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Abstract 

   This study aimed to investigate the optimize conditions for tannin extraction from mangosteen 

peel and to evaluate the property in ammonia removal in fishpond water. Ground mangosteen peel, at 

the concentrations of 10, 20, and 30 grams/L, were soaked in water for 0, 1, 5, 7, 14, 21, and 28 days. 

Tannin in each condition was analyzed. The second experiment was tannin extraction from the 

mangosteen peel by boiling. Finely ground and crushed mangosteen peel at the 10, 20 and 30 gram/l 

were boiled at different times for 0, 30, 60 and 120 minutes. Tannin from these conditions was 

determined. It was found that conditions of 30 gram/L and the 120 minutes boiling time could be used 

for extraction providing the highest tannin concentrations of  5,075 mg / L (P <0.05). The efficiency of 

ammonia removal by tannin extract was then investigated. The result revealed that mangosteen peel-

tannin extract could mitigate toxic ammonia in fishpond water. The ammonia removal rate was 0.073 

ppm total ammonia/1 ppm tannin.  Lethal concentration (LC50) of tannin extraction from mangosteen 

peel was 296 ppm, and the safe tannin concentration was 29.6 ppm. However, high concentrations of 

tannins should let the pH of the water to drop rapidly that causing stress to fish. Therefore, applying of 

tannins in fishpond should be at a suitable amount to maintain ammonia appearing.     
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Å¬óĂË­É¬óãĂÚÂóäÂČóÉòÕëóäÜäñÂîÛĀîâāâÿÚöã āÕãèõÙöØóÈÙääâËóÖõāÕãÂóäĂË­ëóäëÂòÕĀØÚÚõÚ

ÙääâËóÖõÉóÂĂÛßøËæÕäñÕòÛĀîâāâÿÚöã ăÚÿÖäØ ĀæñăÚăÖä°ØĂÚäñÛÛ āÕãëóäĀØÚÚõÚÿÜæöćãÚ

ÖñÂîÚØöćÿÂõÕĂÚäñÛÛĂì­ÿÜĆÚÖñÂîÚËöèáóßÿÜĆÚîöÂèõÙöÂóäìÚ÷ćÈØöćÿÜĆÚØóÈÿæøîÂØöćÚ¬óëÚĂÉ îöÂØòĈÈĀØÚÚõ

ÚßÛăÕ­ĂÚßøËØòćèăÜāÕãÿÊßóñßøËØöćâöÅèóâÞóÕ ÿË¬Ú Ëó āÕãëóäîîÂåØÙõċëČóÅòÎĂÚÂæù¬âāßæõàöÚîæ (tea 

polyphenols) ÿÜĆÚëóäëČóÅòÎØöćăÕ­äòÛÅèóâëÚĂÉÿÜĆÚîã¬óÈâóÂ âöäóãÈóÚÂóäæÕĀîâāâÿÚöãĂÚÛ¬îÿæöĈãÈ

ÜæóāÕãÂóäĂË­ëóäĀØÚÚõÚØöćăÕ­ÉóÂÂóäìâòÂàóÈÃ­óèÿÜĆÚÿèæó Ɨƛ èòÚ ëóâóä×æÕĀîâāâÿÚöãĂÚÚČĈó ĂÚ

îòÖäó Ɩ.Ɨ ppm/1ppm ĀØÚÚõÚ ĀæñãòÈßÛè¬ó ëóäĀØÚÚõÚÕòÈÂæ¬óèëóâóä×æÕĀîâāâÿÚöãĂÚÛ¬îÜæóÚõæ

ăÕ­ āÕãÂóäæÕæÈÃîÈĀîâāâÿÚöãÿÂõÕÉóÂÂóäØČóÜÐõÂõäõãóäñìè¬óÈëóäÿØÚÚõÚÂòÛĀîâāâÿÚöãîõëäñ

āÕãÖäÈ (ÚõèùÓõ, ƘƛƛƝ)  ĂÚÿÜæøîÂâòÈÅùÕ Ì÷ćÈÿÜĆÚÝæÝæõÖÿìæøîØõĈÈÉóÂáóÅÂóäÿÂêÖä Ì÷ćÈâöÈóÚèõÉòãØóÈ
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èõØãóéóëÖä°ÉóÂëóäëÂòÕÉóÂÿÜæøîÂâòÈÅùÕ ßÛè¬óâöÜäõâóÔĀØÚÚõÚ (Tannin) ĀæñĀÌÚāØÚ (Xanthones) 

ĂÚÜäõâóÔëúÈ   

ÕòÈÚòĈÚĂÚÂóäèõÉòãÅäòĈÈÚöĈÉñØČóÂóäé÷ÂêóÅèóâÿÜĆÚăÜăÕ­ĂÚÂóäĂË­ëóäëÂòÕĀØÚÚõÚÙääâËóÖõÉóÂ

ÿÜæøîÂâòÈÅùÕæÕäñÕòÛĀîâāâÿÚöã ăÚÿÖäØ ĀæñăÚăÖä°ØĂÚÚČĈóÿëöãÉóÂÂóäÿæöĈãÈÜæóÂñßÈĂÚäñÛÛÜõÕ 

èòÖ×ùÜäñëÈÅ°ÃîÈÂóäèõÉòã 

Ɨ. ÿßøćîé÷ÂêóÅèóâÿÜĆÚăÜăÕ­ĂÚÂóäĂË­ëóäëÂòÕĀØÚÚõÚÙääâËóÖõÉóÂÿÜæøîÂâòÈÅùÕÿßøćîæÕäñÕòÛ

ĀîâāâÿÚöã ăÚÿÖäØ ĀæñăÚăÖä°ØĂÚÚČĈóÿëöãÉóÂÂóäÿæöĈãÈÜæóÂñßÈĂÚäñÛÛÜõÕ (ÜöØöć Ɨ) 

Ƙ. ÿßøćîé÷ÂêóÿÜäöãÛÿØöãÛÜäñëõØÙõáóßÃîÈäñÛÛÛČóÛòÕÚČĈóĀÛÛÖ¬óÈąëČóìäòÛÂóäÿßóñÿæöĈãÈÜæó

ÂñßÈĂÚäñÛÛÜõÕĀÛÛÚČĈóìâùÚÿèöãÚ ØòĈÈ ƙ äñÛÛ ăÕ­ĀÂ¬ Ɨ.äñÛÛÜõÕĀÛÛÚČĈóìâùÚÿèöãÚ (RAS) Ƙ.äñÛÛîÅ

èóāÜÚõÂ (Aquaponics) ƙ.äñÛÛÜõÕĀÛÛÚČĈóìâùÚÿèöãÚ (RAS) ä¬èâÂòÛĀØÚÚõÚ ÿßøćîĂì­ăÕ­ÂäñÛèÚÂóä

ÂóäÝæõÖëòÖè°ÿéäêÑÂõÉØöćâöÜäñëõØÙõáóß (ÿßõćâÝæÝæõÖ ÿßõćââúæÅ¬ó æÕÖ­ÚØùÚ) āÕãÅČóÚ÷È×÷ÈÖ­ÚØùÚÂóäÝæõÖ

ĀæñëõćÈĀèÕæ­îâ (ÜöØöć Ƙ) 

ÃîÛÿÃÖÃîÈÂóäØČóèõÉòã 

Ɨ. é÷ÂêóÅèóâÿÜĆÚăÜăÕ­ĂÚÂóäĂË­ëóäëÂòÕĀØÚÚõÚÙääâËóÖõÉóÂÿÜæøîÂâòÈÅùÕÿßøćîæÕäñÕòÛ

ĀîâāâÿÚöã ăÚÿÖäØ ĀæñăÚăÖä°ØĂÚÚČĈóÿëöãÉóÂÂóäÿæöĈãÈÜæóÂñßÈĂÚäñÛÛÜõÕ āÕãØÕëîÛ

ÜäñëõØÙõáóßÃîÈĀØÚÚõÚÉóÂÿÜæøîÂâòÈÅùÕÖ¬îÂóäæÕĀîâāâÿÚöãĂÚäñÛÛÂóäÿæöĈãÈĀÛÛìâùÚÿèöãÚ 

ØÕëîÛÅèóâÿÃ­âÃ­ÚØöćÿìâóñëâÖ¬îÂóäĂË­æÕĀîâāâÿÚöãĂÚäñÛÛÂóäÿæöĈãÈÜæóÂñßÈ ĀæñÝæõÖëóäĀØÚ

ÚõÚÉóÂÿÜæøîÂâòÈÅùÕĂÚäúÜÝÈĀæñëóäæñæóãÿÃ­âÃ­ÚÿßøćîÃãóãÝæÿËõÈÂóäÅ­ó (ÜöØöć Ɨ) 

Ƙ. é÷ÂêóÜäñëõØÙõáóßÂóäÛČóÛòÕÃîÈÿëöãăÚāÖäÿÉÚĂÚÚČĈó ĀæñÖ­ÚØùÚØöćĂË­ĂÚÂóäÕČóÿÚõÚÈóÚ 

ÃîÈäñÛÛÛČóÛòÕÚČĈóĀÛÛÖ¬óÈą ëČóìäòÛÂóäÿßóñÿæöĈãÈÜæóÂñßÈĂÚäñÛÛÜõÕĀÛÛÚČĈóìâùÚÿèöãÚ ØòĈÈ ƙ 

äñÛÛ ăÕ­ĀÂ¬ Ɨ. äñÛÛÜõÕĀÛÛÚČĈóìâùÚÿèöãÚ (RAS) Ƙ.äñÛÛîÅèóāÜÚõÂ (Aquaponics) ƙ.äñÛÛÜõÕĀÛÛ

ÚČĈóìâùÚÿèöãÚ (RAS) ä¬èâÂòÛĀØÚÚõÚ (ÜöØöć Ƙ ) 
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ÜäñāãËÚ°ØöćÅóÕè¬óÉñăÕ­äòÛ 

Ɨ. ÿÜĆÚîÈÅ°Åèóâäú­Ăìâ¬ÿÂöćãèÂòÛÂóäëóäëÂòÕĀØÚÚõÚÉóÂÿÜæøîÂâòÈÅùÕëóâóä×æÕÜäõâóÔ 

ĀîâāâÿÚöãĂÚäñÛÛÂóäÿæöĈãÈĀÛÛìâùÚÿèöãÚăÕ­ 

Ƙ. ÿÂêÖäÂäĀæñÝú­ØöćëÚĂÉëóâóä×ÚČóăÜÜäñãùÂÖ°ĂË­ăÕ­ 

 

 

 



ÂóäÖäèÉÿîÂëóä 

 

Ɨ. ÜæóÂñßÈÃóè 

ÜæóÂñßÈÃóè (Lates calcarlifer, BLOCH ƗƝƟƖ) ÿÜĆÚÜæóÿéäêÑÂõÉËÚõÕìÚ÷ćÈÃîÈÜäñÿØéăØã 

ÜæóËÚõÕÚöĈÿÚøĈîâöäëËóÖõÕö âöäóÅóĀßÈ ÚîÂÉóÂÉñÿæöĈãÈÿßøćîÛäõāáÅáóãĂÚÜäñÿØéĀæ­èãòÈë¬ÈÉČóìÚ¬óããòÈ

Ö¬óÈÜäñÿØéîöÂÕ­èãÿÜĆÚÜæóÂñßÈØöćßÛâóÂĂÚĀìæ¬ÈÚČĈóÂä¬îã ÿÜĆÚÜæóØöćâöäóÅóĀßÈ ÚõãâÚČóÜäñÂîÛ

îóìóäìæóãÿâÚú îóØõ ÜæóÂñßÈØîÕ Ö­âãČóÜæóÂñßÈ ÜæóÂñßÈäóÕßäõÂ ÿÜĆÚÖ­Ú  

 

 
áóßØöć Ɨ ÜæóÂñßÈÃóè (Lates calcarlifer, BLOCH 1790) 

Øöćâó : ÂäâÜäñâÈ (2555) 

ÜæóÂñßÈÃóèØöćâöÉČóìÚ¬óãĂÚØ­îÈÖæóÕÿÜĆÚÜæóØöćăÕ­ÉóÂÂóäÿßóñÿæöĈãÈÿÜĆÚìæòÂ āÕãÚõãâÿæöĈãÈ

ĂÚÂäñËòÈÖóâĀìæ¬ÈÚČĈóÂä¬îãÛäõÿèÔÜóÂĀâ¬ÚČĈó ĀæñËóãØñÿæ Ì÷ćÈâöĀìæ¬ÈÿßóñÿæöĈãÈìæòÂîãú¬ÛäõÿèÔÜóÂ

Āâ¬ÚČĈóÛóÈÜñÂÈ ÉòÈìèòÕÊñÿËõÈÿØäó ĀæñßøĈÚØöćÜóÂĀâ¬ÚČĈó ĀæñËóãØñÿæØóÈáóÅĂÖ­ ĀÖ¬ØòĈÈÚöĈ ÛóÈßøĈÚØöćâö

ÂóäÿæöĈãÈĂÚÛ¬îÕõÚÛäõÿèÔßøĈÚØöćØöćîãú¬ĂÂæ­ÂòÛØñÿæ ÿÚøćîÈÉóÂÂóäÿæöĈãÈÜæóÂñßÈÃóèĂÚÂäñËòÈÛäõÿèÔÜóÂ

Āâ¬ÚČĈóâòÂÜäñëÛÜòÎìóÃóÕØùÚÉóÂëáóßÚČĈóĂÚĀâ¬ÚČĈóÿÚ¬óÿëöãìäøîâöÅùÔáóßÚČĈóăâ¬ÿìâóñëâ ØČóĂì­âöÂóä

ÿæöĈãÈÜæóÂñßÈÃóèĂÚÛ¬îÿßõćââóÂÃ÷ĈÚ 
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Ɨ.Ɨ æòÂêÔñØòćèăÜ 

ÜæóÂñßÈâöæòÂêÔñäúÜä¬óÈĀÛÚ Āæñãóè ìòèâöÃÚóÕÿæĆÂÿâøćîÿØöãÛÂòÛæČóÖòè ĀæñÅ¬îãāÅ­ÈâÚÃ÷ĈÚ

ÖóâÛäõÿèÔăìæ¬ Āæñë¬èÚìæòÈ ë¬èÚÜóÂÂè­óÈ âöÜóÂæ¬óÈãøćÚãóèâóÂÂè¬óÜóÂÛÚ âöÃîÛÜóÂÛÚ Āæñæ¬óÈ

âÚ ë¬èÚË¬îÈÜóÂâöæòÂêÔñÿÊöãÈæÈÕ­óÚæ¬óÈ áóãĂÚÜóÂÖóâÃóÂääăÂäÛÚ Āæñæ¬óÈâöàòÚÃÚóÕÿæĆÂ 

ÉČóÚèÚâóÂ ë¬èÚÖóÃîÈÜæóÂñßÈâöÃÚóÕÜóÚÂæóÈ ăâ¬âöÿãøćîìù­â ×òÕâóÿÜĆÚĀÝ¬ÚĀÂ­âÜõÕÿìÈøîÂÃÚóÕ

ĂìÎ¬ 

ÿÂæĆÕÃîÈÜæóÂñßÈâöæòÂêÔñÅ¬îÚÃ­óÈĂìÎ¬ ÿÂæĆÕÛäõÿèÔëòÚìæòÈîîÂëöÚČĈóÿÈõÚìäøîÿÃöãèÜÚÿØó 

Āæñăæ¬ÿÜĆÚëöÚČĈóÿÈõÚÉÚ×÷Èë¬èÚÂæóÈÃîÈæČóÖòè ë¬èÚÖČćóëùÕÉóÂÂæóÈæČóÖòèÉÚ×÷Èë¬èÚØ­îÈâöÿÂæĆÕÿÜĆÚëöÃóè 

Āæñâöÿë­ÚÃ­óÈÖòèāÅ­ÈăÜÖóâĀÚèëòÚìæòÈ 

ÜæóÂñßÈâöÅäöÛìæòÈ ÅäöÛÂ­Ú ÅäöÛìóÈ ØöćîîÂëöÿØóÜÚÕČó āÕãÅäöÛìæòÈĀÛ¬ÈÿÜĆÚ Ƙ ë¬èÚ Åøî 

ÅäöÛìæòÈë¬èÚĀäÂÿÜĆÚìÚóâĀìæâÃÚóÕĂìÎ¬ ƛ-Ɲ îòÚ āÕãìÚóâĀìæâîòÚĀäÂâöÃÚóÕëòĈÚ ×òÕâóâöÅèóâ

ãóèâóÂØöćëùÕ ĀæñÅ¬îãąëòĈÚæÈÖóâæČóÕòÛ āÕãĀÖ¬æñîòÚâöĀÝ¬ÚìÚòÈÿËøćîâÖõÕÂòÚ ×òÕâóÿÜĆÚÅäöÛìæòÈë¬èÚØöć 

Ƙ ØöćĀãÂîîÂÉóÂÅäöÛë¬èÚĀäÂîã¬óÈËòÕÿÉÚ  ÿÜĆÚÅäöÛìæòÈî¬îÚÿËøćîâÖõÕÕ­èãĀÝ¬ÚìÚòÈ ë¬èÚÅäöÛìú Āæñ

ÅäöÛîÂÅ¬îÚÃ­óÈãóè āÕãÅäöÛìúâöëöÿìæøîÈĂë ë¬èÚÅäöÛîÂâöëöÃóè ë¬èÚÅäöÛÂ­ÚâöëöÿØóÜÚÕČó âöÂ­óÚÅäöÛ

ĀÃĆÈ ĀæñĀìæâ ƙ îòÚ Ã­îìóÈëòĈÚ ĀæñâöÜæóãìóÈÿÜĆÚĀÚèÖäÈ 

ÜæóÂñßÈÃóèÿÜĆÚÜæóØöćăâ¬âöîèòãèñÿßéĂì­âîÈÿìĆÚáóãÚîÂ âöÃÚóÕØöćßÛØòćèăÜÜäñâóÔ ƛ-ƗƖ 

ÂõāæÂäòâ ãóèÜäñâóÔ ƘƖ-ƚƖ ÿâÖä āÕãËÚõÕØöćîóéòãĂÚØñÿæìäøîÖóâĀìæ¬ÈÚČĈóÂä¬îãÉñâöÿÂæĆÕë¬èÚÛÚ

ÿÜĆÚëöà­óîâÿÃöãè Õ­óÚÃ­óÈæČóÖòè Āæñë¬èÚØ­îÈâöëöÃóèÿÈõÚ ë¬èÚÅäöÛìúâöëöÿìæøîÈ âöÅäöÛìóÈÅä÷ćÈÛÚÿÜĆÚëö

ÿìæøîÈë¬èÚÅä÷ćÈæ¬óÈÿÜĆÚëöÕČó ë¬èÚËÚõÕØöćîóéòãĂÚĀâ¬ÚČĈóìäøîÚČĈóÉøÕÉñâöÿÂæĆÕë¬èÚÛÚÿÜĆÚëöÕČó Õ­óÚÃ­óÈ 

Āæñë¬èÚØ­îÈâöëöÃóèÿÈõÚ ë¬èÚÅäöÛìóÈâöëöÕČóæ­èÚ āÕãÜæóÂñßÈØöćßÛĂÚĀìæ¬ÈÚČĈóÿÅĆâìäøîÚČĈóÂä¬îã

âòÂÉñâöÃÚóÕĂìÎ¬Âè¬óØöćßÛĂÚĀìæ¬ÈÚČĈóÉøÕ 

 

 

 



6 
 
Ɨ.Ƙ Āìæ¬ÈØöćßÛ 

ĂÚÜäñÿØéăØãßÛÜæóÂñßÈÃóèâóÂĂÚØùÂÉòÈìèòÕØöćÖõÕÂòÛØñÿæ ØòĈÈĂÚî¬óèăØã ĀæñîòÚÕóâòÚ 

āÕãËùÂËùââóÂÛäõÿèÔÜóÂĀâ¬ÚČĈóËóãÞòćÈØñÿæÚČĈóÂä¬îã ĀæñÖîÚÿìÚøîÜóÂĀâ¬ÚČĈóØöćÿÜĆÚĀìæ¬ÈÚČĈóÉøÕ 

 ÛäõÿèÔÚČĈóÉøÕØöćßÛ ăÕ­ĀÂ¬ Āâ¬ÚČĈó æČóÅæîÈ ìäøîĀî¬ÈÚČĈóĂÂæ­ËóãÞòćÈØñÿæØöćÚČĈóØñÿæëóâóä×Āßä¬×÷È

ĂÚË¬èÈåÕúÞÚ ØČóĂì­âöëáóßÿÜĆÚÚČĈóÉøÕÅ¬îÚÃ­óÈÂä¬îãÿæĆÂÚ­îã âöÅ¬óÅèóâÿÅĆâÖòĈÈĀÖ¬ Ɨ.Ɩ-ƘƖ.Ɩ ppm 

ÛäõÿèÔÚČĈóÂä¬îãØöćßÛ ăÕ­ĀÂ¬ ÛäõÿèÔĀâ¬ÚČĈó æČóÅæîÈØöćÖõÕÂòÛØñÿæìäøîØñÿæëóÛ âöÂóäìÚùÚìäøî

ăìæÿÃ­óÃîÈÚČĈóØñÿæÖóâäîÛÚČĈóÃ÷ĈÚÚČĈóæÈ ÿÜĆÚßøĈÚØöćØöćâöÅ¬óÅèóâÿÅĆâëúÈÂè¬óÛäõÿèÔĀäÂ âöÅ¬óÅèóâÿÅĆâ

äñìè¬óÈ ƘƖ-ƙƖ ppm (ÂäâÜäñâÈ, 2555) 

Ɨ.ƙ ÅùÔáóßÚČĈóØöćÿìâóñëâ 

Å¬óÅèóâÿÅĆâ ÛäõÿèÔÚČĈóÉøÕØöćÅ¬óÅèóâÿÅĆâØöćÿìâóñëâÖòĈÈĀÖ¬ Ɩ-ƘƖ.Ɩ ppm ĀæñÛäõÿèÔÚČĈóÂä¬îã Å¬ó

ÅèóâÿÅĆâäñìè¬óÈ ƘƖ-ƙƖ ppm 

îùÔìáúâõ ÜÂÖõîùÔìáúâõĂÚÛ¬îÛ¬îÿæöĈãÈĀæñîÚùÛóææúÂÜæóÿÊæöćã ƘƝ îÈéóÿÌæÿÌöãë ×­óîùÔìáúâõëúÈ

×÷È ƙƖ îÈéóÿÌæÿÌöãë ìäøî ƙƗ îÈéóÿÌæÿÌöãë æúÂÜæóÉñÂõÚîóìóäâóÂ è¬óãÚČĈóÂäñèÚÂäñèóã ×­óîùÔìáúâõ

ÖČćóÂè¬ó Ƙƚ îÈéóÿÌæÿÌöãë æúÂÜæóÉñăâ¬Å¬îãÂõÚîóìóäĀæñØČóĂì­î¬îÚĀîÿÂõÕāäÅĀØäÂăÕ­È¬óã 

îîÂÌõÿÉÚæñæóãÚČĈóÖČćóëùÕØöćÿìâóñëâÂòÛÂóäÿÉäõÎÿÖõÛāÖÃîÈÜæóÂñßÈÃóèîãú¬Øöć Ƙ.ƚ mg/L (ßóÚõËã° Āæñ

ÉóäùèòÓÚ°, Ƙƛƙƞ) ÜæóÉñÿÉäõÎÿÖõÛāÖăâ¬Õö×­óâöîîÂÌõÿÉÚÖČćóÿÜĆÚÿèæóÚóÚ āÕãØòćèăÜĂÚÛ¬îÿæöĈãÈëòÖè°ÚČĈó

ÅèäâöîîÂÌõÿÉÚæñæóãÚČĈóăâ¬Ú­îãÂè¬ó ƛ mg/L  

ÉČóÂòÕÜäõâóÔĀîâāâÿÚöãîõëäñăâ¬Ăì­ÿÂõÚ Ɩ.ƖƘƛ ppm ÿßøćîâõĂì­ÿÜĆÚßõêÖ¬îÜæó  ëáóßÕ¬óÈÃîÈÚČĈó

âöÝæÂäñØÛÖ¬îÅèóâÿÜĆÚßõêÃîÈĀîâāâÿÚöã Û¬îÜæóØöćâöëáóßÕ¬óÈĂÚÚČĈóëúÈã¬îâÜæîÕáòãÉóÂßõêÃîÈ

ĀîâāâÿÚöãăÕ­ÕöÂè¬óÛ¬îØöćâöëáóßÕ¬óÈÖČćóÂè¬ó (âòćÚëõÚ, 2536) 
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Ƙ. ÂóäÿæöĈãÈëòÖè°ÚČĈóäñÛÛÚČĈóìâùÚÿèöãÚ 

ÂóäÿæöĈãÈëòÖè°ÚČĈóāÕãäñÛÛÚČĈóìâùÚÿèöãÚ (Recirculating aquaculture systems, RAS) ÿÜĆÚäñÛÛ

ÂóäÿæöĈãÈëòÖè°ÚČĈóØöćâöÂóäßòÓÚóÃ÷ĈÚâóĂìâ¬ ÿÜĆÚäñÛÛÚČóÚČĈóØöćĂË­Āæ­èâóÛČóÛòÕĀæñÚČóÂæòÛâóĂË­Ăìâ¬ Ì÷ćÈ

ÿÜĆÚèõÙöÂóäìÚ÷ćÈĂÚÂóäĂË­ÚČĈóîã¬óÈÜäñìãòÕĀæñÅù­âÅ¬ó Ì÷ćÈĂË­ÈóÚîã¬óÈĀßä¬ìæóãĂÚÖ¬óÈÜäñÿØé Ì÷ćÈ

ëóâóä×äîÈäòÛÅèóâìÚóĀÚ¬ÚëúÈ âöäñÛÛÅèÛÅùâëáóèñĀèÕæ­îâĂì­ÿìâóñëâ ÿßøćîĂì­ëòÖè°ÚČĈó

ÿÉäõÎÿÖõÛāÖăÕ­Õö îÈÅ°ÜäñÂîÛìæòÂÃîÈäñÛÛÂóäÿæöĈãÈëòÖè°ÚČĈóĀÛÛÚČĈóìâùÚÿèöãÚ ÜäñÂîÛÕ­èã Û¬îÿæöĈãÈ 

âöæòÂêÔñîóÉÉñâöìæóãäúÜĀÛÛ ÿË¬Ú Âæâ ÿìæöćãâ ÃÚóÕÃîÈÛ¬îÃ÷ĈÚîãú¬ÂòÛËÚõÕ ÃÚóÕ ÅèóâìÚóĀÚ¬Ú

ÃîÈÜæóØöćÿæöĈãÈ ĀæñäñÛÛÛČóÛòÕÚČĈó ØČóÈóÚÿäõćâÉóÂÂóäÂČóÉòÕÃîÈĀÃĆÈāÕãÂóäÂäîÈÚČĈóÉóÂÛ¬îÿæöĈãÈÜæó 

äñÛÛÂäîÈĀÛÛËöèáóßÿßøćîæÕÅèóâÿÜĆÚßõêÃîÈĀîâāâÿÚöã ĀæñäñÛÛÂóäÅèÛÅùâÂóäæñæóãÃîÈÂ®óÌ 

ÿßøćîÿÖõâĀÂ®ëîîÂÌõÿÉÚĀæñÂČóÉòÕĀÂ®ëÅóä°ÛîÚăÕîîÂăÌÕ° äñÛÛÛČóÛòÕÚČĈóÉñØČóÈóÚîã¬óÈÖ¬îÿÚøćîÈ ØČóĂì­

ÅùÔáóßÚČĈóÕöÿìâóñÖ¬îÂóäÕČóäÈËöèõÖÃîÈÜæóÖæîÕäñãñÿèæóÂóäÿæöĈãÈ Ì÷ćÈÉñØČóĂì­ëóâóä×ÿæöĈãÈÜæóĂÚ

ÅèóâìÚóĀÚ¬ÚØöćëúÈăÕ­ îÈÅ°ÜäñÂîÛìæòÂÃîÈäñÛÛÂóäÿæöĈãÈëòÖè°ÚČĈóĀÛÛÚČĈóìâùÚÿèöãÚ (Recirculating 

aquaculture systems, RAS) ĀëÕÈÕòÈáóßØöć Ƙ (ÚõèùÓõ, 2561) 

 
áóßØöć Ƙ îÈÅ°ÜäñÂîÛìæòÂÃîÈäñÛÛÂóäÿæöĈãÈëòÖè°ÚČĈóĀÛÛÚČĈóìâùÚÿèöãÚ 
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Ã­îÕöÃîÈäñÛÛÂóäÿæöĈãÈëòÖè°ÚČĈóĀÛÛÚČĈóìâùÚÿèöãÚ (RAS) Åøî ëóâóä×ÅèÛÅùâëáóßĀèÕæ­îâĂì­

ÿìâóñëâăÕ­ÖæîÕÂóäÿæöĈãÈ ëòÖè°ÚČĈóØöćÿæöĈãÈÉ÷ÈâöÅèóâĀÃĆÈĀäÈ âöîòÖäóäîÕëúÈĀæñâöÂóäÿÉäõÎÿÖõÛāÖØöćÕö ØČó

Ăì­ăÕ­ÝæÝæõÖÖ¬îßøĈÚØöćÿßõćâÃ÷ĈÚÿâøćîÿØöãÛÂòÛÂóäÿæöĈãÈĂÚÛ¬îÕõÚìäøîÂäñËòÈ Āæñëóâóä×ÿæöĈãÈëòÖè°ÚČĈóăÕ­

ÖæîÕØòĈÈÜö ÚîÂÉóÂÚöĈãòÈË¬èãæÕÅèóâÿëöćãÈÉóÂÂóäÜÚÿÜøĈîÚÕ­èãÿËøĈîÂ¬îāäÅÖ¬óÈ ą æÕÜäõâóÔÚČĈóĂÚÂóä

ÝæõÖĀæñæÕÝæÂäñØÛÖ¬îëõćÈĀèÕæ­îâÉóÂÂóäÜæ¬îãÚČĈóØõĈÈ É÷ÈÚòÛè¬óÂóäÿßóñÿæöĈãÈëòÖè°ÚČĈóĂÚäñÛÛÜõÕâö

ÅèóâÉČóÿÜĆÚĀæñëČóÅòÎîã¬óÈãõćÈÖ¬îîÚóÅÖÃîÈîùÖëóìÂääâÂóäÿßóñÿæöĈãÈëòÖè°ÚČĈóáóãĂÚÜäñÿØé Ã­îÕöîøćÚ 

ąÃîÈäñÛÛÚöĈÅøî äñÛÛÂóäÿßóñÿæöĈãÈĀÛÛÜõÕÚöĈßòÓÚóÃ÷ĈÚ ÿßøćîĂì­âöÅèóâÿìâóñëâÂòÛëáóßĀèÕæ­îâ

ÃîÈÜäñÿØéăØã Āæñëóâóä×ÖõÕÖòĈÈäñÛÛÂóäÿßóñÿæöĈãÈÚöĈØöćĂÕÂĆăÕ­áóãĂÚÜäñÿØéăØã ăâ¬âöÃ­îÉČóÂòÕĂÚ

ÿäøćîÈáúâõÜäñÿØé ë¬ÈÝæØČóĂì­ÅùÔáóßĀæñÜäõâóÔëõÚÅ­ó (Üæó) ØöćăÕ­âöÅèóâÅÈØöć ØČóĂì­ÿÂõÕäóãăÕ­Āæñ

îóËößÃîÈÿÂêÖäÂäÿßóñÿæöĈãÈØöćâòćÚÅÈĀæñãòćÈãøÚ 

Ã­îăÕ­ÿÜäöãÛĂÚÂóäÿæöĈãÈÕ­èãäñÛÛ RAS 

 1. ÿÜĆÚäñÛÛÂóäÿßóñÿæöĈãÈĀÛÛÜõÕÅäÛèÈÉäØöćâöÜäñëõØÙõáóß ăâ¬ØČóæóãëõćÈĀèÕæ­îâ ëóâóä×
æÕÅèóâÿëöćãÈÉóÂÅèóâăâ¬ĀÚ¬ÚîÚØóÈÙääâËóÖõ Øöćëä­óÈÅèóâÿëöãìóãĂì­ĀÂ¬äñÛÛÿßóñÿæöĈãÈĀÛÛÿÕõâ 

 2. ĂË­ßøĈÚØöćĂÚÂóäÖõÕÖòĈÈÚ­îã Āæñëóâóä×ÖõÕÖòĈÈäñÛÛĂÚØöćĂÕÂĆăÕ­ ĀæñäñÛÛÚöĈëóâóä×ÝæõÖăÕ­ 
100% áóãĂÚÜäñÿØé  

 3. ÿÜĆÚÂóäÿæöĈãÈÅäÛèÈÉäÖòĈÈĀÖ¬ĀäÂÿÂõÕÉÚëóâóä×ÚČóăÜÛäõāáÅăÕ­ 

 4. ÝæÝæõÖÖ¬îÿÚøćîÈØČóĂì­ëÚîÈÖ¬îÅèóâÖ­îÈÂóäÃîÈÖæóÕÿÚøćîÈÉóÂÿÜĆÚäñÛÛÜõÕăâ¬Ö­îÈëÚĂÉ
ëáóèñĀèÕæ­îâ 

 5 ÝæÝæõÖØöćăÕ­ÿÜĆÚÝæÝæõÖÜæóÿÂäÕ ßäöÿâöãâÿÚøćîÈÉóÂăâ¬âöÂæõćÚāÅæÚĀæñ 

 ĀÖ¬îã¬óÈăäÂĆÖóâÂóäÿæöĈãÈĂÚäñÛÛÂóäÿßóñÿæöĈãÈĀÛÛÜõÕÖ­îÈĂË­ÛùÅæóÂäÝú­ÅèÛÅùâäñÛÛØöćâö
Åèóâäú­ÿßöãÈßî (skill labour) ĂÚÂóäÕúĀæ ÂóäæÈØùÚĂÚÃòĈÚÖ­ÚëúÈ ÅèóâÖ­îÈÂóäÃîÈÖæóÕÜæóÂñßÈÃóè
ãòÈâöĀÚèāÚ­âÅèóâÖ­îÈÂóäÛäõāáÅÿßõćâÃ÷ĈÚîã¬óÈÖ¬îÿÚøćîÈ ĀæñÜòÉÉùÛòÚáóãĂÚÜäñÿØéãòÈăâ¬âöÂóäÝæõÖĀæñ
ÉČóìÚ¬óãäñÛÛÂóäÿßóñÿæöĈãÈĀÛÛÜõÕ ÿË¬ÚÚöĈâóÂ¬îÚ 
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áóßØöć ƙ āäÈÿäøîÚäñÛÛÜõÕ 

ÚîÂÉóÂÚöĈÂóäÖõÕÖòĈÈāÕâßæóëÖõÂÿßøćîäòÂêóäñÕòÛîùÔìáúâõÚČĈóĂì­ÿìâóñëâÖ¬îÂóäÂõÚîóìóä Ì÷ćÈ

ÉñÚČóăÜëú¬ÂóäâöîòÖäóÂóäÿÉäõÎÿÖõÛāÖØöćëúÈÃ÷ĈÚ îùÔìáúâõÚČĈóØöćÿìâóñëâÅøî ƘƝ-ƙƗîÈéóÿÌæÿÌöãë 

 

  

áóßØöć ƚ äñÛÛĂì­îóÂóé 

ƙ.äñÛÛĂì­îóÂóé 

ÂóäĂì­îóÂóéĂÚÛ¬îÿæöĈãÈÿÜĆÚëõćÈÉČóÿÜĆÚîã¬óÈâóÂÿßøćîĂì­ĂÚÛ¬îÜæóâöîîÂÌõÿÉÚØöćÿßöãÈßîëČóìäòÛ
ÂóäÕČóäÈËößĀæñîîÂèÌÿÉÚãòÈØČóĂì­äñÛÛÂäîÈØČóÈóÚăÕ­ÿÖĆâØöć ÉùæõÚØäöã°ëóâóä×ÂČóÉòÕÃîÈÿëöãăÕ­îã¬óÈ

âöÜäñëõØÙõáóß äñÕòÛîîÂÌõÿÉÚØöćÿìâóñëâÅøî ƙ-Ɵ ßößöÿîĆâ ÅùÔáóßÚČĈóÕöÃ÷ĈÚ ĀæñëòÖè°ÚČĈóâöëùÃáóß
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ĀÃĆÈĀäÈ ÿßøćîÚČóÚČĈóĂÚÛ¬îìâùÚÿèöãÚÂæòÛăÜĂË­Ăìâ¬ăÕ­āÕãÝ¬óÚÖòèÂäîÈÃîÈÿëöã ĀæñãòÈĀÂ­ÜòÎìó
ëáóßĀèÕæ­îâØöćăâ¬îóÉÚČóÚČĈóÉóÂĀìæ¬ÈÙääâËóÖõâóØČóÂóäÿßóñÿæöĈãÈëòÖè°ÚČĈóăÕ­     

 Martinsa et al., 2010 ăÕ­ÿÜäöãÛÿØöãÛÂóäÿæöĈãÈÜæó trout Õ­èãèõÙöÂóäÿæöĈãÈĀÛÛÛ¬îÚČĈó

ăìæĀæñÂóäÿæöĈãÈĂÚäñÛÛÜõÕ āÕãÿÜäöãÛÿØöãÛÂóäĂË­ßæòÈÈóÚÿØöãÛÂòÛÚČĈóìÚòÂÜæóØöćăÕ­ Ì÷ćÈßÛè¬óÂóä

ÿæöĈãÈĀÛÛÛ¬îÚČĈóăìæĂË­ßæòÈÈóÚ 10-12 kWh/kg ĂÚÃÔñØöćÂóäÿæöĈãÈÜæóĂÚäñÛÛÜõÕĂË­ßæòÈÈóÚ 15-20 

kWh/kg ĀÖ¬îòÖäóÂóäÿÉäõÎÿÖõÛāÖëúÈÂè¬ó āÕã FCR ÃîÈÂóäÿæöĈãÈĂÚäñÛÛÜõÕâöÅ¬óÿØ¬óÂòÛ 0.86 ĂÚÃÔñØöć

ÂóäÿæöĈãÈĀÛÛÛ¬îÚČĈóăìæâöÅ¬ó FCR ÿØ¬óÂòÛ 1.06 Ì÷ćÈÅ¬óĂË­É¬óãÕ­óÚîóìóäÉñëúÈÂè¬óÅ¬óßæòÈÈóÚ É÷ÈØČóĂì­

ÂóäÿæöĈãÈĀÛÛäñÛÛÜõÕÉñÅù­âÅ¬óâóÂÂè¬ó   

 Ì÷ćÈÂóäÿæöĈãÈÜæóĂÚäñÛÛÜõÕ ëČóìäòÛÜäñÿØéăØã ãÈãùØÙ  ÜäöÕóæòâßñÛùÖä (2551) 

ë×óÛòÚèõÉòãÂóäÿßóñÿæöĈãÈëòÖè°ÚČĈóËóãÞòćÈ ØÕæîÈÿæöĈãÈÜæóÂñßÈäñÛÛÜõÕØöćÅèóâìÚóĀÚ¬Ú 20 ÂõāæÂäòâ

Ö¬îæúÂÛóéÂ°ÿâÖä îòÖäóäîÕÿÊæöćã 98.5 ÿÜîä°ÿÌĆÚÖ° āÕã FCR 5.75 Ì÷ćÈßÛè¬óÖ­ÚØùÚÂóäÝæõÖãòÈëúÈîãú¬  

 āÕãĂÚÜòÉÉùÛòÚâöÂóäßòÓÚóÜäñëõØÙõáóßÃîÈÂóäÿæöĈãÈÜæóĂÚäñÛÛÜõÕÿßõćâÃ÷ĈÚ Ì÷ćÈÜòÉÉòãØöćØČóĂì­

Üæóëóâóä×ÿÉäõÎÿÖõÛāÖăÕ­ÕöÅøîÅùÔáóßÚČĈó āÕã Shi-Yang et al., 2010 ØÕæîÈÿæöĈãÈÜæó catfish Āæñ

ÅèÛÅùâÅùÔáóßÚČĈóĂÚäúÜĀÛÛÖ¬óÈą ĀæñâöÂóäÿÂĆÛÅ¬óØöćÛ¬ÈÛîÂ×÷ÈÅùÔáóßÚČĈóÿÜäöãÛÿØöãÛÂòÚ āÕãßÛè¬ó

ĂÚÂäÔöÅùÔáóßÚČĈóØöćÕöØöćëùÕÉóÂÂóäØÕæîÈØČóĂì­Å¬ó FCR ĀæñÚČĈóìÚòÂëùÕØ­óãâöÅ¬óëúÈÂè¬óÅùÔáóßÚČĈóØöćĀã¬

ØöćëùÕÃîÈÂóäØÕæîÈ×÷È 30% ÚîÂÉóÂÚöĈîòÖäóÂóääîÕÂĆëúÈÂè¬óÕ­èã ÕòÈÚòĈÚÉñÿìĆÚăÕ­è¬óÂóäÿæöĈãÈĂÚäñÛÛ

ÜõÕÉñË¬èãØČóĂì­Üæóëóâóä×ÿÖõÛāÖăÕ­Õö āÕãâöÅùÔáóßÚČĈóÿÜĆÚÜòÉÉòãØČóĂì­Üæóëóâóä×ÿÉäõÎÿÖõÛāÖăÕ­Õö 

Ì÷ćÈÅùÔáóßÚČĈóØöćÕöÉñÖ­îÈâöÂóäĂË­ßæòÈÈóÚÿßõćâÃ÷ĈÚ ØČóĂì­Ö­ÚØùÚÂóäÿæöĈãÈëúÈÖóâăÜÕ­èã ÕòÈÚòĈÚĂÚîÚóÅÖ

ÂóäÿßõćâÜäñëõØÙõáóßÂóäĂË­ßæòÈÈóÚ (Badiola et al., 2017) ĀæñÜäñëõØÙõáóßÂóäÿæöĈãÈÜæóĂÚäñÛÛÜõÕ

Ăì­ëúÈÃ÷ĈÚ ÿßøćîÿßõćâÅèóâÅù­âÅ¬óĂÚÂóäÿæöĈãÈÕ­èãÂóäÜäòÛÜäùÈèõÙöÂóäÛČóÛòÕÚČĈóÜäñëõØÙõáóßëúÈÕ­èãîùÜÂäÔ°

ØöćÿÜĆÚÚèòÖÂääâĂìâ¬ 
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Ƙ.Ɨ äñÛÛîÅèóāÜÚõÂ (Aquaponics)  

äñÛÛîÅèóāÜÚõÂ ÿÂõÕÉóÂÂóääèâÃîÈäñÛÛÂóäÿæöĈãÈÜæó (Aquaculture) ä¬èâÂòÛÂóäÜæúÂßøË

āÕãăâ¬ĂË­ÕõÚ (Hydroponic) äñÛÛîÅèóāÜÚõÂÜòÉÉùÛòÚÿÜĆÚØöćÚõãâîã¬óÈâóÂĂÚÖ¬óÈÜäñÿØé āÕãÿÊßóñ

ÜäñÿØéØöćâöÜäõâóÔÚČĈóĂË­ÉČóÂòÕìäøîâöÿÚøĈîØöćĂÚÂóäÿßóñÜæúÂÉČóÂòÕ ÿË¬Ú îÿâäõÂó ĀÅÚóÕó îîëÿÖäÿæöã 

ÿâĆÂÌõāÂ ÿÜĆÚÖ­Ú ÂóäÿæøîÂËÚõÕßøË ÅèäÿÜĆÚßøËØöćÖ­îÈÂóäÜäõâóÔăÚāÖäÿÉÚëúÈ ëČóìäòÛßøËØöćëóâóä×

ÜæúÂăÕ­ĂÚäñÛÛ aquaponics ăÕ­ĀÂ¬ ßøËÝòÂ ÿË¬Ú âñÿÃøîÿØé ÝòÂāÃâ ÂäöÚāî®Å ÛòÖÿÖîä°ÿïÕ ÿäÅāî®Å ăâ­Ýæ 

ÿË¬Ú ëÖîÿÛîäöć ĀÅÚÖóæúÜ ĀÖÈÂèó ëâùÚăßä ëâùÚăßä ÿË¬Ú è¬óÚìóÈÉäñÿÃ­ ßäõÂăØã ßøËÝòÂëèÚÅäòè

Ö¬óÈą ÿË¬Ú āìäñßó ĀâÈæòÂ ßøËîóìóäëòÖè° ÿË¬Ú ìÎ­ó Ã­óèāßÕ  Ã­óèÛóä°ÿæã° ÿÜĆÚÖ­Ú (Kehdi, 2005; 

Nelson,ƘƖƖƜ) âöÂóäØÕæîÈÿæöĈãÈÜæóÚõæĀæñÜæóØòÛØõâä¬èâÂòÛÂóäÜæúÂāìäñßóĀæñÂäñÿÉöĉãÛ ÚČĈóìÚòÂ

ÿäõćâÖ­ÚÃîÈÜæóÚõæ ĀæñÜæóØòÛØõâÿÊæöćãÖ¬îÖòè ƝƟ.Ƙ ÂäòâĀæñ ƛƞ.ƞ ÂäòâÿæöĈãÈØöćÅèóâìÚóĀÚ¬Ú ƝƝ Āæñ 

Ɨƛƚ ÖòèÖ¬îæúÂÛóéÂ°ÿâÖä ßÛè¬ó ÚČĈóìÚòÂÿÊæöćãÃîÈÜæóÚõæ ƞƗƙ.ƞ ÂäòâÖ¬îÖòè îòÖäóÂóäÿÜæöćãÚîóìóäÿÜĆÚ

ÿÚøĈî Ɨ.Ɲ îòÖäóäîÕ Ɵƞ.ƙ ÿÜîä°ÿÌĆÚÖ° ÚČĈóìÚòÂÿÊæöćãÃîÈÜæóØòÛØõâ ƛƗƘ.ƛ ÂäòâÖ¬îÖòè îòÖäóÂóäÿÜæöćãÚ

îóìóäÿÜĆÚÿÚøĈî Ɨ.ƞ îòÖäóäîÕ ƞƟ.Ɵ ÿÜîä°ÿÌĆÚÖ° (Rakocy,J.E. et al, 2004) 

ƙ. ĀØÚÚõÚ 

ĀØÚÚõÚ×úÂÅ­ÚßÛÅäòĈÈĀäÂÿâøćî Å.é. ƗƝƟƜ ÿäöãÂè¬ó tannare ØöćâóÉóÂáóêóæóÖõÚ ĀÜæè¬ó ÿÜæøîÂ

Ö­Úāî®Å ÿÜĆÚëóäÜäñÂîÛÉČóßèÂāßæöàöÚîæ (Polyphenol) ØöćæñæóãăÕ­ĂÚÚČĈóĀæñĀîæÂîïîæ°Ăì­ëöÿìæøîÈ

ìäøîëöÚČĈóÖóæ âöÚČĈóìÚòÂāâÿæÂùæ ƛƖƖ-ƙƖƖƖ ÕóæÖòÚ âöāÅäÈëä­óÈëæòÛÌòÛÌ­îÚ ĀæñĀÖÂÖ¬óÈÂòÚĂÚĀÖ¬æñ

ËÚõÕßøË ĀØÚÚõÚØòćèăÜÉñâöëöÿìæøîÈìäøîÚČĈóÖóæ âöäëÃâ ÞóÕ ßÛăÕ­ĂÚßøËØùÂËÚõÕĂÚë¬èÚÃîÈÿÜæøîÂ 

ĂÛ Ýæ Ì÷ćÈßÛÜäõâóÔâóÂĂÚÿÜæøîÂăâ­ (Siamchemi, 2017)  

ĀØÚÚõÚßÛăÕ­ĂÚßøËØòćèăÜāÕãÿÊßóñßøËØöćâöÅèóâÞóÕ ÿË¬Ú Ëó āÕãëóäîîÂåØÙõċëČóÅòÎĂÚÂæù¬â

āßæõàöÚîæ (tea polyphenols) ÿÜĆÚëóäëČóÅòÎØöćăÕ­äòÛÅèóâëÚĂÉÿÜĆÚîã¬óÈâóÂ āßæõàöÚîæÿÜĆÚëóäĂÚ

Âæù¬âØöćÿäöãÂè¬ó catechins (ÅóÿØËõÚ) Ì÷ćÈâöîãú¬ÜäñâóÔ ƜƖ-ƝƖ% ÃîÈÜäõâóÔāßæõàöÚîæØòĈÈìâÕ  (Balentine, 

ƗƟƟƝ) ÅóÿØËõÚÿÜĆÚëóäăâ¬âöëö æñæóãÚČĈóăÕ­ Ăì­äëÞóÕ Ì÷ćÈËÚõÕĀæñÜäõâóÔÅóÿØËõÚĀÖ¬æñËÚõÕÉñĀÖÂÖ¬óÈ

ÂòÚăÜÖóâÜòÉÉòãĂÚìæóãą îã¬óÈ ăÕ­ĀÂ¬ ëóãßòÚÙù°Ëó åÕúÂóäÿÂĆÛÿÂöćãè îóãùÃîÈÖ­ÚËó ëáóßáúâõîóÂóé 
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ÅèóâîùÕâëâÛúäÔ°ÃîÈÕõÚ ÂóäÉòÕÂóäìæòÈÂóäÿÂĆÛÿÂöćãè ĀæñÂäñÛèÚÂóäÝæõÖËó (Chu and Juneja, 

1997) 

ƙ.Ɨ ëóäĀØÚÚõÚÿÜĆÚëóäØùÖõãáúâõ (Secondary Metabolite)  

Āìæ¬ÈØöćâóĀæñÅèóâëČóÅòÎÃîÈĀîâāâÿÚöã 

ĂÚÛ¬îÿæöĈãÈëòÖè°ÚČĈóĀîâāâÿÚöãăÕ­ÉóÂÂóäÃòÛ×¬óãÃîÈëòÖè°ÚČĈóÿÜĆÚìæòÂ Ip et al. (ƘƖƖƗ) äóãÈóÚè¬ó 

ÂóäÃòÛ×¬óãÃîÈëóäÜäñÂîÛăÚāÖäÿÉÚë¬èÚĂìÎ¬ (ÜäñâóÔ ƟƖ%) ÿÂõÕÃ÷ĈÚāÕãÝ¬óÚØóÈÿìÈøîÂĂÚäúÜÃîÈ

ĀîâāâÿÚöãăâ¬ĀÖÂÖòè (NHƙ)  Ì÷ćÈÜäõâóÔĀîâāâÿÚöãăâ¬ĀÖÂÖòèØöć×úÂÃòÛ×¬óãîîÂâóÚòĈÚâöëòÕë¬èÚÜäñâóÔ 

Ƙ.ƛ-ƙ% ÃîÈÜäõâóÔîóìóäØöćÂõÚÿÃ­óăÜĂÚĀÖ¬æñèòÚ (Lawson, 1995; Hargreaves, ƗƟƟƞ) ĀîâāâÿÚöãĂÚ

Û¬îÿæöĈãÈëòÖè°ÚČĈóãòÈăÕ­ÉóÂëõćÈÃòÛ×¬óãØöćÿÜĆÚÃîÈĀÃĆÈÌ÷ćÈë¬èÚĂìÎ¬Éñ×úÂã¬îãëæóãîã¬óÈäèÕÿäĆèāÕã

ĀÛÅØöÿäöã (Hargreaves, ƗƟƟƞ) ĀîâāâÿÚöãîóÉâóÉóÂîóìóäÿìæøîÖÂÅ­óÈ Funge-Smith and Briggs 

(ƗƟƟƞ) ßÛ è¬ó ëóäîõÚØäöã°ĂÚÛ¬îÿæöĈãÈÂù­È ƚƖ-ƜƖ% ÿÂõÕÉóÂîóìóäÂù­È ÿâøćîëóäîõÚØäöã°ÿìæ¬óÚöĈ×úÂã¬îãëæóã

āÕãĀÛÅØöÿäöãÉñăÕ­ĀîâāâÿÚöãÂæòÛÅøÚëú¬âèæÚČĈó ÚîÂÉóÂÚòĈÚÚČĈóØöćĂË­ÿæöĈãÈëòÖè°ÚČĈóÂĆâöĀîâāâÿÚöãÜÚÿÜøĈîÚ

îãú¬ÿË¬ÚÂòÚĀÖ¬âöëòÕë¬èÚÚ­îãâóÂÿâøćîÿÜäöãÛÿØöãÛÂòÛĀîâāâÿÚöãØöćăÕ­ÉóÂÂóäÃòÛ×¬óãÃîÈëòÖè°ÚČĈóìäøî

îóìóäÿìæøîÖÂÅ­óÈ 

ĀîâāâÿÚöãÿÜĆÚëóäÜäñÂîÛăÚāÖäÿÉÚØöćâöØòĈÈÜäñāãËÚ°ĀæñāØêÖ¬îÂóäÿßóñÿæöĈãÈëòÖè°ÚČĈó 

āÕãØòćèăÜĀßæÈÂ°ÖîÚßøËìäøîÝú­ÝæõÖîøćÚą ËîÛĂË­ĀîâāâÿÚöãÿßøćîÂóäÿÉäõÎÿÖõÛāÖâóÂÂè¬óăÚÿÖäØ 

ÿßäóñëóâóä×ÿîóĀîâāâÿÚöã (NHƙ)ăÜëä­óÈÂäÕîñâõāÚăÕ­āÕãÖäÈ (âÚùèÕö, ƘƛƙƗ)  ÿâøćîÅèóâÿÃ­âÃ­Ú

ÃîÈĀîâāâÿÚöãÖČćóÂè¬ó Ɩ.Ɩƙ mg-N/l  ĀßæÈÂ°ÖîÚßøËìäøîÝú­ÝæõÖÉñĂË­ăÚÿÖäØÿßøćîÂóäÿÉäõÎÿÖõÛāÖ 

(Syrett, ƗƟƞƗ î­óÈÖóâ Hargreaves, ƗƟƟƞ) ĀîâāâÿÚöããòÈÉČóÿÜĆÚÖ¬îÂóäÿÉäõÎÿÖõÛāÖÃîÈĀÛÅØöÿäöãĂÚ

äñÛÛÂóäÿæöĈãÈëòÖè°ÚČĈóĀÛÛìâùÚÿèöãÚÚČĈó  Â¬îÚÿæöĈãÈëòÖè°ÚČĈóĂÚäñÛÛÚČĈóìâùÚÿèöãÚÉ÷ÈÿÜĆÚÖ­îÈÿÖõâ

ëóäæñæóãĀîâāâÿÚöãæÈăÜĂÚäñÛÛÿßøćîÿä¬ÈÂóäÿÉäõÎÿÖõÛāÖÃîÈĀÛÅØöÿäöã  

ĂÚÂóäÿæöĈãÈëòÖè°ÚČĈóĀÛÛìÚóĀÚ¬ÚìóÂÃóÕÂóäÉòÕÂóäØöćÕöĀîâāâÿÚöãëñëâ×÷ÈäñÕòÛØöćîóÉÿÜĆÚ

îòÚÖäóãÖ¬îëòÖè°ÚČĈóăÕ­  ĀîâāâÿÚöãÿÜĆÚßõêÖ¬îëòÖè°ÚČĈóĂÚæòÂêÔñ sublethal âóÂÂè¬óØöćÉñØČóĂì­ÖóãØòÚØö 
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(Hargreaves, ƗƟƟƞ) ëîÕÅæ­îÈÂòÛ Wedemeyer et al. (ƗƟƝƜ) î­óÈÖóâ Hurvitz et al. (ƗƟƟƝ) ØöćÂæ¬óèè¬óĂÚ

ÂóäÿßóñÿæöĈãÈëòÖè°ÚČĈóÂóäëúÎÿëöãØóÈÿéäêÑÂõÉÿÚøćîÈÉóÂÅèóâÿÜĆÚßõêÃîÈĀîâāâÿÚöãÿÜĆÚÝæÉóÂëòÖè°ÚČĈó

ëòâÝòëÂòÛäñÕòÛĀîâāâÿÚöãØöćÖČćóÿÜĆÚÿèæóÚóÚâóÂÂè¬óÂóäëòâÝòëÂòÛÅèóâÿÃ­âÃ­ÚÃîÈĀîâāâÿÚöãØöćëúÈ

âóÂą ØöćØČóĂì­ÖóãāÕãØòÚØö  ÿâøćîĀîâāâÿÚöãĂÚÚČĈóëúÈÿÂõÚăÜØČóĂì­ëòÖè°ÚČĈóÃòÛ×¬óãĀîâāâÿÚöãăÕ­Ú­îãĀæñ

ØČóĂì­äñÕòÛĀîâāâÿÚöãĂÚÿæøîÕĀæñÿÚøĈîÿãøćîÿßõćâÃ÷ĈÚÿÜĆÚÝæØČóĂì­ßöÿîËÃîÈÿæøîÕëúÈÃ÷ĈÚĀæñÿÜĆÚÝæÿëöãÖ¬î

ÜÐõÂõäõãóÖ¬óÈą ÃîÈÿîÚăÌâ°  ÝæÿëöãîøćÚą ÿâøćîäñÕòÛĀîâāâÿÚöãĂÚÿæøîÕĀæñÿÚøĈîÿãøćîÿßõćâÃ÷ĈÚ ÿË¬Ú ÿÌææ°ÿâĆÕ

ÿæøîÕĀÕÈĀæñÿÚøĈîÿãøćîØöćØČóìÚ­óØöćÝæõÖÿÌææ°ÿâĆÕÿæøîÕĀÕÈ×úÂØČóæóã  ÂóäæÕÅèóâëóâóä×ĂÚÂóäæČóÿæöãÈ

îîÂÌõÿÉÚÃîÈÿæøîÕ ÿìÈøîÂÿëöãìóã ØČóĂì­ÿÚøĈîÿãøćîâöÅèóâÖ­îÈÂóäîîÂÌõÿÉÚÿßõćâÃ÷ĈÚ (Lawson, ƗƟƟƛ) ĀÖ¬

ÝæÃîÈĀîâāâÿÚöãÖ¬îëòÖè°ÚČĈóØöćäú­ÂòÚØòćèăÜë¬èÚâóÂÅøî ØČóĂì­ëòÖè°ÚČĈóÂõÚîóìóäæÕæÈ æÕÂóäÿÉäõÎÿÖõÛāÖ 

ìäøîæÕÅèóâëóâóä×Õ­óÚáúâõÅù­âÂòÚÃîÈëòÖè°ÚČĈó ÿÜĆÚÖ­Ú 

ÜòÉÉòãØöćâöÝæÖ¬îÅèóâÿÜĆÚßõêÃîÈĀîâāâÿÚöã 
âöìæóãÜòÉÉòãØöćâöÝæÖ¬îÅèóâÿÜĆÚßõêÃîÈĀîâāâÿÚöãÌ÷ćÈëóâóä×ëäùÜăÕ­ÕòÈÚöĈ 

Ɨ.îîÂÌõÿÉÚæñæóã  ÅèóâÿÜĆÚßõêÃîÈĀîâāâÿÚöãÿßõćâÃ÷ĈÚÿâøćîÜäõâóÔîîÂÌõÿÉÚæñæóãæÕæÈ ÿË¬Ú  
Wajsbrot et al. (ƗƟƟƗ) ßÛè¬ó ÿâøćîîîÂÌõÿÉÚæñæóãÚ­îãÂè¬ó ƞƛ%ÃîÈÉùÕîõćâÖòèØČóĂì­Üæó seabream 
(Sparus aurata) âöÅèóâăèÖ¬îĀîâāâÿÚöãâóÂÃ÷ĈÚ 

Ƙ.ßöÿîË  ßöÿîËÃîÈÚČĈóâöÝæÖ¬îÅèóâÿÜĆÚßõêÃîÈĀîâāâÿÚöãāÕãÿÜæöćãÚëâÕùæÃîÈĀîâāâ- ÿÚöãØòĈÈ
ëîÈäúÜ ÿâøćîßöÿîËÿßõćâÃ÷ĈÚØČóĂì­ÿßõćâëòÕë¬èÚÃîÈĀîâāâÿÚöãăâ¬ĀÖÂÖòèÌ÷ćÈÿÜĆÚäúÜØöćÿÜĆÚßõêÖ¬îëòÖè°ÚČĈó 

ƙ.äñÕòÛĀîâāâÿÚöãØöćÝòÚĀÜä ĂÚÂóäÿæöĈãÈëòÖè°ÚČĈóĀîâāâÿÚöãÝòÚĀÜäØùÂą ËòćèāâÈÿÚøćîÈ ÉóÂÅèóâ
ÝòÚĀÜäÃîÈäñÕòÛÂóäÃòÛ×¬óãĀîâāâÿÚöã ÉóÂÂóäèõÉòãßÛè¬ó ëòÖè°ÚČĈóØÚÖ¬îäñÕòÛĀîâāâÿÚöãØöćÅÈØöćăÕ­
ÕöÂè¬óäñÕòÛØöćÝòÚĀÜä 

ƚ.ÂóäÿÅæøćîÚăìè (exercise)  Randall and Tsui (ƘƖƖƘ) Âæ¬óèè¬ó ÜæóØöćè¬óãÚČĈóâöäñÕòÛĀîâ āâÿÚöã
ĂÚä¬óÈÂóãëúÈÃ÷ĈÚÿâøćîÿÜäöãÛÿØöãÛÂòÛ resting fish Ì÷ćÈäñÕòÛĀîâāâÿÚöãØöćÿßõćâÃ÷ĈÚÚöĈÿÂõÕÉóÂÂóäã¬îãëæóã
ÃîÈ adenylate ÿÜĆÚ inosinemonophosphate (IMP) Āæñ ĀîâāâÿÚöãâîõîîÚ NH4+( Mommsen and 
Hochachka, ƗƟƞƞ î­óÈÖóâ Randall and Tsui (2002) 
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ƛ.áóèñÿÅäöãÕ ÿâøćîëòÖè°ÚČĈóÿÅäöãÕØČóĂì­âöÂóäëä­óÈĀîâāâÿÚöãÿßõćâÃ÷ĈÚÌ÷ćÈáóèñÿÅäöãÕÚöĈîóÉÿÂõÕÉóÂ
âöëòÖè°ÚČĈóìÚóĀÚ¬ÚÿÂõÚăÜ Randall and Tsui (ƘƖƖƘ) ßÛè¬ó ÜæóØöćÿÅäöãÕăèÖ¬îĀîâāâÿÚöãĂÚÚČĈóâóÂÂè¬ó
ÜæóØöćăâ¬ÿÅäöãÕ 

ÚîÂÉóÂÚöĈãòÈâöÜòÉÉòãîøćÚą îöÂìæóãÜäñÂóäØöćâöÝæÖ¬îÅèóâÿÜĆÚßõêÃîÈĀîâāâÿÚöãÖ¬îëòÖè°ÚČĈó 
ÿË¬Ú ÂóäĂì­îóìóä äñãñĀæñÃÚóÕÃîÈëòÖè°ÚČĈó ĀæñÅèóâÅù­ÚÿÅã (acclimation) ÿÜĆÚÖ­Ú 
ÿÂÔÒ°ÅèóâÜæîÕáòãÖ¬îëòÖè°ÚČĈó 

ÿÂÔÒ°ÅèóâÿÃ­âÃ­ÚÃîÈĀîâāâÿÚöãØöćÿìâóñëâÖ¬îëòÖè°ÚČĈóãòÈăâ¬ËòÕÿÉÚ ÿÚøćîÈÉóÂßÛè¬ó Åèóâ
ÿÃ­âÃ­ÚÃîÈĀîâāâÿÚöãĂÚäñÛÛìÚ÷ćÈîóÉâöÝæÖ¬îëùÃáóßÃîÈëòÖè°ÚČĈó ÃÔñ ØöćÅèóâÿÃ­âÃ­ÚÿÕöãèÂòÚĂÚîöÂ
äñÛÛìÚ÷ćÈîóÉăâ¬âöÝæÂäñØÛÖ¬îëòÖè°ÚČĈó  (Meade, ƗƟƞƛ î­óÈÖóâ Mac Intrye et al., ƘƖƖƞ)  ÃÔñ ÿÕöãèÂòÚ
ÿÂÔÒ°ÅèóâÜæîÕáòãÃîÈĀîâāâÿÚöãÖ¬îÜæóë¬èÚâóÂăÕ­ÉóÂÂóäØÕæîÈÂòÛÜæóÿØä­óìäøîÜæóĀÌæâîÚ 
ÚîÂÉóÂÚòĈÚÜæóĂÚÿÃÖîÛîù¬ÚØÚØóÚÖ¬îĀîâāâÿÚöãëúÈÂè¬óÜæóĂÚÿÃÖìÚóè ĀæñÜæóÚČĈóÉøÕØÚØóÚÖ¬î
ĀîâāâÿÚöãëúÈÂè¬óÜæóØñÿæ Ã­îâúæÿÂöćãèÂòÛÝæÃîÈĀîâāâÿÚöãÖ¬îëòÖè°ăâ¬âöÂäñÕúÂëòÚìæòÈâöÉČóÂòÕâóÂą 
îã¬óÈăäÂĆÖóâëóâóä×ĂË­ÿÂÔÒ°ÿÕöãèÂòÛÜæóăÕ­Õ­èãÅèóâäñâòÕäñèòÈ (Lawson, ƗƟƟƛ)ÿÕõâÚòĈÚÿÂÔÒ°ìäøî
Å¬óâóÖäÑóÚÃîÈĀîâāâÿÚöãÖ¬îÜæóĀëÕÈÿÜĆÚ mgNHƙ Ö¬îâóîÈÅ°ÂäÕ­óÚëõćÈĀèÕæ­îâÃîÈîÿâäõÂó 
(U.S.EPA) (ƗƟƟƞ) î­óÈÖóâ IP et al. (ƘƖƖƗ) ĀÚñÚČóĂì­ĂË­ÅèóâÿÃ­âÃ­ÚĀîâāâÿÚöãäèâÿÜĆÚ mg-N/l ĀëÕÈ
ÅèóâÿÜĆÚßõêÃîÈĀîâāâÿÚöãÖ¬îëòÖè°ÚČĈó ÿßäóñÉóÂÂóäèõÿÅäóñì°Ã­îâúæÅèóâÿÜĆÚßõêÃîÈĀîâāâÿÚöãäèâ
Ö¬îëòÖè°ÚČĈóËöĈè¬óÅèóâÿÜĆÚßõêĀîâāâÿÚöãäèâăâ¬ÿÜæöćãÚĀÜæÈÖóâîùÔìáúâõĀæñÝæÂóäèòÕĀîâāâÿÚöãØöćăÕ­
èòÕÿÜĆÚĀîâāâÿÚöãäèâ  ĀÖ¬ÂóäèòÕßöÿîËÃîÈÚČĈóÂĆãòÈÉČóÿÜĆÚîãú¬ÿßäóñßöÿîËÿÜĆÚÖòèÂČóìÚÕÅèóâÿÜĆÚßõêÃîÈ
ĀîâāâÿÚöãØöćëČóÅòÎÉóÂÿîÂëóäÖ¬óÈą ØöćäèÛäèâăÕ­ßÛè¬ó ÿÂÔÒ°ĀæñÅ¬óâóÖäÑóÚÅèóâÿÜĆÚßõêÃîÈ
ĀîâāâÿÚöãÖ¬îëòÖè°ÚČĈóëóâóä×ĂË­Å¬óĀîâāâÿÚöãØòĈÈĂÚäúÜĀîâāâÿÚöãäèâĀæñĀîâāâÿÚöãîõëäñ Klontz 
(ƗƟƟƗ) î­óÈÖóâ MacIntrye et al. (ƘƖƖƞ) ăÕ­ĀÚñÚČóÅ¬óØöćÜæîÕáòãÖ¬îëòÖè°ÚČĈóÿâøćîëòâÝòëÂòÛÅèóâÿÃ­âÃ­Ú
ÃîÈĀîâāâÿÚöã (NHƙ) ĀÛÛ intermittent ĀæñÅÈØöćăè­Øöć Ɩ.Ɩƛ mg/l Āæñ Ɩ.Ɩƙ mg/l ÖóâæČóÕòÛ Wajsbrot et 
al. (ƗƟƟƗ) ăÕ­ĀÚñÚČóÅ¬óÅèóâÿÃ­âÃ­ÚÃîÈĀîâāâÿÚöãäèâăÚāÖäÿÉÚĀæñĀîâāâÿÚöãîõëäñ (NH3-N) Øöć
ÜæîÕ áòãëČóìäòÛÜæó seabream (Sparus aurata)ăè­Øöć Ɨ.Ƙ mg/l  Āæñ Ɩ.ƖƜƚ mg/l  ÖóâæČóÕòÛ 

Lawson (ƗƟƟƛ) ăÕ­ĀÚñÚČóäñÕòÛÅèóâÿÃ­âÃ­ÚÃîÈĀîâāâÿÚöãäèâăÚāÖäÿÉÚĀæñĀîâāâÿÚöã

îõëäñ (NH3-N) ØöćÜæîÕ áòãÖ¬îÜæóÿâøćîëòâÝòëÂòÛĀîâāâÿÚöãÿÜĆÚÿèæóÚóÚ(âóÂÂè¬ó Ƙ-ƙ ëòÜÕóì°) ăè­Øöć 

1.0 mg/l Āæñ Ɩ.Ɩƛ mg/l ÖóâæČóÕòÛ Ì÷ćÈäñÕòÛÅèóâÿÃ­âÃ­ÚÃîÈĀîâāâÿÚöãäèâÕòÈÂæ¬óèĂÂæ­ÿÅöãÈÂòÛ 
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U.S.EPA (ƗƟƟƞ) î­óÈÖóâ IP et al. (ƘƖƖƗ)  ăÕ­ÂČóìÚÕăè­Øöć Ɩ.ƟƟ mg/l  ë¬èÚ Frances et al. (ƘƖƖƖ) ăÕ­

ÂČóìÚÕÅ¬óÅèóâÿÃ­âÃ­ÚÃîÈĀîâāâÿÚöãØöćÜæîÕáòãÃîÈÜæó silver perch (Bidyanus bidyanus)ĂÚäúÜÃîÈ

ĀîâāâÿÚöãîõëäñ (NH3-N) ăè­ÿØ¬óÂòÛ Ɩ.ƖƜ mg/l  ĂÚÜæóØñÿæâöÃ­îâúæÿÂöćãèÂòÛÅèóâÿÜĆÚßõêÃîÈ

ĀîâāâÿÚöãÚ­îãâóÂ Rodrigues et al. (ƘƖƖƝ) é÷ÂêóßõêÿÊöãÛßæòÚÃîÈĀîâāâÿÚöãÖ¬îÜæóË¬îÚØñÿæèòãäù¬Ú 

(Rachycentron canadum) ßÛè¬ó Å¬ó LC50-96 hr ÿÊæöćã Ɨ.Ɨƙ mg/l (NH3-N)  ÿâøćîÅúÔÕ­èãÅ¬óĀàÅÿÖîä° Ɩ.Ɩƛ 

ÂĆÉñăÕ­ÿÜĆÚØöćÜæîÕáòãÖ¬îÜæóË¬îÚØñÿæÌ÷ćÈÿØ¬óÂòÛ Ɩ.ƖƛƝ mg/l  

ÉóÂÃ­îâúæÿìæ¬óÚöĈÉñÿìĆÚăÕ­è¬ó Å¬óÅèóâÿÃ­âÃ­ÚÃîÈĀîâāâÿÚöãØöćÜæîÕáòãÖ¬îëòÖè°ÚČĈóÿâøćîèòÕÿÜĆÚ

ĀîâāâÿÚöãäèâăÚāÖäÿÉÚ (TAN) ĀæñĀîâāâÿÚöãîõëäñ (NH3-N) îãú¬äñìè¬óÈ Ɨ.Ɩ-Ɨ.Ƙ mg/l  Āæñ Ɩ.Ɩƛ-

0.06 mg/l ÖóâæČóÕòÛ 

ëóäĀØÚÚõÚ 

ĀîâāâÿÚöã 

ĀîâāâÿÚöãĂÚÛ¬îÿæöĈãÈëòÖè°ÚČĈóăÕ­ÉóÂÂóäÃòÛ×¬óãÃîÈëòÖè°ÚČĈóÿÜĆÚìæòÂ ÉóÂäóãÈóÚßÛè¬ó
ëóäÜäñÂîÛăÚāÖäÿÉÚë¬èÚĂìÎ¬ ÜäñâóÔ ƟƖ% ÉóÂÂóäÃòÛ×¬óãÝ¬óÚØóÈÿìÈøîÂÃîÈëòÖè°ÚČĈóîãú¬ĂÚäúÜ
ÃîÈĀîâāâÿÚöãăâ¬ĀÖÂÖòè (NHƙ) āÕãÜäõâóÔĀîâāâÿÚöãØöć×úÂÃòÛ×¬óãîîÂâóÚòĈÚ âöëòÕë¬èÚÜäñâóÔ Ƙ.ƛ-
ƙ% ÃîÈÜäõâóÔîóìóäØöćÂõÚÿÃ­óăÜĂÚĀÖ¬æñèòÚ ĀîâāâÿÚöãĂÚÛ¬îÿæöĈãÈëòÖè°ÚČĈóãòÈăÕ­ÉóÂëõćÈÃòÛ×¬óãØöćÿÜĆÚ
ÃîÈĀÃĆÈÌ÷ćÈë¬èÚĂìÎ¬Éñ×úÂã¬îãëæóãîã¬óÈäèÕÿäĆèāÕãĀÛÅØöÿäöã ÚîÂÉóÂÚöĈĀîâāâÿÚöãĂÚÚČĈóîóÉâóÉóÂ
îóìóäÿìæøîÖÂÅ­óÈāÕãëóäîõÚØäöã°ĂÚÛ¬îÿæöĈãÈÂù­È ƚƖ-ƜƖ% ÿÂõÕÉóÂîóìóäÂù­È ÿâøćîëóäîõÚØäöã°ÿìæ¬óÚöĈ×úÂ
ã¬îãëæóãāÕãĀÛÅØöÿäöã ÉñăÕ­ĀîâāâÿÚöãÂæòÛÅøÚëú¬ÚČĈó (Lawson, ƗƟƟƛ) ĂÚÂóäÿæöĈãÈëòÖè°ÚČĈóĀÛÛ
ìÚóĀÚ¬ÚìóÂÃóÕÂóäÉòÕÂóäØöćÕöĀîâāâÿÚöãÉñëñëâ×÷ÈäñÕòÛØöćîóÉÿÜĆÚîòÚÖäóãÖ¬îëòÖè°ÚČĈóăÕ­ Āæñ
Â¬îĂì­ÿÂõÕÂóäëúÎÿëöãØóÈÿéäêÑÂõÉ āÕãäñÕòÛĀîâāâÿÚöãĂÚÿæøîÕ ĀæñÿÚøĈîÿãøćîÃîÈëòÖè°ÚČĈóØöćÿßõćâÃ÷ĈÚÉñØČó
Ăì­ßöÿîËÃîÈÿæøîÕëúÈÃ÷ĈÚ Ì÷ćÈÿÜĆÚÝæÿëöãÖ¬îÜÐõÂõäõãóÖ¬óÈ ą ÃîÈÿîÚăÌâ° ÚîÂÉóÂÚòĈÚÿâøćîäñÕòÛĀîâāâÿÚöã
ĂÚÿæøîÕ ĀæñÿÚøĈîÿãøćîÿßõćâÃ÷ĈÚãòÈâöÝæÿëöãîøćÚ ą îöÂ ÿË¬Ú ÿÌææ°ÿâĆÕÿæøîÕĀÕÈ ĀæñÿÚøĈîÿãøćîØöćØČóìÚ­óØöćÝæõÖ
ÿÌææ°ÿâĆÕÿæøîÕĀÕÈ×úÂØČóæóã ÂóäæÕÅèóâëóâóä×ĂÚÂóäæČóÿæöãÈîîÂÌõÿÉÚÃîÈÿæøîÕ ÿìÈøîÂÿëöãìóã ØČó
Ăì­ÿÚøĈîÿãøćîâöÅèóâÖ­îÈÂóäîîÂÌõÿÉÚÿßõćâÃ÷ĈÚ ĀÖ¬ÝæÃîÈĀîâāâÿÚöãÖ¬îëòÖè°ÚČĈóØöćäú­ÂòÚØòćèăÜ Åøî ØČóĂì­ëòÖè°
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ÚČĈóÂõÚîóìóäæÕæÈ æÕÂóäÿÉäõÎÿÖõÛāÖ ìäøîæÕÅèóâëóâóä×Õ­óÚáúâõÅù­âÂòÚÃîÈëòÖè°ÚČĈó ÿÜĆÚÖ­Ú 
(Hargreaves, 1998) 

 

 
 

áóßØöć ƛ èòÐÉòÂäÂäÕÌõÖäõÂ 
 

ÿÂÔÒ°ÅèóâÜæîÕáòãÃîÈĀîâāâÿÚöãÖ¬îëòÖè°ÚČĈó 
ÿÂÔÒ°ÅèóâÿÃ­âÃ­ÚÃîÈĀîâāâÿÚöãØöćÿìâóñëâÖ¬îëòÖè°ÚČĈóãòÈăâ¬ËòÕÿÉÚ ÿÚøćîÈÉóÂßÛè¬óÅèóâ

ÿÃ­âÃ­ÚÃîÈĀîâāâÿÚöãĂÚäñÛÛìÚ÷ćÈîóÉâöÝæÖ¬îëùÃáóßÃîÈëòÖè°ÚČĈó ÃÔñØöćÅèóâÿÃ­âÃ­ÚÿÕöãèÂòÚĂÚîöÂ
äñÛÛìÚ÷ćÈîóÉăâ¬âöÝæÂäñØÛÖ¬îëòÖè°ÚČĈó ÉóÂÿîÂëóäÖ¬óÈą ØöćäèÛäèâăÕ­ßÛè¬óÿÂÔÒ° ĀæñÅ¬óâóÖäÑóÚ
ÅèóâÿÜĆÚßõêÃîÈĀîâāâÿÚöãÖ¬îëòÖè°ÚČĈóëóâóä×ĂË­Å¬óĀîâāâÿÚöãØòĈÈĂÚäúÜĀîâāâÿÚöãØòĈÈìâÕ Āæñ
ĀîâāâÿÚöãîõëäñāÕãÅ¬óØöćÜæîÕáòãÖ¬îëòÖè°ÚČĈóÿâøćîëòâÝòëÂòÛÅèóâÿÃ­âÃ­ÚÃîÈĀîâāâÿÚöã (NHƙ) Øöćîãú¬ĂÚ
äúÜĀîâāâÿÚöãØòĈÈìâÕ ĀæñĀîâāâÿÚöãîõëäñâöÅ¬ó Ɩ.Ɩƛ mg/L Āæñ Ɩ.Ɩƙ mg/L ÖóâæČóÕòÛ (MacIntrye et 
al., 2008) 
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áóßØöć Ɯ ÿÂÔÒ°ÅèóâÜæîÕáòãÃîÈĀîâāâÿÚöãÖ¬îëòÖè°ÚČĈó 

 

ÜòÉÉòãØöćâöÝæÖ¬îÅèóâÿÜĆÚßõêÃîÈĀîâāâÿÚöã  
âöìæóãÜòÉÉòãØöćâöÝæÖ¬îÅèóâÿÜĆÚßõêÃîÈĀîâāâÿÚöãÌ÷ćÈëóâóä×ëäùÜăÕ­ÕòÈÚöĈ  

1. îîÂÌõÿÉÚæñæóã ÅèóâÿÜĆÚßõêÃîÈĀîâāâÿÚöãÿßõćâÃ÷ĈÚÿâøćîÜäõâóÔîîÂÌõÿÉÚæñæóãæÕæÈ ÿË¬Ú 
Wajsbrot et al. (1991) ßÛè¬ó ÿâøćîîîÂÌõÿÉÚæñæóãÚ­îãÂè¬ó 85%ÃîÈÉùÕîõćâÖòèØČóĂì­Üæó seabream 
(Sparus aurata) âöÅèóâăèÖ¬îĀîâāâÿÚöãâóÂÃ÷ĈÚ  

2. ßöÿîË ßöÿîËÃîÈÚČĈóâöÝæÖ¬îÅèóâÿÜĆÚßõêÃîÈĀîâāâÿÚöãāÕãÿÜæöćãÚëâÕùæÃîÈĀîâāâ- ÿÚöãØòĈÈ
ëîÈäúÜ ÿâøćîßöÿîËÿßõćâÃ÷ĈÚØČóĂì­ÿßõćâëòÕë¬èÚÃîÈĀîâāâÿÚöãăâ¬ĀÖÂÖòèÌ÷ćÈÿÜĆÚäúÜØöćÿÜĆÚßõêÖ¬îëòÖè°ÚČĈó  

3. äñÕòÛĀîâāâÿÚöãØöćÝòÚĀÜä ĂÚÂóäÿæöĈãÈëòÖè°ÚČĈóĀîâāâÿÚöãÝòÚĀÜäØùÂą ËòćèāâÈÿÚøćîÈ ÉóÂÅèóâ
ÝòÚĀÜäÃîÈäñÕòÛÂóäÃòÛ×¬óãĀîâāâÿÚöã ÉóÂÂóäèõÉòãßÛè¬ó ëòÖè°ÚČĈóØÚÖ¬îäñÕòÛĀîâāâÿÚöãØöćÅÈØöćăÕ­
ÕöÂè¬óäñÕòÛØöćÝòÚĀÜä  

4. ÂóäÿÅæøćîÚăìè (exercise) Randall and Tsui (2002) Âæ¬óèè¬ó ÜæóØöćè¬óãÚČĈóâöäñÕòÛĀîâ āâÿÚöã
ĂÚä¬óÈÂóãëúÈÃ÷ĈÚÿâøćîÿÜäöãÛÿØöãÛÂòÛ resting fish Ì÷ćÈäñÕòÛĀîâāâÿÚöãØöćÿßõćâÃ÷ĈÚÚöĈÿÂõÕÉóÂÂóäã¬îãëæóã
ÃîÈ adenylate ÿÜĆÚ inosinemonophosphate (IMP) Āæñ ĀîâāâÿÚöãâîõîîÚ NH4+( Mommsen and 
Hochachka, 1988 î­óÈÖóâ Randall and Tsui (2002)  

ĝĬŇħĽńĨĺƢĬŘŜŅ 
ŀńĬŀŇŀŀœĬĞƢȮ
ŐŀĴőĴŏĬňĵ (mg-

N/L) 

LC 50 
(ĝńŗĺőĴĚ) 

įŌƟĪħĸŀĚ 

ĮĸŅħŋĔħƟŅĬ 4.25 96 īňĶıĚļƢȮĝĸŀȮŐĸŃĽŋĮĶŅĦňȮ(2528) 
ĸŌĔĮĸŅħŋĔħƟŅĬȮ(1.42 ĔĶńĴ) 12.3 48 őĽĴĸħŅȮ(2547) 
ĸŌĔĮĸŅħŋĔħƟŅĬȮ4.5-6.5 ĝĴ. 15.78 48 őĽĴĸħŅȮ(2547) 
ŏĶĬőĭĺƢŏĪĶŅĪƢ 0.61 96 http://www.fishbase.org/ecotoxicology 
ŏĶĬőĭĺƢŏĪĶŅĪƢ 0.46 24 http://www.fishbase.org/ecotoxicology 

ĸŌĔĔŋƟĚĔŋĸŅėŜŅȮĶŃĵŃȮıňȮ10 3.95 24 ĽŇĶŇȮ(2528) 
ĔŋƟĚĔŋĸŅħŜŅȮ(0.8-4.5 ĔĶńĴ) 1.69 96 őĽĴĸħŅȮ(2547) 
ĸŌĔĮĸŅĔŃĶńĚħŀĔŐħĚȮ(4 ĬŇŘĺ) 1.51 24 őĽĴĸħŅȮ(2547) 
ĸŌĔĮĸŅĔŃĶńĚħŀĔŐħĚȮ(4 ĬŇŘĺ) 1.10 48 őĽĴĸħŅȮ(2547) 
ĸŌĔĮĸŅĔŃıĚĕŅĺȮ(3.7 ĬŇŘĺ) 1.28 24 őĽĴĸħŅȮ(2547) 
ĸŌĔĮĸŅĔŃıĚĕŅĺȮ(3.7 ĬŇŘĺ) 1.14 48 őĽĴĸħŅȮ(2547) 

 




