
π‘æπ∏åµâπ©∫—∫

º≈¢Õß‡Õπ‰´¡å‰ø‡µ µàÕ°“√‡æ‘Ë¡°“√„™âøÕ øÕ√— ®“°«—µ∂ÿ¥‘∫æ◊™„π

ª≈“π‘≈·¥ß·ª≈ß‡æ» (Oreochromis niloticus Linn.)

«ÿ≤‘æ√ æ√À¡¢ÿπ∑Õß
1
 ·≈– Õ—®©√‘¬“ ¡Ÿ ‚°¿“»

2

Abstract
Phromkunthong, W. and Musakopat, A.

Effects of phytase on enhancement of phosphorus utilization for feeds with plant

materials in sex-reversed red tilapia (Oreochromis niloticus Linn.)
Songklanakarin J. Sci. Technol., 2005, 27(Suppl. 1) : 151-170

Sex-reversed red tilapia of initial weight 4.85-4.90 g were experimented for 10-wk in 235-l glass tanks

filled with 180 l water.  This experiment was conducted in closed-recirculating water system with 0.8 l/min

flow rate.  The 5x2 factorial experiment was employed in the study in which there were a total of ten treat-

ments with three replications each.  Twenty fingerlings were stocked in each replication. Two factors were

studied the first of which was the animal:plant protein ratios 1:1, 1:2, 1:3, 1:4 and 1:5 were tested. For the

second factor, the efficiency of phytase  was studied for each animal to plant protein ratio by supplementing of

1,000 unit phytase/kg feed.  The results showed that 1:3 animal to plant protein ratio was the most effective for

sex-reversed red tilapia.  Supplementation of 1,000 unit phytase/kg feed for all animal to plant ratios resulted

in improvement of growth performance (weight gain and specific growth rate) feed efficiency (FCR, PER and

ANPU), rate of feed intake and digestibility coefficient.
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Effect of phytase on enhancement of phosphorus utilization
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º≈¢Õß‡Õπ‰´¡å‰ø‡µ µàÕ°“√‡æ‘Ë¡°“√„™âøÕ øÕ√— ®“°«—µ∂ÿ¥‘∫æ◊™„πª≈“π‘≈·¥ß·ª≈ß‡æ»

«. ß¢≈“π§√‘π∑√å «∑∑. 2548 27(©∫—∫æ‘‡»… 1) : 151-170

°“√∑¥≈Õßπ’È‡ªìπ°“√»÷°…“º≈¢Õß‡Õπ‰´¡å‰ø‡µ µàÕ°“√‡æ‘Ë¡°“√„™âøÕ øÕ√— ®“°«—µ∂ÿ¥‘∫æ◊™„πª≈“π‘≈·¥ß

·ª≈ß‡æ» ‚¥¬„™â√–∫∫°“√‡≈’È¬ß·∫∫ªî¥ „πµŸâ°√–®°¢π“¥ 235 ≈‘µ√ ∑’Ë¡’ª√‘¡“µ√πÈ”‰À≈‡«’¬π 180 ≈‘µ√ ·≈–Õ—µ√“

°“√‰À≈¢ÕßπÈ”‡ªìπ 0.8 ≈‘µ√/π“∑’ ª≈“π‘≈·¥ß·ª≈ß‡æ»∑’Ë„™â¡’πÈ”Àπ—°‡©≈’Ë¬‡√‘Ë¡µâπ 4.85-4.9 °√—¡/µ—« ·∫àß‡ªìπ 10 ™ÿ¥

°“√∑¥≈Õß Ê ≈– 3 ´È” ®”π«πª≈“ 20 µ—«/´È” «“ß·ºπ°“√∑¥≈Õß·∫∫·ø°‡µÕ√å‡√’¬≈ ‚¥¬»÷°…“ 2 ªí®®—¬ §◊Õ

ªí®®—¬∑’Ë 1 »÷°…“ —¥ à«π¢Õß‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™ 5 √–¥—∫ §◊Õ 1:1, 1:2, 1:3, 1:4 ·≈– 1:5 ªí®®—¬∑’Ë 2 »÷°…“

ª√– ‘∑∏‘¿“æ¢Õß‡Õπ‰´¡å‰ø‡µ  ‚¥¬·∫àßÕ“À“√∑’Ë¡’ —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™ Ÿµ√‡¥’¬«°—π‡ªìπ 2  à«π  §◊Õ

 à«π∑’Ë‰¡à‡ √‘¡‡Õπ‰´¡å‰ø‡µ ·≈–‡ √‘¡‡Õπ‰´¡å‰ø‡µ ∑’Ë 1,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°. À≈—ß®“°∑¥≈Õßπ“π 10  —ª¥“Àå

æ∫«à“  —¥ à«π¢Õß‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™∑’Ë‡À¡“– ¡∑’Ë ÿ¥„π°“√ √â“ß Ÿµ√Õ“À“√ ”À√—∫‡≈’È¬ßª≈“π‘≈·¥ß·ª≈ß‡æ»

§◊Õ 1:3 ·≈–æ∫«à“°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ  1,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°. „πÕ“À“√∑¥≈Õß∑’Ë¡’ª√‘¡“≥¢Õß‚ª√µ’π —µ«å

µàÕ‚ª√µ’πæ◊™∑ÿ° —¥ à«π„Àâº≈„π‡™‘ß∫«°µàÕ°“√‡®√‘≠‡µ‘∫‚µ (πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ·≈–Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–)

ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√ (Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ ª√– ‘∑∏‘¿“æ‚ª√µ’π ·≈–°“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘)

Õ—µ√“°“√°‘πÕ“À“√·≈–ª√– ‘∑∏‘¿“æ°“√¬àÕ¬Õ“À“√

ª≈“„™âøÕ øÕ√— ‡ªìπ à«πª√–°Õ∫∑’Ë ”§—≠¢Õß
°√–¥Ÿ°·≈–‡°≈Á¥ ·≈–‡ªìπÕß§åª√–°Õ∫¢ÕßÕ–¥’‚π ’́π‰µ√
øÕ ‡øµ (adenosine triphosphate, ATP) øÕ øÕ≈‘ªî¥
(phospholipids)   ·≈–¥’ÕÕ°´’‰√‚∫π‘«§≈’Õ‘°·Õ ‘¥
(deoxyribonucleic  acid,  DNA) ‚¥¬Õ¬Ÿà„π√Ÿª¢ÕßÕ‘π∑√’¬å
øÕ ‡øµ (NRC, 1993) ª≈“‰¥â√—∫øÕ øÕ√— ®“°Õ“À“√
‡ªìπÀ≈—°‡π◊ËÕß®“°øÕ øÕ√— „ππÈ”Õ¬Ÿà„π√Ÿª∑’Ëª≈“π”‰ª„™â
ª√–‚¬™πå‰¥âπâÕ¬   «—µ∂ÿ¥‘∫Õ“À“√‚¥¬‡©æ“–æ◊™·¡â®–¡’
øÕ øÕ√— √«¡ (total phosphorus) Õ¬Ÿà„πª√‘¡“≥ Ÿß  ·µà
øÕ øÕ√— „π√Ÿª∑’Ëª≈“π”‰ª„™âª√–‚¬™πå‰¥â  (available

phosphorus) ¡’Õ¬ŸàπâÕ¬ ‚¥¬øÕ øÕ√— ®“°æ◊™ª√–¡“≥
2 „π 3  à«π¢ÕßøÕ øÕ√— ∑—ÈßÀ¡¥®–Õ¬Ÿà„π√Ÿª°√¥‰øµ‘°
(phytic acid)    ´÷Ëß¡—°√«¡Õ¬Ÿà°—∫‡°≈◊Õ¢Õß·§≈‡ ’́¬¡
·¡°π’‡´’¬¡ ‚æ·µ ‡´’¬¡ (Dey and Harborne, 1990) ‡√’¬°
«à“ ‰øµ‘π (phytin)  à«π‡°≈◊Õ¢Õß°√¥‰øµ‘°∑’Ëª√–°Õ∫
¥â«¬Õ‘π‚π´‘∑Õ≈°—∫øÕ ‡øµ  ‡√’¬°«à“ ‰ø‡µ∑ (phytate)

(Uhlig, 1998)  µ“¡ª°µ‘ª≈“‰¡à “¡“√∂π”øÕ øÕ√— „π
√Ÿª‰øµ‘°¡“„™â‰¥â  ¥—ßπ—ÈπÕ“À“√ª≈“∑’Ë„™â«—µ∂ÿ¥‘∫æ◊™‡ªìπ
À≈—°®÷ß®”‡ªìπµâÕß¡’°“√‡æ‘Ë¡ª√‘¡“≥øÕ øÕ√— ∑’Ëª≈“π”‰ª
„™â‰¥â„Àâ¡“°¢÷Èπ ‡æ◊ËÕ„Àâª≈“¡’°“√‡®√‘≠‡µ‘∫‚µ·≈– ÿ¢¿“æ¥’

·π«∑“ß∑’Ë·°âªí≠À“¥—ß°≈à“«§◊Õ°“√‡ √‘¡øÕ øÕ√—  —ß‡§√“–Àå
„π√ŸªÕπ‘π∑√’¬åøÕ ‡øµ„πÕ“À“√ («ÿ≤‘æ√ ·≈–§≥–, 2547°)
·µà®–‡ªìπ°“√‡æ‘Ë¡¢Õß‡ ’¬∑’ËµâÕßª≈àÕ¬≈ß·À≈àßπÈ”¡“°¢÷Èπ
‡æ√“–øÕ øÕ√— „π√Ÿª∑’Ëª≈“‰¡à “¡“√∂π”‰ª„™âª√–‚¬™πå
(unavailable phosphorus) ®–∂Ÿ°¢—∫ÕÕ°¡“„π√Ÿª¢Õß¡Ÿ≈
·≈–¡’°“√ – ¡„π·À≈àßπÈ”  ∑”„Àâ‡°‘¥πÈ”‡ ’¬„π‡«≈“µàÕ¡“

‰ø‡µ ‡ªìπ‡Õπ‰´¡å„π°≈ÿà¡øÕ ø“‡µ  (phos-

phatase)  ́ ÷Ëß¡’Àπâ“∑’Ë„π°“√‡√àßªØ‘°‘√‘¬“‰Œ‚¥√‰≈ ‘́   ∑”„Àâ
øÕ ‡øµÀ≈ÿ¥®“°‚¡‡≈°ÿ≈‰ø‡µ∑·≈–π”‰ª„™âª√–‚¬™πå‰¥â
 àßº≈„Àâª√‘¡“≥øÕ øÕ√— ¢—∫∑‘Èß≈¥≈ß  ®÷ß™à«¬≈¥ªí≠À“
¡≈¿“«–∑“ßπÈ”Õ—π‡π◊ËÕß®“°øÕ øÕ√—   πÕ°®“°π’È°“√‡ √‘¡
‡Õπ‰´¡å‰ø‡µ ¬—ß™à«¬≈¥µâπ∑ÿπ°“√º≈‘µ‚¥¬≈¥√“¬®à“¬®“°
°“√‡ √‘¡Õπ‘π∑√’¬åøÕ ‡øµ ‡π◊ËÕß®“°ª≈“¡’øÕ øÕ√— ∑’Ë
 “¡“√∂„™â‰¥â‡æ‘Ë¡¢÷Èπ  ·≈–™à«¬„Àâ “¡“√∂π”«—µ∂ÿ¥‘∫¡“„™â
ª√–‚¬™πå‰¥â¡“°¢÷Èπ

®“°°“√»÷°…“„πª≈“π‘≈æ∫«à“ °“√‡ √‘¡‰ø‡µ „π
Õ“À“√∑”„Àâ°“√‡®√‘≠‡µ‘∫‚µ·≈– —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬
øÕ øÕ√— ¢Õßª≈“‡æ‘Ë¡ Ÿß¢÷Èπ («ÿ≤‘æ√ ·≈–§≥–, 2547° ;
Phromkunthong et al., 2004) °“√»÷°…“„π§√—Èßπ’È‡ªìπ°“√
»÷°…“º≈¢Õß‡Õπ‰´¡å‰ø‡µ µàÕ°“√‡æ‘Ë¡°“√„™âøÕ øÕ√— 
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®“°«—µ∂ÿ¥‘∫æ◊™„πª≈“π‘≈·¥ß·ª≈ß‡æ» ‚¥¬¡’«—µ∂ÿª√– ß§å
‡æ◊ËÕ»÷°…“ —¥ à«π¢Õß‚ª√µ’π —µ«å·≈–‚ª√µ’πæ◊™∑’Ë‡À¡“– ¡
„πÕ“À“√ ·≈–»÷°…“ª√– ‘∑∏‘¿“æ¢Õß‡Õπ‰´¡å‰ø‡µ µàÕ
°“√„™âøÕ øÕ√— ®“°«—µ∂ÿ¥‘∫æ◊™„πª≈“π‘≈·¥ß·ª≈ß‡æ»

Õÿª°√≥å·≈–«‘∏’°“√

1. °“√‡µ√’¬¡Õÿª°√≥å°“√∑¥≈Õß

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

2. °“√‡µ√’¬¡ª≈“∑¥≈Õß

„™â≈Ÿ°ª≈“π‘≈·¥ß·ª≈ß‡æ» ∑’Ë¡’πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«
Õ¬Ÿà„π™à«ß 1.0-1.5 °√—¡ ®”π«π 5,000 µ—« ¡“Õπÿ∫“≈„π
∂—ß‰ø‡∫Õ√å°≈¡¢π“¥§«“¡®ÿπÈ” 2 ≈∫.‡¡µ√ ‡ªìπ‡«≈“ 1

‡¥◊Õπ  ¥â«¬Õ“À“√‡¡Á¥ ”‡√Á®√Ÿª¬’ËÀâÕ‰Œ-‡°√¥ ‡∫Õ√å 9961

´÷Ëß‡ªìπÕ“À“√∑’Ë„™â„π°“√Õπÿ∫“≈≈Ÿ°ª≈“ ‚¥¬¡’§ÿ≥§à“∑“ß
‚¿™π“°“√§◊Õ §«“¡™◊Èπ 12%‚ª√µ’π 40% ‰¢¡—π 6%

·≈–‡¬◊ËÕ„¬ 5%  ‚¥¬„ÀâÕ“À“√«—π≈– 2 §√—Èß §◊Õ 9.00 π.
·≈– 16.00 π. π”≈Ÿ°ª≈“‰ªµ√«® Õ∫‡™◊ÈÕ·∫§∑’‡√’¬·≈–
ª√ ‘µ¿“¬πÕ° ‡¡◊ËÕ‰¡àæ∫‡™◊ÈÕ ®÷ßπ”‰ª„™â„π°“√∑¥≈Õß

3. °“√‡µ√’¬¡Õ“À“√∑¥≈Õß

«‘‡§√“–Àå§ÿ≥§à“∑“ß‚¿™π“°“√¢Õß«— ¥ÿÕ“À“√∑’Ëπ”
¡“„™â‡ªìπ à«πª√–°Õ∫¢ÕßÕ“À“√∑¥≈Õß ‰¥â·°à §«“¡™◊Èπ
‚ª√µ’π  ‰¢¡—π  ‡∂â“  ‡¬◊ËÕ„¬  øÕ øÕ√—   ·≈–·§≈‡´’¬¡
‚¥¬«‘∏’ AOAC (1990) (Table 1) ®“°π—Èπ®÷ß √â“ß Ÿµ√
Õ“À“√„Àâ¡’ —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™·µ°µà“ß°—π
5 √–¥—∫ §◊Õ 1:1, 1:2, 1:3, 1:4, ·≈– 1:5 ™—Ëß«—µ∂ÿ¥‘∫
Õ“À“√·µà≈–™π‘¥µ“¡ Ÿµ√∑’Ë§”π«≥‰«â (Table 2) π” à«π

º ¡∑—ÈßÀ¡¥¬°‡«âπ‡Õπ‰´¡å‰ø‡µ ¡“º ¡„Àâ‡¢â“°—π¥â«¬
‡§√◊ËÕßº ¡Õ“À“√  ‡¡◊ËÕ à«πª√–°Õ∫«— ¥ÿÕ“À“√‡¢â“°—π¥’
®÷ß‡µ‘¡πÈ”≈ß‰ª 30% ¢ÕßπÈ”Àπ—°Õ“À“√  ®“°π—Èπ®÷ßπ”
‰ª‡¢â“‡§√◊ËÕßÕ—¥‡¡Á¥Õ“À“√‚¥¬„™âÀπâ“·«àπ¢π“¥‡ âπºà“π
»Ÿπ¬å°≈“ß 2 ¡¡. ( ”À√—∫‡≈’È¬ßª≈“„π —ª¥“Àå∑’Ë 0-4) ·≈–
„™âÀπâ“·«àπ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 3 ¡¡. ( ”À√—∫‡≈’È¬ß
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Table 2. Composition of experimental diets(%)

        AP:PP
1

                    1:1 1:2                1:3                       1:4                    1:5

Phytase (Unit/kg diet) 0 1,000 0 1,000 0 1,000 0 1,000 0 1,000

Fishmeal 20 20 15 15 12 12 9 9 7.2 7.2
Soybean meal 30 30 35 35 40 40 45 45 50 50
Corn meal 12 12 10 10 12.5 12.5 10 10 13.8 13.8
Rice flour 18 18 15 15 10 10 10 10 7 7
Palm kernel cake 8 8 14 14 14.5 14.5 15 15 11 11
Vitamin mixtures2 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Mineral mixtures3 3 3 3 3 3 3 3 3 3 3
Choline chloride 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Cr

2
O

3
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Rice hull 7.5 7.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5
Phytase 0 0.020 0 0.020 0 0.020 0 0.020 0 0.020

  1AP: Animal protein, PP: Plant protein, NFE: Nitrogen free extract
  2Vitamin mixtures (per kg diet): Thiamine (B

1
) 10 mg; Riboflavin (B

2
) 20 mg; Pyridoxine (B

6
) 10 mg; Cabalamin (B

12
)

0.05 mg; Retinal (A) 4 mg; Cholecalciferol (D
3
) 0.4 mg; Phylloquinone (K

1
) 80 mg; Folic acid 5 mg; Calcium pantoth-

enate 40 mg; Inositol 400 mg; Niacin 150 mg; Tocopherol (E) 60 mg; Choline 6,000 mg; Ascorbic acid  (C) 500 mg;

Biotin 3 mg; Para-aminobenzoic acid 25 mg
  3Mineral mixtures (per kg diet): NaCl 0.25 g; MgSO

4
 3.75 g; KH

2
PO

4
 8 g; Ca(H

2
PO

4
) 5 g; FeSO

4
 0.72 g; (CH

3
COO)

2

Ca.5H
2
O 0.88 g;  ZnSO

4
.7H

2
O 0.088 g;  MnSO

4
.4H

2
O 0.040 g;  CuSO

4
.5H

2
O 0.008 g;  CoCl

2
.6H

2
O 0.00025 g; KIO

3
.

6H
2
O 0.00075 g

ª≈“„π —ª¥“Àå∑’Ë 5-10) ·∫àßÕ“À“√·µà≈– Ÿµ√‡ªìπ 2  à«π
 à«π∑’ËÀπ÷Ëß∑”°“√ ‡ª√¬åπÈ” ·≈– à«π∑’Ë Õß ‡ª√¬å‡Õπ‰´¡å
∑’Ë√–¥—∫ 1,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°. (™—Ëß‡Õπ‰´¡å‰ø‡µ 
0.20 °√—¡ ≈–≈“¬πÈ”°≈—Ëπª√“»®“°‰ÕÕÕπ ª√‘¡“≥ 40 ¡≈.)
(Table 2)  º÷ËßÕ“À“√„Àâ·Àâß  ·≈â«∫√√®ÿ„π∂ÿßæ≈“ µ‘°
‡°Á∫√—°…“‰«â„πµŸâ‡¬Áπ∑’ËÕÿ≥À¿Ÿ¡‘ 4oC π”Õ“À“√∑¥≈Õß‰ª
«‘‡§√“–Àå§ÿ≥§à“∑“ß‚¿™π“°“√ ‰¥â·°à ‚ª√µ’π ‰¢¡—π ‡¬◊ËÕ„¬
‡∂â“ øÕ øÕ√— ·≈–·§≈‡´’¬¡  ‚¥¬«‘∏’°“√¢Õß AOAC

(1990) (Table 3)

‡Õπ‰´¡å‰ø‡µ ∑’Ë„™â‡ªìπº≈‘µ¿—≥±å¢Õß∫√‘…—∑∫’‡Õ
‡Õ ‡Õø (BASF) ª√–‡∑»‡¬Õ√¡π’  ‚¥¬‡ªìπº≈º≈‘µ®“°
‡™◊ÈÕ√“ Aspergillus niger ¡’‰ø‡µ ·Õ§µ‘«‘µ’ 5,000 ‡Õø∑’
¬Ÿ/°√—¡ (‡Õø∑’¬Ÿ (FTU)) ‡ªìπÀπà«¬¢Õß‡Õπ‰´¡å‰ø‡µ  ‚¥¬
1 ‡Õø∑’¬Ÿ À¡“¬∂÷ß °“√ª≈¥ª≈àÕ¬À√◊Õ¬àÕ¬ 1 ‰¡‚§√‚¡≈
¢ÕßÕπ‘π∑√’¬åøÕ øÕ√— /π“∑’ ®“°‚´‡¥’¬¡‰ø‡µ∑ (sodium

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

and Hughes, 1995)

„π —ª¥“Àå∑’Ë 7 ¢Õß°“√∑¥≈Õß ®–‡µ‘¡‚§√¡‘§ÕÕ°‰´¥å

(Cr
2
O

3
) 0.5 % ¢ÕßπÈ”Àπ—°Õ“À“√≈ß„πÕ“À“√∑¥≈Õß ‡æ◊ËÕ

‡ªìπµ—«∫àß™’È„π°“√»÷°…“ª√– ‘∑∏‘¿“æ°“√¬àÕ¬Õ“À“√ ‚¥¬
∑”°“√‡®◊Õ®“ß‚§√¡‘§ÕÕ°‰´¥å 98% ¥â«¬·°≈∫ªÉπ„Àâ‰¥â
§«“¡‡¢â¡¢âπ 50% (‚§√¡‘§ÕÕ°‰´¥å 51 °√—¡/·°≈∫ 49 °√—¡)
‡µ‘¡‚§√¡‘§ÕÕ°‰´¥å∑’Ë‡®◊Õ®“ß·≈â«„πÕ“À“√ Ÿµ√≈– 1% ¢Õß
πÈ”Àπ—°Õ“À“√ ·≈–≈¥ª√‘¡“≥·°≈∫ªÉπ„πÕ“À“√

4. ·ºπ°“√∑¥≈Õß

«“ß·ºπ°“√∑¥≈Õß·∫∫‡ø°‡µÕ√å‡√’¬≈ (Factorial de-

sign) ‡ªìπ·∫∫ 5x2 ‚¥¬»÷°…“ 2 ªí®®—¬ (Factor) §◊Õ ªí®®—¬
∑’Ë 1 ∑”°“√»÷°…“ —¥ à«π¢Õß‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™ 5

√–¥—∫ §◊Õ 1:1, 1:2, 1:3, 1:4 ·≈– 1:5 ‚¥¬¡’ª≈“ªÉπ‡ªìπ
·À≈àß‚ª√µ’π®“° —µ«å  ·≈–„™â°“°∂—Ë«‡À≈◊Õß  ¢â“«‚æ¥  °“°
‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡ ·≈–·ªÑß¢â“«‡®â“ ‡ªìπ·À≈àß‚ª√µ’π®“°æ◊™
ªí®®—¬∑’Ë 2 §◊Õ °“√‡ √‘¡·≈–‰¡à‡ √‘¡‡Õπ‰´¡å‰ø‡µ  „πÕ“À“√
‚¥¬∑”°“√·∫àßÕ“À“√∑’Ë¡’ —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™
 Ÿµ√‡¥’¬«°—π‡ªìπ 2  à«π  à«πÀπ÷Ëß®–‰¡à‡ √‘¡‡Õπ‰´¡å‰ø‡µ 
·≈–Õ’° à«π‡ √‘¡‡Õπ‰´¡å‰ø‡µ ∑’Ë√–¥—∫ 1,000 ¬Ÿπ‘µ/Õ“À“√
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1 °°.  „™â‡«≈“∑¥≈Õß 10  —ª¥“Àå °“√∑¥≈Õßπ’Èª√–°Õ∫
¥â«¬ 10 ™ÿ¥°“√∑¥≈Õß  ·µà≈–™ÿ¥°“√∑¥≈Õß ª√–°Õ∫¥â«¬
3 ´È” „™â≈Ÿ°ª≈“π‘≈·¥ß·ª≈ß‡æ»„ àµŸâ≈– 20 µ—« ‚¥¬ ÿà¡
ª≈“∑’Ë¡’πÈ”Àπ—°‡©≈’Ë¬ 4.5 °√—¡/µ—« ª≈àÕ¬ª≈“„πµŸâ∑¥≈ÕßµŸâ
≈– 20 µ—«  „ÀâÕ“À“√«—π≈– 2 §√—Èß  §◊Õ™à«ß‡™â“ 9.00 π.
·≈–™à«ß‡¬Áπ‡«≈“ 16.00 π. ‚¥¬„Àâª≈“°‘π®πÕ‘Ë¡ ∫—π∑÷°
πÈ”Àπ—°Õ“À“√∑’Ë„Àâ∑ÿ° —ª¥“Àåµ≈Õ¥°“√∑¥≈Õß  °àÕπ„Àâ
Õ“À“√™à«ß‡¬Áπ¥Ÿ¥µ–°Õπ∑”§«“¡ –Õ“¥µŸâª≈“‚¥¬„™â«‘∏’
°“≈—°πÈ”·≈â«‡µ‘¡πÈ”„À¡à µ√«® Õ∫§ÿ≥¿“æπÈ”®“°∫àÕæ—°πÈ”
∫àÕ∫”∫—¥  ·≈–µŸâ∑¥≈Õß‚¥¬ ÿà¡™ÿ¥°“√∑¥≈Õß≈– 2 µŸâ ∑ÿ°Ê
2  —ª¥“Àåµ≈Õ¥°“√∑¥≈Õß µ“¡«‘∏’¢Õß Boyd ·≈– Tucker

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

5. °“√‡°Á∫√«∫√«¡¢âÕ¡Ÿ≈·≈–«‘‡§√“–Àå¢âÕ¡Ÿ≈

5.1 °“√µ√«® Õ∫æƒµ‘°√√¡·≈–≈—°…≥–¿“¬πÕ°

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

5.2 °“√µ√«® Õ∫°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“

™—ËßπÈ”Àπ—°ª≈“∑ÿ° 2  —ª¥“Àå ‚¥¬°“√™—ËßπÈ”Àπ—°√«¡
¢Õßª≈“·µà≈–´È”¥â«¬‡§√◊ËÕß™—Ëß‰øøÑ“∑»π‘¬¡ 2 µ”·Àπàß
(„π«—π∑’Ë™—ËßπÈ”Àπ—°ß¥„ÀâÕ“À“√‡ªìπ‡«≈“ 1 «—π)  π—∫®”π«π
ª≈“∑’Ë‡À≈◊ÕÕ¬Ÿà ®π ‘Èπ ÿ¥°“√∑¥≈Õß π”¢âÕ¡Ÿ≈∑’Ë‰¥â¡“§”π«≥
‡ªÕ√å‡´Áπµå°“√√Õ¥µ“¬ (Nankervis et al., 2000) °“√
‡®√‘≠‡µ‘∫‚µ¢Õßª≈“ (Jantrarotai et al., 1994)  Õ—µ√“
°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ (feed conversion ratio, FCR)

(Dupree and sneed, 1996) Õ—µ√“°“√°‘πÕ“À“√ (Yone

and Fujii, 1975)

5.3 °“√§”π«≥§à“¥—™π’µ—∫µàÕµ—«

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

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

 ÿà¡µ—«Õ¬à“ßª≈“°àÕπ‡√‘Ë¡°“√∑¥≈Õß®”π«π 30 µ—«
π”‰ª«‘‡§√“–Àå§«“¡™◊Èπ·≈–Õß§åª√–°Õ∫∑“ß‡§¡’¢Õßµ—«ª≈“
‰¥â·°à ª√‘¡“≥‚ª√µ’π ‰¢¡—π ‡∂â“ øÕ øÕ√— ·≈–·§≈‡´’¬¡
µ“¡«‘∏’°“√¢Õß AOAC (1990) ·≈–«‘‡§√“–ÀåÕß§åª√–°Õ∫
∑“ß‡§¡’¢Õßµ—«ª≈“‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß  ‚¥¬ ÿà¡µ—«Õ¬à“ß
ª≈“®“°·µà≈–µŸâ∑¥≈ÕßÊ ≈– 2 µ—«  ·≈–π”º≈«‘‡§√“–Àå‰ª
§”π«≥ª√– ‘∑∏‘¿“æ‚ª√µ’π (protein efficiency ratio,

PER) (Zeitoun et al., 1973) ·≈–°“√„™âª√–‚¬™πå®“°
‚ª√µ’π ÿ∑∏‘ (apparent net protein utilization, ANPU)

(Robinson and Wilson, 1985)

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

‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß ÿà¡ª≈“µŸâ≈– 5 µ—« ·≈à‡Õ“‡©æ“–
°√–¥Ÿ°∫√‘‡«≥°–‚À≈° °√–¥Ÿ° —πÀ≈—ß ·≈–À“ß ‰ªºà“π
°√–∫«π°“√∑”„Àâ·Àâß‚¥¬ Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ 60oC π“π 48

™—Ë«‚¡ß  π”µ—«Õ¬à“ßπ—Èπ‰ª«‘‡§√“–Àåª√‘¡“≥øÕ øÕ√— ·≈–
·§≈‡´’¬¡ µ“¡«‘∏’°“√¢Õß AOAC (1990)

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

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

(H&E) (Bancroft, 1967) ®“°π—Èππ”‡π◊ÈÕ‡¬◊ËÕ‰ª»÷°…“
¥â«¬°≈âÕß®ÿ≈∑√√»πå·∫∫‡≈π åª√–°Õ∫¢Õß Olympus √ÿàπ
C-35 AD

5.7 °“√»÷°…“Õß§åª√–°Õ∫‡≈◊Õ¥

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

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

1. Œ’‚¡‚°≈∫‘π (hemoglobin) ‚¥¬„™â«‘∏’ Cyanmet-

haemoglobin ¢Õß Larsen ·≈– Snieszko (1961)

2. Œ’¡“‚µ§√‘µ (hematocrit) ‚¥¬«‘∏’¥—¥·ª≈ß®“°
Blaxhall ·≈– Daisley (1973)

3. ‚ª√µ’π„πæ≈“ ¡“ (plasma protein) ‚¥¬«‘∏’

¥—¥·ª≈ß®“° Lowry ·≈–§≥– (1951)

4. ‡¡Á¥‡≈◊Õ¥·¥ß·≈–‡¡Á¥‡≈◊Õ¥¢“« ‚¥¬«‘∏’¥—¥·ª≈ß
®“° Blaxhall ·≈– Daisley (1973)

5.8 °“√»÷°…“ª√‘¡“≥·§≈‡ ’́¬¡·≈–øÕ øÕ√— „π ’́√—¡

‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß ÿà¡ª≈“µŸâ≈– 2 µ—« ‡®“–‡≈◊Õ¥
®“°∫√‘‡«≥‚§πÀ“ßª√–¡“≥ 3 ¡≈. „ àÀ≈Õ¥ eppendorf

∑‘Èß‰«â 30 π“∑’ π”‰ªÀ¡ÿπ‡À«’Ë¬ß∑’Ë 3,000 √Õ∫ ‡ªìπ‡«≈“
5 π“∑’ ·≈â«π”‰ª«‘‡§√“–Àåª√‘¡“≥øÕ øÕ√— ¥â«¬«‘∏’
molybdate UV ·≈–«‘‡§√“–Àå·§≈‡´’¬¡¥â«¬«‘∏’ o-cresolph-

thalein  complexone µ“¡«‘∏’¢Õß AOAC (1990)

6. °“√«‘‡§√“–Àå¢âÕ¡Ÿ≈

°“√∑¥≈Õß∑’Ë 2  «‘‡§√“–Àå¢âÕ¡Ÿ≈·∫∫ Factorial

(5 x 2) ·≈–‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß¢Õß§à“‡©≈’Ë¬¥â«¬«‘∏’
Duncan’s Multiple Rage Test (Duncan, 1995)

º≈°“√∑¥≈Õß

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

ª≈“π‘≈·¥ß·ª≈ß‡æ»∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√µà“ßÊ

®“°°“√ —ß‡°µ§«“¡º‘¥ª°µ‘·≈–æƒµ‘°√√¡¢Õß
ª≈“π‘≈·¥ß·ª≈ß‡æ» √–À«à“ß°“√∑¥≈Õß æ∫«à“ ª≈“‰¡à¡’
§«“¡º‘¥ª°µ‘¢Õß√Ÿª√à“ß≈—°…≥–¿“¬πÕ°  ª≈“¡’ ÿ¢¿“æ
·¢Áß·√ß ¬Õ¡√—∫Õ“À“√∑¥≈Õß¥’∑ÿ° Ÿµ√ ·≈–¡’æƒµ‘°√√¡
ª°µ‘µ≈Õ¥°“√∑¥≈Õß

2. °“√‡®√‘≠‡µ‘∫‚µ·≈–Õ—µ√“√Õ¥

2.1 πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«

‡¡◊ËÕ‡√‘Ë¡µâπ∑¥≈ÕßπÈ”Àπ—°‡©≈’Ë¬¢Õßª≈“·µà≈–µŸâ‰¡à¡’
§«“¡·µ°µà“ß°—π‚¥¬πÈ”Àπ—°‡©≈’Ë¬ ¢Õßª≈“µàÕµ—«Õ¬Ÿà„π™à«ß
4.85 ± 0.08 - 4.90 ± 0.06 °√—¡ πÈ”Àπ—°¢Õßª≈“‡æ‘Ë¡¢÷Èπ
µ“¡√–¬–‡«≈“∑’Ë‡≈’È¬ß  ‚¥¬æ∫«à“ µ≈Õ¥‡«≈“∑¥≈Õß 10

 —ª¥“Àå  §à“πÈ”Àπ—°‡©≈’Ë¬¢Õßª≈“π‘≈·¥ß·ª≈ß‡æ»‰¡à¡’
ªØ‘ —¡æ—π∏å°—π  √–À«à“ß —¥ à«π¢Õß‚ª√µ’π —µ«åµàÕ‚ª√µ’π
æ◊™·≈–°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ „πÕ“À“√∑¥≈Õß ·µàªí®®—¬
·µà≈–µ—« àßº≈µàÕπÈ”Àπ—°‡©≈’Ë¬¢Õßª≈“ ‚¥¬ —¥ à«π¢Õß
‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™„πÕ“À“√‡√‘Ë¡ àßº≈µàÕ°“√‡®√‘≠
‡µ‘∫‚µ¢Õßª≈“µ—Èß·µà —ª¥“Àå∑’Ë 2 ¢Õß°“√∑¥≈Õß  ‚¥¬æ∫
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º≈¢Õß‡Õπ‰´¡å‰ø‡µ µàÕ°“√‡æ‘Ë¡°“√„™âøÕ øÕ√— 

«ÿ≤‘æ√ æ√À¡¢ÿπ∑Õß ·≈– Õ—®©√‘¬“ ¡Ÿ ‚°¿“»

«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 1, 2  (AP:PP ‡∑à“°—∫ 1:1)
 Ÿµ√∑’Ë 3, 4 (AP:PP ‡∑à“°—∫ 1:2) ·≈– Ÿµ√∑’Ë 5, 6 (AP:PP

‡∑à“°—∫ 1:3) ·≈– Ÿµ√∑’Ë 7, 8  (AP:PP ‡∑à“°—∫ 1:4) ·≈–¡’
πÈ”Àπ—°‡©≈’Ë¬µàÕµ—« Ÿß°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 9, 10

(AP:PP ‡∑à“°—∫ 1:5) Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (P<0.05)

(Table 4)  à«πº≈¢Õß°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ ‡√‘Ë¡¡’§«“¡
·µ°µà“ß°—π∑“ß ∂‘µ‘√–À«à“ß™ÿ¥°“√∑¥≈Õß (p<0.05) µ—Èß·µà
 —ª¥“Àå∑’Ë 4 ¢Õß°“√∑¥≈Õß ‚¥¬æ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√
‡ √‘¡‡Õπ‰´¡å‰ø‡µ ∑’Ë√–¥—∫ 1,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°. ¡’
°“√‡®√‘≠‡µ‘∫‚µ Ÿß°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√‰¡à‡ √‘¡‡Õπ‰´¡å
µ—Èß·µà —ª¥“Àå∑’Ë 4 µ≈Õ¥®π ‘Èπ ÿ¥°“√∑¥≈Õß (Table 4)

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

Õ—µ√“°“√°‘πÕ“À“√ ·≈–Õ—µ√“°“√√Õ¥µ“¬

§à“πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–
Õ—µ√“°“√°‘πÕ“À“√ ·≈–Õ—µ√“°“√√Õ¥µ“¬¢Õßª≈“π‘≈·¥ß
·ª≈ß‡æ»· ¥ß‰«â„π Table 5 ‚¥¬æ∫«à“§à“¥—ß°≈à“«¢Õß
ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ —¥ à«π¢Õß‚ª√µ’π —µ«å·≈–‚ª√µ’π
æ◊™µà“ß°—π    ·≈–°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ „πÕ“À“√‰¡à¡’
ªØ‘ —¡æ—π∏å°—π·µàªí®®—¬·µà≈–µ—« àßº≈µàÕ§à“¥—ß°≈à“«‡À≈à“π’È
‚¥¬¡’√“¬≈–‡Õ’¬¥¥—ßπ’È

πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ·≈–Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–
¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√∑—Èß 10  Ÿµ√  ¡’§«“¡·µ°µà“ß°—π
√–À«à“ß™ÿ¥°“√∑¥≈Õß (p<0.05) ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë
¡’ —¥ à«π¢Õß‚ª√µ’π —µ«å·≈–‚ª√µ’πæ◊™ 1:1,  1:2 ·≈– 1:3

¡’§à“¥—ß°≈à“«‡æ‘Ë¡¢÷Èπ Ÿß∑’Ë ÿ¥ √Õß≈ß¡“§◊Õ ª≈“∑’Ë‰¥â√—∫Õ“À“√
∑’Ë¡’ —¥ à«π¢Õß‚ª√µ’π —µ«å·≈–‚ª√µ’πæ◊™ 1:4 ·≈– 1:5

µ“¡≈”¥—∫ ·≈–°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ ∑’Ë√–¥—∫ 1,000 ¬Ÿπ‘µ/
Õ“À“√ 1 °°. ¡’º≈∑”„ÀâπÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ¢Õßª≈“π‘≈·¥ß
·ª≈ß‡æ» Ÿß°«à“°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√‰¡à‡ √‘¡‡Õπ‰´¡åÕ¬à“ß¡’
π—¬ ”§—≠ (p<0.05) (Table 5)

Õ—µ√“°“√°‘πÕ“À“√¢Õßª≈“π‘≈·¥ß·ª≈ß‡æ»∑’Ë‰¥â
√—∫Õ“À“√∑—Èß 10  Ÿµ√    ª√“°Ø«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’
 —¥ à«π¢Õß‚ª√µ’π —µ«å·≈–‚ª√µ’πæ◊™ 1:1, 1:4 ·≈– 1:5

¡’Õ—µ√“°“√°‘πÕ“À“√ Ÿß∑’Ë ÿ¥  √Õß≈ß¡“§◊Õ ª≈“∑’Ë‰¥â√—∫
Õ“À“√∑’Ë¡’ —¥ à«π¢Õß‚ª√µ’π —µ«å·≈–‚ª√µ’πæ◊™ 1:3 ·≈–
1:2 µ“¡≈”¥—∫ ·≈–ª≈“π‘≈·¥ß·ª≈ß‡æ»∑’Ë‰¥â√—∫Õ“À“√
‡ √‘¡‡Õπ‰´¡å‰ø‡µ ®–¡’Õ—µ√“°“√°‘πÕ“À“√µË”°«à“ª≈“∑’Ë‰¥â
Õ“À“√‰¡à‡ √‘¡‡Õπ‰´¡å (p<0.05) (Table 5)

Õ—µ√“°“√√Õ¥µ“¬¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√∑—Èß 10  Ÿµ√
‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘ (p>0.05) ‚¥¬¡’§à“Õ¬Ÿà„π™à«ß
96.67 ± 2.89 - 100% (Table 5)

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

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

(ANPU)

Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ ª√– ‘∑∏‘¿“æ‚ª√µ’π
·≈–°“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘¢Õßª≈“π‘≈·¥ß·ª≈ß
‡æ»∑’Ë‰¥â√—∫Õ“À“√∑—Èß 10  Ÿµ√ · ¥ß„π Table 6 ‚¥¬æ∫
«à“Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ ·≈–ª√– ‘∑∏‘¿“æ‚ª√µ’π
¢Õßª≈“∑¥≈Õß‰¡à¡’ªØ‘ —¡æ—π∏å√–À«à“ß —¥ à«π‚ª√µ’π —µ«å
µàÕ‚ª√µ’πæ◊™∑’Ëµà“ß°—π °—∫°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ „πÕ“À“√
‚¥¬¡’√“¬≈–‡Õ’¬¥¥—ßπ’È

Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ¡’§«“¡·µ°µà“ß°—π
√–À«à“ß™ÿ¥°“√∑¥≈Õß (p<0.05) ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë
 —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™ 1:1, 1:2 ·≈– 1:3 ¡’§à“
Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ¥’°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë
¡’ —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™ 1:4 ·≈– 1:5 µ“¡≈”¥—∫
 à«π°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ    æ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡
‡Õπ‰´¡å‰ø‡µ ∑’Ë√–¥—∫ 1,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°. ¡’Õ—µ√“
°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ¥’°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√‰¡à‡ √‘¡
‡Õπ‰´¡å (Table 6)

ª√– ‘∑∏‘¿“æ‚ª√µ’π¢Õßª≈“∑¥≈Õß∑’Ë‰¥â√—∫Õ“À“√
∑—Èß 10  Ÿµ√  ¡’§«“¡·µ°µà“ß°—π√–À«à“ß™ÿ¥°“√∑¥≈Õß
(p<0.05) ‚¥¬ª≈“∑’Ë¡’ª√– ‘∑∏‘¿“æ‚ª√µ’π¥’∑’Ë ÿ¥§◊Õ °≈ÿà¡
∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™ 1:2  √Õß
≈ß¡“§◊Õ 1:3,  1:4,  1:1  ·≈–  1:5  µ“¡≈”¥—∫  (Table

6) ·≈–æ∫«à“ª√– ‘∑∏‘¿“æ‚ª√µ’π¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√
‡ √‘¡‡Õπ‰´¡å‰ø‡µ ¥’°«à“°“√‰¡à‡ √‘¡‡Õπ‰´¡å (p<0.05)

(Table 6)

°“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘¢Õßª≈“π‘≈·¥ß
·ª≈ß‡æ»∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’π
æ◊™µà“ß°—π¡’ªØ‘ —¡æ—π∏å°—∫°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ „πÕ“À“√
‚¥¬æ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 1 (AP:PP ‡∑à“°—∫ 1:1

·≈–‰¡à‡ √‘¡‡Õπ‰´¡å‰ø‡µ ) ·≈– 6 (AP:PP ‡∑à“°—∫ 1:3

·≈–‡ √‘¡‡Õπ‰´¡å‰ø‡µ )  ¡’°“√„™âª√–‚¬™πå®“°‚ª√µ’π
 ÿ∑∏‘ Ÿß∑’Ë ÿ¥ ·≈–ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ —¥ à«π‚ª√µ’π®“°
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Table 5. weight gain, specific growth rate, rate of feed intake and survival of  tilapia fed 10 experimental

diets for 10 weeks1

               Phytase          Weight gain       Specific growth rate  Rate of feed intake    Survival

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

1 1:1 0 1,785.66+133.57cx 4.13+0.10cx 3.45+0.15bx 100.00+0.00a

2 1:1 1,000 1,824.61+136.88cy 4.16+0.10cy 3.23+0.16by 100.00+0.00a

3 1:2 0 1,803.38+ 82.43cx 4.15+0.06cx 3.16+0.07ax 100.00+0.00a

4 1:2 1,000 1,928.12+108.69cy 4.24+0.08cy 3.18+0.14ay 96.67+2.89a

5 1:3 0 1,786.47+147.00cx 4.13+0.11cx 3.29+0.12abx 100.00+0.00a

6 1:3 1,000 1,870.51+ 82.05cy 4.20+0.06cy 3.18+0.06aby 100.00+0.00a

7 1:4 0 1,458.23+156.77bx 3.86+0.14bx 3.45+0.14bx 98.33+2.89a

8 1:4 1,000 1,629.24+ 98.60by 4.01+0.08by 3.21+0.09by 98.33+2.89a

9 1:5 0 1,250.61+ 99.00ax 3.66+0.11ax 3.37+0.06bx 96.67+5.77a

10 1:5 1,000 1,362.16+148.89ay 3.77+0.14ay 3.39+0.08by 98.33+2.89a

                 AP:PP < 0.05 < 0.05 < 0.05 NS
                  Phytase < 0.05 < 0.05 < 0.05 NS
                   AP:PPXPhytase   NS   NS NS NS

Mean ± standard deviation of three replications.

Mean within each column not sharing a common superscript are significantly different (p0.05)

a, b, c → AP : PP ;      x, y → Phytase

Treatment   AP:PP

Table 6. FCR, PER, ANPU of tilapia fed 10 experimental diets for 10 weeks1

Treatment     AP:PP                     FCR          PER

1 1:1 0 1.34+0.06abx 2.39+0.11bx 41.23+1.91f

2 1:1 1,000 1.25+0.06aby 2.55+0.13by 36.50+1.89de

3 1:2 0 1.23+0.04ax 2.69+0.08dx 36.41+1.05de

4 1:2 1,000 1.25+0.04ay 2.63+0.09dy 37.48+1.32e

5 1:3 0 1.28+0.05ax 2.56+0.10cdx 35.11+1.44cde

6 1:3 1,000 1.23+0.02ay 2.69+0.04cdy 40.27+0.62f

7 1:4 0 1.39+0.09bcx 2.39+0.16bcx 32.85+2.15bc

8 1:4 1,000 1.27+0.03bcy 2.62+0.07bcy 33.85+0.92bcd

9 1:5 0 1.40+0.04cx 2.30+0.07ax 29.49+0.86a

10 1:5 1,000 1.38+0.07cy 2.34+0.11ay 31.70+1.46ab

                AP:PP < 0.05 < 0.05 < 0.05
                Phytase < 0.05 < 0.05 NS

                     AP:PP X Phytase    NS     NS < 0.05

1Mean±standard deviation of three replications.

Mean within each column not sharing a common superscript are significantly different (p0.05)

a, b, c → AP : PP ;      x, y → Phytase

Phytase

(Unit/kg diet)

ANPU

(%)
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æ◊™ Ÿß¢÷Èπ∑”„Àâ§à“°“√„™âª√–‚¬™πå®“°‚ª√µ’πµË” (Table 6)

4. ª√– ‘∑∏‘¿“æ°“√¬àÕ¬Õ“À“√¢Õßª≈“π‘≈·¥ß·ª≈ß‡æ»

®“°°“√«‘‡§√“–Àåª√– ‘∑∏‘¿“æ°“√¬àÕ¬«—µ∂ÿ·Àâß
‚ª√µ’π  ·≈–øÕ øÕ√— ¢Õßª≈“π‘≈·¥ß·ª≈ß‡æ»∑’Ë‰¥â√—∫
Õ“À“√∑¥≈Õß∑—Èß 10  Ÿµ√  æ∫«à“‰¡à¡’ªØ‘ —¡æ—π∏å√–À«à“ß
 —¥ à«π¢Õß‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™ °—∫°“√‡ √‘¡‡Õπ‰´¡å
¥—ß· ¥ß„π Table 7

ª√– ‘∑∏‘¿“æ°“√¬àÕ¬«—µ∂ÿ·Àâß æ∫«à“¡’§«“¡·µ°µà“ß
∑“ß ∂‘µ‘Õ¬à“ß¡’π—¬ ”§—≠ (p<0.05) ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√
∑’Ë¡’ —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™ 1:4 ¡’ª√– ‘∑∏‘¿“æ°“√
¬àÕ¬«—µ∂ÿ·Àâß¥’∑’Ë ÿ¥ ·≈–°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ ‰¡à¡’º≈µàÕ
ª√– ‘∑∏‘¿“æ°“√¬àÕ¬«—µ∂ÿ·Àâß¢Õßª≈“∑¥≈Õß (p>0.05)

Table 7

ª√– ‘∑∏‘¿“æ°“√¬àÕ¬‚ª√µ’π æ∫«à“¡’§«“¡·µ°µà“ß
∑“ß ∂‘µ‘Õ¬à“ß¡’π—¬ ”§—≠ (p<0.05) ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√
∑’Ë¡’ —¥ à«π¢Õß‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™ 1:4 ¡’ª√– ‘∑∏‘¿“æ
°“√¬àÕ¬‚ª√µ’π„πÕ“À“√¥’∑’Ë ÿ¥  √Õß≈ß¡“§◊Õ 1:5 ·≈–
ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™  1:1,

1:2 ·≈– 1:3 ¡’ª√– ‘∑∏‘¿“æ°“√¬àÕ¬‚ª√µ’π‰¡à·µ°µà“ß°—π
(p>0.05) (Table 7)  ·≈–ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“√‡ √‘¡
‡Õπ‰´¡å‰ø‡µ ∑”„Àâª√– ‘∑∏‘¿“æ°“√¬àÕ¬‚ª√µ’π¥’°«à“ª≈“
∑’Ë¡’‰¥âÕ“À“√‰¡à‡ √‘¡‡Õπ‰´¡å (Table 7)

ª√– ‘∑∏‘¿“æ°“√¬àÕ¬‰¢¡—π¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√
∑’Ë¡’ —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™µà“ß°—π¡’ªØ‘ —¡æ—π∏å
°—∫°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ „πÕ“À“√  ‚¥¬æ∫«à“ª≈“∑’Ë‰¥â
√—∫Õ“À“√∑’Ë¡’ —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™ 1:3 ¡’§à“ Ÿß
∑’Ë ÿ¥‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ Ÿµ√Õ◊ËπÊ (p<0.05) ∑—Èßª≈“°≈ÿà¡∑’Ë
‰¥â√—∫Õ“À“√‡ √‘¡·≈–‰¡à‡ √‘¡‡Õπ‰´¡å‰ø‡µ  (Table 7)

ª√– ‘∑∏‘¿“æ°“√¬àÕ¬øÕ øÕ√— „πÕ“À“√æ∫«à“
¡’§«“¡·µ°µà“ß∑“ß ∂‘µ‘Õ¬à“ß¡’π—¬ ”§—≠ (p<0.05) ‚¥¬
æ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™
1:4   ·≈–  1:5  ¡’ª√– ‘∑∏‘¿“æ°“√¬àÕ¬øÕ øÕ√— ‰¡à
·µ°µà“ß°—π√–À«à“ß ™ÿ¥°“√∑¥≈Õß ·≈–¡’ª√– ‘∑∏‘¿“æ°“√
¬àÕ¬ Ÿß°«à“ ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ —¥ à«π‚ª√µ’π —µ«åµàÕ
‚ª√µ’πæ◊™ 1:1, 1:2 ·≈– 1:3 (p<0.05) ‚¥¬°≈ÿà¡∑’Ë‰¥â√—∫
°“√‡ √‘¡‡Õπ‰´¡å ‰ø‡µ ¡’ª√– ‘∑∏‘¿“æ°“√¬àÕ¬øÕ øÕ√— 
¥’°«à“ (Table 7)

5.  à«πª√–°Õ∫∑“ß‚¿™π“°“√¢Õßª≈“∑—Èßµ—«

º≈°“√«‘‡§√“–Àå à«πª√–°Õ∫∑“ß‚¿™π“°“√¢Õß
ª≈“∑—Èßµ—«∑’Ë‰¥â√—∫Õ“À“√∑—Èß 10  Ÿµ√ · ¥ß‰«â„π Table 8

§à“§«“¡™◊Èπ  ·≈–øÕ øÕ√— ¢Õßª≈“‰¡à¡’ªØ‘ —¡æ—π∏å°—π
√–À«à“ß —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™∑’Ëµà“ß°—π °—∫°“√
‡ √‘¡‡Õπ‰´¡å‰ø‡µ „πÕ“À“√ æ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’
 —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™ 1:1 ¡’§à“§«“¡™◊Èπ ·≈–
øÕ øÕ√— µË”∑’Ë ÿ¥·≈–·µ°µà“ß®“° Ÿµ√Õ◊ËπÊ Õ¬à“ß¡’π—¬ ”§—≠
∑“ß ∂‘µ‘ (Table 8)

 à«π§à“‚ª√µ’π ‰¢¡—π ‡∂â“ ·≈–·§≈‡´’¬¡¢Õßª≈“
∑—Èßµ—«  æ∫«à“ ªí®®—¬∑—Èß 2 §◊Õ  —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’π
æ◊™°—∫°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ „πÕ“À“√¡’ªØ‘ —¡æ—π∏å°—π
·≈–¡’§«“¡·µ°µà“ß°—π√–À«à“ß™ÿ¥°“√∑¥≈Õß (p<0.05)

æ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√„π Ÿµ√∑’Ë 6 (AP:PP ‡∑à“°—∫ 1:3

·≈–‡ √‘¡‡Õπ‰´¡å) ¡’‚ª√µ’π„π√à“ß°“¬ Ÿß∑’Ë ÿ¥  ·≈–·µ°µà“ß
®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√Õ◊ËπÊ  (P<0.05)  (Table 8)

 ”À√—∫§à“‰¢¡—πæ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√„π Ÿµ√∑’Ë 2   (AP:PP

‡∑à“°—∫ 1:1 ·≈–‡ √‘¡‡Õπ‰´¡å) ¡’§à“‰¢¡—π„πª≈“∑—Èßµ—« Ÿß
∑’Ë ÿ¥ (Table 8)  ”À√—∫°“√ – ¡‡∂â“¢Õßª≈“æ∫«à“ª≈“∑’Ë
‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 3  (AP:PP  ‡∑à“°—∫ 1:2 ·≈–‰¡à‡ √‘¡
‡Õπ‰´¡å) ¡’§à“ Ÿß∑’Ë ÿ¥ ·≈–·µ°µà“ß®“° Ÿµ√Õ◊ËπÊ (p<0.05)

(Table 8) °“√ – ¡·§≈‡´’¬¡¢Õßª≈“æ∫«à“ ª≈“∑’Ë‰¥â√—∫
Õ“À“√ Ÿµ√∑’Ë 6 ·≈– 8 ¡’§à“·§≈‡ ’́¬¡ Ÿß∑’Ë ÿ¥ ́ ÷Ëß‰¡à·µ°µà“ß
°—π√–À«à“ß™ÿ¥∑¥≈Õß (p>0.05) ·µàµà“ß°—∫ Ÿµ√Õ◊ËπÊ Õ¬à“ß
¡’π—¬ ”§—≠ (p<0.05) (Table 8)

6. Õß§åª√–°Õ∫‡≈◊Õ¥·≈–¥—™π’µ—∫µàÕµ—«

º≈«‘‡§√“–Àå§à“Õß§åª√–°Õ∫‡≈◊Õ¥¢Õßª≈“π‘≈·¥ß
·ª≈ß‡æ»∑’Ë‰¥â√—∫Õ“À“√µà“ßÊ °—π∑—Èß 10  Ÿµ√  · ¥ß„π
Table 9  æ∫«à“  §à“Œ’¡“‚µ§√‘µ  Œ’‚¡‚°≈∫‘π  ª√‘¡“≥
‡¡Á¥‡≈◊Õ¥¢“«  ·≈–‡¡Á¥‡≈◊Õ¥·¥ß  ‰¡à¡’§«“¡·µ°µà“ß°—π
√–À«à“ß™ÿ¥°“√ ∑¥≈Õß (p>0.05)

 ”À√—∫§à“‚ª√µ’π„πæ≈“ ¡“¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√
∑’Ë¡’ —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™µà“ß°—π ‰¡à¡’ªÆ‘ —¡æ—π∏å
°—∫°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ  ‚¥¬æ∫«à“ ª≈“∑’Ë‰¥â√—∫Õ“À“√
 Ÿµ√∑’Ë 1 ∂÷ß 8 (AP:PP ‡∑à“°—∫ 1:1, 1:2, 1:3 ·≈– 1:4)

‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘√–À«à“ß™ÿ¥°“√∑¥≈Õß (p>

0.05) (Table 9) ·≈–¡’§à“ Ÿß°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë
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Table 7. Digestibility coefficient of nutrients from experimental diets for tilapia1

                     Digestibility coefficient (%)

                                   Dry matter          Protein                 Fat              Phosphorus

1 1:1 0 57.26±0.54bc 87.22±0.75ax 77.37±1.88bc 36.99+5.32ax

2 1:1 1,000 53.96±2.95bc 87.34±0.22ay 72.25±1.94a 35.97+4.56ay

3 1:2 0 53.43±1.29b 86.29±0.40ax 79.26±1.10cd 40.53+2.19ax

4 1:2 1,000 54.78±4.23b 87.40±0.35ay 77.11±0.53bc 41.09+5.23ay

5 1:3 0 48.93±1.89a 87.07±0.59ax 81.10±0.47d 38.00+5.93ax

6 1:3 1,000 51.34±1.11a 87.54±0.41ay 80.73±0.91d 42.31+2.71ay

7 1:4 0 57.13±0.53c 89.31±0.25cx 77.35±0.89bc 49.53+2.58bx

8 1:4 1,000 56.70±1.20c 89.10±0.47cy 76.02±1.69b 56.47+1.78by

9 1:5 0 47.19±2.07a 88.04±0.13bx 76.36±0.46b 46.27+3.55bx

10 1:5 1,000 50.90±1.70a 88.22±0.2by 77.10±2.16bc 52.26+1.00by

               AP:PP < 0.05 < 0.05 < 0.05 < 0.05
                Phytase NS < 0.05 < 0.05 < 0.05

                      AP:PPXPhytase NS NS < 0.05 NS

1Mean±standard deviation of three replications.

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

a, b, c → AP : PP ;      x, y → Phytase

Phytase

(Unit/kg diet)
Treatment      AP:PP

Table 8. Whole body composition of tilapia fed 10 experimental diets for 10 weeks1

                           Phytase

                        (Unit/kg diet)

I0 76.44+0.43   58.13+0.30  20.87+0.36 18.89+0.03 2.99+0.09 5.11+0.15
1 1:1 0 71.72+2.29a   60.40+0.32e  23.29+0.22c 11.71+0.12a 2.03+0.06a 2.79+0.25a

2 1:1 1,000 75.09+0.66a    57.27+0.31b  27.48+0.38e 13.26+0.44b 2.17+0.10a 3.64+0.19b

3 1:2 0 76.78+1.13b    58.37+0.37c  20.70+0.37a 16.35+0.24f 2.50+0.09b 4.10+0.13c

4 1:2 1,000 76.07+1.18b    59.44+0.24d  21.98+0.41b 15.33+0.13de 2.55+0.05b 4.18+0.15c

5 1:3 0 76.35+0.82b    58.06+0.03c  24.55+0.09d 15.67+0.45de 2.46+0.07b 4.38+0.05cd

6 1:3 1,000 75.75+0.48b    61.52+0.06f  22.03+0.14b 15.46+0.31de 2.63+0.00b 4.50+0.17d

7 1:4 0 76.90+1.01b    59.37+0.92d  24.09+0.31d 14.40+0.09c 2.32+0.30b 3.49+0.30b

8 1:4 1,000 77.85+1.40b    58.60+0.41c  23.20+0.10c 15.21+0.46d 2.60+0.21b 4 .66+0.13d

9 1:5 0 75.90+1.03b    53.49+0.14a  27.03+0.42e 13.66+0.12b 2.22+0.02b 3.46+0.11b

10 1:5 1,000 76.32+1.19b    57.25+0.22b  24.04+0.29d 15.76+0.06e 2.51+0.06b 4.18+0.20c

                    AP:PP < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05
                      Phytase NS < 0.05 NS < 0.05 NS < 0.05
                      AP:PP Phytase NS < 0.05 < 0.05 < 0.05 NS < 0.05

1Mean±standard deviation of three replications. Mean within each column not sharing a common superscript are

  significantly different (p<0.05)

Io = initial fish

Treatment   AP:PP                           Moisture       Protein             Fat                Ash        Phosphorus  Calcium
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9 (AP:PP ‡∑à“°—∫ 1:5 ‰¡à‡ √‘¡‡Õπ‰´¡å‰ø‡µ ) ·≈– 10

(AP:PP ‡∑à“°—∫ 1:5 ·≈–‡ √‘¡‡Õπ‰´¡å‰ø‡µ ) (p<0.05)

(Table 9)

§à“¥—™π’µ—∫µàÕµ—«¢Õßª≈“π‘≈·¥ß·ª≈ß‡æ»∑’Ë‰¥â√—∫
Õ“À“√∑’Ë¡’ —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™ 1:1, 1:2 ·≈–
1:3 ¡’§à“ Ÿß∑’Ë ÿ¥ ·≈–‰¡à·µ°µà“ß°—π∑“ß ∂‘µ‘√–À«à“ß™ÿ¥
°“√∑¥≈Õß (p>0.05) (Table 9) ·µà·µ°µà“ß°—∫ª≈“∑’Ë‰¥â
√—∫Õ“À“√∑’Ë¡’ —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™  1:4  ·≈–
1:5 Õ¬à“ß¡’π—¬ ”§—≠ (p<0.05) ·≈–æ∫«à“°“√‡ √‘¡‡Õπ‰´¡å
‰ø‡µ  ∑”„Àâª≈“¡’§à“¥—™π’µ—∫µàÕµ—« Ÿß°«à“°≈ÿà¡∑’Ë‰¡à‡ √‘¡
‡Õπ‰´¡å (p<0.05) (Table 9)

7. øÕ øÕ√— ·≈–·§≈‡´’¬¡„π´’√—¡

§à“øÕ øÕ√— ·≈–·§≈‡ ’́¬¡„π ’́√—¡ ¢Õßª≈“π‘≈·¥ß
·ª≈ß‡æ»∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√µà“ßÊ · ¥ß‰«â„π  Table 10

®“°°“√«‘‡§√“–Àåæ∫«à“  øÕ øÕ√— „π´’√—¡¡’§à“Õ¬Ÿà„π™à«ß
25.95-32.15 ¡°.% ·≈–·§≈‡´’¬¡¡’§à“Õ¬Ÿà„π™à«ß 13.55-

16.80 ¡°.%

8. °“√ – ¡øÕ øÕ√—  ·≈–·§≈‡´’¬¡ „π°√–¥Ÿ°

§à“øÕ øÕ√—   ·≈–·§≈‡´’¬¡„π°√–¥Ÿ°¢Õßª≈“
∑¥≈Õß · ¥ß„π Table 11 ‚¥¬æ∫«à“ §à“øÕ øÕ√— ·≈–
·§≈‡´’¬¡„π°√–¥Ÿ°¢Õßª≈“π‘≈∑’Ë‰¥â√—∫Õ“À“√∑—Èß 10  Ÿµ√
‰¡à¡’ªØ‘ —¡æ—π∏å°—π√–À«à“ß —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’π
æ◊™°—∫°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ  ‚¥¬§à“øÕ øÕ√— „π°√–¥Ÿ°
‰¡à¡’§«“¡·µ°µà“ß°—π√–À«à“ß™ÿ¥°“√∑¥≈Õß (p>0.05)

(Table 11)  ”À√—∫·§≈‡ ’́¬¡„π°√–¥Ÿ°¢Õßª≈“∑¥≈Õß æ∫
«à“  —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™∑’Ëµà“ß°—π‰¡à¡’º≈µàÕ°“√
 – ¡·§≈‡´’¬¡„π°√–¥Ÿ° (p>0.05) ·µàª≈“∑’Ë‰¥â√—∫Õ“À“√
∑’Ë¡’°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ ®–¡’·§≈‡´’¬¡„π°√–¥Ÿ° Ÿß°«à“
‰¡à‡ √‘¡‡Õπ‰´¡å (p<0.05) (Table 11)

9. °“√ – ¡øÕ øÕ√—  ·≈–·§≈‡´’¬¡ „π¡Ÿ≈ª≈“

§à“øÕ øÕ√—   ·≈–·§≈‡´’¬¡„π¡Ÿ≈¢Õßª≈“∑’Ë‰¥â
√—∫Õ“À“√ Ÿµ√µà“ßÊ  · ¥ß‰«â„π Table 12 ‚¥¬ æ∫«à“§à“
øÕ øÕ√— ·≈–·§≈‡´’¬¡„π¡Ÿ≈ª≈“¡’§«“¡·µ°µà“ß°—π∑“ß
 ∂‘µ‘√–À«à“ß™ÿ¥°“√∑¥≈Õß (p<0.05) ·µà‰¡à¡’ªØ‘ —¡æ—π∏å
°—π√–À«à“ß —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™√–¥—∫µà“ßÊ °—∫
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º≈¢Õß‡Õπ‰´¡å‰ø‡µ µàÕ°“√‡æ‘Ë¡°“√„™âøÕ øÕ√— 

«ÿ≤‘æ√ æ√À¡¢ÿπ∑Õß ·≈– Õ—®©√‘¬“ ¡Ÿ ‚°¿“»

Table 10. Phosphorus and calcium in serum of tilapia fed experimental diets for 10 weeks1

Phytase Phosphorus in serum Calcium in serum

(Unit/kg diet) (mg %) (mg %)

1 1:1 0 30.15 14.30
2 1:1 1,000 27.80 13.55
3 1:2 0 29.25 14.75
4 1:2 1,000 32.15 14.25
5 1:3 0 28.70 16.55
6 1:3 1,000 31.00 14.25
7 1:4 0 30.20 15.55
8 1:4 1,000 27.95 16.50
9 1:5 0 28.95 16.80

10 1:5 1,000 25.95 14.90

1data of 1 replication.

Treatment AP:PP

°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ „πÕ“À“√ ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë
¡’ —¥ à«π¢Õß‚ª√µ’π®“° —µ«å Ÿß¢÷Èπ ∑”„Àâ§à“øÕ øÕ√— „π
¡Ÿ≈ Ÿßµ“¡‰ª¥â«¬ „π¢≥–∑’Ë°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ „πÕ“À“√
∑”„Àâ§à“øÕ øÕ√— „π¡Ÿ≈≈¥≈ß‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡∑’Ë‰¡à‡ √‘¡
‡Õπ‰´¡å (p<0.05)  ”À√—∫§à“·§≈‡ ’́¬¡„π¡Ÿ≈ æ∫«à“Õ“À“√
∑’Ë¡’ —¥ à«π¢Õß‚ª√µ’π®“° —µ«å Ÿß¢÷Èπ ∑”„Àâ§à“·§≈‡´’¬¡„π

Table 11.  Phosphorus and calcium in bone of tilapia fed 10 experimental diets for 10 weeks1

Phytase Phosphorus in bone Calcium in bone

(Unit/kg diet) (%) (%)

1 1:1 0 4.10 + 0.04 16.04 + 0.25x

2 1:1 1,000 4.09 + 0.03 17.58 + 0.19y

3 1:2 0 4.10 + 0.03 16.15 + 0.13x

4 1:2 1,000 4.14 + 0.09 18.72 + 0.15y

5 1:3 0 4.01 + 0.04 14.93 + 0.05x

6 1:3 1,000 4.13 +  0.05 18.53 + 0.17y

7 1:4 0 4.08 + 0.02 16.87 + 0.30x

8 1:4 1,000 4.09 + 0.03 17.51 + 0.13y

9 1:5 0 4.06 + 0.01 16.52 + 0.11x

10 1:5 1,000 4.09 + 0.02 18.32 + 0.20y

AP:PP NS NS
Phytase NS < 0.05
AP:PP  Phytase NS NS

1Mean±standard deviation of three replications.

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

x, y →→→→→ Phytase

Treatment      AP:PP

¡Ÿ≈ Ÿß¢÷Èπ‡™àπ‡¥’¬«°—∫§à“øÕ øÕ√— „π¡Ÿ≈  ·µà°“√‡ √‘¡
‡Õπ‰´¡å‰ø‡µ ‰¡à¡’º≈µàÕ°“√≈¥ª√‘¡“≥·§≈‡´’¬¡„π¡Ÿ≈

10. °“√»÷°…“‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“¢Õßµ—∫·≈–‰µª≈“π‘≈·¥ß

·ª≈ß‡æ»

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

«‘®“√≥å

®“°º≈°“√»÷°…“§√—Èßπ’È®–‡ÀÁπ‰¥â«à“ ª≈“π‘≈·¥ß
·ª≈ß‡æ»∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’π
æ◊™∑’Ë√–¥—∫ 1:1, 1:2 ·≈– 1:3 ( Ÿµ√∑’Ë 1-6) ¡’º≈„Àâ°“√
‡®√‘≠‡µ‘∫‚µ (πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ ·≈–Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ
®”‡æ“–) ·≈–ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√ (Õ—µ√“°“√‡ª≈’Ë¬π
Õ“À“√‡ªìπ‡π◊ÈÕ ª√– ‘∑∏‘¿“æ‚ª√µ’π ·≈–°“√„™âª√–‚¬™πå
®“°‚ª√µ’π ÿ∑∏‘) ¡’§à“‰¡à·µ°µà“ß°—π ·≈–¡’§à“¥’°«à“ª≈“∑’Ë
‰¥â√—∫Õ“À“√∑’Ë¡’ —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™∑’Ë√–¥—∫ 1:4

( Ÿµ√∑’Ë 7-8) ·≈– 1:5 ( Ÿµ√∑’Ë 9-10) ‚¥¬æ∫«à“ À“°¡’°“√
‡æ‘Ë¡ª√‘¡“≥¢Õß«—µ∂ÿ¥‘∫æ◊™„πÕ“À“√„Àâ Ÿß¢÷Èπ ®–∑”„Àâ°“√
‡®√‘≠‡µ‘∫‚µ·≈–ª√– ‘∑∏‘¿“æ¢ÕßÕ“À“√≈¥µË”≈ß  Õ¥§≈âÕß
°—∫°“√∑¥≈Õß¢Õß Rumsey ·≈–§≥– (1993; 1994);

Stickney ·≈–§≥– (1996);   Kim ·≈–§≥– (1998)

· ¥ß«à“ª≈“π‘≈ “¡“√∂„™â«—µ∂ÿ¥‘∫æ◊™·∑π∑’Ëª≈“ªÉπ‰¥â„π
ª√‘¡“≥ ®”°—¥  ∑—Èßπ’Èæ∫«à“ —µ«åπÈ”·µà≈–™π‘¥¡’§«“¡ “¡“√∂
„π°“√„™âª√–‚¬™πå‚ª√µ’π®“°«—µ∂ÿ¥‘∫æ◊™‰¥â·µ°µà“ß°—π  ¢÷Èπ
°—∫§ÿ≥§à“∑“ßÕ“À“√ ·≈– “√µâ“π‚¿™π“°“√ (antinutri-

tional factor) ∑’Ë¡’„π«—µ∂ÿ¥‘∫æ◊™·µà≈–™π‘¥ (NRC, 1993)

„π°“√º≈‘µÕ“À“√ —µ«åπÈ” «—µ∂ÿ¥‘∫æ◊™∑’Ë¡—°π”¡“„™â‡ªìπ à«π
º ¡Õ“À“√∑¥·∑πª≈“ªÉπ §◊Õ °“°∂—Ë«‡À≈◊Õß ‡π◊ËÕß®“°
‡ªìπ·À≈àß‚ª√µ’πæ◊™∑’Ë¡’§ÿ≥¿“æ Ÿß ´÷ËßÀ“°π”¡“„™â„π
ª√‘¡“≥∑’Ë‡À¡“– ¡®– àßº≈„Àâª≈“¡’°“√‡®√‘≠‡µ‘∫‚µ·≈–
ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√¥’ ‡™àπ‡¥’¬«°—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√
∑’Ë¡’ª≈“ªÉπ‡ªìπ·À≈àß‚ª√µ’πÀ≈—° ‚¥¬ª≈“°‘πæ◊™ (herbiv-

ore) ‡™àπ ª≈“π‘≈ (Oreochromis niloticus)  “¡“√∂„™â
∂—Ë«‡À≈◊Õß·∑π∑’Ëª≈“ªÉπ‰¥â 30% (Shiau et al., 1990;

Webster et al., 1992) ·≈–À“°π”∂—Ë«‡À≈◊Õß∑—Èß‡¡≈Á¥µâ¡∑’Ë
100oC ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß ®– “¡“√∂„™â·∑π∑’Ëª≈“ªÉπ‰¥â
 Ÿß∂÷ß 83% (Wee and Shu, 1989) ·µàÀ“°„™â„πª√‘¡“≥
∑’Ë ŸßÀ√◊Õ∑¥·∑πª≈“ªÉπ„π —¥ à«π∑’Ë Ÿß‡°‘π‰ª  ®–∑”„Àâ
ª≈“¡’°“√‡®√‘≠‡µ‘∫‚µ·≈–ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√≈¥≈ß
‡π◊ËÕß®“°∂—Ë«‡À≈◊Õß¡’ªí®®—¬®”°—¥ ‰¥â·°à §«“¡‰¡à ¡¥ÿ≈¢Õß

Table 12. Phosphorus and calcium in feces of tilapia fed 10 experimental diets for 10 weeks1

Phytase Phosphorus in feces Calcium in feces

(Unit/kg diet) (%) (%)

1 1:1 0 1.72 + 0.08dx 4.68 + 0.30c

2 1:1 1,000 1.66 + 0.09dy 4.95 + 0.53c

3 1:2 0 1.46 + 0.04cx 3.61 + 0.25b

4 1:2 1,000 1.43 + 0.05cy 3.66 + 0.24b

5 1:3 0 1.34 + 0.07cx 3.43 + 0.31b

6 1:3 1,000 1.30 + 0.05cy 4.01 + 0.40b

7 1:4 0 1.17 + 0.06bx 3.10 + 0.23a

8 1:4 1,000 1.03 + 0.06by 2.66 + 0.26a

9 1:5 0 1.02 + 0.03ax 3.16 + 0.04a

10 1:5 1,000 0.97 + 0.06ay 3.29 + 0.09a

AP:PP < 0.05 < 0.05
Phytase < 0.05 NS
AP:PP  Phytase NS NS

1Mean±standard deviation of three replications.

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

a, b, c → AP : PP ;      x, y → Phytase

Treatment           AP:PP
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º≈¢Õß‡Õπ‰´¡å‰ø‡µ µàÕ°“√‡æ‘Ë¡°“√„™âøÕ øÕ√— 

«ÿ≤‘æ√ æ√À¡¢ÿπ∑Õß ·≈– Õ—®©√‘¬“ ¡Ÿ ‚°¿“»

Õß§åª√–°Õ∫°√¥Õ–¡‘‚π ‡™àπ ‡¡∑‰∏‚Õπ‘π ‰≈ ’́π  ∑√’‚Õπ’π
(Tacon, 1990)   “√µâ“π‚¿™π“°“√ ‡™àπ  “√¬—∫¬—Èß‡Õπ‰´¡å
∑√‘ª´‘π (trypsin inhibitor)    ‰ø‚µŒ’¡“·Õ°°≈Ÿµ‘π‘π
(phytohaemagglutinin) ·≈– “√∑’Ë∑”≈“¬«‘µ“¡‘π (anti-

vitamins)  (Wee and Shu, 1989)  πÕ°®“°π’È«—µ∂ÿ¥‘∫
æ◊™¡—°¡’‡¬◊ËÕ„¬∑’Ëª≈“‰¡à “¡“√∂¬àÕ¬‰¥âÕ¬Ÿà Ÿß  ª≈“®÷ßµâÕß
„™âæ≈—ßß“π„π°√–∫«π°“√¬àÕ¬ Ÿßµ“¡‰ª¥â«¬ ¥—ß‡™àπ°“√
∑¥≈Õß¢Õß Omoregie ·≈– Ogbemudia (1993) ∑’Ë„™â
°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡∑¥≈Õß‡≈’È¬ßª≈“π‘≈ (O. niloticus)

¢π“¥ 2.57 °√—¡ æ∫«à“   “¡“√∂„™â°“°ª“≈å¡„πÕ“À“√
ª≈“π‘≈‰¥â‡æ’¬ß 15% ́ ÷Ëß¡’§à“§àÕπ¢â“ßµË” ‡π◊ËÕß®“°„πÕ“À“√
¡’‡¬◊ËÕ„¬ Ÿß  ´÷Ëß‡ªìπ à«π∑’Ëª≈“π”‰ª„™âª√–‚¬™πå‰¡à‰¥â „π
¢≥–∑’Ëπ‘√ÿ∑∏å (2544)  “¡“√∂„™âÕ“À“√∑’Ë¡’°“°ª“≈å¡ 30%

‚¥¬„πÕ“À“√¡’√–¥—∫æ≈—ßß“π 3,600 °‘‚≈§“≈Õ√’/°°. ‡≈’È¬ß
ª≈“π‘≈¢π“¥ 2.25 °√—¡ ·≈â«‰¥âº≈¥’  “‡Àµÿ∑’Ëª≈“ à«π
„À≠à„™âª√–‚¬™πå®“°‡¬◊ËÕ„¬‰¥âµË”¡“°À√◊Õ‰¡à‰¥â‡≈¬  ‡π◊ËÕß®“°
ª≈“ à«π„À≠à‰¡à¡’‡Õπ‰´¡å™à«¬„π°“√¬àÕ¬‡´≈≈Ÿ‚≈ À√◊Õ
‡Œ¡‘‡´≈≈Ÿ‚≈  (Anderson et al., 1984)  ·≈–®“°°“√
«‘‡§√“–Àåª√‘¡“≥‡¬◊ËÕ„¬„πÕ“À“√∑¥≈Õß·µà≈– Ÿµ√ (Table 3)

æ∫«à“¡’§à“‰¡àµà“ß°—π¡“°π—° ¥—ßπ—Èπ°“√∑’Ëª≈“π‘≈·¥ß·ª≈ß
‡æ»∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™ Ÿß
( Ÿµ√∑’Ë 7-8) ·≈– Ÿµ√∑’Ë 9-10 ¡’°“√‡®√‘≠‡µ‘∫‚µµË”°«à“ª≈“
∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 1-6  Õ“®‡π◊ËÕß¡“®“°§«“¡‰¡à ¡¥ÿ≈
¢Õß°√¥Õ–¡‘‚π∑’Ë¡’Õ¬Ÿà„π Ÿµ√Õ“À“√π—ÈπÊ  Õ’°∑—Èß‡¡◊ËÕ‡æ‘Ë¡
 —¥ à«π‚ª√µ’π®“°æ◊™„π Ÿµ√Õ“À“√ Ÿß¢÷Èπ ®–‡ªìπ°“√‡æ‘Ë¡
ª√‘¡“≥‰ø‡µ∑ ´÷Ëß∑”„Àâª≈“‰¡à “¡“√∂¬àÕ¬‰¥â‡æ‘Ë¡¢÷Èπ¥â«¬

‡¡◊ËÕæ‘®“√≥“®“°§à“ª√– ‘∑∏‘¿“æ°“√¬àÕ¬ æ∫«à“
ª√– ‘∑∏‘¿“æ°“√¬àÕ¬¢Õßª≈“π‘≈∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ —¥ à«π
‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™ 1:4   ¡’ª√– ‘∑∏‘¿“æ°“√¬àÕ¬
«—µ∂ÿ·Àâß ‚ª√µ’π ·≈–øÕ øÕ√— ¥’∑’Ë ÿ¥ „π¢≥–∑’Ëª≈“∑’Ë‰¥â
√—∫Õ“À“√∑’Ë¡’ —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™ 1:3  ¡’
ª√– ‘∑∏‘¿“æ °“√¬àÕ¬‰¢¡—π¥’∑’Ë ÿ¥ ·≈–æ∫«à“ª≈“π‘≈∑’Ë‰¥â
√—∫Õ“À“√∑’Ë¡’ —¥ à«π AP:PP 1:4 ·≈– 1:5 ´÷Ëß¡’°“°
∂—Ë«‡À≈◊Õß‡ªìπ à«πª√–°Õ∫ Ÿß°«à“Õ“À“√ Ÿµ√Õ◊ËπÊ  ¡’§à“
ª√– ‘∑∏‘¿“æ°“√¬àÕ¬‚ª√µ’π Ÿß°«à“™ÿ¥°“√∑¥≈ÕßÕ◊Ëπ Ê
· ¥ß„Àâ‡ÀÁπ«à“«—µ∂ÿ¥‘∫æ◊™∑’Ë„™â„π°“√∑¥≈Õßπ’È¡’ à«π∑’Ëª≈“π‘≈
 “¡“√∂¬àÕ¬‰¥â Ÿß §◊Õ °“°∂—Ë«‡À≈◊Õß  Õ¥§≈âÕß°—∫À≈“¬
°“√∑¥≈Õß∑’Ëæ∫«à“ ª≈“π‘≈ “¡“√∂¬àÕ¬°“°∂—Ë«‡À≈◊Õß‰¥â

Õ¬à“ß¡’ª√– ‘∑∏‘¿“æ  (Popma,  1982;  Degani et al.,

1997)   ·µàÕ¬à“ß‰√°Áµ“¡æ∫«à“ —¥ à«π¢Õß‚ª√µ’π —µ«åµàÕ
‚ª√µ’πæ◊™∑’Ë 1:3 ¡’º≈∑”„Àâ°“√‡®√‘≠‡µ‘∫‚µ·≈–ª√– ‘∑∏‘¿“æ
°“√„™âÕ“À“√¢Õßª≈“π‘≈¥’∑’Ë ÿ¥ ∑—Èßπ’ÈÕ“®‡ªìπ‰ª‰¥â«à“ ·¡â«à“
ª≈“®– “¡“√∂¬àÕ¬ “√Õ“À“√µà“ßÊ ®“°«—µ∂ÿ¥‘∫æ◊™∫“ß™π‘¥
‰¥â¥’ ·µà‰¡à “¡“√∂¥Ÿ¥ ÷́¡·≈–‡ª≈’Ë¬π‡ªìπæ≈—ßß“π‰¥â∑—ÈßÀ¡¥

‡¡◊ËÕæ‘®“√≥“∂÷ßº≈¢Õß°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ „π
Õ“À“√ª≈“∑’Ë¡’ —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™√–¥—∫µà“ßÊ
æ∫«à“  °“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ „πÕ“À“√  (1,000 ¬Ÿπ‘µ/
Õ“À“√ 1 °°.)  ∑”„Àâ°“√‡®√‘≠‡µ‘∫‚µ ª√– ‘∑∏‘¿“æ°“√„™â
Õ“À“√ ·≈–ª√– ‘∑∏‘¿“æ°“√¬àÕ¬Õ“À“√¢Õßª≈“π‘≈·¥ß
·ª≈ß‡æ»¡’º≈‰ª„π∑“ß∫«°  Õ¥§≈âÕß°—∫°“√∑¥≈Õß¢Õß
«ÿ≤‘æ√·≈–§≥– (2547) ∑’Ë∑”°“√»÷°…“„πª≈“π‘≈‚¥¬æ∫
«à“‡Õπ‰´¡å‰ø‡µ  àß‡ √‘¡°“√‡®√‘≠‡µ‘∫‚µ·≈–ª√– ‘∑∏‘¿“æ
°“√„™âÕ“À“√¢Õßª≈“ ·≈– Õ¥§≈âÕß°—∫°“√∑¥≈Õß¢Õß
Li ·≈– Robinson (1997) ∑’Ë∑¥≈Õß„πª≈“°¥Õ‡¡√‘°—π
æ∫«à“ °“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ „πÕ“À“√™à«¬„Àâª≈“ “¡“√∂
„™â‚ª√µ’π  øÕ øÕ√—   ·≈–·√à∏“µÿÕ◊ËπÊ ®“°«—µ∂ÿ¥‘∫æ◊™‰¥â
‡æ‘Ë¡¢÷Èπ ‚¥¬‰¡àµâÕß‡ √‘¡øÕ ‡øµ≈ß„πÕ“À“√ ́ ÷Ëß®–™à«¬≈¥
µâπ∑ÿπ„π°“√º≈‘µÕ“À“√‚¥¬ “¡“√∂∑¥·∑π«—µ∂ÿ¥‘∫®“°
æ◊™„πÕ“À“√ª≈“‰¥â‡æ‘Ë¡¢÷Èπ ´÷Ëß®“°°“√∑¥≈Õß§√—Èßπ’Èæ∫«à“
°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ ∑’Ë 1,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°. ‡æ’¬ß
æÕµàÕ°“√‡®√‘≠‡µ‘∫‚µ·≈–°“√„™âÕ“À“√¢Õßª≈“π‘≈·¥ß
·ª≈ß‡æ»  ‡™àπ‡¥’¬«°—∫°“√∑¥≈Õß¢Õß Rodehutscord

·≈– Pfeffer (1995) √“¬ß“π«à“°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ 
1,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°.  ∑”„Àâª≈“‡√π‚∫«å‡∑√“∑å‡æ‘Ë¡
ª√– ‘∑∏‘¿“æ°“√¬àÕ¬øÕ øÕ√— „πÕ“À“√‰¥â∂÷ß 75%

πÕ°®“°π’È°“√‡ √‘¡‰ø‡µ  ¬—ß™à«¬„π°“√≈¥¡≈¿“«–®“°
°“√‡æ“–‡≈’È¬ßª≈“Õ—π¡’ “‡Àµÿ®“°°“√¢—∫∂à“¬øÕ øÕ√— ∑’Ë
¬àÕ¬‰¡à‰¥âÕ’°¥â«¬   ‚¥¬®“°°“√∑¥≈Õßπ’Èæ∫«à“ª≈“∑’Ë¡’
øÕ øÕ√— „π¡Ÿ≈ Ÿß∑’Ë ÿ¥ §◊Õ ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’‚ª√µ’π
 —µ«åµàÕ‚ª√µ’πæ◊™ 1:1  ¡’ª√‘¡“≥øÕ øÕ√— „π¡Ÿ≈ 1.72

( Ÿµ√∑’Ë 1 ‰¡à‡ √‘¡‰ø‡µ ) ·≈– 1.66 ( Ÿµ√∑’Ë 2 ‡ √‘¡‰ø‡µ )
·≈–ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™ 1:5 ¡’
øÕ øÕ√— „π¡Ÿ≈µË” ÿ¥ ‚¥¬¡’§à“‡∑à“°—∫ 1.02 ( Ÿµ√∑’Ë 9 ‰¡à
‡ √‘¡‰ø‡µ ) ·≈– 0.97 ( Ÿµ√∑’Ë 10 ‡ √‘¡‰ø‡µ ) ®–‡ÀÁπ
‰¥â«à“°“√‡æ‘Ë¡«—µ∂ÿ¥‘∫æ◊™ Ÿß¢÷Èπ·≈–°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ 
¡’º≈∑”„Àâª√‘¡“≥øÕ øÕ√— „π¡Ÿ≈≈¥≈ß  ‡π◊ËÕß®“°‰ø‡µ 
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 “¡“√∂¬àÕ¬øÕ øÕ√— „π√Ÿª‰ø‡µ∑‰¥â  ª≈“®÷ßπ”øÕ øÕ√— 
®“°«—µ∂ÿ¥‘∫æ◊™‰ª„™â‰¥â¡“°¢÷Èπ ·≈–øÕ øÕ√— „πª≈“ªÉπ
´÷ËßÕ¬Ÿà„π√Ÿª‰µ√·§≈‡´’¬¡øÕ ‡øµª≈“π”¡“„™âª√–‚¬™πå
‰¥âπâÕ¬ (Ogino et al., 1979; Watanabe et al., 1980;

NRC, 1993;  Viola et al., 1994;  Lall, 1991)  à«π∑’Ë
ª≈“π”‰ª„™â‰¡à‰¥â®÷ß∂Ÿ°¢—∫∂à“¬ÕÕ°¡“     Õ¥§≈âÕß°—∫
Jackson ·≈– Robinson (1996)  ∑’Ë∑”°“√∑¥≈Õß„π
ª≈“°¥Õ‡¡√‘°—π  ‚¥¬„ÀâÕ“À“√∑’Ë‡ √‘¡‡Õπ‰´¡å 0; 500;

1,000;  2,000 ·≈– 4,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°. æ∫«à“ °“√
‡ √‘¡‡Õπ‰´¡åµ—Èß·µà√–¥—∫ 1,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°.  “¡“√∂
≈¥ª√‘¡“≥øÕ øÕ√— „π¡Ÿ≈‰¥â®“° 1.4% ‡À≈◊Õ‡æ’¬ß 0.9%

∑’Ë√–¥—∫°“√‡ √‘¡‡Õπ‰´¡å 1,000 ·≈– 2,000 ¬Ÿπ‘µ/Õ“À“√
1 °°. ·≈–‡À≈◊Õ‡æ’¬ß 0.5% ∑’Ë√–¥—∫°“√‡ √‘¡‡Õπ‰´¡å
4,000 ¬Ÿπ‘µ/Õ“À“√ 1 °°.

 ”À√—∫ à«πª√–°Õ∫∑“ß‚¿™π“°“√¢Õßª≈“π‘≈·¥ß
·ª≈ß‡æ»∑—Èßµ—« æ∫«à“ ‡ªÕ√å‡´Áπµå‚ª√µ’π  ‰¢¡—π ·≈–
‡∂â“¢Õßª≈“∑—Èßµ—« ¡’ªØ‘ —¡æ—π∏å√–À«à“ßªí®®—¬∑—Èß 2 §◊Õ
 —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™   ·≈–°“√‡ √‘¡‡Õπ‰´¡å
‰ø‡µ  ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√∑’Ë 6 ( —¥ à«π‚ª√µ’π —µ«å
µàÕ‚ª√µ’πæ◊™ 1:3 ·≈–‡ √‘¡‡Õπ‰´¡å‰ø‡µ ) ¡’‡ªÕ√å‡´Áπµå
‚ª√µ’π – ¡„π√à“ß°“¬ Ÿß ÿ¥  Õ¥§≈âÕß°—∫§à“°“√‡®√‘≠
‡µ‘∫‚µ·≈–ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√  °“√∑’Ëª≈“ “¡“√∂„™â
‚ª√µ’π„πÕ“À“√·≈–¡’‚ª√µ’π – ¡„π√à“ß°“¬ Ÿß¢÷Èπ‡π◊ËÕß®“°
 —¥ à«π‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™ 1:3 ‡ªìπ√–¥—∫∑’Ë¡’§«“¡
‡À¡“– ¡ ”À√—∫‡µ√’¬¡Õ“À“√ —µ«å (NRC, 1993) ·≈–
°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ „πÕ“À“√™à«¬ àß‡ √‘¡„Àâª≈“π”
‚ª√µ’π‰ª„™â‰¥â¡“°¢÷Èπ Õ“À“√∑’Ë„™â«—µ∂ÿ¥‘∫æ◊™‡ªìπ à«πº ¡
æ∫«à“‰ø‡µ∑„πæ◊™¡—°®—∫√«¡µ—«°—∫‚ª√µ’π ∑”„Àâ‚ª√µ’π
‡°‘¥°“√‡ª≈’Ë¬π√Ÿª·≈–„™âª√–‚¬™πå‰¥â≈¥≈ß ·≈–‰ø‡µ∑¢—¥
¢«“ß°“√∑”ß“π¢Õß‡Õπ‰´¡å∑√‘ª ‘́π ́ ÷Ëß‡ªìπ‡Õπ‰´¡å∑’Ëº≈‘µ
®“°µ—∫ÕàÕπ∑”Àπâ“∑’Ë¬àÕ¬‚ª√µ’π (Singh and Krikorian,

1982; Spinelli et al., 1983; Robaina et al., 1998;

Forster et al., 1999) Õ’°∑—Èß‰ø‡µ∑¬—ß¢—¥¢«“ß°“√∑”ß“π
¢Õß‡Õπ‰´¡å‚æ‡µ  Õ–‰¡‡≈  ·≈–‰≈‡æ  (Kornegay and

Yi, 1996 Õâ“ß‚¥¬ ∫ÿ≠≈âÕ¡·≈– ÿ™π, 2540) ¥—ßπ—Èπ°“√
‡ √‘¡‡Õπ‰´¡å‰ø‡µ ‡æ◊ËÕ¬àÕ¬‰ø‡µ∑„π«—µ∂ÿ¥‘∫æ◊™ ®÷ß™à«¬
„Àâ‚ª√µ’π∑’Ë®—∫°—∫‰ø‡µ∑À≈ÿ¥ÕÕ°¡“·≈–π”¡“„™âª√–‚¬™πå‰¥â
·µà‡¡◊ËÕæ‘®“√≥“º≈¢ÕßÕß§åª√–°Õ∫∑“ß‚¿™π“°“√∑ÿ°Ê §à“

¢Õßª≈“∑—Èßµ—« æ∫«à“ ‰¡à “¡“√∂π”¡“„™â‡ª√’¬∫‡∑’¬∫ °—∫
º≈°“√∑¥≈Õß„π¥â“πÕ◊Ëπ‰¥â (Oliva et al., 1998; Weerd

et al., 1999; Forster et al., 1999; Vielma et al., 2000)

®“°°“√∑¥≈Õß§√—Èßπ’È æ∫«à“ Õß§åª√–°Õ∫‡≈◊Õ¥ª≈“
‰¥â·°à §à“Œ’¡“‚µ§√‘µ Œ’‚¡‚°≈∫‘π ‚ª√µ’π„πæ≈“ ¡“ ª√‘¡“≥
‡¡Á¥‡≈◊Õ¥·¥ß·≈–‡¡Á¥‡≈◊Õ¥¢“« ·≈–ª√‘¡“≥øÕ øÕ√— 
·≈–·§≈‡´’¬¡„π´’√—¡¡’§à“Õ¬Ÿà„π‡°≥±å¡“µ√∞“π¢Õßª≈“ª°µ‘
·≈–¡’§à“„°≈â‡§’¬ß°—∫°“√∑¥≈Õß¢Õßπ‘√ÿ∑∏å (2544); «ÿ≤‘æ√
·≈–§≥– (2547); Li ·≈– Robinson (1997) · ¥ß«à“
 —¥ à«π¢Õß‚ª√µ’π —µ«åµàÕ‚ª√µ’πæ◊™ „π°“√∑¥≈Õßπ’È‰¡à¡’
º≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß¢ÕßÕß§åª√–°Õ∫‡≈◊Õ¥ Õ¬à“ß‰√°—∫
µ“¡ª≈“π‘≈·¥ß·ª≈ß‡æ»∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ —¥ à«π‚ª√µ’π
 —µ«åµàÕ‚ª√µ’πæ◊™ 1:5 ( Ÿµ√∑’Ë 9-10) ∑”„Àâ§à“‚ª√µ’π„π
æ≈“ ¡“µË”°«à“∑’Ë√–¥—∫Õ◊ËπÊ Õ¬à“ß¡’π—¬ ”§—≠ (p<0.05)   à«π
§à“¥—™π’µ—∫µàÕµ—«¢Õßª≈“π‘≈·¥ß·ª≈ß‡æ» æ∫«à“¡’§à“„°≈â
‡§’¬ß°—∫°“√∑¥≈Õß¢Õß«ÿ≤‘æ√ ·≈–§≥– (2547); Robaina

(1998); Fagbenro (1994); Boonyaratpalin ·≈–
Phromkunthong (2000) ‚¥¬¡’§à“Õ¬Ÿà„π™à«ß 1-2% ·≈–
ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ ¡’§à“¥—™π’µ—∫µàÕµ—«
 Ÿß°«à“∑’Ë‰¡à‡ √‘¡  Õ“®‡ªìπ‰ª‰¥â«à“°“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ 
™à«¬„Àâª≈“ “¡“√∂„™â‰¢¡—π„πÕ“À“√‰¥â¡“°¢÷Èπ  ‡π◊ËÕß®“°
‰ø‡µ∑∑’ËÕ¬Ÿà„πÕ“À“√®–‰ª¢—¥¢«“ß°“√∑”ß“π¢Õß‡Õπ‰´¡å
‰≈‡ª  ÷́Ëß∑”Àπâ“∑’Ë¬àÕ¬‰¢¡—πª≈“®÷ßπ”‰¢¡—π‰ª„™â‰¥âπâÕ¬
·µà‡¡◊ËÕ‡ √‘¡‡Õπ‰´¡å‰ø‡µ ≈ß„πÕ“À“√  ‰ø‡µ ®–‰ª¬àÕ¬
‚¡‡≈°ÿ≈¢Õß‰ø‡µ∑∑”„Àâ‡Õπ‰´¡å‰≈‡ª ∑”ß“π‰¥â¥’¢÷Èπ  ª≈“
®÷ß “¡“√∂π”‰¢¡—π„πÕ“À“√¡“„™â‰¥â¡“°¢÷Èπ ́ ÷Ëß®“°√“¬ß“π
¢Õß De Silva ·≈–§≥– (1991) æ∫«à“§à“¥—™π’µ—∫µàÕµ—«
¢Õßª≈“π‘≈®–¡’§«“¡‡°’Ë¬«¢âÕß°—∫ª√‘¡“≥‰¢¡—π„πÕ“À“√
‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’‰¢¡—π Ÿß®– àßº≈„Àâ§à“¥—™π’µ—∫µàÕ
µ—«‡æ‘Ë¡¢÷Èπ

 ”À√—∫º≈°“√»÷°…“‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“¢Õßµ—∫·≈–‰µ
‰¡àæ∫§«“¡º‘¥ª°µ‘„πª≈“∑ÿ°™ÿ¥°“√∑¥≈Õß   ‡π◊ËÕß¡“®“°
‰ø‡µ  “¡“√∂¬àÕ¬°√¥‰øµ‘°‰¥â„πÕ“À“√®÷ß¡’ª√‘¡“≥°√¥
‰øµ‘°µË” ®“°°“√»÷°…“¢Õß Richardson ·≈–§≥– (1985)

√“¬ß“π«à“ ª≈“´—≈¡Õπ (Oncorhynchus tshawytscha)

∑’Ë„ÀâÕ“À“√∑’Ë¡’°√¥‰øµ‘° 2.58% ∑”„Àâ‡°‘¥°“√‡ ◊ËÕ¡ ≈“¬
¢Õß∑àÕ‰µ´÷Ëß‡ªìπÕ—πµ√“¬µàÕ ÿ¢¿“æª≈“
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®“°°“√»÷°…“º≈¢ÕßÕ“À“√∑’Ë¡’ —¥ à«π‚ª√µ’π —µ«å
µàÕ‚ª√µ’πæ◊™·µ°µà“ß°—π 5 √–¥—∫ ·≈–°“√‡ √‘¡‡Õπ‰´¡å
‰ø‡µ µàÕ°“√„™âøÕ øÕ√— „πª≈“π‘≈·¥ß·ª≈ß‡æ» πÈ”Àπ—°
‡©≈’Ë¬‡√‘Ë¡µâπ 5 °√—¡  “¡“√∂ √ÿª‰¥â¥—ßπ’È

1. Õ“À“√∑’Ë¡’ —¥ à«π‚ª√µ’π®“° —µ«åµàÕ‚ª√µ’π®“°
æ◊™ 1:3 ‡À¡“– ¡∑’Ë ÿ¥ ”À√—∫ª≈“π‘≈·¥ß·ª≈ß‡æ» ‚¥¬
‡¡◊ËÕæ‘®“√≥“º≈®“°°“√‡®√‘≠‡µ‘∫‚µ   (πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«
πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ  ·≈–Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–)  ·≈–
ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√ (Õ—µ√“°“√°‘πÕ“À“√ Õ—µ√“°“√
‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ ª√– ‘∑∏‘¿“æ‚ª√µ’π ·≈–°“√„™â
ª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘) ¡’§à“¥’∑’Ë ÿ¥‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫
√–¥—∫Õ◊ËπÊ

2.  ”À√—∫ª√– ‘∑∏‘¿“æ°“√¬àÕ¬Õ“À“√¢Õßª≈“π‘≈
·¥ß·ª≈ß‡æ» æ∫«à“ ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ —¥ à«π‚ª√µ’π
 —µ«åµàÕ‚ª√µ’πæ◊™ 1:4 ¡’ª√– ‘∑∏‘¿“æ°“√¬àÕ¬‚ª√µ’π¥’∑’Ë ÿ¥

3. °“√‡ √‘¡‡Õπ‰´¡å‰ø‡µ „πÕ“À“√ (∑’Ë√–¥—∫ 1,000

¬Ÿπ‘µ/Õ“À“√ 1 °°.)  ¡’º≈∑”„Àâ°“√‡®√‘≠‡µ‘∫‚µ ª√– ‘∑∏‘¿“æ
°“√„™âÕ“À“√ ·≈–ª√– ‘∑∏‘¿“æ°“√¬àÕ¬Õ“À“√¢Õßª≈“π‘≈
·¥ß·ª≈ß‡æ»¥’°«à“°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√‰¡à‡ √‘¡‡Õπ‰´¡å‰ø‡µ 
·≈–®“°°“√∑¥≈Õßπ’Èæ∫«à“°“√‡ √‘¡‰ø‡µ ¡’º≈∑”„Àâª≈“
¡’°“√ – ¡·§≈‡´’¬¡„π°√–¥Ÿ°‡æ‘Ë¡¢÷Èπ ·≈–™à«¬≈¥ª√‘¡“≥
øÕ øÕ√— ∑’Ë¢—∫∂à“¬≈ß
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