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Abstract
Phromkunthong, W., Phromkerd, W., Supamattaya, K., Chittiwan, V.

and Nakachart, D.

Replacing palm kernel cake for fishmeal  in sex-reversed red tilapia

(Oreochromis niloticus Linn.) feed
Songklanakarin J. Sci. Technol., 2004, 26(2) : 167-179

Five isonitrogeneous and isocaloric feeds containing various levels of palm kernel cake (0, 10, 20,

30 and 40%) as a replacement for fishmeal were fed to four replicate groups of sex-reversed red tilapia

(Oreochromis niloticus Linn.) fingerlings, mean initial weight 3.02-3.03 g, in 235-l aquaria fitted with a closed

recirculation system for 10 weeks. The results showed declines in growth, feed utilization and digestibility

coefficient with increases in the levels of supplemented palm kernel cake. The maximum growth was achieved

in the fish given the feed with 10% palm kernel cake and was different from that when the basal feed (formula

1) was used. Satisfactory results of feed utilization, (feed conversion ratio, protein efficiency ratio, apparent
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net protein utilization) and digestibility coefficient were noted in the fish groups given the feed with a maxi-

mum of 20% palm kernel cake in their feeds. The supplementation of palm kernel cake at any levels in the

feeds had no effects on fish’s blood parameters or hepatosomatic index. It was concluded that the maximum

of 20% palm kernel cake could be supplemented in the feed for sex-reversed red tilapia while maintaining

satisfactory growth, feed utilization, digestibility coefficient and normal fish physiology. Besides, the feed

cost was kept minimum compared to the supplementation of other levels of palm kernel cake in their feeds.

Key words : palm kernel cake, sex-reversed tilapia, Oreochromis niloticus Linn.,
digestibility, feed utilization
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°“√·∑π∑’Ëª≈“ªÉπ„πÕ“À“√ª≈“π‘≈·¥ß·ª≈ß‡æ» (Oreochromis niloticus Linn.)

¥â«¬°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π

«.  ß¢≈“π§√‘π∑√å «∑∑. 2547 26(2) : 167-179

°“√∑¥≈Õßπ’È‡ªìπ°“√»÷°…“°“√·∑π∑’Ëª≈“ªÉπ¥â«¬°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π„πÕ“À“√ª≈“π‘≈·¥ß·ª≈ß‡æ»

‚¥¬„™âª≈“∑’Ë¡’πÈ”Àπ—°‡©≈’Ë¬ 3.02-3.04 °√—¡ ∑”°“√∑¥≈Õß„πµŸâ°√–®°§«“¡®ÿπÈ” 235 ≈‘µ√ √–∫∫πÈ”‡ªìπ·∫∫‰À≈‡«’¬π

·∫∫ªî¥ Õ“À“√∑¥≈Õß¡’ 5  Ÿµ√ ·µà≈– Ÿµ√¡’ 4 ´È” ‚¥¬Õ“À“√ Ÿµ√∑’Ë 1 ∂÷ß 5 ¡’°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π∑’Ë√–¥—∫

0, 10, 20, 30 ·≈– 40% µ“¡≈”¥—∫ ·≈–ª√—∫√–¥—∫ “√Õ“À“√„π∑ÿ° Ÿµ√„Àâ¡’‚ª√µ’π ‰¢¡—π·≈–æ≈—ßß“π„°≈â‡§’¬ß°—π

(‚ª√µ’π 30% ‰¢¡—π 7-9% ·≈–æ≈—ßß“π∑’Ë¬àÕ¬‰¥â 3,200 °‘‚≈§“≈Õ√’/Õ“À“√ 1 °‘‚≈°√—¡) „™â‡«≈“∑¥≈Õßπ“π 10

 —ª¥“Àå º≈®“°°“√∑¥≈Õßæ∫«à“ °“√‡®√‘≠‡µ‘∫‚µ ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√ ·≈– —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬Õ“À“√≈¥≈ß

µ“¡√–¥—∫¢Õß°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π∑’Ëº ¡‡æ‘Ë¡ Ÿß¢÷Èπ„πÕ“À“√ ‚¥¬°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“ Ÿß∑’Ë ÿ¥‡¡◊ËÕª≈“

‰¥â√—∫Õ“À“√º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π 10% ´÷Ëß‰¡à·µ°µà“ß°—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√æ◊Èπ∞“π ( Ÿµ√∑’Ë 1) „π

¢≥–∑’Ë°“√º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π‰¡à‡°‘π 20% ∑”„Àâª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√, Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ

‡π◊ÈÕ, °“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘ ·≈– —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬Õ“À“√¢Õßª≈“Õ¬Ÿà„π‡°≥±å¥’ °“√º ¡°“°‡π◊ÈÕ‡¡≈Á¥

„πª“≈å¡πÈ”¡—π„πÕ“À“√∑ÿ°√–¥—∫‰¡à¡’º≈µàÕÕß§åª√–°Õ∫‡≈◊Õ¥·≈–¥—™π’µ—∫µàÕµ—«ª≈“ ®“°º≈°“√»÷°…“„π§√—Èßπ’È  √ÿª

‰¥â«à“  “¡“√∂º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π„πÕ“À“√ ”À√—∫‡≈’È¬ßª≈“π‘≈·ª≈ß‡æ»‰¥â‰¡à‡°‘π 20% ‚¥¬∑’Ë∑”„Àâ

°“√‡®√‘≠‡µ‘∫‚µ ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√·≈– —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬Õ“À“√Õ¬Ÿà„π‡°≥±å¥’·≈– √’√«‘∑¬“¢Õßª≈“ª°µ‘

πÕ°®“°π’È¬—ß àßº≈„Àâµâπ∑ÿπ°“√º≈‘µª≈“µË”∑’Ë ÿ¥ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°“√º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π„π√–¥—∫Õ◊ËπÊ

∑’Ë∑¥ Õ∫

ª≈“ªÉπ‡ªìπ‚ª√µ’πÀ≈—°∑’Ë„™â‡ªìπ«—µ∂ÿ¥‘∫ ”§—≠„π
Õ“À“√ª≈“ ‡π◊ËÕß®“°¡’§«“¡ ¡¥ÿ≈¢Õß°√¥Õ–‚π·≈–·√à∏“µÿ
µà“ßÊ §√∫∂â«π ·µà‡π◊ËÕß®“°ª≈“ªÉπ¡’√“§“§àÕπ¢â“ß·æß
‡¡◊ËÕ‡∑’¬∫°—∫‚ª√µ’π®“°·À≈àßÕ◊Ëπ (De Silva and Ander-

son, 1995) ·≈–¡’√“¬ß“π«‘®—¬∑’Ë°≈à“«∂÷ß°“√„™â‚ª√µ’π®“°
·À≈àßÕ◊Ëπ·∑π∑’Ëª≈“ªÉπ  ‡™àπ  °“√„™â‡¡≈Á¥æ◊™πÈ”¡—π∫“ß
™π‘¥‡ √‘¡„πÕ“À“√ª≈“ ‰¥â·°à ∂—Ë«≈‘ ß ‡√ª ’¥ (rapesses)

ß“ ·≈–·¡§§“‡¥‡¡’¬ (macadamia) ‚¥¬æ∫«à“ “¡“√∂„™â
«—µ∂ÿ¥‘∫·µà≈–™π‘¥‡ √‘¡„πÕ“À“√‰¥â„πª√‘¡“≥∑’Ë·µ°µà“ß°—π
(El-Sayed, 1999) ‚¥¬¢÷ÈπÕ¬Ÿà°—∫°√¥Õ–¡‘‚π·≈– “√µâ“π
‚¿™π“°“√ (anti-nutritional factors) „π«—µ∂ÿ¥‘∫π—ÈπÊ
(Halver, 1989)

ª“≈å¡πÈ”¡—π‡ªìπæ◊™‡»√…∞°‘®∑’Ë¡’§«“¡ ”§—≠·≈–
ª≈Ÿ°°—π¡“°∑“ß¿“§„µâ¢Õßª√–‡∑»‰∑¬ ‚¥¬¡’°“√¢¬“¬µ—«
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‡™‘ßÕÿµ “À°√√¡Õ¬à“ß√«¥‡√Á« „πÕÿµ “À°√√¡ °—¥ (À’∫)
ª“≈å¡πÈ”¡—π º≈æ≈Õ¬‰¥â§◊Õ°“°º≈ª“≈å¡πÈ”¡—π (oil palm

meal) ´÷Ëß‰¥â®“°°“√π”‡Õ“ª“≈å¡∑—Èßº≈¡“ °—¥πÈ”¡—π ¡’
‚ª√µ’π§àÕπ¢â“ßµË”ª√–¡“≥ 7% ·µà¡’‡¬◊ËÕ„¬ Ÿßª√–¡“≥
30% Õ’° à«π§◊Õ °“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π ´÷Ëß‡ªìπº≈
æ≈Õ¬‰¥â®“°°“√π”‡¡≈Á¥ª“≈å¡ ´÷Ëß·¬°‡Õ“ à«π¢Õß‡ª≈◊Õ°
πÕ°ÕÕ°·≈â«¡“ °—¥πÈ”¡—π´÷Ëß‡ªìπ à«π∑’Ë¡’°–≈“ªπÕ¬Ÿà
 à«πª√–°Õ∫∑“ß‡§¡’¢Õß à«ππ’È¡’§«“¡·µ°µà“ß°—π¢÷ÈπÕ¬Ÿà°—∫
«‘∏’°“√À’∫πÈ”¡—π·≈–«—µ∂ÿ¥‘∫ ‚¥¬¡’‚ª√µ’π Ÿßª√–¡“≥ 10-

12% ‡¬◊ËÕ„¬ª√–¡“≥ 20-25% ·≈–¡’§«“¡ ¡¥ÿ≈√–À«à“ß
·§≈‡´’¬¡ ·≈–øÕ øÕ√— ¥’°«à“°“°‡¡≈Á¥æ◊™πÈ”¡—π™π‘¥
Õ◊ËπÊ (McDonald et al., 1981) ®÷ßπ‘¬¡π”‰ª„™â„π à«π
º ¡¢ÕßÕ“À“√ ”À√—∫‡≈’È¬ß —µ«å

ª≈“π‘≈‡¢â“¡“¡’∫∑∫“∑„π°“√·°âªí≠À“„π°“√
¢“¥·§≈πÕ“À“√‚ª√µ’π ”À√—∫∫√‘‚¿§·≈–‡ªìπª≈“πÈ”®◊¥
∑’Ë¡’§ÿ≥§à“∑“ß‡»√…∞°‘®™π‘¥Àπ÷Ëß ´÷Ëß‡ªìπ∑’Ëπ‘¬¡∫√‘‚¿§
Õ¬à“ß·æ√àÀ≈“¬∑—Èß„πª√–‡∑» ·≈–µà“ßª√–‡∑»„π¿“§æ◊Èπ
‡Õ‡™’¬ ·≈– À√—∞Õ‡¡√‘°“  ®“°¢âÕ¡Ÿ≈∑“ß ∂‘µ‘°“√ª√–¡ß
·Ààßª√–‡∑»‰∑¬ √“¬ß“π«à“º≈º≈‘µ®“°°“√‡æ“–‡≈’È¬ß —µ«å
πÈ”®◊¥∑—ÈßÀ¡¥„πªï æ.».2542 ¡’ª√‘¡“≥ 252,612 µ—π ‚¥¬
‡ªìπº≈º≈‘µª≈“π‘≈ Ÿß ÿ¥ §◊Õ 76,541 µ—π §‘¥‡ªìπ 30.3%

¢Õßº≈º≈‘µ∑—ÈßÀ¡¥ √Õß≈ß¡“§◊Õº≈º≈‘µ¢Õßª≈“¥ÿ°·≈–
ª≈“µ–‡æ’¬π¢“« µ“¡≈”¥—∫ ·µàª√–‡∑»‰∑¬ àßÕÕ°ª≈“π‘≈
‡æ’¬ß 5% ¢Õßº≈º≈‘µ¿“¬„πª√–‡∑»  °“√‡≈’È¬ßª≈“π‘≈
 à«π„À≠à®÷ß‡ªìπ°“√√Õß√—∫§«“¡µâÕß°“√∫√‘‚¿§¿“¬„π
ª√–‡∑» ¥—ßπ—ÈπÀ“° “¡“√∂‡æ‘Ë¡°”≈—ß°“√º≈‘µ‰¥â °“√ àß
ÕÕ°ª≈“π‘≈®÷ß¡’≈Ÿà∑“ß∑’Ë·®à¡„  (°√¡ª√–¡ß, 2545) ·¡â«à“
ª≈“π‘≈‡ªìπª≈“‡»√…∞°‘®∑’Ëπà“ π„®·≈–¡’»—°¬¿“æ‡æ’¬ßæÕ
 ”À√—∫°“√‡æ“–‡≈’È¬ß‡™‘ßÕÿµ “À°√√¡·≈– “¡“√∂æ—≤π“
°“√º≈‘µ‰¥â‰¡à®”°—¥ ·µàÕ“® àßº≈„Àâ‡°‘¥°“√·¢àß¢—π„π¥â“π
ª√‘¡“≥·≈–√“§“ ®÷ß§«√¡’°“√»÷°…“«‘®—¬°—πÕ¬à“ß°«â“ß¢«“ß
„πÀ≈“¬Ê ¥â“π ‡æ◊ËÕ≈¥µâπ∑ÿπ°“√º≈‘µª≈“π‘≈„ÀâµË”∑’Ë ÿ¥
´÷Ëßµâπ∑ÿπ°“√º≈‘µ§√÷ËßÀπ÷Ëß¡“®“°§à“Õ“À“√ª≈“ °“√»÷°…“
§√—Èßπ’È®÷ß‡ªìπ°“√»÷°…“‡æ◊ËÕ∑¥·∑π°“√„™âª≈“ªÉπ¥â«¬°“°
‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π„πÕ“À“√¢Õßª≈“π‘≈·¥ß·ª≈ß‡æ»
‡æ◊ËÕ®–‰¥â∑√“∫∂÷ß√–¥—∫∑’Ë‡À¡“– ¡¢Õß°“°‡π◊ÈÕ‡¡≈Á¥„π
ª“≈å¡πÈ”¡—π∑’Ë “¡“√∂„™â·∑π∑’Ëª≈“ªÉπ„πÕ“À“√ ”À√—∫
‡≈’È¬ßª≈“π‘≈ Õ—π‡ªìπ·π«∑“ßÀπ÷Ëß∑’Ë “¡“√∂≈¥µâπ∑ÿπ°“√

º≈‘µÕ“À“√ ”À√—∫‡≈’È¬ßª≈“π‘≈‰¥â

Õÿª°√≥å·≈–«‘∏’°“√

1. °“√‡µ√’¬¡Õÿª°√≥å°“√∑¥≈Õß

„™âµŸâ°√–®°¢π“¥ 45×95×45 ´¡. §«“¡®ÿπÈ” 192

≈‘µ√ ªî¥¥â“π¢â“ß·≈–¥â“πÀ≈—ßµŸâ¥â«¬ºâ“æ≈“ µ‘° ’‡¢’¬«∑÷∫
3 ¥â“π ‡æ◊ËÕªÑÕß°—π°“√√∫°«π®“°¿“¬πÕ° √–∫∫πÈ”∑’Ë„™â
‡ªìπ√–∫∫ªî¥ ª√–°Õ∫¥â«¬ 2  à«π§◊Õ √–∫∫°√Õß ª√–°Õ∫
¥â«¬ ·ºàπºâ“°√Õß ∂à“π ∑√“¬ ·≈–‡ª≈◊Õ°ÀÕ¬ ·≈–∫àÕæ—°
πÈ” ‚¥¬¡’Õ—µ√“°“√‰À≈‡«’¬π¢ÕßπÈ” 0.8-1.2 ≈‘µ√/π“∑’

2. °“√‡µ√’¬¡ —µ«å∑¥≈Õß

π”≈Ÿ°ª≈“π‘≈·¥ß·ª≈ß‡æ»∑’Ë¡’πÈ”Àπ—°‡©≈’Ë¬µ—«≈–
0.3-0.6 °√—¡ ®”π«π 2,500 µ—« ®“° ∂“π’ª√–¡ßπÈ”®◊¥
®—ßÀ«—¥π§√»√’∏√√¡√“™ ¡“Õπÿ∫“≈„π∂—ß‰ø‡∫Õ√å°≈“ °≈¡
¢π“¥§«“¡®ÿ 1 ≈∫.¡. ‡ªìπ‡«≈“ 1 ‡¥◊Õπ ‡æ◊ËÕ„Àâª≈“ª√—∫
 ¿“æ„Àâ‡À¡“– ¡µàÕ ¿“æ¢Õß°“√∑¥≈Õß ‚¥¬„™âÕ“À“√
≈Ÿ°ª≈“¥ÿ°¢π“¥‡≈Á°¬’ËÀâÕ‰Œ-‡°≈Á¥‡∫Õ√å 9961 ´÷Ëß¡’§ÿ≥§à“
∑“ß‚¿™π“°“√§◊Õ ‚ª√µ’π 40% ‰¢¡—π 6% §«“¡™◊Èπ 12%

·≈–°“° 5% ‚¥¬„Àâ«—π≈– 2 §√—Èß ‡™â“-‡¬Áπ ‡«≈“ 9.00 π.
·≈– 16.30 π.  —ß‡°µæƒµ‘°√√¡°“√¬Õ¡√—∫Õ“À“√®πª≈“
∑¥≈Õß¡’¢π“¥πÈ”Àπ—°‡©≈’Ë¬Õ¬Ÿà„π™à«ßµ—«≈– 3.02-3.04 °√—¡
°àÕπ‡√‘Ë¡∑”°“√∑¥≈Õßπ”≈Ÿ°ª≈“‰ªµ√«® Õ∫‡™◊ÈÕ·∫§∑’‡√’¬
·≈–ª√ ‘µ¿“¬πÕ° ≈Ÿ°ª≈“∑’Ë„™â∑¥≈ÕßµâÕß¡’ ÿ¢¿“æ¥’‰¡à¡’
‚√§„¥Ê ª√—∫ ¿“æª≈“„Àâ§ÿâπ‡§¬°—∫ ¿“æ·«¥≈âÕ¡¢ÕßµŸâ
·≈–Õ“À“√∑¥≈Õß‡ªìπ‡«≈“ 7 «—π °àÕπ‡√‘Ë¡∑”°“√∑¥≈Õß
‚¥¬Õ“À“√∑’Ë„Àâ‡ªìπÕ“À“√ Ÿµ√∑’Ë 1 ∑’Ë„™â„π°“√∑¥≈Õß

3. °“√‡µ√’¬¡Õ“À“√∑¥≈Õß

Õ“À“√∑’Ë„™â ”À√—∫°“√∑¥≈Õßπ’È¡’ 5 ™ÿ¥°“√∑¥≈Õß
™ÿ¥°“√∑¥≈Õß∑’Ë 1 ‰¡àº ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π
™ÿ¥°“√∑¥≈Õß∑’Ë 2-5 ¡’√–¥—∫°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π
10, 20, 30 ·≈– 40% µ“¡≈”¥—∫  ‡µ√’¬¡«—µ∂ÿ¥‘∫∑’Ë‡ªìπ
 à«πª√–°Õ∫„π Ÿµ√Õ“À“√‰¥â·°à ª≈“ªÉπ °“°∂—Ë«‡À≈◊Õß
√”≈–‡Õ’¬¥  ·ªÑß¢â“«‡®â“  ‚¥¬π”‰ª«‘‡§√“–Àå§ÿ≥§à“∑“ß
‚¿™π“°“√ (§«“¡™◊Èπ ‚ª√µ’π ‰¢¡—π ‡¬◊ËÕ„¬ ·≈–‡∂â“) ‚¥¬
«‘∏’¡“µ√∞“π¢Õß AOAC (1990) (Table 1) ·≈–‡µ√’¬¡
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Õ“À“√∑¥≈Õßµ“¡ Ÿµ√∑’Ë§”π«≥‰«â‚¥¬„Àâ¡’‚ª√µ’π 30%

‰¢¡—π‰¡à‡°‘π  10%  ·≈–æ≈—ßß“π∑’Ë¬àÕ¬‰¥â  3,200  °‘‚≈-
§“≈Õ√’/Õ“À“√ 1 °°. §à“æ≈—ßß“π∑’Ë¬àÕ¬‰¥â„πÕ“À“√§”π«≥
‚¥¬„™â§à“µà“ßÊ ´÷Ëßª√–¬ÿ°µå¡“®“°§à“∑’Ë„™â„πª≈“π‘≈§◊Õ 4.4

°‘‚≈§“≈Õ√’/Õ“À“√ 1 °°.  ”À√—∫‚ª√µ’π 9 °‘‚≈§“≈Õ√’/
Õ“À“√ 1 °°.  ”À√—∫‰¢¡—π ·≈– 3.7 °‘‚≈§“≈Õ√’/Õ“À“√
1 °°.  ”À√—∫§“√å‚∫‰Œ‡¥√µ (Stickney, 1979)  «‘∏’°“√

‡µ√’¬¡Õ“À“√∑¥≈Õß ‚¥¬°“√™—Ëß«— ¥ÿÕ“À“√·µà≈–Õ¬à“ß (Ta-

ble 2)  ‰¥â·°à  °“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π  ª≈“ªÉπ
°“°∂—Ë«‡À≈◊Õß  √”≈–‡Õ’¬¥  ·ªÑß¢â“«‡®â“  πÈ”¡—π∂—Ë«‡À≈◊Õß
«‘µ“¡‘π ·≈–·√à∏“µÿº ¡ Õ—≈ø“ µ“√å∑ ‚§√¡‘°´åÕÕ°‰´¥å
·≈–·°≈∫ ´÷Ëß‡ªìπ«— ¥ÿ‡µ‘¡‡µÁ¡ µ“¡ Ÿµ√∑’Ë§”π«≥‰«â ∑”
°“√º ¡ à«πª√–°Õ∫«— ¥ÿÕ“À“√„Àâ‡¢â“°—π¥’ ‡µ‘¡πÈ”≈ß‰ª
40% π”‰ª‡¢â“‡§√◊ËÕßÕ—¥‡¡Á¥‚¥¬„™â Hobart mixer √ÿàπ

Table 1. Proximate analysis of feed ingredients (% as fed basis)1

Feed ingredients  Moisture  Protein  Fat    Ash   Crude fiber NFE

Palm kernel cake 5.05±0.02 15.16±0.12 13.29±0.51 3.90±0.00 18.75±0.66 43.85±1.26
Fish meal 6.77±0.02 69.77±0.33 13.17±0.53 16.40±0.14              0 0.86±0.76
Soybean meal 11.76±0.21 40.84±0.29 2.18±0.06 8.02±0.26 5.62±0.28 31.58±0.00
Rice bran 6.15±0.09 11.54±0.21 20.35±0.22 13.42±0.24 8.50±0.19 40.07±0.41
Rice flour 7.91±0.15 7.09±0.12 0.81±0.08 0.31±0.01 0.13±0.11 83.75±1.20

1Mean ± standard deviation of three replications

NFE: Nitrogen-free extract

Table 2. Composition of experimental diets

Diet formulae
     Ingredients (g/kg feed)

1 2 3 4 5

Palm kernel cake (PKC) 0 100 200 300 400
Fishmeal 180 160 140 115 90
Soybean meal 360 380 400 420 432.5
Rice bran 170 125 80 30 0
Rice flour 130 80 30 10 0
Soybean oil 21 21 22.5 15 0
Vitamin and mineral mixtures 1 30 30 30 30 30
Alfa-starch 10 10 10 10 10
Chromic oxide 10 10 10 10 10
Rice hull 89 84 77.5 60 27.5

total 1,000 1,000 1,000 1,000 1,000

Digestibility energy 3,208.60 3,208.60 3,208.40 3,202.90 3,208.70
(Kcal/Kg feed)

1Vitamin and mineral mixture supplemented (g/kg feed): Thiamine (B
1
) 10 mg; Riboflavin (B

2
) 20 mg;

Pyridoxine (B
6
) 10 mg; Cyanocobalamin (B

12
) 2 mg; Cholecalciferol (D

3
) 29.2 mg; Menadione sodium

bisulfite (K
3
) 80 mg; Folic acid 5 mg; Calcium pantothenate 40 mg; Inositol 400 mg; Niacin 150 mg;

DL-alpha-tocopherol (E) 60 mg; Choline chloride 6,000 mg; Ascorbic acid (C) 500 mg; Anticaking 200

mg; Antioxidant 2 mg; Acetate(A) & Cholecalciferol (AD
3
) Rovimix AD

3
 500/100 700,000 IU NaCl

0.25 g; MgCO
3
 3.75 g; FeSO

4
 0.72 g; (CH

3
COO)

2
 Ca.5H

2
O 0.88 g; ZnSO

4
.7H

2
O 0.088 g; MnSO

4
. 4H

2
O

0.040 g; CuSO
4
.5H

2
O 0.008 g; CoCl

2
.6H

2
O 0.00025 g; KIO

3
.6H

2
O 0.00075 g



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 26 ©∫—∫∑’Ë 2 ¡’.§.-‡¡.¬. 2547
°“√·∑π∑’Ëª≈“ªÉπ„πÕ“À“√ª≈“π‘≈·¥ß·ª≈ß‡æ»

«ÿ≤‘æ√  æ√À¡¢ÿπ∑Õß ·≈–§≥–171

Model A200T ºà“πÀπâ“·«àπ¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß 2

¡¡. ·≈–π”Õ“À“√‰ªÕ∫„πµŸâÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 60ºC π“π 24

™—Ë«‚¡ß  ®“°π—Èπ®÷ß∫√√®ÿ„π∂ÿßæ≈“ µ‘° ’¥” ·≈â«‡°Á∫√—°…“
‰«â„πµŸâ‡¬Áπ∑’ËÕÿ≥À¿Ÿ¡‘ 4ºC  ·≈–µ√«® Õ∫§ÿ≥§à“∑“ß
‚¿™π“°“√¢ÕßÕ“À“√ (§«“¡™◊Èπ ‚ª√µ’π ‰¢¡—π ‡¬◊ËÕ„¬ ·≈–
‡∂â“) µ“¡«‘∏’°“√¡“µ√∞“π¢Õß AOAC (1990) (Table 3)

4. ·ºπ°“√∑¥≈Õß

«“ß·ºπ°“√∑¥≈Õß·∫∫ ÿà¡µ≈Õ¥ (completely

randomized design; CRD) ·≈–∑”°“√‡ª√’¬∫‡∑’¬∫§«“¡
·µ°µà“ß¢Õß§à“‡©≈’Ë¬‚¥¬„™â Duncan's Multiple Range

Test (Duncan, 1955)  √–¬–‡«≈“∑’Ë„™â„π°“√∑¥≈Õß 10

 —ª¥“Àå ‚¥¬·∫àß√–¥—∫¢Õß°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π∑’Ë
∑¥ Õ∫‡ªìπ 5 √–¥—∫§◊Õ 0, 10, 20, 30 ·≈– 40% µ“¡
≈”¥—∫ ·∫àß°“√∑¥≈ÕßÕÕ°‡ªìπ 5 ™ÿ¥°“√∑¥≈Õß ·µà≈–™ÿ¥
°“√∑¥≈Õßª√–°Õ∫¥â«¬ 4 ´È” ‡µ‘¡πÈ”≈ß„πµŸâ∑’Ë‡µ√’¬¡‰«â
ª√–¡“≥ 180 ≈‘µ√/µŸâ √–∫∫πÈ”‡ªìπ·∫∫‰À≈‡«’¬π·∫∫ªî¥
‡ªî¥‡§√◊ËÕßæàπÕ“°“»µ≈Õ¥‡«≈“„πµŸâ ‡¡◊ËÕ‡√‘Ë¡µâπ°“√∑¥≈Õß
π”ª≈“∑¥≈ÕßπÈ”Àπ—°‡©≈’Ë¬ 3.01-3.04 °√—¡/µ—«ª≈àÕ¬≈ß
‡≈’È¬ß„πµŸâ∑¥≈ÕßµŸâ≈– 20 µ—«®”π«π 20 µŸâ „ÀâÕ“À“√ª≈“
∑¥≈Õß«—π≈– 2 §√—Èß §◊Õ‡«≈“‡™â“ª√–¡“≥ 09.00 π. ·≈–
‡«≈“‡¬Áπª√–¡“≥ 16.00 π. ‚¥¬„Àâª≈“°‘π®πÕ‘Ë¡ ∫—π∑÷°
πÈ”Àπ—°Õ“À“√∑’Ë„Àâ∑ÿ° 2  —ª¥“Àåµ≈Õ¥°“√∑¥≈Õß  ™—Ëß
πÈ”Àπ—°ª≈“∑ÿ° 2  —ª¥“Àå ·≈–µ√«®«—¥§ÿ≥¿“æπÈ”°àÕπ
°“√‡≈’È¬ß·≈–∑ÿ°Ê 2  —ª¥“Àåµ≈Õ¥°“√∑¥≈Õßµ“¡«‘∏’°“√
¢Õß Boyd ·≈– Tucker (1992) ‰¥â·°à §«“¡‡ªìπ°√¥-
¥à“ß (pH) ÕÕ°´‘‡®π (dissolved oxygen, DO) Õÿ≥À¿Ÿ¡‘
πÈ” §à“°“√π”‰øøÑ“ (conductivity) §«“¡‡ªìπ¥à“ß (total

alkalinity) §«“¡°√–¥â“ß (total hardness) ·Õ¡‚¡‡π’¬
‰π‰µ√∑å ‰π‡µ√∑ ‡æ◊ËÕª√—∫§ÿ≥¿“æπÈ”„Àâ‡À¡“– ¡µàÕ°“√
¥”√ß™’æ¢Õßª≈“

5. °“√§”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—∫µàÕµ—« µ“¡
«‘∏’¢Õß Anwar ·≈– Jafri (1995)

6. °“√»÷°…“Õß§åª√–°Õ∫∑“ß‡§¡’¢Õßª≈“

 ÿà¡µ—«Õ¬à“ßª≈“‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß®“°∑ÿ°™ÿ¥
°“√∑¥≈ÕßÊ ≈– 8 µ—« π”‰ª«‘‡§√“–Àå§«“¡™◊Èπ ·≈–Õß§å-
ª√–°Õ∫∑“ß‡§¡’¢Õßµ—«ª≈“ ‰¥â·°à ‚ª√µ’π ‰¢¡—π ·≈–‡∂â“
µ“¡«‘∏’°“√¢Õß AOAC (1990) ®“°π—Èπ®÷ßπ”¡“§”π«≥
§à“ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π (PER, protein efficiency

ratio) µ“¡«‘∏’°“√¢Õß Zeitoun ·≈–§≥– (1973) °“√„™â
ª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘ (ANPU, apparent net protein

utilization) µ“¡«‘∏’¢Õß Robinson ·≈– Wilson (1985)

7. °“√»÷°…“Õß§åª√–°Õ∫‡≈◊Õ¥

 ÿà¡ª≈“®“°∑ÿ°™ÿ¥°“√∑¥≈ÕßÊ ≈– 8 µ—« ¡“ ≈∫
¥â«¬πÈ”¬“ 2-henoxyethenol ‡®“–‡≈◊Õ¥®“°∫√‘‡«≥‚§π
À“ß‚¥¬„™â‡Õ∑’≈’π‰¥Õ–¡’π‡µµ√“Õ–´‘µ‘°·Õ ‘¥ (ethylene-

dia-minetetraacetic acid : EDTA) 1% ‡ªìπ “√ªÑÕß°—π
°“√·¢Áßµ—«¢Õß‡≈◊Õ¥ ‡æ◊ËÕ»÷°…“Õß§åª√–°Õ∫¢Õß‡≈◊Õ¥§◊Õ

7.1 Œ’‚¡‚°≈∫‘π ‚¥¬„™â«‘∏’ cyanmet-haemoglobin

¢Õß Larsen ·≈– Snieszko (1961)

Table 3. Proximate analysis of experimental diets (on % dry matter basis)1

Experimental group Moisture Protein Fat Ash Crude fiber NFE

      1. PKC 0% 1.92±0.08 30.60±0.18 8.57±0.42 11.25±0.01 9.38±0.15 38.32±0.44
      2. PKC 10% 2.70±0.03 30.27±0.25 8.95±0.61 10.84±0.02 10.43±0.32 36.82±1.09
      3. PKC 20% 2.92±0.02 30.42±0.43 9.20±0.66 10.32±0.05 17.53±0.48 29.60±1.15
      4. PKC 30% 2.39±0.13 30.46±0.08 8.89±0.54 9.59±0.01 20.36±0.34 28.30±0.46
      5. PKC 40% 2.18±0.04 30.24±0.29 7.21±0.11 8.74±0.03 23.99±0.67 27.64±0.99

1Mean ± standard deviation of three replications

NFE: Nitrogen-free extract
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7.2 Œ’¡“‚µ§√‘µ ‚¥¬«‘∏’¥—¥·ª≈ß®“° Blaxhall ·≈–
Daisley (1973)

7.3 ‚ª√µ’π„πæ≈“ ¡“ ‚¥¬«‘∏’¥—¥·ª≈ß®“° Lowry

·≈–§≥– (1951)

7.4 °“√π—∫®”π«π‡¡Á¥‡≈◊Õ¥·¥ß·≈–‡¡Á¥‡≈◊Õ¥¢“«
µ“¡«‘∏’°“√¢Õß Blaxhall ·≈– Daisley (1973)

8. °“√»÷°…“ª√– ‘∑∏‘¿“æ°“√¬àÕ¬Õ“À“√∑¥≈Õß¢Õß

ª≈“π‘≈

„π°“√»÷°…“ª√– ‘∑∏‘¿“æ°“√¬àÕ¬‚ª√µ’π¢Õßª≈“π‘≈
‚¥¬‡µ‘¡‚§√¡‘°´åÕÕ°‰´¥å 1% ¢ÕßπÈ”Àπ—°Õ“À“√‡æ◊ËÕ‡ªìπ
µ—«∫àß™’È ·≈–≈¥ª√‘¡“≥·°≈∫ªÉπ„πÕ“À“√ ∑”°“√‡°Á∫
√«∫√«¡¡Ÿ≈ª≈“‚¥¬«‘∏’∑’Ë¥—¥·ª≈ß¡“®“° Boonyaratpalin

·≈– Phromkunthong (2000) ‚¥¬‡°Á∫√«∫√«¡¡Ÿ≈ª≈“
«—π≈– 2 §√—Èß ‡«≈“‡™â“·≈–‡¬ÁπÀ≈—ß®“°„ÀâÕ“À“√ 1 ™—Ë«‚¡ß
°àÕπ‡°Á∫¡Ÿ≈ª≈“∑”§«“¡ –Õ“¥µŸâ‡æ◊ËÕ°”®—¥‡»…Õ“À“√·≈–
¡Ÿ≈ª≈“∑’Ëµ°§â“ß„πµŸâ «‘∏’°“√‡°Á∫¡Ÿ≈ª≈“‚¥¬„™â “¬æ≈“ µ‘°
¢π“¥‡≈Á°¥Ÿ¥¡Ÿ≈ª≈“ÕÕ°®“°µŸâ·≈â«°√Õß¥â«¬∂ÿß°√Õß∑’ËºŸ°
µ‘¥‰«â°—∫ “¬¬“ßÕ’°¥â“πÀπ÷Ëß·≈â«π”‰ª·™à·¢Áß ‡°Á∫√«∫√«¡
¡Ÿ≈„π —ª¥“Àå∑’Ë 4-6 ‡ªìπ‡«≈“ 14 «—π ‡æ◊ËÕ„Àâ‰¥âµ—«Õ¬à“ß
‡æ’¬ßæÕ ”À√—∫°“√«‘‡§√“–Àå Õ∫¡Ÿ≈ª≈“„Àâ·Àâß∑’ËÕÿ≥À¿Ÿ¡‘
60ºC π“π 48 ™—Ë«‚¡ß π”µ—«Õ¬à“ßπ—Èπ‰ª«‘‡§√“–ÀåÕß§å-
ª√–°Õ∫∑“ß‡§¡’ ‰¥â·°à ª√‘¡“≥‚ª√µ’π ‰¢¡—π ‡¬◊ËÕ„¬ ·≈–
‡∂â“ µ“¡«‘∏’°“√¢Õß AOAC (1990) «‘‡§√“–Àåª√‘¡“≥
‚§√¡‘°´åÕÕ°‰´¥å„πÕ“À“√·≈–„π¡Ÿ≈µ“¡«‘∏’¢Õß Furukawa

·≈– Tsukahara (1966)

9. °“√«‘‡§√“–Àå¢âÕ¡Ÿ≈

«‘‡§√“–Àå¢âÕ¡Ÿ≈¥â«¬§Õ¡æ‘«‡µÕ√å‚¥¬‚ª√·°√¡
 ”‡√Á®√Ÿª SPSS Version 10.0 «‘‡§√“–Àå§«“¡·ª√ª√«π
ANOVA  ·∫∫  CRD  ·≈–‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß
¢Õß§à“‡©≈’Ë¬¥â«¬«‘∏’ Duncan’s Multiple Range Test

(Duncan, 1955)

º≈°“√∑¥≈Õß

1. §«“¡º‘¥ª°µ‘·≈–æƒµ‘°√√¡¢Õßª≈“π‘≈·ª≈ß‡æ»

º≈°“√»÷°…“§√—Èßπ’È æ∫«à“ ª≈“π‘≈·ª≈ß‡æ»∑’Ë‰¥â√—∫
Õ“À“√∑¥≈Õßº ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π√–¥—∫µà“ßÊ
‰¡àæ∫§«“¡º‘¥ª°µ‘¢Õß≈—°…≥–¿“¬πÕ° ·≈–ª≈“∑ÿ°µ—«¡’
æƒµ‘°√√¡ª°µ‘  ÿ¢¿“æ·¢Áß·√ßµ≈Õ¥°“√∑¥≈Õß

2. °“√‡®√‘≠‡µ‘∫‚µ

2.1 πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«

πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«¢Õßª≈“π‘≈·ª≈ß‡æ»∑’Ë‰¥â
√—∫Õ“À“√∑¥≈Õß∑—Èß 5  Ÿµ√ µ≈Õ¥√–¬–‡«≈“°“√‡≈’È¬ß ¥—ß
· ¥ß„π Table 4 πÈ”Àπ—°¢Õßª≈“‡æ‘Ë¡¢÷Èπµ“¡√–¬–‡«≈“∑’Ë
‡≈’È¬ß ‚¥¬‡√‘Ë¡¡’§«“¡·µ°µà“ß∑“ß ∂‘µ‘µ—Èß·µà —ª¥“Àå∑’Ë 2

¢Õß°“√∑¥≈Õß ·π«‚πâ¡¢ÕßπÈ”Àπ—°ª≈“≈¥≈ß„π™ÿ¥°“√
∑¥≈Õß¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡
πÈ”¡—π„πÕ“À“√„π√–¥—∫∑’Ë Ÿß¢÷Èπ ‚¥¬„π —ª¥“Àå∑’Ë 2 ª≈“∑’Ë
‰¥â√—∫Õ“À“√º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π 0 ∂÷ß 30%

¬—ß¡’πÈ”Àπ—°‡©≈’Ë¬Õ¬Ÿà„π‡°≥±å¥’ (p<0.05)  à«π„π —ª¥“Àå

Table 4. Average body weight of sex-reversed tilapia fed the experimental diets for 10 weeks1

     Rearing period (week)
Experimental group

0 2 4 6 8 10

      1. PKC 0% 3.02±0.01a 8.62±0.20c 20.63±0.52d 39.01±0.87d 57.73±1.24d 83.80±3.67d

      2. PKC 10% 3.03±0.01a 8.72±0.62c  19.54±1.49cd 37.24±1.47d 54.91±1.41d 79.83±1.30d

      3. PKC 20% 3.02±0.01a  7.94±0.66bc 18.55±1.04c 34.25±1.20c 50.42±1.38c 71.71±4.62c

      4. PKC 30% 3.03±0.01a 7.23±0.66b 16.46±1.68b 30.18±2.69b 43.51±3.58b 66.64±3.07b

      5. PKC 40% 3.04±0.02a 6.19±0.40a 13.28±0.75a 24.21±1.43a 35.42±1.78a 54.28±2.21a

1Mean ± standard deviation of four replications.

Means within each column not sharing a common superscript are significantly different (p<0.05)
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∑’Ë 4 °“√º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π„πÕ“À“√∂÷ß
√–¥—∫ 20% ¬—ß„Àâ§à“πÈ”Àπ—°‡©≈’Ë¬Õ¬Ÿà„π‡°≥±å¥’ ‚¥¬‰¡à
·µ°µà“ß°—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ëº ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡
πÈ”¡—π 10% ( Ÿµ√∑’Ë 2) (p>0.05) ·µàµà“ß®“°ª≈“∑’Ë‰¥â√—∫
Õ“À“√ Ÿµ√∑’Ë 1 (‰¡àº ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π) (p<

0.05) „π —ª¥“Àå∑’Ë 6 ª≈“∑’Ë‰¥â√—∫Õ“À“√º ¡°“°‡π◊ÈÕ‡¡≈Á¥
„πª“≈å¡πÈ”¡—πµ—Èß·µà 20% ¢÷Èπ‰ª ( Ÿµ√∑’Ë 3, 4 ·≈– 5) ¡’
πÈ”Àπ—°‡©≈’Ë¬µË”°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 1 (‰¡àº ¡
°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π) ·≈– 2 (º ¡°“°‡π◊ÈÕ‡¡≈Á¥
„πª“≈å¡πÈ”¡—π 10 %) (p<0.05) „π —ª¥“Àå∑’Ë 8 ·≈– 10

ª≈“∑’Ë‰¥â√—∫Õ“À“√º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π 10%

( Ÿµ√∑’Ë 2) ¡’πÈ”Àπ—°‡©≈’Ë¬‰¡àµà“ß®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√‰¡à
º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π ( Ÿµ√∑’Ë 1) (p>0.05) ·µà
µà“ß®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√Õ◊ËπÊ ∑ÿ° Ÿµ√ ´÷Ëß¡’πÈ”Àπ—°
‡©≈’Ë¬≈¥À≈—Ëπ≈ß‰ªµ“¡√–¥—∫¢Õß°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡
πÈ”¡—π∑’Ëº ¡„πÕ“À“√ (p<0.05) (Table 4)

3. 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≈“π‘≈
·ª≈ß‡æ»∑’Ë‰¥â√—∫Õ“À“√∑—Èß  5   Ÿµ√  ‡ªìπ√–¬–‡«≈“  10

 —ª¥“Àå · ¥ß„π Table 5 æ∫«à“ πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ ·≈–
Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√∑—Èß 5

 Ÿµ√ ¡’§à“Õ¬Ÿà„π™à«ß 1,699.45±78.33 - 2,665.51±126.31%

·≈– 4.13±0.06 - 4.74±0.07% µàÕ«—π µ“¡≈”¥—∫ ·≈–¡’

§«“¡·µ°µà“ß∑“ß ∂‘µ‘ (p<0.05) (Table 5) √–À«à“ß™ÿ¥
°“√∑¥≈Õß‡™àπ‡¥’¬«°—∫πÈ”Àπ—°‡©≈’Ë¬¢Õßª≈“„π —ª¥“Àå∑’Ë
8 ·≈– 10 ‚¥¬æ∫«à“ §à“¥—ß°≈à“«¡’§à“≈¥≈ß‡¡◊ËÕª≈“‰¥â√—∫
Õ“À“√∑’Ë¡’°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π„π√–¥—∫∑’Ë Ÿß¢÷Èπ
‚¥¬πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ·≈–Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–¢Õß
ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 1 (‰¡àº ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡
πÈ”¡—π) ·≈– Ÿµ√∑’Ë 2 (º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π
10%) ¡’§à“ Ÿß∑’Ë ÿ¥   à«πª≈“∑’Ë‰¥â√—∫Õ“À“√º ¡°“°‡π◊ÈÕ
‡¡≈Á¥„πª“≈å¡πÈ”¡—π 40 % ( Ÿµ√∑’Ë 5) ¡’§à“¥—ß°≈à“«µË”∑’Ë ÿ¥
(Table 5) ·≈–æ∫«à“Õ—µ√“°“√°‘πÕ“À“√¢Õßª≈“°≈—∫ Ÿß¢÷Èπ
‡¡◊ËÕª≈“‰¥â√—∫Õ“À“√º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π„π
√–¥—∫∑’Ë Ÿß¢÷Èπ ·≈–¡’§«“¡·µ°µà“ß°—π√–À«à“ß™ÿ¥°“√∑¥≈Õß
(p<0.05) (Table 5)

Õ—µ√“°“√√Õ¥µ“¬¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß∑—Èß
5  Ÿµ√‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘ (p>0.05) ‚¥¬ª≈“
∑ÿ°™ÿ¥°“√∑¥≈Õß√Õ¥µ“¬ 100% (Table 5)

4. 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 ª√– ‘∑∏‘¿“æ°“√
„™â‚ª√µ’π·≈–°“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘ ¢Õßª≈“π‘≈
·ª≈ß‡æ»∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß∑—Èß 5  Ÿµ√ · ¥ß„π Table

6 ‚¥¬æ∫«à“ Õ—µ√“°“√‡ª≈’Ë¬π Õ“À“√‡ªìπ‡π◊ÈÕ¡’§à“ Ÿß (¡’
§à“Õ¬Ÿà„π™à«ß 1.10±0.43 - 1.48±0.51) ·≈–ª√– ‘∑∏‘¿“æ
°“√„™â‚ª√µ’π¡’§à“µË” (¡’§à“Õ¬Ÿà„π™à«ß 2.25±0.08 - 2.98±

0.11) ‡¡◊ËÕª≈“‰¥â√—∫Õ“À“√∑’Ë¡’°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π

Table 5. Weight gain, specific growth rate, rate of feed intake and survival rate of sex-reversed tilapia

fed the experimental diets1

Experimental group Weight gain Specific growth rate Rate of feed intake Survival rate

(%) (%/day) (%/body weight/day) (%)

      1. PKC 0%   2,665.51±126.31d 4.74±0.07d 2.92±0.10a 100.00±0.00a

      2. PKC 10% 2,540.00±39.70d 4.70±0.03d  3.01±0.06ab 100.00±0.00a

      3. PKC 20%   2,273.01±156.43c 4.56±0.06c 3.14±0.19b 100.00±0.00a

      4. PKC 30%    2,102.78±109.70b 4.41±0.08b 3.37±0.11c 100.00±0.00a

      5. PKC 40% 1,699.45±78.33a 4.13±0.06a 3.78±0.11d 100.00±0.00a

1Mean ± standard deviation of four replications.

Means within each column not sharing a common superscript are significantly different (p<0.05)
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„π√–¥—∫∑’Ë Ÿß¢÷Èπ ·≈–¡’§«“¡·µ°µà“ß√–À«à“ß™ÿ¥°“√∑¥≈Õß
(p<0.05) (Table 6)  à«π§à“°“√„™âª√–‚¬™πå ®“°‚ª√µ’π
 ÿ∑∏‘ ¡’§à“Õ¬Ÿà„π™à«ß 29.36±0.97 - 43.86±0.97% ‚¥¬
ª≈“∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß ∑’Ë¡’°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π
20% ( Ÿµ√∑’Ë 3) ¡’§à“‰¡àµà“ß°—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√‰¡àº ¡
°“°‡π◊ÈÕ ‡¡≈Á¥„πª“≈å¡πÈ”¡—π ( Ÿµ√∑’Ë 1) ·≈–º ¡°“°‡π◊ÈÕ
‡¡≈Á¥„πª“≈å¡πÈ”¡—π 10% ( Ÿµ√∑’Ë 2) (p>0.05) ¢≥–∑’Ë
ª≈“∑’Ë‰¥â√—∫Õ“À“√º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π 30%

( Ÿµ√∑’Ë 4) ·≈– 40% ( Ÿµ√∑’Ë 5) ¡’§à“°“√„™âª√–‚¬™πå®“°
‚ª√µ’π ÿ∑∏‘µË”·≈–¡’§«“¡·µ°µà“ß°—π∑ÿ°™ÿ¥°“√∑¥≈Õß
(p<0.05) (Table 6)

5.  —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬Õ“À“√

§à“ —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬Õ“À“√  ‰¥â·°à  «—µ∂ÿ·Àâß
‚ª√µ’π ·≈–‰¢¡—π  ¢Õßª≈“π‘≈·ª≈ß‡æ»∑’Ë‰¥â√—∫Õ“À“√
∑¥≈Õß ∑—Èß 5  Ÿµ√  ‡ªìπ√–¬–‡«≈“ 10  —ª¥“Àå · ¥ß„π
Table 7 ‚¥¬æ∫«à“  —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬‚ª√µ’π ·≈–‰¢¡—π
¡’§à“≈¥≈ßµ“¡√–¥—∫¢Õß°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π∑’Ë
º ¡¡“°¢÷Èπ„πÕ“À“√ ‚¥¬ “¡“√∂º ¡°“°‡π◊ÈÕ‡¡≈Á¥„π
ª“≈å¡πÈ”¡—π‰¥â 20% ‚¥¬‰¡à∑”„Àâ§à“¥—ß°≈à“«·µ°µà“ß®“°
Õ“À“√∑’Ë‰¡àº ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π´÷Ëß‡ªìπ Ÿµ√
§«∫§ÿ¡ ( Ÿµ√∑’Ë 1) (p>0.05) (Table 7)  à«π —¡ª√– ‘∑∏‘Ï
°“√¬àÕ¬«—µ∂ÿ·Àâß æ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ëº ¡°“°‡π◊ÈÕ
‡¡≈Á¥„πª“≈å¡πÈ”¡—π 20 % ( Ÿµ√∑’Ë 3) ‰¡à·µ°µà“ß°—∫ª≈“
∑’Ë‰¥â√—∫Õ“À“√º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π 10% ( Ÿµ√
∑’Ë 2) (p>0.05) ·µà·µ°µà“ß°—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë‰¡àº ¡

°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π ( Ÿµ√∑’Ë 1) (p<0.05) (Table

7)

6.  à«πª√–°Õ∫∑“ß‚¿™π“°“√¢Õß´“°ª≈“

º≈°“√«‘‡§√“–Àå à«πª√–°Õ∫∑“ß‚¿™π“°“√¢Õß
ª≈“∑—Èßµ—«‡¡◊ËÕ‡√‘Ë¡µâπ  ·≈– ‘Èπ ÿ¥°“√∑¥≈Õß· ¥ß‰«â„π
Table 8 ‚¥¬§à“‚ª√µ’π„πµ—«ª≈“¡’·π«‚πâ¡≈¥≈ß   à«π
‰¢¡—π¡’·π«‚πâ¡ Ÿß¢÷Èπ‡¡◊ËÕª≈“‰¥â√—∫Õ“À“√º ¡°“°‡π◊ÈÕ
‡¡≈Á¥„πª“≈å¡πÈ”¡—π„π√–¥—∫∑’Ë Ÿß¢÷Èπ (p<0.05) §à“¢Õß
§«“¡™◊Èπ·≈–‡∂â“‰¡à¡’§«“¡ —¡æ—π∏å°—∫√–¥—∫¢Õß°“°‡π◊ÈÕ
‡¡≈Á¥„πª“≈å¡πÈ”¡—π∑’Ëº ¡„πÕ“À“√ ·¡â®–¡’§«“¡·µ°µà“ß
°—π√–À«à“ß™ÿ¥°“√∑¥≈Õß (P<0.05) (Table 8).

7.  à«πª√–°Õ∫∑“ß‚¿™π“°“√¢Õß¡Ÿ≈ª≈“∑¥≈Õß

º≈°“√«‘‡§√“–Àå à«πª√–°Õ∫∑“ß‚¿™π“°“√¢Õß
¡Ÿ≈ª≈“‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß· ¥ß‰«â„π Table 9 ‚¥¬§à“
‚ª√µ’π·≈–‡∂â“¡’·π«‚πâ¡≈¥≈ß  à«π‡¬◊ËÕ„¬ ·≈–‰π‚µ√‡®π
ø√’‡ÕÁ°·∑√° ǻ ¡’·π«‚πâ¡ Ÿß¢÷Èπ‡¡◊ËÕª≈“‰¥â√—∫Õ“À“√∑’Ë¡’
°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π„π√–¥—∫∑’Ë Ÿß¢÷Èπ (p<0.05)

(Table 9)  §à“¢Õß‰¢¡—π‰¡à¡’§«“¡ —¡æ—π∏å°—∫√–¥—∫¢Õß
°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π∑’Ëº ¡„πÕ“À“√ ·¡â®–¡’§«“¡
·µ°µà“ß°—π√–À«à“ß™ÿ¥°“√∑¥≈Õß (p<0.05) (Table 9)

8. Õß§åª√–°Õ∫‡≈◊Õ¥·≈–¥—™π’µ—∫µàÕµ—«ª≈“

®“°°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫‡≈◊Õ¥ª≈“∑’Ë‡≈’È¬ß¥â«¬
Õ“À“√∑—Èß 5  Ÿµ√ ‰¥â·°à Œ’¡“‚µ§√‘µ Œ’‚¡‚°≈∫‘π æ≈“ ¡“

Table 6. Feed conversion ratio (FCR), Protein efficiency ratio (PER) and

Apparent net protein utilization (ANPU) of sex-reversed tilapia

fed the experimental diets1

Experimental group FCR PER ANPU(%)

      1. PKC 0% 1.10±0.43a 2.98±0.11d  39.71±1.52bc

      2. PKC 10%  1.14±0.23ab  2.91±0.06cd 43.86±0.97d

      3. PKC 20% 1.20±0.80b 2.76±0.18c  42.29±3.61cd

      4. PKC 30% 1.30±0.47c 2.54±0.09b 36.88±1.32b

      5. PKC 40% 1.48±0.51d 2.25±0.08a 29.36±0.97a

1Mean ± standard deviation of four replications.

Means within each column not sharing a common superscript are significantly

different (p<0.05)
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‚ª√µ’π ‡¡Á¥‡≈◊Õ¥·¥ß ·≈–‡¡Á¥‡≈◊Õ¥¢“« (Table 10) æ∫
«à“‰¡à¡’§«“¡·µ°µà“ß°—π (p > 0.05) √–À«à“ß™ÿ¥°“√∑¥≈Õß
‚¥¬¡’§à“Œ’¡“‚µ§√‘µÕ¬Ÿà„π™à«ß 27.19±1.88 - 29.56±2.95%

§à“æ≈“ ¡“‚ª√µ’πÕ¬Ÿà„π™à«ß 13.01±1.17 - 14.47±1.13%

§à“Œ’‚¡‚°≈∫‘πÕ¬Ÿà„π™à«ß 6.06±0.59 - 6.84±0.54% ª√‘¡“≥
‡¡Á¥‡≈◊Õ¥·¥ß¡’§à“Õ¬Ÿà„π™à«ß 2.80×106 ± 4.20×105 - 3.46

×106 ± 1.46×105 ‡´≈≈å/¡≈. ·≈–ª√‘¡“≥‡¡Á¥‡≈◊Õ¥¢“«Õ¬Ÿà
„π™à«ß 1.09×105 ± 2.33×104 - 1.24×105 ± 1.75×104

Table 7. Apparent digestibility coefficients of dry matter, protein

and fat from experimental diets for sex-reversed tilapia1

Experimental group Dry meter Protein Fat

      1. PKC 0% 59.11±1.11d 87.59±0.28b   83.27±1.09bc

      2. PKC 10%  55.71±4.31cd 87.01±1.41b 87.31±2.90c

      3. PKC 20% 49.96±4.25c  85.41±1.14ab   82.88±4.04bc

      4. PKC 30% 40.49±6.45b 83.81±1.91a 76.65±2.67a

      5. PKC 40% 32.58±1.73a 83.88±0.25a   78.71±1.25ab

1Mean ± standard deviation of four replications.

Means within each column not sharing a common superscript are significantly

different (p<0.05)

Table 8. Whole body composition (%) of sex-reversed tilapia fed the

experimental diets for 10 weeks1

Experimental group Moisture Protein Fat Ash

      Fish initial 77.20±0.00 56.31±0.27 19.58±0.44 16.39±0.29
      1. PKC 0 %  76.07±2.26b  55.43±0.35

c
 20.20±0.27a  15.86±0.15c

      2. PKC 10 %  73.07±0.81a  55.43±0.01c  19.96±0.28a  15.03±0.65b

      3. PKC 20 %    74.95±1.19ab  55.35±0.29c  21.21±0.52b  16.71±0.06e

      4. PKC 30 %  73.68±1.59a  54.62±0.14b  24.67±0.24c  15.96±0.29d

      5. PKC 40 %   75.01±0.69ab  53.80±0.30a  25.56±0.24d  14.35±0.30a

1Mean ± standard deviation of four replications.

Means within each column not sharing a common superscript are significantly different

(p<0.05)

Table 9. Chemical composition of feces of sex-reversed red tilapia fed the experimental diets

for 10 weeks1

Feces Moisture Protein Fat Ash Fiber NFE

1.PKC 0% 2.95±0.17a 9.29±0.57d 3.52±0.43c 17.13±0.05d 23.34±0.12a 40.06±0.34a

2.PKC 10% 3.27±0.10a 8.87±0.49c  2.55±0.38ab 17.17±0.13d 24.94±0.55b 45.14±0.55b

3.PKC 20% 3.01±0.09a 8.88±0.56c  3.12±0.45bc 14.52±0.05c 26.05±0.74c 44.37±0.50b

4.PKC 30% 3.65±0.32b 8.29±0.52b 3.48±0.16c 11.20±0.08b 26.54±0.38c 48.44±0.65c

5.PKC 40% 4.52±0.11c 7.23±0.41a 2.28±0.17a   9.29±0.10a 27.06±0.68c 50.14±0.48d

1Mean ± standard deviation of three replications.

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

NFE: Nitrogen-free extract
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‡´≈≈å/¡≈.
§à“¥—™π’µ—∫µàÕµ—«¢Õßª≈“π‘≈·ª≈ß‡æ»∑’Ë‰¥â√—∫

Õ“À“√∑’Ë¡’°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π„π√–¥—∫µà“ßÊ °—π
(Table 10) ¡’§à“Õ¬Ÿà„π™à«ß 1.29±0.43 - 1.88±0.25% ·≈–
¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘√–À«à“ß™ÿ¥°“√∑¥≈Õß (p<

0.05) (Table 10)

9. √“§“Õ“À“√·≈–µâπ∑ÿπ°“√º≈‘µª≈“

®“°°“√§”π«≥√“§“§à“«—µ∂ÿ¥‘∫Õ“À“√ —µ«å∑’Ëπ”¡“
‡ªìπ à«πª√–°Õ∫„π Ÿµ√Õ“À“√∑—Èß 5  Ÿµ√ æ∫«à“  Ÿµ√
Õ“À“√∑’Ë¡’√–¥—∫¢Õß°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π‡æ‘Ë¡ Ÿß¢÷Èπ
®–∑”„ÀâÕ“À“√¡’√“§“µË”≈ß ¥—ß Table 11  ·≈–®“°°“√
«‘‡§√“–Àåµâπ∑ÿπ§à“Õ“À“√ Ÿµ√µà“ßÊ µàÕ°“√º≈‘µª≈“ 1 °°.
æ∫«à“¡’§«“¡·µ°µà“ß°—π√–À«à“ß™ÿ¥°“√∑¥≈Õß (p<0.05)

(Table 11) ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 2, 3 ·≈– 4 (º ¡
°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π 10, 20 ·≈– 30%) ¡’µâπ∑ÿπ

Table 10. Blood parameters and hepatosomatic index of sex-reversed red tilapia fed the experimental

diets for 10 week1

Experimental group Hematocrit Hemoglobin Plasmaprotein Red blood  cell Whit blood cell Hepatosomatic

(%) (g/dl) (mg%) (cell/mm3) (cell/mm3) index (%)

      1. PKC 0% 29.56±2.95a 6.84±0.54a 12.87±1.88a 2.80×106±4.20×105a 1.24×105±1.75×104a  1.61±0.13ab

      2. PKC 10% 27.50±2.25a 6.30±0.74a 13.92±1.36a 3.02×106±5.41×105a 1.22×105±3.19×104a 1.45±0.16a

      3. PKC 20% 27.56±3.33a 6.16±0.60a 13.66±4.91a 3.46×106±1.46×105a 1.13×105±2.95×104a 1.29±0.43a

      4. PKC 30% 28.94±5.49a 6.49±0.63a 14.47±1.13a 3.23×106±3.43×105a 1.09×105±2.33×104a 1.88±0.25a

      5. PKC 40% 27.19±1.88a 6.06±0.59a 13.01±1.17a 3.04×106±3.99×105a 1.13×105±2.32×104a   1.55±0.08ab

1Mean ± standard deviation of four replications.

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

§à“°“√º≈‘µª≈“µàÕÀπà«¬µË”∑’Ë ÿ¥ (19.84±0.44, 19.14±

1.29 ·≈– 19.26±0.69 ∫“∑ µ“¡≈”¥—∫)  √Õß≈ß¡“§◊Õ
ª≈“°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√ 5 (º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡
πÈ”¡—π 40%) ¡’µâπ∑ÿπ§à“Õ“À“√‡∑à“°—∫ 20.41±0.73 ∫“∑/
°“√º≈‘µª≈“ 1 °°.  à«πª≈“°≈ÿà¡∑’Ë¡’µâπ∑ÿπ§à“Õ“À“√µàÕ
°“√º≈‘µª≈“µàÕÀπà«¬ Ÿß ÿ¥§◊Õª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 1

(‰¡àº ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π) ¡’µâπ∑ÿπ‡∑à“°—∫
20.91±0.82 ∫“∑

«‘®“√≥åº≈°“√∑¥≈Õß

®“°º≈°“√∑¥≈Õß§√—Èßπ’È ®–‡ÀÁπ‰¥â«à“πÈ”Àπ—°‡©≈’Ë¬
¢Õßª≈“π‘≈∑’Ë‰¥â√—∫Õ“À“√º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π
√–¥—∫µà“ßÊ ¡’§«“¡·µ°µà“ß°—πÕ¬à“ß™—¥‡®π„π —ª¥“Àå∑’Ë 6

¢Õß°“√∑¥≈Õß  ·≈–º≈°“√«‘‡§√“–Àå§«“¡·µ°µà“ß∑“ß
 ∂‘µ‘µ—Èß·µà —ª¥“Àå∑’Ë 6 ®π°√–∑—Ëß ‘Èπ ÿ¥°“√∑¥≈Õß‡ªìπ‰ª

Table 11.  Feed cost and fish cost production1

Experimental groups Feed cost Fish cost production

(baht /kg) (baht/kg fish)

      1. PKC  0% 19.02 20.91±0.82b

      2. PKC 10% 17.47  19.84±0.44ab

      3. PKC 20% 15.98 19.14±1.29a

      4. PKC 30% 14.89 19.26±0.69a

      5. PKC 40% 13.83  20.41±0.73ab

1Mean ± standard deviation of four replications.

Means within each column not sharing a common superscript are signi-

ficantly different (p<0.05)
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ªï∑’Ë 26 ©∫—∫∑’Ë 2 ¡’.§.-‡¡.¬. 2547
°“√·∑π∑’Ëª≈“ªÉπ„πÕ“À“√ª≈“π‘≈·¥ß·ª≈ß‡æ»

«ÿ≤‘æ√  æ√À¡¢ÿπ∑Õß ·≈–§≥–177

„π·π«∑“ß‡¥’¬«°—π π—Ëπ§◊Õ °“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“≈¥≈ß
µ“¡√–¥—∫¢Õß°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π∑’Ë‡æ‘Ë¡¢÷Èπ„π
 Ÿµ√Õ“À“√ ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√º ¡°“°‡π◊ÈÕ‡¡≈Á¥„π
ª“≈å¡πÈ”¡—π 10% ¡’°“√‡®√‘≠‡µ‘∫‚µ (πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«,
πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ,  Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–)  ‰¡à
·µ°µà“ß°—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√æ◊Èπ∞“π ´÷Ëß‰¡à¡’°“°‡π◊ÈÕ
‡¡≈Á¥„πª“≈å¡πÈ”¡—πº ¡Õ¬Ÿà‡≈¬ ·≈–®“°°“√‡ª√’¬∫‡∑’¬∫
º≈¥â“πÕ◊ËπÊ °Á‡ªìπ‰ª„π·π«∑“ß‡¥’¬«°—π  ‚¥¬æ∫«à“§à“
°“√„™âª√–‚¬™πå®“°Õ“À“√ (feed utilization) ‰¥â·°à Õ—µ√“
°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ, ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π ·≈–
°“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘≈¥≈ß‡¡◊ËÕª≈“‰¥â√—∫Õ“À“√
º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π„π√–¥—∫∑’Ë Ÿß¢÷Èπ ·≈–º≈
°“√«‘‡§√“–Àå∑“ß ∂‘µ‘¢Õß§à“µà“ßÊ ‡À≈à“π’È¬◊π¬—π«à“ “¡“√∂
„™â°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—πº ¡„πÕ“À“√ ”À√—∫‡≈’È¬ß
ª≈“π‘≈‰¥â‰¡à‡°‘π 20% „°≈â‡§’¬ß°—∫°“√∑¥≈Õß¢Õßπ‘√ÿ∑∏‘Ï
(2544) ∑’Ëæ∫«à“ “¡“√∂º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π
‰¥â 30% „πÕ“À“√ ”À√—∫‡≈’È¬ßª≈“π‘≈·ª≈ß‡æ»∑’Ë¡’πÈ”Àπ—°
‡©≈’Ë¬‡√‘Ë¡µâπµ—«≈– 2 °√—¡ ‚¥¬„πÕ“À“√¡’√–¥—∫æ≈—ßß“π∑’Ë
¬àÕ¬‰¥â (digestibility energy) 3,300 °‘‚≈§“≈Õ√’/Õ“À“√
1 °‘‚≈°√—¡ ®“°º≈°“√∑¥≈Õß§√—Èßπ’Èæ∫«à“ °“√‡®√‘≠‡µ‘∫‚µ
¢Õßª≈“π‘≈ Õ¥§≈âÕß°—∫ —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬Õ“À“√ ‚¥¬
À“° —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬Õ“À“√ Ÿß°Á®– àßº≈„Àâ°“√‡®√‘≠
‡µ‘∫‚µ¢Õßª≈“π‘≈ Ÿßµ“¡‰ª¥â«¬ ´÷Ëß¡’§à“„°≈â‡§’¬ß°—∫°“√
∑¥≈Õß¢Õßπ‘√ÿ∑∏‘Ï (2544)   ·µà®“°°“√∑¥≈Õß¥—ß°≈à“«
æ∫«à“¡’§«“¡·µ°µà“ß®“°°“√∑¥≈Õßπ’È ‚¥¬ª√– ‘∑∏‘¿“æ
°“√¬àÕ¬‰¢¡—π¡’§à“‡æ‘Ë¡ Ÿß¢÷Èπ ‡¡◊ËÕ¡’√–¥—∫°“°‡π◊ÈÕ‡¡≈Á¥„π
ª“≈å¡πÈ”¡—π Ÿß¢÷Èπ ºŸâ«‘®—¬„Àâ§«“¡‡ÀÁπ«à“ª≈“π‘≈Õ“®¡’§«“¡
 “¡“√∂„π°“√¬àÕ¬‰¢¡—π∑’Ë‰¥â¡“®“°°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡
πÈ”¡—π‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ  Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß
Al-Owafeir ·≈– Belal (1996) ∑’Ëæ∫«à“ª≈“π‘≈ “¡“√∂
„™âπÈ”¡—πª“≈å¡‰¥â¥’°«à“πÈ”¡—π∂—Ë«‡À≈◊Õß

¡’√“¬ß“π°“√∑¥≈Õß„™â°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π
„πª≈“π‘≈ ´÷Ëß„Àâº≈°“√∑¥≈Õß·≈– √ÿª∂÷ß√–¥—∫¢Õß°“°
‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π∑’Ë·π–π”„Àâ„™â·µ°µà“ß°—π ‡™àπ
Omoregie ·≈– Ogbemudia (1993) æ∫«à“°“√„™â°“°
‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π „πÕ“À“√ª≈“π‘≈ “¡“√∂º ¡‰¥â
15% ‚¥¬‰¡à∑”„Àâ°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“·µ°µà“ß°—∫ª≈“
∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√æ◊Èπ∞“π∑’Ë„™âª≈“ªÉπ‡ªìπ à«πª√–°Õ∫´÷Ëß

„°≈â‡§’¬ß°—∫º≈°“√∑¥≈Õß§√—Èßπ’È ‚¥¬ª°µ‘§ÿ≥¿“æ¢Õß°“°
‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π®–¢÷ÈπÕ¬Ÿà°—∫ª√‘¡“≥‡ª≈◊Õ°πÕ°
¢Õßº≈ª“≈å¡∑’Ë∂Ÿ°·¬°ÕÕ°‰ª °“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π
∑’Ë„™â„π°“√∑¥≈Õßπ’È‰¥â·¬°°–≈“ÕÕ°∑‘Èß‰ª ·≈–∫¥ à«π∑’Ë
‡À≈◊ÕÕ¬à“ß≈–‡Õ’¬¥ ®“°π—Èππ”‰ª√àÕπ¥â«¬µ–·°√ßµ“∂’ËÕ’°
§√—ÈßÀπ÷Ëß ®÷ß∑”„Àâ§ÿ≥¿“æ¢Õß°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π
∑’Ë„™âÕ¬Ÿà„π‡°≥±å¥’ ‚¥¬∑—Ë«‰ª°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π∑’Ë
π”‰ª„™â„π°“√‡≈’È¬ß —µ«å®–¡’‚ª√µ’πÕ¬Ÿà„π™à«ß 16-18%

À“°√–¥—∫¢Õß‚ª√µ’π¢Õß°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—πµË”
∂÷ß 13% ·≈–‡¬◊ËÕ„¬ Ÿß‡°‘π 20% · ¥ß«à“ à«π¢Õß‡ª≈◊Õ°
·≈–‡ âπ„¬¢Õß°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π‰¡à∂Ÿ°·¬°ÕÕ°
Õ¬à“ß¡’ª√– ‘∑∏‘¿“æ „π°“°ª“≈å¡∑’Ë¡’‡¬◊ËÕ„¬ Ÿß®–∑”„Àâ°“°
‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π∑’Ëπ”¡“„™â¡’æ≈—ßß“πµË” ¡“°°«à“
§√÷ËßÀπ÷Ëß∑’Ë‡ªìπ à«πª√–°Õ∫¢Õß‡¬◊ËÕ„¬§◊Õ°“·≈Á°‚µ·¡π·ππ
(galactomannans) ‡™àπ (1, 4)-D-mannan ·π«∑“ß∑’Ë
®–ª√—∫ª√ÿß§ÿ≥¿“æ¢Õß°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π„Àâ
 “¡“√∂π”‰ª„™âº ¡„πÕ“À“√ —µ«å‰¥â¡“°¢÷Èπ §◊Õ °“√„™â
‡Õπ‰´¡å  ÷́Ëß®“°À≈“¬°“√∑¥≈Õß‚¥¬ Boonyaratpalin

·≈– Phromkunthong (2000) ·≈– Phromkunthong

·≈–§≥– (2001, 2002) æ∫«à“ ‚√‚π‰´¡å (Ronozyme

VP) ´÷Ëß‡ªìπ‡Õπ‰´¡å —ß‡§√“–Àå °—¥®“°√“ Aspergillus

aculeatus ™à«¬‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬Õ“À“√¢Õß
ª≈“π‘≈ ‡¡◊ËÕ‰¥â√—∫«—µ∂ÿ¥‘∫∑’Ë∑¥ Õ∫ ‡™àπ °“°‡π◊ÈÕ‡¡≈Á¥„π
ª“≈å¡πÈ”¡—π ·≈–°“°∂—Ë«‡À≈◊Õß ‚¥¬‡Õπ‰´¡åπ’È®–∑”Àπâ“∑’Ë
µ—¥æ—π∏– β-1, 4 ¢ÕßπÈ”µ“≈°≈Ÿ‚§ ∑’Ë‡™◊ËÕ¡µàÕ°—π·∫∫ ÿà¡
∑”„Àâ‡°‘¥πÈ”µ“≈∑’Ë¡’‚¡‡≈°ÿ≈¢π“¥‡≈Á°æÕ∑’Ë√à“ß°“¬®–π”‰ª
„™âª√–‚¬™πå‰¥â

 “‡ÀµÿÕ’°ª√–°“√Àπ÷Ëß∑’Ë∑”„ÀâµâÕß®”°—¥ª√‘¡“≥
°“√„™â°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π §◊Õ Õß§åª√–°Õ∫¢Õß
°√¥Õ–¡‘‚π (amino acid profile) „π°“°‡π◊ÈÕ‡¡≈Á¥„π
ª“≈å¡πÈ”¡—π ∑—Èß„π·ßà¢Õß§«“¡ ¡¥ÿ≈·≈–™π‘¥¢Õß°√¥
Õ–¡‘‚π∑’Ë¬àÕ¬‰¥â¡’Õ¬Ÿà„πª√‘¡“≥µË” ‚¥¬‡©æ“–°√¥Õ–¡‘‚π
®”‡ªìπ¢Õßª≈“ ‰¥â·°à ‰≈´’π ‡¡∑‰∑‚Õπ’π ·≈–∑√‘ª‚µ‡øπ
·µà‡ªìπ∑’Ëπà“ —ß‡°µ«à“Õ—µ√“°“√°‘πÕ“À“√¢Õßª≈“‡æ‘Ë¡ Ÿß¢÷Èπ
µ“¡√–¥—∫¢Õß°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π∑’Ë Ÿß¢÷Èπ„πÕ“À“√
· ¥ß„Àâ‡ÀÁπ«à“„π°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π Õ“®¡’ “√
Õ“À“√∫“ß™π‘¥ À√◊Õ°≈‘Ëπ∑’Ë¥÷ß¥Ÿ¥„Àâª≈“¬Õ¡√—∫Õ“À“√‰¥â
¡“°¢÷Èπ
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 ”À√—∫ à«πª√–°Õ∫∑“ß‚¿™π“°“√¢Õß´“°ª≈“π‘≈
æ∫«à“‡¡◊ËÕº ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π„πÕ“À“√‡æ‘Ë¡
¢÷Èπ¡’º≈∑”„Àâ‚ª√µ’π„π´“°¡’·π«‚πâ¡≈¥≈ß ∑—Èßπ’ÈÕ“®‡π◊ËÕß
¡“®“°§«“¡ ¡¥ÿ≈¢Õß°√¥Õ–¡‘‚π„πÕ“À“√≈¥≈ßµ“¡≈”¥—∫
‡¡◊ËÕº ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π„πÕ“À“√‡æ‘Ë¡¢÷Èπ (De

Silva and Anderson, 1995) „π¢≥–∑’Ë‰¢¡—π„π´“°¡’
·π«‚πâ¡ Ÿß¢÷Èπ ´÷Ëßº≈°“√∑¥≈Õßπ’Èµà“ß®“°°“√∑¥≈Õß¢Õß
π‘√ÿ∑∏‘Ï (2544) ∑’Ë√“¬ß“π«à“ √–¥—∫¢Õß°“°‡π◊ÈÕ‡¡≈Á¥„π
ª“≈å¡πÈ”¡—π∑’Ëº ¡„πÕ“À“√‰¡à¡’º≈µàÕ à«πª√–°Õ∫∑“ß
‚¿™π“°“√¢Õß´“°ª≈“π‘≈∑¥≈Õß ·¡â«à“ª≈“‰¥â√—∫Õ“À“√
∑’Ë¡’°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—πº ¡„π√–¥—∫∑’Ëµà“ß°—π ·µà
°“√‡æ‘Ë¡√–¥—∫æ≈—ßß“π„πÕ“À“√¡’º≈„Àâ‚ª√µ’π∑’Ë – ¡„π
µ—«ª≈“≈¥≈ß·≈–‰¢¡—π Ÿß¢÷Èπ

‡¡◊ËÕæ‘®“√≥“∂÷ßÕß§åª√–°Õ∫‡≈◊Õ¥ ‰¥â·°à Œ’¡“‚µ§√‘µ
Œ’‚¡‚°≈∫‘π æ≈“ ¡“‚ª√µ’π ‡¡Á¥‡≈◊Õ¥·¥ß ·≈–‡¡Á¥‡≈◊Õ¥
¢“«  æ∫«à“¡’§à“Õ¬Ÿà„π‡°≥±å¡“µ√∞“π¢Õßª≈“ª°µ‘
(Wedemeyer and Yasutake, 1977) ´÷Ëß¡’§à“„°≈â‡§’¬ß°—∫
º≈°“√»÷°…“¢Õß°‘®°“√·≈–«—™√‘π∑√å (2530); Fagbenro

(1994); Boonyaratpalin ·≈– Phromkunthong (2000)

·≈–π‘√ÿ∑∏‘Ï (2544) · ¥ß«à“ Ÿµ√Õ“À“√∑’Ë¡’°“°‡π◊ÈÕ‡¡≈Á¥„π
ª“≈å¡πÈ”¡—π„π√–¥—∫∑’Ë„™â„π°“√∑¥≈Õßπ’È¡’§«“¡ ¡¥ÿ≈¢Õß
 “√Õ“À“√  ·µàµâÕßº ¡„πÕ“À“√‰¡à‡°‘π  20%  ®÷ß‰¡à àß
º≈µàÕ°“√‡®√‘≠‡µ‘∫‚µ·≈–ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√ ‡™àπ
‡¥’¬«°—∫§à“¥—™π’µ—∫µàÕµ—«¢Õßª≈“π‘≈∑’Ëæ∫«à“¡’§à“„°≈â‡§’¬ß
°—∫°“√»÷°…“¢Õß Fagenro (1994) Boonyaratpalin ·≈–
Phromkunthong (2000) ·≈–π‘√ÿ∑∏‘Ï (2544) ‚¥¬¡’§à“
‰¡à‡°‘π 2% ·µàÀ“°ª≈“‰¥â√—∫Õ“À“√∑’Ë¡’ “√Õ“À“√‰¡à ¡¥ÿ≈
‡™àπ ®“°°“√»÷°…“¢Õß De Silva ·≈–§≥– (1991) æ∫«à“
ª≈“π‘≈∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’√–¥—∫æ≈—ßß“π (‰¢¡—π)  Ÿß ∑”„Àâ
µ—∫¡’¢π“¥„À≠à¢÷Èπ àßº≈„Àâ§à“¥—™π’µ—∫µàÕµ—« Ÿß¢÷Èπ ‚¥¬¡’§à“
 Ÿß°«à“ 2%

®“°°“√§”π«≥µâπ∑ÿπ§à“Õ“À“√ æ∫«à“ ¡’§«“¡
 Õ¥§≈âÕß°—∫º≈°“√»÷°…“¥â“π°“√‡®√‘≠‡µ‘∫‚µ  ª√– ‘∑∏‘-
¿“æ°“√„™âÕ“À“√ ·≈–ª√– ‘∑∏‘¿“æ°“√¬àÕ¬Õ“À“√ ‚¥¬
æ∫«à“ “¡“√∂º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π„πÕ“À“√
 ”À√—∫‡≈’È¬ßª≈“π‘≈‰¥â‰¡à‡°‘π 20% ‚¥¬¡’º≈∑”„Àâµâπ∑ÿπ
 ”À√—∫º≈‘µª≈“µË”∑’Ë ÿ¥

 √ÿªº≈°“√∑¥≈Õß

1. °“√‡®√‘≠‡µ‘∫‚µ  —¡ª√– ‘∑∏å°“√„™âÕ“À“√·≈–
ª√– ‘∑∏‘¿“æ°“√¬àÕ¬Õ“À“√¢Õßª≈“π‘≈≈¥µË”≈ß‡¡◊ËÕº ¡
°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π„πÕ“À“√ ”À√—∫‡≈’È¬ßª≈“π‘≈
„π√–¥—∫∑’Ë Ÿß¢÷Èπ

2. °“√º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π„π√–¥—∫
‰¡à‡°‘π 10%  àßº≈„Àâ°“√‡®√‘≠‡µ‘∫‚µ ª√– ‘∑∏‘¿“æ°“√„™â
Õ“À“√  ·≈– —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬Õ“À“√¢Õßª≈“π‘≈∑’Ë¡’
πÈ”Àπ—°‡©≈’Ë¬‡√‘Ë¡µâπ 3-83 °√—¡ ¡’§à“ Ÿß ÿ¥ ·≈–µà“ß°—∫
 Ÿµ√§«∫§ÿ¡Õ¬à“ß‰¡à¡’π—¬ ”§—≠∑“ß ∂‘µ‘

3. °“√º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π∑’Ë√–¥—∫
20%  àßº≈„Àâµâπ∑ÿπ°“√º≈‘µª≈“µË”∑’Ë ÿ¥ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫
°—∫°“√º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π„π√–¥—∫Õ◊ËπÊ ∑’Ë
∑¥ Õ∫

4. °“√º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π „πÕ“À“√
 ”À√—∫‡≈’È¬ßª≈“π‘≈‰¡à àßº≈µàÕ √’√«‘∑¬“¢Õßª≈“π‘≈ ‚¥¬
∑”„Àâ§à“Õß§åª√–°Õ∫‡≈◊Õ¥ ·≈–¥—™π’µ—∫µàÕµ—«Õ¬Ÿà„π‡°≥±å
ª°µ‘

‡Õ° “√Õâ“ßÕ‘ß

°√¡ª√–¡ß. 2545.  ∂‘µ‘°“√ª√–¡ß·Ààßª√–‡∑»‰∑¬ æ.».2542.
‡Õ° “√©∫—∫∑’Ë 10/2545. °Õß‡»√…∞°‘®°“√ª√–¡ß °√¡
ª√–¡ß, °√–∑√«ß‡°…µ√·≈– À°√≥å.

°‘®°“√  »ÿ¿¡“µ¬å ·≈– «—™√‘π∑√å √—µπ™Ÿ. 2530. º≈°“√‡ª≈’Ë¬π
·ª≈ß§«“¡‡§Á¡¢ÕßπÈ”µàÕÕß§åª√–°Õ∫‡≈◊Õ¥„πª≈“π‘≈
(Sarotherodon niloticus). «. ß¢≈“π§√‘π∑√å «∑∑.
9: 471-477.

π‘√ÿ∑∏‘Ï  ÿ¢‡°…¡. 2544. º≈¢Õß√–¥—∫°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡
πÈ”¡—πµàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“π‘≈ (Oreochromis

niloticus Linn.).«‘∑¬“π‘æπ∏å«‘∑¬“»“ µ√¡À“∫—≥±‘µ
¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å.

Al-Owafeir, M.A. and Belal, I.E.H. 1996. Replacing
palm oil for soybean oil in tilapia Oreochromis
niloticus (L.) feed. Aquacult. Res. 27: 221-224.

Anwar, M.F. and Jafri., A.K. 1995. Effect of varying
dietary lipid levels on growth, feed conversion,
nutrient retention and carcass composition of
fingerling catfish, Heteropneustes fossilis. Asian
Fish. Sci.  8: 55-62.



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 26 ©∫—∫∑’Ë 2 ¡’.§.-‡¡.¬. 2547
°“√·∑π∑’Ëª≈“ªÉπ„πÕ“À“√ª≈“π‘≈·¥ß·ª≈ß‡æ»

«ÿ≤‘æ√  æ√À¡¢ÿπ∑Õß ·≈–§≥–179

AOAC. (Association of  Official  Analytical  Chemists).
1990. Official Methods of Analysis. Washington,
DC: AOAC.

Blaxhall, P.C. and Daisley, K.W. 1973. Routine hema-
tological methods for use with fish blood. J. Fish
Boil. 5: 771-781.

Boonyaratpalin and Phromkunthong, W.2000. Effects
of Ronozyme treated rice bran and oil palm meal
on growth of sex reversed Tilapia niloticus. The
sixth Roche Aquaculture Conference Asia Pacific
(ed. B. Hunter) Bangkok, Thailand, September
29 2000, pp. 50-63.

Boyd, C.E. and  Tucker, C.S.  1992.  Water  Quality  and
Pond Soil Analyses for Aquaculture. Alabama:
Auburn University.

De Silva, S.S., Gunasekera, R.M. and Smith, K.F. 1991.
Interaction of varying dietary protein and lipid
levels in young red tilapia: evidence of protein
sparing. Aquaculture 95: 305-318.

De Silva, S.S., and Anderson, T.A. 1995. Fish nutrition
in aquaculture. London: Chapman & Hall.

Duncan, D.B. 1955. Multiple-range and multiple F tests.
Biometrics 11: 1-42.

El  Sayed,  A.F.M.  1999.  Alternative  dietary  protein
sources for farmed tilapia, Oreochromis spp.
Aquaculture 179: 149-168.

Fagbenro, O.A. 1994. Dried fermented fish silage in
diets for Oreochromis niloticus. Isr. J. Aquacult.
-Bamidgeh 46: 140-147.

Furukawa, A. and Tsukahara, H. 1966. On the acid
digestion method for the determination of chro-
mic oxides as an index substance in the study of
digestibility of fish feed. Bull. Jap. Soc. Sci. Fish.
32: 502-506.

Halver, J.E. 1989. Fish Nutrition. 2nd. edn, New York:
Academic Press.

Larsen, H.M. and Snieszko, S.F. 1961. Modification of
the microhematocrit techique with trout blood.
Trans. Am. Fish. Soc. 90: 345-356.

Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall,
R.J. 1951. Protein measurement with the folin
phenol reagent. J. Biol. Chem. 193: 265-275.

McDonald, P., Edward, R.A. and Greenhalgh, J.F.D.
1981. Animal Nutrition. London: Longman.

Omoregie, E. and Ogbemudia, F.I. 1993. Effect of
substituting fish meal with palm kernel meal on
growth and food utilization of the Nile tilapia,
Oreochromis  niloticus.    Isr.  J.  Aquacult.-
Bamidgeh 45: 113-119.

Phromkunthong, W., Hunter, B. and Jangsutthivorawat,
W. 2001. Effect of Ronozyme VP/W cocktail on
performance of juvenile Nile tilapia and hybrid
catfish fed commercial feeds. The seventh Roche
Aquaculture Conference Asia Pacific. Bangkok,
Thailand, November 28, 2001, pp. 50-63.

Phromkunthong, W., Vongyai, S. Nakachart, D. Chitti-
wan, V. Jangsutthivorawat, W. and Hunter, B.
2002. Digestibility Uplifts of Palm Kernel Cake
and Soybean Meal Confined by Ronozyme VP
in  Sex-Reversed  Black  Tilapia  (Oreochromis
niloticus). The Eight Roche Aquaculture Con-
ference  Asia  Pacific.  Bangkok,  Thailand,
November 28, 2002, pp. 20-55.

Robinson, E.H. and Wilson, R.P. 1985. Nutrition and
Feeding. In Channel Catfish Culture. (ed.C.S.
Tucker)  Developments  in  Aquaculture  and
Fisheries Science, 15, pp.323-404. Amsterdam:
Elsevier.

Stickney, R.R. 1979. Principles of Warmwater Aqua-
culture. New York: John Wiley & Sons.

Wedemeyer, G.A. and Yasutake, W.T. 1977. Clinical
Methods for the Assessment of the Effects of
Environmental Stress on Fish Health. U.S. Fish
Wildl. Serv. Tech. Pap. 89: 1-18.

Zeitoun, I.H., Tack, P.I., Halver, J.E. and Ullrey, D.E.
1973. Influence of salinity on protein require-
ments of rainbow trout, Salmo gairdneri finger-
ling. J. Fish. Res. Board Can. 30: 1867-1873.


