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Abstract
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Effects of palm kernel cake (PKC) on growth performance, blood components
and liver histopathology of sex reversed red tilapia (Oreochromis niloticus)
Songklanakarin J. Sci. Technol., 2007, 29(5) : 1283-1299

Effects of Palm Kernel Cake (PKC) on growth performance, blood components and liver histo-
pathology of sex- reversed red tilapia Oreochromis niloticus were studied using seven isocaloric diets (3400
kCal/ kg) containing different levels of protein and PKC. Diet 1, 2 and 3 contained 20% protein with the
supplementation of 15, 30 and 45% PKC, respectively. Diets 4, 5 and 6 contained 24% protein in combination
with the same PKC supplemention levels mentioned above, and diet 7 was commercial feed containing 20%
protein as a control diet. Experimental diets were fed to experimental fish of 48.65 g initial average body
weight cultured in floating cages (3 cages/diet) for 10 weeks. Fish fed diets containing higher protein (24%;
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Effect of PKC on sex reversed red tilapia (O. niloticus)

Sukasem, N. and Ruangsri, J.

diets 4, 5 and 6) had significantly better growth performance (p<0.05) than those fed lower protein (20%;
diets 1, 2 and 3). Considering the effect of PKC, fish fed diet 5 (Prot. 24%, PKC 30%) gave the greatest
growth performance (p<0.05) and all the PKC-fed groups had significantly higher growth than fish fed
control diet. There was evidence that supplementation of PKC in fish feed ranging from 15 to 45% had no
effect to the survival rate, blood components, or hepatocytic cells of tilapia. However, liver tissue showed
higher numbers of lipid droplets in fish fed diet contained 45% PKC (diets 3 and 6). For the production cost,
all test diets with PKC supplementation had significantly higher price (p<0.05) than commercial feed.
However, when considering the feeding cost per unit of fish production, fish reared with PKC supplemented
diets had significantly lower cost (p<0.05) than fish fed commercial feed.

Key words : PKC, sex reversed red tilapia, Oreochromis niloticus, growth performance,
blood component
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»÷°…“º≈¢Õß°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π  µàÕ°“√‡®√‘≠‡µ‘∫‚µ  Õß§åª√–°Õ∫‡≈◊Õ¥  ·≈–æ¬“∏‘ ¿“æ¢Õß

‡π◊ÈÕ‡¬◊ËÕµ—∫ ¢Õßª≈“π‘≈·¥ß·ª≈ß‡æ» ‚¥¬„™âÕ“À“√∑¥≈Õß 7  Ÿµ√ ∑’Ë¡’§à“æ≈—ßß“π„°≈â‡§’¬ß°—π∑ÿ° Ÿµ√ (3,400 °‘‚≈

§“≈Õ√’/°°.) ·µà¡’ª√‘¡“≥‚ª√µ’π·≈–°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—πµà“ß°—π Õ“À“√ Ÿµ√∑’Ë 1 2 ·≈– 3 ¡’√–¥—∫‚ª√µ’π„π

Õ“À“√ 20%  ·≈–‡ √‘¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π 15  30 ·≈– 45%  Õ“À“√ Ÿµ√∑’Ë 4  5 ·≈– 6 ¡’√–¥—∫‚ª√µ’π

„π Ÿµ√Õ“À“√ 24% ·≈–‡ √‘¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π„π√–¥—∫‡¥’¬«°—π°—∫¢â“ßµâπ  Ÿµ√∑’Ë 7 ‡ªìπ™ÿ¥§«∫§ÿ¡„™â

Õ“À“√ª≈“°‘πæ◊™ ”‡√Á®√Ÿª‚ª√µ’π 20% „ÀâÕ“À“√∑¥≈Õß·µà≈– Ÿµ√·°àª≈“∑¥≈Õß¢π“¥‡©≈’Ë¬ 48.65 °√—¡ ∑’Ë‡≈’È¬ß„π

°√–™—ß≈Õ¬ 3 °√–™—ßµàÕÕ“À“√ 1  Ÿµ√π“π 10  —ª¥“Àå  º≈°“√∑¥≈Õßæ∫«à“ª≈“π‘≈·¥ß™ÿ¥∑’Ë‰¥â√—∫Õ“À“√´÷Ëß¡’

ª√‘¡“≥‚ª√µ’π Ÿß°«à“ (24%) „π Ÿµ√∑’Ë 4  5 ·≈– 6 ¡’°“√‡®√‘≠‡µ‘∫‚µ¥’°«à“ª≈“™ÿ¥°“√∑¥≈Õß∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë¡’

‚ª√µ’πµË”°«à“ (20%) §◊Õ Ÿµ√∑’Ë 1 2  ·≈– 3  Õ¬à“ß¡’π—¬ ”§—≠ (p<0.05) ·≈–æ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ëº ¡°“°‡π◊ÈÕ

‡¡≈Á¥„πª“≈å¡πÈ”¡—π∑ÿ° Ÿµ√¡’°“√‡®√‘≠‡µ‘∫‚µ¥’°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√ª≈“°‘πæ◊™ ”‡√Á®√Ÿª„π™ÿ¥§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠

(p<0.05) ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢ÕßÕ“À“√∑’Ë‡ √‘¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π·µà≈– Ÿµ√µàÕ°“√‡®√‘≠‡µ‘∫‚µ

¢Õßª≈“π‘≈·¥ß æ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 5 (‚ª√µ’π 24% ·≈– PKC 30%) ¡’°“√‡®√‘≠‡µ‘∫‚µ¥’∑’Ë ÿ¥·µ°µà“ß

®“°°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√°≈ÿà¡Õ◊ËπÊ Õ¬à“ß¡’π—¬ ”§—≠ (p<0.05) ·≈–æ∫«à“°“√‡ √‘¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—πµ—Èß·µà 15-

30% „πÕ“À“√„Àâª≈“π“π 10  —ª¥“Àå ‰¡à¡’º≈µàÕÕ—µ√“√Õ¥µ“¬ Õß§åª√–°Õ∫‡≈◊Õ¥ ·≈–æ¬“∏‘ ¿“æ¢Õß‡´≈≈å„π

‡π◊ÈÕ‡¬◊ËÕµ—∫¢Õßª≈“π‘≈  Õ¬à“ß‰√°Áµ“¡æ∫«à“‡π◊ÈÕ‡¬◊ËÕµ—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√º ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π 45% ( Ÿµ√

∑’Ë 3 ·≈– 6) ¡’‡¡Á¥‰¢¡—π·∑√°Õ¬Ÿà¡“°¢÷Èπ °“√§”π«≥µâπ∑ÿπ§à“Õ“À“√®“°°“√∑¥≈Õßæ∫«à“√“§“°“√º≈‘µÕ“À“√ª≈“

‡ √‘¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π∑ÿ° Ÿµ√¡’§à“ Ÿß°«à“Õ“À“√ª≈“°‘πæ◊™ ”‡√Á®√ŸªÕ¬à“ß¡’π—¬ ”§—≠ (p<0.05)  ·µà‡¡◊ËÕ

æ‘®“√≥“µâπ∑ÿπÕ“À“√µàÕÀπà«¬º≈º≈‘µª≈“ æ∫«à“ Õ“À“√‡ √‘¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π∑ÿ° Ÿµ√¡’§à“µâπ∑ÿπµàÕ

Àπà«¬º≈º≈‘µµË”°«à“Õ“À“√º ¡ ”‡ √Á®√Ÿª ”À√—∫ª≈“°‘πæ◊™Õ¬à“ß¡’π—¬ ”§—≠ (p<0.05)

„π∏√√¡™“µ‘ª≈“π‘≈‡ªìπª≈“∑’Ë°‘πÕ“À“√‰¥â∑ÿ°™π‘¥∑—Èß
æ◊™  —µ«å ·æ≈ß°åµÕπæ◊™ ·æ≈ß°åµÕπ —µ«å ´“°Õ‘π∑√’¬å ·≈–
´“°Õπ‘π∑√’¬å‡πà“‡ªóòÕ¬ ¡Ÿ≈ —µ«å  —µ«åÀπâ“¥‘π∫“ß™π‘¥ ‡™àπ

ÀπÕπ·¥ß √«¡∑—Èß·∫§∑’‡√’¬·≈–æ◊™πÈ”™π‘¥µà“ßÊ (Stickney
and Hardy, 1986)  à«π„π√–∫∫°“√‡æ“–‡≈’È¬ßÕ“À“√∑’Ë„™â
‡≈’È¬ßª≈“π‘≈°Á‡À¡◊ÕπÕ“À“√∑’Ë„™â‡≈’È¬ß —µ«åπÈ”∑—Ë«Ê ‰ª ∑’Ë¡’
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·À≈àß‚ª√µ’π®“°ª≈“ªÉπ ∂—Ë«‡À≈◊ÕßªÉπ ¢â“«‚æ¥ªÉπ ‡¡≈Á¥
ΩÑ“¬ªÉπ ·≈–¢â“« “≈’ ‚¥¬‡©æ“–ª≈“ªÉπ®—¥‡ªìπ à«πª√–°Õ∫
∑’Ë ”§—≠„πÕ“À“√ —µ«åπÈ” ‡æ√“–‡ªìπ·À≈àß‚ª√µ’π∑’Ë¡’§ÿ≥¿“æ
¥’¡’√ ™“µ‘∑’Ëª≈“™Õ∫ ·≈–°“√¢¬“¬°“√‡æ“–‡≈’È¬ß —µ«åπÈ”‡™‘ß
æ“≥‘™¬å‡æ‘Ë¡¢÷Èπ∑ÿ°Ê ªï ∑”„Àâ¡’§«“¡µâÕß°“√„™âª≈“ªÉπ‡æ‘Ë¡
¢÷Èπ‡™àπ‡¥’¬«°—π „π¢≥–∑’Ëª≈“ªÉπ∑’Ëº≈‘µ‰¥â∑—Ë«‚≈°¡’·π«‚πâ¡
≈¥≈ß·µà√“§“°≈—∫ Ÿß¢÷Èπ  ª≈“π‘≈‡ªìπ —µ«åπÈ”∑’Ë¡’√“§“‰¡à Ÿßπ—°
¥—ßπ—Èπ®÷ß®”‡ªìπ∑’Ë®–µâÕßÀ“«— ¥ÿÕ“À“√™π‘¥Õ◊Ëπ∑’Ë¡’√“§“∂Ÿ°°«à“
¡“„™â‡ªìπ·À≈àß‚ª√µ’π·∑πª≈“ªÉπ∫“ß à«πÀ√◊Õ∑—ÈßÀ¡¥‡æ◊ËÕ
≈¥µâπ∑ÿπ„π°“√º≈‘µ  °“√¥—¥·ª≈ßÀ√◊Õπ”·À≈àß‚ª√µ’π∑’Ë
 “¡“√∂À“‰¥âßà“¬„π∑âÕß∂‘Ëπ·≈–¡’√“§“∂Ÿ°‡æ◊ËÕπ”¡“„™â‡≈’È¬ß
ª≈“π‘≈®÷ß‡ªìπ ‘Ëß∑’Ë§«√æ‘®“√≥“  ”À√—∫°“√»÷°…“«‘®—¬‡°’Ë¬«°—∫
‚ª√µ’π∑¥·∑π∑’Ë‡ªìπº≈æ≈Õ¬‰¥â®“° —µ«å∑’Ë„™â„π°“√‡µ√’¬¡
Õ“À“√ª≈“π‘≈ ‡™àπ ‡≈◊Õ¥ªÉπ ‡π◊ÈÕ·≈–°√–¥Ÿ°ªÉπ ¢πªÉπ
ª≈“À¡÷° °ÿâßªÉπ ‡§¬ ÀπÕπ¡’™’«‘µ æ∫«à“ “¡“√∂„™â∑¥·∑π
ª≈“ªÉπ‰¥â∫“ß à«π (Davies et al., 1990; Fagbenro, 1994;
El-Sayed, 1998) ·µà¥Ÿ‡À¡◊Õπ«à“ª≈“π‘≈®–‡ªìπª≈“∑’Ë¡’
§«“¡ “¡“√∂„π°“√¬àÕ¬·≈–„™âª√–‚¬™πå®“°‚ª√µ’π®“°æ◊™
‰¥â¥’°«à“·≈–¡’ª√– ‘∑∏‘¿“æ¡“°°«à“ª≈“™π‘¥Õ◊ËπÊ (Degani
and Revach, 1991) ¥â«¬‡Àµÿπ’È°“√„™â‚ª√µ’π®“°æ◊™„π
√–¥—∫ ŸßÊ ‡æ◊ËÕ∑¥·∑π‚ª√µ’π®“°ª≈“ªÉπ„πÕ“À“√ª≈“π‘≈
®÷ß¡’§«“¡‡ªìπ‰ª‰¥â Ÿß µ—«Õ¬à“ß‡™àπ °“√„™â°“°·¡§§“‡¥‡¡’¬
(macadamia press cake)  ‡ª≈◊Õ°‡¡≈Á¥°“·ø (coffee
pulp)  ‡ª≈◊Õ°‚°‚°â (cocao husk)  ‡¡≈Á¥„πÕ‘π∑º≈—¡
(pitted date fruit)  ‡¡≈Á¥°√–®—∫ (guar seed) ·≈–‡¡≈Á¥
¢â“«∫“√å‡≈à¬å (barley seeds)

·≈–¡’√“¬ß“π°“√„™â°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π„π
 Ÿµ√Õ“À“√ ”À√—∫‡≈’È¬ßª≈“π‘≈ ·µàæ∫«à“ à«π„À≠à°“√∑¥≈Õß
∑”„πª≈“π‘≈¢π“¥‡≈Á° ‡™àπ π‘√ÿ∑∏‘Ï (2544) æ∫«à“ “¡“√∂„™â
°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π‡ªìπ à«πª√–°Õ∫„π Ÿµ√Õ“À“√∑’Ë
„™â‡≈’È¬ßª≈“π‘≈¢π“¥‡©≈’Ë¬ 2.25 °√—¡ ‰¥â Ÿß∂÷ß 30% ‚¥¬∑’Ë
‰¡à¡’º≈°√–∑∫µàÕ°“√‡®√‘≠‡µ‘∫‚µ Õß§åª√–°Õ∫‡≈◊Õ¥·≈–
‡π◊ÈÕ‡¬◊ËÕµ—∫¢Õßª≈“ ‡™àπ‡¥’¬«°—∫«ÿ≤‘æ√ ·≈–§≥– (2547)
æ∫«à“ “¡“√∂„™â°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π·∑π∑’Ëª≈“ªÉπ
‰¥â‰¡à‡°‘π 20% „π Ÿµ√Õ“À“√∑’Ë¡’√–¥—∫‚ª√µ’π 30% ‡æ◊ËÕ
‡≈’È¬ßª≈“π‘≈·¥ß·ª≈ß‡æ»¢π“¥ 3 °√—¡ ‚¥¬∑’Ë‰¡à¡’º≈≈¥
°“√‡®√‘≠‡µ‘∫‚µ ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√  —¡ª√– ‘∑∏‘Ï°“√

¬àÕ¬ ·≈– √’√«‘∑¬“¢Õßª≈“π‘≈·ª≈ß‡æ»  · ¥ß„Àâ‡ÀÁπ«à“
°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π “¡“√∂π”¡“„™â‡ªìπ«—µ∂ÿ¥‘∫
Õ“À“√ —µ«å‡æ◊ËÕº≈‘µÕ“À“√‡≈’È¬ßª≈“π‘≈‰¥â Õ¬à“ß‰√°Áµ“¡°“√
„™â«—µ∂ÿ¥‘∫¥—ß°≈à“«„πª√‘¡“≥∑’Ë Ÿß‡°‘π‰ª‡™àπµ—Èß·µà 30-40%
(«ÿ≤‘æ√ ·≈–§≥–, 2547) À√◊Õ 45% (π‘√ÿ∑∏‘Ï, 2544) „π
 Ÿµ√Õ“À“√∑’Ë¡’‚ªπµ’πª√–¡“≥ 30% „Àâª≈“π‘≈¢π“¥‡≈Á°
æ∫«à“¡’º≈„Àâ°“√‡®√‘≠‡µ‘∫‚µ≈¥≈ß ‡π◊ËÕß®“°æ∫«à“ª≈“¡’°“√
„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘ ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π≈¥≈ß
Õ¬à“ß™—¥‡®π πÕ°®“°π—Èπ π‘√ÿ∑∏‘Ï (2544) °≈à“««à“ ª≈“π‘≈
¢π“¥‡©≈’Ë¬ 2.25 °√—¡ ∑’Ë‰¥â√—∫Õ“À“√∑’Ëº ¡°“°‡π◊ÈÕ‡¡≈Á¥„π
ª“≈å¡πÈ”¡—π Ÿß∂÷ß 45% π“π 10  —ª¥“Àå ®–‡°‘¥°“√ – ¡
‰¢¡—π‰«â„π‡π◊ÈÕ‡¬◊ËÕµ—∫ Ÿß¢÷Èπ ‚¥¬‡©æ“–‡¡◊ËÕº ¡≈ß„π Ÿµ√
Õ“À“√∑’Ë¡’√–¥—∫æ≈—ß Ÿß¢÷Èπ (3600-3900 °‘‚≈§“≈Õ√’/ °°.)
°Á®–¬‘Ëßæ∫°“√ – ¡¢Õß‡¡Á¥‰¢¡—π„π‡π◊ÈÕ‡¬◊ËÕµ—∫‡æ‘Ë¡¡“°¢÷Èπ
∑—Èßπ’È‡π◊ËÕß®“°‡¡◊ËÕº ¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π¡“°¢÷Èπ°Á
®–∑”„Àâ√–¥—∫‰¢¡—π„πÕ“À“√ Ÿß¢÷Èπ  ·≈–Õ“®∑”„Àâ°√–∫«π
°“√‡¡µ“∫Õ≈‘´÷¡¢Õß‰¢¡—π‰¡à ¡∫Ÿ√≥å ¡’º≈„Àâ¡’°“√ – ¡‰«â
„πµ—∫ Ÿß¢÷Èπ¥â«¬‡™àπ‡¥’¬«°—∫°“√∑¥≈Õß„™âπÈ”¡—π®“°æ◊™™π‘¥
µà“ßÊ ∑—ÈßπÈ”¡—π∂—Ë«‡À≈◊Õß πÈ”¡—π·√ª ’¥ (rapeseed) πÈ”¡—π
ª“≈å¡ ·≈–πÈ”¡—π¡–°Õ° ∑¥·∑ππÈ”¡—πª≈“„πÕ“À“√
Õ—µ√“ à«πµà“ßÊ °—π ‡æ◊ËÕ‡≈’È¬ßª≈“‡√π‚∫«å‡∑√â“∑å¢π“¥‡©≈’Ë¬
250 °√—¡ π“π 2 ‡¥◊Õπ æ∫«à“ª≈“∑¥≈Õß¡’°“√‡®√‘≠‡µ‘∫‚µ
¡’Õß§åª√–°Õ∫‡≈◊Õ¥ ·≈–Õß§åª√–°Õ∫¢Õß°√¥‰¢¡—π‰¡à·µ°
µà“ß°—π ·µàæ∫«à“‡π◊ÈÕ‡¬◊ËÕµ—∫¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√º ¡·À≈àß
‰¢¡—π®“°æ◊™∑ÿ°™π‘¥¡’°“√ – ¡‡¡Á¥‰¢¡—π„πµ—∫‡æ‘Ë¡¢÷Èπ
(Caballero et al., 2002) Õ¬à“ß‰√°Áµ“¡„πª≈“π‘≈¢π“¥
„À≠à‰¡àæ∫√“¬ß“π‡°’Ë¬«°—∫°“√‡ª≈’Ë¬π·ª≈ß‡π◊ÈÕ‡¬◊ËÕµ—∫Õ—π
‡π◊ËÕß¡“®“°°“√„™â·À≈àß«—µ∂ÿ¥‘∫®“°æ◊™µ√–°Ÿ≈πÈ”¡—π¡“°àÕπ

°“√«‘®—¬π’È‡ªìπ°“√»÷°…“º≈¢Õß°“√„™â°“°‡π◊ÈÕ‡¡≈Á¥
„πª“≈å¡πÈ”¡—π√–¥—∫µà“ßÊ „π Ÿµ√Õ“À“√ ‡æ◊ËÕ„™â‡≈’È¬ßª≈“π‘≈
¢π“¥„À≠à„π°√–™—ß„π·ßàº≈µàÕ°“√‡®√‘≠‡µ‘∫‚µ ª√– ‘∑∏‘¿“æ
¢ÕßÕ“À“√  °“√‡ª≈’Ë¬π·ª≈ß¢ÕßÕß§åª√–°Õ∫‡≈◊Õ¥  °“√
‡ª≈’Ë¬π·ª≈ß∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“¢Õßµ—∫  √«¡∑—Èßµâπ∑ÿπ§à“
Õ“À“√µàÕº≈º≈‘µª≈“ ¢âÕ¡Ÿ≈µà“ßÊ ∑’Ë®–‰¥â√—∫®“°°“√»÷°…“
‡À≈à“π’È®–‡ªìπª√–‚¬™πå‚¥¬µ√ßµàÕ‡°…µ√°√ºŸâ‡≈’È¬ßª≈“π‘≈
·≈–™à«¬„Àâ‡°‘¥°“√„™â∑√—æ¬“°√‡À≈◊Õ„™â®“°‚√ßß“π·ª√√Ÿª
ª“≈å¡πÈ”¡—π„Àâ¡’ª√– ‘∑∏‘¿“æµàÕ‰ª
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Effect of PKC on sex reversed red tilapia (O. niloticus)

Sukasem, N. and Ruangsri, J.

«— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√∑¥≈Õß

°“√«“ß·ºπ°“√∑¥≈Õß

«“ß·ºπ°“√∑¥≈Õß·∫∫ ÿà¡µ≈Õ¥ (completely
randomized design: CRD) ‚¥¬º≈‘µÕ“À“√∑¥≈Õß„Àâ¡’
√–¥—∫‚ª√µ’π 2 √–¥—∫ §◊Õ 20 ·≈– 24% ‚¥¬·µà≈–√–¥—∫¡’
°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π‡ªìπ à«πª√–°Õ∫„πÕ“À“√ 15
30 ·≈– 45% ‡ª√’¬∫‡∑’¬∫°—∫ Ÿµ√Õ“À“√™ÿ¥Õâ“ßÕ‘ß´÷Ëß‡ªìπ
Õ“À“√ª≈“°‘πæ◊™∑’Ë¡’‚ª√µ’π‰¡àµË”°«à“ 20% ·µà≈–™ÿ¥°“√
∑¥≈Õß¡’ 3 ´È” „™â‡«≈“∑¥≈Õß‡≈’È¬ßπ“π 10  —ª¥“Àå

°“√‡µ√’¬¡Õ“À“√∑¥≈Õß

«‘‡§√“–Àå§ÿ≥§à“∑“ß‚¿™π“°“√¢Õß«—µ∂ÿ¥‘∫∑ÿ°™π‘¥∑’Ë
®–π”‰ª‡µ√’¬¡Õ“À“√∑¥≈Õß‚¥¬«‘∏’ AOAC (1995) ‰¥â·°à
§«“¡™◊Èπ ‚ª√µ’π ‰¢¡—π ‡∂â“ ·≈–‡¬◊ËÕ„¬    à«πª√‘¡“≥
§“√å‚∫‰Œ‡¥√µÀ“‰¥â®“°°“√§”π«≥µ“¡ Ÿµ√ 100 - (‚ª√µ’π+
‰¢¡—π + ‡∂â“ + §«“¡™◊Èπ) §”π«≥ Ÿµ√Õ“À“√„Àâ¡’‚ª√µ’π 2
√–¥—∫ §◊Õ 20 ·≈– 24% ‚¥¬·µà≈–√–¥—∫®–¡’°“°‡π◊ÈÕ‡¡≈Á¥
„πª“≈å¡πÈ”¡—π‡ªìπ à«πª√–°Õ∫ 15 30 ·≈– 45% (Table
1) ·≈–¡’√–¥—∫æ≈—ßß“π„°≈â‡§’¬ß°—π∑ÿ° Ÿµ√Õ“À“√§◊Õ 3,400
°‘‚≈§“≈Õ√’/Õ“À“√ 1 °°.  §à“æ≈—ßß“π∑’Ë¬àÕ¬‰¥â (digestible
energy) „πÕ“À“√§”π«≥‚¥¬„™â§à“µà“ßÊ ∑’Ëª√–¬ÿ°µå¡“®“°
§à“∑’Ë„™â„πª≈“π‘≈§◊Õ¡’‚ª√µ’π 4.4  °‘‚≈§“≈Õ√’/°√—¡‚ª√µ’π
‰¢¡—π 9.0 °‘‚≈§“≈Õ√’/°√—¡‰¢¡—π  ·≈–§“√å‚∫‰Œ‡¥√µ 3.7
°‘‚≈§“≈Õ√’/°√—¡§“√å‚∫‰Õ‡¥√µ (Stickney, 1979) ‡µ√’¬¡
Õ“À“√∑¥≈Õß‚¥¬„™â‡§√◊ËÕßº ¡·≈–Õ—¥‡¡Á¥Õ“À“√ Õ—¥Õ“À“√
ºà“πÀπâ“·«àπ¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß 4 ¡¡.  Õ∫Õ“À“√∑’Ë
‡µ√’¬¡„Àâ·Àâß„πµŸâÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 60oC ®“°π—Èπ®÷ß∫√√®ÿ„π∂ÿß
æ≈“ µ‘°·≈â«‡°Á∫√—°…“‰«â„πµŸâ‡¬Áπ∑’ËÕÿ≥À¿Ÿ¡‘ 4oC   ”À√—∫
Õ“À“√™ÿ¥Õâ“ßÕ‘ß„™âÕ“À“√‡¡Á¥≈Õ¬πÈ”¢Õßª≈“°‘πæ◊™∑’Ë¡’
‚ª√µ’π‰¡àµË”°«à“ 20% ∑’Ë¡’¢“¬µ“¡∑âÕßµ≈“¥ ·µàπ”¡“ºà“π
°√–∫«π°“√º≈‘µ„À¡à„Àâ‡ªìπÕ“À“√‡¡Á¥®¡πÈ”µ“¡«‘∏’°“√‡¥’¬«
°—∫Õ“À“√∑¥≈Õß Ÿµ√ 1-6  ´÷Ëß¡’°“√‡µ√’¬¡Õ“À“√∑¥≈Õß
«‘µ“¡‘π ·≈–·√à∏“µÿ µ≈Õ¥®π«‘∏’°“√‡°Á∫√—°…“Õ“À“√∑¥≈Õß
Õâ“ßµ“¡ «ÿ≤‘æ√ ·≈–§≥– (2541) ®“°π—Èπ®÷ß«‘‡§√“–Àå§ÿ≥§à“
∑“ß‚¿™π“°“√¢ÕßÕ“À“√∑ÿ° Ÿµ√µ“¡«‘∏’ AOAC (1995)

°“√‡µ√’¬¡ª≈“·≈–°√–™—ß∑¥≈Õß

π”≈Ÿ°ª≈“π‘≈·¥ß·ª≈ß‡æ»´÷Ëß‡ªìπ‡æ»ºŸâ∑—ÈßÀ¡¥
πÈ”Àπ—°‡√‘Ë¡µâπ‡©≈’Ë¬µ—«≈– 3 °√—¡ ®”π«π 5,000 µ—« ¡“
Õπÿ∫“≈„π∫àÕ§Õπ°√’µ¢π“¥§«“¡®ÿπÈ” 20 ≈∫.¡. ‡ªìπ‡«≈“
4  —ª¥“Àå ®“°π—Èππ”‰ªÕπÿ∫“≈µàÕ„π°√–™—ß „π∫àÕ‡≈’È¬ßª≈“
∫√‘‡«≥∑’Ë®–∑”°“√∑¥≈Õß ®π‰¥â¢π“¥ª√–¡“≥ 50 °√—¡ ‡æ◊ËÕ
„Àâª≈“ “¡“√∂ª√—∫ ¿“æ„Àâ‡À¡“– ¡µàÕ ¿“æ·«¥≈âÕ¡¢Õß
°“√«‘®—¬ ·≈–Ωñ°À—¥„Àâ°‘πÕ“À“√∑’Ë¡’≈—°…≥–„°≈â‡§’¬ß°—∫
Õ“À“√∑¥≈Õß  «—π≈– 2 ‡«≈“  §◊Õ  8.00  ·≈–  16.00  π.
 —ß‡°µæƒµ‘°√√¡°“√¬Õ¡√—∫Õ“À“√ π”ª≈“‰ªµ√«® Õ∫°“√
µ‘¥‡™◊ÈÕ·∫§∑’‡√’¬·≈–æ¬“∏‘¿“¬πÕ°°àÕπ‡√‘Ë¡∑¥≈Õß  à«π
°√–™—ß∑¥≈Õß„™â°√–™—ßÕ«πµ“ 1.5 ´¡. ¢π“¥ 150 x 150
x 150 ´¡. ®”π«π  21 °√–™—ß µ‘¥µ—ÈßÕ¬Ÿà∫π·æ¢π“¥ 16
x 20 ‡¡µ√ „™â‚ø¡‡ªìπ∑ÿàπ≈Õ¬‚¥¬„Àâ°√–™—ß®¡Õ¬Ÿà„ππÈ”
ª√–¡“≥ 1 ‡¡µ√ ·≈–°√–™—ß·µà≈–„∫®–µ‘¥µ—Èß∂“¥√Õß√—∫
Õ“À“√‡æ◊ËÕªÑÕß°—πÕ“À“√∑¥≈Õß®¡≈ß°âπ·≈–À≈ÿ¥ÕÕ°πÕ°
°√–™—ß

°“√‡≈’È¬ß·≈– ¿“«–°“√‡≈’È¬ß

‡√‘Ë¡µâπ°“√∑¥≈Õß‚¥¬®—∫ª≈“∑—ÈßÀ¡¥∑’ËÕπÿ∫“≈‰«â„π
°√–™—ß¡“™—ËßπÈ”Àπ—°·≈–§—¥·¬°ª≈“∑’Ë¡’πÈ”Àπ—°‡©≈’Ë¬ 48.65
°√—¡/µ—« ¡“®”π«π 1,050 µ—« ª≈àÕ¬≈ß„π°√–™—ß∑¥≈Õß
°√–™—ß≈– 50 µ—«  ª≈“Õ’° à«πÀπ÷Ëß®”π«π 20 µ—« π”¡“™—Ëß
πÈ”Àπ—°‡√‘Ë¡µâπ ·≈–π”‰ª«‘‡§√“–ÀåÀ“§«“¡™◊Èπ¢Õßµ—«ª≈“
Õß§åª√–°Õ∫µà“ßÊ ¢Õßµ—«ª≈“‰¥â·°à ‚ª√µ’π ‰¢¡—π ‡¬◊ËÕ„¬
·≈–‡∂â“  µ“¡«‘∏’¡“µ√∞“π¢Õß AOAC (1995)  ª≈“„π
°√–™—ß‡≈’È¬ßÕ“À“√∑¥≈Õß·µà≈– Ÿµ√Ê ≈– 3 °√–™—ß  „Àâ
Õ“À“√«—π≈– 2 §√—Èß §◊Õ 8.00 π. ·≈– 16.00 π. ‚¥¬„Àâ
ª≈“°‘π®πÕ‘Ë¡ ∫—π∑÷°πÈ”Àπ—°Õ“À“√∑’Ë„Àâ∑ÿ°¡◊ÈÕ ™—ËßπÈ”Àπ—°
·≈–π—∫®”π«πª≈“∑’Ë‡À≈◊ÕÕ¬Ÿà∑ÿ° 2  —ª¥“Àå ·≈–µ√«® Õ∫
≈—°…≥–¢Õßª≈“µ≈Õ¥°“√∑¥≈Õß‡ªìπ√–¬–‡«≈“ 10  —ª¥“Àå
¢≥–∑”°“√∑¥≈Õß∑”°“√µ√«®«—¥§ÿ≥¿“æπÈ”∑ÿ° —ª¥“Àå ‰¥â·°à
§à“§«“¡‡ªìπ°√¥-¥à“ß (pH) §à“ÕÕ°´‘‡®π≈–≈“¬ (dissolved
oxygen, DO) Õÿ≥À¿Ÿ¡‘ ¥â«¬‡§√◊ËÕßµ√«®«—¥ ·≈–«‘‡§√“–Àå
§à“§«“¡‡ªìπ¥à“ß¢ÕßπÈ” (total alkalinity) µ“¡«‘∏’¢Õß Boyd
(1990)
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°“√‡°Á∫√«∫√«¡¢âÕ¡Ÿ≈

‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß™—ËßπÈ”Àπ—°ª≈“∑—ÈßÀ¡¥„π·µà≈–
°√–™—ß µ√«® Õ∫≈—°…≥–¿“¬πÕ°¢Õßª≈“ ®¥∫—π∑÷°‰«â π—∫
®”π«πª≈“∑’Ë‡À≈◊ÕÕ¬Ÿà„π·µà≈–°√–™—ßπ”¢âÕ¡Ÿ≈∑’Ë‰¥â¡“§”π«≥
À“§à“Õ—µ√“√Õ¥ (survival rate) °“√‡®√‘≠‡µ‘∫‚µ (growth
performance) ª√– ‘∑∏‘¿“æ°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ (feed
conversion ratio: FCR)  ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π
(protein efficiency ratio: PER)  °“√„™âª√–‚¬™πå®“°
‚ª√µ’π ÿ∑∏‘ (apparent net protein utilization, ANPU)
·≈–µâπ∑ÿπ§à“Õ“À“√µàÕº≈º≈‘µª≈“π‘≈ (unit feeding cost)
 ÿà¡µ—«Õ¬à“ßª≈“®“°°√–™—ß∑¥≈ÕßÊ ≈– 3 µ—« ‰ª«‘‡§√“–ÀåÀ“
§«“¡™◊Èπ¢Õßµ—«ª≈“µ“¡«‘∏’¡“µ√∞“π¢Õß AOAC (1995)
·≈–π”ª≈“®“°·µà≈–°√–™—ß∑¥≈ÕßÊ ≈– 3 µ—«‰ªÕ∫„Àâ·Àâß
∑’ËÕÿ≥À¿Ÿ¡‘ 60oC  π“π 48 ™—Ë«‚¡ß  ∫¥„Àâ≈–‡Õ’¬¥·≈â«π”
‰ª«‘‡§√“–Àå‚ª√µ’π  ‰¢¡—π  ·≈–‡∂â“  µ“¡«‘∏’¡“µ√∞“π¢Õß
AOAC (1995)

 ÿà¡ª≈“®“°∑ÿ°°√–™—ß∑¥≈ÕßÊ ≈– 3 µ—« π”ª≈“
·µà≈–µ—«‰ª™—ËßπÈ”Àπ—°µ—∫‡ª√’¬∫‡∑’¬∫πÈ”Àπ—°µ—«ª≈“‡æ◊ËÕ

§”π«≥À“§à“¥—™π’µ—∫µàÕµ—« (hepatosomatic index: HSI)
µ“¡«‘∏’¢Õß Anwar ·≈– Jafri (1995) ·≈– ÿà¡ª≈“„π
°√–™—ß∑¥≈ÕßÊ ≈– 3 µ—« ¡“‡°Á∫‡π◊ÈÕ‡¬◊ËÕµ—∫®“°‚¥¬·™à„π
 “√≈–≈“¬∫Ÿ·Õß (Bouin's fluid) ·≈â«‡µ√’¬¡‡π◊ÈÕ‡¬◊ËÕµ“¡
«‘∏’°“√¢Õß Humason (1972) µ—¥‡π◊ÈÕ‡¬◊ËÕµ—∫„Àâ¡’§«“¡Àπ“
3-4 ‰¡‚§√‡¡µ√ ·≈â«¬âÕ¡¥â«¬ ’ Hematoxylin & Eosin
(HE) (Bancroft, 1976) ®“°π—Èππ”µ—«Õ¬à“ß‰ª»÷°…“æ¬“∏‘
 ¿“æ¢Õß‡π◊ÈÕ‡¬◊ËÕ¥â«¬°≈âÕß®ÿ≈∑√√»πå

 ÿà¡ª≈“®“°∑ÿ°°√–™—ß∑¥≈ÕßÊ ≈– 3 µ—« ¡“ ≈∫
¥â«¬πÈ”¬“ 2-phenoxyethanol  ‡®“–‡≈◊Õ¥®“°∫√‘‡«≥‚§π
À“ß‚¥¬„™â EDTA 1.0% ‡ªìπ “√ªÑÕß°—π°“√·¢Áßµ—«¢Õß
‡≈◊Õ¥ π”¡“»÷°…“Õß§åª√–°Õ∫‡≈◊Õ¥§◊ÕŒ’‚¡‚°≈∫‘≈ (haemo-
globin) ‚¥¬„™â«‘∏’ Cyanet-haemoglobin (Larsen and
Snieszko, 1961)  Œ’¡“‚µ§√‘µ (haematocrit) ‚¥¬«‘∏’
¥—¥·ª≈ß®“° Blaxhall ·≈– Daisley (1973)  æ≈“ ¡“
‚ª√µ’π  (plasma protein)  ‚¥¬«‘∏’¥—¥·ª≈ß®“°  Lowry
·≈–§≥– (1951)

 Ÿµ√°“√§”π«≥

Õ—µ√“√Õ¥µ“¬ (%)  =  ®”π«πª≈“‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß x 100
®”π«πª≈“‡¡◊ËÕ‡√‘Ë¡µâπ

πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ (weight gain, %)  =  [ππ.ª≈“‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß - ππ.ª≈“‡¡◊ËÕ‡√‘Ë¡µâπ°“√∑¥≈Õß] x 100
        π.π. ª≈“‡¡◊ËÕ‡√‘Ë¡µâπ

Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“– (specific growth rate: SGR, %/«—π)
= [In ππ.ª≈“‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß - In ππ.ª≈“‡¡◊ËÕ‡√‘Ë¡µâπ°“√∑¥≈Õß] x 100

   ‡«≈“ («—π)
Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ (feed conversion ratio: FCR)  =  ππ. Õ“À“√∑’Ëª≈“°‘π∑—ÈßÀ¡¥

  ππ. ª≈“‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß
ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π (protein efficiency ratio: PER)  =   ππ. ª≈“∑’Ë‡æ‘Ë¡¢÷Èπ

ππ. ‚ª√µ’π∑’Ëª≈“°‘π
°“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘(apparent net protein utilization: ANPU, %)

= [‚ª√µ’π„πµ—«ª≈“‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß-‚ª√µ’π„πµ—«ª≈“‡¡◊ËÕ‡√‘Ë¡µâπ] x 100
       ππ.‚ª√µ’π∑’Ëª≈“°‘πµ≈Õ¥°“√∑¥≈Õß

¥—™π’µ—∫µàÕµ—« (hepatosomatic index: HIS, %)  =  ππ. µ—∫ª≈“  x 100
        ππ. µ—«ª≈“

µâπ∑ÿπ§à“Õ“À“√µàÕº≈º≈‘µ  =  πÈ”Àπ—°Õ“À“√∑’Ëª≈“°‘π∑—ÈßÀ¡¥ (°°.) x √“§“Õ“À“√ (∫“∑)
πÈ”Àπ—°ª≈“∑—ÈßÀ¡¥ (°°.)
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°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈

π”¢âÕ¡Ÿ≈∑’Ë‰¥â∑—Èß °“√‡®√‘≠‡µ‘∫‚µ πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ
Õ—µ√“°“√√Õ¥µ“¬ Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ ª√– ‘∑∏‘-
¿“æ°“√„™â‚ª√µ’π  °“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘  ·≈–
µâπ∑ÿπ§à“Õ“À“√µàÕº≈º≈‘µ §à“¥—™π’µ—∫µàÕµ—« §à“Õß§åª√–°Õ∫
‡≈◊Õ¥ ‰ª«‘‡§√“–Àå§«“¡·ª√ª√«π·≈–‡ª√’¬∫‡∑’¬∫§«“¡·µ°
µà“ß¢Õß§à“‡©≈’Ë¬‚¥¬„™â Duncan's New Multiple Range
Test

º≈°“√∑¥≈Õß

Õß§åª√–°Õ∫∑“ß‚¿™π¢ÕßÕ“À“√∑¥≈Õß

º≈°“√«‘‡§√“–Àå§ÿ≥§à“∑“ß‚¿™π“°“√¢ÕßÕ“À“√
∑¥≈Õß Ÿµ√µà“ßÊ · ¥ß„π Table 2 ‚¥¬æ∫«à“Õ“À“√∑ÿ°
 Ÿµ√¡’§«“¡™◊Èπ„°≈â‡§’¬ß°—π´÷Ëß¡’§à“Õ¬Ÿà√–À«à“ß 7.48±0.19
·≈– 7.95±0.33% ‡¡◊ËÕæ‘®“√≥“√–¥—∫‚ª√µ’πæ∫«à“Õ“À“√
 Ÿµ√∑’Ë 1 2 ·≈– 3 ¡’‚ª√µ’π‡∑à“°—∫ 20.72±0.40 20.26±

1.26 ·≈– 20.52±1.05% µ“¡≈”¥—∫  ´÷Ëß„°≈â‡§’¬ß°—∫
Õ“À“√ Ÿµ√Õâ“ßÕ‘ß ( Ÿµ√∑’Ë 7) ∑’Ë¡’√–¥—∫‚ª√µ’π 20.11±0.69%
„π¢≥–∑’ËÕ“À“√ Ÿµ√∑’Ë 4  5 ·≈– 6 ¡’√–¥—∫‚ª√µ’π‡∑à“°—∫
24.01±0.13 24.07±0.86 ·≈– 24.07±0.86% µ“¡≈”¥—∫

·≈–æ∫«à“√–¥—∫‰¢¡—π„π Ÿµ√Õ“À“√®–‡æ‘Ë¡¢÷Èπ‡¡◊ËÕÕ“À“√¡’
√–¥—∫°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π‡ªìπ à«πª√–°Õ∫‡æ‘Ë¡¢÷Èπ
°≈à“«§◊ÕÕ“À“√∑’Ë¡’°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π 15% ( Ÿµ√∑’Ë
1 ·≈– 4) ¡’√–¥—∫‰¢¡—π‡©≈’Ë¬ 5.56%   à«πÕ“À“√∑’Ë¡’°“°
‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π 30% ( Ÿµ√∑’Ë 2 ·≈– 5) ®–¡’
√–¥—∫‰¢¡—π‡©≈’Ë¬ 7.01% ·≈–Õ“À“√∑’Ë¡’°“°‡π◊ÈÕ‡¡≈Á¥„π
ª“≈å¡πÈ”¡—π 45% ( Ÿµ√∑’Ë 3 ·≈– 6) ®–¡’√–¥—∫‰¢¡—π‡©≈’Ë¬
8.41%   à«πÕ“À“√ Ÿµ√Õâ“ßÕ‘ß ( Ÿµ√∑’Ë 7) ¡’√–¥—∫‰¢¡—π
6.90%    ”À√—∫√–¥—∫¢Õß‡∂â“„π Ÿµ√Õ“À“√µà“ßÊ æ∫«à“
 “¡“√∂·∫àßÕÕ°‰¥â 3 °≈ÿà¡ °≈ÿà¡·√°§◊Õ Õ“À“√ Ÿµ√∑’Ë 1 2
·≈–3 ́ ÷Ëß‡ªìπ Ÿµ√Õ“À“√∑’Ë¡’‚ª√µ’π 20% æ∫«à“¡’§à“‡∂â“‡©≈’Ë¬
6.83% °≈ÿà¡∑’Ë Õß§◊Õ°≈ÿà¡ Ÿµ√Õ“À“√∑’Ë¡’‚ª√µ’π 24% ‰¥â·°à
Õ“À“√ Ÿµ√ 4 5 ·≈– 6 ¡’§à“‡©≈’Ë¬ 7.11% ·≈–°≈ÿà¡ ÿ¥∑â“¬
§◊Õ  Ÿµ√Õ“À“√Õâ“ßÕ‘ß¡’§à“‡©≈’Ë¬ 9.42%

§«“¡º‘¥ª°µ‘·≈–æƒµ‘°√√¡¢Õßª≈“π‘≈·¥ß∑’Ë‰¥â√—∫

Õ“À“√∑¥≈Õß

º≈°“√»÷°…“„π§√—Èßπ’È‰¡àæ∫§«“¡º‘¥ª°µ‘¢Õß√Ÿª√à“ß
≈—°…≥–¿“¬πÕ°·≈–æƒµ‘°√√¡¢Õßª≈“π‘≈·¥ß∑’Ë‰¥â√—∫
Õ“À“√∑¥≈Õß∑—Èß 7  Ÿµ√ ·≈–ª≈“∑¥≈Õß¡’ ÿ¢¿“æ·¢Áß·√ß
µ≈Õ¥°“√‡≈’È¬ßπ“π 10  —ª¥“Àå

Table 1. Ingredient composition of the experimental diets

Experimental Diet
Ingredient (%)

1 2 3 4 5 6 7

Palm kernel cake 15.00 30.00 45.00 15.00 30.00 45.00 *
Fish meal 5.00 5.00 5.00 5.00 5.00 5.00 *
Soybean meal 15.00 10.00 7.00 15.00 20.00 17.00 *
Rice bran 31.00 26.00 20.00 26.00 21.00 15.00 *
Rice flour 31.00 26.00 20.00 26.00 21.00 15.00 *
Vitamin mixed1 1.00 1.00 1.00 1.00 1.00 1.00 *
Mineral mixed2 2.00 2.00 2.00 2.00 2.00 2.00 *

* Commercial diet
1 Vitamin mixed (mg/kg diet): Thiamine (B1) 10, Riboflavin (B2) 20, Pyridoxine (B6) 10,
Cobalamin (B12) 2, Retinal (A) 4, Choleccalciferol (D3) 0.4, Phylloquinone (K1) 80, Folic
acid 5, Calcium pantothenate 40, Inosital 400, Niacin 150, Tocopherol (E) 60, Choline 6000,
Ascorbic acid  (C) 500, Cellulose 2718.60

2 Mineral mixed  (g/kg diet): NaCl 0.25,  MgSO
4
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°“√‡®√‘≠‡µ‘∫‚µ·≈–Õ—µ√“√Õ¥µ“¬

º≈°“√‡≈’È¬ßª≈“π‘≈„π°√–™—ß¥â«¬Õ“À“√∑¥≈Õßµà“ß
°—π 7  Ÿµ√ π“π 10  —ª¥“Àå æ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß
∑—Èß 7  Ÿµ√¡’πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«‡æ‘Ë¡ Ÿß¢÷Èπµ“¡√–¬–‡«≈“¢Õß
°“√∑¥≈Õß ¥—ß· ¥ß„π Table 3 ‚¥¬∑’ËπÈ”Àπ—°ª≈“‡©≈’Ë¬µàÕ
µ—«‡¡◊ËÕ‡√‘Ë¡∑¥≈Õß®π∂÷ß —ª¥“Àå∑’Ë 2 ¢Õß·µà≈–Àπà«¬∑¥≈Õß
‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘ (p>0.05) πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«
¢Õßª≈“‡√‘Ë¡¡’§«“¡·µ°µà“ß°—πµ—Èß·µà —ª¥“Àå∑’Ë 4 ®π°√–∑—Ëß
 ‘Èπ ÿ¥°“√∑¥≈Õß ‡¡◊ËÕæ‘®“√≥“·π«‚πâ¡¢Õß°“√‡®√‘≠‡µ‘∫‚µ
¢Õßª≈“π‘≈·¥ß„π —ª¥“Àå∑’Ë 4 6 ·≈– 8 æ∫«à“ª≈“°≈ÿà¡∑’Ë
‰¥â√—∫Õ“À“√∑’Ë¡’√–¥—∫¢Õß‚ª√µ’π 24% ( Ÿµ√ 4 5 ·≈– 6)
®–¡’πÈ”Àπ—°µ—«‡©≈’Ë¬ Ÿß°«à“ª≈“°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’√–¥—∫
‚ª√µ’π 20% ( Ÿµ√ 1 2 ·≈– 3) „π¢≥–∑’Ëª≈“∑’Ë‰¥â√—∫

Õ“À“√ Ÿµ√Õâ“ßÕ‘ß ( Ÿµ√ 7) ®–¡’πÈ”Àπ—°µ—«‡©≈’Ë¬µË” ÿ¥ ·≈–
‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß„π —ª¥“Àå∑’Ë 10 æ∫«à“°≈ÿà¡ª≈“π‘≈·¥ß
∑’Ë¡’°“√‡®√‘≠‡µ‘∫‚µ Ÿß ÿ¥¬—ß§ß‡ªìπª≈“°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’
‚ª√µ’π 24% ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 5 (Prot. 24%,
PKC 30%) ‡ªìπª≈“∑’Ë¡’πÈ”Àπ—°µ—«‡©≈’Ë¬ Ÿß ÿ¥ (183.87±

9.34 °√—¡) ·µà¡’πÈ”Àπ—°µ—«‡©≈’Ë¬‰¡à·µ°µà“ß°—∫ª≈“∑’Ë‰¥â√—∫
Õ“À“√ Ÿµ√∑’Ë 4 (Prot. 24%, PKC 15%) (p>0.05) ·≈–
ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 4  °—∫ Ÿµ√∑’Ë 6 (Prot. 24%, PKC.
45%) °Á¡’πÈ”Àπ—°µ—«‡©≈’Ë¬‰¡à·µ°µà“ß°—π (p>0.05) „π¢≥–
∑’Ëª≈“π‘≈·¥ß°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’√–¥—∫‚ª√µ’π 20% ®–¡’
°“√‡®√‘≠‡µ‘∫‚µ‡©≈’Ë¬µË”°«à“ª≈“°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’√–¥—∫
‚ª√µ’π 24% ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 2 (Prot. 20%,
PKC 30%) ®—¥‡ªìπª≈“∑’Ë¡’πÈ”Àπ—° Ÿß ÿ¥„π°≈ÿà¡∑’Ë‰¥â√—∫

Table 3. Mean body weight (g/fish) of sex-reversed red tilapia fed different diets for 10 weeks period

Time (week)
Diets

0 2 4 6 8 10

1 48.13±0.46 a 62.15±0.86 a  79.26±4.71 ab   100.05±6.36 bc    117.84±11.49 cd    149.51±19.32 cd

2 49.33±1.15 a 61.33±1.01 a 80.94±3.85 a   107.13±6.02 ab  125.12±4.23 bc 156.40±6.77 c

3 49.20±0.69 a 59.86±0.85 a  73.33±2.89 bc    95.95±2.37 c 111.30±3.78 d 138.59±5.58 d

4 48.53±1.40 a 62.42±2.49 a 83.97±1.60 a  110.72±2.71 a  136.13±1.25 ab  177.20±7.66 ab

5 48.53±0.92 a 62.85±3.94 a 83.60±4.90 a  113.31±4.85 a 141.75±6.30 a 183.87±9.34 a

6 47.87±1.51 a 56.82±4.21 a  72.91±4.70 bc   101.31±5.33 bc    119.96±10.45 cd  160.62±5.84 bc

7 48.93±1.40 a 59.74±5.03 a 66.89±3.01 c    76.49±2.26 d  82.49±1.39 e   91.90±1.13 e

1 Mean ± SD (3 replicates)
Values within the same column sharing a common superscript are not statistically different (p>0.05)

Table 2. Proximate analysis of experimental diets 1

Proximate composition
Diets

Moisture Protein Fat Ash Fiber Carbohydrate

1 7.81±0.30 20.72±0.40 b 5.94±0.08 d 6.84±0.04 c 3.32±0.30 d 55.37
2 7.95±0.33 20.26±1.26 b 7.17±0.13 b 6.82±0.08 c 4.93±0.28 c 52.87
3 7.52±0.22 20.52±1.05 b 8.39±0.15 a 6.82±0.04 c 6.91±0.41 a 49.84
4 7.52±0.32 24.01±0.13 a 5.18±0.16 d 7.06±0.08 b 4.02±0.28 d 52.21
5 7.48±0.33 24.07±0.76 a 6.84±0.11 c 7.08±0.09 b 5.06±0.11 c 49.47
6 7.89±0.19 24.07±0.86 a 8.42±0.22 a 7.18±0.04 b 7.08±0.50 a 45.36
7 7.49±0.40 20.11±0.69 b 6.90±0.02 c 9.42±0.05 a 5.90±0.06 b 50.18

1 Mean ± SD (3 replicates)
Values within the same column sharing a common superscript are not statistically different (p>0.05)
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Õ“À“√∑’Ë¡’√–¥—∫‚ª√µ’π 20% ´÷Ëß¡’πÈ”Àπ—°µ—«‡©≈’Ë¬‡∑à“°—∫
156.40±6.77 °√—¡ ·≈–‰¡à·µ°µà“ß®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√
 Ÿµ√∑’Ë 1 (Prot. 20%, PKC. 15%) ·≈– Ÿµ√∑’Ë 6 (p>0.05)
·µà¡’πÈ”Àπ—°µ—«‡©≈’Ë¬·µ°µà“ß®“°∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 3 (Prot.
20%, PKC 45%) (p<0.05) ·≈–¬—ßæ∫«à“ª≈“∑’Ë‰¥â√—∫
Õ“À“√ Ÿµ√∑’Ë 7 ´÷Ëß‡ªìπÕ“À“√‡¡Á¥ ”‡√Á®√Ÿª∑’Ë„™â‡ªìπÕ“À“√
 Ÿµ√Õâ“ßÕ‘ß¡’°“√‡®√‘≠‡µ‘∫‚µµË”∑’Ë ÿ¥ ‚¥¬¡’πÈ”Àπ—°µ—«‡©≈’Ë¬
91.90±1.13 °√—¡ ·µ°µà“ß®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√Õ◊ËπÊ
∑ÿ° Ÿµ√ (p<0.05)

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

√Õ¥µ“¬

πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«‡√‘Ë¡µâπ·≈– ‘Èπ ÿ¥°“√∑¥≈Õß
‡ªÕ√å‡´ÁπµåπÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–
·≈–Õ—µ√“°“√√Õ¥µ“¬ ¢Õßª≈“π‘≈∑’Ë‰¥â√—∫Õ“À“√∑—Èß 7  Ÿµ√
‡ªìπ√–¬–‡«≈“ 10  —ª¥“Àå · ¥ß„π Table 4 æ∫«à“πÈ”Àπ—°
∑’Ë‡æ‘Ë¡¢÷Èπ¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√∑—Èß 7  Ÿµ√ ¡’§«“¡·µ°µà“ß
°—π√–À«à“ß™ÿ¥°“√∑¥≈Õß (p<0.05) ‚¥¬ª≈“„π°≈ÿà¡∑’Ë‰¥â√—∫
Õ“À“√∑’Ë¡’√–¥—∫‚ª√µ’π 24% ¡’πÈ”Àπ—°‡æ‘Ë¡¢÷Èπ ·≈–Õ—µ√“
°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“– Ÿß°«à“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’√–¥—∫‚ª√µ’π
20% „π∑ÿ°√–¥—∫°“√‡ √‘¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π ‚¥¬
∑’ËπÈ”Àπ—°‡æ‘Ë¡¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 1-7 ¡’§à“ 210.60
±39.55% 217.07±13.46% 181.83±15.14% 265.62±

26.14%  279.13±25.34%  235.54±4.13% ·≈– 87.87±

3.09% µ“¡≈”¥—∫ ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 5 ¡’πÈ”Àπ—°

‡æ‘Ë¡¢÷Èπ Ÿß∑’Ë ÿ¥ ·≈–ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 7 ¡’πÈ”Àπ—°
‡æ‘Ë¡¢÷ÈππâÕ¬∑’Ë ÿ¥ ∑—Èßπ’È°“√‡ √‘¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π
„πÕ“À“√∑’Ë 30% ‰¡à∑”„Àâ°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“π‘≈≈¥≈ß
Õ¬à“ß¡’π—¬ ”§—≠ (p>0.05) ‡¡◊ËÕ‡∑’¬∫°—∫°“√·∑π∑’Ë¥â«¬°“°
‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π∑’Ë√–¥—∫ 15%  ·µà°“√„™â°“°‡π◊ÈÕ
‡¡≈Á¥„πª“≈å¡πÈ”¡—π∑’Ë√–¥—∫ 45% „πÕ“À“√∑’Ë¡’√–¥—∫‚ª√µ’π
24% ¡’º≈∑”„ÀâπÈ”Àπ—°‡æ‘Ë¡¢÷Èπ¢Õßª≈“≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠
(p<0.05) „π¢≥–∑’Ë‡¡◊ËÕ‡ √‘¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π∑’Ë
√–¥—∫ 15-45% „πÕ“À“√∑’Ë¡’√–¥—∫‚ª√µ’π 20% ‰¡à∑”„Àâ
πÈ”Àπ—°‡æ‘Ë¡¢÷Èπ¢Õßª≈“·µ°µà“ß°—π∑“ß ∂‘µ‘ (p>0.05)

 à«πº≈°“√«‘‡§√“–ÀåÕ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–„Àâ
º≈°“√∑¥≈Õß‡™àπ‡¥’¬«°—∫πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ ‚¥¬ª≈“∑’Ë‰¥â√—∫
Õ“À“√ Ÿµ√∑’Ë¡’√–¥—∫‚ª√µ’π 24% ∑—Èß 3 √–¥—∫°“°‡π◊ÈÕ‡¡≈Á¥
„πª“≈å¡πÈ”¡—π ¡’Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–‰¡à·µ°µà“ß°—π
(p>0.05) ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 5 ¡’§à“Õ—µ√“°“√
‡®√‘≠‡µ‘∫‚µ®”‡æ“– Ÿß∑’Ë ÿ¥ §◊Õ 1.90±0.10  √Õß≈ß¡“§◊Õ
ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 4 ·≈– 6 ´÷Ëß¡’§à“Õ—µ√“°“√‡®√‘≠
‡µ‘∫‚µ®”‡æ“–‡∑à“°—∫ 1.85±0.10 ·≈– 1.73±0.02%/«—π
µ“¡≈”¥—∫ ·≈–ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë¡’√–¥—∫‚ª√µ’π 20
‡ªÕ√å‡´Áπµå §◊Õ Ÿµ√∑’Ë 1, 2 ·≈– 3 °Á¡’Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ
®”‡æ“–‰¡à·µ°µà“ß°—π (p>0.05) ‚¥¬¡’§à“Õ—µ√“°“√‡®√‘≠
‡µ‘∫‚µ®”‡æ“–‡∑à“°—∫ 1.61±0.18 1.65±0.06 ·≈– 1.48±

0.08%/ «—π µ“¡≈”¥—∫ „π¢≥–∑’Ëª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√ 7 ¡’
Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–πâÕ¬∑’Ë ÿ¥ (0.90±0.02%/«—π)
(Table 4)  ”À√—∫Õ—µ√“√Õ¥µ“¬¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√∑—Èß 7

Table 4. Growth performance and survival rate of sex-reversed red tilapia fed different experimental
diets for 10 weeks period 1

Diets Initial weight Final weight Weight gain SGR RFI Survival rate
(g/fish) (g/fish) (%) (%/day) (%/day) (%)

1 48.13±0.46 a    149.51±19.32 cd   210.60±39.55 cd   1.61±0.18 bc 3.71±0.32 bc 96.67±1.15 a

2 49.33±1.15 a 156.40±6.77 c   217.07±13.46 cd   1.65±0.06 bc 3.69±0.02 bc 98.00±2.00 a

3 49.20±0.69 a 138.59±5.58 d  181.83±15.14 d  1.48±0.08 c 4.03±0.10 b 95.33±5.03 a

4 48.53±1.40 a  177.20±7.66 ab   265.62±26.14 ab  1.85±0.10 a 3.34±0.02 c 94.67±2.31 a

5 48.53±0.92 a 183.87±9.34 a  279.13±25.34 a  1.90±0.10 a  3.77±0.39 bc 94.67±1.15 a

6 47.87±1.15 a  160.62±5.84 bc  235.54±4.13 bc   1.73±0.02 ab 3.46±0.19 c 98.00±2.00 a

7 48.93±1.40 a   91.90±1.13 e   87.87±3.09 e  0.90±0.02 e 4.62±0.43 a 94.67±6.11 a

1 Mean ± SD (3 replicates)
Values within the same column sharing a common superscript are not statistically different (p>0.05)
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 Ÿµ√‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘ (p>0.05) ‚¥¬Õ¬Ÿà„π™à«ß
94.67±6.11 - 98.00±2.00%  (Table 4)

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

·≈–°“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘

º≈¢âÕ¡Ÿ≈„π¥â“πÕ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ
ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π·≈–°“√„™âª√–‚¬™πå®“°‚ª√µ’π
 ÿ∑∏‘ ¢Õßª≈“π‘≈·¥ß∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß∑—Èß 7  Ÿµ√ · ¥ß
„π Table 5 æ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 1-6 ¡’Õ—µ√“°“√
‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ‰¡à·µ°µà“ß°—π (p>0.05) ‚¥¬¡’§à“Õ¬Ÿà
„π™à«ß 2.16±0.08 - 3.13±0.18  „π¢≥–∑’Ëª≈“∑’Ë‰¥â√—∫
Õ“À“√ Ÿµ√∑’Ë 7 ¡’Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ Ÿß∑’Ë ÿ¥ (5.76
±1.30) ·≈–·µ°µà“ß∑“ß ∂‘µ‘°—∫∑ÿ°Ê  Ÿµ√Õ“À“√ (p<0.05)

 à«π§à“ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π (PER) æ∫«à“ª≈“
π‘≈·¥ß°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’‚ª√µ’π 20% §◊Õ Ÿµ√∑’Ë 1-3 ¡’
§à“ 2.01±0.36 2.12±0.06 ·≈–1.69±0.09 µ“¡≈”¥—∫
‚¥¬§à“ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π„πÕ“À“√ Ÿµ√∑’Ë 3 ´÷Ëß·∑π∑’Ë
ª≈“ªÉπ¥â«¬°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π∑’Ë√–¥—∫ 45% ¡’§à“
≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠ (p<0.05) ·µà‰¡à·µ°µà“ß°—∫Õ“À“√
 Ÿµ√∑’Ë 1 „π¢≥–∑’Ë§à“ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π¢Õßª≈“π‘≈
·¥ß°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’‚ª√µ’π 24% §◊ÕÕ“À“√ Ÿµ√∑’Ë 4-6
¡’§à“ 2.09±0.07 1.90±0.18 ·≈– 1.98±0.08 µ“¡≈”¥—∫
‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘∑’Ë∑ÿ°√–¥—∫°“√‡ √‘¡°“°‡π◊ÈÕ

‡¡≈Á¥„πª“≈å¡πÈ”¡—π (15-45%) ·≈–¬—ßæ∫«à“°“√‡ √‘¡°“°
‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π∑’Ë√–¥—∫‡¥’¬«°—π„πÕ“À“√∑’Ë¡’‚ª√µ’π
µà“ß°—π 2 √–¥—∫ §◊Õ 20 ·≈– 24% ‰¡à∑”„Àâ§à“ª√– ‘∑∏‘¿“æ
°“√„™â‚ª√µ’π¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘ (p>0.05)   à«π
Õ“À“√∑’Ë¡’§à“ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’πµË”∑’Ë ÿ¥§◊ÕÕ“À“√ Ÿµ√
∑’Ë 7 (0.94±0.19) ‚¥¬¡’§à“·µ°µà“ß®“° Ÿµ√Õ“À“√Õ◊ËπÊ
Õ¬à“ß¡’π—¬ ”§—≠ (p<0.05)

 ”À√—∫§à“°“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘  æ∫«à“
Õ“À“√ Ÿµ√∑’Ë 1 2 4 5 ·≈– 6 ‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß
 ∂‘µ‘ (p>0.05) ‚¥¬¡’§à“°“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘Õ¬Ÿà
„π™à«ß 59.84±5.86 - 70.30±2.83% √Õß≈ß¡“§◊ÕÕ“À“√
 Ÿµ√∑’Ë 3 (45.62±2.94) ‚¥¬Õ“À“√ Ÿµ√∑’Ë 7 ‡ªìπÕ“À“√∑’Ë¡’
§à“°“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘µË”∑’Ë ÿ¥

Õß§åª√–°Õ∫∑“ß‡§¡’¢Õßª≈“∑—Èßµ—«

º≈°“√«‘‡§√“–Àå à«πª√–°Õ∫∑“ß‚¿™π“°“√¢Õßª≈“
∑—Èßµ—«‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß (Table 6) æ∫«à“ §«“¡™◊Èπ¢Õß
ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 1-6 ‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘
(p>0.05) ·µà¡’§à“µË”°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 7 Õ¬à“ß¡’
π—¬ ”§—≠ (p<0.05)   à«π‚ª√µ’π¢Õßµ—«ª≈“∑’Ë‰¥â√—∫Õ“À“√
∑—Èß 7  Ÿµ√ æ∫«à“ ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 4 ¡’§à“ Ÿß∑’Ë ÿ¥
(49.51±0.38%) √Õß≈ß¡“§◊Õª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 6 ·≈–
7 µ“¡≈”¥—∫ ·µà‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘ (p>0.05)

Table 5. Feed conversion ratio (FCR), protein efficiency
ratio (PER) and apparent net protein utilization
(ANPU) of red tilapia fed different experimental
diets for 10 weeks period 1

Diets FCR PER ANPU

1 2.67±0.50 b   2.01±0.36 ab   62.24±12.20 a

2 2.53±0.07 b  2.12±0.06 a 63.36±1.75 a

3 3.13±0.18 b  1.69±0.09 b 45.62±2.94 b

4 2.16±0.08 b  2.09±0.07 a 70.30±2.73 a

5 2.38±0.24 b   1.90±0.18 ab 59.84±5.86 a

6 2.28±0.09 b   1.98±0.08 ab 65.61±2.65 a

7 5.76±1.30 a  0.94±0.19 c 27.60±6.08 c

1 Mean ± SD (3 replicates)
Values within the same column sharing a common superscript
are not statistically different (p>0.05)
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„π¢≥–∑’Ëª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 3 ¡’§à“Õß§åª√–°Õ∫¢Õß
‚ª√µ’π„πµ—«µË”∑’Ë ÿ¥ ·≈–·µ°µà“ß°—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√
Õ◊ËπÊ ∑ÿ° Ÿµ√Õ¬à“ß¡’π—¬ ”§—≠ (p<0.05)  ”À√—∫‰¢¡—πæ∫«à“
¡’§«“¡·µ°µà“ß°—π√–À«à“ß™ÿ¥°“√∑¥≈Õß (p<0.05) ¡’§à“Õ¬Ÿà
„π™à«ß 34.37±1.05 - 39.78±0.70% ·≈–§à“‡∂â“„π´“°
ª≈“π‘≈æ∫«à“ “¡“√∂·∫àß‰¥â 4 °≈ÿà¡ §◊Õ´“°ª≈“∑’Ë¡’§à“‡∂â“
 Ÿß∑’Ë ÿ¥ (14.99±0.16%) ‰¥â·°à ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 3
√Õß≈ß¡“§◊Õ°≈ÿà¡ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√ 2 ·≈– 6   à«π°≈ÿà¡
∑’Ë 3 §◊Õ°≈ÿà¡ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√ 1 4 ·≈– 5 ·≈–
§à“‡∂â“∑’Ë¡’§à“µË”∑’Ë ÿ¥§◊Õ ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√ 7

Õß§åª√–°Õ∫‡≈◊Õ¥ ·≈–¥—™π’µ—∫µàÕµ—«

º≈°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫‡≈◊Õ¥ æ∫«à“ ∑ÿ° Ÿµ√
Õ“À“√¡’§à“Œ’¡“‚µ§√‘µ Œ’‚¡‚°≈∫‘π ·≈–‚ª√µ’π„πæ≈“ ¡“
‰¡à·µ°µà“ß°—π∑“ß ∂‘µ‘ (p>0.05)   à«πº≈¢Õß°“√»÷°…“§à“
¥—™π’µ—∫µàÕµ—«¢Õßª≈“π‘≈∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√µà“ßÊ ∑—Èß 7  Ÿµ√
æ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 7 ¡’§à“¥—™π’µ—∫µàÕµ—« Ÿß∑’Ë ÿ¥
(3.68±0.16%) ·≈–¡’§«“¡·µ°µà“ß®“° Ÿµ√Õ“À“√∑’Ë¡’°“°
‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π‡ªìπÕß§åª√–°Õ∫ ( Ÿµ√ 1-6) Õ¬à“ß
¡’π—¬ ”§—≠ (p<0.05) ´÷Ëß¡’§à“¥—™π’µ—∫µàÕµ—«Õ¬Ÿà„π™à«ß 2.04-
2.70% (Table 7)

Table 7. Blood components and hepatosomatic index (HSI) of sex-reversed red tilapia
fed with 7 experimental diets for 10 weeks period1

Diets Haematocrit (%) Haemoglobin (g/dl) Plasma protein (g%) HIS (%)

1 30.83±2.40 a 7.66±1.04 a 6.76±0.33 a 2.70±0.47 b

2 31.67±1.89 a 8.08±0.36 a 5.95±1.33 a  2.08±0.17 bc

3 30.00±3.06 a 7.73±0.39 a 6.24±0.23 a  2.43±0.33 bc

4 34.22±1.11 a 8.53±0.49 a 7.31±0.76 a  2.32±0.44 bc

5 30.89±3.99 a 7.76±0.84 a 6.26±0.71 a 2.04±0.04 c

6 34.33±0.60 a 7.62±0.57 a 6.04±0.71 a  2.15±0.44 bc

7 29.33±1.88 a 7.34±0.46 a 6.83±0.52 a 3.68±0.16 a

1 Mean ± SD (3 replicates)
Values in the same column sharing a common superscript are not statistically different (p>0.05)

Table 6. Body compositions of sex-reversed red  tilapia fed different
experimental diets for 10 weeks period 1

Composition (% DM)
Diets Moisture (%)

Protein Fat Ash

Initial 75.25±0.62 51.29±0.71 26.42±1.91 12.11±0.53
1  70.86±0.95 b   47.81±1.11 bc   36.79±0.59 b  14.07±0.19 c

2  69.91±0.93 b  46.18±1.04 d    37.98±1.23 ab  14.56±0.05 b

3  69.22±1.15 b  44.24±0.52 e    38.63±1.82 ab  14.99±0.16 a

4  70.49±0.56 b  49.51±0.38 a   34.37±1.05 d  13.84±0.05 c

5  69.29±1.31 b   47.24±0.45 cd    36.74±0.83 bc  14.05±0.37 c

6  69.04±1.64 b   49.15±0.99 ab   39.78±0.70 a  14.53±0.15 b

7  73.52±1.59 a    48.63±0.83 abc    35.63±0.15 cd    9.87±0.37 d

1 Mean ± SD (3 replicates)
DM = Dry matter
Values within the same column sharing a common superscript are not statistically
different (p>0.05)
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°“√»÷°…“‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“¢Õßµ—∫ª≈“π‘≈

®“°º≈°“√»÷°…“æ¬“∏‘ ¿“æ¢Õß‡π◊ÈÕ‡¬◊ËÕµ—∫¢Õßª≈“π‘≈
æ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√∑—Èß 7  Ÿµ√ µ√«®‰¡àæ∫°“√‡ª≈’Ë¬π
·ª≈ß∑“ßæ¬“∏‘ ¿“æ¢Õß‡´≈≈åµ—∫·≈–µ—∫ÕàÕπ ·µàæ∫«à“
‡π◊ÈÕ‡¬◊ËÕµ—∫¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’√–¥—∫°“°‡π◊ÈÕ‡¡≈Á¥„π
ª“≈å¡πÈ”¡—π„π Ÿµ√Õ“À“√ 45% ( Ÿµ√∑’Ë 3 ·≈– 6)  – ¡
‡¡Á¥‰¢¡—π∑’Ë¡’≈—°…≥–‡ªìπ·«§‘«‚Õ≈ (vacuole) ¬âÕ¡‰¡àµ‘¥ ’

·∑√°Õ¬Ÿà¿“¬„π‡π◊ÈÕµ—∫¡“°°«à“ª≈“„π™ÿ¥°“√∑¥≈ÕßÕ◊ËπÊ
(Figure 1)

√“§“Õ“À“√·≈–µâπ∑ÿπ°“√º≈‘µ

®“°°“√§”π«≥√“§“§à“Õ“À“√®“°√“§“«—µ∂ÿ¥‘∫Õ“À“√
 —µ«å∑’Ëπ”¡“‡ªìπ à«πª√–°Õ∫„π Ÿµ√∑—Èß 7  Ÿµ√ æ∫«à“ Ÿµ√
Õ“À“√∑’Ë¡’ à«πª√–°Õ∫¢Õß°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π‡æ‘Ë¡

Figure 1. Liver tissue of sex-reversed red tilapia fed with seven experimental diets, in fish
fed test diets 3 and 6 (containing with 45% PKC) histopathological of liver showed
higher number of oil droplets (arrow) (H&E, x 200).

(Color figure can be viewed in the electronic version)
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¢÷Èπ®–∑”„ÀâÕ“À“√¡’√“§“µË”≈ß  ·µà°“√‡æ‘Ë¡√–¥—∫‚ª√µ’π„π
 Ÿµ√Õ“À“√®“° 20% ‡ªìπ 24% æ∫«à“®–∑”„Àâ√“§“Õ“À“√
‡æ‘Ë¡ Ÿß¢÷Èπ‡æ’¬ß‡≈Á°πâÕ¬„π∑ÿ°Ê √–¥—∫¢Õß°“°‡π◊ÈÕ‡¡≈Á¥„π
ª“≈å¡πÈ”¡—π ¥—ß· ¥ß„π Table 8  ·≈–®“°°“√«‘‡§√“–Àå
µâπ∑ÿπ§à“Õ“À“√ Ÿµ√µà“ßÊ µàÕ°“√º≈‘µª≈“ 1 °°. æ∫«à“
ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 7 ¡’µâπ∑ÿπ°“√º≈‘µµàÕÀπà«¬ Ÿß∑’Ë ÿ¥
(64.76±14.56 ∫“∑) ·µ°µà“ß°—∫Õ“À“√ Ÿµ√Õ◊ËπÊ (p<0.05)
‚¥¬ª≈“°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π
‡ªìπ à«πª√–°Õ∫„π Ÿµ√∑—Èß 2 √–¥—∫‚ª√µ’π ¡’µâπ∑ÿπ§à“°“√
º≈‘µª≈“µàÕÀπà«¬‰¡à·µ°µà“ß°—π∑“ß ∂‘µ‘ (p>0.05) ‚¥¬¡’
§à“‡©≈’Ë¬µâπ∑ÿπ§à“Õ“À“√Õ¬Ÿà„π™à«ß 30.84±1.23 - 41.80±

2.36 ∫“∑ µàÕ°“√º≈‘µª≈“ 1 °°.

§ÿ≥¿“æπÈ”

º≈°“√«‘‡§√“–Àå§ÿ≥¿“æπÈ”„π∫àÕ∑’Ë∑”°“√«“ß°√–™—ß
∑¥≈Õß„π™à«ß√–¬–‡«≈“∑’Ë∑”°“√∑¥≈Õß æ∫«à“ Õÿ≥À¿Ÿ¡‘¡’§à“
Õ¬Ÿà√–À«à“ß 30.0-31.0oC §«“¡‡ªìπ°√¥¥à“ß 7.4-7.8 §à“
§«“¡°√–¥â“ß 34.0-58.0 ¡°./≈‘µ√ ·≈–§à“ÕÕ°´‘‡®π≈–≈“¬
πÈ” 5.80-7.20 ¡°./≈‘µ√ ´÷Ëß¡’§à“Õ¬Ÿà„π™à«ß∑’Ëª≈“π‘≈ “¡“√∂
¥”√ß™’«‘µ‰¥âÕ¬à“ßª°µ‘

«‘®“√≥å·≈– √ÿªº≈°“√∑¥≈Õß

®“°º≈°“√∑¥≈Õß®–‡ÀÁπ‰¥â«à“ª≈“π‘≈∑’Ë‰¥â√—∫Õ“À“√
 Ÿµ√µà“ßÊ ¡’Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ·∫àßÕÕ°‰¥â 3 °≈ÿà¡ §◊Õ

ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 4 5 ·≈– 6 ®–¡’Õ—µ√“°“√‡®√‘≠
‡µ‘∫‚µ¥’∑’Ë ÿ¥ √Õß≈ß¡“§◊Õª≈“°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 1 2
·≈– 3 „π¢≥–∑’Ëª≈“∑’Ë¡’°“√‡®√‘≠‡µ‘∫‚µµË”∑’Ë ÿ¥§◊Õª≈“∑’Ë‰¥â
√—∫Õ“À“√ Ÿµ√∑’Ë 7 ∑—Èßπ’È‡ªìπ‡æ√“–«à“ª≈“°≈ÿà¡∑’Ë¡’Õ—µ√“°“√
‡®√‘≠‡µ‘∫‚µ∑’Ë¥’π—Èπ‰¥â√—∫Õ“À“√∑’Ë¡’‚ª√µ’πª√–¡“≥ 24% ´÷Ëß
 Ÿß°«à“Õ“À“√ Ÿµ√∑’Ë 1 2 ·≈– 3 ∑’Ë¡’√–¥—∫‚ª√µ’πª√–¡“≥
20% „π¢≥–∑’Ëª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 7 ´÷Ëß‡ªìπÕ“À“√‡¡Á¥
≈Õ¬πÈ” ”À√—∫ª≈“°‘πæ◊™∑’Ë‡°…µ√°√ºŸâ‡≈’È¬ßª≈“π‘≈„™â°—π
Õ¬à“ß·æ√àÀ≈“¬ ·µàπ”¡“‡µ√’¬¡‡ªìπÕ“À“√®¡πÈ”‡™àπ‡¥’¬«°—∫
Õ“À“√ Ÿµ√Õ◊ËπÊ  „π°“√∑¥≈Õßπ’È°≈—∫ àßº≈∑”„Àâª≈“π‘≈¡’
°“√‡®√‘≠‡µ‘∫‚µµË”∑’Ë ÿ¥ ∑—Èß∑’ËÕ“À“√¥—ß°≈à“«¡’√–¥—∫‚ª√µ’π„π
 Ÿµ√ 20.11% ´÷Ëß„°≈â‡§’¬ß°—∫ Ÿµ√∑’Ë 1-3 ∑’Ë‚ª√µ’πÕ¬Ÿà„π™à«ß
20.26-20.72% ·≈–‡¡◊ËÕæ‘®“√≥“§ÿ≥§à“∑“ß‚¿™π“°“√¢Õß
 “√Õ“À“√µ—«Õ◊ËπÊ ‰¥â·°à ‡∂â“ ‡¬◊ËÕ„¬ ·≈–§«“¡™◊Èπ °Áæ∫«à“
¡’§à“„°≈â‡§’¬ß°—∫Õ“À“√ Ÿµ√Õ◊ËπÊ ∑—Èßπ’ÈÕ“®‡ªìπ‡æ√“–Õ“À“√
 Ÿµ√∑’Ë 7 π—Èπ‡ªìπÕ“À“√ ”‡√Á®√Ÿª∑’Ë¡’Õß§åª√–°Õ∫¢Õß Ÿµ√
Õ“À“√·µ°µà“ß®“°Õ“À“√ Ÿµ√∑’Ë 1-6 ·≈–∂÷ß·¡â®–¡’√–¥—∫
‚ª√µ’π„°≈â‡§’¬ß°—∫ Ÿµ√∑’Ë 1-3 ·µà™π‘¥¢Õß«—µ∂ÿ¥‘∫ ·≈–
·À≈àß‚ª√µ’π∑’Ë„™âÕ“®·µ°µà“ß°—π®÷ß àßº≈„Àâ —¥ à«π¢ÕßÕß§å
ª√–°Õ∫¢Õß°√¥Õ–¡‘‚π·µ°µà“ßÕÕ°‰ª ·µà®–¥â«¬‡Àµÿº≈
„¥°Áµ“¡º≈°“√∑¥≈Õßπ’È· ¥ß„Àâ‡ÀÁπ‰¥âÕ¬à“ß™—¥‡®π«à“Õ“À“√
∑’Ë∑¥≈Õßº≈‘µ¢÷Èπ¡“∑—Èß 6  Ÿµ√ ‡ªìπÕ“À“√∑’Ë¡’§ÿ≥¿“æ¥’°«à“
Õ“À“√ ”‡√Á®√Ÿª‡æ◊ËÕ„™â‡≈’È¬ßª≈“π‘≈¢π“¥„À≠à„π°√–™—ß ‡æ√“–
‡¡◊ËÕæ‘®“√≥“§à“ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π ·≈–°“√„™â
ª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘ æ∫«à“Õ“À“√∑’Ë„™â°“°‡π◊ÈÕ‡¡≈Á¥„π

Table 8. Feed cost and unit feeding cost of sex-reversed red tilapia
fed different experimental diets for 10 weeks period 1

Diets Feed cost (Baht/kg) Unit feeding cost (Baht/kg)

1 15.486 41.35±7.76 b

2 14.406 36.05±1.06 b

3 13.356 41.80±2.36 b

4 15.636 33.72±1.26 b

5 14.556 34.64±3.54 b

6 13.506 30.84±1.23 b

7 11.250   64.76±14.56 a

1 Mean ± SD (3 replicates)
Values within the same column sharing a common superscript are not
statistically different (p>0.05)
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ª“≈å¡πÈ”¡—π‡ªìπ à«πª√–°Õ∫‡æ◊ËÕ∑¥·∑πª≈“ªÉπ„π Ÿµ√
Õ“À“√∑—Èß 6  Ÿµ√¡’§à“ Ÿß°«à“Õ“À“√„π Ÿµ√∑’Ë 7 Õ¬à“ß™—¥‡®π
√«¡∑—Èß‡¡◊ËÕæ‘®“√≥“∂÷ß§à“Õ—µ√“·≈°‡π◊ÈÕæ∫«à“Õ“À“√ ”‡√Á®√Ÿª
¡’§à“ Ÿß¡“° (5.76) ·≈– Ÿß°«à“Õ—µ√“·≈°‡π◊ÈÕ¢Õßª≈“∑’Ë‰¥â√—∫
Õ“À“√∑’Ëº≈‘µ¢÷Èπ¡“∑¥≈Õß∑—Èß 6  Ÿµ√ ∑’Ë¡’§à“Õ¬Ÿà„π™à«ß 2.16-
3.13 Õ¬à“ß‰√°Áµ“¡Õ—µ√“·≈°‡π◊ÈÕ¢Õßª≈“®“°°“√∑¥≈Õßπ’È¡’
§à“§àÕπ¢â“ß Ÿß‡¡◊ËÕ‡∑’¬∫°—∫°“√∑¥≈ÕßÕ◊ËπÊ ´÷Ëß∑”°“√∑¥≈Õß
‡≈’È¬ß„π∂—ß∑¥≈Õß ∫àÕ ’́‡¡πµåÀ√◊Õ∫àÕ¥‘π (Viola and Zohar,
1984; El-Sayed, 1992; El-Sayed, 1998) ∑—Èßπ’È‡ªìπ
‡æ√“–¢≥–∑’Ë„ÀâÕ“À“√ª≈“„π°√–™—ß®–¢÷Èπ¡“°‘πÕ“À“√∑’Ëº‘«πÈ”
‡Àπ◊Õ∂“¥„ àÕ“À“√∑”„Àâ¡’Õ“À“√∫“ß à«πÀ≈ÿ¥ÕÕ°πÕ°°√–™—ß
®÷ß‡°‘¥°“√ Ÿ≠‡ ’¬Õ“À“√‰ª∫“ß à«π ‡¡◊ËÕπ”πÈ”Àπ—°Õ“À“√∑’Ë
„™â‰ª∑—ÈßÀ¡¥¡“§”π«≥§à“Õ—µ√“·≈°‡π◊ÈÕ ®÷ß¡’§à“ Ÿß°«à“∑’Ë§«√
‡ªìπ Õ¬à“ß‰√°Áµ“¡º≈°“√∑¥≈Õßπ’Èæ∫«à“¡’§à“„°≈â‡§’¬ß°—∫°“√
‡≈’È¬ßª≈“π‘≈„π°√–™—ß¢Õß  —≥±å™—¬ (2514) Cheong ·≈–
§≥– (1987) ·≈– Cruz ·≈– Ridha (1989)

‡¡◊ËÕæ‘®“√≥“∂÷ß√–¥—∫¢Õß°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π
15-45% „π Ÿµ√Õ“À“√∑’Ë¡’√–¥—∫‚ª√µ’π„πÕ“À“√ 24% ( Ÿµ√
∑’Ë 4  5 ·≈– 6) æ∫«à“°“√‡ √‘¡«—µ∂ÿ¥‘∫æ◊™¥—ß°≈à“«∑’Ë√–¥—∫
30% ( Ÿµ√∑’Ë 5) ¡’º≈„Àâª≈“π‘≈¡’°“√‡®√‘≠‡µ‘∫‚µ¥’∑’Ë ÿ¥
 Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß¢Õßπ‘√ÿ∑∏‘Ï (2544) ∑’Ëæ∫«à“ª≈“
π‘≈¢π“¥ 2 °√—¡‡®√‘≠‡µ‘∫‚µ¥’∑’Ë ÿ¥‡¡◊ËÕ‰¥â√—∫Õ“À“√∑’Ë¡’°“°
‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π‡ªìπ à«πª√–°Õ∫Õ¬Ÿà 30% „π Ÿµ√
Õ“À“√∑’Ë¡’√–¥—∫¢Õß‚ª√µ’π 30%   à«π°“√‡ √‘¡°“°‡π◊ÈÕ
‡¡≈Á¥„πª“≈å¡πÈ”¡—π„π√–¥—∫ 30% À√◊ÕµË”°«à“„π Ÿµ√Õ“À“√
∑’Ë¡’‚ª√µ’π 20% ( Ÿµ√∑’Ë 1 2 ·≈– 3) „π°“√∑¥≈Õßπ’Èæ∫
«à“∑”„Àâª≈“π‘≈¡’°“√‡®√‘≠‡µ‘∫‚µµË”°«à“°“√‡ √‘¡°“°‡π◊ÈÕ
‡¡≈Á¥„πª“≈å¡„πÕ“À“√∑’Ë¡’√–¥—∫‚ª√µ’πÕ¬Ÿà 24% ∑ÿ°√–¥—∫
· ¥ß„Àâ‡ÀÁπ«à“„π Ÿµ√Õ“À“√∑’Ë¡’√–¥—∫‚ª√µ’π 20% π—ÈπÕ“®
®–µË”‡°‘π ”À√—∫°“√„™â‡≈’È¬ßª≈“π‘≈·¥ß·ª≈ß‡æ»¢π“¥ 50
°√—¡ „Àâ¡’°“√‡®√‘≠‡µ‘∫‚µ¥’ ‡¡◊ËÕ‡∑’¬∫°—∫Õ“À“√∑’Ë¡’√–¥—∫
‚ª√µ’π Ÿß°«à“ ´÷Ëß°“√»÷°…“º≈¢Õß°“√‡ √‘¡«—µ∂ÿ¥‘∫æ◊™™π‘¥
µà“ßÊ ‡æ◊ËÕ∑¥·∑π·À≈àß‚ª√µ’π®“°ª≈“ªÉπ„πÕ“À“√ª≈“π‘≈
æ∫«à“ à«π„À≠à∑¥≈Õß‡ √‘¡„π Ÿµ√Õ“À“√∑’Ë¡’√–¥—∫‚ª√µ’π
µ—Èß·µà 28-32% (El sayed, 1992; Omoregie and
Ogbemudia, 1993; Balogun and Fagbenro, 1995;
Balal and Al-Jasser, 1997; Pouomegne et al., 1997;
Al-Hafedh and Siddiqui, 1998; Belal, 1999) ‚¥¬

‰¡à¡’√“¬ß“π°“√»÷°…“„π Ÿµ√Õ“À“√∑’Ë¡’√–¥—∫‚ª√µ’π 24%
¡“°àÕπ Õ¬à“ß‰√°Áµ“¡„πº≈°“√∑¥≈Õßπ’È∫àß™’È„Àâ‡ÀÁπ«à“°“√
‡µ√’¬¡Õ“À“√∑’Ë¡’√–¥—∫‚ª√µ’π 20 ·≈– 24% ·≈–‡ √‘¡°“°
‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π„π√–¥—∫ 30%  “¡“√∂„™â‡≈’È¬ßª≈“
π‘≈‰¥â¥’°«à“°“√„™âÕ“À“√‡¡Á¥ ”À√—∫ª≈“°‘πæ◊™∑’Ë¡’√–¥—∫
‚ª√µ’πª√–¡“≥ 20% ´÷Ëß‡ªìπÕ“À“√∑’Ë‡°…µ√°√ºŸâ‡≈’È¬ßª≈“
π‘≈„Àâ°—πÕ¬à“ß·æ√àÀ≈“¬ ‡π◊ËÕß®“°æ∫«à“ª≈“π‘≈∑’Ë‰¥â√—∫
Õ“À“√∑’Ëº≈‘µ‡Õß¡’º≈„Àâª≈“π‘≈¡’°“√‡®√‘≠‡µ‘∫‚µ¥’ √«¡∑—Èß¡’
µâπ∑ÿπ°“√º≈‘µª≈“µàÕÀπà«¬∑’ËµË”°«à“

 à«πº≈°“√∑¥≈Õß„™â°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π
45% ‡ √‘¡≈ß„πÕ“À“√∑’Ë¡’√–¥—∫‚ª√µ’π 20 ·≈– 24% æ∫
«à“¡’º≈„Àâª≈“¡’°“√‡®√‘≠‡µ‘∫‚µ≈¥≈ß·µ°µà“ß®“°ª≈“∑’Ë‰¥â
√—∫Õ“À“√∑’Ë‡ √‘¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡ 15-30% Õ¬à“ß¡’π—¬
 ”§—≠ ´÷Ëß‡ªìπ‰ª‰¥â«à“°“√‡ √‘¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π
„π√–¥—∫∑’Ë Ÿß‡°‘π‰ª‡æ◊ËÕ‡æ‘Ë¡√–¥—∫‚ª√µ’π√«¡„π Ÿµ√Õ“À“√
‚¥¬≈¥√–¥—∫¢Õßª≈“ªÉπ≈ßπ—ÈπÕ“®®–¡’º≈„π·ßà¢Õß§«“¡
 ¡¥ÿ≈¢Õß “√Õ“À“√‚¥¬‡©æ“–™π‘¥·≈–ª√‘¡“≥°√¥Õ–¡‘‚π∑’Ë
®”‡ªìπ´÷Ëß àßº≈µàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“π‘≈  «ÿ≤‘æ√ ·≈–
§≥– (2547) °≈à“««à“ °“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π¡’§«“¡
 ¡¥ÿ≈·≈–™π‘¥¢Õß°√¥Õ–¡‘‚π∑’Ë¬àÕ¬‰¥â„πª√‘¡“≥µË” ‚¥¬
‡©æ“–°√¥Õ–¡‘‚π∑’Ë®”‡ªìπ¢Õßª≈“ ‰¥â·°à ‡¡∑‰∑‚Õπ’π ‰≈ ’́π
·≈–∑√‘ª‚µ‡øπ  ·≈– Ng (2004) °≈à“««à“ °“°‡π◊ÈÕ‡¡≈Á¥
„πª“≈å¡πÈ”¡—π®–¡’ª√‘¡“≥¢Õß sulphur amino acid ·≈–
‰≈´’π ´÷Ëß‡ªìπ°√¥Õ–¡‘‚π∑’Ë®”‡ªìπµàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“
„πª≈“¥ÿ°∫‘Í°Õÿ¬ æ∫«à“ °“√‡ √‘¡«—µ∂ÿ¥‘∫™π‘¥π’È 40% „π
Õ“À“√º≈„Àâ°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“≈¥≈ß ´÷Ëß Õ¥§≈âÕß°—∫
º≈°“√»÷°…“π’È√«¡∑—Èß°“√»÷°…“„πª≈“π‘≈¢π“¥ 2-3 °√—¡
¢Õßπ‘√ÿ∑∏‘Ï (2544)  «ÿ≤‘æ√ ·≈–§≥– (2547)  ∑’Ëæ∫«à“
ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π·≈–°“√„™âª√–‚¬™πå®“°‚ª√µ’π
 ÿ∑∏‘≈¥≈ß‡¡◊ËÕª≈“‰¥â√—∫Õ“À“√∑’Ë¡’°“√‡ √‘¡°“°‡π◊ÈÕ‡¡≈Á¥„π
ª“≈å¡πÈ”¡—π Ÿß°«à“ 30% ·≈– —¡æ—π∏å°—∫º≈°“√»÷°…“π’È∑’Ë
æ∫«à“‡ªÕ√å‡´Áπµå°“√°‘πÕ“À“√µàÕ«—π¢Õßª≈“π‘≈¡’§à“ Ÿß¢÷Èπ
 àßº≈„Àâ§à“Õ—µ√“·≈°‡π◊ÈÕ¢Õßª≈“ Ÿß¢÷Èπ‡¡◊ËÕ‰¥â√—∫Õ“À“√¡’
√–¥—∫°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π„πÕ“À“√∂÷ß 45% ´÷ËßÕ“®
‡ªìπ —≠≠“≥∑’Ë· ¥ß„Àâ‡ÀÁπ«à“‡¡◊ËÕ√–¥—∫‚ª√µ’π·≈–°√¥
Õ–¡‘‚π∑’Ë®”‡ªìπ¡’ª√‘¡“≥µË”‡°‘π‰ªª≈“®”‡ªìπµâÕß°‘πÕ“À“√
‡æ‘Ë¡¡“°¢÷Èπ‡æ◊ËÕ„Àâ‡æ’¬ßæÕµàÕ§«“¡µâÕß°“√„π°“√Õ¬Ÿà√Õ¥
‡∑à“π—Èπ  ·µà‡¡◊ËÕæ‘®“√≥“º≈¢Õß°“√‡®√‘≠‡µ‘∫‚µæ∫«à“°≈—∫
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Effect of PKC on sex reversed red tilapia (O. niloticus)

Sukasem, N. and Ruangsri, J.

≈¥≈ß
®“°¢âÕ¡Ÿ≈¢â“ßµâπ®÷ßÕ“®°≈à“«‰¥â«à“°“√‡ √‘¡°“°‡π◊ÈÕ

‡¡≈Á¥„πª“≈å¡πÈ”¡—π‰¡à‡°‘π 30% ‡æ◊ËÕ‡ªìπ·À≈àß‚ª√µ’π„π
Õ“À“√∑’Ë¡’√–¥—∫‚ª√µ’π 24% ‡æ◊ËÕ∑¥·∑π·À≈àß‚ª√µ’π®“°
ª≈“ªÉπ‡ªìπ√–¥—∫∑’Ë‡À¡“– ¡„π°“√„™â‡≈’È¬ßª≈“π‘≈·ª≈ß‡æ»
¢π“¥ 50 °√—¡ ∑—Èß¥â“π°“√‡®√‘≠‡µ‘∫‚µ ·≈–¥â“πµâπ∑ÿπ°“√
º≈‘µª≈“µàÕÀπà«¬ ´÷Ëß‡ªìπª√‘¡“≥∑’Ë„™â‰¥â Ÿß°«à“°“√„™â„π
ª≈“π‘≈¢π“¥‡≈Á° ¢Õß«ÿ≤‘æ√ ·≈–§≥– (2547) ∑’Ëæ∫«à“ª≈“
π‘≈¢π“¥ 3 °√—¡ ¡’°“√‡®√‘≠‡µ‘∫‚µ¥’‡¡◊ËÕ‡ √‘¡°“°‡π◊ÈÕ‡¡≈Á¥
„πª“≈å¡πÈ”¡—π ‰¡à‡°‘π 20%  „πÕ“À“√∑’Ë¡’√–¥—∫‚ª√µ’π 30%
·µà‰¡à·µ°µà“ß°—∫√“¬ß“π¢Õßπ‘√ÿ∑∏‘Ï (2544) ∑’Ë°≈à“««à“°“√
‡ √‘¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π 30% „π Ÿµ√Õ“À“√∑’Ë¡’
√–¥—∫æ≈—ßß“π‰¡à‡°‘π 3600 °‘‚≈§“≈Õ√’/°°. ‡ªìπ√–¥—∫∑’Ë
‡À¡“– ¡„π°“√‡≈’È¬ßª≈“π‘≈¢π“¥ 2 °√—¡ ∑—Èß„π¥â“π°“√
‡®√‘≠‡µ‘∫‚µ·≈–¥â“π‡»√…∞»“ µ√å · ¥ß„Àâ‡ÀÁπ«à“πà“®–¡’
ªí®®—¬Õ◊ËπÊ ‡™àπ ≈Ÿ°æ—π∏ÿåª≈“  ¿“æ·«¥≈âÕ¡¢Õß°“√‡≈’È¬ß
À√◊Õªí®®—¬Õ◊ËπÊ ∑’ËÕ“®¡’º≈µàÕ°“√°‘π °“√¬àÕ¬ À√◊Õ°“√„™â
ª√–‚¬™πå®“° “√Õ“À“√‰¥â Õ¬à“ß‰√°Áµ“¡À“°¡’§«“¡µâÕß°“√
„™â°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π∑¥·∑πª≈“ªÉπ´÷Ëß·π«‚πâ¡¡’
√“§“·æß¢÷Èπ‡√◊ËÕ¬Ê À√◊Õ¡’ª√‘¡“≥‰¡à‡æ’¬ßæÕ„πÕπ“§µ ‡æ◊ËÕ
‡≈’È¬ßª≈“π‘≈·≈–ª≈“°‘πæ◊™Õ◊ËπÊ °ÁÕ“®¡’§«“¡‡ªìπ‰ª‰¥â
·µà®”‡ªìπµâÕßÀ“«‘∏’°“√∑’Ë∑”„Àâª≈“ “¡“√∂„™âª√–‚¬™πå®“°
«—µ∂ÿ¥‘∫Õ“À“√π’È‰¥â¡“°¢÷Èπ ‡™àπ Ng ·≈– Chong (2002)
°≈à“««à“°“√‡ √‘¡‡ÕÁπ‰´¡å∑“ß§â“ ‡™àπ Allzyme VegproTMi
RonozymeTMVP ·≈– Mannanasek ≈ß„π Ÿµ√Õ“À“√∑’Ë
¡’°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π‡ªìπÕß§åª√–°Õ∫ 40% ¡’º≈
„Àâ§à“ —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬«—µ∂ÿ·Àâß ·≈–æ≈—ßß“π„π Ÿµ√Õ“À“√
‡æ‘Ë¡ Ÿß¢÷Èπ  à«π«‘∏’°“√Õ◊ËπÕ“®∑”‰¥â‚¥¬∑”°“√‡ √‘¡°√¥Õ–¡‘‚π
°√¥‰¢¡—π À√◊Õ “√Õ“À“√µ—«∑’Ë¢“¥‡æ‘Ë¡‡µ‘¡ À√◊ÕÕ“®∑”„Àâ
°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π¡’Õß§åª√–°Õ∫¢Õß‚ª√µ’π °√¥
‰¢¡—π∑’Ë®”‡ªìπ ·≈– “√Õ“À“√Õ◊ËπÊ ‡æ‘Ë¡¢÷Èπ°àÕππ”‰ª„™â„π
 Ÿµ√Õ“À“√ ‡™àπ Ng ·≈–§≥– (2002) æ∫«à“°“√À¡—°°“°
‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π¥â«¬‡™◊ÈÕ√“ Trichoderma koningii
π“π 21 «—π æ∫«à“ ¡’º≈„Àâ‚ª√µ’π√«¡„π«—µ∂ÿ¥‘∫‡æ‘Ë¡ Ÿß¢÷Èπ
1.85 ‡∑à“ ‡ªìπµâπ

 ”À√—∫°“√»÷°…“Õß§åª√–°Õ∫‡≈◊Õ¥ §◊Õ §à“ª√‘¡“≥
‚ª√µ’π„πæ≈“ ¡“ Œ’‚¡‚°≈∫‘π Œ’¡“‚µ§√‘µ æ∫«à“¡’§à“Õ¬Ÿà„π
‡°≥±å¡“µ√∞“π¢Õßª≈“∑’Ëª°µ‘  ´÷Ëß¡’§à“„°≈â‡§’¬ß°—∫º≈°“√

»÷°…“¢Õß °‘®°“√ ·≈–«—™√‘π∑√å (2530) ·≈– Fagbenro
(1994) · ¥ß«à“ Ÿµ√Õ“À“√∑’Ë„™â„π°“√∑¥≈Õßπ’È¡’§ÿ≥§à“∑“ß
‚¿™π“°“√∑’Ë§√∫∂â«π ‡¡◊ËÕπ”¡“∑¥≈Õß‡≈’È¬ßª≈“∑”„Àâª≈“¡’
°≈‰°°“√∑”ß“π¢Õß√–∫∫‡≈◊Õ¥‡ªìπª°µ‘ ·≈– “¡“√∂¥”√ß
™’«‘µÕ¬Ÿà‰¥âª°µ‘‡π◊ËÕß®“°æ∫«à“ª≈“∑ÿ° Ÿµ√¡’Õ—µ√“°“√√Õ¥µ“¬
∑’Ë‰¡à·µ°µà“ß°—π  ·µà∑—Èßπ’È°“√¥”√ß™’«‘µ‰¥âÀ√◊Õ¡’Õß§åª√–°Õ∫
‡≈◊Õ¥∑’Ëª°µ‘Õ“®‰¡à‡æ’¬ßæÕ ”À√—∫°“√º≈‘µ —µ«åπÈ”„π‡™‘ß
‡»√…∞°‘® ‡π◊ËÕß®“°æ∫«à“ª≈“π‘≈∑’Ë‰¥â√—∫Õ“À“√∑’Ë‡ √‘¡°“°
‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π‡∑à“°—π ·µà¡’√–¥—∫‚ª√µ’π„πÕ“À“√
 Ÿß°«à“æ∫«à“¡’º≈„Àâª≈“¡’°“√‡®√‘≠‡µ‘∫‚µ∑’Ë¥’°«à“·≈–¡’µâπ∑ÿπ
°“√º≈‘µ∑’ËµË”°«à“Õ’°¥â«¬  ¥—ßπ—ÈπÀ“°®–„™â°“°‡π◊ÈÕ‡¡≈Á¥„π
ª“≈å¡‡ √‘¡„π Ÿµ√Õ“À“√°Á®”‡ªìπµâÕßæ‘®“√≥“√–¥—∫‚ª√µ’π
√«¡∑—Èß§«“¡ ¡¥ÿ≈¢Õß°√¥Õ–¡‘‚π∑’Ë®”‡ªìπµàÕ°“√‡®√‘≠‡µ‘∫‚µ
¢Õßª≈“¥â«¬   ”À√—∫§à“¥—™π’µ—∫µàÕµ—«¢Õßª≈“π‘≈∑’Ë‰¥â√—∫
Õ“À“√∑’Ë¡’ à«πª√–°Õ∫¢Õß°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π¡’§à“
ª√–¡“≥ 2% ´÷Ëß¡’§à“„°≈â‡§’¬ß°—∫§à“¥—™π’µ—∫µàÕµ—«„πª≈“π‘≈
¢π“¥ 75-91 °√—¡ ∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë„™âª≈“ªÉπ‡ªìπ·À≈àß
‚ª√µ’πÀ≈—° Õ“À“√∑’Ë‡ √‘¡∂—Ë«‡À≈◊Õß∫¥ ·≈–°“°∂—Ë«‡À≈◊Õß
·∑πª≈“ªÉπ∑’Ë¡’§à“‡∑à“°—∫ 2.5 1.9 ·≈– 2.1% µ“¡≈”¥—∫
(Fontainhas-Fernandes et al., 2000) ·µà§à“¥—ß°≈à“«
§àÕπ¢â“ß Ÿß‡¡◊ËÕ‡∑’¬∫°—∫ª≈“π‘≈¢π“¥ 28-35 °√—¡ ¡’§à“Õ¬Ÿà
„π™à«ß 1.53-1.96% (π‘√ÿ∑∏‘Ï, 2544) ·≈–¢π“¥ 54-84 °√—¡
∑’Ë¡’§à“Õ¬Ÿà„π™à«ß 1.29-1.88% («ÿ≤‘æ√ ·≈–§≥–, 2547)
 à«π§à“¥—™π’µ—∫µàÕµ—«¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√ ”‡√Á®√Ÿª ( Ÿµ√ 7)
¡’§à“ Ÿß∂÷ß 3.68% · ¥ß«à“µ—∫¡’¢π“¥„À≠à¢≥–∑’Ë‡´≈≈åµ—∫
·≈–‡π◊ÈÕ‡¬◊ËÕµ—∫¬—ß§ß‡ªìπª°µ‘ ·µà‡¡◊ËÕæ‘®“≥“√à«¡°—∫º≈¢Õß
ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π ·≈–°“√„™âª√–‚¬™πå®“°‚ª√µ’π
 ÿ∑∏‘æ∫«à“¡’§à“µË”°«à“™ÿ¥°“√∑¥≈ÕßÕ◊ËπÊ Õ¬à“ß¡’π—¬ ”§—≠
· ¥ß„Àâ‡ÀÁπ«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√π’Èπà“®–¡’ªí≠À“‡°’Ë¬«°—∫
§«“¡ “¡“√∂„π°“√¬àÕ¬ ·≈–°“√„™âª√–‚¬™πå‰¥â¢Õß “√
Õ“À“√ ´÷Ëß Õ¥§≈âÕß°—∫º≈µàÕ°“√‡®√‘≠‡µ‘∫‚µ∑’Ë¡’§à“µË”°«à“
Õ¬à“ß™—¥‡®π¥â«¬  ®“°¢âÕ¡Ÿ≈¢â“ßµâπ®÷ß∫àß™’È„Àâ‡ÀÁπ«à“Õ“À“√
 ”‡√Á®√Ÿª ”À√—∫°‘πæ◊™∑’Ëπ”¡“„™â§√—Èßπ’È‰¡à¡’§«“¡‡À¡“– ¡
 ”À√—∫∑’Ë®–π”¡“‡≈’È¬ßª≈“π‘≈·ª≈ß‡æ»

º≈°“√»÷°…“∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“¢Õßµ—∫ª≈“π‘≈„π™ÿ¥
°“√∑¥≈Õß∑’Ë„ÀâÕ“À“√‡ √‘¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—πæ∫
«à“‰¡àæ∫§«“¡º‘¥ª°µ‘¢Õß‡´≈≈å·≈–‡π◊ÈÕ‡¬◊ËÕµ—∫¢Õßª≈“™ÿ¥
°“√∑¥≈Õß∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 1 2 4 5 ·≈– 7 ´÷Ëß‡ªìπ™ÿ¥
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°“√∑¥≈Õß∑’Ë‡ √‘¡°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π 15-30%
 à«πª≈“π‘≈∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 3 ·≈– 6 ´÷Ëß¡’°“√º ¡°“°
‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π 45% æ∫«à“‡π◊ÈÕ‡¬◊ËÕµ—∫‡°‘¥°“√
 – ¡‡¡Á¥‰¢¡—π´÷Ëß¡’≈—°…≥–‡ªìπ™àÕß«à“ß∑’Ë¬âÕ¡‰¡àµ‘¥ ’
°√–®“¬Õ¬Ÿà®”π«π¡“° ´÷Ëßº≈¥—ß°≈à“«æ∫«à“¡’§«“¡ Õ¥§≈âÕß
°—∫§ÿ≥§à“∑“ß‚¿™π¢ÕßÕ“À“√∑—Èß 2  Ÿµ√∑’Ë¡’§à“Õ¬Ÿà„π™à«ß
8.39-8.42% ´÷Ëß Ÿß°«à“ Ÿµ√Õ◊ËπÊ ∑’Ë¡’§à“Õ¬Ÿà„π™à«ß 5.18-
7.17% · ¥ß„Àâ‡ÀÁπ«à“°“√‡ √‘¡«—µ∂ÿ¥‘∫æ◊™™π‘¥π’È„πª√‘¡“≥
∑’Ë Ÿß‡°‘π°Á¡’º≈‰ª‡æ‘Ë¡√–¥—∫¢Õß‰¢¡—π„πÕ“À“√¥â«¬ ·≈–À“°
‰¢¡—π„πÕ“À“√ Ÿß‡°‘π§«“¡®”‡ªìπ àßº≈„Àâ‰¢¡—π∑’Ë‰¡à∂Ÿ°π”
‰ª„™â‡°‘¥°“√ – ¡‰«â„πµ—∫ À√◊ÕÕ“®‡ªìπ‰ª‰¥â«à“™π‘¥¢Õß
‰¢¡—π∑’ËÕ¬Ÿà„π°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π‡ªìπ°≈ÿà¡°√¥‰¢¡—π
∑’Ë®”‡ªìπ¡’Õ¬ŸàπâÕ¬ ∑”„Àâ°√–∫«π°“√‡¡µ“∫Õ≈‘´÷¡¢Õß‰¢¡—π
„πª≈“‡°‘¥¢÷Èπ‰¡à ¡∫Ÿ√≥åª≈“®÷ßµâÕß – ¡‰¢¡—π‰«â∑’Ëµ—∫¡“°
¢÷Èπ  ´÷Ëß Ceballero ·≈–§≥– (2002) æ∫«à“ ª≈“‡∑√â“∑å¡’
§à“ —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬‰¢¡—π≈¥≈ß‡¡◊ËÕ‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë¡’
πÈ”¡—πæ◊™º ¡®“°πÈ”¡—π‡√ª ‘¥ πÈ”¡—π¡–°Õ° ·≈–≈“√å¥
(Lard) ‡ªìπÕß§åª√–°Õ∫Õ¬Ÿà„πÕ—µ√“ à«π ŸßÊ  ·≈–æ∫«à“
‡π◊ÈÕ‡¬◊ËÕµ—∫¡’ª√‘¡“≥‡¡Á¥‰¢¡—π·∑√°Õ¬Ÿà®”π«π¡“° „π¢≥–∑’Ë
 Ÿµ√∑’Ë„™âπÈ”¡—πª≈“‡§ª≈‘π (Capelin oil) À√◊ÕπÈ”¡—πæ◊™
º ¡„πÕ—µ√“ à«ππâÕ¬Ê  §à“ —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬‰¢¡—π·≈–
‡π◊ÈÕ‡¬◊ËÕµ—∫¡’≈—°…≥–ª°µ‘ ∑’Ë‡ªìπ‡™àππ’È Ceballero ·≈–§≥–
(2002) °≈à“««à“ ‡π◊ËÕß®“°„ππÈ”¡—πæ◊™π—Èπ®–¡’Õß§åª√–°Õ∫
¢ÕßøÕ øÕ≈‘ªî¥ (phospholipids) ´÷Ëß‡ªìπ°√¥‰¢¡—π∑’Ë
®”‡ªìπ ”À√—∫°“√ —ß‡§√“–Àå ≈‘æÕ‚ª√µ’π (lipoprotein) ∑’Ë
„™â¢π àß‰¢¡—π‰ª¬—ß‡π◊ÈÕ‡¬◊ËÕ à«πµà“ßÊ ¢Õß√à“ß°“¬ ‡¡◊ËÕª≈“
‰¥â√—∫Õ“À“√∑’Ë¡’°√¥‰¢¡—π™π‘¥¥—ß°≈à“«‰¡à‡æ’¬ßæÕ°Á®–∑”„Àâ
‰¢¡—π∂Ÿ°‡§≈◊ËÕπ¬â“¬‰ª – ¡„π‡π◊ÈÕ‡¬◊ËÕµà“ßÊ ®÷ßæ∫°“√
 – ¡‰¢¡—π„πµ—∫·≈–µ—∫ÕàÕπ‰¥â¡“°¢÷Èπ  ®“°°“√∑¥≈Õß
§√—Èßπ’È®÷ß¡’§«“¡‡ªìπ‰ª‰¥â«à“Õ“À“√∑’Ë¡’°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡
πÈ”¡—π‡ªìπÕß§åª√–°Õ∫„π Ÿµ√∂÷ß 45% ¡’º≈„Àâ‡ªÕ√å‡´Áπµå
‰¢¡—π„π Ÿµ√‡æ‘Ë¡ Ÿß‡°‘π§«“¡®”‡ªìπª≈“®÷ß – ¡‰«â„πµ—∫
·≈–Õ“®‡ªìπ‰ª‰¥â«à“Õ“À“√ Ÿµ√¥—ß°≈à“«¡’°√¥‰¢¡—π∑’Ë‡°’Ë¬«¢âÕß
°—∫°√–∫«π°“√‡¡µ“∫Õ≈‘´÷¡¢Õß‰¢¡—πÕ¬ŸàπâÕ¬ ®÷ß∑”„Àâ‡¡◊ËÕ
π”Õ“À“√‰ª„™â‡≈’È¬ßª≈“‰¢¡—π à«π∑’Ë‰¡à∂Ÿ°„™â – ¡‰«â∑’Ëµ—∫¥—ß
æ¬“∏‘ ¿“æ¢Õß‡π◊ÈÕ‡¬◊ËÕ∑’Ëª√“°Ø„π°“√∑¥≈Õßπ’È ´÷ËßÀ“°µ—∫
¡’°“√ – ¡‰¢¡—π¡“°¢÷Èπ„π°“√‡≈’È¬ß√–¬–¬“«°Áπà“®– àßº≈
µàÕ°“√¬àÕ¬ ·≈–°“√„™âª√–‚¬™πå®“°Õ“À“√Õ◊ËπÊ ´÷Ëß àßº≈

µàÕ°“√‡®√‘≠‡µ‘∫‚µ„π∑’Ë ÿ¥  Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õßπ’È∑’Ë
æ∫ª≈“π‘≈∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π‡ªìπ
Õß§åª√–°Õ∫ 45% π“π 10  —ª¥“Àå ¡’°“√‡®√‘≠‡µ‘∫‚µµË”
°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ 15-30% „π°≈ÿà¡∑’Ë¡’√–¥—∫‚ª√µ’π
‡∑à“°—π

¥—ßπ—Èπ®“°°“√∑¥≈Õßπ’È®÷ß “¡“√∂ √ÿª‰¥â«à“ Ÿµ√
Õ“À“√∑’Ë‡À¡“– ¡ ”À√—∫„™â‡≈’È¬ßª≈“π‘≈·¥ß·ª≈ß‡æ»¢π“¥
48.65 °√—¡ „π°√–™—ß §«√‡ªìπÕ“À“√¡’√–¥—∫‚ª√µ’π‰¡àπâÕ¬
°«à“ 24% ·≈– “¡“√∂„™â°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π‡ªìπ
 à«πª√–°Õ∫„π Ÿµ√Õ“À“√‰¥â Ÿß∂÷ß 30% ‚¥¬‰¡à àßº≈°√–∑∫
µàÕ°“√‡®√‘≠‡µ‘∫‚µ §ÿ≥¿“æ´“° §à“¥—™π’µ—∫µàÕµ—« ·≈–Õß§å
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