EK
E��8%
�ก�R*) $;�
��
�	VW)ก�	

$�-K�)8U�8B
ก)E
^E8
D�กก	C9:ก
�W,U\9U�9��  L98<.K;\A�.";0��
�	VW,UA	CL8,)0D�ก
B
ก)E
^E8
W)

�_9/.J(-,\9U9Eก;#�B
ก)E
^E8
<EK�8:#W)(-,��>�	�.";0 (Miller, 1990) 
 

�
&�
,#���.�ก
,�T,�� 
 
 B
ก)E
^E8

E?<?�<<EK
AZ)".;ก	C"%U)<EKD+�
(�C
D�CD�B�C
AZ)L$Bt$
"�	0���
�)\^
0
>��8".; L98
Y(�C
�)\^
0<EK
E thiamine pyrophosphate 
AZ)L$Bt$
"�	0 W)\
L"	$�)
9	E8 
B
ก)E
^E8
����)DC ก	C"%U)ก	C?;)ก�	 oxidative phospholyration ^RK�ก	C?;)ก�	)E*VU���9
B
ก)E 
^E8
DC 
ก�9�R*)\
#\9U  
�)\^
0<EK
EB
ก)E 
^E 8

AZ)L$Bt$
"�	0  
,#) myokinases, 
diphosphopyridine nucleotide kinase B�C creatine kinase <EK<+�ก�	�#��#�) phosphorus group W)
	C>;#��
ก�9A}�ก�	�8�<��
$
E B
ก)E
^E8
����)8.���
�	V<+�>)U�<EKB<)B
�ก�)E�����)W)ก�	<+�
>)U�<EK
AZ)L$Bt$
"�	0W)
ก-�?<%กA}�ก�	�8� 
 
 B
ก)E
^E8
<+���)"	��U�
ก.?B$�
^E8
W)ก�U�

)-*� $-� B
ก)E
,E8
\A8.?8.*�ก�	<+���)
���
�)\^
0 myosine adenosine triphosphatase B�Cก	C"%U)ก	C?;)ก�	 hydrolysis ��� 
acetylcholine L98�#�)<�� cholinesterase ��<EK
ก�9�R*)
E?<?�<<EK�+�$.JW)ก�	�#��#�)ก	CB�
A	C��< B�Cก�	?E?	.9".;���ก�U�

)-*� 
 
 W)ก	C?;)ก�	�	U��ก	C9:ก "U��ก�	B
ก)E
^E8
W)D+�);)<EKB)#)�) B�CB
ก)E
^E8
<EK
(?W) hydroxyapatite crystals ,#;8W)ก�	B�_�".;���
)-*�
8-K�ก	C9:กB�Ct�) B�C<EK(?W) calcite 
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cystals ,#;8W>U
A�-�ก\�#B�_�B	� ก�	8ก	C9.?$;�

�U
�U)���B
ก)E
^E8
W)B
#\ก#��
�	V$;?$%

ก�	
ก�9 calcification ���
A�-�ก\�#W)".?���\ก#  
 
+�.���T,�� (Potassium) 
 
 L(B"�
^E8
 
E$;�
�+�$.J<.*�W)(-,B�CW)�.";0 �#;)
�กW)(-,
EA	�
�&���L(B"�
^E8


�กก;#�$;�
"U��ก�	����.";0 ^RK�ก�	
EL(B"�
^E8

�กW)��>�	�.";0��D)+�\A�:#ก�	B�9���ก�	
��9Aก"����ก�	��9B
ก)E
^E8
\9UW)�.";0ก	C
(�C	;
 L(B"�
^E8

Eก�	ก	CD�8".;�8:#<.K;	#��ก�8 
B�C
AZ)>)RK�W)B	#/�"%<EK
EA	�
�&�:�W)	#��ก�8$-�
EL(B"�
^E8
A	C
�& 1.8 VR� 2.0 ก	.
"#�
ก�L�ก	.
)*+�>).ก".; $;�

�U
�U)���L(B"�
^E8
W)(���
�W)	C9.?Aก"��8:#	C>;#�� 0.18 VR� 
0.22 ก	.
"#���"	  
 

�
&�
,#���+�.
��T,�� 
 
 L(B"�
^E8

AZ)B	#/�"%<EK�+�$.J������
>�;'�8W)
^��0 B"#
E)U�8W)���
>�;)�ก
^��0 
^RK�"	�ก.)�U�
ก.?L^
9E8
 <+�>)U�<EK
กEK8;ก.?ก�	$;?$%
$;�
9.)���L
^�� �
9%�ก	9 9#�� �
9%�
)*+� B�C$;?$%
$;�
�
9%�����)	C>;#��L(B"�
^E8
 L^
9E8
 B$�
^E8
 B�CB
ก)E
^E8
  
(NRC, 1988) 
  
 ก�	<EK
EL(B"�
^E8
�:�'�8W)
^��0 <+�>)U�<EK
AZ)L$Bt$
"�	0���
�)\^
0<EK
E>)U�<EKW)
ก�	�#��#�) phosphate group D�ก ATP \A8.�ก	9\(	:;�$ (pyruvic acid) B�C��D
E�#;)W)ก�	
ก	C"%U)ก�	<+���)���
�)\^
0>��8w ".;'�8W)
^��0 L(B"�
^E8
����)<EK�8:#W)
^��0	#;
ก.?
L^
9E8
����)<EK�8:#)�ก
^��0 <+�>)U�<EK	#;
ก.)W)ก�	<+�W>U
ก�9 resting potential B�C active 
potential W)ก�	?E?	.9".;���ก�U�

)-*� B�Cก�	�#��#�)���ก	CB�A	C��< 
 
 L(B"�
^E8
����)W)

_9
�-�9B9�
E$;�
�+�$.JW)ก�		.กM�$;�

AZ)ก	9 9#�� L98

กEK8;�U��ก.?ก�	�#��#�)��ก^�
D)B�C$�	0?�)\9��ก\^$0�#�)�EL
Lก�?�) (hemoglobin) L(B"� 

^E8

E�#;)
กEK8;�U��ก.?��	0L
) mineral corticoids $-� aldosterone B�C deoxycortico-sterone B"#
�������	0L
)
>�#�)E*"#�L(B"�
^E8
V-�;#�
AZ)�+�9.?	�� (Y���, 2543) 
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��.)� (Copper)  
 
 /�"%<��B9�
AZ)/�"%A	CD%?;ก;�
�)^E 2 B�C 3 
E$;�
�+�$.J"#�ก�	�	U��

_9
�-�9B9� 
E
��"#�ก�	)+�
>�_ก\A
AZ)L$	��	U������E
 (heme) B�C,#;8W>U

_9
�-�9B9�
D	�J
"_
<EK <��B9�8.�

กEK8;�U��ก.?ก	C?;)ก�	�	U��$����
D) (collagen) �����"�) (elastin) B�C(	��"�Bก�)9�) 
(prostaglandin) (Pond et al., 1995) <��B9�8.�
AZ)�#;)A	Cก�?���
�)\^
0�Eก>��8".; B�C
.ก
A	�ก}�8:#W)��	<EK
E�E 
,#) <:	�^�) (turacin) �E<EK�8:#"�
�) /�"%)E*
E�8:#<%ก
^��0W)	#��ก�8 
 

�
&�
,#���
��.)� 
  
 
AZ)�#;)A	Cก�?���
�)\^
0 
�)\^
0>��8,)�9
E/�"%<��B9�
AZ)��$0A	Cก�? 

�)\^
0<EK
AZ)<EK	:UD.กก.)9E$-� \�^����ก^�
9� (lysyl oxidase) \<L	^�
)� (tyrosinase) \^L"L$	
 
^E ��ก^�
9� (Cytochrome C oxidase) 
t�	0	�ก^�
9� (ferroxidase) ^:
A�	0��ก\^909��
�;
"� 
(superoxide dismutase; SOD) L9(�
E)
?"U�\�9	�ก^E
�� (dopamine ß hydroxylase) 
 
 \�^����ก^�
9� (lysyl oxidase) 
AZ)
�)\^
0<EK9R�>
:#�C
�L)��กD�ก\�^E) B�C\�9	�ก
^E\�^E) (hydroxylysine) <EK�8:#?)��8
AA\<90���$����
D)B�C�����"�)<EK�.�
$	�C>0W>
# 
AZ)
A}�ก�	�8�<EK
ก�9�R*)W)ก	C?;)ก�	�.�
$	�C>0$����
D) B�C�����"�) ^RK�(?\9UW)��;>).� t�) A�9 
ก	C9:ก 
AZ)"U) 
 
 \<L	^�
)� (tyrosinase) 
AZ)
�)\^
0<EK�.�
$	�C>0

_9�E

��)�) (melanin) <EK��;>).� �) 
�
 B�C"� L98ก	C?;)ก�	��ก^�
9,.)���\<L	^E) (thyrosine) 9U;8
�)\^
0\<L	^�
)� \9U
��	A	Cก�?\9\�9	�ก^Et�)���C��)�) (dihydroxyphenylalanine) >	-� L9A� (dopa) ^RK�
AZ)"U)
ก+�
)�9�����	,)�9"#�� w 
,#) 	�$;."V%W)
�U)�
B�C��;>).�  
 
 \^L"L$	
 ^E ��ก^�
9� (Cytochrome C oxidase) A	Cก�?9U;8
>�_ก �E
 B�C<��B9� <+�
>)U�<EK,#;8W)ก�	��ก^�\9^0B�C	E9�;�0���A}�ก�	�8� 
�)\^
0\^L"L$	
 ^E ��ก^�
9� W)ก	C?;) 
ก�	�.�
$	�C>0t��Lt��(�9 B�Cก�	�	U��\
����) (myelin) ^RK�
AZ)Y);)>%U
A���ก.)
^��0A	C��< 
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t�	0	�ก^�
9� (ferroxidase) 
AZ)
�)\^
0<EK��ก^�\9^0 Fe2+ (ferrous)  
AZ) Fe3+ (ferric) 

ก�9�R*)W)ก	CB�
�-�9 >�.�D�ก<EK
>�_กV:ก9:9^R
W)�+�\�U��ก�:#ก	CB�
�-�9 Fe3+ D.?ก.?LA	"E)
AZ)
	:A<EK�)�#�W)ก	CB�
�-�9	;
<.*�	:A<EK�C�
W)	#��ก�8 )�กD�ก
�)\^
0
t�	0	�ก^�
9�B�U; 
LA	"E)
^	:L�(���
�) <EK
E<��B9�W)L

�ก%�<+�>)U�<EK��ก^�\9^0
>�_ก Fe2+  
AZ) Fe3+ 
,#)ก.) 
'�;C��9<��B9�DC<+�W>Uก�	W,U
>�_กW)	#��ก�8?ก(	#�� 
ก�9L�>�"D��
>
-�)ก�	��9
>�_ก 
 

^:
A�	0��ก\^909��
�;
"� (superoxide dismutase; SOD) ^RK�
AZ)
�)\^
0<EK(?W)\^L" 
(���^R
���
^��0L98
E�.�กC�E 2 �C"�
 B�C<��B9� 2 �C"�

AZ)��$0A	Cก�?  
E>)U�<EKW)
ก�	
A�EK8)�)%
:�^: 
A�	0��ก\^90 (2O2

-) \A
AZ)\�L9	
D)
A�	0��ก\^90  B�C��ก^�
D)  
('�(<EK 5)  

 
  superoxide dismutase             

2O2
-  +  2H+                H2O2 + O2 

 
���
,# 5  A}�ก�	�8�ก�	ก+�D.9�)%
:�^:
A�	0��ก\^90L98
�)\^
0^:
A�	0��ก\^
0 9��
�;
"�             
 

,#��: Hill and Spears (2000)  
 
 L9(�
E)
?"U�\�9	�ก^E
�� (dopamine ß hydroxylase) 
E>)U�<EK�.�
$	�C>0��	�-K�A	C��<
W)	C??A	C��<�."L)
."� (sympathetic neurotransmitters) ).K)ก_$-�)�	0��(�
)t	�)(norepine-
phrin) B�C��(�
)t	�) (epinephrin) ^RK�(?W)"#�
>
;ก\" (adrenal gland) B�C�
��W)�#;)       
):

�	0	.� (numerous) (Hill and Spears, 2000) 
 
���*ก (Iron) 
 

/�"%
>�_ก
AZ)/�"%A	CD%?;ก;�
�)^E 2 B�C 3 (ferrous, Fe2+ B�C ferric, Fe3+) 
>�_กW)
	#��ก�8
E<.*� Fe2+ B�C  Fe3+  L98 60-70 
A�	0
^_)"0���
>�_กW)	#��ก�8�8:#W)	:A�EL
Lก�?�)(?W)
\
L�Lก�?�) (myoglobin) <EK�8:#W)ก�U�

)-*� 20 
A�	0
^_)"0 
>�_ก�C�
�8:#W)".? 
U�
 B�C
ก�U�

)-*��-K) w ^RK�
>�_ก
E,-K�
	E8ก"#�� w ก.)�R*)�8:#ก.?;#�(?W)�#;)W9 W)	ก
	E8ก 8:
<�L	
t�	0	�)
(uteroferrin) W))

	E8ก B�$L"
t�	�) (lactoferrin) B�CW)".?
	E8ก 
t�	0	�"�) (ferritin) 
AZ)"U)  
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�
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,#������*ก 
 
 /�"%
>�_ก
E$;�
�+�$.JW)

B<?���^R
�����K�
E,E;�" 
กEK8;�U��ก.?ก�	���8��	��>�	W>U
\9U(�.���) 
AZ)�#;)A	Cก�?���
�)\^
0W)ก�	�.�
$	�C>0��	<EK�+�$.JW)	#��ก�8  
 
 �)�#���ก^�
D)D�ก
�-�9\A8.��;.8;C"#�� w W)	#��ก�8L98�EL
Lก�?�)W)

_9
�-�9B9�DC
D.?ก.?��ก^�
D)\9U9U;8 Fe2+ W)�E
 �EL
Lก�?�)A	Cก�?9U;8�E
 4 >
:# ��
�	V�)�#���ก^�
D)\9U 
4 �C"�
 DR�)+���ก^�
D)\A8.��#;)"#�� w ���	#��ก�8
(-K�W,U�	U��(�.���) (ATP) W)	C??�:กL^#
ก�	>�8WD �E
DR�
AZ)�#;)�+�$.JW)ก�	�)�#���ก^�
D)W)

_9
�-�9B9� 
 
 �)�#���ก^�
D)'�8W)
^��0ก�U�

)-*�W)�.กM&C
9E8;ก.?

_9
�-�9B9� ก�U�

)-*�DC
E 
\
L�Lก�?�) ^RK�A	Cก�?9U;8/�"%
>�_กW)�E
 
(-K�D.?��ก^�
D)\;UW,UW)ก	C?;)ก�	�	U��(�.���) 
 
 
AZ)�#;)A	Cก�?���
�)\^
0W);.}D.ก	
$	? B�C	C??�:กL^#ก�	>�8WD 
>�_ก<EK
AZ)
�#;)A	Cก�?���
�)\^
0
E<.*��8:#W)	:A�E
 (Fe2+) 
,#) \^L"L$	
��ก^�
9� <%ก,)�9 B�C\
#W,#�E
 
(Fe3+) 
,#) �CL$)�
"� (acronitase) ^.$^�
)<9E\�L9	DE
)� (succinate dehydrogenase) 
�)
�9E
�, 
9E\�L9	DE
)� (NADH dehydrogenase) )�กD�ก).*)�E
8.�
AZ)�#;)A	Cก�?���
�)\^
0\
�EL�

A�	0��ก^�
9� (myeloperoxidase) <+�>)U�<EK
	#�A}�ก�	�8���	A	Cก�?\�L9	
D)
A�	0��ก\^90 
(H2O2) ก.?$��\	90\���) (Cl) W>U
AZ)��	
A�	0��ก\^90 (HOCl) ^RK�
AZ)".;��ก^�\9^0�8#��B	�
B�C
E$;�

AZ)(�M�:� W,UW)ก�	<+���8B?$<E
	E8<EK
�U�
�W)	#��ก�8 
 
 
>�_ก
AZ)�#;)A	Cก�?
�)\^
0\	L?)�;$�EL�\<90 	E9.ก
"� (ribonucleotide reductase) ^RK�
W,UW)ก�	�.�
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(�K
D+�);)
^��0 
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E��K�BA�กA��

�U�
� 

^��0

_9
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Lt\^90 (B-lymphocyte) >	-� <E��
Lt\^90 (T-lymphocyte) DCB?#�

^��0
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(-K�
(�K
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ก.) VU���9
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^��0
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.��ก�
,� (Manganese) 
 
 B
�ก�)E�
E$;�
�+�$.J"#�ก�	
D	�J
"�?L" B�C$;�
�
?:	&0(.)/0����%ก	 A	�
�&
B
�ก�)E�<EK(?W)
)-*�
8-K�"#�� w ���	#��ก�8�.";0
E	C9.?$#�)�U��"K+� 8ก
;U) W)�#;)���".? \" ".?
�#�) B�C"#�
W"U�
�� /�"%)E*(?
�กW)(-,��>�	�.";0 B"#DC(?\9UA	�
�&)U�8W)

�_9/.J(-, 
B�C	#��ก�8��
�	V�C�
/�"%B
�ก�)E�\9UW)A	�
�&D+�ก.9  
 

�
&�
,#���.��ก�
,� 
 
 B
�ก�)E�
กEK8;�U��ก.?	C??ก�	<+���)���
�)\^
0D+�);)
�ก'�8W)	#��ก�8
,#) 
hydrolase kinase decardroxylase B�C transferase L98ก	C"%U)ก�	<+���)���
�)\^
0\ก�L$
^��<	�)
t�	0
	� (glycosyltransferase) ^RK�<+�>)U�<EK8U�8>
:#)*+�"��D�ก��	".*�"U) (substrate) \A8.�
".;	.?
,#) ก�	�.�
$	�C>0ก�:L$�W>U 
AZ)L(�EB^$$�\	90  V:ก$;?$%
L98
�)\^
0\ก�L$
^��<	�)
t�	0
	�B??
Y(�C
D�CD�  
 
 D+�
AZ)"#�ก�	�.�
$	�C>0ก�:L$^�
�L)\ก�B$) (glucosaminoglycans) ^RK�
AZ)��	
�;L$L(
�EB^$$�\	90 (mucopolysaccharides) <EK�+�$.JW)
�_)B�Cก	C9:ก�#�) B�CB
�ก�)E�
E$;�
�+�$.J
W)ก�	<+�>)U�<EK���	C??A	C��<�#;)ก���B�C"#�
\<	�890 	;
VR�ก�	�	U��ก	C9:กB�Cก	C9:ก
�#�) (�	%&E, 2547) 
 
���ก0�, (Zinc)  
 
 �.�กC�E
AZ)��$0A	Cก�?<EK�+�$.J���
�)\^
0
�กก;#� 100 ,)�9 
E>)U�<EK
กEK8;�U��ก.?ก�	

D	�J
"�?L" ก�	<+���)���	C??�-?(.)/%0  

B<?���^R
"#�� w '�8W)	#��ก�8
,#) 
AZ)
�#;)A	Cก�?���
�)\^
0$�	0?�ก^E
AA"�
9� (carboxypeptidase) ^RK�
E>)U�<EKW)ก�	8#�8LA	"E) 

AZ)�#;)A	Cก�?���
�)\^
0$�	0?�)�ก B�)\�
9	� (carbonic anhydrase) B�C
AZ)L$Btก
"�	0
W)ก	C?;)ก�	\ก�L$\�^E� (glycolysis) B�C tricarboxylic acid cycle 
(-K�W>U\9U ATP ^RK�
AZ)
B>�#�(�.���)<EK�+�$.J���	#��ก�8 �.�กC�E
AZ)�#;)A	Cก�?�����)^:��) (insulin) 
E?<?�<W)ก�	
$;?$%
	C9.?ก�	
�����J$�	0L?\�
9	<���	#��ก�8 B�C�.�กC�E
E$;�
D+�
AZ)"#�ก�	�	U���) 
��;>).�B�CกE?  
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�
&�
,#������ก0�, 
 
�.�กC�E
E?<?�<
�ก
�8W)	#��ก�8<.*�W)9U�)	C??A	C��< 	C??':
�$%U
ก.)���	#��ก�8 

B�Cก�	A���ก.)�)%
:����	C ก�	\9U	.?�.�กC�EW)A	�
�&�:�
AZ)
;��)�) w ก#�W>U
ก�9$;�
��9Aก"�
W)	C??':
�$%U
ก.)B�C$;�
��9Aก"����\�
.)W)	#��ก�8 B	#/�"%�.�กC�E
E$;�
�+�$.J"#�ก�	9:9^R

B�Cก�	A}�?."�>)U�<EK���;�"�
�)L98
Y(�C;�"�
�)?E	;
 B	#/�"%�.�กC�E
AZ)�#;)A	Cก�?���
)*+�8#�8\
#)U�8ก;#� 25 ,)�9 ^RK�,#;8W)ก�	8#�8 B�Cก�	
�����JL98
Y(�Cก�	8#�8$�	0L?\�
9	" 
ก�	
�����Jt��t�	.� ก�	<+���)���
^��0"#��w W)	#��ก�8  

 

AZ)�#;)A	Cก�?���
�)\^
0 
,#) 
�)\^
0<EKW,UW)ก�	�.�
$	�C>0LA	"E) 
�)\^
0>��8

,)�9
E�.�กC�E
AZ)�#;)A	Cก�?<EK	:UD.กก.)9E $-� 
�)\^
0$�	0L?)�$ B�)\�
9	� ^RK�(?
�กW)

_9

�-�9B9�
E?<?�<W)ก�	ก+�D.9$�	0?�)\9��ก\^90  
 

H+ <EKA�#�8D�กก	9$�	0L?)�$DC\A	E9�;^0��ก^EK�EL
Lก�?�) (oxyhemoglobin) W>UA�#�8
��ก^�
D)W>U
)-*�
8-K��#;)\?$�	0L?
)" (HCO3

-) DC�#�)��ก\A8.�(���
#�B�C
�U�
�
E�#;)	#;
W)
A}�ก�	�8�ก�	A	.?�
9%�ก	9-9#�� (buffering reaction) 

 

�)\^
0�.�$�\�)0t��t�
"� (alkaline phosphatase) A	Cก�?9U;8�.�กC�E 4 �C"�
 
AZ)


�)\^
0<EK
E?<?�<W)ก�	\�L9	\�^0 (hydrolyse) L
L)
��
<�	0���t��
t<D�ก��	A	Cก�?
,)�9"#�� w B�C
กEK8;�U��W)

B<?���^R
���ก	C9:ก  ?��$	.*�W)
�)\^
0,)�9)E*
AZ)".;?#�,E*�'�(
����.�กC�EW)	#��ก�8  
(	�Cก�	<+���)DC�9��

-K���9�.�กC�E  B"#ก�	<+���)���
�)\^
0,)�9)E*
\
#
>
�C�
<EKDC)+�
�W,U
AZ)".;?#�,E*�'�;Cก�	
A�EK8)BA������.�กC�EW)	#��ก�8  
)-K��D�ก
E
A�DD.8>��8�8#��<EK
E��"#�ก�	<+���)���
�)\^
0,)�9)E* 
,#) ก�	�9��>�	 ��8%����.";0 
;��<EK
ก_?
^E	.K
 B�C,)�9���
)-*�
8-K�<EK
ก_?".;�8#��  
 


�)\^
0�Eก,)�9>)RK�<EK
E�.�กC�E
AZ)�#;)A	Cก�?$-� 
�)\^
0^:
A�	0��ก\^90 9�� 
�;
"� 
9.�<EK\9Uก�#�;
�B�U;W)�#;)>)U�<EK���<��B9� 
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T,�,�
,�� (Selenium) 
 
 ^E�E
)E8

AZ)/�"%<EK
E;�
�)^E 2+, 6+ B�C 8+ ^E�E
)E8
W)��>�	
E<.*��8:#W)	:A��)<	E80B�C    
�)�)<	E80 �#;)W>J#�8:#W)	:A��)<	E80L98 Se2+ D.?ก.?��8LA	"E)"	�"+�B>)#�ก	9�C
�L)^��
"�E)
B�C

<\/L�)E)
	E8ก ^E�EL)^��
"�E) (Selenocysteine; Sec) B�C^E�EL)

<\/L�)E) (Seleno-
methionine; Sem) "�
�+�9.? "�
/		
,�"�^��E
)E8

.กDC(?
�กW)	:A���>JU�B�C;."V%9�?
��>�	�.";0<.K;\A Scott et al. (1971) 	�8��);#�(?^E�E
)E8
W)
)-*�A��<:)#�A	C
�& 5.1-6.2 mg 
Se/kg DM ^E�E
)E8
8.�(?\9UW)��>�	<C
�B�C
)-*��.";0<EKก�)(-,>	-�/.J(-,<EKA�:กW)9�)<EK
EB	#/�"%
^E�E
)E8
�:� 
 
 �
&�
,#���T,�,�
,�� 
 
 ^E�E
)E8

AZ)L',)C<EKD+�
AZ)�+�>	.?

B<?���^R
"#��w'�8W)
^��0 L98^E�E
)E8
W)	:A
���^E�EL)^��
"�E)DC
�U�\A"	�?	�
;&��กq</�� (active site) ���LA	"E),)�9"#��w ^E�EL)^��
"
�E)DCB"ก".;\A�8:#W)	:A���\��)
ก-�?<.*�>
9B�C<+�>)U�<EK 
AZ)".;
	#�<EK
EA	C��</�'�( 
��	A	Cก�?^���L)LA	"E) (selenoprotein) 
E
�กก;#� 100 ,)�9W)	C??"#��w����.";0
�E*8��:ก9U;8
)
 ^��EL)LA	"E)^RK�
E>)U�<EK�+�$.J<���	E	C;�<8�$-� ก�%#
���
�)\^
0ก�:"�\/L�)
A�	0��ก^�

9� (glutathione peroxidase) 4 ,)�9>	-�<EK
	E8ก;#�ก�%#
���
�)\^
0^���L)
A�	0��ก^�
9� (seleno-
peroxidase) A	Cก�?9U;8 
 

1. 
�)\^
0 classical glutathione peroxidase (?�8:#'�8W)\^L"(���^R
���
^��0 B�C
<+�>)U�<EKA���ก.)ก�	>-)L98ก�		E9�;�0\�L9	
D)
A�	0��ก\^90 (H2O2) B�C��A�9
A�	0��ก\^90  

 
2. 
�)\^
0 phospholipid-hydroperoxide glutathione peroxidase ���
8-K�?%��;
^��0


�)\^
0,)�9)E*<+�>)U�<EK	E9�;�0L$	��	U�������A�9
A�	0��ก\^90 
 
3. 
�)\^
0 glutathione peroxidase <EK�8:#)�ก
^��0 ก�%#
)E*
AZ)^E�EL)LA	"E)�Eก,)�9>)RK�<EK


EA	C��</�'�(W)ก�	"#�"U�)A}�ก�	�8�ก�	>-) 
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4. ก�%#
���
�)\^
0 thiones ,)�9�-K)w 
,#) thioredoxin ^RK�<+�>)U�<EK
AZ)".;W>U��
�_ก"	�)
B�C,#;8A}�ก�	�8�ก�	"#�"U�)ก�	>-)���
�)\^
0
A�	0��ก^�
9� <EK�8:#)�ก
^��0>	-�'�8W)(
���
#� \/L�	E9�ก^�) (thioredoxin) $-�LA	"E)\9^.�\t"0 (protein disulphide) <EKD+�
AZ)W)ก�	
A���ก.)ก�	>-)B�C$;?$%
ก�	
D	�J
"�?L"���
^��0<EK�+�$.J\9UBก# \/L�	E9�ก^�)	E9.ก
"� 
(thioredoxin reductase) 
AZ)
�)\^
0<EKA	Cก�?9U;8^E�EL)^��
"�E) ^RK�
	#�ก	C?;)ก�		E9.ก,.K)��� 
thioredoxin L98��=.8 NADPH 
AZ)L$Btก
"�	0 (Gladyshev et al., 1996; Sun et al., 1999) 
 
+ ���,�� (Chromium) 
  
 L$	

E8

AZ)B	#/�"%<EK
E$;�
D+�
AZ)"#�	#��ก�8 (?ก	CD�8�8:#<.K;\AW)	#��ก�8>)U�<EK�+�$.J
���L$	

E8
W)	#��ก�8 $-� ,#;8
(�K
A	C��</�'�(ก�	<+���)�����	0L
)��)^:��) B�C
E	�8��);#� 
L$	

E8

E�#;)W)ก�	

B<?���^R
���\�
.) $�	0L?\�
9	< LA	"E) B�Cก	9)�;$�E��ก 	:A���
L$	

E8
<EK	#��ก�8"U��ก�	 $-� 	:A\"	;�
�)<0 (trivalent, Cr3+) ^RK�V:ก9:9^R
\9U)U�8ก;#�	:A
�ก^�;�

�)<0 (hexavalent, Cr6+) B�C(?;#�	:A
�ก^�;�
�)<0�C��8\9U
�กก;#�B�C
E(�M
�กก;#�	:A\"	;�-

�)<0 L98Aก"�	:A
�ก^�;�
�)<0DC
A�EK8)\A�8:#W)	:A\"	;�
�)<0W)<��
9�)��>�	�.";0 
 

�
&�
,#���+ ���,�� 
 
1. L$	

E8
,#;8ก	C"%U)ก�	<+���)���
�)\^
0W)
^��0 
,#) ก	C"%U)
�)\^
0^.$^�)�$-\^

L"L$	
 ^E 9E\�L9	DE
)� (succinic-cytochome c dehydrogenase) <+�W>U
^��0
Eก�	W,U��ก^�
D)W)
ก�	���"(�.���)
(�K
�R*) B�Cก	C"%U)
�)\^
0t��Ltก�:L$
�;
<� (phospoglucomutase) 
กEK8;ก.?
ก�	W,Uก�:L$����
^��0 

 
2. 
AZ)�#;)A	Cก�?���ก�:L$�<�
��
	)^0Bt$
"�	0 (glucose tolerance factor, GTF) 

('�(<EK 6) ,#;8W>U	C9.?ก�:L$�W)
�-�9�9�� L98<+�A}�ก�	�8�	#;
ก.?��	0L
)��)^:��) B�C
E��<+�
W>U	C9.?L$
��
"�	0	��B�C\�
.)\"	ก�E
^�\	90W)
�-�9�9�� 

 
3. L$	

E8

E�#;)W)ก�	

B<?���^R
���\�
.) $�	0L?\�
9	< LA	"E) B�Cก	9

)�;$�E��ก (NRC, 1998)  
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4. L$	

E8
,#;8
(�K
	C9.?':
�"U�)<�)W)�:กL$B�CL$)
 (Mooney and Cromwell, 1995) 
 

 
 
���
,# 6  L$	��	U��<��
$
E�����	ก�:L$�<�
��
	)^0 Bt$
"�	0 (glucose tolerance factor, GTF) 

(NA=Nicotinic acid, Gly=Glycine, Cys=Cysteine B�C Glu=Glutamic acid) 
 

,#��: Steel et al. (1977) 

 
+ ����� (Cobalt) 

 
L$?��"0
AZ)�#;)A	Cก�?���;�"�
�) B12 \
#
E>�.กz�)<EKB)#,.9;#��%ก	
E$;�
"U��ก�	

/�"%L$?��"0 )�กD�ก)E*L$?��"08.�?<?�<�+�$.JW);�"�
�) B12 L$?��"0��
�	VV:ก)+�\AW,UB<)
�.�กC�EW)
�)\^
0$�	0?�ก^�
AA<�
9� (enzyme carboxypeptidase) B�C
�)\^
0�.�$�\�)0t��t�

"� (enzyme alkaline phosphatase) Hoekstra (1970) \9U(?;#�ก�	
�	�
L$?��"0).*)A���ก.)
?�9B��<EK
ก�9D�ก'�;Cก�	��9�.�กC�E 

 
��	��>�	L$?��"0��
�	VV:กW,UA	CL8,)0L98 microflora W)�+�\�U
�_ก����%ก	
<#�).*)

L98<EK microflora DC�.�
$	�C>0;�"�
�) B12 \9U?���#;) ก�	�.�
$	�C>0W)�+�\�U
�_กV-�;#�
E
$;�
�+�$.J
�กVU�;�"�
�) B12 
E�8:#D+�ก.9 (Kline et al., 1954) W)<��A}�?."�$;	
Eก�	
�	�
;�"�
�) 
B12 
AZ)A	CD+�
(-K��9ก�	��9;�"�
�) B12 
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.�E���F ,��
 
 

B	#/�"%$E
�< $-� B	#/�"%	:A��)<	E80 >
�8VR� B	#/�"% (L�>C<	�)^�,.K)) <EKD.?ก.?��	��)<	E80

,#) ก	9�C
�L) >	-�
AA\<90 >	-���D
	E8ก;#� organic chelate ^RK�>
�8VR�ก�	D.?ก.?��	��)<	E80 
E
L$	��	U��B??;�B>;) <EK
ก�9�R*)L98ก�	D.?ก.)	C>;#��A	CD%?;ก���B	#/�"% (cations) ก.?
��	A	Cก�?<EK
EA	CD%�?�:�".*�B"# 2 "+�B>)#�9U;8(.)/CL$��9�
)< $+�;#� chelate 
�D�ก$+�;#� 
chele W)'�M�ก	Eก<EK>
�8VR�กU�
A: (claw) 
AZ)$+��/�?�8VR��.กM&Cก�	D.?ก.)���B	#/�"%A	CD%?;ก
ก.?��	<EKD.?ก.?L�>C (metal binding agents) ^RK�
AZ)��	��)<	E80<EK
	E8ก;#� ��Bก)90 (ligand) >	-���D
�/�?�8\9U;#� L�>C<	�)^�,.K) >
�8VR� �C"�
>	-�\���)<EK
E��
�$"	�)W) d- >	-� f- ��	0?�"��
\
#
"_
DR�B�9�
����ก^�
9,.K)\9U>��8$#� (�#;)
�ก
AZ) +2) B�C
EB);L)U
<EKDC
ก�9��	A	Cก�?

,��^U�) (complex >	-� coordinate compound) \9U�#�8 �#;)��Bก)90 >
�8VR� �C"�
>	-�ก�%#

�C"�
<EK
�U�
��	U��(.)/Cก.?L�>C<	�)^�,.K) W)��Bก)90
E�C"�
<EK
E$:#��
�$"	�)L99
9EK8;^RK�
��
�	V�	U��(.)/CL$��9�
)<L$;�
�)<0ก.?\���)L�>C\9U 
	E8ก�C"�
).*);#� donor atom        
��Bก)90<EK
E donor atom 1 �C"�
 "#� 1 ก�%#
��Bก)90
	E8ก;#� monodentate ligands �#;)��Bก)90<EK
E 
donor atom 
�กก;#� 1 �C"�
 "#� 1 ก�%#
��Bก)90 L98�C"�

>�#�)E*��
�	V�	U��(.)/Cก.?\���)
L�>C\9U(	U�
 w ก.)
	E8ก;#� polydentate ligands ^RK�DC<+�W>U
ก�9��	
,��^U�)B??
AZ);�>	-� 
cyclic ring <EK
	E8ก;#� $E
�< (chelates) (Scott et al., 1971) 

 
 ,��
�
�0��!,����  

 
 1. $E
�<<EKW,U�)�#�B�C
ก_?\���)L�>C $E
�<,)�9)E*\
#
E>)U�<EK
Y(�C���".;
��\
#
Eก�	
A	.?
A�EK8)$%&�
?."������Bก)90 B"#"U��ก�	��Bก)90<EK
E$%&�
?."�<EK��
�	VD.?
AZ)$E
�<<+�W>U
��
�	V9:9^R
�U�
�#�)
�U�\AW)ก	CB�
�-�9B�C�#�
�U�\A<EK"+�B>)#�<EK"U��ก�	\9U 
,#) 
 
  1.1  ก	9�C
�L)L98
Y(�C^��
"��) (cysteine) B�C���"E9E) (histidine) <EKD.?ก.?
\���)L�>C\9U
AZ)�8#��9E 
E$;�
�+�$.JW)ก�	�)�#�B�C
ก_?B	#/�"%W)	#��ก�8�.";0 
 
  1.2  Ethylenediaminetetraacetic acid (EDTA) 
AZ)��Bก)90�.�
$	�C>0<EK
(�K
ก�	W,U
A	CL8,)0���B	#/�"%B�CW,UW)<��ก�	B(<80
(-K�ก+�D.9(�ML�>C>).ก 
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 2. $E
�<<EK
E$;�
�+�$.JW)

B<?���^R
 \���)���L�>C>��8,)�9W)	#��ก�8"U���8:#W)
L$	��	U�����$E 
�<
(-K�W>U��
�	V<+�>)U�<EK W)

B<?���^R
Aก"�\9U  
,#) �EL
Lก�?�) 
(haemoglobin) \^L"L$	
 
�)\^
0 (cytocrome enzyme) B�C;�"�
�) ?E12 
 
 3. $E
�<<EK�.9�;��ก�	W,UA	CL8,)0���B	#/�"% 
,#) phytic acid chelate <EK��
�	VD.?ก.?B	#
/�"%A	CD%?;ก\9U>��8".;<+�W>U�8:#W)	:A<EK\
#��
�	VW,UA	CL8,)0\9U (Scott et al., 1982) 
 
.�E���F ,��

,#�,ก��$�	�.�0�!&�
�F����ก���  

 
B	#/�"%��)<	E80>	-�$E
�<<EK
Eก�	���">	-�W,UW)�%"��>ก		
��>�	�.";0
E>��8,)�9 

AAFCO (Association of American Feed Control Officials) (1997) \9UW>U$+�D+�ก.9$;�
B	#/�"%
��)<	E80,)�9"#�� w \;U9.�)E* 
 
 1. Metal amino acid complex >
�8VR� ���"'.&@0<EK
ก�9D�กก�		;
".;ก.)
AZ)
��	A	Cก�? (complexing) 	C>;#��
ก�-�L�>C<EK�C��8\9U (soluble metal salt) ก.?ก	9�C
�L)L98

E�."	��#;)���L

�ก%�L�>C"#�ก	9�C
�L)
<#�ก.? 1:1 B�C"U��	C?%A	�
�&"K+��%9���L�>C<EK
A	Cก�?�8:#B�C	C?%W>U,.9
D);#�
AZ)��	A	Cก�?,)�9W9 
,#) $�A
A�	0�C
�L)B�^�9$�

(�_ก^0 
(copper amino acid complex) ^��$0�C
�L)B�^�9$�

(�_ก^0 (zinc amino acid complex)  
 
 2. Metal amino acid chelate >
�8VR� ���"'.&@0<EK
ก�9D�กA}�ก�	�8� (reaction) ���\���) 
(metal ion) D�ก
ก�-�L�>C<EK�C��8\9Uก.?ก	9�C
�L) W)�."	��#;)���L

�ก%�L�>C"#�ก	9�C
�
L)
<#�ก.? 1:1-3 (�#;)
�ก
AZ) 1:2) �	U��(.)/CL$��9�
)<L$;�
�)<0 (coordinate covalent bonds) 
L98ก	9�C
�L)).*)"U��
E)*+�>).ก\
#
ก�) 150 9��".)B�C$E
�<<EK
ก�9�R*)"U��
E)*+�>).ก\
#
ก�) 800 
9��".) B�C"U��	C?%A	�
�&"K+��%9���L�>C<EKA	Cก�?�8:#B�C��
�	V?�ก\9U,.9
D);#�
AZ)$E
�<
,)�9W9 
,#) B
ก)E
^E8
�C
�L)B�^�9$E
�< (magnesium amino acid chelate) ^��$0�C
�L)B�^�9$E

�< (zinc amino acid chelate) 
 

3. Metal proteinate >
�8VR� ���"'.&@0<EK
ก�9D�กก�	D.?ก.)B??$E
�< (chelation) ���

ก�-�L�>C<EK�C��8\9Uก.?ก	9�C
�L)>	-�\�L9	\�^0LA	"E) (hydrolyzed protein) B�CDC"U��	C?%
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��$0A	Cก�?<EKD+�
(�C���L�>CLA	"�
)<;#�
AZ),)�9W9 
,#) $�A
A�	0LA	"�
)< �.�กC�E 
LA	"�
)< B
ก)E
^E8
LA	"�
)< 
AZ)"U) 

 
4. Metal polysaccharide complex >
�8VR� ���"'.&@0<EK
ก�9D�กก�		;
".;ก.)
AZ)

��	A	Cก�? (complexing) ���
ก�-�<EK�C��8\9Uก.?L(�EKB^$$�\	90 (polysaccharide solution)  
 
 �����P,�� (stability) 
 
 $;�

�VE8	���$E
�< >
�8VR� $;�
>)�B)#)W)ก�	D.?ก.)	C>;#��\���)ก.?��Bก)90V-�
;#�
E$;�
�+�$.JW)ก�	B�9�?<?�<<��L',)C���$E
�< VU�$E
�<).*)
E$;�

�VE8	
�ก
ก�)\A
,#) 
metal-EDTA 	#��ก�8ก_\
#��
�	V8#�8$E
�<).*)\9U VU�$E
�<
E$;�

�VE8	"K+�
ก�)\A $E
�<).*)ก_DC
B"ก".;W)ก	C
(�C��>�	ก#�)<EKDCVR��+�\�U
�_ก ^RK�ก	&E)E*DC<+�W>U$E
�<).*)\
#B"ก"#��D�กB	#/�"%�
)�)<	E80 A�DD.8<EK
E��"#�$;�

�VE8	���$E
�<(�<EKDC�	%A\9U9.�)E* 
 

1. �)�9���;�B>;) ��Bก)90<EK�	U��;�B>;) 6 
>�EK8
DC<+�W>U
ก�9$E
�<<EK
E$;�

�VE8	9E
<EK�%9 ��Bก)90W)ก�%#
)E*\9UBก# B��t�� �C
�L) B�^�9 
,#) \ก�^E) (glycine) ��
�	V�	U��$E
�<<EK
E
$;�

�VE8	<EK9E\9U �#;)ก	9^�"	�ก (citric acid) ก	9t:
�	�ก (fumaric acid) B�Cก	9ก�:$�)�ก 
(glucanic acid) \
#��
�	V�	U��$E
�<<EK
EL$	��	U��B??;�B>;)<EK
E$;�

�VE8	<EK9E\9U 
 

2. D+�);)��Bก)90 VU���Bก)90<EK
�U�
�D.?ก.?L�>C".;
9E8;ก.)
E
�ก�R*) $E
�<DC
E$;�


�VE8	
�ก�R*) 
 

3. $;�
B�_�B	������Bก)90 (strength) VU���Bก)90
E$;�
B�_�B	�
�กก_
EB);L)U
<EKDC
�	U��$E
�<<EK
E$;�

�VE8	
�ก 
 

4. �)�9B�CA	CD%�����Bก)90 $E
�<<EK�	U��D�ก��Bก)90<EK
E�)�9
�_กB�C
EA	CD%�:�DC

AZ)$E
�<<EK
E$;�

�VE8	�:� 
 

5. ��Bก)90<EK
E"+�B>)#�W)ก�	�	U��(.)/C>��8"+�B>)#� $-� 
.�"�
9)
""��Bก)90 
(multidentate ligand) >
�8VR���Bก)90<EK
E"+�B>)#�W)ก�	�	U��(.)/Cก.?L�>C
�กก;#� 1 "+�B>)#� 
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^RK�
.�"�
9)
""��Bก)90DC�	U��$E
�<<EK
E$;�

�VE8	9Eก;#�L
L)
9)
"<��Bก)90 ก	9�C
�L)�#;)
W>J#
AZ)��Bก)90<EK
E"+�B>)#�<EK�	U��(.)/Cก.?L�>C\9U�8#��)U�8 2 "+�B>)#� (Albion, 1994) 
 

W)A�DD%?.))E*
Eก�	W,UB	#/�"%W)	:A�����)<	E80>	-�$E
�<
�ก�R*)W)ก�	��
��>�	�.";0 

)-K��D�กก	9�C
�L) B�C
A?\<90 DC
E��8(.)/C<EKB�_�B	�<)<�)"#�A}�ก�	�8�\�L9	\�^E� <+�W>U
L�>C
�VE8	
�ก�R*)A���ก.)ก�	B"ก".;
AZ)\���)���	CB	#/�"%DCV:ก9:ก^R
\A(	U�
ก.?ก	9 
�C
�L) B�C
AA\<90 (Ashmead, 1993) 
 
 ���.�ก�E�����.�E���F ,��
 .�0.�E���F�
	

�,�� 
  

B	#/�"%W)	:A$E
�<DC
E$;�

�VE8	<EK,#;� pH ก;U�� <+�W>U$E
�<<)"#��'�(ก�	

A�EK8)BA�� pH W)<��
9�)��>�	\9U9E\
#
ก�9ก�	B"ก".;ก#�)VR�"+�B>)#�<EK
Eก�	9:9^R
 
Eก�	
�C��8\9U9E <+�W>U�8:#W)�'�(<EK
>
�C�
"#�ก�	9:9^R
 
EA	CD%\tt��
AZ)ก��� \
#<+�A}�ก�	�8�ก.?
��	�-K) w W)<��
9�)��>�	 B�Cก	9�C
�L)<EKD.?ก.?B	#/�"% 
AZ)".;(�B	#/�"%).*)�#�)�).�
^��0
�+�\�U
�U�\A\9U (Vandergrift, 1994) 

 
B	#/�"%<EK�8:#W)	:A
ก�-��)�)<	E80

-K��C��8B"ก".;W>UB	#/�"%����)?;ก ����)���B	#/�"% 

L98
Y(�C���B	#/�"%A�Eก8#�8W)ก�%#
<	�)^�,.) ^RK�\
#$#�8
�VE8	 
E(�.���)�:� B�C\;W)ก�	
�U�
<+�A}�ก�	�8� DC<+�A}�ก�	�8�ก.?��	�-K) 
ก�9
AZ)
ก�-�>	-���	A	Cก�?
,��^U�),)�9W>
# ^RK�?��,)�9
��D<+�W>UB	#/�"%V:ก9:9^R
\9U�#�8 B�C�Eก?��,)�9��D\
#�C��8 B	#/�"%\
#V:ก9:9^R
DR�
AZ)��W>UB	#
/�"%^RK��8:#W)
ก�-�<EK�C��8\9V:ก9:9^R
 B�C
AZ)A	CL8,)0"#��.";0\9U)U�8�� (��L	,, 2547) 

 
A	�
�&ก�	9:9^R
B	#/�"%W)	:A$E
�< B�CW)	:A��)<	E80 \9UBก# $�	0?�
)< (carbonate) 

^.�
t< (sulfate) B�C��ก\^90 (oxide) ?	�
;&�+�\�U
�_ก�#;)ก��� (?;#� B
ก)E
^E8
 <��B9� 

>�_ก B�C�.�กC�E W)	:A$E
�<
EA	�
�&ก�	9:9^R
�:�<EK�%9 ("�	��<EK 6) (Ashmead, 1993) 

 
Ashmead (1979) 	�8��);#�ก�\กก�	9:9^R
B	#/�"%
>�_กW)	C??<��
9�)��>�	 B	#/�"%


>�_กW)	:A$E
�<DC
Eก�	9:9^R
?	�
;&�+�\�U9Eก;#�B	#/�"%W)	:A��	A	Cก�?�)�)<	E80 L98/�"%

>�_กW)	:A$�	0?�
)< (carbonate) W,U
;��W)ก�	9:9^R

AZ) 3.6 
<#����
>�_กW)	:A$E
�< 
>�_กW)
	:A^.�
t< (sulfate) W,U
;��W)ก�	9:9^R

AZ) 3.8 
<#����
>�_กW)	:A$E
�< B�C
>�_กW)	:A��ก\^90 
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(oxide) W,U
;��W)ก�	9:9^R

AZ) 4.9 
<#����
>�_กW)	:A$E
�< B�Cก�	
�	�
/�"%
>�_ก$E
�<W)
��>�	B
#�%ก	
�E*8��:ก ,#;8A���ก.)ก�	
ก�9L�>�"D��W)�:ก�%ก	 
)-K��D�ก/�"%
>�_กW))*+�)

E	C9.?

(�K
�:��R*) �#���W>U�:ก�%ก	
E	C9.?�EL
Lก�?�)W)(���
�
(�K
�:��R*) ก�	=RกM�ก�	
�	�
/�"%

>�_ก$E
�<W)��>�	B
#�%ก	�%U
<U��,#;� 3 �.A9�>0�%9<U�8���ก�	�%U
<U�� (?;#�B
#�%ก	B�C�:ก�%ก	
B	ก$��9
EA	�
�&����EL
Lก�?�) B�C�E
�L"$	�<W)(���
�
(�K
�:��R*) B�C�:ก�%ก	B	ก$��9
E
ก�	�C�
���
>�_ก<EK".?
(�K
�R*)
,#)
9E8;ก.)  
 
�����
,# 6  ก�	9:9^R
B	#/�"%��)<	E80B�C�)�)<	E80?	�
;&�+�\�U
�_ก 
 
 A	�
�&ก�	9:9^R
B	#/�"%?	�
;&�+�\�U
�_ก�#;)ก��� ((E(E
�_
) 

chelate carbonates sulfates oxides 
B
ก)E
^E8
 94 36 23 51 
<��B9� 35 8 11 6 

>�_ก 298 78 61 82 
�.�กC�E 191 84 66 87 
 

,#��: Ashmead (1993)  
 
 ก�	
�	�
B	#/�"%<��B9�W)	:A��)<	E80 (Cu-Lysine) W)��>�	�%ก	 (?;#��
		V'�(ก�	
���"����%ก	<EK\9U	.?ก�	
�	�
B	#/�"%<��B9�W)	:A��)<	E809Eก;#��%ก	<EK\9U	.?ก�	
�	�
B	#/�"%W)	:A 
�)�)<	E80 (Cu sulfate) (Zhou et al., 1994)  
 

ก�	
�	�
<��B9�LA	"�
)< (Cu-proteinate) W)��>�	�%ก	>8#�)
 <EK	C9.? 100 
����ก	.

"#�ก�L�ก	.
 (?;#� �:ก�%ก	
Eก�	9:9^R
<��B9�9Eก;#��:ก�%ก	<EK\9U	.?ก�	
�	�
<��B9�^.�
t<W)
��>�	 <EK	C9.? 250 
����ก	.
"#�ก�L�ก	.
 (Veum et al., 2004) ก�	
�	�

>�_ก$E
�<W)	:A
>�_ก
\ก�^E) (Fe-glycine) W)��>�	�:ก�%ก	>8#�)
 ,#;8
(�K
�
		V'�(ก�	���" 
(�K
A	�
�&
>�_ก 
�EL
Lก�?�) B�C�E
�L$$	�<W)
�-�9 (Feng et al., 2007) 
(�K
A	�
�&
>�_กW)
)-*�
8-K� 
(�K
ก�	
<+���)���
�)\^
0"#�"U�)�)%
:����	C (antioxidant enzyme) B�C�9A	�
�&
>�_กW)
:� 

-K�
<E8?
ก.?�:ก�%ก	>8#�)
<EK\9U	.?ก�	
�	�

>�_ก^.�
t< (Feng et al., 2009) ก�	
�	�
B	#/�"%�.�กC�E$E
�< 
W)	:A�.�กC�E

<\/L�)E) (Zn-methionine) W)��>�	�%ก	 (?;#��
		V'�(ก�	���"����%ก	<EK
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\9U	.?ก�	
�	�
B	#/�"%�.�กC�E$E
�<9Eก;#��%ก	<EK\9U	.?ก�	
�	�
B	#/�"%W)	:A�)�)<	E80 (Zn-sulfate) 
(Cheng et al., 1998) �.�กC�E��)<	E80W)	:A�.�กC�ELA	"�
)< (Zn-proteinate) 
Eก�	9:9^R
\9U9Eก;#�
�.�กC�E�)�)<	E80 W)	:A�.�กC�E^.�
t< 

-K�(�D�	&�D�ก$;�

�U
�U)����.�กC�EW)^E	.K
>�.�ก�	W>U
��>�	 1 ,.K;L
� (L�'&, 2545) ก�	�C�
���B	#/�"%
>�_ก B�C�.�กC�EW)".?�:��R*)

-K�\9U	.?
��>�	<EK
�	�
B	#/�"%
>�_กB�C�.�กC�EW)	:A��)<	E80 (Mullis et al., 2003) 
  

ก�	
�	�
B	#/�"%
>�_กW)��>�	�:ก�%ก	>8#�)
 W)	:A
>�_ก

<\/L�)E) (iron methionine) 

<E8?ก.?
>�_ก^.�
t" (iron sulfate) ก�	W,UA	CL8,)0\9U���
>�_ก

<\/L�)E) 81 
A�	0
^_)"0 �:�
ก;#�
>�_ก^.�
t"<EK
E$#�ก�	W,UA	CL8,)0\9U 68 
A�	0
^_)"0 (Lewis et al.,1995)  
 
 ก�	
�	�
B	#/�"%�.�กC�EW)	:A��)<	E80 (Zn-Methionine) W)��>�	�%ก	 (?;#��
		V'�(
ก�	���"����%ก	<EK\9U	.?ก�	
�	�
B	#/�"%�.�กC�EW)	:A��)<	E809Eก;#��%ก	<EK\9U	.?ก�	
�	�
B	#/�"%W)
	:A �)�)<	E80 (Zn sulfate) �%ก	<EK\9U	.?ก�	
�	�
B	#/�"%�.�กC�EW)	:A��)<	E80 
Eก�	�C�
���B	#/�"%
�.�กC�EW)
)-*�
8-K��:�ก;#��%ก	<EK\9U	.?ก�	
�	�
B	#/�"%W)	:A�)�)<	E80 (Cheng et al., 1998) ก�	
�C�
���B	#/�"%
>�_ก B�C�.�กC�EW)".?�:��R*)

-K�\9U	.?��>�	<EK
�	�
B	#/�"%
>�_กB�C�.�กC�EW)
	:A��)<	E80 (Mullis et al., 2003)  
 

Multimineral Chito Amino Acid Organic Chelate (MAC) 
 
Multimineral Chito Amino Acid Organic Chelate 
	E8ก8#�;#� MAC B	#/�"%��)<	E80$E
�< 

^RK�
E$%&�
?."�
AZ)��	
�	�
ก�	
D	�J
"�?L"����.";0 (animal supplementary) 
E�.กM&C
AZ)
��	�C��8���
>�;
)-*�
9E8; L98

-K�)+�\AW,UW)ก�	���"�%ก	 (?;#� ��
�	V<+�W>U�."	�ก�	B�ก

)-*�9E�R*) �."	�ก�	
D	�J
"�?L"9E�R*) �9�."	�ก�	"�8 �9$;�

$	E89 B�C�9ก��K)�%DD�	C <+�W>U
��
�	V�9"U)<%)ก�	���"�%ก	\9U 

 
Multimineral Chito Amino Acid Organic Chelate A	Cก�?\A9U;8\$L"L���LกB^$$�

\	90 B�CB	#/�"%��)<	E80 9.�)E*  B$�
^E8
 (Calcium) B
ก)E
^E8
 (Magnesium) L(B"�
^E8
 
(Potassium) 
>�_ก (Iron) �.�กC�E (Zinc) B
�ก�)E� (manganese) ^E�E
)E8
 (Selenium) <��B9� 
(Copper) L$	

E8
 (Chromium) B�CL$?��"0 (Cobalt) 
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Multimineral Chito Amino Acid Organic Chelate B	#/�"%��)<	E80$E
�< ,)�9>)RK�<EK
)#��)WDW)ก�	<EKDC)+�
�
�	�
W)��>�	W>Uก.?(#��%ก	
(-K�
(�K
$%&'�(���)*+�
,-*�W>U9E�R*) <.*�)E*\$
L"L���LกB^$$�\	90 W) Multimineral Chito Amino Acid Organic Chelate  DC<+�>)U�<EK,#;8W)
ก�	�	U��
)-*�
8-K�W)�:ก�.&@C���(#��%ก	\9U
�ก�R*) L98
Y(�C
)-*�
8-K� seminiferous tubules <EK
AZ)
B>�#����"
^���%D� B�C,#;8<+�W>U accessory glands ^RK�
E>)U�<EK���" seminal plasma 
Eก�	(.r)�
�)�9<EKW>J#�R*) ^RK�DC�#���9E"#�$%&'�()*+�
,-*����(#��%ก	<EK	E9\9U )�กD�ก)E*

-K�)+�)*+�
,-*�<EK	E9
\9U
�
D-�D��9U;8��	�C��8)*+�
,-*�<EK
E��$0A	Cก�?��� Multimineral Chito Amino Acid Organic 
Chelate DC,#;8	.กM��'�(�).����
^���%D�W>U$��8:#\9U)�)�R*) ก_DC
AZ)ก�	,#;8<+�W>U)*+�
,-*��%ก	
��
�	V
ก_?	.กM�\9U)�);.)
�ก�R*)  
 

�+�>	.?A	C
<=\<8\9U
Eก�	(.r)�B�C���"B	#/�"%W>U�8:#W)	:A��	A	Cก�?��)<	E80W,U

�	�
W)��>�	�.";0
�ก�R*) 
(-K�W>U�.";0��
�	VW,UA	CL8,)0D�กB	#/�"%\9U�:��%9  B�CD�กก�	;�D.8
B�C(.r)�W)>U��A}�?."�ก�	<EK�#�)
� DR�
>_);#�ก�	W,UB	#/�"%W)	:A��	A	Cก�?��)<	E80
�	�
��W)
��>�	�.";0 ��
�	V(.r)�
AZ)���"'.&@0��>�	
�	�
<EK
E��"#��
		V'�(ก�	���"W)(#�(.)/%0�%ก	 
9.�).*);."V%A	C��$0���ก�	<9���)E*DR�
%#�=RกM� �����ก�	
�	�
 Multimineral Chito Amino Acid 
Organic Chelate W)��>�	 "#�$%&'�()*+�
,-*����(#��%ก	 B�C=RกM���	�C��8)*+�
,-*�<EK
Eก�	
�	�
 
Multimineral Chito Amino Acid Organic Chelate "#�	C8C
;��W)ก�	
ก_?	.กM�)*+�
,-*��%ก	 VU�ก�	
W,U Multimineral Chito Amino Acid Organic Chelate ��
�	V,#;8W)ก�	A	.?A	%�$%&'�()*+�
,-*�
�%ก	B�C
(�K
	C8C
;��W)ก�	
ก_?	.กM�W>U\9U)�)�R*)D	��ก_DC<+�W>U�:U
�E*8��%ก	��
�	V�9"U)<%)W)
ก�	���"�%ก	�� 



 

�F�ก���.�0�	�,ก�� 

 
�F�ก��� 

 
�����
)���  
 

W,U(#��%ก	(.)/%09:	�$ ��8%
Y�EK8 2 A� D+�);) 15 ".; L98�%ก	B"#�C".;
�E*8�W)$�ก�.�
9EK8; 
$�ก<9��� �)�9 2.5 x 3 "�	��

"	 (-*)^E

)"0<R?W)�'�(L	�
	-�)	C??A�9^RK�
E�%Aก	&0W>U)*+�
�."L)
."� 

 
B
#�%ก	�:ก��
��8(.)/%0 (��	0D\;<0xB�)90
	^) D+�);) 147 ".; B
#�%ก	V:ก
�E*8�W)ก	�".? 

(-*)$�ก
AZ)(-*)A:B��< 
E	����>�	B�C
E�%Aก	&0W>U)*+��."L)
."� W)�'�(L	�
	-�)	C??A�9 
 
�����
)��� 
 
 ��>�	<9���
AZ)��>�	$;?$%
 L98(#��%ก	<%กก�%#
\9U	.?��>�	�:"	�+�>	.?
�E*8�(#��%ก	 
9.�B�9�W)"�	���);ก<EK 1 L98
Eก�	
�	�
 Multimineral Chito Amino Acid Organic Chelate ,)�9
)*+� 

 
W>U��>�	Bก#(#�(.)/%0�%ก	 2.5 ก�L�ก	.
"#�".;"#�;.) W>U;.)�C 1 
-*� 
;�� 10.00 ). L98

��>�	<EKW,UW)ก�	<9���
AZ)��>�	�:"	�%ก	(#�(.)/%0 (��>�	(-*)z�)) B�C
E<EKW>U)*+��."L)
."�W>U
ก�)"��9
;��  
 
�F�ก����,)�ก*�
GH��!"G� 
 

1.  >%#)�#� (dummy) 
2.  V%�(���"�ก  
3.  ?E$
ก�	0(���"�กB??
E>: (breaker) 
4.  �U�ก�^ (gauze) 
5.  ก	C"�ก)*+�B�_� 
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6.  ก	C9�M,+�	C 
7.  8��;�	.9��� 

 
�F�ก���
,#�!& �� F��F���%�	���
GH��!"G� 
 

1.  
<�	0L

�
"�	0 
2.  �#��)*+�$;?$%
�%&>':
� (water bath) 

 
���� �,.�0�F�ก������'��� F����
GH��!"G� 
 

1.  ก�U��D%�<		=)0 ,)�9 compound eye (Olympus B H-2)  
2.  
$	-K��,.K�)*+�>).ก <=)�8
���"+�B>)#� 
3.  ?Eก
ก�	0 (breaker) 
4.  B�#)�\�90 (slide) 
5.  ก	CDกB�#)?��A�9�\�90 (coverglass) 
6.  Micropipette 
7.  
$	-K��;.9$;�

�U
�U)���)*+�
,-*� (SpermaCue Photometer) ���?	�M.< Minitub Abfüll- 

und Labortechnik GmbH & Co. KG A	C
<=
8�	
.) 
8.  
$	-K��;.9$;�

AZ)ก	9- 9#�� (pH Meter INDEX ID-1000) 
9.  
$	-K��).?D+�);) (hand operated counter) 
10. )*+�ก�.K)  
11. >��9<9��� (microcentrifuge tube) �)�9 1.5 
������"	 
12. 
$	-K��"	;D$%&'�()*+�
,-*�9U;8^�	0tB;	0 Weili Color Sperm Analysis System 

(WLJY-9000 Dynamic Software) 
13. ��	
D-�D��)*+�
,-*��:"	 NSRTC 4 
14. �E�EL�^�) (eosin)  �E)�Lก	^�) (nigrosin) L^
9E8
^�
"	< (sodium citrate) �+�>	.?<+��E

8U�

(-K�"	;D9:".;
AZ)".;"�8B�C$;�
��9Aก"����".;��%D�  
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�F�ก���$���
,�� 
 

1. Catheter ,)�9 2 in 1 
2. )*+�
,-*�<EK
"	E8
(	U�
��

<E8
 
3. )*+�ก�.K) 
4. ก	C"�ก)*+�B�_� 
5. ก	C9�M,+�	C 
6. ก		\ก	 

 
�	�,ก�� 

 
<+�ก�	B?#�(#��%ก	��ก
AZ) 3 ก�%#
w�C 5 ".; (#��%ก	<.*�  3 ก�%#
\9U	.?ก�	
�	�
 

Multimineral Chito Amino Acid Organic Chelate (MAC) ,)�9)*+� 9.�)E* 
 
ก�%#
<EK 1 
AZ)ก�%#
<EK\9U	.?��>�	�:"	(-*)z�) (ก�%#
$;?$%
) 
ก�%#
<EK 2 
AZ)ก�%#
<EK\9U	.?��>�	�:"	(-*)z�)B�C
�	�
9U;8 MAC ,)�9)*+� 1 ��"	"#�".) 
ก�%#
<EK 3 
AZ)ก�%#
<EK\9U	.?��>�	�:"	(-*)z�)B�C
�	�
9U;8 MAC ,)�9)*+� 2 ��"	"#�".) 

 
W>U��>�	Bก#(#�(.)/%0�%ก	 2.5 ก�L�ก	.
"#�".;"#�;.) W>U;.)�C 1 
-*� 
;�� 10.00 ). L98

��>�	<EKW,UW)ก�	<9���
AZ)��>�	�:"	�%ก	(#�(.)/%0 (��>�	(-*)z�)) B�C
�	�
 Multimineral 
Chito Amino Acid Organic Chelate \A(	U�
ก.?ก�	W>U��>�	(#��%ก	 
 
ก���-ก�� F����
GH��!"G� 
 

ก�		E9
ก_?)*+�
,-*�W,U;�/E?E?);9A��8�;.8;C�-?(.)/%0���(#��%ก	 (Glove hand method) B�U;
<+�ก�		E9
ก_?<%ก�#;)���)*+�
,-*� (total semen) 8ก
;U)�#;)W��#;)B	ก<EK��ก
�L98
E�U�ก�^ก	��
B8ก

_9��$:��ก W)ก�		E9
ก_?)*+�
,-*�
(-K�?.)<Rก��ก�	<9���W,U	C8C
;�� 90 ;.) ".*�B"#
	�K
<+�ก�	

�	�
 Multimineral Chito Amino Acid Organic Chelate (MAC) ,)�9)*+� L98
E$;�
VEKW)ก�		E9
ก_?
)*+�
,-*� 1 $	.*�"#��.A9�>0 ก�	"	;D$%&'�()*+�
,-*�DC"	;D"�
;�/Eก�	��� =	E�%;		& (2542) 9.�)E* 
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1. A	�
�"	 (volume) ;.9A	�
�"	)*+�
,-*�<EK	E9
ก_?\9UD�กV%�(���"�ก<EK
AZ)'�,)C	��	.?
)*+�
,-*�L98)+�V%�(���"�ก<EK
E)*+�
,-*�\A,.K�9U;8
$	-K��,.K�9�D�"�� B�U;>.ก)*+�>).ก���V%�(���"�ก��ก
B�C)+�
�$+�);&
AZ)A	�
�"	L98W,U�:"	  

 
A	�
�"	 (
������"	) = )*+�>).ก���)*+�
,-*� (ก	.
) x 0.95 

 
2. �E (color) B?#�	C9.?$CB))�E���)*+�
,-*���ก
AZ) 4 	C9.? (0-3) $-� 
 

 	C9.? 0 >	-� 
ก	99E (D) �E���)*+�
,-*�DCW�$�U�8ก.?)*+� (watery)  
 	C9.? 1 >	-� 
ก	9^E (C) �E���)*+�
,-*�
E�E�%#)�R*) (cloudy) 9Eก;#�	C9.? 0  

 	C9.? 2 >	-� 
ก	9?E (B) �E���)*+�
,-*���ก�E��;�%#)Wก�U
$E8��E���)*+�)
 (milky)  
 	C9.? 3 >	-� 
ก	9
� (A) �E���)*+�
,-*���ก�E��;�%#) 
>
-�)�E$	E
 (thick creamy) 

 
3. $;�

AZ)ก	9-9#�� (pH) ���)*+�
,-*� ;.9L98W,U
$	-K��;.9 pH meter  

 
4. $;�

�U
�U)���".;��%D�W))*+�
,-*� (sperm concentration) L98W,U
$	-K��;.9$;�

�U
�U)

���)*+�
,-*� (spermacue photometer)  
 
5. D+�);)".;��%D�<.*�>
9W))*+�
,-*� (total sperm) L98$+�);&D�ก�:"	 

 
  D+�);)".;��%D�<.*�>
9W))*+�
,-*� = A	�
�"	)*+�
,-*� (
�.) x $;�

�U
�U)���".;��%D�W)
)*+�
,-*� (106 ".;/
�.)  
 

6. motile sperm B�C<�=<��W)ก�	
$�-K�)<EK���".;��%D� ^RK�\9UBก# $;�

	_;W)ก�	
$�-K�)<EK

Y�EK8
AZ)B);"	�

-K�
<E8?ก.?ก�	
$�-K�)<EKD	�����".;��%D� (Average Path Velocity: VAP, µm/s) 
$;�

	_;W)ก�	
$�-K�)<EK
AZ)
�U)L$U����".;��%D� (Curvilinear Velocity: VCL, µm/s) $;�

	_;W)
ก�	
$�-K�)<EK
AZ)
�U)"	�D�กD%9
	�K
"U)VR�D%9�%9<U�8���".;��%D� (Straight Line Velocity: VSL, 
µm/s) B�C 
A�	0
^_)"0 progressive movement L98ก�	
D-�D��)*+�
,-*�ก.?��	�C��8)*+�
,-*� �:"	 
NSRTC 4 W)�."	��#;) 1:3 B�C)+�)*+�
,-*�<EK<+�ก�	
D-�D��B�U;\AA	C

�)L98
$	-K��"	;D$%&'�(
)*+�
,-*� (WLJY-9000 Dynamic Software) 
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7. live sperm B�C�.กM&C$;�
��9Aก"����	:A	#��".;��%D� (sperm morphology) 
"	;D��?L98)+��E8U�
 �EL�^�)-)�Lก	^�)<EK�%#)B�U;W�#W)>��9<9����)�9 1.5 
������"	D+�);) 
3-5 >89 "#�)*+�
,-*� 1 >89 
�8#�
?�wW>U)*+�
,-*�B�C�E8U�

�U�ก.) D�ก).*)W,U Micropipette 9:9�R*)

�B�U;)+�
�>89��?)B�#)�\�90<EK�C��9 B�U;W,UA��8����\�90�EกB�#)>)RK�;��<+�
%
 30-40 
��=� "	�"+�B>)#�<EK>89B�U;��ก�\�90 W>U
AZ)B�#)t��0
?��w A�#�8W>U�\�90B>U� B�U;DR�)+�\A
"	;D9:9U;8ก�U��D%�<		=)0<EKก+��.��8�8 1,000 
<#� ).?".;��%D�<.*�>
9 200 ".; B�U;$�9
AZ)
A�	0
^_)"0
�����%D�<EK��9Aก"�B"#�C�.กM&C B�C"	;D��? live sperm L98ก�	).?D+�);)".;��%D� L989:ก�	"�9
�EB�C\
#"�9�E���".;��%D� ".;��%D�8U�
B�U;"�9�EL98
E�.กM&C
AZ)�E
#;�>	-��E,
(:?	�
;&�#;)>.;
B�9�;#�
AZ)��%D�".;"�8 ^RK���%D�".;
AZ) (live sperm) DC\
#"�9�E?	�
;&�#;)>.; 
 
ก���-ก���0)�� �����&��&
���.�E���F�
T,��#� 
 
 <+�ก�	
ก_?".;�8#��^E	.K
���(#�(.)/%0�%ก	>�.�D�ก
�	�
 Multimineral Chito Amino Acid 
Organic Chelate (MAC) ,)�9)*+�W)��>�	\AB�U; 90 ; .) L98<+�ก�	
ก_?".;�8#���C 3-5 
������"	 

(-K�)+�\A;�
$	�C>0>�A	�
�&$;�

�U
�U)���B	#/�"% B$�
^E8
 B
ก)E
^E8
 L(B<�
^E8
 
>�_ก 
�.�กC�E B
�ก�)E� ^E�E
)E8
 <��B9� L$	

E8
 B�CL$?��"0 <EK�C��8W)^E	.K
 L98W,U;�/E 
Inductively coupled plasma-mass spectrometry (ICP-MS) (��;.�80, 2552) 
 
ก���-ก������P���
��ก���"���
�F����.�E�Fก� 
 

B?#�B
#�%ก	��ก
AZ) 3 ก�%#
w�C 49 ".; B
#�%ก	<.*� 3 ก�%#
 DC\9U	.?ก�	��

<E8
L98W,U
)*+�
,-*����(#��%ก	<EK
�	�
 Multimineral Chito Amino Acid Organic Chelate (MAC) ,)�9)*+�W)
��>�	 9.�)E* 

 
ก�%#
<EK 1 ��

<E8
L98W,U)*+�
,-*�(#��%ก	ก�%#
$;?$%
 
ก�%#
<EK 2 ��

<E8
L98W,U)*+�
,-*�(#��%ก	ก�%#
<EK
�	�
 MAC ,)�9)*+� 1 ��"	"#�".) W)��>�	 
ก�%#
<EK 3 ��

<E8
L98W,U)*+�
,-*�(#��%ก	ก�%#
<EK
�	�
 MAC ,)�9)*+� 2 ��"	"#�".) W)��>�	 
 


-K�(?;#�
EB
#�%ก	<EKB�9���ก�	
AZ)�.9B�C(	U�
<EKDC<+�ก�	��
 ก_DC$+�);&	C8C
;��

<EK
>
�C�
W)ก�	��

<E8
"�
$:#
-�A}�?."�ก�	��

<E8
W)�%ก	 (=	E�%;		&, 2542) >�.�D�ก).*)
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)+�B
#�%ก	<EK�#�)ก�	$.9
�-�กB�C
AZ)�.9 <+�ก�	��?)*+�B�C)+�
�U��:#$�ก��
(.)/%0 L98ก�	��


<E8
DCW,U�%Aก	&0�;.8;C
(=�:U
<E8
 B?? 2 in 1 	C>;#��<EK
Eก�	��

<E8
DCW,U(#��%ก	
�<+�ก�	
ก	C"%U)�8:#�U��w ก	�9U;8 

 
ก#�)<EKDC<+�ก�	YE9)*+�
,-*�<EK\9UD�ก(#��%ก	<EK\9U	.?ก�	
�	�
 Multimineral Chito Amino 

Acid Organic Chelate (MAC) ,)�9)*+�W)��>�	B�U;DR�YE9)*+�
,-*�W>Uก.?B
#�%ก	<EK
AZ)�.9 B
#�%ก	<%ก
".;DC\9U	.?ก�	��

<E8
 2 $	.*�/ก�	
AZ)�.9 L98W,U)*+�
,-*�<EK
D-�D��B�U;
E$;�

�U
�U)���".;��%D�
E
,E;�"
Y�EK8 4 x 109

 ".;"#�)*+�
,-*� 70 
������"	 B�C>�.�D�ก��

<E8
\9UA	C
�& 21± 3 ;.) DC"	;D
ก�	
AZ)�.9
,U� B�C 
8_) 
;�� 06.00-07.30). B�C 15.00-16.30 ). <%ก;.)L98W,U<.*�(#�(.)/%0B�C$) 
B�C>�.���
 35 ;.) "	;Dก�	".*�<U��9U;8
$	-K�� Real time 
 
ก����

-ก�&��%� 

 
?.)<Rก�U�
:�$%&'�()*+�
,-*����(#��%ก	B"#�C".;9.�"#�\A)E* 

 
1.  A	�
�"	���)*+�
,-*� (volume) 
2.  �E���)*+�
,-*� (color) 
3.  $;�

AZ)ก	9-9#�� ���)*+�
,-*� (pH) 
4.  $;�

�U
�U)���".;��%D�W))*+�
,-*� (sperm concentration) 
5.  D+�);)".;��%D�<.*�>
9"#�ก�	>�.K�B"#�C$	.*� (total sperm /ejaculate) 
6.  motile sperm 
7.  $;�

	_;B�C<�=<��W)ก�	
$�-K�)<EK���".;��%D� (velocity and movement) ^RK�\9UBก# 

VCL, VSL, VAP B�C 
A�	0
^_)"0 progressive movement  
8.  live sperm 
9.  $;�
��9Aก"����".;��%D� (sperm morphology) 

 
 ?.)<Rก�U�
:��
		V'�(<��ก�	�-?(.)/%0���B
#�%ก	B"#�C".;9.�"#�\A)E* 

 
1.  D+�);)B
#�%ก	<EKก�.?�.9 21+3 
2.  D+�);)B
#�%ก	
�U�$��9 
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3.  D+�);)�:กB	ก$��9<.*�>
9"#�$	�ก 
4.  D+�);)�:กB	ก$��9
E,E;�""#�$	�ก 

 
.$
ก��
)���.�0ก���	� ��0���&��%�
���P	�	 
 

W,UB�)ก�	<9���B?? Repeated Measurement in CRD (Complete Randomized Design)
W)ก�	=RกM������ก�	
�	�
 Multimineral Chito Amino Acid Organic Chelate (MAC) "#�$%&'�(
)*+�
,-*����(#��%ก	L98
EB??>%#)<���V�"� (statistical model) $-�  
 

Yijk =  µ+ αi + δk (i) + Tj+ αTij + Eijk 

 

L98<EK Yijk  $-�  $#��.�
ก"D�กA�DD.8 treatment <EK	C9.? i B�C,#;�
;��<EK	C9.? j  
   ^*+�<EK k 

-K� k = 1,2,3,4,5 

µ $-�  $#�
Y�EK8<.*�>
9W)ก�	<9��� 
αi $-�  ��</�(�
)-K��D�กA�DD.8 treatment <EK	C9.? i 

-K� i = 1, 2, 3 
Tj  $-�  ��</�(�
)-K��D�กA�DD.8,#;�
;�� <EK	C9.? j 

-K� j = 1, 2, 3,�, 12 
αTij  $-�  ��</�(�	#;

)-K��D�กA�DD.8 treatment <EK	C9.? i B�C,#;�
;�� <EK	C9.? j 

δk (i) $-�  ��</�(�
)-K��D�ก".;�.";0>	-�>)#;8<9���<EK	C9.? k W) treatment <EK i  
Eijk $-�  $#�$;�
$��9
$�-K�) 
 
;�
$	�C>0$;�
BA	A	;)����U�
:�9U;8 one-way ANOVA B�C
A	E8?
<E8?$;�
B"ก"#��

	C>;#��A�DD.89U;8;�/E Duncanps new multiple range test 9U;8LA	Bก	
�+�
	_D	:A SAS (2003) <EK
	C9.?$;�

,-K�
.K) P<0.05 

 
W,UB�)ก�	<9���B??�%#
�
?:	&0 Complete Randomized Design (CRD) W)ก�	=RกM�

�����ก�	
�	�
 Multimineral Chito Amino Acid Organic Chelate "#�	C9.?B	#/�"%W)^E	.K
���(#�
(.)/%0�%ก	 B�CW)ก�	=RกM������ก�	
�	�
 Multimineral Chito Amino Acid Organic Chelate 
(MAC) W)��>�	(#��%ก	"#��
		V'�(<��ก�	�-?(.)/%0���B
#�%ก	L98
EB??>%#)<���V�"� 
(statistical model) $-� 
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Yijk =  µ+Ti+ Eij 

 

L98<EK Yijk  $-�  $#��.�
ก"D�กA�DD.8 treatment <EK	C9.? i = 1, 2, 3 ^*+�<EK j = 1, 2, 3,..., 49 
µ $-�  $#�
Y�EK8<.*�>
9W)ก�	<9��� 
Ti  $-�  ��</�(�
)-K��D�กA�DD.8 treatment <EK	C9.? i = 1, 2, 3 
Eij $-�  $#�$;�
$��9
$�-K�) 
 
;�
$	�C>0$;�
BA	A	;)����U�
:�9U;8 one-way ANOVA B�C
A	E8?
<E8?$;�
B"ก"#��

	C>;#��A�DD.89U;8;�/E Duncanps new multiple rang test 9U;8LA	Bก	
�+�
	_D	:A SAS (2003) <EK
	C9.?$;�

,-K�
.K) P<0.05 
 
�P�

,#
H�ก��
)��� 

 
?	�M.< 
?<�Lก	
กM"	�%"��>ก		
 D+�ก.9 (t�	0
�%ก	(.)/%0
��)*+��%9) 
��<EK 139  >
:# 6  

"+�?�<.?8�8
,E8�  �+�
'�(	>
(�	�
  D.�>;.9(�M&%L�ก  
 
�0�0�����
ก��
H�ก��
)��� 
 
 
9-�) 
E)�$
 � 
�V%)�8) 2555 



 

$�.�0�	'���� 
 
D�กก�	=RกM������ก�	
�	�
 Multimineral Chito Amino Acid Organic Chelate (MAC) 

"#�$%&'�()*+�
,-*����(#��%ก	 (?;#� �����ก�	
�	�
 MAC B�C	C8C
;��<EK(#��%ก	\9U	.? MAC 
W)��>�	\
#
E��</�(�	#;
ก.) (P> 0.05)  
 
$����ก�����	� Multimineral Chito Amino Acid Organic Chelate �E� F����
GH��!"G�����E�
��
�F��Fก� 

 
��	���� (volume) 
 
��ก�	=RกM���ก�	
�	�
 MAC W)��>�	(#��%ก	"#�A	�
�"	)*+�
,-*� (?;#�(#��%ก	ก�%#


$;?$%
 ก�%#
<EK\9U	.?ก�	
�	�
 MAC 1 ��"	/".) B�Cก�%#
<EK\9U	.?ก�	
�	�
 MAC 2 ��"	/".) 
E
$#�
Y�EK8
<#�ก.? 305.49, 363.47 B�C 343.29 
������"	 "�
�+�9.? B"ก"#��ก.)�8#��\
#
E).8�+�$.J<��
�V�"� (P>0.05) 9.�B�9�W)"�	��<EK 7 ��9$�U��ก.? /)ก	 (2553) 	�8��);#�ก�	
�	�
\$L"L���Lก
B^$$�\	90W)��>�	"#�$%&'�()*+�
,-*����(#�(.)/%0 (?;#� �E���)*+�
,-*� $;�

AZ)ก	9-9#�� $;�


�U
�U)���".;��%D� A	�
�"	���)*+�
,-*� D+�);)".;��%D�<.*�>
9W))*+�
,-*� 
A�	0
^_)"0 motile sperm 
�."	�
	_;W)ก�	
$�-K�)<EK
AZ)
�U)L$U� �."	�
	_;W)ก�	
$�-K�)<EK
AZ)B);"	�

-K�
<E8?ก.?ก�	
$�-K�)<EK
D	�����".;��%D� 
A�	0
^_)"0$;�
��9Aก"�<EK�#;)>��B�C cytoplasmic droplet B"ก"#��ก.)�8#��\
#
E
).8�+�$.J<���V�"� (P>0.05)  

 
Marin Guzman et al.(1997) 	�8��);#�ก�	
�	�
 ^E�E
)E8
8E�"0 L^
9E8
^E�E\)90 B�C;�"�
�)

�EW)��>�	(#��%ก	 (?;#�$%&'�()*+�
,-*�(#��%ก	W)�.กM&C A	�
�"	 $;�

�U
�U)B�Cก�	

$�-K�)\>;���".;��%D� \
#
E$;�
B"ก"#��ก.)<���V�"� (P> 0.05) ^RK��.9B8U�ก.? Kolodziej and 
Jacyno (2004) <EK(?;#�ก�	
�	�
^E�E
)E8
<EK	C9.? 0.2 B�C 0.3 �#;)"#��U�)�#;) 	#;
ก.?ก�	
�	�

;�"�
�)�E<EK	C9.? 30 B�C 60 �#;)"#��U�)�#;)<+�W>UA	�
�"	���)*+�
,-*�<EK>�.K�"#�$	.*� B"ก"#��ก.)
�8#��
E).8�+�$.J<���V�"� (P< 0.05) 

 
D�กก�	��<9���$	.*�)E* A	�
�"	)*+�
,-*����(#��%ก	W)ก�%#
<EK
�	�
 MAC DC
E$#��:�ก;#�(#�

�%ก	ก�%#
$;?$%
VR�B
U;#�DC\
#
E).8�+�$.J<���V�"�ก_"�
 B�9�;#� MAC ��DDC\A,#;8<+�W>U 
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accessory gland 
Eก�	���" seminal plasma 
(�K
�R*) D�ก	�8��)��� =	E�%;		& (2542) 	�8��);#�
A	�
�"	)*+�
,-*�����%ก	<EK	E9
ก_?\9U$	.*�>)RK�w "�
Aก"�
E".*�B"# 80-300 
������"	 ^RK�DCBA	�.)
�ก
)U�8B$#\>)�R*)�8:#ก.?>��8A�DD.8 
,#) ��>�	 q9:ก�� ��8% $;�
,+�)�J���ก�		E9)*+�
,-*� $;�
VEK
W)ก�		E9
ก_?)*+�
,-*� 
;��W)ก�		E9
ก_? 
<$)�$W)ก�		E9 B�C�.กM&C(#��%ก	B"#�C".; 
AZ)"U) 

 
�����
,# 7  �����ก�	
�	�
 Multimineral Chito Amino Acid Organic Chelate (MAC) "#�$%&'�( 
                   )*+�
,-*����(#�(.)/%0�%ก	 
 

 
�������F  ab ".;�.กM	<EKB"ก"#��ก.)W)BV;
9E8;ก.)B"ก"#���8#��
E).8�+�$.J<���V�"� (P<0.05) 

$#�
Y�EK8 + $#�
?EK8�
?)
�"	z�) (mean ± standard error) 
1Curvilinear Velocity, 2Straight Line Velocity 3Average Path Velocity 

�.กM&C 

��>�	<9��� 

P-value \
#
�	�
MAC 
(ก�%#
$;?$%
) 


�	�
 MAC 
1 ��"	/".) 


�	�
 MAC 
2 ��"	/".) 

A	�
�"	���)*+�
,-*�<EK>�.K�"#�$	.*� (
������"	) 305.49+6.32 363.47+18.60 343.29+9.53 0.665 
�E���)*+�
,-*� (0-3) 3.00+0.00 3.00+0.00 2.97+0.02 0.397 
$;�

AZ)ก	9-9#�� 7.03+0.02 6.98+0.02 6.99+0.02 0.479 
$;�

�U
�U)���".;��%D�(x106 ".;"#�
������"	) 402.64+7.47 422.42+8.37 455.21+6.90 0.121 
D+�);)".;��%D�<.*�>
9W))*+�
,-*� 
(x109 ".;/$	.*�<EK>�.K�) 

122.44+3.15 149.45+6.57 157.22+5.42 0.332 

Motile sperm (
A�	0
 _̂)"0) 90.04+0.75 91.49+0.55 93.22+0.52 0.251 
Live sperm (
A�	0
 _̂)"0) 88.46+0.46b 89.59+0.48ab 90.48+0.45a 0.029 
VCL1 (\
L$	

"	/;�)�<E) 56.66+1.33 61.39+1.44 60.55+1.61 0.426 
VSL2 (\
L$	

"	/;�)�<E) 27.57+0.54 29.50+0.62 29.25+0.64 0.534 
VAP3 (\
L$	

"	/;�)�<E) 35.00+0.65 37.65+0.73 37.22+0.80 0.393 
Progressive movement (
A�	0
 _̂)"0) 57.98+0.72 58.00+0.74 60.27+0.75 0.550 
Curveline movement (
A�	0
 _̂)"0) 32.05+0.68 33.36+0.69 32.82+0.68 0.748 
$;�
��9Aก"�<EK�#;)>.; (
A�	0
 _̂)"0) 2.90+0.27 2.61+0.26 2.26+0.22 0.200 
$;�
��9Aก"�<EK�#;)>�� (
A�	0
 _̂)"0) 2.82+0.37 1.69+0.18 2.31+0.28 0.192 
Cytoplasmic droplet (
A�	0
 _̂)"0) 4.27+0.38 2.55+0.31 2.72+0.27 0.198 
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�,���
GH��!"G� (color) 
 
��ก�	=RกM���ก�	
�	�
 MAC W)��>�	(#��%ก	"#��.กM&C�E���)*+�
,-*� (?;#�(#��%ก	

ก�%#
$;?$%
 ก�%#
<EK\9U	.?ก�	
�	�
 MAC 1 ��"	/".) B�Cก�%#
<EK\9U	.?ก�	
�	�
 MAC 2 ��"	/".) 
E
$#�
Y�EK8
<#�ก.? 3.00, 3.00 B�C 2.97 "�
�+�9.? B"ก"#��ก.)�8#��\
#
E).8�+�$.J<���V�"� (P>0.05) 9.�
B�9�W)"�	��<EK 7 ��9$�U��ก.? /)ก	 (2553) 	�8��);#�ก�	
�	�
ก�	
�	�
\$L"L���LกB^$$�
\	90W)��>�	"#�$%&'�()*+�
,-*����(#�(.)/%0 (?;#� �E���)*+�
,-*� $;�

AZ)ก	9-9#�� $;�

�U
�U)���
".;��%D� A	�
�"	���)*+�
,-*� D+�);)".;��%D�<.*�>
9W))*+�
,-*� 
A�	0
^_)"0 motile sperm �."	�
	_;W)ก�	

$�-K�)<EK
AZ)
�U)L$U� �."	�
	_;W)ก�	
$�-K�)<EK
AZ)B);"	�

-K�
<E8?ก.?ก�	
$�-K�)<EKD	�����".;��%D� 

A�	0
^_)"0$;�
��9Aก"�<EK�#;)>��B�C cytoplasmic droplet B"ก"#��ก.)�8#��\
#
E).8�+�$.J<���V�"� 
(P>0.05) 

 
ก�	
�	�
 MAC \
#\9U,#;8<+�W>U�E���)*+�
,-*�W)ก�%#
<EK
�	�
 MAC B"ก"#��D�กก�%#
$;?$%
 



-K�(�D�	&��E���)*+�
,-*�D�กก�	<9���<.*� 3 ก�%#
ก�	<9��� 
E�.กM&C�E��;�%#)Wก�U
$E8�ก.?�E���
)*+�)
 L98$;�

�U
�U)<EK	C9.?)E*DC
E".;��%D�W))*+�
,-*�
�ก A	C
�& 400-800 �U�)".;"#�
������"	 
^RK��E���)*+�
,-*�
E$;�
�.
(.)/0ก.?$;�

�U
�U)�����%D�"#�
������"	 L98VU��E���)*+�
,-*��%#)
�ก 
$;�

�U
�U)�����%D�"#�
������"	DC�:� (=	E�%;		&, 2542) ^RK��.กM&C����E)*+�
,-*�<EK=RกM�)E* DC
W>U��\AW)<�=<��
9E8;ก.)ก.?$;�

�U
�U)"#�
������"	�����%D�<EK<+�ก�	=RกM�  

 
 �����W
ก�)-)E�����
GH��!"G� (pH) 
 

��ก�	=RกM���ก�	
�	�
 MAC W)��>�	(#��%ก	"#��.กM&C$;�

AZ)ก	9-9#�����)*+�
,-*� (?;#�
(#��%ก	ก�%#
$;?$%
 ก�%#
<EK\9U	.?ก�	
�	�
 MAC 1 ��"	/".) B�Cก�%#
<EK\9U	.?ก�	
�	�
 MAC 2 
��"	/".) 
E$#�
Y�EK8
<#�ก.? 7.03, 6.98 B�C 6.99 "�
�+�9.? B"ก"#��ก.)�8#��\
#
E).8�+�$.J<���V�"� 
(P>0.05) 9.�B�9�W)"�	��<EK 7 ��9$�U��ก.? /)ก	 (2553) 	�8��);#�ก�	
�	�
ก�	
�	�
\$L"L���
LกB^$$�\	90W)��>�	"#�$%&'�()*+�
,-*����(#�(.)/%0 (?;#� �E���)*+�
,-*� $;�

AZ)ก	9-9#�� $;�


�U
�U)���".;��%D� A	�
�"	���)*+�
,-*� D+�);)".;��%D�<.*�>
9W))*+�
,-*� 
A�	0
^_)"0 motile sperm 
�."	�
	_;W)ก�	
$�-K�)<EK
AZ)
�U)L$U� �."	�
	_;W)ก�	
$�-K�)<EK
AZ)B);"	�

-K�
<E8?ก.?ก�	
$�-K�)<EK
D	�����".;��%D� 
A�	0
^_)"0$;�
��9Aก"�<EK�#;)>��B�C cytoplasmic droplet B"ก"#��ก.)�8#��\
#
E
).8�+�$.J<���V�"� (P>0.05) 
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B�9�W>U
>_);#�ก�	
�	�
 MAC \
#
E��"#�$;�

AZ)ก	9-9#�����)*+�
,-*� =	E�%;		& 
(2542); Salisbury et al.(1978) 	�8��);#� $;�

AZ)ก	9-9#�����)*+�
,-*�(#��%ก	�8:#	C>;#�� 6.8-7.8 
B�C'�8>�.�	E9��ก
�$;	�8:#W),#;� 7.2-7.5 ^RK�$%&'�()*+�
,-*�<EK9E$;	
E$;�

AZ)ก	9-9#��$#�)\A
<��ก	9 ^RK�DC(?\9UW))*+�
,-*�<EK
E$;�

�U
�U)���".;��%D��:� $;�

AZ)ก	9-9#�� W))*+�
,-*�(#��%ก	
B"#�C".;DCB"ก"#��ก.)�R*)�8:#ก.?A�DD.8>��8 
,#) ก�	W,U)*+�"��t	.กL<����".;��%D� DC�#���W>U

ก�9ก	9B�$"�ก ^RK�DC�#���<+�W>U)*+�
,-*�
E�'�(
AZ)ก	9 ก�	"�9
,-*����seminal vesicle ก�	
A)
Auv�)���)*+�A����;C�&C	E9)*+�
,-*� �&C
ก_?DC�#���W>U$;�

AZ)ก	9-9#���9�� (.)/%0���(#�
�%ก	 B�C$;�
B"ก"#��	C>;#��(#��%ก	B"#�C".;ก_�#���"#�$;�

AZ)ก	9-9#�����)*+�
,-*��Eก9U;8 

 
 �����&��&
��������F'	 (sperm concentration) 
 
��ก�	=RกM���ก�	
�	�
 MAC W)��>�	(#��%ก	"#��.กM&C$;�

�U
�U)���".;��%D� 

(?;#�(#��%ก	ก�%#
$;?$%
 ก�%#
<EK\9U	.?ก�	
�	�
 MAC 1 ��"	/".) B�Cก�%#
<EK\9U	.?ก�	
�	�
 MAC 
2 ��"	/".) 
E$#�
Y�EK8
<#�ก.? 402.64, 422.44 B�C 455.21 �U�)".;"#�
������"	 "�
�+�9.? B"ก"#��ก.)
�8#��\
#
E).8�+�$.J<���V�"� (P>0.05) 9.�B�9�W)"�	��<EK 7 ^RK��.9B8U�ก.?��)<9������ 
Kolodziej and Jacyno (2005); Combs and Combs (1986) <EK	�8��);#�ก�	
(�K
	C9.?^E�E
)E8
W)
��>�	DC�#���W>U$;�

�U
�U)���".;��%D�
(�K
�R*)�8#��
E).8�+�$.J<���V�"� (P< 0.05) ��>�	<EK��9
^E�E
)E8
DC
E��<+�W>U�.&@C��� A	�
�"	)*+�
,-*�<EK>�.K�"#�$	.*� B�C$;�

�U
�U)���".;��%D��9�� 
<.*�)E*
)-K��D�ก^E�E
)E8
DC,#;8�#�
�	�
ก�	<+���)�����	0L
) FSH B�C LH ก	C"%U)
�9�ก�0
^��0W)
ก�	���"��	0L
) 
<�L<�
"�L	) ^RK���	0L
)
>�#�)E*DC,#;8W)ก�	$;?$%
ก�	
D	�J
"�?L" B�C
ก�	
A�EK8)BA��"�
;.8����;.8;C�-?(.)/%0".*�B"#ก�	���"\�# ก	C?;)ก�	�	U��".;��%D� (q"�ก		

<��
(= �.กM&C<EK?#�?�ก
(= "��9D)ก	C?;)ก�	"#��w<EK
ก�9�R*)
(-K�ก�	�-?(.)/%0 (Edens, 2002; 
)<E<�(80, 2538) �8#��\	ก_"�
(#��%ก	<EK\9U	.?ก�	
�	�
 MAC <%ก	C9.?DC
EB);L)U
<EKDCW>U$;�


�U
�U)���".;��%D�"#�
������"	�:��R*) 

-K�
A	E8?
<E8?ก.?ก�%#
$;?$%
 B�9�;#�ก�	
�	�
 MAC DC
��
�	V
(�K
$;�

�U
�U)���".;��%D�\9UVR�DC\
#
E$;�
B"ก"#��ก.)<���V�"�ก_"�
 

 
'H�
�
�����F'	
�G���)�

GH��!"G� (total sperm) 
 
��ก�	=RกM���ก�	
�	�
 MAC W)��>�	(#��%ก	"#�D+�);)".;��%D�<.*�>
9W))*+�
,-*� 

(?;#�(#��%ก	ก�%#
$;?$%
 ก�%#
<EK\9U	.?ก�	
�	�
 MAC 1 ��"	/".) B�Cก�%#
<EK\9U	.?ก�	
�	�
 MAC 
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2 ��"	/".) 
E$#�
Y�EK8
<#�ก.? 122.44, 149.45 B�C 157.22 (X 106) ".;/$	.*�<EK>�.K� "�
�+�9.? B"ก"#��
ก.)�8#��\
#
E).8�+�$.J<���V�"� (P>0.05) 9.�B�9�W)"�	��<EK 7 ^RK���9$�U��ก.? /)ก	 (2553) 
	�8��);#�ก�	
�	�
\$L"L���LกB^$$�\	90W)��>�	"#�$%&'�()*+�
,-*����(#�(.)/%0 (?;#� �E���
)*+�
,-*� $;�

AZ)ก	9-9#�� $;�

�U
�U)���".;��%D� A	�
�"	���)*+�
,-*� D+�);)".;��%D�<.*�>
9W)
)*+�
,-*� 
A�	0
^_)"0 motile sperm �."	�
	_;W)ก�	
$�-K�)<EK
AZ)
�U)L$U� �."	�
	_;W)ก�	
$�-K�)<EK
AZ)
B);"	�

-K�
<E8?ก.?ก�	
$�-K�)<EKD	�����".;��%D� 
A�	0
^_)"0$;�
��9Aก"�<EK�#;)>��B�C cytoplasmic 
droplet B"ก"#��ก.)�8#��\
#
E).8�+�$.J<���V�"� (P>0.05) Liao et al. (1985) \9U<+�ก�	
�	�
�.�กC�EW)
��>�	(#��%ก	<EK	C9.? 32, 89, 146 B�C 192 ppm W)��>�	 2 ก�L�ก	.
/".;/;.) (?;#�ก�%#
<EK
�	�

�.�กC�E<EK	C9.? 89 B�C 146 ppm 
ED+�);)".;��%D�<.*�>
9W))*+�
,-*��:��%9 B"#�����ก�	
�	�

�.�กC�E\
#
E��"#�
A�	0
^_)"0���".;��9Aก"� B"#

-K�(�D�	&�D+�);)".;��%D�<.*�>
9W))*+�
,-*�L98

Y�EK8 (?;#�(#��%ก	<EK\9U	.?ก�	
�	�
 MAC 1 ��"	/".) B�C(#��%ก	<EK\9U	.?ก�	
�	�
 MAC 2 ��"	/
".) 
EA	�
�"	B�C$;�

�U
�U)"#�
������"	�:� 

-K�
��$#�<.*� 2 
�$:&ก.) DR�<+�W>UD+�);)".;��%D�	;


E$#�<EK�:�ก;#�ก�%#
$;?$%
  

 
Motile sperm 
 
��ก�	=RกM���ก�	
�	�
 MAC W)��>�	(#��%ก	"#�
A�	0
^_)"0 Motile sperm (?;#�(#�

�%ก	ก�%#
$;?$%
 ก�%#
<EK\9U	.?ก�	
�	�
 MAC 1 ��"	/".) B�Cก�%#
<EK\9U	.?ก�	
�	�
 MAC 2 ��"	/
".) 
E$#�
Y�EK8
<#�ก.? 90.04, 91.49 B�C 93.22 "�
�+�9.? B"ก"#��ก.)�8#��\
#
E).8�+�$.J<���V�"� 
(P>0.05) 9.�B�9�W)"�	��<EK 7 ^RK���9$�U��ก.? /)ก	 (2553) 	�8��);#�ก�	
�	�
ก�	
�	�
\$L"
L���LกB^$$�\	90W)��>�	"#�$%&'�()*+�
,-*����(#�(.)/%0 (?;#� �E���)*+�
,-*� $;�

AZ)ก	9-9#�� 
$;�

�U
�U)���".;��%D� A	�
�"	���)*+�
,-*� D+�);)".;��%D�<.*�>
9W))*+�
,-*� 
A�	0
^_)"0 motile 
sperm �."	�
	_;W)ก�	
$�-K�)<EK
AZ)
�U)L$U� �."	�
	_;W)ก�	
$�-K�)<EK
AZ)B);"	�

-K�
<E8?ก.?ก�	

$�-K�)<EKD	�����".;��%D� 
A�	0
^_)"0$;�
��9Aก"�<EK�#;)>��B�C cytoplasmic droplet B"ก"#��ก.)�8#��
\
#
E).8�+�$.J<���V�"� (P>0.05) Kolodziej and Jacyno (2005) <+�ก�	A	C

�)$%&'�()*+�
,-*����(#�
�%ก	<EK
�	�
^E�E
)E8
 0.2 ppm 	#;
ก.?;�"�
�)�E 30 ppm B�C^E�E
)E8
 0.5 ppm 	#;
ก.?;�"�
�)�E 60 
ppm (?;#�ก�	
�	�
\
#
E��"#�A	�
�"	���)*+�
,-*� B�C
A�	0
^_)"0 motile sperm W)<��"	�ก.)�U�

(?;#�$;�

�U
�U)���".;��%D� 
�CD+�);)".;��%D�<.*�>
9W))*+�
,-*� �:��%9W)(#��%ก	ก�%#
<EK
�	�

^E�E
)E8
 0.5 ppm 	#;
ก.?;�"�
�)�E 60 ppm B�C8.�(?;#�(#��%ก	ก�%#
9.�ก�#�;
E
E
A�	0
^_)"0".;
��9Aก"�<EK"K+�ก;#� 
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Live sperm 
 
��ก�	=RกM���ก�	
�	�
 MAC W)��>�	(#��%ก	"#�
A�	0
^_)"0 Live sperm (?;#�(#��%ก	

ก�%#
$;?$%
 ก�%#
<EK\9U	.?ก�	
�	�
 MAC 1 ��"	/".) B�Cก�%#
<EK\9U	.?ก�	
�	�
 MAC 2 ��"	/".) 
E
$#�
Y�EK8
<#�ก.? 88.46, 89.59 B�C 90.48 "�
�+�9.? B"ก"#��ก.)�8#��
E).8�+�$.J<���V�"� (P<0.05) 
9.�B�9�W)"�	��<EK 7 ��D
)-K��D�ก\$L"L���LกB^$$�\	90 
E$%&�
?."�W)ก�	
AZ)��	"U�)�)%
:�
���	CB�Cก�	
(�K
\$L"L���LกB^$$�\	90��\AW)��>�	 ��DDC
E�#;),#;8<+�W>U".;��%D�
E,E;�"
	�9
(�K

�ก�R*)
(	�C \$L"L���LกB^$$�\	90
EL$	��	U��<EK
E>
:# �C
�L)���	C(-NH2) B�C >
:#\�
9	�ก^E(-OH) ^RK�
E$;�
��
�	VW)ก�	>8%9�?;)ก�	 lipid peroxidation (Xie et al., 2001) L98W>U
\�L9	
D)Bก#
A�	0��ก^�� B	9�$.�(peroxyl radical: RO�) B�C�.�$�ก^�� B	9�$.�(alkoxyl radical: 
ROO�) <+�W>U".;��%D�\
#V:ก�)%
:����	C
�U�
�<+���8 ^RK��)%
:����	C"#��w ��
�	V<+�W>U
ก�9ก�	"�8
�����%D�\9U L98�)%
:����	C
>�#�).*)DC
	#�W>U\
L"$�)
9	E8>�.K�\^L"L$	
^E��ก
� <+�W>U

�)\^
0$��
(� 8 B�C 9 V:กก	C"%U) ^RK�
�)\^
0<.*����,)�9)E*DC\Aก	C"%U)W>U
Eก�	>�.K����

�)\^
0$��
(� 3, 6 B�C 7 �#���W>U\^L"(���^R
 B�C
8-K�>%U

^��0�����%D�
ก�9ก�	
A�EK8)BA�� 
B�C
ก�9ก�	B"ก>.ก�����89E
�_)
��R*) 
)-K��D�ก
�)\^
0
�)L9)�;$�E
��V:กก	C"%U)W>U<+���) B�C
W)<EK�%9<+�W>U
ก�9ก�	"�8�����%D��R*) (Agarwal et al., 2003)    

 
ก�	
�	�
^E�E
)E8
��\AW)��>�	��DDC
E�#;),#;8<+�W>U".;��%D�
E,E;�"	�9
(�K

�ก�R*) 


)-K��D�ก^E�E
)E8
DC
AZ)��$0A	Cก�?��� 
�_)\^
0 ก�:<�\/L�) 
A�	0��ก^�
9� (GSH-Px) ^RK�

�_)\^
09.�ก�#�;DC<+�>)U�<EK���8 peroxide <EK
ก�9�R*)W)
^��0�.)
AZ)��
>"%<EK�#���W>Ucell 
membrane ��� organall <EK�+�$.J 
,#) \
L"$�)
9	E8 V:ก<+���8 ก�	
(�K
A	�
�&^E�E
)E8
W>U�:��R*)
DC�#���W>U
�_)\^
0 ก�:<�\/L�)
A�	0��ก^�
9�
(�K
�:��R*)"�
�+�9.? �#���W>Uก�	
ก�9 peroxide
�9�� (Tangbanluekal,1992; Mahan and Kim,1996) �.9B8U�ก.?	�8��)ก�	<9������ Jacyno      
et al. (2002) 	�8��);#� ก�	�	�
^E�E
)E8
8E�"0 B�C 41 L^
9E8
^E�E\)<0<EK	C9.? 0.2 �#;)"#��U�)
�#;) 	#;
ก.?ก�	
�	�
\;"�
�)�E<EK	C9.? 60 B�C 30 �#;)"#��U�)�#;) "�
�+�9.? (?;#� A	�
�"	 
$;�

�U
�U)���".;��%D� ".;��%D�
E,E;�" ".;��%D�
AZ) B"ก"#��ก.)�8#��\
#
E).8�+�$.J<���V�"�           
(P > 0.05) 

 
 



62 

 �����*�.�0
	�
���
ก��� �"#�

,#��������F'	 (velocity and movement) 
 
��ก�	=RกM���ก�	
�	�
 MAC W)��>�	(#��%ก	"#�$;�

	_;B�C<�=<��W)ก�	
$�-K�)<EK

���".;��%D�  (?;#�(#��%ก	ก�%#
$;?$%
 ก�%#
<EK\9U	.?ก�	
�	�
 MAC 1 ��"	/".) B�Cก�%#
<EK\9U	.?
ก�	
�	�
 MAC 2 ��"	/".) 
E$#�
Y�EK8 VCL 
E$#�
Y�EK8
<#�ก.? 56.66, 61.39 B�C 60.55 \
L$	

"	/
;�)�<E "�
�+�9.? $#�
Y�EK8 VSL 
E$#�
Y�EK8 
<#�ก.? 27.57, 29.50 B�C 29.25 \
L$	

"	/;�)�<E 
"�
�+�9.? B�C$#�
Y�EK8 VAP 
E$#�
Y�EK8
<#�ก.? 35.00, 37.65 B�C 37.22 \
L$	

"	/;�)�<E "�
�+�9.? 
B"ก"#��ก.)�8#��\
#
E).8�+�$.J<���V�"� (P>0.05) 9.�B�9�W)"�	��<EK 7 B�C

-K�(�D�	&�
A�	0
^_)"0 
progressive movement ���(#��%ก	ก�%#
$;?$%
 (#��%ก	ก�%#
<EK
�	�
 MAC 1 ��"	/".) B�C(#��%ก	
ก�%#
<EK
�	�
 MAC 2 ��"	/".) 
E
A�	0
^_)"0 progressive movement 
<#�ก.? 57.98, 58.00 B�C 60.27 

A�	0
^_)"0 "�
�+�9.? B"ก"#��ก.)�8#��\
#
E).8�+�$.J<���V�"� (P>0.05) ^RK�"�
Aก"�B�U;)*+�
,-*�<EK
E
$%&'�(9EDC"U��
E".;��%D�<EK
$�-K�)\>;B??(%#�\A�U��>)U�
AZ)D+�);)
�ก ก�	<EK".;��%D���
�	V
;#�8\9U9E
�ก�R*)).*) W)B�#���ก�	��

<E8
B�U;D.9\9U;#�)*+�
,-*����(#�(.)/%0�%ก	".;).*)
>
�C�
<EK
DC)+�
�	E9
ก_?)*+�
,-*� 
(-K�)+�\A
D-�D��
AZ))*+�
,-*��9>	-�)*+�
,-*�B,#B�_� (=	E�%;		&, 2542) ^RK�
E��
W>U��%D�
EL�ก��<EKDC;#�8\AA}��)/�ก.?\�#\9U�:� Xie et al., (2001) ก�#�;;#�L$	��	U�����\$L"L���
LกB^$$�\	90 ^RK�
E>
:#�
�L)���	C��
�	VD.?ก.?�)%
:����	C\9U B�C���8 peroxide <EK
ก�9�R*)W)

^��0 ^RK�peroxide 
AZ)��
>"%<EK�#���W>U
^��0



?	)��� organal <EK�+�$.J 
,#)\
L"$�)
9	E8V:ก
<+���8 ^RK��#���ก	C<?"#�ก�	
$�-K�)<EK���".;��%D� ก�	
�	�
\$L"L���LกB^$$�\	90DR�,#;8W>U
L$	��	U�����\
L<$�)
9	E8<EK?	�
;&>���#;)
�9(E,
E	:A	#��Aก"� �#���W>U�	U��(�.���) ATP 
E
A	C��</�'�(<EK9E�R*) 

 
 ���$	)�ก�	��������F'	 
  

 ���$	)�ก�	�
�E�
��������F'	 
 

��ก�	=RกM���ก�	
�	�
 MAC W)��>�	(#��%ก	"#�
A�	0
^_)"0$;�
��9Aก"�W)
�#;)>.;���".;��%D� (?;#�(#��%ก	กก�%#
$;?$%
 ก�%#
<EK\9U	.?ก�	
�	�
 MAC 1 ��"	/".) B�Cก�%#
<EK
\9U	.?ก�	
�	�
 MAC 2 ��"	/".) 
E$#�
Y�EK8
<#�ก.? 2.90, 2.61 B�C 2.26 
A�	0
^_)"0 "�
�+�9.? 
B"ก"#��ก.)�8#��\
#
E).8�+�$.J<���V�"� (P>0.05) 9.�B�9�W)"�	��<EK 7  Liao et al. (1985) \9U<+�
ก�	
�	�
�.�กC�EW)��>�	(#��%ก	<EK	C9.? 32, 89, 146 B�C 192 ppm W)��>�	 2 ก�L�ก	.
/".;/;.) 
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(?;#�ก�%#
<EK
�	�
�.�กC�E<EK	C9.? 89 B�C 146 ppm 
ED+�);)".;��%D�<.*�>
9W))*+�
,-*��:��%9 B"#��
���ก�	
�	�
�.�กC�E\
#
E��"#�
A�	0
^_)"0���".;��9Aก"� 

 
Suria et al. (2001) 	�8��);#�^E�E
)E8
��DDC
กEK8;�U��ก.?ก	C?;)ก�	�	U����%D�

	C8C Primary B�C Secondary spermatocyte ^RK�W)	C8C)E*DC
Eก�	�.�
$	�C>0 DNA D+�);)
�ก
	;
<.*���	�-K)w ก�	��9^E�E
)E8
DC�#���W>U
ก�9$;�
��9Aก"��#;)>.;
(�K
�R*) B�C$;�
�
?:	&0
���>����%D��#;) mid piece �9�� 

  
 ���$	)�ก�	�
�E�
�����������F'	 
 
��ก�	=RกM���ก�	
�	�
 MAC W)��>�	(#��%ก	"#�
A�	0
^_)"0$;�
��9Aก"�W)

�#;)>�����".;��%D� (?;#�(#��%ก	ก�%#
 ก�%#
<EK\9U	.?ก�	
�	�
 MAC 1 ��"	/".) B�Cก�%#
<EK\9U	.?
ก�	
�	�
 MAC 2 ��"	/".) 
E$#�
Y�EK8
<#�ก.? 2.81, 1.69 B�C 2.31 
A�	0
^_)"0 "�
�+�9.? B"ก"#��ก.)
�8#��\
#
E).8�+�$.J<���V�"� (P>0.05) 9.�B�9�W)"�	��<EK 7 Liao et al. (1985) \9U<+�ก�	
�	�

�.�กC�EW)��>�	(#��%ก	<EK	C9.? 32, 89, 146 B�C 192 ppm W)��>�	 2 ก�L�ก	.
/".;/;.) (?;#�
ก�%#
<EK
�	�
�.�กC�E<EK	C9.? 89 B�C 146 ppm 
ED+�);)".;��%D�<.*�>
9W))*+�
,-*��:��%9 B"#�����
ก�	
�	�
�.�กC�E\
#
E��"#�
A�	0
^_)"0���".;��9Aก"� 

 
ก�	
�	�
 MAC \
#<+�W>U$;�
��9Aก"�W)�#;)>�����".;��%D�B"ก"#��\AD�กก�%#


$;?$%
 �8#��\	ก_"�
D�กก�	=RกM�(?;#� (#��%ก	<.*� 3 ก�%#

E$;�
��9Aก"��#;)>�������%D��8:#
W),#;�Aก"�$-� 2-5 
A�	0
^_)"0 (�		&(, 2545) ^RK�$;�
	U�)ก_
AZ)A�DD.8>)RK�<EK<+�W>U��%D�\9U	.?
$;�

�E8>�8\9U L98 Stone (1982); Levis (2004) 	�8��);#� (#��%ก	DC
E$;�
��9Aก"��#;)>��

(�K
�R*)

-K��8:#W)<EK<EK
E�%&>':
��:� <.*�)E*
)-K��D�ก<+�W>U
ก�9'�;C heat stress ^RK�
E��"#�ก	C?;)ก�	
�	U����%D� (Murase et al., 2007)  

 
Calvin et al. (1981); Edens (2002) ก�#�;;#� ^E�E
)E8

AZ)��$0A	Cก�?��� 

mitochondria sheath ^RK��8:#W)�#;)��� mid piece ���>����%D� <+�>)U�<EK
AZ)B>�#�(�.���)W,UW)
ก�	
$�-K�)\>;���".;��%D� ก�	��9^E�E
)E8
��D�#���W>U
ก�9$;�
��9Aก"��#;)>���:�VR� 25 

A�	0
^_)"0 $;�

�U
�U)W)\
L"$�)
9	E8 �9�� $;�
��9Aก"�����#;) �CL$	L^
 B�C)�;$�E��ก 
�����%D��:��R*) 
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 cytoplasmic droplet 
,#�E�
��������F'	 
  

��ก�	=RกM���ก�	
�	�
 MAC W)��>�	(#��%ก	"#�
A�	0
^_)"0 cytoplasmic 
droplet <EK�#;)>�����".;��%D� (?;#�(#��%ก	ก�%#
$;?$%
 ก�%#
<EK\9U	.?ก�	
�	�
 MAC 1 ��"	/".) 
B�Cก�%#
<EK\9U	.?ก�	
�	�
 MAC 2 ��"	/".) 
E$#�
Y�EK8
<#�ก.? 4.27, 2.55 B�C 2.72 
A�	0
^_)"0 
"�
�+�9.? B"ก"#��ก.)�8#��\
#
E).8�+�$.J<���V�"� (P>0.05) 9.�B�9�W)"�	��<EK 7 Liao et al. 
(1985) \9U<+�ก�	
�	�
�.�กC�EW)��>�	(#��%ก	<EK	C9.? 32, 89, 146 B�C 192 ppm W)��>�	 2 
ก�L�ก	.
/".;/;.) (?;#�ก�%#
<EK
�	�
�.�กC�E<EK	C9.? 89 B�C 146 ppm 
ED+�);)".;��%D�<.*�>
9W)
)*+�
,-*��:��%9 B"#�����ก�	
�	�
�.�กC�E\
#
E��"#�
A�	0
^_)"0���".;��9Aก"� 

 
ก�	
�	�
 MAC W)ก�	<9���)E*\
#<+�W>U 
A�	0
^_)"0 cytoplasmic droplet <EK�#;)

>�������%D� ��9Aก"�\AD�กก�%#
$;?$%
 D�กก�	=RกM�(?;#� (#��%ก	<.*� 3 ก�%#

E$#�
Y�EK8
A�	0
^_)"0 
cytoplasmic droplet <EK�#;)>�������%D��8:#W),#;�Aก"�$-� 2-5 
A�	0
^_)"0 (�		&(, 2545) 	�8��)
��� �%/�<�(80 (2550) ก�#�;;#�>89)*+�<EK
ก�9�R*)?)�#;)>�����".;��%D�DC
ก�9�R*)W)	C>;#��ก�	
�	U��".;��%D� >89)*+�)E*DCV:ก��.9��ก

-K�".;��%D�
$�-K�)".;
��8:#<EK?	�
;&<#�
ก_?)*+�
,-*��U���:ก
�.&@C (epididymis) >�ก>89)*+�)E*\
#V:ก��.9��ก\AD�ก>��".;��%D�<EK>�.K���ก
�DC
E>89)*+��8:#<EK
�#;)>�� ^RK�V-�;#�
AZ)".;��%D�<EK��9Aก"� (Kuster et al., 2004) 
(	�C".;��%D�,)�9)E*DC
Eก�	
$�-K�)<EK
\9U"K+� �.กM&Cก�	
E>89)*+�<EK>��)E* ��D
ก�9D�กก�	<EKW,U��)(#��%ก	VEKD)
ก�)\A >	-�ก�	W,U��)(#�
�%ก	>)%#
<EK8.�\
#�
?:	&0(.)/%0
"_
<EK (=	E�%;		&, 2542; Almond et al., 1998) 
 
$����ก�����	� Multimineral Chito Amino Acid Organic Chelate �E��0)��.�E���F�
T,��#����
�E���
�F��Fก� 
 
 �����ก�	
�	�
 Multimineral Chito Amino Acid Organic Chelate (MAC) W)��>�	(#�
�%ก	
AZ)
;�� 90 ;.) (?;#�(#��%ก	ก�%#
$;?$%
 ก�%#
<EK\9U	.?ก�	
�	�
 MAC 1 ��"	/".) B�Cก�%#
<EK
\9U	.?ก�	
�	�
 MAC 2 ��"	/".) 
E$#�
Y�EK8���	C9.?B	#/�"% B$�
^E8
 L$	

E8
 L$?��"0 <��B9� 

>�_ก B
ก)E
^E8
 B
�ก�)E� L(B"�
^E8
 B�C�.�กC�E W)^E	.K
<EKB"ก"#��ก.)�8#��\
#
E).8�+�$.J<��
�V�"� (P>0.05) 9.�"�	��<EK 8 B"#(?;#�	C9.?���B	#/�"%^E�E
)E8
 
E$#�
Y�EK8
<#�ก.? 0.246, 0.276 B�C 
0.346 ppm "�
�+�9.?B"ก"#��ก.)�8#��
E).8�+�$.J<���V�"� (P<0.01) 



65 

�����
,# 8  �����ก�	
�	�
 Multimineral Chito Amino Acid Organic Chelate (MAC) "#�	C9.?B	#
/�"%W)^E	.K
���(#�(.)/%0�%ก	 

 

 

�������F  ab ".;�.กM	<EKB"ก"#��ก.)W)BV;
9E8;ก.)B"ก"#���8#��
E).8�+�$.J<���V�"� (P<0.01) 

$#�
Y�EK8 + $#�
?EK8�
?)
�"	z�) (mean ± standard error) 
 

ก�	�C�
���^E�E
)E8
DC
	�K
�C�
W)�#;)���
)-*�
8-K�"#��w D�ก
�ก\A)U�8$-� \" ".? 

)-*�
8-K��+�\�U B�Cก�U�

)-*� (Young et al., 1976) ^RK�W)�#;)���
�-�9DC
	�K

ก_?W)�#;)���^E	.K
 
>	-�(���
� ก	&E<EK\9U	.?^E�E
)E8
W)	C8C
;���.*) (Kim, 1999) >�.�D�ก\9U	.?^E�E
)E8

AZ)
;�� 
60 ;.)DR�DC(?^E�E
)E8
W)

_9
�-�9B9� (Krzysztif and Bronislaw, 1995) 

 

 

B	#/�"% 
	C9.?B	#/�"% (ppm) 

P-value \
#
�	�
MAC 
(ก�%#
$;?$%
) 


�	�
 MAC 
1 ��"	/".) 


�	�
 MAC 
2 ��"	/".) 

B$�
^E8
 89.13+2.94 86.80+1.12 85.12+1.27 0.331 
L$	

E8
 0.112+0.04 0.060+0.04 0.030+0.03 0.297 
L$?��"0 0.000+0.00 0.008+0.05 0.010+0.06 0.238 
<��B9� 1.826+0.09 1.719+0.12 1.718+1.11 0.755 

>�_ก 3.356+1.00 3.378+1.07 3.535+0.79 0.989 
B
ก)E
^E8
 21.077+1.44 20.222+0.55 19.980+0.48 0.653 
B
�ก�)E� 0.00+0.00 0.00+0.00 0.00+0.00 - 
L(B"�
^E8
 252.94+4.95 259.84+17.13 279.28+16.31 0.461 
^E�E
)E8
 0.246+0.01b 0.276+0.01b 0.346+0.02a 0.001 
�.�กC�E 0.500+0.29 0.721+0.30 0.805+0.20 0.727 
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$����ก�����	� Multimineral Chito Amino Acid Organic Chelate �
������E��Fก��E�
����P���
��ก���"���
�F����.�E�Fก� 

 
��ก�	=RกM�ก�	
�	�
 Multimineral Chito Amino Acid Organic Chelate W)��>�	(#��%ก	

"#��
		V'�(<��ก�	�-?(.)/%0���B
#�%ก	 (?;#� �."	�ก�	��
"�9 �."	�ก�	
�U�$��9 D+�);)�:ก
B	ก$��9 B�CD+�);)�:กB	ก$��9
E,E;�" B"ก"#��ก.)�8#��\
#
E).8�+�$.J<���V�"� (P>0.05) L98
B
#�%ก	<EK\9U	.?ก�	��

<E8
9U;8)*+�
,-*����(#��%ก	W)ก�%#
<EK\9U	.?ก�	
�	�
 MAC 1 ��"	/".) B�C

�	�
 MAC 2 ��"	/".) 
E�."	�ก�	��
"�9 B�C�."	�ก�	
�U�$��9<EK�:�ก;#�W)ก�%#
$;?$%
 B"#(?;#�

ED+�);)�:กB	ก$��9 B�CD+�);)�:กB	ก$��9
E,E;�")U�8ก;#�ก�%#
$;?$%
9.�B�9�W)"�	��<EK 9  

 
�����
,# 9  �
		V'�(<��ก�	�-?(.)/%0���B
#�%ก	<EK��
9U;8)*+�
,-*�(#��%ก	<EK\9U	.?ก�	
�	�
 

Multimineral Chito Amino Acid Organic Chelate (MAC) W)��>�	 
 

 
�."	�ก�	��
"�9).*)
E��
>"%D�ก>��8A�DD.8 
,#) $%&'�()*+�
,-*� ^RK�\9UBก# $;�

�U
�U)

���".;��%D� ก�	
$�-K�)\>;�����%D� A	�
�"	���)*+�
,-*� 
A�	0
^_)"0".;
AZ)".;"�8 
AZ)"U) 
	C8C
;��W)ก�	��

<E8
 
<$)�$ก�	��

<E8
 q9:ก�� L',)�ก�	 B�C$;�
�
?:	&0���B
#�%ก	 

AZ)"U) (�		&(, 2545) 
)-K��D�ก$%&'�(���)*+�
,-*�(#��%ก	<EKW,UW)ก�	��

<E8
ก_
AZ)�EกA�DD.8
>)RK�<EK�#���"#��
		V'�(ก�	���"���B
#�%ก	 D�กก�	=RกM������ก�	
�	�
 Multimineral Chito 
Amino Acid Organic Chelate "#�$%&'�()*+�
,-*����(#�(.)/%0�%ก	W)�U��"U) (?;#�ก�	
�	�
 
Multimineral Chito Amino Acid Organic Chelate �#���W>U
A�	0
^_)"0 Live sperm  $;�

	_;B�C

�.กM&C 
ก�%#
<9��� 

P-value \
#
�	�
MAC 
(ก�%#
$;?$%
) 


�	�
 MAC 
1 ��"	/".) 


�	�
 MAC 
2 ��"	/".) 

D+�);)B
#�%ก	
�U���
 (".;) 49 49 49 - 
�."	�ก�	��
"�9 (%)  89.80+0.04 95.92+0.03 95.92+0.03 0.3495 
�."	�ก�	
�U�$��9 (%)  83.67+0.05 93.88+0.03 89.80+0.04 0.2679 
D+�);)�:กB	ก$��9 (".;) 11.88+0.44 11.07+0.53 11.00+0.51 0.3947 
D+�);)�:กB	ก$��9
E,E;�" (".;)  10.78+0.49 10.30+0.47 10.17+0.55 0.6737 
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<�=<��W)ก�	
$�-K�)<EK���".;��%D� (velocity and movement) ^RK�\9UBก# VCL, VSL, VAP B�C 

A�	0
^_)"0 progressive movement <EK�:�ก;#�W)ก�%#
$;?$%
 )�กD�ก)E*8.�
E
A�	0
^_)"0$;�
��9Aก"�
���".;��%D�<EK"K+�ก;#�ก�%#
$;?$%
 ^RK���D
AZ)��
>"%<EK<+�W>UB
#�%ก	W)ก�%#
<EK\9U	.?ก�	��

<E8
9U;8
)*+�
,-*����(#��%ก	W)ก�%#
<EK\9U	.?ก�	
�	�
 MAC 1 ��"	/".) B�C
�	�
 MAC 2 ��"	/".) 
E�."	�ก�	
��
"�9<EK�:�ก;#� �#;)��
>"%<EK<+�W>UB
#�%ก	<EK��
"�9B�U;B"#\
#��
�	V
�U�$��9\9U<%ก".; ��D

)-K��
�D�ก
EB
#�%ก	B<U��:กW)�&C".*�<U�� ^RK�B
#�%ก	?��".;B�9���ก�	B<U�W),#;�"U)���ก�	
�%U
<U��<EKA	C
�& 30 ;.) ?��B
#ก_B<U�W),#;�ก������ก�	�%U
<U��<EKA	C
�& 60 ;.) DR�<+�W>U�."	�
ก�	
�U�$��9���B
#�%ก	W)ก�%#
<EK
Eก�	B<U��:ก\
#
<#�ก.) 

 
D+�);)�:กB	ก$��9<.*�>
9"#�$	�ก).*)
AZ)��
�D�กA�DD.8�-K)w >��8�8#��
,#) B
#�%ก	
E

ก�	"ก\�#
�ก\�#<EK"ก��
�\9U	.?ก�	A}��)/�
ก-�?<.*�>
9
)-K��D�ก$%&'�()*+�
,-*�9ED.�>;Cก�	��

9EB�C".;�#�) (embryo) 
Eก�	���".;\9U
�ก��K�
>�#�)E*DC<+�W>UD+�);)�:กB	ก$��9�:�W)�#;)���
D+�);)�:กB	ก$��9
E,E;�""#�$	�กก_
,#)ก.)�R*)�8:#ก.?A�DD.8>��8�8#�� 
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#
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 1. ก�	
�	�
 Multimineral Chito Amino Acid Organic Chelate W)��>�	 (?;#�
E��"#�
$%&'�()*+�
,-*�W)�.กM&C
A�	0
^_)"0 live sperm 
(�K
�:��R*) (P<0.05) B"#ก�	
�	�
 Multimineral 
Chito Amino Acid Organic Chelate \
#
E��"#��.กM&C�E���)*+�
,-*� $;�

AZ)ก	9-9#�� A	�
�"	���
)*+�
,-*� $;�

�U
�U)���".;��%D� D+�);)".;��%D�<.*�>
9W))*+�
,-*� 
A�	0
^_)"0 motile sperm  $;�

	_;
B�C<�=<��W)ก�	
$�-K�)<EK���".;��%D� B�C
E
A�	0
^_)"0$;�
��9Aก"����".;��%D� (P>0.05)  
 

2. ก�	
�	�
 Multimineral Chito Amino Acid Organic Chelate W)��>�	"#�	C9.?B	#/�"%
W)^E	.K
���(#�(.)/%0�%ก	(?;#�
E��"#�$#�
Y�EK8���	C9.?B	#/�"%^E�E
)E8
W)^E	.K
 (P<0.01) B"#(?;#�
ก�	
�	�
 Multimineral Chito Amino Acid Organic Chelate \
#
E��"#�	C9.?���B	#/�"%B$�
^E8
 
L$	

E8
 L$?��"0 <��B9� 
>�_ก B
ก)E
^E8
 B
�ก�)E� L(B"�
^E8
 B�C�.�กC�E W)^E	.K
 
(P>0.05) 

 
3. �
		V'�(<��ก�	�-?(.)/%0���B
#�%ก	<EK\9U	.?ก�	��
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D�ก)*+�
,-*����(#�<.*� 3 

ก�%#
 (?;#� �."	�ก�	��
"�9 �."	�ก�	
�U�$��9 D+�);)�:กB	ก$��9 B�CD+�);)�:กB	ก$��9
E
,E;�" B"ก"#��ก.)�8#��\
#
E).8�+�$.J<���V�"� (P>0.05) 
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1. ก�	=RกM�W)$	.*�)E*
AZ)ก�	=RกM�
?-*��"U)VR�ก�	W,U Multimineral Chito Amino Acid 
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(�K

"�
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"�
��W)��	�C��8)*+�
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Chelate (MAC) W)��>�	(#��%ก	<EK	C9.? 1 ��"	/".) B�C 2 ��"	/".) (?;#���
�	V���")*+�
,-*�\9U
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�����
,# 10  $;�
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$#�W)<��
=	Mzก�DW)ก�	
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 Multimineral Chito Amino Acid Organic  
                     Chelate (MAC) W)��>�	(#��%ก	  
 

 
 

	�8ก�	 
��>�	<9��� 

\
#
�	�
MAC 
(ก�%#
$;?$%
) 


�	�
 MAC 
1 ��"	/".) 


�	�
 MAC 
2 ��"	/".) 

          ก�	$+�);&"U)<%)$#� MAC W)ก�	���")*+�
,-*� 1 L9�� 

A	�
�"	���)*+�
,-*�<EK>�.K�"#�$	.*� (
������"	) 305.40 364.34 344.59 
$;�

�U
�U)���".;��%D� (x106 ".;"#�
������"	) 404.01 425.31 457.00 
Live sperm (
A�	0
^_)"0) 88.43 89.68 90.52 
D+�);))*+�
,-*�<EK���"<EK$;�

�U
�U) 4x109 ".;"#�L9��  
(L9��"#�".;"#��.A9�>0) 

27.28 34.74 35.64 

"U)<%)$#� MAC "#��.A9�>0 (?�<) 0 6.125 12.25 
"U)<%)$#� MAC W)ก�	���")*+�
,-*� 1 L9�� (?�<) 0 0.18 0.34 

          ก�	$+�);&D+�);)�:กB	ก$��9
E,E;�"<.*�>
9D�กB
#�%ก	
�U���
 100 ".; 


A�	0
^_)"0ก�	
�U�$��9 (%)  83.67 93.88 89.80 
D+�);)�:กB	ก$��9
E,E;�" (".;)  10.78 10.30 10.17 
D+�);)�:กB	ก$��9
E,E;�"<.*�>
9 (".;) 902 967 914 

          ก�	$�9�#;)"#�����	�8\9U
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<E8?ก.?ก�%#
$;?$%
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B
#�%ก	 100 ".;
(?�<) (��

<E8
 2 $	.*� "#� 1 	�? ก�	
AZ)�.9) 

0 36 68 
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	�8\9U>�.�>.ก$#�"U)<%) MAC 902,000 966,964 913,932 
�#;)"#�����	�8\9U

-K�
<E8?ก.?ก�%#
$;?$%
 - 64,964 11,932 
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�U���ก����:ก�%ก	 B�C	ก

-K�
$��9"��9D))*+�A����;C W)	C8C<EK�%ก	
AZ)�.9
^��0���A�ก,#��$��9DC
Eก�	�8�8".;
�ก�R*) 

E�.กM&Cก�	?;
)*+� 
AZ)"U)  

 
l���+�

,#�ก,#��ก��ก���"���
�F�  
 

��	0L
) $-� ��	,E;
$
E<EK���"D�ก
^��0W)"#�
\	U<#� (endocrine gland) B�CV:กA�#�8\A
"�
ก	CB�
�-�9�:#
^��0
A��>
�8 (target cell) <+�>)U�<EKก	C"%U)
^��0 ^RK�
E�;.8;C<EK
กEK8;�U��<.*�<+�
>)U�<EKก	C"%U)W>U
ก�9ก�	�	U����	0L
)B�C<+�>)U�<EK�	U����	0L
) (?%J,.8, 
.A.A.)  ^RK�\9UBก#  
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1.  �
���#;)ก��� (brain center) <+�>)U�<EK 
AZ)".;	.?�#�$;�
	:U�RกD�กก�	ก	C"%U)���
�'�(B;9�U�
\A8.��
���#;)\�LA<���
.� <+�W>U
ก�9ก�	
A�EK8)BA��<��
$
E  

 
2.  \�LA<���
.� (hypothalamus) �8:#	C>;#���
���#;)?)B�C"#�
W"U�
�� <+�>)U�<EK 

ก	C"%U)"#�
W"U�
��W>U>�.K���	0L
)��ก
� ��	0L
)<EK�	U��D�ก"#�
)E* $-� ��	0L
)	E���^�� 
(releasing hormone, RH) ^RK�
E 2 ,)�9 \9UBก# t����
$�� �"�
:
�"�� 	E���^����	0L
) B�C �:"�\)^�� 	E
���^����	0L
) (follicle stimulating releasing hormone, FSH-RH B�C luteinizing releasing 
hormone, LH-RH) ��	0L
)<.*����,)�9)E*	;
ก.)
	E8ก;#�Lก)�L9L<	A�) 	E���^�� ��	0L
) 
(gonadotrophin releasing hormone, Gn-RH) ��	0L
))E*V:ก)+�\A8.�"#�
W"U�
��  

 
3.  "#�
W"U�
�� (pituitary gland) B?#�
AZ) 3 �#;)$-� �#;)>)U� �#;)ก��� B�C�#;)>�.� 

^RK�B"#�C�#;)
E>)U�<EK9.�)E*  
 

3.1  "#�
W"U�
���#;)>)U� �	U����	0L
)<EK�+�$.J $-�  
 

-  t����
$�� �"�
:
�"�� ��	0L
) (follicle stimulating hormone, FSH) >)U�<EK
ก	C"%U)W>U\�#
D	�J
"�?L"B�C<+�W>U\�#�%กW)
(=

E8B�Cก	C"%U)W>U
ก�9ก�	�	U��".;��%D�W)
(=�:U  

 
-  �:"�\)^�� ��	0L
) (lutenizing hormone , LH) >)U�<EK ก	C"%U)W>U
ก�9ก�	"ก

\�#B�C�	U��$�	0A���:
<E8
 (corpus luteum, CL) 
(-K�<+�>)U�<EK>�.K���	0L
)LA	
D�
"�L	) 
(-K�
$;?$%
ก�	�%U
<U��  

 
-  LA	B�$"�) >	-� �:<�L�L<	A�$ (prolactin or luteotropic hormone, LTH) 

<+�>)U�<EKก	C"%U)W>U
ก�9ก�	>�.K�)+*�)
B�CB�9�$;�

AZ)B
# 
 

3.2  "#�
W"U�
���#;)>�.� �	U����	0L
)<EK�+�$.J$-�  
 

-  ��ก^�L"^�) (oxytocin) <+�>)U�<EK,#;8W>U
ก�9ก�	>�.K�)+*�)
B�Cก�	 ?E?".;
���
9�:ก�&C$��9B�C��
(.)/%0  
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-  	EB�ก^�) (relaxin) <+�>)U�<EKก	C"%U)$�
9�:กB�Cก	C9:ก
,��ก	�)�8�8
��ก
(-K�
"	E8
ก�	$��9  

 
4.  �;.8;C�-?(.)/%0 <EK<+�>)U�<EK�	U����	0L
)<EK
กEK8;�U��ก.?ก�	�-?(.)/%0 \9UBก#  
 

4.1  �.&@C <+�>)U�<EK�	U����	0L
)
<�L<�
"�L	)>	-�B�)L9	
D) ^RK�<+�W>U
�.";0B�9��.กM&C
(=�:U  

 
4.2  	.�\�# <+�>)U�<EK�	U����	0L
) 2 ,)�9 \9UBก#  
 

-  
��L"	
D) �	U��D�กก	C
A�C\�# <+�>)U�<EKก	C"%U)ก�	
D	�J
"�?L" ���
	C??�-?(.)/%0
(=

E8B�CB�9���ก�	
AZ)�.9 >	-���D
	E8ก;#�
AZ)��	0L
)
(=

E8  

 
-  LA	
D)
"�L	) �	U��D�ก$�	0A���:
<E8
 <+�>)U�<EK 	.กM��'�(ก�	 ".*�<U��

����%ก	W>U
AZ)\A"�
Aก"�B�C8.?8.*�ก�	���" FSH <+�W>Uก	C
A�C\�#>8%9ก�	
D	�J  
 

4.3  	ก (placenta) <+�>)U�<EK�	U����	0L
)LA	
D)
"�L	) 
��L"	
D) 	;
<.*� L$
	�L�)�$Lก)�L9L<	A�) (chorionic gonadotrophin)  

 
4.4  
9�:ก �	U����	0L
)L(	�"�Bก�)9�)
�t 2 B��t� (prostaglandin F2α) ^RK�

<+�W>U $�	0A�� �:
<E8
 ���8".;

-K�\�#\
#\9U	.?ก�	��
 <+�W>U\�#<EK"ก���B�C���8".;
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Multimineral Chito Amino Acid Organic Chelate (MAC) 
 

O    C      R      OH

O

+    Mn+

Oligosaccharide
n

Mineral

Metal

OH

C
O

O

O
CO

R R

OH

N = 2  

���$
�ก
,# 1  ก	C?;)ก�	
ก�9$E
�< 

 

 

���$
�ก
,# 2  ก	C?;)ก�	���"$E
�< 

 

Mineral Salts Oligosaccharide

Reaction TankNaOH / H2SO 4

pH adjustment 

Filtration

Lab Analysis

Packing 

Yes

No
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�����$
�ก
,# 1  ��$0A	Cก�?��� Multimineral Chito Amino Acid Organic Chelate (MAC)  

 
��$0A	Cก�? 
A�	0
^_)"0 

Calcium Chelate 0.500 
Magnesium Chelate 0.500 
Potassium Chelate 0.450 
Iron Chelate 0.800 
Zinc Chelate 0.250 
Manganese Chelate 0.300 
Copper Chelate 0.100 
Chromium Chelate 0.040 
Cobalt Chelate 0.001 
Selenium Chelate 0.200 
Chitooligosaccharide 0.600 
Amino Acid 18.00 

 
ก��
)��� E���F'	�,!,�	�)&���,�,+�T	
-
	+ก�T	
 (eosin-nigrosin) "�
;�/E��� =	E�%;		& (2542)  
 

 �E�EL�^�) (eosin) 
AZ)�E<EK\
#��
�	VV:ก9:9^R

�U�\AW)".;��%D�<EK
E,E;�"\9U B"#DC��
�	V
�#�)
�U�\AW)".;��%D�<EK"�8B�U; 9.�).*) �E8U�

(-K�9:".;
AZ)".;"�8<%ก�:"	DR�"U��
E�E�EL�^�)
AZ)
�#;)��
 �#;)�E�-K)w 
,#) )�Lก	^�) (nigrosin) >	-��C)�\�)0 (analine) DCW,U
AZ)�E(-*) 
(-K�<+�W>U
>.;���".;��%D�
��
>_)\9U,.9
D)8�K��R*) )�กD�ก)E*  ก�	8U�
�E".;��%D�9U;8�EL�^�)-)�Lก	^�) 
8.���
�	VW,U�+�>	.?ก�	"	;D$;�
��9Aก"����	:A	#��".;��%D�\9U
,#)ก.)  

 
ก�	
"	E8
�E�EL�^�)-)�Lก	^�) 
 

- �E�EL�^�)     1 ก	.
 
- �E)�Lก	^�)     5 ก	.
 
- L^
9E8
^�
"	<    3 ก	.
 
- )*+�ก�.K)     100 
������"	  
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�����$
�ก
,# 2  $#�L',)C�����>�	$;?$%
 
 

 
�����$
�ก
,# 3  �:"	��	�C��8)*+�
,-*� NSRTC 4 
 

�#;)A	Cก�? A	�
�& (ก	.
) 
ก�:L$� 30.0 
�E9E<E
� 3.7 
^�"	�$ B�^�$ 3.0 
<	E� (\�9	�ก^E

</E�) �
�L)
E
<) 5.0 
\"	L^
9E8
^�
"	"\9\�
9	< 4.4 
L^
9E8
\?$�	0?�
)" 1.2 
LAB"�
^E8
$��\	90 0.3 
)EL�
.8^�)^.�
t" 1.0 

"�
)*+�ก�.K)W>U$	? 1,000 
������"	 

A	�
�&L',)C 
A�	0
^_)"0 
LA	"E) > 12 
$;�
,-*) < 12  
\�
.) > 3 

8-K�W8 < 10 
B$�
^E8
 0.7-1.5 
t��t�	.� 0.5-1.2 

ก�-� (NaCl) 0.4-1.0 
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�����$
�ก
,# 4  �����,#;�	C8C
;��<EK(#��%ก	\9U	.?ก�	
�	�
 Multimineral Chito Amino Acid Organic Chelate (MAC) "#�$%&'�()*+�
,-*����(#��%ก	 
 

90 ;.) 
T 3 

339.90 

3.00 

7.00 

488.26 

166.49 

91.66 

88.73 

54.06 

26.91 

34.02 

61.47 

29.90 

1.60 

2.35 

2.00 

T 2 

375.58 

3.00 

6.97 

468.21 

173.42 

90.46 

87.93 

56.25 

27.95 

35.44 

60.29 

29.98 

2.88 

1.85 

3.00 

T 1 

304.20 

3.00 

7.05 

429.38 

130.28 

88.32 

86.83 

52.46 

25.71 

32.73 

57.16 

31.17 

2.68 

2.03 

3.85 

 
3

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

60 ;.) 
T 3 

357.75 

2.90 

6.96 

448..9 

162.43 

93.32 

91.98 

60.83 

29.20 

37.28 

59.68 

33.54 

2.23 

1.65 

2.75 

T 2 

357.60 

3.00 

6.98 

413.14 

144.30 

90.01 

89.88 

57.93 

27.88 

35.80 

56.31 

33.56 

2.00 

1.54 

2.35 

T 1 

294.55 

3.00 

7.05 

396.88 

116.60 

91.26 

89.73 

57.85 

28.32 

35.78 

59.48 

31.78 

2.98 

2.95 

4.28 

 
7

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

30 ;.) 
T 3 

336.13 

3.00 

7.00 

434.64 

146.47 

94.24 

90.85 

64.75 

30.95 

39.42 

60.10 

34.11 

2.81 

2.58 

3.16 

T 2 

359.83 

3.00 

6.99 

394.59 

135.39 

93.19 

91.23 

67.32 

31.68 

40.44 

57.61 

35.56 

2.71 

1.54 

2.25 

T 1 

317.44 

3.00 

7.01 

385.78 

121.78 

90.04 

88.74 

58.67 

28.33 

36.02 

57.33 

32.69 

2.84 

3.31 

4.69 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ก#�)<+�ก�	<9��� 
T 3 

348.00 

- 

- 

391.00 

136.2 

- 

91.60 

- 

- 

- 

- 

- 

- 

- 

- 

T 2 

351.00 

- 

- 

409.00 

141.90 

- 

91.90 

- 

- 

- 

- 

- 

- 

- 

- 

T 1 

344.00 

- 

- 

395.00 

135.80 

- 

92.10 

- 

- 

- 

- 

- 

- 

- 

- 

�.กM&C 

A	�
�"	���)*+�
,-*�<EK>�.K�"#�$	.*� (
������"	) 

�E���)*+�
,-*� (0-3) 

$;�

AZ)ก	9-9#�� 

$;�

�U
�U)���".;��%D�(x106 ".;/
������"	) 

D+�);)".;��%D�<.*�>
9W))*+�
,-*�(x109 ".;/$	.*�) 

Motile sperm (%) 

Live sperm (%) 

VCL (µm/sec) 

VSL (µm/sec) 

VAP (µm/sec) 

Progressive movement  (%) 

Curveline  movement   (%) 

$;�
��9Aก"��#;)>.; (%) 

$;�
��9Aก"��#;)>�� (%) 

Cytoplasmic droplet (%) 



 

��0�	�	ก���-ก��.�0ก��
H���
 

 
!"#�~
���กF� )�8
9,&	�$0  ��)(:� 
��
 �)"�
 ���ก	) 31 (qM'�$
 2531 
�P�

,#�ก	)  D.�>;.9)$	�;		$0 
��0���	ก���-ก�� ;<.?. (�.";=��"	0)  


>�;�<8��.8
กM"	=��"	0 ;�<8�
�"ก+�B(�B�) 
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