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ABSTRACT

Six isonitrogenous (37.0% protein) and isocaloric (2.8 Kcal digestible energy/g) diets were formulated

to contain 0, 3.0, 6.0, 9.0 and 12.0% rice hull (diets 1 - 5) and 12.0% cellulose (diet 6). The formulated diets

were used for determination the effects of dietary fiber and its optimum levels for growth and diet utilization

of hybrid Clarias catfish. The diets were fully fed to juvenile (2.5 g) and young (58.0 g) hybrid Clarias catfish

held in 120 - L glass aquaria twice daily for eight weeks. The study showed that dietary fiber up to 12.0%

(10% crude fiber) had no adverse effect on growth, survival and diet utilization of juvenile and young fish.

However, there was trend for maximum growth and diet utilization in juvenile fish fed diets containing 6.0

- 12.0% rice hull (3.5 - 6.5% crude fiber) and in young catfish fed 9.0 - 12.0% rice hull (5.0 - 6.5% crude

fiber). The dietary fiber at the levels used in this study had no effect on intestinal length, stomach weight

and hepatosomatic index of the experimental fish. However, juvenile fish fed diet containing 12.0% cellulose

deficated more fecal materials than that of fish fed the other diets.

Key words : hybrid Clarias catfish, dietary fiber levels, growth performance
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∫∑§—¥¬àÕ

°“√»÷°…“º≈¢Õß„¬Õ“À“√·≈–√–¥—∫∑’Ë‡À¡“–

 ¡µàÕ°“√‡®√‘≠‡µ‘∫‚µ·≈–°“√„™âª√–‚¬™πå‚¿™π–

¢Õßª≈“¥ÿ°≈Ÿ°º ¡ ‚¥¬„™âÕ“À“√∑¥≈Õß 6  Ÿµ√ ∑’Ë¡’

‚ª√µ’π·≈–æ≈—ßß“π∑’Ë¬àÕ¬‰¥â§ß∑’Ë 37.0% ·≈– 2.8

°‘‚≈·§≈Õ√’Ë/°. µ“¡≈”¥—∫ Õ“À“√ Ÿµ√∑’Ë 1 ‡ªìπ Ÿµ√

§«∫§ÿ¡ ¡’„¬Õ“À“√¢Õß‡¥‘¡ 0.6% Õ“À“√ Ÿµ√∑’Ë 2 - 5

„™â·°≈∫∫¥º ¡„πÕ“À“√„πª√‘¡“≥ 3.0, 6.0, 9.0

·≈– 12.0% ∑”„Àâ¡’„¬Õ“À“√‡∑à“°—∫ 2.0, 3.5, 5.0 ·≈–

6.5% µ“¡≈”¥—∫ Õ“À“√ Ÿµ√∑’Ë 6 „™â‡´≈≈Ÿ‚≈ º ¡„¬

Õ“À“√„πÕ—µ√“ 12.0% („¬Õ“À“√‡∑à“°—∫ 10%) π”

Õ“À“√‰ª‡≈’È¬ßª≈“¥ÿ°≈Ÿ°º ¡ Õß¢π“¥ §◊Õ ¢π“¥‡≈Á°

(2.5 °.) ·≈–¢π“¥°≈“ß (58.0 °.) „πµŸâ°√–®°¢π“¥

120 ≈‘µ√ ‚¥¬„Àâª≈“°‘πÕ“À“√Õ¬à“ß‡µÁ¡∑’Ë«—π≈– 2 §√—Èß

‡ªìπ‡«≈“ 8  —ª¥“Àå æ∫«à“ √–¥—∫„¬Õ“À“√‰¡à¡’º≈µàÕ

°“√‡®√‘≠‡µ‘∫‚µ·≈–Õ—µ√“√Õ¥¢Õßª≈“∑—Èß Õß¢π“¥

Õ¬à“ß‰√°Áµ“¡ „¬Õ“À“√¡’º≈µàÕ°“√„™âª√–‚¬™πå‚¿™π–

ª≈“∑¥≈Õß¢π“¥‡≈Á°·≈–¢π“¥°≈“ß ¡’·π«‚πâ¡°“√

‡®√‘≠‡µ‘∫‚µ ·≈–„™âª√–‚¬™πå‚¿™π–„πÕ“À“√‰¥â Ÿß

 ÿ¥ ‡¡◊ËÕÕ“À“√π—Èπ¡’√–¥—∫¢Õß„¬Õ“À“√ 3.5 - 6.5%

·≈– 5.0 - 6.5% µ“¡≈”¥—∫ πÕ°®“°π’È√–¥—∫¢Õß„¬

Õ“À“√‰¡à¡’º≈µàÕ§«“¡¬“«≈”‰ â πÈ”Àπ—°°√–‡æ“–

Õ“À“√ ¥—™π’µ—∫ ·≈–Õß§åª√–°Õ∫∑“ß‡§¡’ ¢Õßª≈“

∑¥≈Õß∑—Èß Õß¢π“¥ ·µàª≈“¢π“¥‡≈Á° ∑’Ë‰¥â√—∫

Õ“À“√ Ÿµ√∑’Ë 6 ¡’ª√‘¡“≥¡Ÿ≈ª≈“µàÕπÈ”Àπ—°Õ“À“√∑’Ë

°‘π Ÿß°«à“ ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√Õ◊ËπÊ

§”π”

«—µ∂ÿ¥‘∫Õ“À“√ —µ«å ‡™àπ °“°∂—Ë«‡À≈◊Õß ¢â“«

‚æ¥·≈–√”¢â“« ́ ÷Ëßπ‘¬¡„™â‡ªìπ à«πº ¡¢ÕßÕ“À“√ª≈“

¡’„¬Õ“À“√ Ÿß∂÷ß 5-13% (NRC, 1993) Õ“À“√ª≈“∑’Ë¡’

„¬Õ“À“√¡“°‡°‘π‰ª¡’º≈µàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“

‡π◊ËÕß®“°„¬Õ“À“√‰ª‡®◊Õ®“ß‚¿™π–∑’Ë¡’ª√–‚¬™πå

·≈–∑”„Àâª≈“‰¥â√—∫‚¿™π–πâÕ¬≈ß (Leary and Lovell,

1975) Õ“À“√∑’Ë¡’„¬Õ“À“√æÕ‡À¡“– ®–‡§≈◊ËÕπ∑’Ëºà“π

∑“ß‡¥‘πÕ“À“√™â“≈ß ∑”„Àâª≈“ “¡“√∂¥Ÿ¥´÷¡‚¿™π–

¡“°¢÷Èπ  àßº≈„Àâª≈“‡®√‘≠‡µ‘∫‚µ¥’¢÷Èπ (Davies, 1985)

Õ“À“√ª≈“¡’„¬Õ“À“√‚¥¬‡©≈’Ë¬‰¡à¡“°°«à“ 3-5%

(NRC, 1993) ¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õßª≈“ ª≈“°‘πæ◊™

 “¡“√∂¬àÕ¬„¬Õ“À“√‰¥â√–¥—∫Àπ÷Ëß ·≈–¬àÕ¬‰¥â

¡“°°«à“ª≈“°‘πæ◊™·≈–‡π◊ÈÕ ·≈–ª≈“°‘π‡π◊ÈÕ µ“¡≈”¥—∫

(Halver, 1989) §«“¡ “¡“√∂„π°“√¬àÕ¬„¬Õ“À“√¢÷Èπ

Õ¬Ÿà°—∫ª√‘¡“≥‡Õπ‰´¡å ‡´≈≈Ÿ‡≈  (cellulase) ´÷Ëß √â“ß

¢÷Èπ‚¥¬®ÿ≈‘π∑√’¬å„π∑“ß‡¥‘πÕ“À“√ ª≈“ rainbow trout

‰¡à “¡“√∂¬àÕ¬„¬Õ“À“√‡´≈≈Ÿ‚≈ „πÕ“À“√‰¥â

‡π◊ËÕß®“°¢“¥‡Õπ‰´¡å‡´≈≈Ÿ‡≈  ª≈“‰π “¡“√∂¬àÕ¬

„¬Õ“À“√‰¥â∫“ß à«π‡π◊ËÕß®“°¡’®ÿ≈‘π∑√’¬å„π∑“ß‡¥‘π

Õ“À“√´÷Ëß “¡“√∂ √â“ß‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ‰¥â

Õ“À“√∑’Ë„™â ‡≈’È¬ßª≈“¥ÿ°≈Ÿ°º ¡‚¥¬∑—Ë«‰ª

‰¥â·°àÕ“À“√º ¡ ”‡√Á®√Ÿª ´÷Ëß‡ªìπµâπ∑ÿπº—π·ª√∑’Ë Ÿß

∂÷ß 60% ¢Õßµâπ∑ÿπ°“√‡≈’È¬ßª≈“ Õ“À“√®÷ß‡ªìπªí®®—¬

 ”§—≠∑’Ë¡’º≈µàÕ√“¬‰¥â¢Õß‡°…µ√°√ºŸâ‡≈’È¬ß Õ“À“√ª≈“

¥ÿ°ª√–°Õ∫¥â«¬«—µ∂ÿ¥‘∫À≈—° ‰¥â·°à ª≈“ªÉπ °“°

∂—Ë«‡À≈◊Õß ·≈–º≈‘µ¿—≥±å®“°‡¡≈Á¥∏—≠æ◊™ °“√≈¥

µâπ∑ÿπÕ“À“√ “¡“√∂∑”‰¥â‚¥¬°“√≈¥ª√‘¡“≥ª≈“

ªÉπ´÷Ëß‡ªìπ‚ª√µ’π√“§“·æß·≈–∑¥·∑π¥â«¬‚ª√µ’π

®“°æ◊™ ´÷Ëß¡’√“§“µË”°«à“ ‚¥¬‰¡à„Àâ¡’º≈°√–∑∫µàÕ

°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“ Õ¬à“ß‰√°Áµ“¡ °“√„™â‚ª√µ’π

®“°æ◊™‡æ◊ËÕ∑¥·∑πª≈“ªÉπ ¡’º≈∑”„Àâ„πÕ“À“√¡’„¬

Õ“À“√ Ÿß¢÷Èπ¥â«¬ °“√»÷°…“„π§√—Èßπ’È‡ªìπ°“√µ√«®

 Õ∫º≈¢Õß„¬Õ“À“√·≈–√–¥—∫∑’Ë‡À¡“– ¡µàÕ°“√

‡®√‘≠‡µ‘∫‚µ·≈–°“√„™âª√–‚¬™πå‚¿™π–¢Õßª≈“¥ÿ°

≈Ÿ°º ¡ ‡æ◊ËÕ‡ªìπ·π«∑“ß„π°“√°”Àπ¥ª√‘¡“≥„¬

Õ“À“√„πÕ“À“√ª≈“¥ÿ°≈Ÿ°º ¡ Õ—π‡ªìπª√–‚¬™πåµàÕ

°“√°”Àπ¥¡“µ√∞“πÕ“À“√ —µ«åπÈ” ‡æ◊ËÕ§ÿâ¡§√Õß

ª√–‚¬™πå¢Õß‡°…µ√°√µàÕ‰ª



15«. ‡°…µ√»“ µ√å («‘∑¬.) ªï∑’Ë 32 ©∫—∫∑’Ë 1

Õÿª°√≥å·≈–«‘∏’°“√

∑”°“√»÷°…“°—∫ª≈“¥ÿ°≈Ÿ°º ¡ (Clarias

macrocephalus x C. gariepinus) ¢π“¥‡≈Á° (πÈ”Àπ—°

‡©≈’Ë¬ 1-2 °.) ·≈–ª≈“¢π“¥°≈“ß (πÈ”Àπ—°‡©≈’Ë¬ 50 °.)

‚¥¬ ‡≈’È ¬ ßª≈“¥ÿ°≈Ÿ°º ¡∑—È ß Õß¢π“¥„πÀâÕß

ªØ‘∫—µ‘°“√∑’Ë§«∫§ÿ¡§«“¡º—π·ª√·≈–Ωñ°„Àâª≈“°‘π

Õ“À“√‡¡Á¥®¡πÈ”‡ªìπ‡«≈“ 2  —ª¥“Àå ‡æ◊ËÕª√—∫„Àâª≈“

§ÿâπ‡§¬°—∫ ¿“æ¢Õß°“√∑¥≈Õß ®“°π—Èπ ÿà¡ª≈“¢π“¥

‡≈Á°∑’Ë¡’πÈ”Àπ—°‡©≈’Ë¬ 2.5 °. ·≈–ª≈“¢π“¥°≈“ß∑’Ë¡’

πÈ”Àπ—°‡©≈’Ë¬ 58 °. ‰ª‡≈’È¬ß„πµŸâ°√–®°®”π«π 36 µŸâ

‚¥¬„ àª≈“¢π“¥‡≈Á°®”π«π 18 µŸâÊ ≈– 20 µ—« ·≈–

„ àª≈“¢π“¥°≈“ß®”π«π 18 µŸâÊ ≈– 10 µ—« µŸâ

°√–®°¡’¢π“¥ 46 × 91 × 46 ´¡. ∫√√®ÿπÈ” 120 ≈‘µ√

¡’ “¬æàπÕ“°“»·≈–∑àÕ≈—°πÈ”µ‘¥µ—ÈßÕ¬Ÿà ‡æ◊ËÕ∂à“¬‡∑πÈ”

‰¥âπ“∑’≈– 1 ≈‘µ√ ∑”°“√ ÿà¡µŸâ¢Õßª≈“·µà≈–¢π“¥

ÕÕ°‡ªìπ 6 ™ÿ¥Ê ≈– 3 ´È” ‡æ◊ËÕ®—¥ √√„Àâ°—∫Õ“À“√

∑¥≈Õß 6  Ÿµ√

Õ“À“√∑¥≈Õß ª√–°Õ∫¥â«¬«—µ∂ÿ¥‘∫·≈–

 à«πº ¡µ“¡ Table 1 Õ“À“√∑¥≈Õß∑—Èß 6  Ÿµ√ ¡’

‚ª√µ’π‡∑à“°—∫ 37.0% æ≈—ßß“π∑’Ë¬àÕ¬‰¥â (digestible

energy) „°≈â‡§’¬ß°—π§◊Õ 2.8 °‘‚≈·§≈Õ√’Ë / °. Õ“À“√

 Ÿµ√∑’Ë 1 ‰¡à‡µ‘¡„¬Õ“À“√ Õ“À“√ Ÿµ√∑’Ë 2 - 5 „™â

·°≈∫∫¥‡ªìπ·À≈àß„¬Õ“À“√∏√√¡™“µ‘ „πÕ—µ√“ 3.0,

6.0, 9.0 ·≈– 12.0% ∑”„Àâ¡’‡ âπ„¬Õ“À“√‡∑à“°—∫ 2.0,

3.5, 5.0 ·≈– 6.5% (Table 1) µ“¡≈”¥—∫ Õ“À“√ Ÿµ√∑’Ë

6 „™â‡´≈≈Ÿ‚≈ ‡ªìπ·À≈àß„¬Õ“À“√ —ß‡§√“–Àå „πÕ—µ√“

12.0% π”«—µ∂ÿ¥‘∫∑’Ë‡ªìπ¢Õß·Àâß ¡“º ¡°—π¥â«¬

‡§√◊ËÕßº ¡Õ“À“√·∫∫„∫æ—¥ (twin-shell blender)

ª√–¡“≥ 15 π“∑’ ‡¡◊ËÕ«—µ∂ÿ¥‘∫º ¡‡¢â“°—π‡ªìπ‡π◊ÈÕ

‡¥’¬«°—π·≈â« ®÷ß‡µ‘¡πÈ”¡—πº ¡„Àâ‡¢â“°—π ‡µ‘¡πÈ”ª√–¡“≥

30% ‡æ◊ËÕ™à«¬„ÀâÕ“À“√‡°“–µ—«°—π¥’ ®“°π—Èππ”‰ªÕ—¥

‡¡Á¥¥â«¬‡§√◊ËÕßÕ—¥‡¡Á¥Õ“À“√·∫∫¡‘π‡´Õ√å (mincer)

ºà“πÀπâ“·«àπ∑’Ë¡’√Ÿ¢π“¥ 3 ¡¡.π”Õ“À“√∑’Ë‰¥â‰ªÕ∫

·Àâß„πµŸâÕ∫ ∑’ËÕÿ≥À¿Ÿ¡‘ 60°C ·≈â«‡°Á∫‰«â„™â∑¥≈Õß

µàÕ‰ª

π”Õ“À“√∑’Ëº ¡·≈â« ‰ª«‘‡§√“–ÀåÀ“ª√‘¡“≥

§«“¡™◊Èπ ‚ª√µ’π ‰¢¡—π ‡∂â“·≈–„¬Õ“À“√ µ“¡«‘∏’

oven drying, macro-Kjeldahl, ether extraction, muffle

furnace combustion ·≈– acid-alkali digestion µ“¡

≈”¥—∫ (AOAC, 1984) §à“ nitrogen free extract (NFE)

‰¥â®“°°“√§”π«≥®“° Ÿµ√ NFE (%) = 100 -

(%§«“¡™◊Èπ + %‚ª√µ’π + %‰¢¡—π + %„¬Õ“À“√ +

%‡∂â“) √–¥—∫æ≈—ßß“π∑’Ë¬àÕ¬‰¥â¢ÕßÕ“À“√§”π«≥‚¥¬

„™â§à“æ≈—ßß“π∑’Ë¬àÕ¬‰¥â¢Õß‚ª√µ’π ‰¢¡—π ·≈– NFE

‡∑à“°—∫ 3.5 8.1 ·≈– 2.5 °‘‚≈·§≈Õ√’Ë/°. µ“¡≈”¥—∫

(NRC, 1993) º≈«‘‡§√“–Àå‰¥â· ¥ß‰«â„π Table 1

π”Õ“À“√∑¥≈Õß à«πÀπ÷Ëß‰ª∑¥ Õ∫§«“¡

·µ°µà“ß∑“ß°“¬¿“æ ‚¥¬°“√«—¥§«“¡Àπ“·πàπ (den-

sity) ·≈–°“√¥Ÿ¥´—∫πÈ” (water absorption) µ“¡«‘∏’¢Õß

Lovell (1981) ·≈– Hilton et al. (1981)

‡≈’È¬ßª≈“„π·µà≈–™ÿ¥∑¥≈Õß¥â«¬Õ“À“√ Ÿµ√„¥

 Ÿµ√Àπ÷ËßÕ¬à“ß‡µÁ¡∑’Ë (satiation) ‡ªìπ‡«≈“ 8  —ª¥“Àå

«—π≈– 2 §√—Èß ‡«≈“ 8.00 π. ·≈– 16.00 π. ¿“¬À≈—ß

°“√„ÀâÕ“À“√ 1 ™¡.À“°¡’Õ“À“√‡À≈◊Õ„πµŸâ ∑”°“√

¥Ÿ¥Õ“À“√ÕÕ°·≈â«π”‰ª∑”„Àâ·Àâß·≈â«™—ËßπÈ”Àπ—°

‡æ◊ËÕ∑√“∫®”π«πÕ“À“√∑’Ëª≈“°‘π∑’Ë·πàπÕπ π—∫

®”π«π·≈–™—ËßπÈ”Àπ—°ª≈“√«¡„π·µà≈–µŸâ∑¥≈Õß ‡æ◊ËÕ

µ√«® Õ∫Õ—µ√“°“√√Õ¥·≈–°“√‡®√‘≠‡µ‘∫‚µ ∑ÿ°Ê 2

 —ª¥“Àå ‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß∑”°“√‡°Á∫µ—«Õ¬à“ßª≈“

∑¥≈ÕßµŸâ≈– 5 µ—« ‡æ◊ËÕπ”‰ª«—¥§«“¡¬“«≈”‰ â ™—Ëß

πÈ”Àπ—°°√–‡æ“–·≈–µ—∫ ·≈–π”‰ª«‘ ‡§√“–Àå

Õß§åª√–°Õ∫∑“ß‡§¡’¢Õßµ—«ª≈“æ√âÕ¡°—∫ª≈“∑¥≈Õß

‡√‘Ë¡µâπ∑’Ë‡°Á∫·™à·¢Áß‰«â‡¡◊ËÕ‡√‘Ë¡°“√∑¥≈Õß ‡æ◊ËÕ‡ªìπ

¢âÕ¡Ÿ≈„π°“√§”π«≥°“√µÕ∫ πÕß¢Õßª≈“µàÕÕ“À“√

∑¥≈Õß (AOAC, 1984)

π”ª≈“ 5 µ—«®“°·µà≈–µŸâ ¿“¬À≈—ß°“√™—Ëß«—¥

ª≈“‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß‰ª‡≈’È¬ßµàÕ„π∂—ß»÷°…“°“√
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¢—∫∂à“¬ÕÕ°¡“

°“√µÕ∫ πÕß¢Õßª≈“µàÕÕ“À“√∑¥≈Õß·µà≈–

 Ÿµ√æ‘®“√≥“®“° πÈ”Àπ—°‡æ‘Ë¡‡©≈’Ë¬¢Õßª≈“ (weight

gain) Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–µàÕ«—π (specific

growth rate) Õ—µ√“·≈°‡π◊ÈÕ (feed conversion ratio)

¬àÕ¬Õ“À“√∑√ß°√«¬´÷Ëß∑”¥â«¬‰ø‡∫Õ√å°≈“  ·≈–ß¥

„ÀâÕ“À“√ ‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß ®÷ß‡√‘Ë¡„ÀâÕ“À“√

∑¥≈Õß·µà≈– Ÿµ√Õ¬à“ß‡µÁ¡∑’Ë ∑”°“√√«∫√«¡Õ“À“√∑’Ë

‡À≈◊ÕÕÕ° ·≈–‡°Á∫√«∫√«¡¡Ÿ≈ª≈“ ®“°·µà≈–∂—ß

¿“¬„π‡«≈“ 36 ™—Ë«‚¡ß ‡æ◊ËÕµ√«®«—¥ª√‘¡“≥¡Ÿ≈ª≈“∑’Ë

Table 1    Composition (%) of the experimental diets containing various levels of fiber.

Ingredient Diet

1 2 3 4 5 6

Rice hull - 3.0 6.0 9.0 12.0 -

Cellulose - - - - - 12

Fishmeal 48 48 48 48 48 48

Fish oil 0.7 0.7 0.7 0.7 0.7 0.7

Soybean oil 2.0 2.0 2.0 2.0 2.0 2.0

Dextrin 47.5 43.2 38.8 34.5 30.1 30.1

Lard - 1.3 2.7 4.0 5.4 5.4

Vitamin mixture1 1.0 1.0 1.0 1.0 1.0 1.0

Choline chloride 0.2 0.2 0.2 0.2 0.2 0.2

Vitamin C 0.1 0.1 0.1 0.1 0.1 0.1

Mineral mixture2 0.5 0.5 0.5 0.5 0.5 0.5

Proximate Composition (%)

Moisture 9.2 8.2 7.6 7.2 7.4 7.2

Protein 36.8 37.1 37 37.1 36.7 36.8

Lipid 5.9 6.6 8.3 9.5 11.1 11.2

Fiber 0.6 2.0 3.5 5.0 6.5 10

Ash 8.7 9.2 10 10.6 11.2 9.0

NFE 38.8 36.8 33.6 30.7 27.2 25.9

Digestible energy (Kcal/g) 2.7 2.8 2.8 2.8 2.8 2.8

1  Vitamin  mixture  provided  the  followings per  Kg  diet : vitamin A, 4000 IU ; D3 2000 IU ; vitamin E, 50 IU ;

   menadione sodium bisulfite, 10 mg ; thiamin, 20 mg ; riboflavin, 20 mg ; niacin, 150 mg ; calcium panthothenate,

   200 mg ; folic acid, 5 mg ; pyridoxine, 20 mg ; vitamin B12, 0.2 mg ; biotin, 2 mg ; and inositol, 400 mg
2  Mineral mixture provided the followings per Kg diet : manganese, 25 mg ; zinc, 20 mg ; copper, 5 mg ; iodine, 5

   mg ; cobalt, 0.05 mg ; selenium, 0.3 mg ; and iron, 30 mg
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ª√– ‘∑∏‘¿“æ¢Õß‚ª√µ’π„πÕ“À“√ (protein efficiency

ratio) ‚ª√µ’π – ¡„πµ—«ª≈“ (apparent net protein

retention) æ≈—ßß“π – ¡„πµ—«ª≈“ (apparent net energy

retention) Õ—µ√“√Õ¥µ“¬ (survival rate) §«“¡¬“«

≈”‰ â (intestinal length) πÈ”Àπ—°°√–‡æ“– (stomach

weight) ¥—™π’µ—∫ (hepatosomatic index) ·≈–

πÈ”Àπ—°¡Ÿ≈ª≈“ (defication) µ“¡«‘∏’¢Õß Jantrarotai et

al.(1994)

«‘‡§√“–Àå§«“¡·ª√ª√«π¢Õß¢âÕ¡Ÿ≈∑’Ë‡°‘¥¢÷Èπ

®“°§«“¡·µ°µà“ß¢ÕßÕ“À“√∑¥≈Õß (analysis of vari-

ance) ·≈–‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß¢Õß§à“‡©≈’Ë¬¢Õß

°“√µÕ∫ πÕß¢Õßª≈“‚¥¬«‘∏’ Duncanûs new multiple

range test (DMRT) ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 95% ‚¥¬

‚ª√·°√¡ SAS version 6.03

º≈

§«“¡Àπ“·πàπ¢ÕßÕ“À“√∑¥≈Õß∑’Ë¡’·°≈∫

‡ªìπ à«πº ¡  ( Ÿµ√∑’Ë 2, 3, 4 ·≈– 5 )  ‰¡à·µ°µà“ß

( p>0.05) °—∫ Ÿµ√∑’Ë 1 À√◊Õ Ÿµ√§«∫§ÿ¡ Õ“À“√¥—ß

°≈à“«¡’§«“¡Àπ“·πàπ√–À«à“ß 1.20 - 1.25 °./≈∫.´¡.

 ”À√—∫Õ“À“√∑’Ë¡’‡´≈≈Ÿ‚≈ ‡ªìπ„¬Õ“À“√ ( Ÿµ√∑’Ë 6)

¡’§«“¡Àπ“·πàππâÕ¬°«à“ ( p<0.05) Õ“À“√ Ÿµ√∑’Ë 1, 2

·≈– 3 ·µà‰¡à·µ°µà“ß ( p>0.05) °—∫Õ“À“√ Ÿµ√∑’Ë 4

·≈– 5 (Table 2)

Õ“À“√∑¥≈Õß∑’Ë¡’·°≈∫∫¥À√◊Õ‡´≈≈Ÿ‚≈ ‡ªìπ

„¬Õ“À“√ ( Ÿµ√ 2, 3, 4, 5 ·≈– 6) ¡’·π«‚πâ¡°“√

¥Ÿ¥ —́∫πÈ”¡“°°«à“Õ“À“√ Ÿµ√§«∫§ÿ¡ ·µà‰¡à¡’§«“¡

·µ°µà“ß°—π∑“ß ∂‘µ‘ (p>0.05) (Table 2)

ª≈“¥ÿ°≈Ÿ°º ¡∑—Èß Õß¢π“¥∑’Ë‡≈’È¬ß¥â«¬Õ“À“√

 Ÿµ√µà“ßÊ¡’Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ‰¡à·µ°µà“ß°—π

(p>0.05) ·µà¡’·π«‚πâ¡°“√‡®√‘≠‡µ‘∫‚µ¥’°«à“‡¡◊ËÕ‰¥â

√—∫Õ“À“√ Ÿµ√∑’Ë 3, 4 ·≈– 5  ”À√—∫ª≈“‡≈Á°·≈–‡¡◊ËÕ

‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 4 ·≈– 5  ”À√—∫ª≈“¢π“¥°≈“ß

(Table 3) ª≈“∑—Èß Õß¢π“¥∑’Ë‡≈’È¬ß¥â«¬Õ“À“√∑’Ë¡’„¬

Õ“À“√„π√–¥—∫µà“ßÊ°—π  ¡’Õ—µ√“√Õ¥„°≈â‡§’¬ß°—π

·≈– Ÿß°«à“ 90%  Õ¬à“ß‰√°Áµ“¡‰¡àæ∫§«“¡·µ°µà“ß

(p>0.05) ¢ÕßÕ—µ√“√Õ¥¢Õßª≈“·µà≈–¢π“¥∑’Ë‰¥â√—∫

Õ“À“√µà“ßÊ°—π (Table 3)

ª≈“¢π“¥‡≈Á°¡’Õ—µ√“°“√°‘πÕ“À“√ Ÿµ√µà“ßÊ

‰¡à·µ°µà“ß°—π (p>0.05) §◊ÕÕ—µ√“‡©≈’Ë¬√–À«à“ß 5.93 -

6.79% ¢ÕßπÈ”Àπ—°µ—«µàÕ«—π ·µà¡’·π«‚πâ¡«à“ª≈“°‘π

Õ“À“√‰¥âπâÕ¬≈ß‡¡◊ËÕÕ“À“√¡’„¬Õ“À“√¡“°¢÷Èπ (Table

4) ª≈“∑’Ë‡≈’È¬ß¥â«¬Õ“À“√ Ÿµ√∑’Ë 3, 4, 5 ·≈– 6 ¡’

Õ—µ√“·≈°‡π◊ÈÕµË”°«à“ (p<0.05) ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë

1 ·≈– 2 ·≈–Õ“À“√ Ÿµ√∑’Ë 4 ¡’Õ—µ√“·≈°‡π◊ÈÕ¥’°«à“

(p<0.05) Õ“À“√ Ÿµ√∑’Ë 3 (Table 4)  ª√– ‘∑∏‘¿“æ

¢Õß‚ª√µ’π„πÕ“À“√·≈–‚ª√µ’π – ¡„πª≈“¢π“¥

‡≈Á°∑’Ë‡≈’È¬ß¥â«¬Õ“À“√ Ÿµ√∑’Ë  3,  4,  5  ·≈– 6  ¡’§à“

 Ÿß°«à“  (p<0.05) Õ“À“√ Ÿµ√∑’Ë 1 ·≈– 2 ·≈–

ª√– ‘∑∏‘¿“æ¢Õß‚ª√µ’π„πÕ“À“√ Ÿµ√∑’Ë 4, 5 ·≈– 6

·≈–‚ª√µ’π – ¡„πª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 3, 4, 5

Table 2 Physical characteristics of the experimental diets containing various levels of fiber.

Characteristic Diet

1 2 3 4 5 6

Density (g/cm3) 1.23ab 1.24ab 1.25ab 1.20bc 1.21bc 1.19c

Water absorbtion (%) 59.47a 64.15a 63.41a 64.05a 63.68a 64.81a

abc Means within same row followed by the same letter are not significantly different (p>0.05).
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Table 3    Growth performances of fish fed diets containing various levels of fiber.

Performance Diet

1 2 3 4 5 6

Small fish

Initial weight (g) 2.58 2.57 2.62 2.56 2.60 2.58

Final weight (g) 100.63 107.75 133.07 135.16 131.64 114.97

Weight gain (g/fish) 98.1a 105.2a 130.5a 132.6a 129.07a 112.38a

Specific growth rate (%/d) 6.54a 6.43a 6.78a 7.06a 6.80a 6.77a

Survival rate (%) 96.67a 96.67a 91.67a 95.00a 98.33a 95.00a

Medium fish

Initial weight (g) 57.68 58.10 58.07 57.56 58.53 57.85

Final weight (g) 136.76 132.15 132.03 168.48 167.40 132.62

Weight gain (g/fish) 79.08a 73.05a 73.96a 110.93a 108.87a 68.11a

Specific growth rate (%/d) 1.53a 1.36a 1.44a 1.91a 1.86a 1.48a

Survival rate (%) 93.33a 93.33a 100.0a 96.67a 96.67a 96.67a

a Means within the same row followed by the same letter are not significantly different (p>0.05).

·≈– 6 ‰¡à¡’§«“¡·µ°µà“ß°—π (p>0.05) µ“¡√–¥—∫„¬

Õ“À“√∑’Ë‡æ‘Ë¡¢÷Èπ ª≈“∑¥≈Õß¢π“¥‡≈Á°∑’Ë‰¥â√—∫Õ“À“√

 Ÿµ√∑’Ë 3, 4 ·≈– 5 ¡’æ≈—ßß“π – ¡ ‡©≈’Ë¬ 50.0 - 56.0%

§à“æ≈—ßß“π – ¡¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 4 ¡’

§à“ Ÿß°«à“ (p<0.05) ¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 1, 2

·≈– 6 (Table 4)

ª≈“¢π“¥°≈“ß¡’Õ—µ√“°“√°‘πÕ“À“√ Ÿµ√µà“ßÊ

·≈–Õ— µ √ “ ·≈° ‡π◊È Õ ‰ ¡à · µ°µà “ ß °— π ( p > 0 . 0 5 )

ª√– ‘∑∏‘¿“æ¢Õß‚ª√µ’π„πÕ“À“√¡’·π«‚πâ¡ Ÿß

 ”À√—∫Õ“À“√ Ÿµ√∑’Ë 4 ·≈– 5 Õ¬à“ß‰√°Áµ“¡§à“¢Õß

ª√– ‘∑∏‘¿“æ¢Õß‚ª√µ’π„πÕ“À“√·µà≈– Ÿµ√‰¡à

·µ°µà“ß°—π (p>0.05) (Table 4) ‚ª√µ’π – ¡„π

ª≈“∑¥≈Õß¢π“¥°≈“ß ¡’§à“º—π·ª√¡“°°«à“ª≈“

∑¥≈Õß¢π“¥‡≈Á° §◊Õ¡’§à“‡©≈’Ë¬µ—Èß·µà 37.37 - 54.73%

ª≈“∑¥≈Õß∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 4 ¡’‚ª√µ’π – ¡

„πµ—«ª≈“ Ÿß ÿ¥ ·µà‰¡à·µ°µà“ß°—∫‚ª√µ’π – ¡¢Õß

ª≈“°≈ÿà¡Õ◊ËπÊ (p>0.05) (Table 4) ª≈“∑¥≈Õß¢π“¥

°≈“ß∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 3 ·≈– 4 ¡’æ≈—ßß“π – ¡

53.22 - 54.74% ´÷Ëß§à“¥—ß°≈à“« Ÿß°«à“ (p<0.05) ª≈“

∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß Ÿµ√∑’Ë 1 ·≈– 2 ·µà‰¡à·µ°µà“ß

(p>0.05) ®“°Õ“À“√ Ÿµ√∑’Ë 5 ·≈– 6 (Table 4)

√–¥—∫„¬Õ“À“√‰¡à¡’º≈ (p>0.05) µàÕ§«“¡¬“«

¢Õß≈”‰ â¢Õßª≈“∑—Èß Õß¢π“¥ ≈”‰ â¢Õßª≈“¢π“¥

‡≈Á°∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’„¬Õ“À“√ Ÿß°«à“¡’·π«‚πâ¡¬“«

°«à“≈”‰ â¢Õßª≈“∑’Ë‰¥â√—∫„¬Õ“À“√µË”°«à“ (Table 5)

°√–‡æ“–Õ“À“√¢Õßª≈“¢π“¥‡≈Á°∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√

§«∫§ÿ¡¡’πÈ”Àπ—°¡“°°«à“ (p<0.05) °√–‡æ“–Õ“À“√

¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 2 ·≈– 5 ·µà‰¡à·µ°µà“ß

(p>0.05) ®“°°√–‡æ“–Õ“À“√¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√

 Ÿµ√∑’Ë 3, 4 ·≈– 6 (Table 5) πÈ”Àπ—°°√–‡æ“–
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Table 4 Feed intake, feed conversion ratio (FCR), protein efficiency  ratio (PER), apparent  net  protein

retention (ANPR)  and  apparent net energy retention (ANER) of fish fed diets containing various

levels of fiber.

Feed utilization Diet

1 2 3 4 5 6

Small fish

   Feed intake(%/d) 6.79a 6.56a 6.39a 6.17a 6.15a 5.93a

   FCR 1.12a 1.11a 1.01b 0.91c 0.96bc 0.96bc

   PER 2.43c 2.44c 2.69b 2.97a 2.83ab 2.84ab

   ANPR (%) 40.33b 39.49b 45.86a 50.62a 46.35a 46.58a

   ANER (%) 36.36d 43.23cd 53.26ab 55.70a 49.72abc 46.03bc

Medium fish

   Feed intake (%/d) 2.64a 2.87a 2.47a 2.77a 2.69a 2.38a

   FCR 1.62a 2.18a 1.62a 1.34a 1.32a 1.45a

   PER 1.73a 1.35a 1.69a 2.07a 2.10a 1.87a

   ANPR (%) 38.89a 37.37a 40.27a 54.73a 43.43a 48.41a

   ANER (%) 34.64b 31.45b 53.22a 54.74a 39.41ab 44.13ab

a Means within the same row followed by same letter are not significantly different (p>0.05).

Õ“À“√¢Õßª≈“¢π“¥°≈“ß ¡’§à“‡©≈’Ë¬ 0.6 - 0.7%

¢ÕßπÈ”Àπ—°µ—« ·≈–‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘

(p>0.05) (Table 5)

§à“¥—™π’µ—∫¢Õßª≈“¢π“¥‡≈Á°¡’§à“√–À«à“ß 1.33

- 1.51% ·≈–¢Õßª≈“¢π“¥°≈“ß ¡’§à“√–À«à“ß 1.29 -

1.48% §à“¥—ß°≈à“«¢Õßª≈“·µà≈–¢π“¥‰¡à¡’§«“¡

·µ°µà“ß°—π∑“ß ∂‘µ‘ (p>0.05) (Table 5)

¡’·π«‚πâ¡«à“√–¥—∫„¬Õ“À“√¡’§«“¡ —¡æ—π∏å

°—∫ª√‘¡“≥¡Ÿ≈∑’Ëª≈“¢π“¥‡≈Á°¢—∫∂à“¬ÕÕ°¡“ ´÷Ëßª≈“

∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’„¬Õ“À“√¡“°¢÷Èπª√‘¡“≥°“√¢—∫∂à“¬

®–¡“°¢÷Èπ¥â«¬ (Table 5) ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’

‡´≈≈Ÿ‚≈ ‡ªìπ à«πº ¡ ( Ÿµ√∑’Ë 6) ¢—∫∂à“¬¡Ÿ≈¡“°°«à“

(p<0.05) ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√ 1, 2, 3, 4 ·≈– 5

 ”À√—∫ª≈“∑¥≈Õß¢π“¥°≈“ß ª√‘¡“≥¡Ÿ≈∑’Ë¢—∫∂à“¬

ÕÕ°¡“‰¡à·µ°µà“ß°—π¡“°æÕ∑’Ë®–∑”„Àâ‡°‘¥§«“¡

·µ°µà“ß°—π∑“ß ∂‘µ‘ (p>0.05) (Table 5)

«‘®“√≥å

§«“¡Àπ“·πàπ¢ÕßÕ“À“√∑¥≈Õß¢÷ÈπÕ¬Ÿà°—∫

§«“¡Àπ“·πàπ¢Õß«—µ∂ÿ¥‘∫·≈–ª√‘¡“≥∑’Ë„™â„πÕ“À“√

π—ÈπÊ ‡π◊ËÕß®“°‡´≈≈Ÿ‚≈  ‡ªìπ„¬Õ“À“√ —ß‡§√“–Àå∑’Ë¡’

§«“¡Àπ“·πàππâÕ¬ (0.21 °./≈∫.´¡.) ¥—ßπ—Èπ Õ“À“√

∑¥≈Õß Ÿµ√∑’Ë 6 ®÷ß¡’§«“¡Àπ“·πàππâÕ¬¥â«¬  ”À√—∫

·°≈∫∫¥¡’§«“¡Àπ“·πàπ (0.74 °./≈∫.´¡.)

„°≈â‡§’¬ß°—∫«—µ∂ÿ¥‘∫Õ“À“√∑’Ë„™â„π Ÿµ√§«∫§ÿ¡ ¥—ßπ—Èπ
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Table 5    Biological characteristics as comparing to body length (BL) or body weight (BW) of fish  fed

diets containing various levels of fiber.

Characteristic Diet

1 2 3 4 5 6

Small fish

Intestine length

(% BL) 69.04a 78.24a 82.74a 90.97a 98.40a 99.49a

Stomach weight

(% BW) 1.11a 0.80b 0.95ab 0.98ab 0.88b 0.94ab

Hepatosomatic index

(%BW) 1.33a 1.46a 1.43a 1.51a 1.37a 1.43a

Defication

(% feed intake) 3.26b 2.10b 4.62b 6.22b 6.22b 12.57a

Medium fish

Intestine length

(% BL) 48.58a 58.24a 55.40a 51.89a 50.25a 52.67a

Stomach weight

(% BW) 0.63a 0.65a 0.61a 0.63a 0.73a 0.73a

Hepatosomatic index

(%BW) 1.30a 1.34a 1.48a 1.29a 1.43a 1.36a

Defication

(% feed intake) 9.95a 13.12a 8.62a 7.07a 9.83a 13.96a

ab Means within the same row followed by the same letter are not significantly different (p>0.05).

§«“¡Àπ“·πàπ¢Õß∑¥≈Õß∑’Ë¡’·°≈∫‡ªìπ à«πº ¡ ®÷ß

‰¡à·µ°µà“ß®“°§«“¡Àπ“·πàπ¢ÕßÕ“À“√ Ÿµ√§«∫§ÿ¡

Õ“À“√∑¥≈Õß∑’Ë¡’„¬Õ“À“√„π√–¥—∫µà“ßÊ ¡’

·π«‚πâ¡„π°“√¥Ÿ¥´—∫πÈ”‰¥â¡“°°«à“Õ“À“√ Ÿµ√§«∫§ÿ¡

‡æ√“–Õ“À“√∑’Ë¡’„¬¡’√Ÿæ√ÿπ„π‡¡Á¥Õ“À“√¡“°°«à“ ®÷ß

¥Ÿ¥´—∫πÈ”‰¥â¥’°«à“ §≈â“¬°—∫Õ“À“√≈Õ¬πÈ”∑’Ë¡’√Ÿæ√ÿπ

¢ÕßÕ“°“»®”π«π¡“°®÷ß¥Ÿ¥´—∫πÈ”‰¥â¡“°°«à“Õ“À“√

®¡πÈ” (Hilton et al., 1981)

„π°“√∑¥≈Õß§√—Èßπ’È ª≈“¢π“¥‡≈Á°∑’Ë‰¥â√—∫

Õ“À“√∑’Ë¡’„¬Õ“À“√√–À«à“ß 5.0 - 6.5% ¡’·π«‚πâ¡

°“√‡®√‘≠‡µ‘∫‚µ∑’Ë¥’°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√´÷Ëß¡’√–¥—∫

¢Õß„¬Õ“À“√µË”À√◊Õ¡“°°«à“ Dioundick and Stom

(1990) æ∫«à“ ≈Ÿ°ª≈“À¡Õ‡∑» (Oreochromis

mossambicus) ¡’°“√‡®√‘≠‡µ‘∫‚µ¥’∑’Ë ÿ¥‡¡◊ËÕ‡≈’È¬ß¥â«¬

Õ“À“√∑’Ë¡’„¬Õ“À“√ 2.5 - 5% ª≈“ red sea bream

·≈–ª≈“ yellow tail ‡®√‘≠‡µ‘∫‚µ¥’°«à“‡¡◊ËÕ‰¥â√—∫
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Õ“À“√∑’Ë¡’„¬Õ“À“√ 10% (Kono et al., 1987)

√–¥—∫„¬Õ“À“√∑’Ë¡’‰¥â Ÿß ÿ¥‚¥¬‰¡à¡’º≈°√–∑∫µàÕ°“√

‡®√‘≠‡µ‘∫‚µ¢Õßª≈“ channel catfish, rainbow trout

ª≈“π‘≈ ·≈– chinook salmon ‡∑à“°—∫ 8.0% (Leary and

Lovell, 1975) 10% (Hilton et al., 1983) 10%

(Anderson et al., 1984) ·≈– 9.0% (Buhler and

Halver, 1961) µ“¡≈”¥—∫ ´÷Ëß Õ¥§≈âÕß°—∫√–¥—∫„¬

Õ“À“√  Ÿµ√∑’Ë 6 ∑’Ë‰¡à¡’º≈∑”„Àâª≈“¡’°“√‡®√‘≠

‡µ‘∫‚µ≈¥≈ß

√–¥—∫„¬Õ“À“√‰¡à¡’º≈µàÕÕ—µ√“°“√°‘πÕ“À“√

¢Õßª≈“¥ÿ°≈Ÿ°º ¡ Davies (1985) æ∫«à“ Õ“À“√∑’Ë¡’

‡´≈≈Ÿ‚≈ ∑’Ë√–¥—∫ 0 ∂÷ß 20.0% ‰¡à¡’º≈µàÕ°“√°‘π

Õ“À“√¢Õßª≈“ rainbow trout  Hilton et al. (1983)

æ∫«à“ª≈“ rainbow trout °‘πÕ“À“√∑’Ë¡’„¬Õ“À“√ Ÿß

„πª√‘¡“≥¡“°¢÷Èπ‡æ◊ËÕ™¥‡™¬‚¿™π–∑’Ë∂Ÿ°‡®◊Õ®“ß‚¥¬

„¬Õ“À“√ Õ¬à“ß‰√°Áµ“¡ Õ—µ√“°“√°‘πÕ“À“√®–¡“°

¢÷Èπ‡¡◊ËÕÕ“À“√¡’„¬ Ÿß∂÷ß 20.0% ª≈“¥ÿ°≈Ÿ°º ¡¢π“¥

‡≈Á°„™âª√–‚¬™πå‚¿™π–®“°Õ“À“√∑’Ë¡’„¬Õ“À“√ 3.5, 5.0,

6.5 ·≈– 10.0% ( Ÿµ√∑’Ë 3, 4, 5 ·≈– 6) ‰¥â¥’°«à“

Õ“À“√∑’Ë¡’„¬Õ“À“√µË” ( Ÿµ√∑’Ë 1 ·≈– 2) ´÷ËßÕ“®‡ªìπ

‡æ√“–„¬Õ“À“√∑”„ÀâÕ“À“√‡§≈◊ËÕπµ—«„π∑“ß‡¥‘π

Õ“À“√™â“≈ß∑”„Àâª≈“¥Ÿ¥´÷¡ “√Õ“À“√‰¥â¡“°¢÷Èπ

(Davies, 1985; Dioundick and Stom, 1990)

πÕ°®“°π’È„¬Õ“À“√¡’º≈∑”„Àâª√‘¡“µ√¢ÕßÕ“À“√„π

∑“ß‡¥‘πÕ“À“√ (intestinal bulk) ¡“°¢÷Èπ ‡æ√“–¥Ÿ¥

´—∫πÈ”‰¥â¥’®÷ß™à«¬‡√àß°“√º≈—¥‡ª≈’Ë¬π (turnover) ºπ—ß

‡´≈≈å∫ÿ≈”‰ â (mucosa) ·≈–‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√À≈—Ëß

¢Õß‡Õπ‰´¡å„π°“√¬àÕ¬Õ“À“√¡“°¢÷Èπ ¡’º≈∑”„Àâ°“√

¥Ÿ¥´÷¡‚¿™π– ‚¥¬‡©æ“–‚ª√µ’π‰¥â¥’¢÷Èπ (Nomani et

al., 1979) ∑”„Àâª√– ‘∑∏‘¿“æ¢Õß‚ª√µ’π„πÕ“À“√

·≈– ‚ª√µ’π – ¡„πµ—«ª≈“ ¡’§à“ Ÿß¢÷Èπ (Leary and

Lovell, 1975; Shiau et al., 1989)

„¬Õ“À“√∑’Ë‡æ‘Ë¡¢÷Èπ„πÕ“À“√∑¥≈Õß‡ªìπº≈„Àâ

ª√‘¡“≥¢Õß·ªÑß (dextrin) „π Ÿµ√Õ“À“√≈¥≈ß ®÷ß

®”‡ªìπµâÕß‡æ‘Ë¡‰¢¡—π„π Ÿµ√Õ“À“√∑’Ë¡’„¬Õ“À“√‡æ‘Ë¡

¢÷Èπ‡æ◊ËÕ√—°…“√–¥—∫æ≈—ßß“π¢ÕßÕ“À“√„Àâ‡∑à“°—π∑ÿ° Ÿµ√

°“√‡ª≈’Ë¬π·ª≈ß¢Õß —¥ à«π¢Õß·ªÑßµàÕ‰¢¡—π (CHO/

L) ®÷ßÕ“®‡ªìπÕ’° “‡ÀµÿÀπ÷Ëß∑’Ë∑”„Àâª≈“∑’Ë‰¥â√—∫

Õ“À“√∑’Ë¡’ —¥ à«ππ’ÈµË”„™âª√–‚¬™πå‚¿™π–®“°Õ“À“√

‰¥â¥’°«à“Õ“À“√∑’Ë¡’ —¥ à«π¥—ß°≈à“« Ÿß (Jantrarotai et

al., 1994) ª≈“¥ÿ°≈Ÿ°º ¡¢π“¥‡≈Á°®÷ß„™âª√–‚¬™πå

®“°·ªÑß·≈–‰¢¡—π„πÕ“À“√ Ÿµ√∑’Ë 3, 4, 5 ·≈– 6

(CHO/L µË”) ‰¥â¥’°«à“Õ“À“√ Ÿµ√∑’Ë 1 ·≈– 2 (CHO/L

 Ÿß) ∑”„ÀâÕ“À“√ Ÿµ√∑’Ë 3, 4, 5 ·≈– 6 ¡’æ≈—ßß“π∑’Ë

„™âª√–‚¬™πå‰¥â Ÿß°«à“ ·≈– ”√Õß‚ª√µ’π„πÕ“À“√

‰«â ‡æ◊ËÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“ ∑”„Àâ§à “

ª√– ‘∑∏‘¿“æ¢Õß‚ª√µ’π ·≈– ‚ª√µ’π – ¡¢Õß

ª≈“∑’Ë‰¥â√—∫Õ“À“√¥—ß°≈à“«¡’§à“ Ÿß°«à“ æ≈—ßß“π – ¡

¢Õßª≈“¥ÿ°≈Ÿ°º ¡¢π“¥‡≈Á° ∑’Ë‡≈’È¬ß¥â«¬Õ“À“√∑’Ë¡’„¬

3.5 - 10.0% ¡’§à“ Ÿß°«à“¢ÕßÕ“À“√ Ÿµ√§«∫§ÿ¡ Õ“®

‡ªìπ‡æ√“–°“√„™âª√–‚¬™πå®“°·ªÑß·≈–√–¥—∫‰¢¡—π∑’Ë

 Ÿß°«à“„πÕ“À“√∑¥≈Õß ‡™àπ‡¥’¬«°—∫‡Àµÿº≈¢â“ßµâπ

Õ—µ√“·≈°‡π◊ÈÕ ª√– ‘∑∏‘¿“æ¢Õß‚ª√µ’π ·≈–

‚ª√µ’π – ¡„πµ—«ª≈“¢Õßª≈“¥ÿ°≈Ÿ°º ¡¢π“¥°≈“ß

¡’·π«‚πâ¡‡™àπ‡¥’¬«°—∫ª≈“¢π“¥‡≈Á° ∂÷ß·¡âº≈®–‰¡à

·µ°µà“ß°—πÕ¬à“ß‡¥àπ™—¥  “‡Àµÿ¥—ß°≈à“«Õ“®‡π◊ËÕß¡“®“°

ª≈“∑¥≈Õß¢π“¥°≈“ß‡ªìπª≈“„π«—¬∑’Ë¡’Õ—µ√“°“√

‡®√‘≠‡µ‘∫‚µ∑’ËµË”°«à“ª≈“¢π“¥‡≈Á° (NRC, 1993)

Õ—µ√“°“√°‘πÕ“À“√µàÕπÈ”Àπ—°µ—«®÷ßµË”°«à“ª≈“

∑¥≈Õß¢π“¥‡≈Á° (Table 4) ∑”„Àâº≈∑’Ë‡°‘¥®“°ªí®®—¬

∑¥≈Õß‰¡à‡¥àπ™—¥π—° ‡¡◊ËÕ‡∑’¬∫°—∫ª≈“¢π“¥‡≈Á°

§«“¡¬“«≈”‰ â¢Õßª≈“¥ÿ°≈Ÿ°º ¡¢π“¥‡≈Á°

∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’„¬Õ“À“√¡“°¢÷Èπ¡’·π«‚πâ¡¬“«¢÷Èπ

´÷Ëßµà“ß°—∫ª≈“∑¥≈Õß¢π“¥°≈“ß ∑—Èßπ’ÈÕ“®‡π◊ËÕß¡“

®“°ª≈“¢π“¥‡≈Á°¡’æ—≤π“°“√‡æ◊ËÕ‡æ‘Ë¡æ◊Èπ∑’Ë≈”‰ â„π

°“√¥Ÿ¥´÷¡‚¿™π–‰¥â¥’°«à“ª≈“¢π“¥°≈“ß ‡™àπ‡¥’¬«

°—∫°“√‡æ‘Ë¡§«“¡¬“«¢Õß≈”‰ âÀπŸ ∑’Ë‰¥â√—∫Õ“À“√

∑¥≈Õß∑’Ë¡’„¬Õ“À“√‡æ‘Ë¡¢÷Èπ (Farness and Schneeman,
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1982)

Õ“À“√∑’Ë¡’„¬Õ“À“√„π√–¥—∫µà“ßÊ‰¡à¡’º≈µàÕ

°“√‡æ‘Ë¡¢π“¥¢Õß°√–‡æ“–¢Õßª≈“¥ÿ°≈Ÿ°º ¡∑—Èß Õß

¢π“¥ ª≈“ rainbow trout ‡¡◊ËÕ‡≈’È¬ß¥â«¬Õ“À“√∑’Ë¡’

‡´≈≈Ÿ‚≈  10.0 ∂÷ß 20.0% ¡’º≈∑”„Àâ¢π“¥¢Õß

°√–‡æ“–„À≠à¢÷Èπ À√◊Õ¡’ª√‘¡“µ√¡“°¢÷Èπ‡æ◊ËÕ°‘π

Õ“À“√‰¥â¡“° ‡æ◊ËÕ‡ªìπ°“√™¥‡™¬‚¿™π–∑’Ë∂Ÿ°‡®◊Õ®“ß

‚¥¬‡´≈≈Ÿ‚≈  (Hilton et al., 1983) ·µà°“√∑¥≈Õß

§√—Èßπ’È Õ“À“√∑’Ë¡’„¬‡æ‘Ë¡¢÷Èπ¡’‚¿™π–„πª√‘¡“≥

„°≈â‡§’¬ß°—π¡“°∑’Ë ÿ¥ ¥—ßπ—Èπ „¬Õ“À“√®÷ß‰¡à¡’º≈µàÕ

°“√ª√—∫‡ª≈’Ë¬ππÈ”Àπ—°¢Õß°√–‡æ“–Õ“À“√

ª√‘¡“≥¡Ÿ≈¢Õßª≈“¥ÿ°≈Ÿ°º ¡∑—Èß Õß¢π“¥∑’Ë

‰¥â√—∫Õ“À“√∑’Ë¡’‡´≈≈Ÿ‚≈ ‡ªìπ„¬Õ“À“√¡’§à“ Ÿß°«à“

À√◊Õ¡’·π«‚πâ¡ Ÿß°«à“¡Ÿ≈¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√

§«∫§ÿ¡ · ¥ß„Àâ‡ÀÁπ«à“ ª≈“¥ÿ°≈Ÿ°º ¡‰¡à¡’πÈ”¬àÕ¬

 ”À√—∫‡´≈≈Ÿ‚≈  ®÷ß¢—∫∂à“¬ÕÕ°¡“ ´÷Ëß Õ¥§≈âÕß°—∫

°“√»÷°…“„πª≈“ rainbow trout (Davies, 1985) ª≈“

channel catfish (Leary and Lovell, 1975)  à«π¡Ÿ≈

¢Õßª≈“∑’Ë‰¥â√—∫·°≈∫‡ªìπ„¬Õ“À“√¡’§à“‰¡à§ß∑’ËÕ“®

‡π◊ËÕß®“°„¬Õ“À“√„π·°≈∫¡’Õß§åª√–°Õ∫∑’Ë —́∫ ấÕπ

´÷Ëß¡’∑—Èß‡Œ¡‘‡´≈≈Ÿ‚≈ ·≈–‡π◊ÈÕ‡´≈≈å¢Õß¢â“« ‡Œ¡‘‡´≈≈Ÿ‚≈ 

Õ“®∂Ÿ°¬àÕ¬ ≈“¬‰¥â‚¥¬·∫§∑’‡√’¬„π∑“ß‡¥‘πÕ“À“√

(Davies, 1985) ®÷ß¡’º≈∑”„Àâ·°≈∫∂Ÿ°¬àÕ¬‰¥â∫“ß à«π

∑”„Àâª√‘¡“≥¡Ÿ≈‰¡à¡“°‡∑à“°—∫¡Ÿ≈ª≈“∑’Ë‰¥â√—∫Õ“À“√

∑¥≈Õß∑’Ë¡’ à«πº ¡¢Õß‡´≈≈Ÿ‚≈ 

°“√∑¥≈Õß§√—Èßπ’È √ÿª‰¥â«à“ √–¥—∫„¬Õ“À“√µ—Èß·µà

0.6% ∂÷ß 10.0% ‰¡à¡’º≈µàÕ°“√‡®√‘≠‡µ‘∫‚µ·≈–Õ—µ√“

√Õ¥¢Õßª≈“¥ÿ°≈Ÿ°º ¡¢π“¥‡≈Á°·≈–¢π“¥°≈“ß

Õ¬à“ß‰√°Áµ“¡ „¬Õ“À“√¡’º≈µàÕ°“√„™âª√–‚¬™πå

‚¿™π–®“°Õ“À“√ ª≈“¢π“¥‡≈Á°·≈–¢π“¥°≈“ß¡’

·π«‚πâ¡°“√‡®√‘≠‡µ‘∫‚µ·≈–„™âª√–‚¬™πå‚¿™π–‰¥â

 Ÿß ÿ¥ ‡¡◊ËÕÕ“À“√π—Èπ¡’√–¥—∫„¬Õ“À“√ 3.5 - 6.5% ·≈–

5.0 - 6.5% µ“¡≈”¥—∫
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