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Effects of phytase on enhancement of phosphorus utilization
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»÷°…“º≈¢Õß‡Õπ‰´¡å‰ø‡µ µàÕ°“√„™âøÕ øÕ√— ®“°«—µ∂ÿ¥‘∫æ◊™„πª≈“¥ÿ°æ—π∏ÿåº ¡  ‚¥¬∑”°“√∑¥≈Õß„πµŸâ

°√–®°§«“¡®ÿπÈ” 235 ≈‘µ√ √–∫∫πÈ”‡ªìπ·∫∫‰À≈‡«’¬π·∫∫ªî¥ ¡’Õ—µ√“°“√‰À≈¢ÕßπÈ” 0.8 ≈‘µ√/π“∑’ «“ß·ºπ°“√

∑¥≈Õß·∫∫ ÿà¡µ≈Õ¥ ·∫àß‡ªìπ 9 ™ÿ¥°“√∑¥≈ÕßÊ ≈– 3 ́ È” „™âª≈“∑’Ë¡’πÈ”Àπ—°‡©≈’Ë¬‡√‘Ë¡µâπ 5.57-5.72 °√—¡ ®”π«π 20

µ—«/´È” Õ“À“√ Ÿµ√∑’Ë 1 ‡ªìπ™ÿ¥§«∫§ÿ¡∑’Ë¡’ª≈“ªÉπ·≈–°“°∂—Ë«‡À≈◊Õß‡ªìπ·À≈àß‚ª√µ’π Õ“À“√ Ÿµ√∑’Ë 2-6 ‡ªìπÕ“À“√∑’Ë

„™â«—µ∂ÿ¥‘∫®“°æ◊™∑—ÈßÀ¡¥ ‚¥¬‡ √‘¡‡Õπ‰´¡å‰ø‡µ „π√–¥—∫ 0, 250, 500, 750 ·≈– 1,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°. Õ“À“√

 Ÿµ√∑’Ë 7-9 ‡ √‘¡øÕ øÕ√— „π√Ÿª‰¥·§≈‡´’¬¡øÕ ‡øµ (dicalcium phosphate, DCP) 0.1%, 0.2% ·≈– 0.3% µ“¡

≈”¥—∫ À≈—ß®“°‡≈’È¬ß‡ªìπ‡«≈“ 10  —ª¥“Àå æ∫«à“  °“√‡ √‘¡‰ø‡µ  500 ¬Ÿπ‘µ/Õ“À“√ 1 °°. ∑”„ÀâπÈ”Àπ—°ª≈“∑’Ë‡æ‘Ë¡¢÷Èπ

Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“– ·≈–ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√ (Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡π◊ÈÕ ·≈–ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π)

¥’°«à“°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ ∑’Ë√–¥—∫Õ◊ËπÊ (p<0.05)   ‚¥¬„Àâº≈‡™àπ‡¥’¬«°—∫°“√‡ √‘¡øÕ øÕ√— „π√Ÿª DCP 0.2%

πÕ°®“°π’È¬—ßæ∫«à“°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ ·≈– DCP ¡’º≈∑”„Àâª√‘¡“≥øÕ øÕ√— „πµ—«ª≈“·≈–°√–¥Ÿ°¡’§à“ Ÿß¢÷Èπ

·µà‰¡àæ∫§«“¡·µ°µà“ß¢ÕßÕß§åª√–°Õ∫‡≈◊Õ¥ ‰¥â·°à §à“Œ’¡“‚µ§√‘µ Œ’‚¡‚°≈∫‘π ·≈–‚ª√µ’π„πæ≈“ ¡“¢Õßª≈“∑’Ë

‰¥â√—∫Õ“À“√¥—ß°≈à“«

øÕ øÕ√— ‡ªìπ·√à∏“µÿ™π‘¥Àπ÷Ëß∑’Ë —µ«åπÈ”µâÕß°“√
„πª√‘¡“≥¡“° ‚¥¬∑”Àπâ“∑’Ë‡ªìπ‚§√ß √â“ß¢Õß√à“ß°“¬
√à«¡°—∫·§≈‡´’¬¡ ‡™àπ ‡ªìπ à«πª√–°Õ∫¢Õß°√–¥Ÿ°·≈–
‡°≈Á¥ πÕ°®“°π’È¬—ß∑”Àπâ“∑’Ë‡ªìπÕß§åª√–°Õ∫µà“ßÊ „π√Ÿª
Õ‘π∑√’¬åøÕ ‡øµ ‰¥â·°à Õ–¥’‚π´’π ‰µ√øÕ ‡øµ (adenos-

ine triphosphate, ATP) øÕ øÕ≈‘ªî¥ (phospholipids)
¥’ÕÕ°´’‰√‚∫π‘«§≈’Õ‘°·Õ ‘¥ (deoxyribonucleic acid,

DNA) ·≈–¡’ à«π ”§—≠„π°√–∫«π°“√‡¡·∑‚∫≈‘´÷¡¢Õß
§“√å‚∫‰Œ‡¥√µ ‰¢¡—π·≈–°√¥Õ–¡‘‚π (Lovell, 1978; Davis

and Gatlin, 1991; NRC, 1993; Ciofalo et al., 2003)
øÕ øÕ√— „ππÈ”Õ¬Ÿà„π√Ÿª∑’Ë —µ«åπÈ”π”‰ª„™âª√–‚¬™πå‰¥â®”°—¥
‚¥¬¡’„πª√‘¡“≥µË”°«à“ 0.1 ¡°./≈‘µ√ (ppm) ∑”„Àâ —µ«åπÈ”
‰¥â√—∫øÕ øÕ√— ®“°πÈ”πâÕ¬§◊ÕµË”°«à“ 1% ¢ÕßøÕ øÕ√— 
∑’Ë‰¥â√—∫®“°Õ“À“√ (NRC, 1993) ®÷ßµâÕßÕ“»—¬øÕ øÕ√— 
®“°Õ“À“√‡ªìπÀ≈—° ´÷Ëß‰¥â¡“®“°«—µ∂ÿ¥‘∫Õ“À“√®”æ«°æ◊™
·≈– —µ«å√«¡∑—Èß®“°øÕ øÕ√—  —ß‡§√“–Àå ‚¥¬‡©æ“–‡°≈◊Õ
øÕ ‡øµ√Ÿªµà“ßÊ ·À≈àß«—µ∂ÿ¥‘∫‡À≈à“π’È·¡â®–¡’øÕ øÕ√— 
Õ¬Ÿà„πª√‘¡“≥ Ÿß ·µàÕ¬Ÿà„π√Ÿª∑’Ë —µ«åπÈ” “¡“√∂π”¡“„™â‰¥âπâÕ¬
‡™àπ ª≈“ªÉπ ´÷Ëß¡—°æ∫øÕ øÕ√— Õ¬Ÿà„π√Ÿª “√ª√–°Õ∫

‰Œ¥√Õ°´’Õ–æ“‰∑¥å (hydroxyapatite) À√◊Õ‰µ√·§≈‡´’¬¡
øÕ ‡øµ (tricalcium phosphate) ‚¥¬‡ªìπÕß§åª√–°Õ∫Õ¬Ÿà
„π°√–¥Ÿ°·≈–‡°≈Á¥ª≈“ (Jobling, 1994)  à«πøÕ øÕ√— 
®“°æ◊™ª√–¡“≥ 2 „π 3  à«π¢ÕßøÕ øÕ√— ∑—ÈßÀ¡¥®–Õ¬Ÿà
„π√Ÿª¢Õß°√¥‰øµ‘° (phytic acid) À√◊Õ‰¡‚ÕÕ‘π‚π´‘∑Õ≈
‡æÁπµ–§‘ øÕ ‡øµ (myo-inositol pentakisphosphate) ́ ÷Ëß
¡—°√«¡Õ¬Ÿà°—∫‡°≈◊Õ¢Õß·§≈‡ ’́¬¡ ·¡°π’‡ ’́¬¡ ‚æ·µ ‡ ’́¬¡
(Dey and Harborne, 1990) ‡√’¬°«à“ ‰øµ‘π (phytin)  à«π
‡°≈◊Õ¢Õß°√¥‰øµ‘°∑’Ëª√–°Õ∫¥â«¬Õ‘π‚π´‘∑Õ≈°—∫øÕ ‡øµ
®–‡√’¬°«à“ ‰ø‡µ∑ (phytate) (Uhlig, 1998) Hendricks

·≈– Bailey (1989) °≈à“«∂÷ß°√¥‰øµ‘°«à“‡ªìπæ‘…™π‘¥
Àπ÷Ëß∑’Ë‡°‘¥®“°æ◊™ ´÷Ëß —µ«å°√–‡æ“–‡¥’Ë¬« (monogastric

animals) ·≈–ª≈“‰¡à “¡“√∂π”øÕ øÕ√— „π√Ÿªπ’È¡“„™â‰¥â
¥—ßπ—ÈπÕ“À“√ª≈“∑’Ë„™â«—µ∂ÿ¥‘∫æ◊™‡ªìπÀ≈—°®÷ß®”‡ªìπ

µâÕß¡’°“√‡æ‘Ë¡ª√‘¡“≥øÕ øÕ√— ∑’Ë„™â‰¥â„Àâ¡“°¢÷Èπ ‡æ◊ËÕ„Àâª≈“
¡’°“√‡®√‘≠‡µ‘∫‚µ·≈–¥”√ß™’«‘µÕ¬à“ßª°µ‘ ´÷Ëß·π«∑“ß°“√
·°â‰¢ªí≠À“ª≈“¢“¥øÕ øÕ√— ∑’Ëπ‘¬¡∑” §◊Õ °“√‡ √‘¡
øÕ øÕ√—  —ß‡§√“–Àå≈ß„π√ŸªÕπ‘π∑√’¬åøÕ ‡øµ„πÕ“À“√
(«ÿ≤‘æ√ ·≈–§≥–, 2547; Eya and Lovell, 1997) ·µà°Á
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º≈¢Õß‡Õπ‰´¡å‰ø‡µ µàÕ°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√„™âøÕ øÕ√— 

«ÿ≤‘æ√ æ√À¡¢ÿπ∑Õß ·≈–§≥–

‡∑à“°—∫‡ªìπ°“√‡æ‘Ë¡ª√‘¡“≥¢Õß‡ ’¬∑’ËµâÕß¢—∫∑‘Èß¡“°¢÷Èπ
‡æ√“–øÕ øÕ√—  à«π∑’Ë —µ«åπÈ”‰¡à “¡“√∂π”‰ª„™âª√–‚¬™πå
‰¥â®–∂Ÿ°¢—∫ÕÕ°¡“„π√Ÿª¢Õß¡Ÿ≈ ∑”„Àâ¡’°“√ – ¡„π·À≈àßπÈ”
´÷ËßÀ“°¡“°‡°‘π‰ª®– àßº≈„Àâ·æ≈ß°åµÕπæ◊™·≈– —µ«å‡®√‘≠
‡µ‘∫‚µ®π‡°‘π ¡¥ÿ≈·≈–‡°‘¥πÈ”‡ ’¬„π‡«≈“µàÕ¡“

‰ø‡µ ‡ªìπ‡Õπ‰´¡å∑’Ë®—¥Õ¬Ÿà„π°≈ÿà¡øÕ ø“‡µ 
´÷Ëß¡’Àπâ“∑’Ë„π°“√‡√àßªØ‘°‘√‘¬“‰Œ‚¥√‰≈´‘ ∑”„ÀâøÕ ‡øµ
À≈ÿ¥®“°‚¡‡≈°ÿ≈¢Õß‰ø‡µ∑·≈–ª≈“π”‰ª„™âª√–‚¬™πå‰¥â
 àßº≈„Àâª√‘¡“≥øÕ øÕ√— ¢—∫∑‘Èß≈¥≈ß ®÷ß™à«¬≈¥ªí≠À“
¡≈¿“«–Õ—π‡π◊ËÕß®“°øÕ øÕ√—    πÕ°®“°π’È°“√‡ √‘¡
‡Õπ‰´¡å‰ø‡µ ¬—ß™à«¬≈¥µâπ∑ÿπ°“√º≈‘µ‚¥¬≈¥√“¬®à“¬
®“°°“√‡ √‘¡Õπ‘π∑√’¬åøÕ ‡øµ ‡π◊ËÕß®“°ª≈“¡’øÕ øÕ√— 
∑’Ë “¡“√∂„™â‰¥â‡æ‘Ë¡¢÷Èπ ·≈–™à«¬„Àâ “¡“√∂π”«—µ∂ÿ¥‘∫æ◊™
¡“„™âª√–‚¬™πå‰¥â¡“°¢÷Èπ ®“°°“√∑¥≈Õß¢Õß«ÿ≤‘æ√ ·≈–
§≥– (2547) æ∫«à“ °“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ  4,000 ¬Ÿπ‘µ/
Õ“À“√ 1 °°. ∑”„Àâª≈“π‘≈¥”·ª≈ß‡æ»¡’°“√‡®√‘≠‡µ‘∫‚µ
·≈–ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√¥’∑’Ë ÿ¥ ¢≥–∑’Ë°“√‡ √‘¡‰ø‡µ 
1,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°. ‡æ’¬ßæÕ∑’Ë∑”„Àâª√– ‘∑∏‘¿“æ
°“√¬àÕ¬øÕ øÕ√—  Õß§åª√–°Õ∫‡≈◊Õ¥ ·≈–øÕ øÕ√— „π
°√–¥Ÿ°ª≈“Õ¬Ÿà„π‡°≥±å¥’  πÕ°®“°π’È¬—ßæ∫«à“ “¡“√∂„™â
‰ø‡µ ‡ √‘¡„πÕ“À“√ ”À√—∫‡≈’È¬ßª≈“π‘≈·∑π°“√„™â
Õπ‘π∑√’¬åøÕ ‡øµ∑—Èß 3 √Ÿª·∫∫ ‚¥¬°“√‡ √‘¡‰ø‡µ  2,000

À√◊Õ 4,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°. ™à«¬≈¥°“√ – ¡øÕ øÕ√— 
„π¡Ÿ≈ª≈“  πÕ°®“°π’È Phromkunthong ·≈–§≥– (2004)

æ∫«à“ °“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ  1,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°.
¡’º≈∑”„Àâ —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬øÕ øÕ√— „πª≈“π‘≈·¥ß·ª≈ß
‡æ»¥’¢÷Èπ ·≈–‰¡àµà“ß®“°°“√‡ √‘¡ DCP 0.3% ·≈–∑”„Àâ
§à“Õß§åª√–°Õ∫‡≈◊Õ¥ ‰¥â·°à Œ’¡“‚µ§√‘µ ·≈–Œ’‚¡‚°≈∫‘π
¡’·π«‚πâ¡ Ÿß¢÷Èπ

°“√»÷°…“§√—Èßπ’È®÷ß‡ªìπ°“√∑¥ Õ∫º≈¢Õß‡Õπ‰´¡å
‰ø‡µ ‡ª√’¬∫‡∑’¬∫°—∫Õπ‘π∑√’¬åøÕ ‡øµ„π√Ÿª‰¥·§≈‡´’¬¡
øÕ ‡øµµàÕª√– ‘∑∏‘¿“æ°“√„™âøÕ øÕ√— „πª≈“¥ÿ°æ—π∏ÿå
º ¡ °“√∑’Ë‡≈◊Õ°ª≈“π’È‡ªìπª≈“∑¥≈Õß‡π◊ËÕß®“°ª≈“¥ÿ°
æ—π∏ÿåº ¡‡ªìπµ—«·∑π¢Õßª≈“„π°≈ÿà¡‰¡à¡’‡°≈Á¥·≈–‡ªìπ
ª≈“‡»√…∞°‘®∑’Ë¡’§«“¡ ”§—≠¢Õßª√–‡∑»‰∑¬ ‚¥¬®“°¢âÕ¡Ÿ≈
≈à“ ÿ¥„πªï æ.». 2543 æ∫«à“ ª√‘¡“≥°“√º≈‘µª≈“¥ÿ°∑—Èß
®“°°“√®—∫·≈–°“√‡æ“–‡≈’È¬ß Ÿß∂÷ß 95,600 µ—π ‚¥¬§‘¥
‡ªìπ¡Ÿ≈§à“ 2,895.9 ≈â“π∫“∑ (°√¡ª√–¡ß, 2546)

Õÿª°√≥å·≈–«‘∏’°“√

1. °“√‡µ√’¬¡Õÿª°√≥å°“√∑¥≈Õß

„™âµŸâ°√–®°¢π“¥ 100 x 50 x 47 ´¡. §«“¡®ÿπÈ”
235 ≈‘µ√ ∑”§«“¡ –Õ“¥ ·≈–µ‘¥µ—ÈßÕÿª°√≥å„ÀâÕ“°“»„Àâ
æ√âÕ¡ ¡∫Ÿ√≥å·≈â«‡µ‘¡πÈ”ª√–ª“∑’Ëª√“»®“°§≈Õ√’π „Àâ‰¥â
ª√‘¡“µ√ 180 ≈‘µ√ ªî¥µŸâ¥â«¬ºâ“æ≈“ µ‘° ’∑÷∫ 3 ¥â“π‡æ◊ËÕ
ªÑÕß°—π°“√∂Ÿ°√∫°«π¢≥–∑”°“√∑¥≈Õß ‚¥¬√–∫∫∑¥≈Õß
‡ªìπ√–∫∫À¡ÿπ‡«’¬ππÈ”·∫∫ªî¥ √–∫∫°√Õß ª√–°Õ∫¥â«¬
∂—ß‰ø‡∫Õ√å°≈“ ∑’Ë∫√√®ÿ∂à“π ∑√“¬ ‡ª≈◊Õ°ÀÕ¬·≈–„¬·°â«
∫àÕ§Õπ°√’µ ”À√—∫æ—°πÈ” ª√–°Õ∫¥â«¬ ∂à“π ‡ª≈◊Õ°ÀÕ¬
Õ«π ‡§√◊ËÕß„ÀâÕ“°“» ·≈–‡§√◊ËÕßªíö¡πÈ” ª√—∫Õ—µ√“°“√‰À≈
¢ÕßπÈ”„πµŸâ∑¥≈Õß„Àâ‡ªìπ 0.8 ≈‘µ√/π“∑’

2. °“√‡µ√’¬¡ª≈“∑¥≈Õß

π”≈Ÿ°ª≈“¥ÿ°æ—π∏ÿåº ¡∑’Ë¡’πÈ”Àπ—°µ—«‡©≈’Ë¬ 1.5-2.5

°√—¡/µ—« ®”π«π 3,000 µ—« ®“°»Ÿπ¬åæ—≤π“ª√–¡ßπÈ”®◊¥
ªíµµ“π’ ¡“Õπÿ∫“≈„π∂—ß‰ø‡∫Õ√å°≈“ °≈¡¢π“¥§«“¡®ÿπÈ”
2 ≈∫.‡¡µ√  ‚¥¬„ÀâÕ“À“√Õ“À“√‡¡Á¥ ”‡√Á®√Ÿª¬’ËÀâÕ‰Œ-‡°√å¥
‡∫Õ√å 9961 ´÷Ëß¡’§ÿ≥§à“∑“ß‚¿™π“°“√§◊Õ §«“¡™◊Èπ 12%
‚ª√µ’π 40%  ‰¢¡—π 6%  ·≈–‡¬◊ËÕ„¬ 5%  «—π≈– 2 §√—Èß
§◊Õ 9.00 π. ·≈– 16.00 π. ‡ªìπ‡«≈“ 1 ‡¥◊Õπ π”≈Ÿ°ª≈“
‰ªµ√«® Õ∫°“√µ‘¥‡™◊ÈÕ·∫§∑’‡√’¬·≈–ª√ ‘µ¿“¬πÕ° ‡¡◊ËÕ
‰¡à¡’‚√§„¥Ê ®÷ßπ”‰ª„™â„π°“√∑¥≈Õß

3. °“√‡µ√’¬¡Õ“À“√∑¥≈Õß

Õ“À“√∑¥≈Õß¡’ 9  Ÿµ√·∫àß‡ªìπ Õß°≈ÿà¡ §◊Õ °≈ÿà¡∑’Ë
1 ‡ √‘¡¥â«¬‡Õπ‰´¡å‰ø‡µ „π√–¥—∫∑’Ë·µ°µà“ß°—π 5 √–¥—∫
§◊Õ 0,  250,  500,  750 ·≈– 1,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°.
( Ÿµ√∑’Ë 2-6 µ“¡≈”¥—∫) ·≈–°≈ÿà¡∑’Ë 2 ‡ √‘¡¥â«¬ DCP 3

√–¥—∫ §◊Õ 0.1%, 0.2% ·≈– 0.3% ( Ÿµ√∑’Ë 7-9 µ“¡≈”¥—∫)
Õ“À“√ Ÿµ√∑’Ë 2-9 ‰¡à„ àª≈“ªÉπ ‚¥¬¡’ Ÿµ√∑’Ë 1 ‡ªìπ™ÿ¥
§«∫§ÿ¡´÷Ëß‡ªìπ Ÿµ√Õ“À“√∑’Ë„™â‡≈’È¬ßª≈“¥ÿ°‚¥¬„™âª≈“ªÉπ
·≈–°“°∂—Ë«‡À≈◊Õß‡ªìπ‚ª√µ’πÀ≈—°

Õ“À“√∑¥≈Õß∑’Ë„™â‡ªìπÕ“À“√‡¡Á¥·∫∫™◊Èπ ®—¥
‡µ√’¬¡¢÷Èπ¡“‡Õß ‚¥¬π”«—µ∂ÿ¥‘∫∑’Ë„™â‰ª«‘‡§√“–Àå§ÿ≥§à“∑“ß
‚¿™π“°“√ ‰¥â·°à §«“¡™◊Èπ ‚ª√µ’π ‰¢¡—π ‡∂â“ ‡¬◊ËÕ„¬ ·≈–
øÕ øÕ√—  (Table 1) ‚¥¬«‘∏’ AOAC (1990) ®“°π—Èπ™—Ëß
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«—µ∂ÿ¥‘∫Õ“À“√ ‰¥â·°à ª≈“ªÉπ °“°∂—Ë«‡À≈◊Õß °“°‡π◊ÈÕ
‡¡≈Á¥„πª“≈å¡πÈ”¡—π ¢â“«‚æ¥ πÈ”¡—πæ◊™ «‘µ“¡‘π ·√à∏“µÿ√«¡
(¬°‡«âπøÕ øÕ√— ) ·≈– DCP (‡ªìπ rock phosphate ‡°√¥
ÀâÕßªØ‘∫—µ‘°“√, lab grade) µ“¡ Ÿµ√∑’Ë§”π«≥‰«â (Table

2) π” à«πº ¡∑—ÈßÀ¡¥ ¬°‡«âππÈ”¡—π ·≈–‡Õπ‰´¡å‰ø‡µ 
( Ÿµ√ 2-6) ¡“º ¡„Àâ‡¢â“°—π¥â«¬‡§√◊ËÕßº ¡Õ“À“√ ‡µ‘¡
πÈ”¡—π·≈–πÈ”°≈—Ëπ≈ß‰ª√–À«à“ß°“√º ¡Õ“À“√ ‡¡◊ËÕ à«π
ª√–°Õ∫«— ¥ÿÕ“À“√‡¢â“°—π¥’ π”‰ª‡¢â“‡§√◊ËÕßÕ—¥‡¡Á¥ºà“π
Àπâ“·«àπ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 2 ¡¡. ( ”À√—∫‡≈’È¬ß
ª≈“„π —ª¥“Àå∑’Ë 0-4) ·≈–Àπâ“·«àπ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß
3 ¡¡. ( ”À√—∫‡≈’È¬ßª≈“„π —ª¥“Àå∑’Ë 5-10) ‚¥¬µ—¥‡¡Á¥
Õ“À“√„Àâ¡’¢π“¥„°≈â‡§’¬ß°—π Õ∫Õ“À“√∑’ËÕÿ≥À¿Ÿ¡‘ 60ºC

π“π 24 ™—Ë«‚¡ß π”Õ“À“√ Ÿµ√∑’Ë 2-6 ´÷ËßÕ∫·Àâß·≈â« ¡“
©’¥æàπ‡Õπ‰´¡å∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ 0,  250,  500,  750

·≈– 1,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°. ‚¥¬™—Ëß‡Õπ‰´¡å‰ø‡µ ∑’Ë¡’
≈—°…≥–‡ªìπºß ’¢“« 0.05,  0.10,  0.15 ·≈– 0.20 °√—¡
µ“¡≈”¥—∫ º ¡°—∫πÈ”°≈—Ëπ∑’Ëª√“»®“°‰ÕÕÕπ (deionized

water) 40 ¡≈./Õ“À“√ 1 °°. ©’¥æàπ‡Õπ‰´¡å‰ø‡µ ∫π
‡¡Á¥Õ“À“√  ”À√—∫ Ÿµ√∑’Ë‰¡à¡’°“√‡ √‘¡¥â«¬‡Õπ‰´¡å‰ø‡µ 
®–∑”°“√©’¥æàπ‡¡Á¥Õ“À“√¥â«¬πÈ”∑’Ëª√“»®“°‰ÕÕÕπ
ª√‘¡“≥ 40 ¡≈./Õ“À“√ 1 °°. ‡™àπ°—π ‡æ◊ËÕ„Àâ∑ÿ° Ÿµ√¡’
§«“¡™◊Èπ„°≈â‡§’¬ß°—π  º÷ËßÕ“À“√„Àâ·Àâß·≈â«∫√√®ÿ„π∂ÿß
æ≈“ µ‘°‡°Á∫√—°…“‰«â„πµŸâ‡¬Áπ∑’ËÕÿ≥À¿Ÿ¡‘ 4ºC («ÿ≤‘æ√·≈–
§≥–, 2540) ‡Õπ‰´¡å‰ø‡µ ∑’Ë„™â‡ªìπº≈‘µ¿—≥±å¢Õß∫√‘…—∑
∫’‡Õ‡Õ ‡Õø (BASF) ª√–‡∑»‡¬Õ√¡π’ ‚¥¬‡ªìπº≈º≈‘µ
®“°‡™◊ÈÕ√“ Aspergillus niger ¡’™◊ËÕ∑“ß°“√§â“«à“ π“∑ŸøÕ 
(Natuphos 5,000 G) ¡’ ‰ø‡µ ·Õ§µ‘«‘µ’ 5,000 ‡Õø∑’¬Ÿ/
°√—¡ [‡Õø∑’¬Ÿ (FTU) ‡ªìπÀπà«¬¢Õß‡Õπ‰´¡å‰ø‡µ  ‚¥¬
1 ‡Õø∑’¬Ÿ À¡“¬∂÷ß °“√ª≈¥ª≈àÕ¬À√◊Õ¬àÕ¬ 1 ‰¡‚§√‚¡≈
¢ÕßÕπ‘π∑√’¬åøÕ øÕ√— /π“∑’ ®“°‚´‡¥’¬¡‰ø‡µ∑ (sodium

phytate) ∑’ËÕÿ≥À¿Ÿ¡‘ 37ºC ·≈–æ’‡Õ™ 5.5)  (Soares and

Hughes, 1995)  à«π DCP ¡’‡π◊ÈÕ·§≈‡´’¬¡ 32.76% ·≈–
øÕ øÕ√—  17.48% π”Õ“À“√∑¥≈Õß ‰ª«‘‡§√“–Àå§ÿ≥§à“
∑“ß‚¿™π“°“√ (§«“¡™◊Èπ  ‚ª√µ’π  ‰¢¡—π  ‡¬◊ËÕ„¬  ‡∂â“
øÕ øÕ√— ·≈–·§≈‡´’¬¡) µ“¡«‘∏’¡“µ√∞“π ¢Õß AOAC

(1990)  à«πª√‘¡“≥‰π‚µ√‡®πø√’‡Õ°´å·∑√°´å (nitrogen

free extract, NFE) §”π«≥‰¥â®“° Ÿµ√ 100 - (§«“¡™◊Èπ+
‚ª√µ’π+ ‰¢¡—π+‡∂â“+‡¬◊ËÕ„¬) ¥—ß· ¥ß„π Table 3 T
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º≈¢Õß‡Õπ‰´¡å‰ø‡µ µàÕ°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√„™âøÕ øÕ√— 

«ÿ≤‘æ√ æ√À¡¢ÿπ∑Õß ·≈–§≥–

4. ·ºπ°“√∑¥≈Õß·≈–°“√‡°Á∫√«∫√«¡¢âÕ¡Ÿ≈

«“ß·ºπ°“√∑¥≈Õß·∫∫ ÿà¡µ≈Õ¥  (completely

randomized design: CRD) ‚¥¬®—¥„Àâ·µà≈–™ÿ¥°“√∑¥≈Õß
¡’ 3 ́ È” ‡¡◊ËÕ‡√‘Ë¡µâπ°“√∑¥≈Õß ª√—∫ª√‘¡“µ√πÈ”„πµŸâ∑¥≈Õß
∑ÿ°µŸâ„Àâ‰¥â  180 ≈‘µ√  ·≈–‡æ◊ËÕ„Àâ≈Ÿ°ª≈“ª√—∫ ¿“æ„Àâ
§ÿâπ‡§¬°—∫ ¿“æ·«¥≈âÕ¡¢ÕßµŸâ·≈–Õ“À“√∑¥≈Õß®÷ßΩñ°„Àâ
°‘πÕ“À“√∑¥≈Õß ( Ÿµ√∑’Ë 1) ‡ªìπ‡«≈“ 1  —ª¥“Àå ª≈àÕ¬
ª≈“„πµŸâ∑¥≈Õß µŸâ≈– 20 µ—« „™â≈Ÿ°ª≈“¥ÿ°æ—π∏ÿåº ¡∑—ÈßÀ¡¥
480 µ—« ‚¥¬ ÿà¡ª≈“∑’Ë¡’πÈ”Àπ—°‡©≈’Ë¬ 5-6 °√—¡/µ—« „Àâ
Õ“À“√«—π≈– 2 §√—Èß §◊Õ ‡™â“‡«≈“ 9.00 π. ·≈–‡¬Áπ‡«≈“
16.00 π. ‚¥¬„Àâª≈“°‘π®πÕ‘Ë¡ ∫—π∑÷°πÈ”Àπ—°Õ“À“√∑’Ë„Àâ
∑ÿ° —ª¥“Àåµ≈Õ¥°“√∑¥≈Õß °àÕπ„ÀâÕ“À“√™à«ß‡¬Áπ®–¥Ÿ¥
µ–°Õπ∑”§«“¡ –Õ“¥µŸâª≈“‚¥¬«‘∏’°“≈—°πÈ”·≈â«‡µ‘¡πÈ”„À¡à
„Àâ‡∑à“‡¥‘¡∑ÿ°§√—Èß ‡æ◊ËÕ§«∫§ÿ¡§ÿ≥¿“æπÈ”„Àâ‡À¡“– ¡µ≈Õ¥
°“√∑¥≈Õß  ·≈–µ√«® Õ∫§ÿ≥¿“æπÈ”®“°∫àÕæ—°πÈ” ∫àÕ
∫”∫—¥ ·≈–µŸâ∑¥≈Õß‚¥¬ ÿà¡™ÿ¥°“√∑¥≈Õß≈– 2 µŸâ  ∑ÿ°Ê 2
 —ª¥“Àåµ≈Õ¥°“√∑¥≈Õß µ“¡«‘∏’¢Õß Boyd ·≈– Tucker

(1992) ‰¥â·°à §à“§«“¡‡ªìπ°√¥-¥à“ß (pH) ÕÕ°´‘‡®π
≈–≈“¬πÈ” (dissolved oxygen, DO) Õÿ≥À¿Ÿ¡‘ §«“¡‡ªìπ
¥à“ß (total alkalinity) §«“¡°√–¥â“ß (total hardness)
ª√‘¡“≥·Õ¡‚¡‡π’¬ (ammonia) ‰π‰µ√∑å (nitrite) ‰π‡µ√∑
(nitrate) ª√‘¡“≥øÕ øÕ√—  (total phosphorus)

5. °“√‡°Á∫¢âÕ¡Ÿ≈·≈–«‘‡§√“–Àå¢âÕ¡Ÿ≈

5.1 °“√µ√«® Õ∫æƒµ‘°√√¡·≈–≈—°…≥–∑’Ë· ¥ßÕÕ°

¿“¬πÕ°

√–À«à“ß°“√∑¥≈Õß —ß‡°µæƒµ‘°√√¡¢Õßª≈“∑ÿ°™ÿ¥
°“√∑¥≈Õß ‰¥â·°à °“√«à“¬πÈ” °“√¬Õ¡√—∫Õ“À“√ ·≈–
 —ß‡°µ≈—°…≥–¿“¬πÕ° ‰¥â·°à  ’¢Õß≈”µ—« °“√µ°‡≈◊Õ¥ ·≈–
°“√‡°‘¥∫“¥·º≈∑’Ë§√’∫ º‘«Àπ—ß ·≈–Õ«—¬«–¿“¬πÕ°Õ◊ËπÊ
„™â¬“·≈– “√‡§¡’‡æ◊ËÕªÑÕß°—π‚√§ µ“¡ ¿“æ¢Õßª≈“

5.2 °“√µ√«® Õ∫°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“

™—ËßπÈ”Àπ—°ª≈“∑ÿ° 2  —ª¥“Àå ‡æ◊ËÕ§”π«≥πÈ”Àπ—°
ª≈“∑’Ë‡æ‘Ë¡¢÷Èπ‚¥¬°“√™—ËßπÈ”Àπ—°√«¡¢Õßª≈“·µà≈–´È”¥â«¬

Table 2. Composition of experimental diets (%)

Diet formulae

        Ingredients

1 2 3 4 5 6 7 8 9

Fish meal 23 - - - - - - - -
Soybean meal 25 60 60 60 60 60 60 60 60
Corn 14.5 13 13 13 13 13 13 13 13
Palm kernel cake 0 15 15 15 15 15 15 15 15
Broken rice 7 - - - - - - - -
Rice bran 3.8 - - - - - - - -
Rice flour 12 - - - - - - - -
Soybean oil 1 1 1 1 1 1 1 1 1
Vitamin mixtures1 1 1 1 1 1 1 1 1 1
Mineral mixtures2 1 1 1 1 1 1 1 1 1
Vitamin C 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Choline chloride 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Rice hull 11.4 8.7 8.7 8.7 8.7 8.7 8.14 7.57 7.01
Enzyme phytase - - 0.005 0.010 0.0150 0.020 - - -
Dicalcium phosphate - - - - - - 0.56 1.13 1.69

1 Vitamin mixtures (g/kg feed): Retinal (A) 1.20 mg; (4,000 IU); Cholecalciferol (D3) 0.51 mg; (2,000 IU);

Tocopherol (E) 50 mg; Menadione sodium bisulfite 10 mg;  Thiamine (B
1
) 10 mg;  Riboflavin (B

2
) 20 mg;

Pyridoxine (B
6
) 20 mg; Cyanocobalamin 0.2 mg; Calcium pantothenate 200 mg; Niacin 150 mg; Folic acid

5 mg; Biotin 2 mg; Inositol 400 mg
2 Mineral mixtures (g/kg feed): MnSO

4
..H

2
O 25 mg; ZnSO

4
..7H

2
O 20 mg; FeSO

4
.7H

2
O 30 mg; KIO

3
 5 mg;

CuSO
4
.5H

2
O 5 mg; CoCl

2
.6H

2
O  0.05 mg; Na

2
SeO

3
 0.3 mg
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‡§√◊ËÕß™—Ëß‰øøÑ“∑»π‘¬¡ 2 µ”·Àπàß („π«—π∑’Ë™—ËßπÈ”Àπ—°
ß¥„ÀâÕ“À“√‡ªìπ‡«≈“ 1 «—π) π—∫®”π«πª≈“∑’Ë‡À≈◊ÕÕ¬Ÿà ®π
 ‘Èπ ÿ¥°“√∑¥≈Õß π”¢âÕ¡Ÿ≈∑’Ë‰¥â¡“§”π«≥Õ—µ√“°“√√Õ¥
(survival rate) °“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“ (Jantrarotai et

al., 1994) Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ (Dupree and

Sneed, 1966) Õ—µ√“°“√°‘πÕ“À“√ (Yone and Fujii, 1975)
5.3 °“√§”π«≥§à“¥—™π’µ—∫µàÕµ—« (Hepatosomatic Index)

‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß  ÿà¡ª≈“®“°∑ÿ°™ÿ¥°“√∑¥≈ÕßÊ
≈– 6 µ—« π”ª≈“·µà≈–µ—«‰ª™—ËßπÈ”Àπ—°µ—«·≈–πÈ”Àπ—°µ—∫
π”§à“∑’Ë‰¥â¡“§”π«≥À“§à“¥—™π’µ—∫/µ—«  (Anwar and Jafri,

1995)
5.4 °“√»÷°…“Õß§åª√–°Õ∫∑“ß‡§¡’¢Õßª≈“

 ÿà¡µ—«Õ¬à“ßª≈“°àÕπ‡√‘Ë¡°“√∑¥≈Õß®”π«π 30 µ—«
π”‰ª«‘‡§√“–Àå§«“¡™◊Èπ„π√à“ß°“¬∑—π∑’·≈–π”µ—«Õ¬à“ßª≈“
‰ª«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’¢Õßµ—«ª≈“‰¥â·°à ª√‘¡“≥
‚ª√µ’π ‰¢¡—π ‡∂â“ ·≈–øÕ øÕ√— µ“¡«‘∏’°“√¢Õß AOAC

(1990) ∫—π∑÷°‡ªìπÕß§åª√–°Õ∫∑“ß‡§¡’¢Õßµ—«ª≈“‡√‘Ë¡µâπ
‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß ÿà¡µ—«Õ¬à“ßª≈“®“°·µà≈–µŸâ∑¥≈ÕßÊ
≈– 2 µ—« ‰ª«‘‡§√“–Àå§«“¡™◊Èπ ‚ª√µ’π ‰¢¡—π ‡∂â“ ·≈–
øÕ øÕ√—   µ“¡«‘∏’°“√¢Õß AOAC (1990) ·≈–π”§à“
‚ª√µ’π„πµ—«ª≈“‡¡◊ËÕ‡√‘Ë¡µâπ·≈– ‘Èπ ÿ¥°“√∑¥≈Õß‰ª
§”π«≥ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π (Zeitoun et al., 1973)

·≈–°“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘ (Robinson and

Wilson, 1985)
5.5 °“√«‘‡§√“–ÀåøÕ øÕ√— ·≈–·§≈‡´’¬¡„π°√–¥Ÿ°

‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß ÿà¡ª≈“µŸâ≈– 5 µ—« ·≈à‡Õ“
‡©æ“–°√–¥Ÿ°∫√‘‡«≥°–‚À≈° °√–¥Ÿ° —πÀ≈—ß·≈–À“ß ‰ª
Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ 60ºC π“π 48 ™—Ë«‚¡ß π”µ—«Õ¬à“ßπ—Èπ‰ª
«‘‡§√“–Àåª√‘¡“≥øÕ øÕ√— ·≈–·§≈‡´’¬¡ µ“¡«‘∏’°“√¢Õß
AOAC (1990)

5.6 °“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“

‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß ∑”°“√‡°Á∫µ—«Õ¬à“ß‚¥¬ ÿà¡
‡°Á∫‡π◊ÈÕ‡¬◊ËÕµ—∫ ®“°µ—«Õ¬à“ßª≈“µŸâ∑¥≈ÕßÊ ≈– 2 µ—«¡“·™à
„πøÕ√å¡“≈’π 10% (formalin) 1  —ª¥“Àå ·≈â«‡ª≈’Ë¬π
πÈ”¬“¥Õß‡ªìπ·Õ≈°ÕŒÕ≈å 70% °àÕππ”‰ªºà“π°√√¡«‘∏’
‡µ√’¬¡‡π◊ÈÕ‡¬◊ËÕ¢Õß Humason (1972) µ—¥‡π◊ÈÕ‡¬◊ËÕ„Àâ¡’
§«“¡Àπ“ 3-4 ‰¡‚§√‡¡µ√ ·≈â«¬âÕ¡¥â«¬ ’ hematoxylin

·≈– eosin (H&E) (Bancroft, 1967) ®“°π—Èππ”‡π◊ÈÕ‡¬◊ËÕT
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«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 27 (©∫—∫æ‘‡»… 1) 2548 : «“√‘™»“ µ√å 177

º≈¢Õß‡Õπ‰´¡å‰ø‡µ µàÕ°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√„™âøÕ øÕ√— 

«ÿ≤‘æ√ æ√À¡¢ÿπ∑Õß ·≈–§≥–

‰ª»÷°…“¥â«¬°≈âÕß®ÿ≈∑√√»πå
5.7 °“√»÷°…“Õß§åª√–°Õ∫‡≈◊Õ¥

‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß  ÿà¡ª≈“®“°∑ÿ°™ÿ¥°“√∑¥≈ÕßÊ
≈– 6 µ—« ¡“ ≈∫¥â«¬§«‘π“≈¥’π ‡®“–‡≈◊Õ¥®“°∫√‘‡«≥‚§π
À“ß‚¥¬„™â°√¥‡Õ∑’≈‘π‰¥Õ–¡’π‡µµ√“Õ– ’́µ‘° 1% (ethylen-

ediaminetetraacetic acid : EDTA)  ‡ªìπ “√ªÑÕß°—π°“√
·¢Áßµ—«¢Õß‡≈◊Õ¥ ‡æ◊ËÕ»÷°…“Õß§åª√–°Õ∫¢Õß‡≈◊Õ¥ §◊Õ

- Hemoglobin ‚¥¬„™â«‘∏’ Cyanmet-haemoglobin

¢Õß Larsen ·≈– Snieszko (1961)

- Hematocrit ‚¥¬«‘∏’¥—¥·ª≈ß®“° Blaxhall ·≈–
Daisley (1973)

- Plasma protein ‚¥¬«‘∏’¥—¥·ª≈ß®“° Lowry ·≈–
§≥– (1951)

6. °“√«‘‡§√“–Àå¢âÕ¡Ÿ≈

«‘‡§√“–Àå¢âÕ¡Ÿ≈‚¥¬„™â°“√«‘‡§√“–Àå§«“¡·ª√ª√«π
ANOVA ·∫∫ CRD ·≈–‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß¢Õß
§à“‡©≈’Ë¬¥â«¬«‘∏’ Duncan's Multiple Range Test (Steel

and Torrie, 1980)

º≈°“√∑¥≈Õß

1. °“√µ√«® Õ∫æƒµ‘°√√¡·≈–≈—°…≥–∑’Ë· ¥ßÕÕ°¿“¬

πÕ°¢Õßª≈“¥ÿ°æ—π∏ÿåº ¡∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√µà“ßÊ

®“°°“√»÷°…“§√—Èßπ’È‰¡àæ∫§«“¡º‘¥ª°µ‘¢Õß√Ÿª√à“ß
≈—°…≥–¿“¬πÕ°¢Õßª≈“¥ÿ°æ—π∏ÿåº ¡∑’Ë‰¥â√—∫Õ“À“√®“°
·À≈àß«—µ∂ÿ¥‘∫æ◊™∑—Èß„π°≈ÿà¡∑’Ë¡’°“√‡ √‘¡¥â«¬‡Õπ‰´¡å‰ø‡µ 
·≈–°≈ÿà¡∑’Ë¡’°“√‡ √‘¡¥â«¬ DCP ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ª≈“∑’Ë
‰¥â√—∫Õ“À“√™ÿ¥§«∫§ÿ¡ ( Ÿµ√∑’Ë 1) µ≈Õ¥®π ‘Èπ ÿ¥°“√∑¥≈Õß

2. °“√‡®√‘≠‡µ‘∫‚µ·≈–Õ—µ√“√Õ¥

2.1 πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«

πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«¢Õßª≈“¢Õßª≈“¥ÿ°æ—π∏ÿåº ¡∑’Ë
‰¥â√—∫Õ“À“√∑¥≈Õß∑—Èß 9  Ÿµ√ ‡æ‘Ë¡¢÷Èπµ“¡√–¬–‡«≈“∑’Ë
‡≈’È¬ßµ≈Õ¥ 10  —ª¥“Àå ¥—ß· ¥ß„π Table 4 ‚¥¬æ∫«à“
ª≈“„π™ÿ¥§«∫§ÿ¡‡√‘Ë¡¡’πÈ”Àπ—°‡©≈’Ë¬·µ°µà“ß®“° Ÿµ√Õ◊ËπÊ
∑ÿ° Ÿµ√ (p<0.05) µ—Èß·µà —ª¥“Àå∑’Ë 2 ®π°√–∑—Ëß ‘Èπ ÿ¥°“√
∑¥≈Õß‚¥¬¡’§à“ Ÿß∑’Ë ÿ¥ ·≈–‡¡◊ËÕæ‘®“√≥“ª≈“„π°≈ÿà¡‰¥â√—∫

Õ“À“√‡ √‘¡ ‡Õπ‰´¡å‰ø‡µ  (™ÿ¥°“√∑¥≈Õß∑’Ë 2-6) æ∫«à“
‡√‘Ë¡¡’§«“¡·µ°µà“ß°—πµ—Èß·µà —ª¥“Àå∑’Ë 6 ‡ªìπµâπ‰ª ‚¥¬
ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ ∑’Ë√–¥—∫ 500 ¬Ÿπ‘µ/
Õ“À“√ 1 °°. ¡’πÈ”Àπ—°‡©≈’Ë¬ ·µ°µà“ß°—∫™ÿ¥°“√∑¥≈Õß∑’Ë
‡ √‘¡‡Õπ‰´¡å‰ø‡µ ∑’Ë√–¥—∫ 0 ·≈– 250 ¬Ÿπ‘µ/Õ“À“√ 1 °°.
(p<0.05) ·µà‰¡à·µ°µà“ß®“°™ÿ¥°“√∑¥≈Õß∑’Ë‡ √‘¡‡Õπ‰´¡å
‰ø‡µ ∑’Ë√–¥—∫ 750 ·≈– 1,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°. (p>0.05)

‡¡◊ËÕæ‘®“√≥“°“√‡ √‘¡ DCP „π™ÿ¥°“√∑¥≈Õß∑’Ë 7-9 æ∫
«à“ πÈ”Àπ—°‡©≈’Ë¬¢Õßª≈“„π™ÿ¥¥—ß°≈à“«‰¡à¡’§«“¡·µ°µà“ß
°—π∑“ß ∂‘µ‘ (p<0.05) ‚¥¬ª≈“∑’Ë‰¥â√—∫øÕ øÕ√—  0.1%  ¡’
πÈ”Àπ—°‡©≈’Ë¬µË”°«à“·≈–·µ°µà“ß°—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë‡ √‘¡
‡Õπ‰´¡å‰ø‡µ ∑’Ë√–¥—∫ 500 ¬Ÿπ‘µ/Õ“À“√ 1 °°. (p<0.05)

·µà‰¡à·µ°µà“ß°—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë‡ √‘¡‡Õπ‰´¡å‰ø‡µ 
∑’Ë√–¥—∫ 750 ·≈– 1,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°. (p>0.05)

¢≥–∑’Ëª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ DCP 0.2% ·≈– 0.3% ¡’
πÈ”Àπ—°‡©≈’Ë¬‰¡à·µ°µà“ß°—π ·≈–‰¡à·µ°µà“ß°—∫ª≈“∑’Ë‰¥â√—∫
Õ“À“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ ∑ÿ°√–¥—∫ (p>0.05)

2.2 πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–

Õ—µ√“°“√°‘πÕ“À“√ ·≈–Õ—µ√“°“√√Õ¥µ“¬

πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ  Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–
Õ—µ√“°“√°‘πÕ“À“√·≈–Õ—µ√“°“√√Õ¥µ“¬¢Õßª≈“¥ÿ°æ—π∏ÿå
º ¡∑’Ë‰¥â√—∫Õ“À“√∑—Èß 9  Ÿµ√ ‡ªìπ√–¬–‡«≈“ 10  —ª¥“Àå
· ¥ß„π Table 5 æ∫«à“ πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ¢Õßª≈“¥ÿ°
æ—π∏ÿåº ¡∑—Èß 9 ™ÿ¥°“√∑¥≈Õß ‡ªìπ‰ª„π·π«∑“ß‡¥’¬«°—∫
πÈ”Àπ—°‡©≈’Ë¬¢Õßª≈“ °≈à“«§◊Õ ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√ 1

(¡’ª≈“ªÉπ‡ªìπ·À≈àß‚ª√µ’π) ¡’πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ Ÿß∑’Ë ÿ¥
·≈–·µ°µà“ß°—∫™ÿ¥°“√∑¥≈ÕßÕ◊ËπÊ (p<0.05) ‡¡◊ËÕæ‘®“√≥“
„π°≈ÿà¡∑’Ë‡ √‘¡‡Õπ‰´¡å‰ø‡µ ·≈– DCP æ∫«à“ ª≈“∑’Ë‰¥â
√—∫Õ“À“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ ∑’Ë√–¥—∫ 500 ¬Ÿπ‘µ/Õ“À“√ 1
°°. ¡’πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ Ÿß°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√‰¡à‡ √‘¡
‡Õπ‰´¡å ( Ÿµ√∑’Ë 2)  ·≈–∑’Ë‡ √‘¡‡Õπ‰´¡å‰ø‡µ  250 ¬Ÿπ‘µ/
Õ“À“√ 1 °°. (p<0.05) ·µà‰¡àµà“ß®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√
‡ √‘¡‡Õπ‰´¡å‰ø‡µ  750 ·≈– 1,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°.
·≈–‰¡àµà“ß°—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ DCP ∑—Èß 3 √–¥—∫
(p>0.05) (Table 5)  ”À√—∫Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–
æ∫«à“ ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 1 ´÷Ëß¡’ª≈“ªÉπ‡ªìπ·À≈àß
‚ª√µ’π¡’Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“– Ÿß∑’Ë ÿ¥ (p>0.05) ‡¡◊ËÕ
æ‘®“√≥“„π°≈ÿà¡∑’Ë‡ √‘¡‡Õπ‰´¡å‰ø‡µ  æ∫«à“ ª≈“∑’Ë‰¥â√—∫
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Õ“À“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ ∑’Ë√–¥—∫ 500 ¬Ÿπ‘µ/Õ“À“√ 1 °°.
¡’Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“– Ÿß°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√
‡ √‘¡‡Õπ‰´¡å‰ø‡µ  Ÿµ√Õ◊ËπÊ (p<0.05) ¬°‡«âπ™ÿ¥°“√
∑¥≈Õß∑’Ë‡ √‘¡‡Õπ‰´¡å‰ø‡µ  1,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°.
·≈–ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ DCP 0.3% ¡’Õ—µ√“°“√‡®√‘≠
‡µ‘∫‚µ®”‡æ“– Ÿß°«à“∑’Ë√–¥—∫ 0.1% (p<0.05) ·µà‰¡à·µ°µà“ß
°—∫ª≈“°≈ÿà¡∑’Ë‰¥â√—∫øÕ øÕ√—  0.2% (p>0.05) (Table 5)

Õ—µ√“°“√°‘πÕ“À“√¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡‡Õπ‰´¡å
‰ø‡µ À√◊Õ DCP „π√–¥—∫µà“ßÊ æ∫«à“‰¡à¡’§«“¡·µ°µà“ß
°—∫™ÿ¥°“√∑¥≈Õß∑’Ë 2 (‰¡à‡ √‘¡‡Õπ‰´¡å‰ø‡µ ) (p>0.05)

·µà¡’§«“¡·µ°µà“ß°—∫ª≈“„π™ÿ¥°“√∑¥≈Õß∑’Ë 1 (p<0.05)

‚¥¬ª≈“„π™ÿ¥°“√∑¥≈Õß∑’Ë 1 ¡’Õ—µ√“°“√°‘πÕ“À“√ Ÿß∑’Ë ÿ¥
·≈–Õ—µ√“°“√√Õ¥µ“¬¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß∑—Èß 9

 Ÿµ√‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘ (p>0.05) (Table 5)

3. Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ ª√– ‘∑∏‘¿“æ°“√„™â

‚ª√µ’π ·≈–°“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘

Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ (feed conversion

rate, FCR) ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π (protein efficiency

ratio, PER) ·≈–°“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘ (appar-

ent net protein utilization) ¢Õßª≈“¥ÿ°æ—π∏ÿåº ¡∑’Ë‰¥â√—∫
Õ“À“√∑¥≈Õß∑—Èß 9  Ÿµ√ · ¥ß„π Table 6 æ∫«à“Õ—µ√“
°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ¡’§«“¡·µ°µà“ß°—π√–À«à“ß™ÿ¥
°“√∑¥≈Õß (p<0.05) ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√§«∫§ÿ¡
¡’Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ¥’∑’Ë ÿ¥  ”À√—∫°“√‡ √‘¡
‡Õπ‰´¡å‰ø‡µ  æ∫«à“∑’Ë√–¥—∫ 500 ·≈– 1,000 ¬Ÿπ‘µ/Õ“À“√
1 °°. ( Ÿµ√∑’Ë 4 ·≈– 6 µ“¡≈”¥—∫) ª≈“¡’Õ—µ√“°“√‡ª≈’Ë¬π
Õ“À“√‡ªìπ‡π◊ÈÕ¥’∑’Ë ÿ¥ ·≈–‰¡à·µ°µà“ß®“°°≈ÿà¡∑’Ë‡ √‘¡ DCP

∑—Èß 3 √–¥—∫ ( Ÿµ√∑’Ë 7-9) (Table 6) ª√– ‘∑∏‘¿“æ°“√„™â
‚ª√µ’π¢Õßª≈“¥ÿ°æ—π∏ÿåº ¡ æ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√
§«∫§ÿ¡¡’ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π Ÿß ÿ¥ ·≈–æ∫«à“°“√
‡ √‘¡‡Õπ‰´¡å‰ø‡µ ·≈– DCP ‰¡à¡’º≈∑”„Àâª√– ‘∑∏‘¿“æ
°“√„™â‚ª√µ’π·µ°µà“ß°—π ¬°‡«âπ°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ 
∑’Ë√–¥—∫ 500 ¬Ÿπ‘µ/Õ“À“√ 1 °°. ·≈– DCP 0.3% ∑’Ë
∑”„Àâª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π¥’°«à“°≈ÿà¡∑’Ë‰¡à‡ √‘¡‡Õπ‰´¡å
‰ø‡µ  (Table 6)

 ”À√—∫°“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘ æ∫«à“ ª≈“
„π™ÿ¥§«∫§ÿ¡ ¡’°“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘¥’∑’Ë ÿ¥‚¥¬
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º≈¢Õß‡Õπ‰´¡å‰ø‡µ µàÕ°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√„™âøÕ øÕ√— 

«ÿ≤‘æ√ æ√À¡¢ÿπ∑Õß ·≈–§≥–

‰¡à·µ°µà“ß®“°ª≈“ ∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ DCP 0.3% ·≈–
°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ µ—Èß·µà 250 ¬Ÿπ‘µ/Õ“À“√ 1 °°. ¢÷Èπ
‰ª ·≈–°“√‡ √‘¡ DCP ∑ÿ°√–¥—∫ àßº≈„Àâª≈“¡’°“√„™â
ª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘¥’°«à“°≈ÿà¡∑’Ë‰¡à‡ √‘¡‡Õπ‰´¡å ‰ø‡µ 
( Ÿµ√∑’Ë 2) (Table 6)

4.  à«πª√–°Õ∫∑“ß‚¿™π“°“√¢Õßª≈“∑—Èßµ—«

Õß§åª√–°Õ∫∑“ß‡§¡’¢Õßª≈“‡¡◊ËÕ‡√‘Ë¡µâπ∑¥≈Õß ·≈–
º≈°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’¢Õßª≈“∑—Èßµ—«‡¡◊ËÕ ‘Èπ
 ÿ¥°“√∑¥≈Õß · ¥ß‰«â¥—ß Table 7 ‚¥¬æ∫«à“°“√‡ √‘¡
‡Õπ‰´¡å‰ø‡µ ∑’Ë√–¥—∫¡“°°«à“ 500 ¬Ÿπ‘µ/Õ“À“√ 1 °°. ¢÷Èπ

Table 5. Weight gain, specific growth rate, rate of feed intake and survival rate of  hybrid catfish fed

9 experimental diets for a 10-week period 1

           Phytase              Weight gain      Specific growth rate   Rate of feed intake    Survival rate

       (unit/kg diet)      (%)   (% /fish/day)           (% /fish/day)       (%)

1 Control 474.90 ± 71.66c 2.46 ± 0.17d 2.83 ± 0.27c  88.33 ± 16.07a

2 0 105.51 ± 3.23a 1.01 ± 0.02a 2.38 ± 0.11ab 96.67 ± 2.89a

3 250 92.77 ± 11.24a 0.92 ± 0.08a 2.20 ± 0.17a 91.67 ± 2.89a

4 500 146.12 ± 4.54b 1.27 ± 0.03c 2.38 ± 0.24ab 96.67 ± 5.77a

5 750 112.38 ± 15.95ab 1.06 ± 0.11ab 2.53 ± 0.03b 95.00 ± 5.00a

6 1,000 137.48 ± 2.80ab 1.22 ± 0.02bc 2.43 ± 0.06ab 93.33 ± 7.64a

7 0.1% DCP 101.96 ± 8.08ab 0.99 ± 0.06a 2.25 ± 0.02ab 96.97 ± 5.77a

8 0.2% DCP 113.91 ± 17.22ab 1.07 ± 0.11ab 2.30 ± 0.02ab 98.33 ± 2.89a

9 0.3% DCP 130.16 ± 4.21ab 1.17 ± 0.03bc 2.23 ± 0.28ab 98.33 ± 2.89a

 1Mean ± standard deviation of three replications

Treatment

Table 6. FCR, PER, ANPU of hybrid catfish fed 9 experimental diets for a 10-week period1

Phytase ANPU

(unit/kg diet)  (%)

1 Control 1.36 ± 0.08a 2.50 ± 0.14d 36.56 ± 2.08c

2 0 2.22 ± 0.04cd 1.53 ± 0.08ab 24.84 ± 1.22a

3 250 2.47 ± 0.16d 1.47 ± 0.03a 29.76 ± 0.83b

4 500 1.79 ± 0.04b 1.88 ± 0.13c 28.13 ± 1.91ab

5 750 2.22 ± 0.17cd 1.48 ± 0.12a 27.61 ± 1.72ab

6 1,000 2.01 ± 0.25bc 1.74 ± 0.10bc 30.68 ± 1.76b

7 0.1% DCP 1.96 ± 0.02bc 1.52 ± 0.13ab 28.43 ± 2.23ab

8 0.2% DCP 2.00 ± 0.23bc 1.62 ± 0.17ab 28.66 ± 2.50ab

9 0.3% DCP 1.97 ± 0.20b 1.88 ± 0.23c 34.31 ± 4.33c

1  Mean±standard deviation of three replications

   Means within each column not sharing a common superscript are significantly different (p<0.05)

‰ª ·≈–∑’Ë∑ÿ°√–¥—∫¢Õß DCP µ—Èß·µà 0.1-0.3%  àßº≈„Àâ§à“
‚ª√µ’π ‰¢¡—π ‡∂â“ ·≈–øÕ øÕ√— „πµ—«ª≈“¡’·π«‚πâ¡ Ÿß
°«à“°≈ÿà¡∑’Ë‰¡à‡ √‘¡‡Õπ‰´¡å (Table 7)

5. Õß§åª√–°Õ∫‡≈◊Õ¥·≈–¥—™π’µ—∫µàÕµ—«

°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫‡≈◊Õ¥ ‰¥â·°à §à“Œ’¡“‚µ§√‘µ
Œ’‚¡‚°≈∫‘π ·≈–‚ª√µ’π„πæ≈“ ¡“¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√∑—Èß
9  Ÿµ√ · ¥ß„π Table 8 æ∫«à“§à“Œ’¡“‚µ§√‘µ¢Õßª≈“
∑¥≈Õß∑—Èß 9  Ÿµ√ ‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘ (p>0.05)
§à“Œ’‚¡‚°≈∫‘π¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ 
·≈–°“√‡ √‘¡ DCP „Àâº≈‰¡à·µ°µà“ß°—∫°≈ÿà¡∑’Ë‰¡à‡ √‘¡

Treatment FCR PER
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‡Õπ‰´¡å ∑—Èßπ’Èæ∫«à“°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ ∑’Ë√–¥—∫ 500-750

¬Ÿπ‘µ/Õ“À“√ 1 °°. ¡’·π«‚πâ¡ Ÿß°«à“°≈ÿà¡∑’Ë‰¡à‡ √‘¡‡Õπ‰´¡å
(Table 8)  ”À√—∫‚ª√µ’π„πæ≈“ ¡“ æ∫«à“‡¡◊ËÕæ‘®“√≥“
„π°≈ÿà¡‡¥’¬«°—π §◊Õ°≈ÿà¡∑’Ë‡ √‘¡¥â«¬‡Õπ‰´¡å‰ø‡µ  À√◊Õ
°≈ÿà¡∑’Ë‡ √‘¡¥â«¬ DCP ∑’Ë√–¥—∫µà“ßÊ ‰¡à¡’§«“¡·µ°µà“ß°—π
√–À«à“ß™ÿ¥°“√∑¥≈Õß (p>0.05) (Table 8)

¥—™π’µ—∫µàÕµ—«¢Õßª≈“¥ÿ°æ—π∏ÿåº ¡‰¡à¡’§«“¡·µ°
µà“ß°—π∑“ß ∂‘µ‘ 0.73-1% (p>0.05)

6. øÕ øÕ√— „π°√–¥Ÿ°

®“°°“√«‘‡§√“–ÀåøÕ øÕ√— „π°√–¥Ÿ°¢Õßª≈“¥ÿ°
æ—π∏ÿåº ¡∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß∑—Èß 9  Ÿµ√ µ≈Õ¥√–¬–‡«≈“
10  —ª¥“Àå æ∫«à“ °“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ „πÕ“À“√∑”„Àâ
ª≈“¥ÿ°æ—π∏ÿåº ¡¡’°“√ – ¡øÕ øÕ√— „π°√–¥Ÿ° Ÿß‰¡à·µ°
µà“ß°—∫°≈ÿà¡∑’Ë‰¡à‡ √‘¡‡Õπ‰´¡å‰ø‡µ  (Table 9) Õ¬à“ß‰√
°Áµ“¡æ∫«à“ °“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ ∑’Ë√–¥—∫µ—Èß·µà 500 ¬Ÿπ‘µ/
Õ“À“√ 1 °°. ¡’·π«‚πâ¡°“√ – ¡øÕ øÕ√— „π°√–¥Ÿ°
‡æ‘Ë¡¢÷Èπ ·≈–‡æ‘Ë¡¢÷ÈπÕ¬à“ß™—¥‡®π∑’Ë√–¥—∫°“√‡ √‘¡‡Õπ‰´¡å
1,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°. ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡∑’Ë‰¡à‡ √‘¡
‡Õπ‰´¡å‰ø‡µ 

Table 7. Whole body composition of hybrid catfish fed 9 experimental diets for a 10-week period1

Treatment Phytase Moisture Protein Fat Ash Phosphorus

         I0 76.02 ± 1.52 57.66 ± 0.19 23.38 ± 0.23 11.65 ± 0.02 1.90 ± 0.23
1 Control 74.12 ± 1.21a 55.88 ± 0.24a 24.16 ± 0.18a 12.61 ± 0.02c 2.01 ± 0.30c

         2 0 75.40 ± 0.65a 61.22 ± 0.38a 22.65 ± 0.14a 8.98 ± 0.18a 1.56 ± 0.07b

3 250 75.63 ± 1.14a 59.59 ± 0.27a 24.27 ± 0.36bc 9.99 ± 0.03a 1.55 ± 0.22b

4 500 75.63 ± 1.48a 69.41 ± 0.11f 24.36 ± 0.24bc 9.44 ± 0.34a 1.69 ± 0.02bc

5 750 74.60 ± 0.91a 64.50 ± 0.07de 24.92 ± 0.08c 10.36 ± 0.12b 1.80 ± 0.06c

6 1,000 74.71 ± 1.42a 63.43 ± 0.39b 23.42 ± 0.37a 10.42 ± 0.48b 1.97 ± 0.09c

7 0.1% DCP 74.61 ± 0.18a 64.16 ± 0.25cd 26.58 ± 0.26d 10.42 ± 0.06b 1.82 ± 0.03c

8 0.2% DCP 75.45 ± 0.53a 64.65 ± 0.22e 23.97 ± 0.25b 11.07 ± 0.02c 1.80 ± 0.17c

9 0.3% DCP 74.46 ± 0.51a 63.82 ± 0.12bc 24.16 ± 0.18b 11.29 ± 0.19c 1.90 ± 0.04c

1Mean ± standard deviation of three replications

 Means within each column not sharing a common superscript are significantly different (p<0.05)

 I0 = fish at initial

Table 8. Blood components and Hepatosomatic index of hybrid catfish fed 9 experimental diets for

a 10-week period 1

Treatment  Phytase Hematocrit        Hemoglobin         Plasma protein    Hepatosomatic index

         (unit/kg diet)       (%)      (g/dl)        (mg%)  (%)

1 Control 32.64 ± 2.30 4.96 ± 0.53c 28.33 ± 1.50abc 1.00 ± 0.02
2 0 29.11 ± 1.39 3.76 ± 0.08ab 29.22 ± 4.04bc 0.92 ± 0.07
3 250 27.08 ± 3.13 3.89 ± 0.44ab 31.73 ± 5.78c 0.85 ± 0.12
4 500 28.83 ± 1.89 4.32 ± 0.76abc 26.82 ± 1.71abc 0.97 ± 0.13
5 750 28.97 ± 2.76 4.75 ± 0.36bc 26.39 ± 2.00ab 0.81 ± 0.15
6 1,000 29.31 ± 2.71 3.80 ± 0.54ab 28.57 ± 1.52abc 0.86 ± 0.02
7 0.1% DCP 29.56 ± 0.29 3.31 ± 0.83a 23.37 ± 1.60a 0.81 ± 0.14
8 0.2% DCP 28.15 ± 2.66 3.84 ± 0.63ab 27.34 ± 0.85abc 0.77 ± 0.14
9 0.3% DCP 29.02 ± 1.34 3.87 ± 0.11ab 23.95 ± 1.58ab 0.73 ± 0.14

1Mean ± standard deviation of three replications

 Means within each column not sharing a common superscript are significantly different (p<0.05)
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º≈¢Õß‡Õπ‰´¡å‰ø‡µ µàÕ°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√„™âøÕ øÕ√— 

«ÿ≤‘æ√ æ√À¡¢ÿπ∑Õß ·≈–§≥–

¥â«¬Õ’° 28% ∑”„Àâª≈“‰¡à “¡“√∂¥÷ßøÕ øÕ√— ®“°
«—µ∂ÿ¥‘∫æ◊™‰ª„™â‰¥â‡æ’¬ßæÕ  ®“°°“√«‘‡§√“–Àåª√‘¡“≥
øÕ øÕ√— √«¡ (total phosphate)  „πÕ“À“√ Ÿµ√∑’Ë 1

(Table 3) ¡’§à“ 1.11%  ÷́Ëß§‘¥‡ªìπøÕ øÕ√— ∑’Ëª≈“
 “¡“√∂π”‰ª„™âª√–‚¬™πå‰¥â  (available phosphorus)
‡∑à“°—∫ 0.37% ‚¥¬§”π«≥®“°ª√‘¡“≥øÕ øÕ√—  1 „π
3 ∑’ËÕ¬Ÿà„π«—µ∂ÿ¥‘∫æ◊™ ÷́Ëßª≈“ “¡“√∂¬àÕ¬·≈–π”‰ª„™â‰¥â
(Pointillart et al., 1987) ‚¥¬‡ªìπª√‘¡“≥∑’Ë„°≈â‡§’¬ß°—∫
√–¥—∫øÕ øÕ√— ∑’Ëª≈“°≈ÿà¡‰¡à¡’‡°≈Á¥ (catfish) Õ◊ËπÊ ‡™àπ
ª≈“°¥Õ‡¡√‘°—π (channel catfish, Ictalurus punctatus)
µâÕß°“√  ́ ÷ËßÕ¬Ÿà„π™à«ß 0.40-0.45% (Lovell, 1978; Wilson

et al., 1982) ·≈–®“°°“√«‘‡§√“–Àåª√‘¡“≥øÕ øÕ√— 
√«¡„πÕ“À“√ Ÿµ√∑’Ë 2-6 (°≈ÿà¡∑’Ë„™â«—µ∂ÿ¥‘∫æ◊™‡ªìπ à«π
ª√–°Õ∫¢ÕßÕ“À“√∑—ÈßÀ¡¥)    æ∫«à“Õ¬Ÿà„π™à«ß 0.58-

0.60% ‚¥¬§‘¥‡ªìπª√‘¡“≥øÕ øÕ√— ∑’Ëª≈“ “¡“√∂π”‰ª
„™âª√–‚¬™πå‰¥âª√–¡“≥ 0.2%  à«π∑’Ë‡À≈◊ÕÕ’°ª√–¡“≥
0.4% ®–Õ¬Ÿà„π√Ÿª°√¥‰øµ‘°À√◊Õ‰ø‡µ∑ ´÷Ëßª≈“‰¡à “¡“√∂
„™â‰¥â °“√‡ √‘¡‰ø‡µ ®–∑”„Àâª≈“ “¡“√∂¥÷ßøÕ øÕ√— ÕÕ°
®“°‚¡‡≈°ÿ≈¢Õß‰ø‡µ∑  ∑”„Àâª≈“ “¡“√∂„™âøÕ øÕ√— 
®“°æ◊™‰¥â‡æ‘Ë¡¢÷Èπ  ‚¥¬‰¡àµâÕß‡æ‘Ë¡øÕ øÕ√— ‡¢â“‰ª„π
Õ“À“√ (Reddy et al., 1982)

®“°º≈°“√∑¥≈Õß§√—Èßπ’È· ¥ß„Àâ‡ÀÁπ«à“°“√‡ √‘¡
‰ø‡µ ∑’Ë√–¥—∫ 500 ¬Ÿπ‘µ/Õ“À“√ 1 °°. ¢÷Èπ‰ª „πÕ“À“√

7. °“√»÷°…“‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“¢Õßµ—∫·≈–‰µª≈“¥ÿ°æ—π∏ÿåº ¡

®“°º≈°“√»÷°…“‡π◊ÈÕ‡¬◊ËÕµ—∫·≈–‰µ¢Õßª≈“¥ÿ°
æ—π∏ÿåº ¡ æ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß∑—Èß 9  Ÿµ√ µ≈Õ¥
√–¬–‡«≈“ 10  —ª¥“Àå¡’‚§√ß √â“ß∑“ß‡π◊ÈÕ‡¬◊ËÕ¢Õßµ—∫·≈–
‰µª°µ‘

«‘®“√≥å

®“°°“√»÷°…“§√—Èßπ’È æ∫«à“ ª≈“¥ÿ°æ—π∏ÿåº ¡∑’Ë
‰¥â√—∫Õ“À“√´÷Ëß¡’ª≈“ªÉπ‡ªìπ à«πº ¡ ( Ÿµ√∑’Ë 1) ¡’πÈ”Àπ—°
∑’Ë‡æ‘Ë¡¢÷Èπ ·≈–ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√ Ÿß°«à“™ÿ¥°“√
∑¥≈ÕßÕ◊ËπÊ ∑’Ë¡’«—µ∂ÿ¥‘∫æ◊™‡ªìπ·À≈àß‚ª√µ’π∑—ÈßÀ¡¥ ( Ÿµ√
∑’Ë 2-9) (p<0.05)  Õ¥§≈âÕß°—∫°“√∑¥≈ÕßÕ◊ËπÊ Õ’°À≈“¬
°“√∑¥≈Õß∑’Ë„™â«—µ∂ÿ¥‘∫Õ“À“√®“°æ◊™‡ªìπ à«π„À≠àÀ√◊Õ
∑—ÈßÀ¡¥ ‡™àπ °“√∑¥≈Õß¢Õß Wee ·≈– Shu (1989); Viola

·≈–§≥– (1994); Dato-Cajegas ·≈– Yakupitiyage

(1996) ·≈– «ÿ≤‘æ√ ·≈–§≥– (2547) æ∫«à“ ‡¡◊ËÕª≈“‰¥â
√—∫Õ“À“√∑’Ë‰¡à¡’ª≈“ªÉπ‡ªìπ à«πº ¡∑”„Àâ¡’°“√‡®√‘≠‡µ‘∫‚µ
µË” Õ¬à“ß‰√°Áµ“¡ À“°¡’°“√‡ √‘¡¥â«¬ “√Õ“À“√∫“ß™π‘¥
‡™àπ ‡¡‰∑‚Õπ’π (methionine) °Á “¡“√∂∑¥·∑π°“√„™â
ª≈“ªÉπ·≈–∑”„Àâ°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“‡æ‘Ë¡¢÷Èπ‰¥â (Viola

et al., 1988) „π°“√∑¥≈Õßπ’È¡’°“√„™â°“°∂—Ë«‡À≈◊Õß‡ªìπ
 à«πº ¡„π Ÿµ√Õ“À“√∂÷ß 60% ·≈–«—µ∂ÿ¥‘∫æ◊™Õ◊ËπÊ √à«¡

Table 9. Phosphorus in bone of hybrid catfish fed 9 experimental

diets for a 10-week period1

Treatment    Phytase  Bone phosphorus Bone calcium

          (unit/kg diet)             (%)         (%)

1 Control 3.70 ± 0.32c 6.28 ± 0.20a

2 0 2.77 ± 0.63a 7.90 ± 0.97b

3 250 2.85 ± 0.28a 8.16 ± 1.09b

4 500 3.01 ± 0.14ab 8.94 ± 0.65b

5 750 3.10 ± 0.06ab 10.71 ± 0.19c

6 1,000 3.55 ± 0.04bc 8.56 ± 0.59b

7 0.1% DCP 2.87 ± 0.39a 7.88 ± 0.57b

8 0.2% DCP 2.92 ± 0.33a 9.09 ± 0.70b

9 0.3% DCP 3.02 ± 0.09ab 13.12 ± 0.22d

1Mean ± standard deviation of three  replications

Means within each column not sharing a common superscript are significantly

different (p<0.05)
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ª≈“¥ÿ°æ—π∏ÿåº ¡™à«¬∑”„Àâ°“√‡®√‘≠‡µ‘∫‚µ  (πÈ”Àπ—°
‡©≈’Ë¬, πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ·≈–°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–) ·≈–
ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√  (Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ
‡π◊ÈÕª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π·≈–°“√„™âª√–‚¬™πå®“°
‚ª√µ’π ÿ∑∏‘) ¢Õßª≈“¥’¢÷Èπ  Õ¥§≈âÕß°—∫∑’Ë‡§¬¡’°“√»÷°…“
·≈–√“¬ß“π„πª≈“Õ◊ËπÊ ‰¥â·°à ª≈“°¥Õ‡¡√‘°—π (Jackson

et al., 1996; Li and Robinson, 1997; Eya and Lovell,

1997) ª≈“‡√π‚∫«å‡∑√“∑å (Rodehutscord and Pfeffer,

1995) ·≈–ª≈“§“√åæ (Schafer et al., 1995) ´÷ËßÕ¬Ÿà„π
™à«ß 250-1,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°. ·µà‡ªìπ∑’Ëπà“ —ß‡°µ
«à“√–¥—∫¢Õß‰ø‡µ ¬—ß„Àâº≈∑’Ëº—π·ª√°—∫§à“Õ—µ√“°“√
‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ  ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π  ·≈–
°“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘  ´÷ËßÕ“®‡ªìπ‰ª‰¥â«à“‡°‘¥
®“°°“√¬Õ¡√—∫Õ“À“√¢Õßª≈“∑’Ë‰¡à§àÕ¬¥’π—° ®÷ß¡’º≈∑”„Àâ
Õ“À“√‡À≈◊Õ

 ”À√—∫Õß§åª√–°Õ∫∑“ß‡§¡’¢Õßµ—«ª≈“ æ∫«à“
‚ª√µ’π·≈–‰¢¡—π¢Õßª≈“„π°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡‡Õπ‰´¡å
‰ø‡µ ¡’§à“ Ÿß°«à“ª≈“∑’Ë‰¡à‰¥â√—∫°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ 
∑—Èßπ’È‡π◊ËÕß®“°‰ø‡µ∑¡—°®—∫√«¡µ—«Õ¬Ÿà°—∫‚ª√µ’π·≈–°√¥
Õ–¡‘‚π  àßº≈„Àâ‚ª√µ’π‡°‘¥°“√‡ª≈’Ë¬π√Ÿª (Singh and

Krikorian, 1982; Spinelli et al., 1983; Robaina et al.,

1998; Forster et al., 1999) Õ’°∑—Èß‰ø‡µ∑¬—ß¢—¥¢«“ß°“√
∑”ß“π¢Õß‡Õπ‰´¡å‚ª√µ‘‡Õ  (protease) Õ–‰¡‡≈  (amylase)
·≈–‰≈‡æ  (lipase) (Liener, 1994) ®÷ß∑”„Àâª≈“π”‚ª√µ’π
·≈–‰¢¡—π‰ª„™âª√–‚¬™πå‰¥â≈¥≈ß ¥—ßπ—Èπ°“√‡ √‘¡‰ø‡µ 
‡æ◊ËÕ¬àÕ¬ ≈“¬‰ø‡µ∑ ∑”„Àâ‚ª√µ’π∑’Ë®—∫µ—«Õ¬ŸàÀ≈ÿ¥ÕÕ°¡“
·≈–‡Õπ‰´¡åµà“ßÊ  “¡“√∂∑”ß“π‰¥â¥’¢÷Èπ ª≈“∑’Ë‰¥â√—∫°“√
‡ √‘¡‡Õπ‰´¡å‰ø‡µ ®÷ß¡’‚ª√µ’π·≈–‰¢¡—π – ¡„π√à“ß°“¬
 Ÿß¢÷Èπ πÕ°®“°π’Èª√‘¡“≥‡∂â“·≈–øÕ øÕ√— „πµ—«ª≈“∑’Ë‰¥â
√—∫Õ“À“√‡ √‘¡‰ø‡µ ¡’·π«‚πâ¡ Ÿß¢÷Èπ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫
ª≈“„π°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√∑’Ë‰¡à‡ √‘¡‰ø‡µ  ‚¥¬ª≈“∑’Ë‰¥â√—∫
Õ“À“√∑’Ë‡ √‘¡‰ø‡µ √–¥—∫¡“°°«à“ 500 ¬Ÿπ‘µ/Õ“À“√ 1 °°.
‰¡àµà“ß°—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ DCP ∑—Èß 3 √–¥—∫ · ¥ß
„Àâ‡ÀÁπ«à“°“√‡ √‘¡‰ø‡µ  “¡“√∂∑¥·∑π°“√„™âÕπ‘π∑√’¬å
øÕ ‡øµ‰¥â‚¥¬¡’º≈∑”„ÀâÕß§åª√–°Õ∫´“°‰¡àµà“ß°—π

 ”À√—∫Õß§åª√–°Õ∫¢Õß‡≈◊Õ¥ª≈“  ‰¥â·°à  §à“
Œ’¡“‚µ§√‘µ Œ’‚¡‚°≈∫‘π ‚ª√µ’π„πæ≈“ ¡“ æ∫«à“¡’§à“Õ¬Ÿà
„π‡°≥±å¡“µ√∞“π¢Õßª≈“ª°µ‘·≈–‰¡à·µ°µà“ß°—π∑“ß ∂‘µ‘

‚¥¬¡’§à“„°≈â‡§’¬ß°—∫º≈°“√»÷°…“¢Õß°‘®°“√·≈–«—™√‘π∑√å
(2530); π‘√ÿ∑∏‘Ï (2544);  Li ·≈– Robinson (1997);

Boonyaratpalin ·≈– Phromkhunthong (2000)  Õ¬à“ß‰√
°Áµ“¡æ∫«à“§à“Œ’‚¡‚°≈∫‘π¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡
‡Õπ‰´¡å‰ø‡µ ¡’·π«‚πâ¡ Ÿß¢÷Èπ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ª≈“∑’Ë
‰¥â√—∫Õ“À“√∑’Ë‰¡à‡ √‘¡‰ø‡µ  Õ¥§≈âÕß°—∫°“√∑¥≈Õß¢Õß
Li ·≈– Robinson (1997) ´÷Ëß∑¥≈Õß„πª≈“°¥Õ‡¡√‘°—π
·≈– Phromkhunthong ·≈–§≥– (2004) ∑’Ë∑¥≈Õß„π
ª≈“π‘≈·¥ß·ª≈ß‡æ» °≈à“«‰¥â«à“‰ø‡µ ®–™à«¬ª≈¥ª≈àÕ¬
Fe2+ ∑’Ë®—∫µ—«Õ¬Ÿà°—∫‚ª√µ’π‡æ◊ËÕ™à«¬„π°“√ —ß‡§√“–ÀåŒ’‚¡-
‚°≈∫‘π (Ensminger et al., 1994; Vielma et al., 2002)
 Õ¥§≈âÕß°—∫Õ’°À≈“¬°“√∑¥≈Õß∑’Ëæ∫«à“ °“√‡ √‘¡‰ø‡µ 
„πÕ“À“√ª≈“‡∑√“∑å·≈–ª≈“Õ◊ËπÊ ™à«¬„π°“√ª≈¥ª≈àÕ¬
øÕ øÕ√— ·≈–·√à∏“µÿÕ◊ËπÊ ÕÕ°¡“¥â«¬ (Cain and Garling,

1995;  Lanari et al., 1998;  Oliva et al., 1998;  Vielma

et al., 2000;  Cheng and Hardy, 2003) ´÷Ëß°“√∑’Ë§à“
Œ’‚¡‚°≈∫‘π Ÿß¢÷Èππ’ÈÕ“®∑”„Àâª≈“∑π∑“πµàÕ ¿“«–∑’Ë¡’
ÕÕ°´‘‡®πµË” ‚¥¬∑’ËÕ“®æ∫‰¥â‡ ¡Õ„π√–∫∫°“√‡≈’È¬ßª≈“
·∫∫Àπ“·πàπ °“√‡ √‘¡‰ø‡µ „πÕ“À“√∑”„ÀâøÕ øÕ√— 
„π°√–¥Ÿ°ª≈“∑’Ë«‘‡§√“–Àå‰¥â¡’·π«‚πâ¡ Ÿß¢÷Èπ¥â«¬ ‡™àπ‡¥’¬«
°—∫‡¡◊ËÕ‡ √‘¡ DCP „πÕ“À“√¡“°¢÷Èπ ∑”„Àâ·π«‚πâ¡¢Õß
øÕ øÕ√— ∑’Ë – ¡„π°√–¥Ÿ° Ÿß¢÷Èπµ“¡‰ª¥â«¬  Õ¥§≈âÕß
°—∫°“√∑¥≈Õß¢Õß «ÿ≤‘æ√ ·≈–§≥– (2547) ·≈– Jackson

·≈–§≥– (1996) ´÷Ëß√“¬ß“π«à“ √–¥—∫‰ø‡µ ∑’Ë‡ √‘¡„π
Õ“À“√·≈–‡À¡“– ¡ ”À√—∫°“√ √â“ß°√–¥Ÿ°„π —µ«å∑—Ë«‰ª
Õ¬Ÿà„π™à«ß 500-1,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°.

 √ÿªº≈°“√∑¥≈Õß

1. °“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ ¡’º≈„Àâ°“√‡®√‘≠‡µ‘∫‚µ
ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√ Õß§åª√–°Õ∫∑“ß‡§¡’¢Õßµ—«ª≈“
Õß§åª√–°Õ∫‡≈◊Õ¥ ·≈–°“√ – ¡¢ÕßøÕ øÕ√— „π°√–¥Ÿ°
¥’°«à“°≈ÿà¡∑’Ë‰¡à‡ √‘¡‡Õπ‰´¡å ·≈–√–¥—∫°“√‡ √‘¡∑’Ë‡À¡“–
 ¡§◊Õ 500 ¬Ÿπ‘µ/Õ“À“√ 1 °°.

2. °“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ ∑’Ë√–¥—∫µ—Èß·µà 500 ¬Ÿπ‘µ/
Õ“À“√ 1 °°. ¡’º≈„Àâ°“√‡®√‘≠‡µ‘∫‚µ, ª√– ‘∑∏‘¿“æ°“√
„™âÕ“À“√ ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π·≈–Õß§åª√–°Õ∫∑“ß
‡§¡’„πµ—«ª≈“„°≈â‡§’¬ß°—∫°“√‡ √‘¡ DCP ∑’Ë√–¥—∫ 0.2-0.3%
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