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Abstract
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Effects of feeding level and feeding frequency on growth, feed efficiency and

nitrogen and phosphorus loss in seabass (Lates calcarifer Bloch) fed diets with

defatted soybean meal partially replacing fishmeal
Songklanakarin J. Sci. Technol., 2007, 29(3) : 725-736

Feeding management is crucial for feed efficiency, nutrient utilization, growth of cultured aquatic

species and the amount of organic waste produced. This study aimed at investigating effects of two levels of

feeding at two feeding frequencies on growth performance, feed efficiency and nitrogen and phosphorus loss

in Asian seabass when fed diets with defatted soybean meal (SBM) replacing fish meal. Three diets were
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Feeding level and frequency in seabass (L.calcarifer)

Tantikitti, C., et al.

formulated to contain defatted SBM to replace fish meal at 0, 10 and 20% of fish meal protein. Each diet was

given to the fish at either 4% of body weight (BW) or to satiation. At each feeding level, the fish were fed at

two feeding frequencies, once and twice daily. Fish with an average initial weight of 2.04±0.06 g/fish were

reared for twelve weeks in the flow through system. Growth of fish reduced with an increasing amount of

defatted SBM incorporated in diets as observed in other carnivorous species. Within groups of fish fed the

same diet, different growth performance and feed efficiency differed due to both feeding level and fre-

quency. Weight gain of fish that were fed diet with defatted SBM replacing 10% of fish meal protein (diet 2)

until satiation was not significantly different from fish fed fish meal based diet at 4% BW. Furthermore,

feeding fish the former diet twice daily resulted in an improvement of FCR, PER and PPV of fish to those of

the fish fed fish meal based diet at satiation twice daily. Nitrogen and phosphorus loss was affected by diet,

feeding level and frequency. Fish fed diet 2 until satiation twice daily lost nitrogen and phosphorus in the

amount similar to that of fish fed fish meal based diet until satiation.

Key words : fish meal replacement,  feeding level and frequency,  growth and feed efficiency,
nitrogen and phosphorus loss,  Asian seabass
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°“√®—¥°“√¥â“π°“√„ÀâÕ“À“√¡’º≈µàÕª√– ‘∑∏‘¿“æ°“√„™â “√Õ“À“√  °“√‡®√‘≠‡µ‘∫‚µ¢Õß —µ«åπÈ” ·≈–ª√‘¡“≥

°“√¢—∫∂à“¬¢Õß‡ ’¬≈ß Ÿà ¿“æ·«¥≈âÕ¡  °“√»÷°…“§√—Èßπ’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“º≈¢Õß√–¥—∫·≈–§«“¡∂’Ë¢Õß°“√

„ÀâÕ“À“√∑’Ë¡’°“√·∑π∑’Ëª≈“ªÉπ¥â«¬°“°∂—Ë«‡À≈◊ÕßµàÕ°“√‡®√‘≠‡µ‘∫‚µ ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√ ·≈–°“√ Ÿ≠‡ ’¬

‰π‚µ√‡®π·≈–øÕ øÕ√— ¢Õßª≈“°–æß¢“«∑’Ë¡’πÈ”Àπ—°‡√‘Ë¡µâπ 2.04±0.06 °√—¡/µ—« ‚¥¬„™âÕ“À“√∑’Ë¡’°“°∂—Ë«‡À≈◊Õß

 °—¥πÈ”¡—π·∑π∑’Ëª≈“ªÉπ√–¥—∫ 0, 10 ·≈– 20% ¢Õß‚ª√µ’π„πª≈“ªÉπ „Àâª≈“°–æß¢“«°‘π∑’Ë 2 √–¥—∫ §◊Õ 4% ¢Õß

πÈ”Àπ—°µ—« ·≈–„Àâ°‘π®πÕ‘Ë¡  „π·µà≈–√–¥—∫·∫àßª≈“‡ªìπ 2 °≈ÿà¡ µ“¡§«“¡∂’Ë¢Õß°“√„ÀâÕ“À“√ §◊Õ 1 ·≈– 2 §√—Èß/

«—π ‚¥¬¡’√–¬–‡«≈“°“√‡≈’È¬ß 12  —ª¥“Àå æ∫«à“ª≈“°–æß¢“«∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“°∂—Ë«‡À≈◊Õß °—¥πÈ”¡—π·∑π∑’Ëª≈“

ªÉπ¡’°“√‡®√‘≠‡µ‘∫‚µ∑’Ë≈¥≈ß  Õ¥§≈âÕß°—∫°“√»÷°…“„πª≈“°‘π‡π◊ÈÕ™π‘¥Õ◊Ëπ‚¥¬°“√‡®√‘≠‡µ‘∫‚µ∑’Ë≈¥≈ß¡’º≈¡“®“°

ª√‘¡“≥Õ“À“√∑’Ë°‘π≈¥≈ß ·≈–æ∫«à“°“√‡®√‘≠‡µ‘∫‚µ·≈–ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√¢Õßª≈“°–æß∑’Ë‰¥â√—∫Õ“À“√™π‘¥

‡¥’¬«°—π¡’§«“¡·µ°µà“ß°—π¢÷ÈπÕ¬Ÿà°—∫°“√®—¥°“√°“√„ÀâÕ“À“√   ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“°∂—Ë«‡À≈◊Õß °—¥πÈ”¡—π

·∑π∑’Ë 10% ¢Õß‚ª√µ’π„πª≈“ªÉπ∑’Ë„Àâ°‘π®πÕ‘Ë¡ ¡’πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ‰¡à·µ°µà“ß®“°ª≈“‰¥â√—∫Õ“À“√∑’Ë¡’ª≈“ªÉπ‡ªìπ

·À≈àß‚ª√µ’πÀ≈—° ∑’Ë√–¥—∫ 4% ¢ÕßπÈ”Àπ—°µ—«  ·≈–‡¡◊ËÕ‡æ‘Ë¡§«“¡∂’Ë¢Õß°“√„ÀâÕ“À“√‚¥¬„Àâ°‘π®πÕ‘Ë¡ 2 §√—Èß/«—π

Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ  ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π ·≈–‚ª√µ’π∑’Ëπ”‰ª„™âª√–‚¬™πå  ¡’§à“∑’Ë‰¡à·µ°µà“ß®“°

ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ª≈“ªÉπ‡ªìπ·À≈àß‚ª√µ’πÀ≈—°∑’Ë„Àâ°‘π®πÕ‘Ë¡ 2 §√—Èß/«—π ‚¥¬ Ÿµ√Õ“À“√ √–¥—∫°“√„ÀâÕ“À“√·≈–

§«“¡∂’Ë¢Õß°“√„ÀâÕ“À“√¡’º≈√à«¡°—πµàÕª√‘¡“≥‰π‚µ√‡®π·≈–øÕ øÕ√— ∑’Ë Ÿ≠‡ ’¬  ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 2 ∑’Ë„Àâ

°‘π®πÕ‘Ë¡ 2 §√—Èß/«—π ¡’ª√‘¡“≥‰π‚µ√‡®π·≈–øÕ øÕ√— ∑’Ë Ÿ≠‡ ’¬‰¡à·µ°µà“ß®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ª≈“ªÉπ‡ªìπ

·À≈àß‚ª√µ’πÀ≈—°∑’Ë„Àâ°‘π®πÕ‘Ë¡

ªí®®ÿ∫—π‰¥â¡’§«“¡æ¬“¬“¡»÷°…“‡æ◊ËÕÀ“«—µ∂ÿ¥‘∫™π‘¥
Õ◊Ëπ¡“‡ªìπ·À≈àß‚ª√µ’π∑¥·∑πª≈“ªÉπ„πÕ“À“√ —µ«åπÈ”

‡π◊ËÕß®“°°“√®—∫ª≈“∑’Ë®–π”¡“º≈‘µ‡ªìπª≈“ªÉπ¡’·π«‚πâ¡
≈¥≈ß·≈–√“§“ Ÿß¢÷Èπ  §ÿ≥¿“æ‰¡à·πàπÕπ  ®÷ß®”‡ªìπµâÕßÀ“
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·À≈àß‚ª√µ’π∑’ËÀ“‰¥âßà“¬·≈–√“§“∂Ÿ°°«à“¡“„™â∑¥·∑πª≈“ªÉπ
∫“ß à«πÀ√◊Õ∑—ÈßÀ¡¥ ‡æ◊ËÕ≈¥ª√‘¡“≥°“√„™âª≈“ªÉπ ‚¥¬°“°
∂—Ë«‡À≈◊Õßπ—∫«à“‡ªìπ·À≈àß‚ª√µ’π®“°æ◊™∑’Ë¡’§ÿ≥¿“æ¥’°«à“
«—µ∂ÿ¥‘∫®“°æ◊™™π‘¥Õ◊Ëπ ‡π◊ËÕß®“°¡’°√¥Õ–¡‘‚π∑’Ë®”‡ªìπ„π
 —¥ à«π∑’Ë¥’ ´÷Ëß à«π„À≠à¡’„π√–¥—∫∑’Ë‡æ’¬ßæÕµàÕ§«“¡µâÕß°“√
¢Õßª≈“ ®÷ß¡’°“√»÷°…“‡æ◊ËÕπ”¡“„™â∑¥·∑πª≈“ªÉπ„πÕ“À“√
 ”À√—∫ —µ«åπÈ”À≈“¬™π‘¥ (Alexis, 1990; Arndt et al.,
1999;  Elangovan and Shim, 2000;  Kissil et al.,
2000) º≈°“√»÷°…“„πª≈“°‘π‡π◊ÈÕ à«π„À≠à æ∫«à“‡¡◊ËÕ√–¥—∫
°“√·∑π∑’Ë‡æ‘Ë¡¢÷Èπ¡’º≈∑”„Àâ°“√‡®√‘≠‡µ‘∫‚µ≈¥≈ß ‡¡◊ËÕ‡ª√’¬∫
‡∑’¬∫°—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ª≈“ªÉπ‡ªìπ·À≈àß‚ª√µ’πÀ≈—°
(Ballestrazzi et al., 1994;  Carter et al., 1994;  Robaina
et al., 1995; Refstie et al., 1998; Arndt et al., 1999;
Carter and Hauler, 2000; Kissil et al., 2000) ‡™àπ
‡¥’¬«°—∫°“√»÷°…“„πª≈“°–æß¢“« ‚¥¬ Boonyaratpalin
·≈–§≥– (1998) æ∫«à“°“°∂—Ë«‡À≈◊Õß °—¥πÈ”¡—π “¡“√∂
·∑π∑’Ë 37.5% ¢Õßª≈“ªÉπ„πÕ“À“√‚¥¬¡’°“√‡®√‘≠‡µ‘∫‚µ∑’Ë
¥’  ·µà¡’°“√‡®√‘≠‡µ‘∫‚µ∑’Ë™â“°«à“ª≈“°–æß∑’Ë°‘πÕ“À“√∑’Ë¡’
ª≈“ªÉπ‡ªìπ·À≈àß‚ª√µ’πÀ≈—°

°“√»÷°…“°“√·∑π∑’Ëª≈“ªÉπ¥â«¬·À≈àß‚ª√µ’πæ◊™™π‘¥
µà“ßÊ ¡—°®–»÷°…“º≈∑’Ë¡’µàÕ°“√‡®√‘≠‡µ‘∫‚µ ª√– ‘∑∏‘¿“æ
°“√„™âÕ“À“√ ·≈–°“√√Õ¥µ“¬¢Õßª≈“ ‡¡◊ËÕ√–¥—∫°“√·∑π∑’Ë
‡æ‘Ë¡¢÷Èπ ·µà«—µ∂ÿ¥‘∫æ◊™∑’Ëπ”¡“„™âπ—ÈπÕ“®®–¡’‚§√ß √â“ß∑’Ëª≈“
‰¡à “¡“√∂¬àÕ¬‰¥â¥’  ¡’ “√∑’Ë¢—¥¢«“ß°“√¬àÕ¬·≈–°“√„™â “√
Õ“À“√ ·≈–¡’°√¥Õ–¡‘‚π∑’Ë®”‡ªìπ∫“ß™π‘¥„πª√‘¡“≥πâÕ¬‰¡à
‡æ’¬ßæÕµàÕ§«“¡µâÕß°“√¢Õß —µ«åπÈ” (Tacon, 1991) ∑”„Àâ
Õ“À“√∂Ÿ°¬àÕ¬‰¥âπâÕ¬ ·≈– “√Õ“À“√∫“ß à«π‰¡à “¡“√∂π”
‰ª„™â‡æ◊ËÕ°“√‡®√‘≠‡µ‘∫‚µ‰¥â ¡’º≈∑”„Àâ Ÿ≠‡ ’¬ “√Õ“À“√‰ª
„πÕÿ®®“√–¢Õßª≈“·≈–°“√¢—∫∂à“¬ÕÕ° Ÿà·À≈àßπÈ” ‡π◊ËÕß®“°
°“√‡≈’È¬ßª≈“°–æß à«π„À≠à‡ªìπ°“√‡≈’È¬ß„π°√–™—ß  ¢Õß‡ ’¬
∑’Ë‡°‘¥¢÷Èπ¥—ß°≈à“«®–¡’º≈‚¥¬µ√ßµàÕ·À≈àßπÈ”∫√‘‡«≥∑’Ë¡’°“√
‡≈’È¬ßª≈“·≈–∫√‘‡«≥„°≈â‡§’¬ß ´÷Ëß®–¡’º≈µàÕ§«“¡¬—Ëß¬◊π¢Õß
°“√‡≈’È¬ßª≈“°–æß„πÕπ“§µ  °“√»÷°…“ª√‘¡“≥¢Õß‡ ’¬∑’Ë
‡°‘¥¢÷Èπ®“°°“√·∑π∑’Ëª≈“ªÉπ¥â«¬«—µ∂ÿ¥‘∫æ◊™™π‘¥µà“ßÊ ®÷ß
π—∫«à“¡’§«“¡ ”§—≠  ®“°°“√»÷°…“¢Õß Tantikitti ·≈–§≥–
(2005) æ∫«à“ ‡¡◊ËÕ√–¥—∫¢Õß°“°∂—Ë«‡À≈◊Õß‡æ‘Ë¡ Ÿß¢÷Èπ®–¡’
¢Õß‡ ’¬‰π‚µ√‡®π‡æ‘Ë¡ Ÿß¢÷Èπ ‚¥¬√–¥—∫°“√·∑π∑’Ë∑’Ë¥’∑’Ë ÿ¥
∑’Ë„Àâ°“√‡®√‘≠‡µ‘∫‚µ‰¡à·µ°µà“ß®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ª≈“

ªÉπ‡ªìπ·À≈àß‚ª√µ’π ·≈–¡’¢Õß‡ ’¬‰π‚µ√‡®π·≈–øÕ øÕ√— 
µË”∑’Ë ÿ¥ §◊Õ°“√·∑π∑’Ë∑’Ë√–¥—∫ 10% ¢Õß‚ª√µ’π®“°ª≈“ªÉπ

ª√‘¡“≥¢Õß‡ ’¬Õ‘π∑√’¬å “√∑’Ë‡°‘¥®“°Õ“À“√·≈–°“√
¢—∫∂à“¬¢Õßª≈“π—Èπ ¬—ß¢÷ÈπÕ¬Ÿà°—∫°“√®—¥°“√¥â“π°“√„ÀâÕ“À“√
¥â«¬  ‚¥¬ Merican ·≈– Phillips (1985) √“¬ß“π«à“
√–¥—∫¢Õß°“√„ÀâÕ“À“√¡’º≈µàÕª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√¢Õß
 —µ«åπÈ” ·≈–ª√‘¡“≥¢Õß‡ ’¬∑’Ë‡°‘¥¢÷Èπ ‚¥¬¡’°“√»÷°…“·≈–
‡ πÕ·π–«à“°“√„ÀâÕ“À“√„π√–¥—∫µË”∑’Ëª≈“¡’°“√‡®√‘≠‡µ‘∫‚µ
¥’∑’Ë ÿ¥ ‡ªìπ√–¥—∫∑’Ëª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√¢Õßª≈“¥’∑’Ë ÿ¥
(Schwarz and Kirchgenner, 1995; Azevedo et al.,
1998)  ¢≥–∑’Ë Einen ·≈–§≥– (1995) ‡ πÕ·π–«à“°“√
„Àâª≈“‰¥â√—∫Õ“À“√¡“°∑’Ë ÿ¥„π√–¥—∫∑’Ëª≈“‡®√‘≠‡µ‘∫‚µ¥’∑’Ë ÿ¥
®–¡’º≈„Àâª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√¢Õßª≈“¥’∑’Ë ÿ¥ §«“¡∂’Ë
„π°“√„ÀâÕ“À“√°Á¡’º≈µàÕ°“√¢—∫∂à“¬¢Õß‡ ’¬¢Õß —µ«åπÈ”‡™àπ°—π
‚¥¬ Poxton ·≈– Lloyd (1989) æ∫«à“ªí®®—¬∑’Ë¡’º≈µàÕ
°“√‡ª≈’Ë¬π·ª≈ßª√‘¡“≥¢Õß·Õ¡‚¡‡π’¬∑’Ë¢—∫∂à“¬π—Èπ πÕ°
®“°®–‡°‘¥®“°ª√‘¡“≥Õ“À“√∑’Ë°‘π·≈â« ¬—ß¢÷ÈπÕ¬Ÿà°—∫‡«≈“·≈–
«‘∏’°“√„ÀâÕ“À“√¥â«¬ ‚¥¬æ∫«à“ª≈“‰À≈„π√–¬–∑’Ë¡’°“√‡®√‘≠
‡µ‘∫‚µ√«¥‡√Á«π—Èπ ¡’°“√¢—∫∂à“¬·Õ¡‚¡‡π’¬ Ÿß¢÷Èπ‡¡◊ËÕ§«“¡∂’Ë
„π°“√„ÀâÕ“À“√‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√
2 §√—Èß/«—π

°“√»÷°…“§√—Èßπ’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“√–¥—∫·≈–
§«“¡∂’Ë¢Õß°“√„ÀâÕ“À“√∑’Ë¡’°“√·∑π∑’Ëª≈“ªÉπ¥â«¬°“°∂—Ë«
‡À≈◊Õß∑’Ë¡’º≈µàÕ°“√‡®√‘≠‡µ‘∫‚µ ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√
·≈–°“√ Ÿ≠‡ ’¬‰π‚µ√‡®π·≈–øÕ øÕ√— ¢Õßª≈“°–æß¢“«

Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

°“√‡µ√’¬¡ª≈“ ”À√—∫°“√∑¥≈Õß

π”ª≈“°–æß¢“«∑’Ë¡’πÈ”Àπ—°‡©≈’Ë¬ 0.5 °√—¡/µ—« (§«“¡
¬“«ª√–¡“≥ 3.5 ´¡.) ®”π«π 1,500 µ—« ®“°∫àÕ‡≈’È¬ß¢Õß
»Ÿπ¬å«‘®—¬·≈–æ—≤π“ª√–¡ß™“¬Ωíòß µŸ≈ ®. µŸ≈ ¡“Õπÿ∫“≈„π
∂—ß‰ø‡∫Õ√å°≈“ ∑√ß°≈¡¢π“¥§«“¡®ÿ 1 ≈∫.‡¡µ√  §«“¡
‡§Á¡ª√–¡“≥ 33.29±0.23  à«π„πæ—π à«π ·≈–„ÀâÕÕ°´‘‡®π
µ≈Õ¥‡«≈“ ‚¥¬„ÀâÕ“À“√‡¡Á¥∑’Ë‰¥â√—∫§«“¡Õπÿ‡§√“–Àå®“°
 ∂“∫—π«‘®—¬°“√‡æ“–‡≈’È¬ß —µ«åπÈ”™“¬Ωíòß ®. ß¢≈“  Õπÿ∫“≈
≈Ÿ°ª≈“«—π≈– 2 ¡◊ÈÕ ‡æ◊ËÕΩñ°„Àâª≈“‡§¬™‘π°—∫Õ“À“√‡¡Á¥
®π°√–∑—Ëß≈Ÿ°ª≈“¬Õ¡√—∫Õ“À“√‡¡Á¥·≈–¡’πÈ”Àπ—°ª√–¡“≥
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0.9 °√—¡/µ—« ®“°π—Èπ®÷ß§—¥ª≈“∑’Ë¡’¢π“¥„°≈â‡§’¬ß°—π„ àµŸâ
∑¥≈Õß¢π“¥ 30 x 60 x 45  ́ .¡. §«“¡®ÿ  81  ≈‘µ√ ∫√√®ÿ
πÈ” 54 ≈‘µ√ ®”π«π 36 µŸâ „™âæ≈“ µ‘° ’∑÷∫ªî¥ 3 ¥â“π ‡æ◊ËÕ
ªÑÕß°—π°“√√∫°«π  æ√âÕ¡∑—Èßµ‘¥µ—Èß√–∫∫πÈ”‰À≈∑’Ë§«∫§ÿ¡
Õ—µ√“°“√‰À≈¢ÕßπÈ” 0.5 ≈‘µ√/π“∑’  ·≈–√–∫∫„ÀâÕ“°“»„π
∑ÿ°µŸâ∑¥≈Õß ‚¥¬·µà≈–µŸâ¡’ª≈“ 30 µ—« ‡æ◊ËÕª√—∫ ¿“æª≈“
„Àâ§ÿâπ‡§¬°—∫µŸâ∑¥≈Õß·≈–Õ“À“√∑¥≈Õß ®“°π—Èπ®÷ß§—¥ª≈“
„π·µà≈–µŸâ∑¥≈Õß‡À≈◊Õ 15 µ—« „Àâ¡’¢π“¥„°≈â‡§’¬ß°—π‚¥¬™—Ëß
πÈ”Àπ—°¥â«¬°“√·∑π∑’ËπÈ”  ‚¥¬πÈ”Àπ—°‡√‘Ë¡µâπ¢Õßª≈“∑¥≈Õß
¡’§à“‡©≈’Ë¬ 2.04±0.06 °√—¡/µ—«

°“√‡µ√’¬¡Õ“À“√∑¥≈Õß

 √â“ß Ÿµ√Õ“À“√∑¥≈Õß 3  Ÿµ√ „Àâ¡’√–¥—∫‚ª√µ’π
40% ·≈–‰¢¡—π 10% ∑ÿ°™ÿ¥°“√∑¥≈Õß (¥—¥·ª≈ß®“°
¡–≈‘ ·≈–§≥–, 2539)  ‚¥¬¡’‚ª√µ’π®“°∂—Ë«‡À≈◊Õß·∑π∑’Ë
‚ª√µ’π®“°ª≈“ªÉπ∑’Ë√–¥—∫ 0, 10, 20% ¢Õß‚ª√µ’π®“°
ª≈“ªÉπ„πÕ“À“√ Ÿµ√∑’Ë 1, 2 ·≈– 3 µ“¡≈”¥—∫ ·≈–¡’ à«π
ª√–°Õ∫¢ÕßÕ“À“√¥—ß· ¥ß„π Table 1 º ¡ à«πª√–°Õ∫
«— ¥ÿÕ“À“√„Àâ‡¢â“°—π¥’¥â«¬‡§√◊ËÕßº ¡Õ“À“√ ·≈â«®÷ß‡µ‘¡·ªÑß
¡—π∑’Ë∑”„Àâ ÿ°·≈â«º ¡„πÕ“À“√®π«— ¥ÿÕ“À“√‡¢â“°—π¥’Õ’°§√—Èß
®“°π—Èπ®÷ßπ”Õ“À“√‡¢â“‡§√◊ËÕßÕ—¥‡¡Á¥Õ“À“√ (Hobart) ºà“π
Àπâ“·«àπ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 2 ¡.¡. π”Õ“À“√∑’ËÕ—¥‡¡Á¥
·≈â«Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ 60oC  ®π°√–∑—ËßÕ“À“√·Àâß  π”‰ª∫√√®ÿ
„π∂ÿßæ≈“ µ‘°·≈â«‡°Á∫√—°…“‰«â„πµŸâ‡¬Áπ∑’ËÕÿ≥À¿Ÿ¡‘ 4oC ·≈–
«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’¢ÕßÕ“À“√  ‰¥â·°à  ‚ª√µ’π,
‰¢¡—π, §«“¡™◊Èπ ·≈–‡∂â“  µ“¡«‘∏’¡“µ√∞“π¢Õß AOAC
(1990)   ”À√—∫§“√å‚∫‰Œ‡¥√∑‰¥â®“°°“√§”π«≥µ“¡ Ÿµ√
100 - (‚ª√µ’π + ‰¢¡—π + ‡∂â“ + ‡¬◊ËÕ„¬ + §«“¡™◊Èπ)  ·≈–
øÕ øÕ√— ‚¥¬ àßµ—«Õ¬à“ß‰ª«‘‡§√“–Àå∑’Ë»Ÿπ¬åªØ‘∫—µ‘°“√«‘‡§√“–Àå
°≈“ß §≥–∑√—æ¬“°√∏√√¡™“µ‘ ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å
µ“¡«‘∏’∑’Ë¥—¥·ª≈ß®“° AOAC (1990) °àÕππ”‰ª„™â„π°“√
∑¥≈Õß

°“√»÷°…“‡®√‘≠‡µ‘∫‚µ ·≈–ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√

®—¥°“√∑¥≈Õß·∫∫·ø§∑Õ‡√’¬≈ (factorial experi-
ment)  „π·ºπ°“√∑¥≈Õß·∫∫ ÿà¡µ≈Õ¥ (completely
randomized design) ‚¥¬¡’ 12 ™ÿ¥°“√∑¥≈Õß (3x2x2)
‰¥â·°à Õ“À“√∑¥≈Õß 3  Ÿµ√ (√–¥—∫°“√·∑π∑’Ëª≈“ªÉπ¥â«¬

∂—Ë«‡À≈◊Õß 3 √–¥—∫ §◊Õ 0, 10, 20%  √–¥—∫°“√„ÀâÕ“À“√ 2
√–¥—∫ §◊Õ 4% ¢ÕßπÈ”Àπ—°µ—« ·≈–„Àâ°‘π®πÕ‘Ë¡ ·≈–§«“¡∂’Ë
¢Õß°“√„ÀâÕ“À“√ 2 √–¥—∫ §◊Õ 1 §√—Èß/«—π ·≈– 2 §√—Èß/«—π
„π·µà≈–™ÿ¥°“√∑¥≈Õß¡’ 3 ´È” (replicate) „™âª≈“∑¥≈Õß
®”π«π 15 µ—«/´È”  »÷°…“‡ªìπ√–¬–‡«≈“ 12  —ª¥“Àå  ‡¡◊ËÕ
‡√‘Ë¡µâπ°“√∑¥≈Õß ‡°Á∫µ—«Õ¬à“ßª≈“ 100 °√—¡ ‡æ◊ËÕ«‘‡§√“–Àå
ª√‘¡“≥§«“¡™◊Èπ ‚ª√µ’π ·≈–øÕ øÕ√— ¢Õß´“°ª≈“‡√‘Ë¡µâπ
‡æ◊ËÕπ”¢âÕ¡Ÿ≈∑’Ë‰¥â‰ªÀ“§à“ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√ ·≈–
‰π‚µ√‡®π·≈–øÕ øÕ√— ∑’Ë Ÿ≠‡ ’¬„π√–À«à“ß°“√‡≈’È¬ß  ∑”
§«“¡ –Õ“¥µŸâ∑¥≈Õß·≈–¥Ÿ¥µ–°Õπ°àÕπ„ÀâÕ“À“√∑ÿ°«—π
∫—π∑÷°πÈ”Àπ—°Õ“À“√∑’Ë„Àâ‡æ◊ËÕ∑√“∫ª√‘¡“≥Õ“À“√∑’Ëª≈“°‘π„π

Table 1. Ingredients and proximate composition

of experimental diets

Diet
  Ingredient (g/100 g)

s1 (0)1 2 (10) 3 (20)

Fish meal (63% protein) 2 53 47 42
Defatted soybean meal2

  (dehulled, 46% protein) 0 8.5 16.5
Shrimp head meal 11 11 11
Rice bran 11 11 11
Fish oil 5.2 5.5 5.8
Vitamin premix3 1.2 1.2 1.2
Mineral premix4 4 4 4
BHT .02 .02 .02
Cooked tapioca starch 2 2 2
Rice flour 10 7 4
Ground rice hull 2.58 2.78 2.48
Proximate composition

  (As fed basis) 5

Crude protein 42.19 42.49 41.78
Crude lipid 11.63 12.87 12.11
Ash 16.46 17.07 16.53
Phosphorus 2.49 2.43 2.30

1 Numbers in brackets indicate levels of soybean substit-

ution for fish meal protein
2 Local ingredients
3 (mg/kg), Thiamin HCl 60, riboflavin 100, pyridoxine HCl

40, choline chloride 5,000, niacin 400, Ca-pantothenate

100, ascorbic acid  500, inositol 2,000, biotin 6, folic acid

15, vitamin B
12

 0.1, menadione 50, tocopherol acetate 100,

vitamin AD
3
 (500 IU of A+100 IU of D

3
/mg)  8.

4 (mg/kg), CaHPO
4
  8, NaH

2
 PO

4
·2H

2
O  15, KH

2
PO

4
 10,

KCl  5.
5 Means of three replicate analysis
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™ÿµ‘¡“  µ—πµ‘°‘µµ‘ ·≈–§≥–729

·µà≈–«—π ·≈–≈—°…≥–º‘¥ª°µ‘¿“¬πÕ° ‰¥â·°à  ’¢Õß≈”µ—«
°“√µ°‡≈◊Õ¥ ·≈–°“√‡°‘¥∫“¥·º≈ √«¡∑—Èß —ß‡°µæƒµ‘°√√¡
∑’Ëº‘¥ª°µ‘„πª≈“·µà≈–°≈ÿà¡ ·≈–¡’°“√„™â¬“·≈– “√‡§¡’‡æ◊ËÕ
ªÑÕß°—π‚√§µ“¡ ¿“æ¢Õßª≈“

‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß ∑”°“√™—ËßπÈ”Àπ—°ª≈“ ‚¥¬‰¡à¡’
°“√„ÀâÕ“À“√°àÕπ°“√™—ËßπÈ”Àπ—° 1 «—π  ≈∫ª≈“¥â«¬¬“ ≈∫
2-phenoxyethanol §«“¡‡¢â¡¢âπ 0.2 ¡.¡./πÈ” 1 ≈‘µ√
™—ËßπÈ”Àπ—°·≈–‡°Á∫µ—«Õ¬à“ßª≈“„π·µà≈–µŸâ ®”π«π 5 µ—«/µŸâ
π”‰ª‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ -20oC ®“°π—Èππ”ª≈“∑—Èßµ—«‰ªÕ∫
∑’ËÕÿ≥À¿Ÿ¡‘ 60oC ®π°√–∑—Ëß·Àâß ·≈â«®÷ßπ”‰ª„ à‚∂¥Ÿ¥§«“¡
™◊Èπ ®÷ß™—ËßπÈ”Àπ—°À“§«“¡™◊Èπ¢Õßµ—«ª≈“ ·≈â«®÷ß∫¥ª≈“∑—Èß
µ—«„Àâ≈–‡Õ’¬¥·≈–π”‰ª‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ -20oC °àÕππ”

‰ª«‘‡§√“–ÀåÀ“Õß§åª√–°Õ∫∑“ß‡§¡’ (AOAC, 1990) ·≈–
øÕ øÕ√— ¢Õß´“°ª≈“∑’Ë‰¥â√—∫Õ“À“√·µà≈– Ÿµ√   ”À√—∫
ª√‘¡“≥øÕ øÕ√—   àßµ—«Õ¬à“ß‰ª«‘‡§√“–Àå∑’Ë»Ÿπ¬åªØ‘∫—µ‘°“√
«‘‡§√“–Àå°≈“ß §≥–∑√—æ¬“°√∏√√¡™“µ‘ ¡À“«‘∑¬“≈—¬ ß¢≈“-
π§√‘π∑√å µ“¡«‘∏’∑’Ë¥—¥·ª≈ß®“° AOAC (1990)

π”¢âÕ¡Ÿ≈∑’Ë‰¥â‰ª§”π«≥ Õ—µ√“°“√√Õ¥ (survival
rate) πÈ”Àπ—°∑’Ë‡æ‘Ë¡ (weight gain) Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ
®”‡æ“– (specific growth rate, SGR)  Õ—µ√“°“√‡ª≈’Ë¬π
Õ“À“√‡ªìπ‡π◊ÈÕ (feed conversion ratio, FCR) ª√– ‘∑∏‘¿“æ
°“√„™â‚ª√µ’π (protein efficiency ratio, PER)  ·≈–
‚ª√µ’π∑’Ëπ”‰ª„™âª√–‚¬™πå (productive protein value,
PPV) ¥—ßπ’È

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

Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“– (%/«—π)  =  
(InW2 − InW1)

T2 − T1

 x 100

W1 = πÈ”Àπ—°ª≈“‡¡◊ËÕ‡√‘Ë¡µâπ°“√∑¥≈Õß
W2 = πÈ”Àπ—°ª≈“‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß
T1  = «—π∑’Ë‡√‘Ë¡µâπ°“√∑¥≈Õß
T2  = «—π∑’Ë ‘Èπ ÿ¥°“√∑¥≈Õß

Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ (FCR)  =     π.π.Õ“À“√∑’Ëª≈“°‘π∑—ÈßÀ¡¥  (°√—¡)
     π.π.ª≈“‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß (°√—¡) - π.π.ª≈“‡¡◊ËÕ‡√‘Ë¡µâπ (°√—¡)

ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π (PER)  =   π.π.ª≈“∑’Ë‡æ‘Ë¡¢÷Èπ (°√—¡)
                                    π.π.‚ª√µ’π∑’Ëª≈“°‘π (°√—¡)

‚ª√µ’π∑’Ëπ”‰ª„™âª√–‚¬™πå (%)  =       ‚ª√µ’π¢Õßµ—«ª≈“∑’Ë‡æ‘Ë¡¢÷Èπ (°√—¡)     x 100
      π.π.‚ª√µ’π∑’Ëª≈“°‘πµ≈Õ¥°“√∑¥≈Õß (°√—¡)

°“√»÷°…“ª√‘¡“≥‰π‚µ√‡®π·≈–øÕ øÕ√— ∑’Ë Ÿ≠‡ ’¬

»÷°…“ª√‘¡“≥‰π‚µ√‡®π·≈–øÕ øÕ√— ∑’Ë Ÿ≠‡ ’¬ ‚¥¬°“√π”¢âÕ¡Ÿ≈ “√Õ“À“√∑’Ëª≈“‰¥â√—∫ ·≈– “√Õ“À“√∑’Ë‡æ‘Ë¡¢÷Èπ„πµ—«
ª≈“¡“„™â„π°“√§”π«≥À“ª√‘¡“≥‰π‚µ√‡®π·≈–øÕ øÕ√— ∑’Ë Ÿ≠‡ ’¬ µ“¡«‘∏’¢Õß Paspatis ·≈–§≥– (2000) ¥—ßπ’È

 “√Õ“À“√∑’Ëª≈“‰¥â√—∫ (°√—¡/ °‘‚≈°√—¡¢ÕßπÈ”Àπ—°ª≈“∑’Ë‡æ‘Ë¡¢÷Èπ)
= 1000 x (πÈ”Àπ—°Õ“À“√∑’Ëª≈“°‘π (°√—¡/µ—«) x % “√Õ“À“√„πÕ“À“√)
                     πÈ”Àπ—°¢Õßµ—«ª≈“∑’Ë‡æ‘Ë¡¢÷Èπ (°√—¡/µ—«)
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 “√Õ“À“√∑’Ë‡æ‘Ë¡¢÷Èπ„πª≈“ (°√—¡/µ—«)
=  [(πÈ”Àπ—°‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß (°√—¡/µ—«) x ª√‘¡“≥ “√Õ“À“√„πµ—«ª≈“‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß (%)) -

(πÈ”Àπ—°‡¡◊ËÕ‡√‘Ë¡°“√∑¥≈Õß (°√—¡/µ—«) x ª√‘¡“≥ “√Õ“À“√„πµ—«ª≈“‡¡◊ËÕ‡√‘Ë¡°“√∑¥≈Õß (%)]

 “√Õ“À“√∑’Ë Ÿ≠‡ ’¬ (°√—¡/ °‘‚≈°√—¡¢ÕßπÈ”Àπ—°ª≈“∑’Ë‡æ‘Ë¡¢÷Èπ)
= 1000 x ( “√Õ“À“√∑’Ëª≈“‰¥â√—∫ (°√—¡/µ—«) -  “√Õ“À“√∑’Ë‡æ‘Ë¡¢÷Èπ„πª≈“ (°√—¡/µ—«))
                           πÈ”Àπ—°¢Õßµ—«ª≈“∑’Ë‡æ‘Ë¡¢÷Èπ (°√—¡/µ—«)

‡ªÕ√å‡´Áπµå “√Õ“À“√∑’Ë Ÿ≠‡ ’¬
=  “√Õ“À“√∑’Ë Ÿ≠‡ ’¬ (°√—¡/°‘‚≈°√—¡¢ÕßπÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ)  x 100
     “√Õ“À“√∑’Ë‰¥â√—∫ (°√—¡/°‘‚≈°√—¡¢ÕßπÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ)

°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈

π”¢âÕ¡Ÿ≈°“√‡®√‘≠‡µ‘∫‚µ  ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√
ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π  ·≈– “√Õ“À“√∑’Ë Ÿ≠‡ ’¬  ¡“
«‘‡§√“–Àå§«“¡·ª√ª√«π¢Õß¢âÕ¡Ÿ≈ (analysis of variance)
·∫∫·ø§∑Õ‡√’¬≈ „π·ºπ°“√∑¥≈Õß·∫∫ ÿà¡µ≈Õ¥ ·≈–
‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß¢Õß§à“‡©≈’Ë¬¥â«¬  Duncan's new
multiple range test

º≈°“√»÷°…“

°“√‡®√‘≠‡µ‘∫‚µ

πÈ”Àπ—°‡√‘Ë¡µâπ  πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ  Õ—µ√“°“√‡®√‘≠
‡µ‘∫‚µ®”‡æ“– ·≈–ª√‘¡“≥Õ“À“√∑’Ë°‘π¢Õßª≈“∑’Ë‰¥âÕ“À“√
∑¥≈Õß 3  Ÿµ√ ∑’Ë¡’√–¥—∫¢Õß°“√„ÀâÕ“À“√ ·≈–§«“¡∂’Ë¢Õß
°“√„ÀâÕ“À“√∑’Ëµà“ß°—π ¥—ß· ¥ß„π Table 2 æ∫«à“ ª≈“
°–æß∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 1 ( Ÿµ√§«∫§ÿ¡) ∑’Ë¡’ª≈“ªÉπ‡ªìπ
·À≈àß‚ª√µ’π ¡’°“√‡®√‘≠‡µ‘∫‚µ¥’∑’Ë ÿ¥ ¡’πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ
·≈–Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–  Ÿß∑’Ë ÿ¥   √Õß≈ß¡“§◊Õ
ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 2  ·≈– 3  µ“¡≈”¥—∫ (p<0.05)
‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√®πÕ‘Ë¡ ¡’°“√‡®√‘≠‡µ‘∫‚µ∑’Ë¥’°«à“°≈ÿà¡∑’Ë
‰¥â√—∫Õ“À“√ 4% ¢ÕßπÈ”Àπ—°µ—« ·≈–°“√„ÀâÕ“À“√ 2 §√—Èß/
«—π„Àâ°“√‡®√‘≠‡µ‘∫‚µ∑’Ë¥’°«à“°“√„ÀâÕ“À“√‡æ’¬ß 1 §√—Èß/«—π
(p<0.05)

 ”À√—∫ª√‘¡“≥Õ“À“√∑’Ëª≈“°‘π æ∫«à“√–¥—∫°“√·∑π∑’Ë
ª≈“ªÉπ¥â«¬∂—Ë«‡À≈◊Õß¡’º≈µàÕª√‘¡“≥Õ“À“√∑’Ëª≈“°‘π ‚¥¬

ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 1 °‘πÕ“À“√¡“°∑’Ë ÿ¥ √Õß≈ß¡“§◊Õ
ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë  2  ·≈–  3  ∑’Ë·∑π∑’Ëª≈“ªÉπ¥â«¬
∂—Ë«‡À≈◊Õß∑’Ë√–¥—∫ 10 ·≈– 20% ¢Õß‚ª√µ’π„πª≈“ªÉπ µ“¡
≈”¥—∫  (p<0.05)  ´÷Ëßª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 2 ·≈– 3 ¡’
ª√‘¡“≥Õ“À“√∑’Ë°‘π≈¥≈ßª√–¡“≥ 14% ·≈– 25% µ“¡
≈”¥—∫  ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬¢Õßª√‘¡“≥°“√°‘πÕ“À“√
¢Õßª≈“°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√  1 §√—Èß  ·≈–  2  §√—Èß/«—π (Table
3) æ∫«à“ °≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√ 2 §√—Èß¡’ª√‘¡“≥°“√°‘πÕ“À“√
‡∑à“°—∫  34.32±7.93 °√—¡/µ—«  Ÿß°«à“°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√ 1
§√—Èß/«—π ́ ÷Ëß¡’ª√‘¡“≥°“√°‘πÕ“À“√‡∑à“°—∫ 30.50±6.95 °√—¡/
µ—« (p<0.05) ‚¥¬§à“‡©≈’Ë¬ª√‘¡“≥Õ“À“√∑’Ë°‘π¢Õßª≈“„π
°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√ 4% ¢ÕßπÈ”Àπ—°µ—« ·≈–∑’Ë°‘π®πÕ‘Ë¡‰¡à¡’
§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘ ·µàæ∫«à“√–¥—∫¢Õß°“√„ÀâÕ“À“√
·≈– Ÿµ√Õ“À“√¡’Õ‘∑∏‘æ≈√à«¡°—πµàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“
(Table 4) ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 1 ∑’Ë√–¥—∫°“√„Àâ°‘π
®πÕ‘Ë¡¡’πÈ”Àπ—°∑’Ë‡æ‘Ë¡  Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–  ·≈–
ª√‘¡“≥Õ“À“√∑’Ë°‘π Ÿß∑’Ë ÿ¥ (p<0.05) √Õß≈ß¡“§◊Õª≈“∑’Ë‰¥â
√—∫Õ“À“√ Ÿµ√‡¥’¬«°—π ∑’Ë√–¥—∫¢Õß°“√„ÀâÕ“À“√ 4% ¢Õß
πÈ”Àπ—°µ—«  ·≈–ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 2 ∑’Ë√–¥—∫°“√„Àâ
°‘π®πÕ‘Ë¡  Õ¬à“ß‰√°Áµ“¡ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 2 ∑’Ë√–¥—∫
4% ¢ÕßπÈ”Àπ—°µ—«  ¡’Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–‰¡à·µ°
µà“ß®“°°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√‡¥’¬«°—π∑’Ë°‘π®πÕ‘Ë¡  √«¡∑—Èß¡’
πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ‰¡à·µ°µà“ß®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 1 ∑’Ë
√–¥—∫°“√„ÀâÕ“À“√ 4% ¢ÕßπÈ”Àπ—°µ—«  ”À√—∫ª≈“∑’Ë‰¥â√—∫
Õ“À“√ Ÿµ√∑’Ë 3 ∑’Ë√–¥—∫ 4% ¢ÕßπÈ”Àπ—°µ—« À√◊Õ∑’Ë√–¥—∫°“√
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Table 3. Effects of feeding frequency on weight

gain, feed intake and specific growth rate

(SGR) of Asian seabass fed diets with

soybean meal replacing fish meal protein

        Feeding frequency (time/day)
    Parameter

One time Two times

Weight gain (g/fish)   28.94±5.991a 33.62±8.79b

Feed intake (g/fish) 30.50±6.95a 34.32±7.93b

SGR2 (%/day)   3.20±0.21a  3.39±0.27b

1 N = 18 and means under the same parameter with the

different superscripts are statistically significant (p<

0.05)
2 Specific growth rate: (ln W

2
 - ln W

1
/T

2
-T

1
) x 100

„ÀâÕ“À“√°‘π®πÕ‘Ë¡ ¡’πÈ”Àπ—°∑’Ë‡æ‘Ë¡ Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ
®”‡æ“– ·≈–Õ—µ√“°“√°‘πÕ“À“√‰¡à·µ°µà“ß°—π∑“ß ∂‘µ‘ (p >

0.05)  ·µàª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë°‘πÕ“À“√∑’Ë√–¥—∫ 4% ¢Õß
πÈ”Àπ—°µ—« ¡’ª√‘¡“√Õ“À“√∑’Ë°‘π‡©≈’Ë¬ Ÿß°«à“‡≈Á°πâÕ¬   ”À√—∫
Õ—µ√“°“√√Õ¥µ“¬¢Õßª≈“°–æß¢“«∑’Ë»÷°…“„π§√—Èßπ’ÈÕ¬Ÿà„π™à«ß
93.33-100%

ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√

®“° Table 5  æ∫«à“ √–¥—∫°“√·∑π∑’Ëª≈“ªÉπ¥â«¬
∂—Ë«‡À≈◊Õß  √–¥—∫¢Õß°“√„ÀâÕ“À“√  ·≈–§«“¡∂’Ë¢Õß°“√„Àâ
Õ“À“√¡’º≈√à«¡°—πµàÕÕ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ (FCR)
ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π (PER) ·≈–°“√π”‚ª√µ’π‰ª„™â
ª√–‚¬™πå (PPV) ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 3 (∂—Ë«‡À≈◊Õß
·∑π∑’Ë 20% ¢Õß‚ª√µ’π„πª≈“ªÉπ) ∑’Ë„Àâ°‘π®πÕ‘Ë¡ 1 §√—Èß/
«—π ¡’ FCR, PER ·≈– PPV ¥’∑’Ë ÿ¥ (p<0.05) √Õß≈ß¡“
§◊Õ ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 1 ∑’Ë‰¥â√—∫Õ“À“√®πÕ‘Ë¡ 2 §√—Èß/
«—π    Ÿµ√∑’Ë 1 ∑’Ë√–¥—∫ 4% ¢ÕßπÈ”Àπ—°µ—« 2 §√—Èß/«—π   Ÿµ√

Table 2. Growth and feed intake of Asian seabass fed diets with soybean meal replacing fish meal

protein at different feeding levels and feeding frequencies

Diet Feeding level Feeding frequency Initial body Weight gain Feed intake SGR3

(time/day) weight(g/fish) (g/fish) (g/fish) (%/day)

1(0) 1 4% 1 time 2.16±0.062 32.20±3.42 34.02±1.79 3.29±0.10
2 times 2.03±0.15 34.85±2.10 34.81±2.61 3.45±0.03

Satiation 1 time 2.05±0.03 37.14±1.03 37.72±0.37 3.51±0.02
2 times 1.93±0.17   47.95±10.72   47.15±11.24 3.85±0.19

2(10) 4% 1 time 2.03±0.07 28.62±1.41 31.24±1.24 3.23±0.07
2 times 2.03±0.03 30.75±1.24 32.71±1.76 3.31±0.05

Satiation 1 time 2.21±0.04 31.77±3.22 35.17±0.23 3.25±0.10
2 times 2.10±0.16 34.19±1.78 33.50±1.82 3.40±0.11

3(20) 4% 1 time 2.03±0.15 22.96±0.65 27.41±1.26 2.99±0.05
2 times 2.04±0.07 22.73±4.56 27.70±1.11 2.96±0.25

Satiation 1 time 1.98±0.09 20.94±1.17 17.41±1.41 2.92±0.01
2 times 1.98±0.16 25.84±3.41 24.43±1.99 3.14±0.18

Analysis of Variance

Diet ns .0001 .0001 .0001
Feeding level ns .0050 ns .0019
Feeding frequency ns .0028 .0112 .0001
Diet* Feeding level ns .0155 .0006 .0014
Diet* Feeding frequency ns ns ns ns
Feeding level* Feeding frequency ns ns ns ns
Diet *Feeding level*Feeding frequency ns ns ns ns
Mean square error 0.01 14.14 13.24 .01

1 Numbers in brackets indicate levels of soybean substitution for fish meal protein
2 N = 3
3 Specific growth rate: (ln W

2
 - ln W

1
/T

2
-T

1
) x 100
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Table 4. Growth of Asian seabass fed diets with soybean meal replacing fish meal protein at

different feeding levels

Diet Feeding level Initial body weight Weight gain Feed intake SGR3

(g/fish) (g/fish) (g/fish) (%/day)

1(0) 1 4% 2.10±0.12 33.53±2.93 b 34.42±2.05 b 3.37±0.11 b

Satiation 1.99±0.12 42.54±9.02 a 42.43±8.80 a 3.68±0.22 a

2(10) 4% 2.03±0.05   29.69±1.67 bcd 31.97±1.58 b 3.27±0.07 b

Satiation 2.15±0.12 32.98±2.68 b 34.33±1.48 b 3.32±0.12 b

3(20) 4% 2.03±0.11  23.92±1.40 cd  27.76±1.06 bc 3.03±0.07 c

Satiation 1.98±0.12 23.39±3.52 d 22.42±5.70 c 3.03±0.17 c

Analysis of variance

Diet ns 0.0001 0.0001 0.0001
Feeding level ns 0.0050 ns 0.0019
Diet x Feeding level ns 0.0155 0.0006 0.0014
Mean square error 0.01 14.14 13.24 0.0100

1 Numbers in brackets indicate levels of soybean substitution for fish meal protein
2 N = 3 and means within the same column with the same superscript are not statistically different (p>0.05)
3 Specific growth rate: (ln W

2
 - ln W

1
/T

2
-T

1
) x 100

∑’Ë 2 ‰¥â√—∫Õ“À“√®πÕ‘Ë¡ 2 §√—Èß/«—π ·≈– Ÿµ√∑’Ë 1 ‰¥â√—∫
Õ“À“√®πÕ‘Ë¡ 1 §√—Èß/«—π  µ“¡≈”¥—∫   à«πª≈“∑’Ë‰¥â√—∫Õ“À“√
 Ÿµ√∑’Ë 1 ∑’Ë√–¥—∫ 4% ¢ÕßπÈ”Àπ—°µ—« 1 §√—Èß/«—π   Ÿµ√∑’Ë 2
∑’Ë√–¥—∫  4%  ¢ÕßπÈ”Àπ—°µ—«  (∑—Èß  2  §«“¡∂’Ë¢Õß°“√„Àâ
Õ“À“√)   Ÿµ√∑’Ë  2 ∑’Ë‰¥â√—∫Õ“À“√®πÕ‘Ë¡ 1 §√—Èß/«—π  ·≈–
 Ÿµ√∑’Ë 3 ∑’Ë‰¥â√—∫Õ“À“√®πÕ‘Ë¡ 2 §√—Èß/«—π ¡’ª√– ‘∑∏‘¿“æ
°“√„™âÕ“À“√µË”„°≈â‡§’¬ß°—π  ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 3
∑’Ë√–¥—∫ 4% ¢ÕßπÈ”Àπ—°µ—« 1 §√—Èß/«—π ¡’ª√– ‘∑∏‘¿“æ°“√
„™âÕ“À“√µË”∑’Ë ÿ¥

ª√‘¡“≥‰π‚µ√‡®π·≈–øÕ øÕ√— ∑’Ë Ÿ≠‡ ’¬

ª√‘¡“≥‰π‚µ√‡®π·≈–øÕ øÕ√— ∑’Ëª≈“‰¥â√—∫·≈–
 Ÿ≠‡ ’¬  ‡¡◊ËÕ‰¥â√—∫Õ“À“√∑’Ë¡’°“√·∑π∑’Ëª≈“ªÉπ¥â«¬°“°∂—Ë«
‡À≈◊Õß  „π√–¥—∫°“√„ÀâÕ“À“√·≈–§«“¡∂’Ë¢Õß°“√„ÀâÕ“À“√∑’Ë
µà“ß°—π  ¥—ß· ¥ß„π  Table  6  ‚¥¬ª√‘¡“≥°“√ Ÿ≠‡ ’¬
‰π‚µ√‡®π¡’·π«‚πâ¡‡æ‘Ë¡ Ÿß¢÷Èπµ“¡ª√‘¡“≥°“√‡æ‘Ë¡¢÷Èπ¢Õß
°“°∂—Ë«‡À≈◊Õß„πÕ“À“√ ·µà¡’§«“¡·µ°µà“ß°—πµ“¡√–¥—∫·≈–
§«“¡∂’Ë¢Õß°“√„ÀâÕ“À“√  ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 3 ∑’Ë
√–¥—∫  4% ¢ÕßπÈ”Àπ—°µ—« (∑—Èß 2 §«“¡∂’Ë¢Õß°“√„ÀâÕ“À“√)
¡’ª√‘¡“≥‰π‚µ√‡®π·≈–øÕ øÕ√— ∑’Ë Ÿ≠‡ ’¬ Ÿß∑’Ë ÿ¥ (p<0.05)
§◊Õ ‰π‚µ√‡®π∑’Ë Ÿ≠‡ ’¬¡’§à“ 64.05±0.03 - 65.39±1.25%
¢Õßª√‘¡“≥‰π‚µ√‡®π∑’Ëª≈“°‘π ·≈–øÕ øÕ√— ∑’Ë Ÿ≠‡ ’¬„π

™à«ß 66.90±1.92 - 67.24±0.24% ¢Õßª√‘¡“≥øÕ øÕ√— 
∑’Ëª≈“°‘π  √Õß≈ß¡“§◊Õª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 2 ∑’Ë„Àâ°‘π
®πÕ‘Ë¡  1 §√—Èß/«—π  ‚¥¬°≈ÿà¡ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë  3  ∑’Ë
„Àâ°‘π®πÕ‘Ë¡ 1 §√—Èß/«—π  ¡’ª√‘¡“≥‰π‚µ√‡®π·≈–øÕ øÕ√— 
∑’Ë Ÿ≠‡ ’¬µË”∑’Ë ÿ¥  ‡∑à“°—∫  51.80±0.60%  ·≈–  55.56±

1.77% µ“¡≈”¥—∫  ·≈–ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 1 ∑’Ë„Àâ°‘π
®πÕ‘Ë¡ 2 §√—Èß/«—π ¡’°“√ Ÿ≠‡ ’¬µË”√Õß≈ß¡“ (p<0.05) ¡’§à“
‡∑à“°—∫ 55.73±1.68 ·≈– 60.84±2.23  ”À√—∫‰π‚µ√‡®π
·≈–øÕ øÕ√—  µ“¡≈”¥—∫

«‘®“√≥åº≈

ª≈“°–æß¢“«∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“°∂—Ë«‡À≈◊Õß °—¥
πÈ”¡—π·∑π∑’Ëª≈“ªÉπ¡’°“√‡®√‘≠‡µ‘∫‚µ∑’Ë≈¥≈ß  Õ¥§≈âÕß°—∫
°“√»÷°…“„πª≈“°‘π‡π◊ÈÕ™π‘¥Õ◊Ëπ  ‡™àπ  ª≈“‡√π‚∫«å‡∑√â“
(Alexis, 1990)  ·≈–ª≈“·Õ∑·≈πµ‘°·´≈¡Õπ (Carter et
al., 1994; Olli et al., 1995) ‚¥¬°“√‡®√‘≠‡µ‘∫‚µ∑’Ë≈¥≈ß
¡’º≈¡“®“°ª√‘¡“≥Õ“À“√∑’Ë°‘π≈¥≈ß ‡™àπ‡¥’¬«°—∫°“√»÷°…“
¢Õß Hajen ·≈–§≥– (1993)  ∑’Ëæ∫«à“ ª≈“™‘πÿ°·´≈¡Õπ
(chinok salmon) °‘πÕ“À“√≈¥≈ß‡¡◊ËÕÕ“À“√¡’∂—Ë«‡À≈◊Õß∑’Ë
√–¥—∫  15 ·≈– 30%  ·µà®“°°“√»÷°…“§√—Èßπ’È æ∫«à“ °“√
‡®√‘≠‡µ‘∫‚µ·≈–ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√¢Õßª≈“°–æß∑’Ë
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Table 5. Feed and protein utilization of Asian seabass fed diets with soybean meal replacing

fish meal protein at different feeding levels and frequencies

Diet Feeding level Feeding frequency FCR3 PER4 PPV5

1(0) 1 4% 1 time  1.06 ±0.13 bc2    2.25±0.27 bcde   40.55±5.66 bcde

2 times  1.00±0.06 bc   2.38±0.14 bcd 43.10±2.24 bc

Satiation 1 time  1.02±0.03 bc    2.33±0.06 bcde  41.47±0.31 bcd

2 times 0.98±0.02 c  2.42±0.06 bc 44.27±1.58 ab

2(10) 4% 1 time   1.09±0.03 abc    2.19±0.07 cdef   38.38±0.53 cdef

2 times  1.06±0.03 bc    2.25±0.07 bcde   39.46±1.39 cde

Satiation 1 time  1.11±0.11 ab   2.16±0.21 def   38.15±4.54 def

2 times 0.98±0.03 c 2.45±0.08 b   42.01±1.88 bcd

3(20) 4% 1 time 1.19±0.04 a 1.97±0.06 f 34.37±1.24 f

2 times  1.11±0.01 ab  2.11±0.14 ef  35.87±0.66 ef

Satiation 1 time 0.83±0.04 d 2.84±0.12 a 47.86±0.56 a

2 times  1.07±0.06 bc     2.21±0.12 bcdef   37.77±2.04 def

Analysis of variance

Diet ns ns 0.0108
Feeding frequency ns ns ns
Feeding level 0.0002 0.0001 0.0007
Diet*Feeding frequency ns 0.0022 0.0053
Diet*Feeding level 0.0010 0.0004 0.0027
Feeding Frequency*Feeding level ns ns ns
Diet*Feeding level*Feeding frequency 0.0016 0.0005 0.0058
Mean Square Error 0.004 0.02 6.28

1 Numbers in brackets indicate levels of soybean substitution for fish meal protein
2 N=3 and means within the same column with the same superscript are not statistically different (p>0.05)
3 Feed conversion ratio = Feed intake (g/fish)/Weight gain (g/fish)
4 Protein efficiency ratio = Weight gain (g/fish)/Protein intake (g/fish)
5 Productive protein value = [Protein gain (g/fish)/Protein intake (g/fish)] x100

‰¥â√—∫Õ“À“√™π‘¥‡¥’¬«°—π¡’§«“¡·µ°µà“ß°—π¢÷ÈπÕ¬Ÿà°—∫°“√
®—¥°“√°“√„ÀâÕ“À“√  ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“°∂—Ë«‡À≈◊Õß
 °—¥πÈ”¡—π·∑π∑’Ë 10% ¢Õß‚ª√µ’π„πª≈“ªÉπ ( Ÿµ√∑’Ë 2) ∑’Ë
„Àâ°‘π®πÕ‘Ë¡ ¡’πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ‰¡à·µ°µà“ß®“°ª≈“‰¥â√—∫
Õ“À“√∑’Ë¡’ª≈“ªÉπ‡ªìπ·À≈àß‚ª√µ’πÀ≈—°∑’Ë√–¥—∫ 4% ¢Õß
πÈ”Àπ—°µ—« ·≈–‡¡◊ËÕª≈“‰¥â√—∫Õ“À“√ Ÿµ√¥—ß°≈à“« ‚¥¬„Àâ°‘π
®πÕ‘Ë¡ 2 §√—Èß/«—π Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ ª√– ‘∑∏‘-
¿“æ°“√„™â‚ª√µ’π ·≈–‚ª√µ’π∑’Ëπ”‰ª„™âª√–‚¬™πå ¡’§à“∑’Ë‰¡à
·µ°µà“ß®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ª≈“ªÉπ‡ªìπ·À≈àß‚ª√µ’π
À≈—°∑’Ë„Àâ°‘π®πÕ‘Ë¡ 2 §√—Èß/«—π  ´÷Ëß‡ªìπ°≈ÿà¡∑’Ë¡’°“√‡®√‘≠
‡µ‘∫‚µ¥’∑’Ë ÿ¥ · ¥ß„Àâ‡ÀÁπ«à“ª≈“°–æß “¡“√∂„™âÕ“À“√∑’Ë¡’
°“°∂—Ë«‡À≈◊Õß °—¥πÈ”¡—π·∑π∑’Ëª≈“ªÉπ∑’Ë√–¥—∫ 10% ¢Õß
‚ª√µ’π„πª≈“ªÉπ À“°¡’°“√„ÀâÕ“À“√„π√–¥—∫·≈–§«“¡∂’Ë∑’Ë
‡À¡“– ¡  ´÷Ëß‚¥¬∑—Ë«‰ª·≈â«ª√‘¡“≥Õ“À“√∑’Ë„Àâ°‘π‡æ‘Ë¡¢÷Èπ®–

∑”„Àâª√– ‘∑∏‘¿“æ¢Õß°“√„™â “√Õ“À“√·≈–°“√‡®√‘≠‡µ‘∫‚µ
¢Õßª≈“‡æ‘Ë¡¢÷Èπ  (Charles et al., 1984; Carter et al.,
2001) ·≈–∂÷ß·¡â«à“ª≈“®–„™âæ≈—ßß“π‡æ◊ËÕ°“√¥”√ß™’«‘µ„π
√–¥—∫∑’ËµË”‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ —µ«å‡≈◊Õ¥Õÿàπ   ·µàª≈“„™â
æ≈—ßß“π„π°“√«à“¬πÈ”§àÕπ¢â“ß Ÿß ®÷ß¡’º≈µàÕ°“√‡®√‘≠‡µ‘∫‚µ
¢Õßª≈“‡¡◊ËÕ‰¥â√—∫Õ“À“√„π√–¥—∫§ß∑’Ë (Fixed ration) ‚¥¬
®–∑”„Àâ°“√‡®√‘≠‡µ‘∫‚µ≈¥≈ß‰¥â‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ª≈“∑’Ë
‰¥â√—∫Õ“À“√®πÕ‘Ë¡ (White and Li, 1985) πÕ°®“°π—Èπ
°“√«à“¬πÈ”∑’Ë‡æ‘Ë¡¢÷Èπ¡’º≈‰ª°√–µÿâπ„Àâª≈“°‘πÕ“À“√‡æ‘Ë¡¡“°
¢÷Èπ ∑”„Àâ¡’°“√‡®√‘≠‡µ‘∫‚µ∑’Ë¥’°«à“ ‡™àπ‡¥’¬«°—∫º≈°“√»÷°…“
§√—Èßπ’È∑’Ëæ∫«à“ª≈“°–æß∑’Ë‰¥â√—∫Õ“À“√ 2 §√—Èß/«—π °‘πÕ“À“√
„πª√‘¡“≥∑’Ë¡“°°«à“·≈–¡’°“√‡®√‘≠‡µ‘∫‚µ∑’Ë¥’°«à“ª≈“∑’Ë‰¥â√—∫
Õ“À“√‡æ’¬ß 1 §√—Èß/«—π  ‚¥¬§«“¡∂’Ë∑’Ë‡À¡“– ¡„πª≈“™π‘¥
µà“ßÊ ¡’§«“¡·µ°µà“ß°—π (Charles et al., 1984)   ”À√—∫
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ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 3
(°“°∂—Ë«‡À≈◊Õß °—¥πÈ”¡—π·∑π∑’Ë 20% ¢Õß‚ª√µ’π„πª≈“ªÉπ)
∑’Ë„Àâ°‘π®πÕ‘Ë¡ 1 §√—Èß/«—π ∑’Ëæ∫«à“¡’ FCR,  PER ·≈– PPV
¥’∑’Ë ÿ¥ ∂÷ß·¡â«à“®–¡’°“√‡®√‘≠‡µ‘∫‚µ∑’ËµË”§◊Õ¡’πÈ”Àπ—°∑’Ë‡æ‘Ë¡
·≈–Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–µË”∑’Ë ÿ¥‡æ’¬ß 20.94±1.17
°√—¡/µ—« ·≈– 2.92%/«—π µ“¡≈”¥—∫ Õ“®‡ªìπ‡æ√“–ª√‘¡“≥
Õ“À“√∑’Ë°‘π„π√–¥—∫∑’ËµË”¡“°‡æ’¬ß 17.41±1.41 °√—¡/µ—«
‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ª√‘¡“≥Õ“À“√∑’Ë°‘π¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√
 Ÿµ√‡¥’¬«°—π  ∑’Ë°‘π®πÕ‘Ë¡ 2 §√—Èß/«—π∑’Ë¡’ª√‘¡“≥ 27.43±

1.99 °√—¡/µ—«   à«πª√‘¡“≥Õ“À“√∑’Ë°‘π¢Õßª≈“∑’Ë√–¥—∫ 4%
¢ÕßπÈ”Àπ—°µ—« ∑’Ë¡’§à“‡©≈’Ë¬‡∑à“°—∫ 27.76±1.06 °√—¡/µ—«
 Ÿß°«à“∑’Ë„Àâ°‘π®πÕ‘Ë¡ ´÷Ëß¡’§à“‡©≈’Ë¬‡∑à“°—∫ 22.42±5.70 °√—¡/
µ—«π—Èπ Õ“®‡°‘¥®“°°“√ Ÿ≠‡ ’¬Õ“À“√‰ª„ππÈ” ·≈–¡’º≈∑”„Àâ
FCR ¢Õßª≈“„π°≈ÿà¡¥—ß°≈à“«¡’§à“ Ÿßµ“¡‰ª¥â«¬

ª√‘¡“≥°“√ Ÿ≠‡ ’¬‰π‚µ√‡®π¡’·π«‚πâ¡‡æ‘Ë¡ Ÿß¢÷Èπ
µ“¡ª√‘¡“≥°“√‡æ‘Ë¡¢÷Èπ¢Õß°“°∂—Ë«‡À≈◊Õß„πÕ“À“√  ‚¥¬ª≈“

∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ª≈“ªÉπ‡ªìπ·À≈àß‚ª√µ’πÀ≈—° ¡’ª√‘¡“≥
‚ª√µ’π·≈–«—µ∂ÿ·Àâß Ÿß°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“°∂—Ë«‡À≈◊Õß
 °—¥πÈ”¡—πÕ¬à“ß¡’π—¬ ”§—≠ ‡™àπ‡¥’¬«°—∫º≈°“√»÷°…“„πª≈“
°–æß¢Õß Tantikitti ·≈–§≥– (2005) ∑’Ë¡’°“√·∑π∑’Ëª≈“
ªÉπ¥â«¬°“°∂—Ë«‡À≈◊Õß∑’Ë√–¥—∫ 10, 20, 30, 40 ·≈– 50%
¢Õß‚ª√µ’π„πª≈“ªÉπ ·≈–æ∫«à“°“√¢—∫∂à“¬·≈–°“√ Ÿ≠‡ ’¬
‰π‚µ√‡®π¡’§«“¡ —¡æ—π∏å‡™‘ß‡ âπµ√ß°—∫√–¥—∫°“√·∑π∑’Ë∑’Ë
‡æ‘Ë¡¢÷Èπ ·≈–√–¥—∫∑’Ë¡’°“√ Ÿ≠‡ ’¬‰π‚µ√‡®ππâÕ¬∑’Ë ÿ¥ ‚¥¬
ª≈“¡’°“√‡®√‘≠‡µ‘∫‚µ·≈–ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√‰¡à·µ°
µà“ß®“°°≈ÿà¡§«∫§ÿ¡§◊Õ∑’Ë√–¥—∫ 10% ¢Õß‚ª√µ’π„πª≈“ªÉπ
®“°°“√»÷°…“§√—Èßπ’È¬—ßæ∫«à“∑—Èß Ÿµ√Õ“À“√ √–¥—∫°“√„ÀâÕ“À“√
·≈–§«“¡∂’Ë¢Õß°“√„ÀâÕ“À“√¡’º≈√à«¡°—πµàÕª√‘¡“≥‰π‚µ√‡®π
·≈–øÕ øÕ√— ∑’Ë Ÿ≠‡ ’¬ ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 2 ∑’Ë„Àâ°‘π
®πÕ‘Ë¡ 2 §√—Èß/«—π ¡’ª√‘¡“≥‰π‚µ√‡®π·≈–øÕ øÕ√— ∑’Ë
 Ÿ≠‡ ’¬‰¡à·µ°µà“ß®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ª≈“ªÉπ‡ªìπ·À≈àß
‚ª√µ’πÀ≈—°∑’Ë„Àâ°‘π®πÕ‘Ë¡  ·≈–‡¡◊ËÕæ‘®“√≥“‡©æ“–„π°≈ÿà¡

Table 6. N and P intake and loss of Asian seabass fed diets with soybean meal replacing fish meal

protein at different feeding levels and frequencies

Diet Feeding Feeding frequency N intake 3                           N loss P intake                            P loss

level (time/day) (g/kg wt. gain) (g/kg wt. gain) 4 (% of intake) (g/kg wt. gain) (g/kg wt. gain) (% of intake)

1(0) 1 4% 1 time      71.88±8.732 bc  43.05±9.27bcd   59.44±5.50bcde 26.52±3.22bc     17.37±3.21abcde 65.19±4.19 abc

2 times   67.46±4.02bc 38.45±3.74cd 56.91±2.23de 24.88±1.48bc   15.68±1.27cde   62.97±1.59bcd

Satiation 1 time   68.59±1.74bc   40.10±2.07bcd  58.46±2.14cde 25.30±0.64bc    16.16±0.78bcde   63.88±2.13bcd

2 times  66.20±1.67c 36.91±1.10d 55.73±1.68ef 24.42±0.61c 14.87±0.83e 60.87±2.23d

2(10) 4% 1 time   73.73±2.09abc   45.71±1.67abc  61.98±0.53abc 27.20±0.77abc    18.02±1.00abcd   66.21±1.87abc

2 times  71.76±2.06bc   43.73±1.91bcd   60.92±1.39abcde 26.47±0.76bc     17.19±0.78abcde   64.91±1.09abcd

Satiation 1 time   75.24±7.47ab 47.04±8.03ab   62.23±4.50abc 27.75±2.76ab  18.13±2.64abc   65.14±3.21abc

2 times  66.15± 2.11c 38.65±2.37cd   58.40±1.88cde 24.40±0.78c 15.16±0.59de  62.11±0.63cd

3(20) 4% 1 time 80.57±2.54a 52.71±2.59a 65.39±1.25a 29.72±0.94a 19.89±1.04a  66.90±1.92ab

2 times  75.31±0.34ab 48.24±0.20ab  64.05±0.03ab  27.78±0.13ab 18.68±0.15ab 67.24±0.24a

Satiation 1 time 56.09±2.40d 29.07±1.55e 51.80±0.60f 20.69±0.89d 11.50±0.75f 55.56±1.77e

2 times  72.01±4.07bc   44.42±4.01bcd    61.61±2.19abcd  26.56±1.50bc 17.13±1.31abcde    64.44±1.48abcd

Analysis of variance

Diet ns 0.0280 0.0026 0.0058 0.0134 0.0314
Feeding level 0.0004 0.0006 0.0002 0.0004 0.0001 0.0001
Feeding frequency ns ns ns ns ns ns
Diet*Feeding level 0.0144 0.0181 0.0074 0.0144 0.0081 0.0013
Diet*Feeding frequency0.0012 0.0019 0.0022 0.0012 0.0024 0.0058
Feeding level*Feeding frequency ns ns ns ns ns ns
Diet*Feeding level *Frequency 0.0017 0.0044 0.0090 0.0017 0.0051 0.0188
Mean Square Error 17.05 18.25 6.54 2.32 2.23 4.70

1 Numbers in brackets indicate levels of soybean substitution for fish meal protein
2 N=3 and means within the same column with the same superscript are not statistically different (p>0.05)
3 Nutrient intake (g/kg wt. gain) = 1000 x [Feed consumption (g/fish) x Feed nutrient content (%)/Weight gain (g/fish)]
4 Nutrient loss (g/kg wt. gain) = 1000 x [Nutrient intake (g/fish)-Nutrient gain (g/fish)/Weight gain (g/fish)]
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Õ—µ√“·≈–§«“¡∂’Ë°“√„ÀâÕ“À“√„πª≈“°–æß¢“« (L. calcarifer)

™ÿµ‘¡“  µ—πµ‘°‘µµ‘ ·≈–§≥–735

ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√‡¥’¬«°—π æ∫«à“°“√„ÀâÕ“À“√∑’Ë√–¥—∫„Àâ
°‘π®πÕ‘Ë¡®–™à«¬≈¥°“√ Ÿ≠‡ ’¬‰π‚µ√‡®π·≈–øÕ øÕ√— ‰¥â
‡π◊ËÕß®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√®πÕ‘Ë¡¡’ª√– ‘∑∏‘¿“æ°“√„™â “√
Õ“À“√·≈–æ≈—ßß“π∑’Ë¥’°«à“  ¥—ß‡™àπ  Guinea ·≈– Fernandez
(1997) æ∫«à“ ª≈“ Sparus aurata  Ÿ≠‡ ’¬æ≈—ßß“ππâÕ¬
≈ß‡¡◊ËÕ√–¥—∫¢ÕßÕ“À“√∑’Ë°‘π‡æ‘Ë¡¢÷Èπ ·≈– Medale ·≈–§≥–
(1995) ´÷Ëß»÷°…“°“√¢—∫∂à“¬‰π‚µ√‡®π„πª≈“‡∑√â“∑å∑’Ë‰¥â√—∫
Õ“À“√„π√–¥—∫∑’Ë Ÿß (1.5 ·≈– 2% ¢ÕßπÈ”Àπ—°µ—«) ‡ª√’¬∫
‡∑’¬∫°—∫√–¥—∫∑’ËµË” (0.4 ·≈– 1% ¢ÕßπÈ”Àπ—°µ—«) æ∫«à“
ª≈“°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√√–¥—∫µË”¡’°“√¢—∫∂à“¬‰π‚µ√‡®π Ÿß°«à“
°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√√–¥—∫∑’Ë Ÿß ‡¡◊ËÕ§‘¥‡ªìπ‡ªÕ√å‡ Á́πµå¢Õß
ª√‘¡“≥‰π‚µ√‡®π∑’Ë‰¥â√—∫ ‡™àπ‡¥’¬«°—∫º≈°“√»÷°…“§√—Èßπ’È´÷Ëß
æ∫«à“ª≈“°–æß¢“«∑’Ë‰¥â√—∫Õ“À“√∑’Ë√–¥—∫ 4% ¢ÕßπÈ”Àπ—°
µ—«¡’ª√‘¡“≥‰π‚µ√‡®π∑’Ë Ÿ≠‡ ’¬¡“°°«à“°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√®π
Õ‘Ë¡ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π√–¬–∑’Ë¡’°“√‡®√‘≠‡µ‘∫‚µÕ¬à“ß√«¥‡√Á«
´÷Ëß¡’§«“¡µâÕß°“√Õ“À“√„π√–¥—∫∑’Ë¡“°°«à“ 4% πÈ”Àπ—°µ—«

º≈®“°°“√»÷°…“· ¥ß„Àâ‡ÀÁπ«à“∑—Èß√–¥—∫·≈–§«“¡∂’Ë
¢Õß°“√„ÀâÕ“À“√¡’º≈µàÕ°“√„™â·≈–°“√ Ÿ≠‡ ’¬ “√Õ“À“√
¢Õßª≈“  „π°“√»÷°…“§√—Èßπ’Èª≈“ “¡“√∂„™âÕ“À“√∑’Ë¡’°“√
·∑π∑’Ëª≈“ªÉπ¥â«¬∂—Ë«‡À≈◊Õß °—¥πÈ”¡—π‰¥â¥’¢÷Èπ‡·≈–¡’°“√
 Ÿ≠‡ ’¬ “√Õ“À“√≈¥≈ß‡¡◊ËÕ„ÀâÕ“À“√„π√–¥—∫∑’Ë„Àâ°‘π®πÕ‘Ë¡
∑’Ë§«“¡∂’Ë  2 §√—Èß/«—π   ¥—ßπ—Èπ°“√·∑π∑’Ëª≈“ªÉπ¥â«¬«—µ∂ÿ¥‘∫
®“°æ◊™™π‘¥µà“ßÊ ®÷ß®”‡ªìπµâÕß§”π÷ß∂÷ß°“√®—¥°“√„ÀâÕ“À“√
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