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Abstract
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Effects of Spirulina sp. on growth performance and antibody levels in hybrid

catfish, Clarias macrocephalus x Clarias gariepinus (Burchell)
Songklanakarin J. Sci. Technol., 2005, 27(Suppl. 1) : 115-132

A 8-wk feeding trial was carried out for hybrid catfish with an initial average weight of 7 g in 235-l

glass tanks attached to closed-recirculating system with 0.8 l/min flow rate. Feeds containing varying

percentages of dry Spirulina sp. 0, 5, 10, 15, 20, 25 and 30% were tested with three replications for each

treatment. All the feeds were formulated to contain dietary requirement for the catfish i.e. 30% protein, 7%

fat and 360 kcal gross energy/ 100 g feed. The results showed that the feed with 10% Spirulina sp. achieved

the best performance on weight gain, specific growth rate, feed conversion ratio, apparent net protein utiliza-

tion and development of antibody levels against bacteria Aeromonas hydrophila. The total carotenoid
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contents in fish flesh increased with the level of Spirulina sp. supplemented. The supplementation of

Spirulina sp. resulted in no changes of blood parameters or histology.

Key words : Spirulina sp., immune, hybrid catfish, Aeromonas hydrophila
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°“√∑¥≈Õßπ’È„™âª≈“¥ÿ°æ—π∏ÿåº ¡∑’Ë¡’πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«ª√–¡“≥ 7 °√—¡ ‚¥¬„™âµŸâ∑¥≈Õß∑’Ë¡’§«“¡®ÿπÈ” 235 ≈‘µ√

√–∫∫πÈ”‡ªìπ√–∫∫‰À≈‡«’¬π·∫∫ªî¥‚¥¬¡’Õ—µ√“°“√‰À≈ 0.8 ≈‘µ√/π“∑’ Õ“À“√∑¥≈Õß¡’ 7  Ÿµ√ ·µà≈– Ÿµ√¡’ 3 ́ È” ‚¥¬

Õ“À“√ Ÿµ√∑’Ë 1-7 ¡’ à«πº ¡¢Õß “À√à“¬ ‰ª√Ÿ‰≈π“·Àâß∑’Ë√–¥—∫ 0, 5, 10, 15, 20, 25 ·≈– 30% µ“¡≈”¥—∫ ª√—∫

 “√Õ“À“√∑ÿ° Ÿµ√„Àâ¡’√–¥—∫¢Õß‚ª√µ’π ‰¢¡—π ·≈– æ≈—ßß“π„°≈â‡§’¬ß°—π (‚ª√µ’π 30% ‰¢¡—π 7% ·≈–æ≈—ßß“π∑’Ë

¬àÕ¬‰¥â 360 °‘‚≈§“≈Õ√’/Õ“À“√ 100 °√—¡) „™â‡«≈“‡≈’È¬ß‡ªìπ‡«≈“ 8  —ª¥“Àå  ®“°º≈°“√∑¥≈Õßæ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√

∑’Ë¡’ à«πº ¡¢Õß “À√à“¬ ‰ª√Ÿ‰≈π“ 10% ¡’πÈ”Àπ—°‡æ‘Ë¡¢÷Èπ Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“– Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ

·≈–ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π¥’∑’Ë ÿ¥ πÕ°®“°π’È¬—ßæ∫«à“°“√‡ √‘¡ “À√à“¬™π‘¥π’È¡’º≈∑”„Àâ¡’°“√ √â“ß·Õπµ‘∫Õ¥’µàÕ‡™◊ÈÕ

Aeromonas hydrophila ‡æ‘Ë¡¢÷Èπ   ®“°°“√«‘‡§√“–Àåª√‘¡“≥¢Õß§“√å‚√∑‘πÕ¬¥å√«¡ (total carotenoid) „π‡π◊ÈÕª≈“

æ∫«à“ ‡æ‘Ë¡¢÷Èπµ“¡√–¥—∫¢Õß “À√à“¬ ‰ª√Ÿ‰≈π“∑’Ë‡ √‘¡„πÕ“À“√·≈–°“√‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“„πÕ“À“√‰¡à àßº≈µàÕ

§à“Œ’‚¡‚°≈∫‘π√«¡ ·µà àßº≈„Àâ‡¡Á¥‡≈◊Õ¥¢“«‡æ‘Ë¡¢÷Èπ·≈–‰¡àæ∫§«“¡º‘¥ª°µ‘∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“¢Õßª≈“

 “À√à“¬ ‰ª√Ÿ‰≈π“ ‡ªìπ “À√à“¬ ’‡¢’¬«·°¡πÈ”‡ß‘π
∑’Ë¡’§ÿ≥ ¡∫—µ‘„π°“√‡ √‘¡ ÿ¢¿“æ ‡π◊ËÕß®“°¡’ ¡’√ß§«—µ∂ÿ„π
ª√‘¡“≥ Ÿß ‡™àπ§“‚√∑’πÕ¬¥å (carotenoid) ´÷Ëßæ∫«à“¡’
§«“¡ ”§—≠µàÕ°√–∫«π°“√∑“ß™’«‡§¡’  ‰¥â·°à ™à«¬∑”≈“¬
Õπÿ¡Ÿ≈Õ‘ √– (free radical) ¢ÕßÕÕ°´‘‡®π∑’Ë¡’æ‘…´÷Ëß‡°‘¥
¢÷Èπ√–À«à“ß°“√∑”ß“π¢Õß‡´≈≈å (Miki, 1991) ·≈–ªÑÕß°—π
¡‘„ÀâÕß§åª√–°Õ∫‡´≈≈å∂Ÿ°∑”≈“¬®“°Õπÿ¡Ÿ≈Õ‘ √–‚¥¬°“√
ªÑÕß°—π°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π (oxidation) (Ga-

baudan, 1996) ®÷ß¡’º≈ àß‡ √‘¡ª√– ‘∑∏‘¿“æ°“√°√–µÿâπ
¿Ÿ¡‘§ÿâ¡°—π  πÕ°®“°π’È¬—ß¡’°√¥‰¢¡—π®”‡ªìπ §◊Õ °√¥·°¡¡“-
≈‘‚π‡≈π‘§ (γ-(gamma)-linolenic acid; 18:3 ω-6) ´÷Ëß
‡ªìπ “√µ—Èßµâπ„π°“√ —ß‡§√“–Àåæ√Õ µ“·°≈π¥‘π (prost-

agrandin) ¡’Àπâ“∑’Ë ”§—≠§◊Õ§«∫§ÿ¡°“√ —ß‡§√“–Àå‚§‡≈ -
‡µÕ√Õ≈ §«∫§ÿ¡°“√Õ—°‡ ∫ °“√∫«¡ ·≈– °“√ßÕ°¢Õß‡´≈≈å
(Richmond, 1986)  πÕ°®“°π’È  ‰ª√Ÿπ“¬—ß¡’‚ª√µ’π Ÿß∂÷ß

50-70% ¢ÕßπÈ”Àπ—°·Àâß ®÷ß„™â‡ªìπ·À≈àß‚ª√µ’π ”§—≠„π
Õ“À“√¡πÿ…¬å·≈– —µ«å  ®“°°“√»÷°…“°“√„™âª√–‚¬™πå„π
 —µ«åπÈ”∑’Ëºà“π¡“  æ∫«à“¡’°“√π” ‰ª√Ÿ‰≈π“„™â‡ªìπÕ“À“√
 —µ«åπÈ”«—¬ÕàÕπ (Nakamura, 1982) ·À≈àß “√‡√àß ’„π
ª≈“ «¬ß“¡ («ÿ≤‘æ√, 2527; ¡–≈‘ ·≈– π—π∑‘¬“, 2528)
·≈–°ÿâß  ( ÿ°‘® ·≈– æŸπ ‘π, 2538)  ·À≈àß‚ª√µ’π„πª≈“
¥ÿ°Õÿ¬ (Clarias macrocephalus) (∫“π™◊Ëπ, 2532)
πÕ°®“°π’È¡’°“√π” “À√à“¬    ‰ª√Ÿ‰≈π“‡ªìπ·À≈àß‚ª√µ’π
∑¥·∑πª≈“ªÉπ‡æ◊ËÕ‡√àß°“√‡®√‘≠‡µ‘∫‚µÕ’°¥â«¬ ‚¥¬ Nan-

deesha ·≈–§≥– (2001) ∑¥≈Õßπ” “À√à“¬ ‰ª√Ÿ‰≈π“
·∑π∑’Ëª≈“ªÉπ 5 √–¥—∫ §◊Õ  0,  25,  50,  75  ·≈–  100%

„πÕ“À“√ª≈“ 2 ™π‘¥ §◊Õ ª≈“ catla (Catla catla) ·≈–
ª≈“¬’Ë °‡∑» (Labeo rohita)  æ∫«à“„πª≈“ catla °“√
·∑π∑’Ëª≈“ªÉπ¥â«¬ “À√à“¬ ‰ª√Ÿ‰≈π“∑ÿ°√–¥—∫„πÕ“À“√
‰¡à¡’º≈µàÕπÈ”Àπ—°‡©≈’Ë¬µàÕµ—«∑’Ë‡æ‘Ë¡¢÷Èπ Õ—µ√“°“√‡®√‘≠
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‡µ‘∫‚µ®”‡æ“– Õ—µ√“·≈°‡π◊ÈÕ ·≈–ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π
·µà„πª≈“¬’Ë °‡∑» æ∫«à“°“√·∑π∑’Ëª≈“ªÉπ¥â«¬ “À√à“¬
 ‰ª√Ÿ‰≈π“„π√–¥—∫∑’Ë Ÿß°«à“ 25%  àßº≈µàÕπÈ”Àπ—°‡©≈’Ë¬
µàÕµ—«∑’Ë‡æ‘Ë¡¢÷Èπ  Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–¥’∑’Ë ÿ¥·≈–
Õ—µ√“°“√·≈°‡π◊ÈÕ¡’§à“µË”∑’Ë ÿ¥   ®÷ß°≈à“«‰¥â«à“ “À√à“¬ ‰ª-
√Ÿ‰≈π“‡ªìπ·À≈àß‚ª√µ’π∑’Ë¡’»—°¬¿“æ ∑’Ë “¡“√∂„™â‡ªìπ
Õ“À“√ —µ«å ‚¥¬¡’‚ª√µ’π Ÿß·≈–ª√–°Õ∫¥â«¬°√¥Õ–¡‘‚π∑’Ë
®”‡ªìπ «‘µ“¡‘π·≈–·√à∏“µÿ∑’Ë ”§—≠À≈“¬™π‘¥ ‚¥¬‡©æ“–
Spirulina platensis ‰¡à¡’ºπ—ß‡´≈≈å (cell wall) ®÷ß∑”„Àâ
ßà“¬µàÕ°“√¬àÕ¬·≈–¥Ÿ¥´÷¡ (Becker and Venkataraman,

1984; Nandeesha et al., 1998)

®“°°“√»÷°…“¢Õß Lee (1999) ‡°’Ë¬«°—∫º≈¥â“π
°“√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—πæ∫«à“‡¡◊ËÕ‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“
0.1% „πÕ“À“√°ÿâß°ÿ≈“¥” (Penaeus monodon)  àßº≈„Àâ
°ÿâß¡’√–∫∫¿Ÿ¡‘µâ“π∑“π¥’¢÷Èπ ‚¥¬¡’§à“°“√®—∫°‘π‚¥¬«‘∏’°“√
‚Õ∫≈âÕ¡ (phagocyte activity)  Ÿß¢÷Èπ  µàÕ¡“ Lee ·≈–
§≥– (2003) æ∫«à“°“√‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“ 0.3% „π
Õ“À“√°ÿâß°ÿ≈“¥”  “¡“√∂‡æ‘Ë¡°“√‡Àπ’Ë¬«π”‡¡Á¥‡≈◊Õ¥„Àâ¡“
‚Õ∫≈âÕ¡‡™◊ÈÕ‚√§‰¥â¥’¢÷Èπ·≈–‡æ‘Ë¡§à“ø“‚°‰´∑‘° ·Õ°µ‘«‘µ’
(phagocytic activity)  Ÿß¢÷Èπ„π«—π∑’Ë 4 À≈—ß®“°°ÿâß‰¥â√—∫
Õ“À“√∑¥≈Õß‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“ ·≈–πÕ°®“°π’È Lee

·≈–§≥– (2003) »÷°…“„πÀâÕßªØ‘∫—µ‘°“√ (in vitro) æ∫
«à“‡´≈≈å‡¡Á¥‡≈◊Õ¥™π‘¥ °√“πŸ≈“√å (granular cell)  “¡“√∂
‡°‘¥¥’°√“πŸ‡≈™—π (degranulation) ‰¥âÕ¬à“ß ¡∫Ÿ√≥å¿“¬„π
45 - 60 π“∑’ ·≈–æ∫«à“‡¡◊ËÕ∑”°“√∑¥ Õ∫§«“¡µâ“π∑“π
µàÕ‚√§ (challenged test) µàÕ‡™◊ÈÕ Vibrio harveyi §«“¡
‡¢â¡¢âπ 1x104 CFU/¡≈. º≈§◊Õ°ÿâß„π™ÿ¥§«∫§ÿ¡´÷Ëß‰¥â√—∫
Õ“À“√∑’Ë‰¡à¡’°“√‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“ µ“¬∑—ÈßÀ¡¥¿“¬„π
‡«≈“ 14 «—π   à«π°ÿâß∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ “À√à“¬ 0.3%

µ“¬‡æ’¬ß 10%  à«π Duncan ·≈– Klesius (1996) æ∫
«à“‡¡Á¥‡≈◊Õ¥¢“«™π‘¥≈‘¡‚ø‰´¥å (lymphocyte) ‡æ‘Ë¡¢÷Èπ
‡¡◊ËÕª≈“°¥Õ‡¡√‘°—π (channel catfish, Ictalurus punc-

tatus)  ‰¥â√—∫Õ“À“√‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“ 2.7% ¢Õß
πÈ”Àπ—°Õ“À“√

®“°º≈°“√«‘®—¬∑’Ëºà“π¡“∑”„Àâ∑√“∫∂÷ß§ÿ≥ ¡∫—µ‘∑’Ë
„Àâº≈„π‡™‘ß∫«°¢Õß “À√à“¬ ‰ª√Ÿ‰≈π“ºŸâ«‘®—¬®÷ß„Àâ§«“¡
 π„® „π°“√π” “À√à“¬ ‰ª√Ÿ‰≈π“¡“‡ªìπ·À≈àß‚ª√µ’π
·≈– “√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π∑¥·∑π “√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π∑’Ë

‡ªìπ “√‡§¡’ ´÷Ëß¡’√“§“·æß  Õ“® àßº≈µàÕºŸâ∫√‘‚¿§ —µ«åπÈ”
·≈–¡’¢âÕ§«√√–«—ß„π°“√„™âÀ≈“¬ª√–°“√ ‡™àπ„π°√≥’¢Õß
 “√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—πª√–‡¿∑¬“ªØ‘™’«π–À“°¡’°“√„™âµ‘¥µàÕ
‡ªìπ‡«≈“π“π®–¡’º≈∑”„Àâ —µ«åπÈ”¥◊ÈÕ¬“·≈–¡’°“√µ°§â“ß
¢Õß¬“„π√à“ß°“¬ (Roberts, 1989) ¡’°“√»÷°…“π”‡∫µ“
1,3-°≈Ÿ·§π (β-1,3 glucan) ´÷Ëß‡ªìπ “√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π
∑’Ë °—¥®“°ºπ—ß‡´≈≈å¢Õß¬’ µå (Saccharomyces cerevi-

siae) ∑”„Àâª≈“·Õµ·≈πµ‘°·´≈¡Õπ (Atlantic salmon,

Salmo salar) ∑πµàÕ‡™◊ÈÕ Vibrio anguillarum, V. sal-

monicida ·≈–  Yersinia  ruckeri  (Robertsen et al.,

1990 ) ·µàªí≠À“¢Õß°“√„™â‡∫µ“-1,3 °≈Ÿ·§π §◊Õ §«“¡
‰¡à –¥«°„π°“√π”¡“„™â µâÕß∑”„Àâ∫√‘ ÿ∑∏‘Ï ‚¥¬µ°µ–°Õπ
¥â«¬‡Õ∑“πÕ≈ (ethanol) ·≈â«®÷ßÀ¡ÿπ‡À«’Ë¬ß (centrifuge)

·≈–∑”Õ—≈µ√“‚´π‘‡§™—π (ultrasonication)  ¥—ßπ—Èπ°“√
»÷°…“§√—Èßπ’È®÷ß‡ªìπ°“√»÷°…“º≈¢Õß “À√à“¬ ‰ª√Ÿ‰≈π“µàÕ
°“√‡®√‘≠‡µ‘∫‚µ·≈–»÷°…“√–¥—∫°“√ √â“ß·Õπµ‘∫Õ¥’ (anti-

body) „πª≈“¥ÿ°æ—π∏ÿåº ¡ °“√∑’Ë‡≈◊Õ°„™âª≈“™π‘¥π’È‡ªìπ
 —µ«å∑¥≈Õß ‡π◊ËÕß®“°‡ªìπª≈“πÈ”®◊¥∑’Ëπ‘¬¡∫√‘‚¿§‡ªìπÕ—π¥—∫
1 ¢Õßª√–‡∑»  (°Õß‡»√…∞°‘®°“√ª√–¡ß, 2546)   “¡“√∂
π”¡“·ª√√Ÿª‡ªìπº≈‘µ¿—≥±åÕ“À“√‚ª√µ’π Ÿß∑’Ë¡’√ ™“µ‘¥’
Õ’°∑—Èß¬—ß‡ªìπª≈“∑’Ë‡≈’È¬ßßà“¬ ‡®√‘≠‡µ‘∫‚µ‡√Á« ‡ªìπ∑’ËµâÕß°“√
¢Õßµ≈“¥·≈–¢“¬‰¥â√“§“„π‡°≥±å¥’

Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

1. °“√‡µ√’¬¡Õÿª°√≥å

Õÿª°√≥å°“√∑¥≈Õßª√–°Õ∫¥â«¬ µŸâ°√–®°¢π“¥
100x50x47 ´¡. §«“¡®ÿπÈ” 235 ≈‘µ√ ‚¥¬∑”§«“¡ –Õ“¥
·≈–µ‘¥µ—ÈßÕÿª°√≥å„ÀâÕ“°“» ‡µ‘¡πÈ”®“°∫àÕæ—°πÈ”∑’Ëª√“»®“°
§≈Õ√’π≈ß„πµŸâ∑¥≈Õß „Àâ‰¥âª√‘¡“µ√ 150 ≈‘µ√ √–∫∫‡≈’È¬ß
‡ªìπ√–∫∫ªî¥ ª√–°Õ∫¥â«¬ ∂—ß°√ÕßπÈ”´÷Ëß‡ªìπ∂—ß‰ø‡∫Õ√å
°≈“ °≈¡ª√‘¡“µ√ 1 ≈∫.‡¡µ√ ∫√√®ÿ∂à“π ‡ª≈◊Õ°ÀÕ¬ ∑√“¬
≈–‡Õ’¬¥ ·≈–·ºàπ„¬°√Õß®”π«π 2 ∂—ß ∫àÕæ—°πÈ”‡ªìπ∫àÕ
§Õπ°√’µ  ∫√√®ÿ∂à“π  ‡ª≈◊Õ°ÀÕ¬  ∑√“¬≈–‡Õ’¬¥   ·≈–
‡§√◊ËÕß„ÀâÕ“°“» ¡’πÈ”‰À≈‡«’¬πµ≈Õ¥‡«≈“  ‚¥¬¡’Õ—µ√“°“√
‰À≈¢ÕßπÈ” 1.2 ≈‘µ√/π“∑’ πÈ”∑’Ë‰À≈‡«’¬π„π√–∫∫®–≈âπ
ÕÕ°∑“ß∑àÕπÈ”≈âπ´÷Ëßµ‘¥Õ¬Ÿà„πµŸâ∑¥≈Õß ·≈–‰À≈‰ª√«¡°—π
„π∑àÕπÈ”∑‘Èß≈ß Ÿà∂—ß°√ÕßπÈ”®“°∂—ß°√ÕßπÈ”‰À≈≈ß Ÿà∫àÕ∫”∫—¥
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πÈ” ®“°π—Èπ°Á®–∂Ÿ° Ÿ∫¢÷Èπ‰ª¬—ß∫àÕæ—°πÈ” ·≈–‰À≈°≈—∫¡“
¬—ßµŸâ∑¥≈Õß

2. °“√‡µ√’¬¡ —µ«å∑¥≈Õß

π”ª≈“¥ÿ°æ—π∏ÿåº ¡ 2,000 µ—« ®“°»Ÿπ¬å«‘®—¬·≈–
æ—≤π“ª√–¡ßπÈ”®◊¥ ß¢≈“ ‚¥¬„™âª≈“∑’Ë¡’πÈ”Àπ—°‡©≈’Ë¬µàÕ
µ—«¢π“¥ 1-2 °√—¡ ¡“‡≈’È¬ß„π∂—ß‰ø‡∫Õ√å°≈“ °≈¡‡ âπºà“
»Ÿπ¬å°≈“ß 1 ≈∫.‡¡µ√ ‚¥¬‡µ‘¡πÈ”„π∂—ß„Àâ‰¥âª√‘¡“µ√ 400

≈‘µ√ ‡≈’È¬ßª≈“„Àâ¡’πÈ”Àπ—°ª√–¡“≥ 7 °√—¡ °àÕπ‡√‘Ë¡∑¥≈Õß
ª√—∫ ¿“æ„Àâª≈“§ÿâπ‡§¬°—∫Õ“À“√∑¥≈Õß 2  —ª¥“Àå ‚¥¬
„™âÕ“À“√ Ÿµ√§«∫§ÿ¡ ∑’Ë„™â„π°“√∑¥≈Õßπ’È (Õ“À“√ Ÿµ√∑’Ë 1)
«—π≈– 2 §√—Èß §◊Õ‡«≈“ 8.30 π. ·≈– 16.30 π.  —ß‡°µ
æƒµ‘°√√¡°“√¬Õ¡√—∫Õ“À“√ ·≈–π”≈Ÿ°ª≈“‰ªµ√«® Õ∫
°“√µ‘¥‡™◊ÈÕ·∫§∑’‡√’¬·≈–ª√ ‘µ¿“¬πÕ°  ‚¥¬≈Ÿ°ª≈“∑’Ë„™â
∑¥≈ÕßµâÕß¡’ ÿ¢¿“æ¥’ ‰¡à¡’‚√§„¥Ê ®“°π—Èπ®÷ß§—¥¢π“¥„Àâ
„°≈â‡§’¬ß°—π·≈–®÷ßπ”¡“‡≈’È¬ß„πµŸâ∑¥≈Õß§«“¡®ÿπÈ” 200 ≈‘µ√
®”π«π 20 µ—«/´È” (60 µ—«/™ÿ¥°“√∑¥≈Õß) ·µà≈–µŸâ∑¥≈Õß
¡’Õ“°“»æàπ®“°‡§√◊ËÕß„ÀâÕ“°“»µ≈Õ¥‡«≈“ √–∫∫°“√∑¥≈Õß
‡ªìπ·∫∫ªî¥‚¥¬„™â ·ºàπ„¬°√Õß ∑√“¬ ‡ª≈◊Õ°ÀÕ¬ ·≈–
∂à“π‡ªìπµ—«°√Õß

3. °“√‡µ√’¬¡ “À√à“¬ ‰ª√Ÿ‰≈π“

π”À—«‡™◊ÈÕ “À√à“¬ ‰ª√Ÿ‰≈π“®“° ∂“∫—π«‘®—¬°“√
‡æ“–‡≈’È¬ß —µ«åπÈ”™“¬Ωíòß·Ààß™“µ‘ ®—ßÀ«—¥ ß¢≈“  ¡“‡æ“–
‡≈’È¬ß„π¢«¥‚À≈·°â«§«“¡®ÿπÈ” 10 ≈‘µ√ ‚¥¬„™âÕ“À“√‡≈’È¬ß
µ“¡ Ÿµ√¢Õß∏‘¥“ (2545)  ®“°π—Èπ®÷ß¢¬“¬≈ß„πµŸâ¢π“¥
§«“¡®ÿ 250 ≈‘µ√  ·≈–¢¬“¬≈ß∂—ß‰ø‡∫Õ√å§«“¡®ÿ 1 µ—π
§«“¡Àπ“·πàπ¢Õß “À√à“¬ ‡√‘Ë¡µâπ 250 ¡°./πÈ”‡≈’È¬ß

 “À√à“¬ 1 ≈‘µ√ ‡°Á∫‡°’Ë¬«º≈º≈‘µ¢Õß “À√à“¬∑ÿ° 7 «—π
π” “À√à“¬∑’Ë‰¥â‰ªÕ∫·Àâß∑’ËÕÿ≥À¿Ÿ¡‘ 60oC  ‡ªìπ‡«≈“ 24

™—Ë«‚¡ß ‡¡◊ËÕ·Àâß π‘∑®÷ßπ”¡“∫¥„Àâ≈–‡Õ’¬¥·≈–‡°Á∫√—°…“
‰«â„πµŸâ‡¬ÁπÕÿ≥À¿Ÿ¡‘ 4oC ‡µ√’¬¡‰«â‡æ◊ËÕº ¡„πÕ“À“√∑¥≈Õß
µàÕ‰ª

4. °“√‡µ√’¬¡Õ“À“√∑¥≈Õß

‡µ√’¬¡«—µ∂ÿ¥‘∫‰¥â·°à  “À√à“¬ ‰ª√Ÿ‰≈π“ ª≈“ªÉπ °“°
∂—Ë«‡À≈◊Õß ª≈“¬¢â“« √” «‘µ“¡‘π ·≈– ·√à∏“µÿ√«¡‚¥¬°“√
∫¥·≈–√àÕπ«—µ∂ÿ¥‘∫Õ“À“√∑’Ë¬—ß‰¡à≈–‡Õ’¬¥ §◊Õ ∂—Ë«‡À≈◊Õß ·≈–
ª≈“¬¢â“« ¥â«¬µ–·°√ß¢π“¥ 30 ‡¡™ (mesh) À≈—ß®“°
π—Èππ”«—µ∂ÿ¥‘∫Õ“À“√∑—ÈßÀ¡¥ (‰¡à√«¡∂÷ß«‘µ“¡‘π·≈–·√à∏“µÿ
√«¡) ¡“«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‚¿™π“°“√‰¥â·°à §«“¡
™◊Èπ ‚ª√µ’π ‰¢¡—π ‡¬◊ËÕ„¬ ·≈–‡∂â“ µ“¡«‘∏’¢Õß AOAC

(1990) ¥—ß· ¥ß„π Table 1 ·≈–§”π«π Ÿµ√Õ“À“√„Àâ¡’
§ÿ≥§à“∑“ß‚¿™π“°“√„Àâ·µà≈– Ÿµ√¥—ß Table 2 ‚¥¬Õ“À“√
∑¥≈Õß¡’ 7  Ÿµ√  ·µà≈– Ÿµ√¡’‚ª√µ’π 30%, ‰¢¡—π 7%

 à«πª√‘¡“≥§“√å‚∫‰Œ‡¥√µÀ√◊Õ‰π‚µ√‡®πø√’‡ÕÁ°·∑√Á° (ni-

trogen free extract, NFE) §”π«≥®“° 100-(§«“¡™◊Èπ
+‚ª√µ’π+‰¢¡—π+‡∂â“+‡¬◊ËÕ„¬) ·≈– æ≈—ßß“π (gross energy)

353-360 °‘‚≈§“≈Õ√’/Õ“À“√ 100 °√—¡ (‚¥¬§”π«≥®“°
‚ª√µ’π x 5.65, ‰¢¡—π x 9.45, §“√å‚∫‰Œ‡¥√µ x 4.1 (De

Silva and Anderson, 1995))   Ÿµ√Õ“À“√·µà≈– Ÿµ√
µà“ß°—π‡æ’¬ßª√‘¡“≥¢Õß “À√à“¬ ‰ª√Ÿ‰≈π“∑’Ë·∑π∑’Ëª≈“ªÉπ
„πÕ“À“√ 7 √–¥—∫ §◊Õ 0, 5, 10, 15, 20, 25 ·≈– 30%

«‘∏’°“√∑”Õ“À“√¥”‡π‘π°“√‚¥¬™—Ëß«—µ∂ÿ¥‘∫ ·≈–º ¡„Àâ‡¢â“
°—π‚¥¬„™â‡§√◊ËÕßº ¡Õ“À“√ (Hobart Model A200T)

‡ªìπ‡«≈“ 15 π“∑’ ‡µ‘¡πÈ”¡—π∂—Ë«‡À≈◊Õßµ“¡ª√‘¡“≥∑’Ë„™â„π

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

Feed ingredients Moisture Protein Fat Ash Fiber NEF

Spirulina 3.30±0.06 56.12±0.26 4.81±0.92 7.50±0.00 0.38±0.03 27.95±1.59
Fish meal 5.00±0.15 54.72±3.33 15.78±0.13 23.26±0.40 0 1.18±0.81
Soybean meal 7.41±0.03 46.13±0.60 5.79±0.30 7.48±0.78 6.54±0.07 29.55±3.65
Corn 4.19±0.05 8.44±0.30 7.02±0.35 3.19±0.03 6.90±0.13 70.02±0.47
Rice bran 4.77±0.05 8.28±0.08 3.69±0.12 8.59±0.22 0.99±0.01 73.86±0.15
Rice flour 5.42±0.08 12.05±0.28 15.72±0.56 15.83±0.09 4.88±0.07 45.81±0.65

*Mean ± standard deviation of three replications;   NFE : Nitrogen free extract
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º≈¢Õß “À√à“¬ ‰ª√Ÿ‰≈π“µàÕª≈“¥ÿ°æ—π∏ÿåº ¡

«ÿ≤‘æ√ æ√À¡¢ÿπ∑Õß ·≈– Õ—≠™≈’ æ‘æ—≤π«—≤π“°ÿ≈

·µà≈– Ÿµ√ º ¡πÈ”¡—π ·≈– «—µ∂ÿ¥‘∫Õ“À“√„Àâ‡¢â“°—π‡ªìπ‡«≈“
15 π“∑’ ·≈– ‡µ‘¡πÈ” 40% ¢ÕßπÈ”Àπ—°Õ“À“√ Õ—¥‡¡Á¥
¥â«¬‡§√◊ËÕß∑”Õ“À“√ (Hobart Model A200T) ¢π“¥
Àπâ“·«àπ‡ âπºà“π»Ÿπ¬å°≈“ß 2 ¡¡. Õ∫Õ“À“√„Àâ·Àâß∑’Ë
Õÿ≥À¿Ÿ¡‘ 60oC ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß º÷Ëß„Àâ‡¬Áπ ‡°Á∫„ à∂ÿß
æ≈“ µ‘° ‡æ◊ËÕ‡°Á∫√—°…“‰«â„πµŸâ‡¬ÁπÕÿ≥À¿Ÿ¡‘ 4oC ·≈–π”
Õ“À“√∑¥≈Õß∑’Ë‡µ√’¬¡‡ √Á®·≈â«‰ª«‘‡§√“–ÀåÕß§åª√–°Õ∫
∑“ß‡§¡’‰¥â·°à §«“¡™◊Èπ ‚ª√µ’π ‰¢¡—π ‡¬◊ËÕ„¬ ·≈– ‡∂â“ µ“¡
«‘∏’¢Õß AOAC (1990) (Table 3)  ·≈–«‘‡§√“–Àåª√‘¡“≥
§“‚√∑’πÕ¬¥å„πÕ“À“√‚¥¬«‘∏’ Lowry method Õâ“ß¡“®“°
Chien ·≈– Jeng (1992) (Table 4)

5. °“√‡µ√’¬¡‡™◊ÈÕ·∫§∑’‡√’¬

π”‡™◊ÈÕ·∫§∑’‡√’¬ Aeromonas hydrophila ∫√‘ ÿ∑∏‘Ï
‡°Á∫‰«â„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ tryptic soy agar (TSA-) π”
‡™◊ÈÕ¡“∑¥ Õ∫ pathogenic ‚¥¬π”‡™◊ÈÕ¡“‡≈’È¬ß„πÕ“À“√
nutrient broth (NB)  π”‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 35oC π“π

20-24 ™—Ë«‚¡ß À¡ÿπ‡À«’Ë¬ß∑’Ë 10,000 √Õ∫/π“∑’ Õÿ≥À¿Ÿ¡‘
30oC π“π 10 π“∑’ ·≈â«≈–≈“¬„ππÈ”‡°≈◊Õ 0.85% „Àâ¡’
§«“¡‡¢â¡¢âπ¢Õß‡™◊ÈÕ 3x108 ‡´≈≈å/¡≈. ‡¡◊ËÕ‡∑’¬∫°—∫
Macfarland ©’¥‡¢â“™àÕß∑âÕß ·≈–°≈â“¡‡π◊ÈÕª√‘¡“µ√ 0.2

¡≈./ª≈“ 1 µ—« ‡°Á∫µ—«Õ¬à“ßª≈“∑’Ëµ‘¥‡™◊ÈÕ·≈–‡æ‘Ëßµ“¬ π”
¡“‡¢’Ë¬‡™◊ÈÕ 3 ∫√‘‡«≥ §◊Õ ·º≈ µ—∫ ·≈–¡â“¡ „πÕ“À“√ TSA-

∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 35oC 24 ™—Ë«‚¡ß   ‡≈◊Õ°®“π‡æ“–‡™◊ÈÕ∑’Ë¡’
‚§‚≈π’‡¥’¬«·≈–¡’≈—°…≥– ’‡À≈◊Õß¢ÿàπ¡“∑”°“√‡≈’È¬ß∫π
Õ“À“√„À¡àÀ≈“¬Ê §√—Èß (subculture) ·≈–π”¡“∑¥ Õ∫
§ÿ≥ ¡∫—µ‘∑“ß™’«‡§¡’¥â«¬™ÿ¥∑¥ Õ∫·∫∫ api 20 E (bioMe’

rieuxsa) ·≈â«π”¡“‡≈’È¬ß„πÕ“À“√ TSA- ‡°Á∫‰«â„π°“√
∑¥≈ÕßµàÕ‰ª

6. ·ºπ°“√∑¥≈Õß·≈–°“√‡°Á∫√«∫√«¡¢âÕ¡Ÿ≈

«“ß·ºπ°“√∑¥≈Õß·∫∫ ÿà¡µ≈Õ¥ (CRD: Com-

pletely Randomized Design) ‚¥¬·∫àß°“√∑¥≈Õß‡ªìπ
7 ™ÿ¥°“√∑¥≈Õß ™ÿ¥°“√∑¥≈Õß≈– 3 ´È” ∑¥ Õ∫º≈¢Õß

Table 2. Composition of experimental diets *

Diet formulae

1 2 3 4 5 6 7

Spirulina 0 50 100 150 200 250 300
Fish meal 280 250 200 150 100 70 0

Soybean meal 250 220 220 230 230 230 230
Corn 150 150 130 130 140 100 100

Rice bran 60 100 90 110 90 90 110
Rice flour 90 60 70 40 60 50 60

Soybean oil 0 0 10 10 10 20 20
Vitamin mix1 10 10 10 10 10 10 10
Mineral mix2 10 10 10 10 10 10 10

Rice hull 150 150 160 160 150 170 160

Total 1000 1000 1000 1000 1000 1000 1000

3,532.4 3,535.7 3,551.7 3,557.8 3,599.4 3,614.6 3,614.4

1 Vitamin mixture (per kg): Acetate(A) 4,000 IU; Cholecalciferol (D
3
) 2,000 IU; DL-alpha-tocopherol (E) 50 mg; Mena-

dione sodium bisulfite (K
3
) 10 mg; Thiamine (B

1
) 20 mg; Riboflavin (B

2
) 20 mg; Niacin 150 mg; Calcium pantothenate

200 mg; Folic acid 5 mg; Pyridoxine (B
6
) 20 mg; Cyanocobalamin (B

12
) 0.2 mg; Biotin 2 mg; Inositol 400 mg; Choline

chloride 2,000 mg; Ascorbic acid (C) 1,000 mg
2 Mineral mixture (g/kg feed): Manganese 25 mg; Zinc 20 mg; Copper 5 mg; Iodine 5 mg; Cobalt 0.05 mg; Selenium

0.3 mg; Iron 30 mg

* by calculation

Ingredient

(g/ 1000 g feed)

Gross energy

(Kcal/1000 g feed)
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Table 3. Proximate analysis of experimental diets (% on dry matter basis)*

Spirulina (%) Moisture Protein Fat Ash Fiber NEF**

1 0 0.50±0.07 31.91±0.41 7.50±0.26 15.30±0.18 9.93±0.23 34.92±0.68
2 5 2.89±0.21 31.52±0.28 7.80±0.16 15.23±0.70 9.57±0.98 32.87±0.98
3 10 1.25±0.24 31.11±0.67 7.30±0.16 14.33±0.04 11.44±0.16 37.27±2.40
4 15 0.46±1.12 30.93±0.22 7.49±0.59 13.66±0.26 11.02±1.12 35.68±0.31
5 20 0.47±0.12 30.21±0.26 7.95±0.13 12.46±0.23 9.28±1.19 39.65±0.12
6 25 1.71±0.05 31.80±0.81 7.72±0.18 11.90±0.21 10.96±0.93 36.43±0.41
7 30 1.45±0.05 31.03±0.50 7.52±0.32 10.05±0.54 9.47±0.03 40.73±0.75

  * Mean ± standard deviation of three replications;   ** NFE : Nitrogen free extract

Experimental

group

Table 4. Carotenoid content in diets (% on dry

matter basis)*

Experimental  Carotenoid content

      group   (mg/g feed)

1 0 0.02±0.03
2 5 0.23±0.03
3 10 0.76±0.08
4 15 0.98±0.07
5 20 1.40±0.33
6 25 1.65±0.30
7 30 2.85±0.61

* Mean ± standard deviation of three replications

Spirulina (%)

 “À√à“¬ ‰ª√Ÿ‰≈π“µàÕ√–∫∫¿Ÿ¡‘§ÿâ¡°—π ·≈– ª√– ‘∑∏‘¿“æ
°“√„™âÕ“À“√¢Õßª≈“¥ÿ°æ—π∏ÿåº ¡ ‡√‘Ë¡µâπ°“√∑¥≈Õß‚¥¬
°“√ ÿà¡ª≈“®“°∂—ßÕπÿ∫“≈¡“™—ËßπÈ”Àπ—°  ·≈–ª≈àÕ¬ª≈“≈ß
µŸâÊ ≈– 20 µ—«   ‚¥¬∑’Ë¡’πÈ”Àπ—°‡©≈’Ë¬‡√‘Ë¡µâπ¢Õßª≈“∑¥≈Õß
πÈ”Àπ—°µ—«≈–ª√–¡“≥ 7 °√—¡ „ÀâÕ“À“√∑¥≈Õß «—π≈– 2

§√—Èß §◊Õ‡«≈“ 8.30 π. ·≈– 16.30 π. ‚¥¬„Àâª≈“°‘πÕ“À“√
®πÕ‘Ë¡ ∫—π∑÷°ª√‘¡“≥Õ“À“√∑’Ëª≈“°‘π∑ÿ° —ª¥“Àåµ≈Õ¥°“√
∑¥≈Õß·≈–µ√«®§ÿ≥¿“æπÈ” ∑ÿ° 1  —ª¥“Àå ‡æ◊ËÕ§«∫§ÿ¡
§ÿ≥¿“æπÈ”„Àâ‡À¡“– ¡µàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“ µ“¡
«‘∏’¢Õß Boyd ·≈– Tucker (1992) ‰¥â·°à Õÿ≥À¿Ÿ¡‘ §à“
§«“¡‡ªìπ°√¥-¥à“ß (pH) §à“ÕÕ°´‘‡®π≈–≈“¬πÈ” (dissolved

oxygen; DO) §«“¡‡ªìπ¥à“ß (total alkalinity) §«“¡
°√–¥â“ß (hardness) ·Õ¡‚¡‡π’¬ (ammonia) ‰π‰µ√∑å (ni-

trite) ·≈– ‰π‡µ√∑ (nitrate)

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

7.1 °“√µ√«® Õ∫æƒµ‘°√√¡·≈–≈—°…≥–∑’Ë· ¥ßÕÕ°

¿“¬πÕ°

„π¢≥–∑”°“√∑¥≈Õß —ß‡°µ≈—°…≥–¿“¬πÕ°∑—Ë«‰ª
¢Õßª≈“∑ÿ°™ÿ¥°“√∑¥≈Õß ‰¥â·°à °“√∫«¡∫√‘‡«≥°°ÀŸ  °“√
µ°‡≈◊Õ¥ °“√‡°‘¥∫“¥·º≈∑’Ë º‘«Àπ—ß §√’∫ ·≈– Õ«—¬«–
¿“¬πÕ°Õ◊ËπÊ  √«¡∑—Èßæƒµ‘°√√¡°“√°‘πÕ“À“√¢Õßª≈“
„™â¬“·≈– “√‡§¡’‡æ◊ËÕªÑÕß°—π‚√§µ“¡ ¿“æ¢Õßª≈“ ¥Ÿ¥
µ–°Õπ ·≈–∑”§«“¡ –Õ“¥µŸâª≈“∑ÿ°Ê «—π ‚¥¬‡ª≈’Ë¬π∂à“¬
πÈ”§√—Èß≈– 30%  ¢Õßª√‘¡“µ√πÈ”∑—ÈßÀ¡¥  ‡æ◊ËÕ§«∫§ÿ¡
§ÿ≥¿“æπÈ”„Àâ‡À¡“– ¡µàÕ°“√‡≈’È¬ßª≈“µ≈Õ¥°“√∑¥≈Õß

7.2 °“√»÷°…“°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“

™—ËßπÈ”Àπ—°ª≈“∑ÿ° 2  —ª¥“Àå ‡æ◊ËÕ∑√“∫πÈ”Àπ—°
∑’Ë‡æ‘Ë¡¢÷Èπ‚¥¬°“√™—ËßπÈ”Àπ—°√«¡¢Õßª≈“¥â«¬‡§√◊ËÕß™—Ëß 2

µ”·Àπàß (ß¥„ÀâÕ“À“√ 1 ¡◊ÈÕ°àÕπ«—π∑’Ë™—ËßπÈ”Àπ—°ª≈“) ·≈–
∫—π∑÷°Õ—µ√“°“√√Õ¥µ“¬¢Õßª≈“∑ÿ°™ÿ¥°“√∑¥≈Õß  π—∫
®”π«πª≈“∑’Ë‡À≈◊ÕÕ¬Ÿà ·≈– —ß‡°µ≈—°…≥–Õ“°“√¢Õßª≈“
µ≈Õ¥°“√∑¥≈Õß æ√âÕ¡®¥∫—π∑÷° ®π ‘Èπ ÿ¥°“√∑¥≈Õß 8

 —ª¥“Àå π”¢âÕ¡Ÿ≈∑’Ë‰¥â‰ª§”π«≥°“√√Õ¥µ“¬ (survival)

µ“¡«‘∏’°“√¢Õß Nankervis ·≈–§≥– (2000)  Õ—µ√“°“√
‡®√‘≠‡µ‘∫‚µ µ“¡«‘∏’°“√¢Õß De Silva ·≈– Anderson

(1995) ‚¥¬æ‘®“√≥“®“°πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ ·≈– Õ—µ√“°“√
‡®√‘≠‡µ‘∫‚µ®”‡æ“– (specific growth  rate, SGR) Õ—µ√“
°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ (feed conversion rate) µ“¡
«‘∏’°“√¢Õß Dupree ·≈– Sneed (1966) Õ—µ√“°“√°‘πÕ“À“√
(rate of feed intake) µ“¡«‘∏’°“√¢Õß Yone  ·≈– Fujii

(1975)
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º≈¢Õß “À√à“¬ ‰ª√Ÿ‰≈π“µàÕª≈“¥ÿ°æ—π∏ÿåº ¡

«ÿ≤‘æ√ æ√À¡¢ÿπ∑Õß ·≈– Õ—≠™≈’ æ‘æ—≤π«—≤π“°ÿ≈

7.3 °“√«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’¢Õßª≈“∑¥≈Õß

 ÿà¡µ—«Õ¬à“ßª≈“°àÕπ‡√‘Ë¡∑¥≈Õß®”π«π 30 µ—« π”
‰ª«‘‡§√“–Àå§«“¡™◊Èπ„π√à“ß°“¬∑—π∑’ ·≈–π”µ—«Õ¬à“ßª≈“
‰ª«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’¢Õßª≈“ ‰¥â·°à ‚ª√µ’π
‰¢¡—π ·≈– ‡∂â“ µ“¡«‘∏’°“√¢Õß AOAC (1990) ∫—π∑÷°
‡ªìπÕß§åª√–°Õ∫∑“ß‡§¡’¢Õßµ—«ª≈“‡√‘Ë¡µâπ ‡¡◊ËÕ ‘Èπ ÿ¥°“√
∑¥≈Õß ÿà¡ª≈“∑¥≈ÕßµŸâ≈– 3 µ—« π”‰ª«‘‡§√“–Àå§«“¡™◊Èπ
∑—π∑’ µ“¡«‘∏’¢Õß AOAC (1990) ®“°π—Èπ ÿà¡ª≈“∑¥≈Õß
5 µ—«/µŸâ ‰ªºà“π°√–∫«π°“√∑”·Àâß‚¥¬π”‰ªÕ∫∑’ËÕÿ≥À¿Ÿ¡‘
60oC π“π 48 ™—Ë«‚¡ß ·≈–π”‰ª«‘‡§√“–ÀåÕß§åª√–°Õ∫
∑“ß‡§¡’ §◊Õ ‚ª√µ’π ‰¢¡—π ·≈– ‡∂â“ µ“¡«‘∏’¢Õß AOAC

(1990)  ·≈–π”¢âÕ¡Ÿ≈¡“§”π«≥§à“ª√– ‘∑∏‘¿“æ°“√„™â
‚ª√µ’π (PER: Protein Efficiency Ratio) (Zeitoun

et al., 1973) ·≈–°“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘µàÕ‰ª
(ANPU: Apparent Net Protein Utilization) (Robinson

and Wilson, 1985)

7.4 °“√»÷°…“Õß§åª√–°Õ∫‡≈◊Õ¥

 ÿà¡ª≈“®“°∑ÿ°™ÿ¥°“√∑¥≈Õß ™ÿ¥°“√∑¥≈Õß≈– 3

µ—«  ≈∫¥â«¬ 2-øîπÕ°´‘‡Õ∏“πÕ≈ (2-henoxyethanol)

‡®“–‡≈◊Õ¥∫√‘‡«≥‚§πÀ“ß¢Õßª≈“¥ÿ°æ—π∏ÿåº ¡  ‚¥¬„™â
‡Õ∏‘≈’π‰¥Õ–¡’π‡µµ√“Õ–´’µ‘° (ethelenediaminetetraacetic

acid; EDTA) 1% ªÑÕß°—π°“√·¢Áßµ—«¢Õß‡≈◊Õ¥ ‡æ◊ËÕ»÷°…“
Õß§åª√–°Õ∫‡≈◊Õ¥ §◊Õ Œ’‚¡‚°≈∫‘π (hemoglobin) ‚¥¬«‘∏’
Cyanmet-hemoglobin ¢Õß Larsen ·≈– Snieszko

(1961)  ª√‘¡“≥¢Õß‡¡Á¥‡≈◊Õ¥·¥ß·≈–‡¡Á¥‡≈◊Õ¥¢“«  ‚¥¬
°“√‡®◊Õ®“ß¥â«¬ Yokoyama’s fluid ·≈–π—∫µ“¡«‘∏’¢Õß
Blaxhall ·≈– Daisley (1973) Œ’¡“‚µ§√‘µ (hematocrit)

«—¥‚¥¬ microhematocrit  method  (Larsen  and

Snieszko, 1961)

7.5 °“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“

»÷°…“°“√‡ª≈’Ë¬π·ª≈ß∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“ ‚¥¬ ÿà¡‡°Á∫
‡π◊ÈÕ‡¬◊ËÕµ—∫®“°∑ÿ°™ÿ¥°“√∑¥≈Õß ™ÿ¥°“√∑¥≈Õß≈– 6 µ—«
‡æ◊ËÕ»÷°…“°“√‡ª≈’Ë¬π·ª≈ß∑“ßæ¬“∏‘ ¿“æ∑“ß‡π◊ÈÕ‡¬◊ËÕ
‚¥¬π”‡π◊ÈÕ‡¬◊ËÕµ—∫¡“·™à„πøÕ√å¡“≈’π (formalin)  10%

1  —ª¥“Àå ·≈â«®÷ß‡ª≈’Ë¬ππÈ”¬“¥Õß‡ªìπ·Õ≈°ÕŒÕ≈å 70%

°àÕππ”‰ªºà“π°“√‡µ√’¬¡‡π◊ÈÕ‡¬◊ËÕµ“¡«‘∏’°“√¢Õß Humason

(1972)  µ—¥‡π◊ÈÕ‡¬◊ËÕµ—∫„Àâ¡’§«“¡Àπ“ 3-4 ‰¡‚§√‡¡µ√
À≈—ß®“°π—Èπ®÷ßπ”‡π◊ÈÕ‡¬◊ËÕµ—∫¡“¬âÕ¡ ’¥â«¬  Œ’¡“∑Õ°´å´‘≈‘π

Õ’‚Õ ‘́π (hematoxylin eosin; HE) (Bancroft, 1967) ®“°
π—Èππ”µ—«Õ¬à“ß‡π◊ÈÕ‡¬◊ËÕ‰ª»÷°…“¿“¬„µâ°≈âÕß®ÿ≈∑√√»πå·∫∫
‡≈π åª√–°Õ∫¢Õß Olympus √ÿàπ C-35 AD µàÕ‰ª

7.6 °“√»÷°…“ª√‘¡“≥§“‚√∑’πÕ¬¥å

«‘‡§√“–Àåª√‘¡“≥¢Õß§“‚√∑’πÕ¬¥å‚¥¬ ÿà¡ª≈“ 6 µ—«
®“°∑ÿ°™ÿ¥°“√∑¥≈Õß  ¡“∑”°“√√–‡À¬·Àâß¥â«¬§«“¡‡¬Áπ
(freeze dry) ®π·Àâß π‘∑ ·≈–∫¥„Àâ≈–‡Õ’¬¥‡æ◊ËÕ„Àâ‡ªìπ
‡π◊ÈÕ‡¥’¬«°—π∑—Èßµ—«  À≈—ß®“°π—Èππ”¡“ °—¥¥â«¬ Õ– ‘́‚µπ
(acetone) πÈ”°≈—Ëπ ·≈– Õ’‡∏Õ√å (ether) µ—Èß∑‘Èß‰«â®π·¬°™—Èπ
·≈â« ®÷ßπ”™—Èπ∑’Ë‡ªìπÕ’‡∏Õ√å´÷Ëß¡’ ’‡¢’¬«¡“√–‡À¬ª√–¡“≥ 1

™—Ë«‚¡ß ª√—∫ª√‘¡“µ√¥â«¬‡Œ°‡´π (hexane) ·≈–π” “√
≈–≈“¬∑’Ë‰¥â¡“∑”°“√À“§à“°“√¥Ÿ¥°≈◊π· ß¥â«¬‡§√◊ËÕß«—¥§à“
°“√¥Ÿ¥°≈◊π· ß·∫∫ ·°π (scan spectrophotometer)

¢Õß Perkin Elmer √ÿàπ Lambda 25 (Chien and Jeng,

1992) ‚¥¬‡¡◊ËÕ∑√“∫§à“¥Ÿ¥°≈◊π· ß∑’Ë™à«ß§≈◊Ëπ Ÿß ÿ¥ (λ
max

= 409 nm) ®÷ßπ”‰ª§”π«≥À“ª√‘¡“≥§“‚√∑’πÕ¬¥å„π
Õ“À“√∑¥≈Õß·≈–ª≈“∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß‡ªìπ‡«≈“ 8

 —ª¥“Àå (Sommer, 1992)

7.7 °“√»÷°…“§à“·Õπµ‘∫Õ¥’ ‰µ‡µÕ√å (antibody titer)

 ÿà¡µ—«Õ¬à“ßª≈“‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß®”π«π 3 µ—«
®“°·µà≈–™ÿ¥°“√∑¥≈Õß∑”°“√ ≈∫¥â«¬ §«‘π“≈å¥‘π (qui-

naldin) 1-2 À¬¥/πÈ” 1 ≈‘µ√ √Õª√–¡“≥ 30 «‘π“∑’  ∑”
°“√©’¥«—§´’π∑’Ëº≈‘µ®“°‡™◊ÈÕ Aeromonas hydrophila ‚¥¬
∑”°“√‡µ√’¬¡®“°«‘∏’¢Õß Peterson ·≈– Fryer (1974)  À≈—ß
®“°©’¥«—§´’π 15 «—π ®÷ß∑”°“√‡°Á∫´’√—¡  ‚¥¬∑”°“√ ≈∫
ª≈“¥â«¬§«‘π“≈å¥‘π  ‡®“–‡≈◊Õ¥∫√‘‡«≥À“ß  (caudal vein)

‚¥¬„™âÀ≈Õ¥©’¥¬“¢π“¥ 1 ¡≈. ·≈–‡¢Á¡©’¥¬“¢π“¥ 27 °√—¡
x  1 π‘È« ‚¥¬‡≈◊Õ¥∑’Ë‡®“–µ—Èß∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßπ“π 1

™—Ë«‚¡ß ·≈â«®÷ßπ”‰ª„ àµŸâ‡¬ÁπÕÿ≥À¿Ÿ¡‘ 4oC π“π 2 ™—Ë«‚¡ß
(Robertsen et al., 1990) µ√«®«—¥§à“ reciprocal titer

(Klesius et al., 2000) ®“°π—Èπ‡®◊Õ®“ß´’√—¡·∫∫ 2 ‡∑à“
(two-fold dilution)  ‚¥¬„™â “√‡®◊Õ®“ß ’́√—¡ (diluent;

0.85% NaCl+0.1% formalin) ª√‘¡“µ√ ÿ∑∏‘ 25 ‰¡‚§√≈‘µ√
(µl) „π∂“¥À“§à“‰µ‡µÕ√å™π‘¥À≈ÿ¡°âπ°≈¡ (microtiter

plate) π”·Õπµ‘‡®π∑’Ë‡µ√’¬¡®“°‡™◊ÈÕ Aeromonas hydro-

phila ‡™àπ°—π „ à≈ß„π∂“¥ ‰µ‡µÕ√åÀ≈ÿ¡≈– 25 ‰¡‚§√≈‘µ√
º ¡‚¥¬„™â‰¡‚§√ªî‡ªµ (micropipet) „Àâ‡¢â“°—π¥’ ∑‘Èß‰«â∑’Ë
Õÿ≥À¿Ÿ¡‘ÀâÕß 2 ™—Ë«‚¡ß ·≈â«π”‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 4oC π“π
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22 ™—Ë«‚¡ß  µ√«®º≈°“√µ°µ–°Õπ ·≈– ∫—π∑÷°º≈ (Klesius

et al., 2000)

º≈°“√∑¥≈Õß

1. ≈—°…≥–¿“¬πÕ°·≈–æƒµ‘°√√¡¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√

∑¥≈Õß Ÿµ√µà“ßÊ

®“°°“√ —ß‡°µ≈—°…≥–¿“¬πÕ° ·≈–æƒµ‘°√√¡¢Õß
ª≈“√–À«à“ß°“√∑¥≈Õß  æ∫«à“ª≈“¥ÿ°æ—π∏ÿåº ¡∑’Ë‰¥â√—∫
Õ“À“√‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“∑ÿ°√–¥—∫ ‰¡à¡’§«“¡º‘¥ª°µ‘
°“√¬Õ¡√—∫Õ“À“√¥’µ≈Õ¥°“√∑¥≈Õß 8  —ª¥“Àå

2. °“√‡®√‘≠‡µ‘∫‚µ

2.1 πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«

‡¡◊ËÕ‡√‘Ë¡µâπ∑¥≈ÕßπÈ”Àπ—°‡©≈’Ë¬¢Õßª≈“Õ¬Ÿà„π™à«ß
6.97±0.04 - 7.15±0.15 °√—¡ (Table 5) πÈ”Àπ—°¢Õß
ª≈“‡æ‘Ë¡¢÷Èπµ“¡‡«≈“∑’Ë‡≈’È¬ß ·≈–‡√‘Ë¡¡’§«“¡·µ°µà“ß∑“ß ∂‘µ‘
µ—Èß·µà —ª¥“Àå∑’Ë 2 (p<0.05) ¢Õß°“√‡≈’È¬ß ‚¥¬ª≈“∑’Ë‰¥â√—∫
Õ“À“√‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“ 5-25%   ¡’°“√‡®√‘≠‡µ‘∫‚µ¥’
‰¡à·µ°µà“ß®“°™ÿ¥§«∫§ÿ¡ (‰¡à‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“)  à«π
ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ ‰ª√Ÿ‰≈π“ 30% ¡’πÈ”Àπ—°‡©≈’Ë¬
µàÕµ—«µË”°«à“™ÿ¥°“√∑¥≈ÕßÕ◊ËπÊ  à«π —ª¥“Àå∑’Ë 4-6 ª≈“∑’Ë
‰¥â√—∫Õ“À“√‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“ 5 ·≈– 10% ¡’πÈ”Àπ—°
‡©≈’Ë¬µàÕµ—«¥’°«à“™ÿ¥°“√∑¥≈ÕßÕ◊ËπÊ ·µà‰¡à·µ°µà“ß°—∫™ÿ¥
§«∫§ÿ¡ (‰¡à‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“) (p<0.05) ·≈–‡¡◊ËÕ
 ‘Èπ ÿ¥°“√∑¥≈Õß„π —ª¥“Àå∑’Ë 8 æ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√
‡ √‘¡ ‰ª√Ÿ‰≈π“ 10% ¡’πÈ”Àπ—°‡©≈’Ë¬µàÕµ—« Ÿß∑’Ë ÿ¥  „π
¢≥–∑’Ëª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“ 30% ¡’
§à“¥—ß°≈à“«µË”∑’Ë ÿ¥ (p<0.05)  à«πª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡
 ‰ª√Ÿ‰≈π“„π√–¥—∫Õ◊ËπÊ (5%, 15%, 20%, 25%) ·≈–∑’Ë
‰¡à‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“¡’πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«‰¡à·µ°µà“ß
°—π∑“ß ∂‘µ‘ (p>0.05) (Table 5)

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

°‘πÕ“À“√ ·≈–°“√√Õ¥µ“¬

ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“ 10% ¡’
πÈ”Àπ—°‡æ‘Ë¡¢÷Èπ Ÿß∑’Ë ÿ¥ (p<0.05) µà“ß®“°™ÿ¥§«∫§ÿ¡ ( Ÿµ√
∑’Ë 1) √Õß≈ß¡“ §◊Õ ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ ‰ª√Ÿ‰≈π“ 5%

( Ÿµ√∑’Ë 2)  ·µà‰¡à·µ°µà“ß°—∫ª≈“„π™ÿ¥§«∫§ÿ¡  (‰¡à‡ √‘¡
 ‰ª√Ÿ‰≈π“,  Ÿµ√∑’Ë 1)  à«π™ÿ¥°“√∑¥≈Õß∑’Ë 4 ∂÷ß 6 (‡ √‘¡
 “À√à“¬ ‰ª√Ÿ‰≈π“ 15, 20 ·≈– 25%) ‰¡à¡’§«“¡·µ°µà“ß
∑“ß ∂‘µ‘√–À«à“ß™ÿ¥°“√∑¥≈Õß (p>0.05) Õ—µ√“°“√‡®√‘≠
‡µ‘∫‚µ®”‡æ“–¢Õßª≈“∑’Ë‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“ 0, 5 ·≈–
10% „πÕ“À“√¡’§à“ Ÿß∑’Ë ÿ¥ (p<0.05) √Õß≈ß¡“ §◊Õª≈“∑’Ë
‰¥â√—∫Õ“À“√‡ √‘¡ “À√à“¬  ‰ª√Ÿ‰≈π“ 15-25% (p>0.05)

·≈–ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ ‰ª√Ÿ‰≈π“ 30% ¡’§à“¥—ß°≈à“«
µË”∑’Ë ÿ¥ (p<0.05) (Table 6)

Õ—µ√“°“√°‘πÕ“À“√¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡
 ‰ª√Ÿ‰≈π“ 5% ¡’§à“‰¡àµà“ß®“°∑’Ë‰¡à‡ √‘¡ ‰ª√Ÿ‰≈π“ ·≈–¡’
§à“ Ÿß∑’Ë ÿ¥ (p<0.05) √Õß≈ß¡“§◊Õª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡
 ‰ª√Ÿ‰≈π“ 10 ·≈– 30% µ“¡≈”¥—∫ (p<0.05)  à«πª≈“∑’Ë
‰¥â√—∫Õ“À“√‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“ 15%,  20% ·≈–
25% ¡’Õ—µ√“°“√°‘πÕ“À“√µË”∑’Ë ÿ¥ ‚¥¬‰¡à·µ°µà“ß°—π
√–À«à“ß™ÿ¥°“√∑¥≈Õß¥—ß°≈à“« (p>0.05) (Table 6)

°“√√Õ¥µ“¬¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√∑—Èß 7  Ÿµ√ Õ¬Ÿà
„π™à«ß 80.00±8.66-98.33±2.89% ·≈–‰¡à¡’§«“¡·µ°µà“ß
°—π∑“ß ∂‘µ‘ (p>0.05) (Table 6)

4. Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ  (feed conversion

ratio, FCR), ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π (protein

efficiency ratio, PER)  ·≈–°“√„™âª√–‚¬™πå®“°

‚ª√µ’π ÿ∑∏‘ (apparent net utilization, ANPU)

Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ¢Õßª≈“∑’Ë‰¥â√—∫
Õ“À“√‡ √‘¡ ‰ª√Ÿ‰≈π“ 10-25% ¡’§à“Õ¬Ÿà„π™à«ß‡°≥±å¥’°«à“
™ÿ¥°“√∑¥≈ÕßÕ◊ËπÊ ‚¥¬‰¡à·µ°µà“ß√–À«à“ß™ÿ¥°“√∑¥≈Õß
(p<0.05) √Õß≈ß¡“§◊Õª≈“∑’Ë‰¥â√—∫Õ“À“√‰¡à‡ √‘¡ ‰ª√Ÿ‰≈π“
·≈–‡ √‘¡ ‰ª√Ÿ‰≈π“ 5%   à«πª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ 
‰ª√Ÿ‰≈π“ 30%  ¡’§à“Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ Ÿß∑’Ë ÿ¥
(Table 7)

ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√
 Ÿµ√µà“ßÊ ·∫àß‰¥â‡ªìπ 3 °≈ÿà¡ ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡
 ‰ª√Ÿ‰≈π“ 10-25%   Ÿß°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√Õ◊ËπÊ
(¥’∑’Ë ÿ¥) √Õß≈ß¡“§◊Õª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë‰¡à‡ √‘¡ ‰ª√Ÿ‰≈π“
·≈–‡ √‘¡ ‰ª√Ÿ‰≈π“ 5%  ¢≥–∑’Ëª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡
 ‰ª√Ÿ‰≈π“ 30% ¡’µË”∑’Ë ÿ¥ (p<0.05) (Table 7)

°“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘¢Õßª≈“∑’Ë‰¥â√—∫
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Table 6. Weight gain, specific growth rate, rate of feed intake and survival of hybrid catfish fed

the experimental diets*

Experimental Spirulina Weight gain specific growth rate rate of feed intake survival

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

1 0 248.72±48.04bc 2.07 ±0.22bc 3.48±0.18d 88.33±12.58a

2 5 300.10±27.11c 2.31±0.11cd 3.57±0.03d 80.00±8.66a

3 10 371.22±50.13d 2.58±0.18d 3.14±1.56c 80.00±18.03a

4 15 210.34±24.46b 1.88±0.13b 2.59±0.13a 93.33±5.77a

5 20 214.43±40.63b 1.90±0.22b 2.58±0.05a 91.67±5.77a

6 25 224.40±24.14b 1.96±0.12b 2.66±0.07a 98.33±2.89a

7 30 93.61±11.46a 1.10±0.10a 2.92±0.05b 91.67±5.77a

* Mean ± standard deviation of three replications

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

Table 5.  Average body weight of hybrid catfish fed the experimental diets for 8 weeks*

                                Rearing period (week)

0 2 4 6 8

1 0 7.02±0.05 10.08±1.10bc 14.63±2.11bc 19.09±3.35bc 22.70±1.20b

2 5 7.15±0.15 10.60±0.86bc 15.13±1.14cd 20.60±0.38cd 28.91±1.72b

3 10 7.08±0.11 11.54±1.35c 16.22±2.09d 23.09±3.73d 33.47±4.26c

4 15 7.04±0.08 10.11±0.76bc 13.20±0.90bc 17.23±1.11bc 22.12±2.71b

5 20 6.97±0.04 9.82±0.18b 11.86±1.61b 16.34±1.69b 23.50±0.03b

6 25 7.02±0.09 9.73±0.41b 12.97±0.42bc 17.58±1.55bc 22.77±1.49b

7 30 7.08±0.14 8.16±0.41a 9.96±0.74a 11.71±1.10a 13.71±0.91a

* Mean ± standard deviation of three replications

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

Experimental Spirulina
group  (%)

Õ“À“√ Ÿµ√∑’Ë 1-6 (‰¡à‡ √‘¡ ‰ª√Ÿ‰≈π“·≈–‡ √‘¡ ‰ª√Ÿ‰≈π“
5-25% µ“¡≈”¥—∫)  ¡’§à“‰¡à·µ°µà“ß°—π (p>0.05) °“√„™â
ª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ ‰ª√Ÿ-
‰≈π“ 30% ¡’§à“µË”∑’Ë ÿ¥ ·≈–·µ°µà“ß®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√
‡ √‘¡ ‰ª√Ÿ‰≈π“ 5-15%  (p<0.05) (Table 7)

5. Õß§åª√–°Õ∫∑“ß‚¿™π“°“√¢Õßª≈“∑—Èßµ—«

Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß´“°ª≈“°àÕπ∑¥≈Õß  ·≈–
´“°ª≈“∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß∑—Èß 7  Ÿµ√  ‡¡◊ËÕ ‘Èπ ÿ¥°“√
∑¥≈Õß  · ¥ß‰«â„π Table 8 ‚¥¬æ∫«à“√–¥—∫¢Õß‚ª√µ’π
„π´“°ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ ‰ª√Ÿ‰≈π“ 30% ¡’§à“µË”∑’Ë ÿ¥
·µà‰¡à·µ°µà“ß®“°ª≈“∑’Ë‡ √‘¡ ‰ª√Ÿ‰≈π“ 25% (p>0.05)

¢≥–∑’Ëª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡‰¡à‡ √‘¡ ‰ª√Ÿ‰≈π“·≈–ª≈“

∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ ‰ª√Ÿ‰≈π“ 5- 20%  ¡’§à“¥—ß°≈à“« Ÿß°«à“
·≈–‰¡à·µ°µà“ß°—π√–À«à“ß™ÿ¥°“√∑¥≈Õß¥—ß°≈à“« (p>0.05)

‰¢¡—π„π´“°ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ ‰ª√Ÿ‰≈π“ 25%

·≈– 30% ¡’§à“µË”∑’Ë ÿ¥ §◊Õ 11.93±0.04 ·≈– 12.64 ±

0.24% ·µ°µà“ß®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√Õ◊ËπÊ (p<0.05)

¢≥–∑’Ëª≈“∑’Ë‰¥â√—∫Õ“À“√‰¡à‡ √‘¡ ‰ª√Ÿ‰≈π“¡’‰¢¡—π„π´“°
 Ÿß∑’Ë ÿ¥·≈–·µ°µà“ß°—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√Õ◊ËπÊ (p<

0.05)  à«πª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡  ‰ª√Ÿ‰≈π“ 5,  10,

15 ·≈– 20% ¡’§à“‰¢¡—π„π´“°§àÕπ¢â“ß Ÿß·µà‰¡à·µ°µà“ß
√–À«à“ß™ÿ¥°“√∑¥≈Õß¥—ß°≈à“« (p>0.05) (Table 8)

‡∂â“„π´“°ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“
25 ·≈– 30% ¡’§à“ Ÿß∑’Ë ÿ¥·µà‰¡à·µ°µà“ß°—∫°“√‡ √‘¡ “À√à“¬
 ‰ª√Ÿ‰≈π“ 10%  à«π 0, 5, 15 ·≈– 20% ‰¡à·µ°µà“ß
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Table 7. Feed conversion ratio (FCR), protein efficiency ratio (PER) and apparent net protein

utilization (ANPU) of hybrid catfish fed the experimental diets for 8 weeks*

Experimental group Spirulina  (%) FCR PER ANPU(%)

1 0 2.04±0.21b 1.58±0.15b 26.29±2.77ab

2 5 2.02±0.08b 1.57±0.07b 33.99±13.81b

3 10 1.57±0.01a 2.06±0.04c 35.35±3.77b

4 15 1.58±0.16a 2.06±0.22c 39.28±13.27b

5 20 1.59±0.13a 2.09±0.17c 29.79±3.46ab

6 25 1.53±0.80a 2.06±0.08c 31.98±2.57ab

7 30 2.19±0.38c 1.12±0.15a 17.05±5.32a

* Mean ± standard deviation of three replications

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

Table 8. Whole body composition (%)  of  hybrid catfish fed the experimental diets for 8 weeks*

Experimental Spirulina Moisture Protein Fat Ash NFE

group (%) (%) (%) (%) (%) (%)

Fish initial - 79.95±0.81 61.62±0.59 14.37±0.04 18.33±0.66 5.55±1.36
1 0 74.75±1.48 60.91±0.37c 17.66±0.28d 20.44±0.17a 0.79±0.29a

2 5 72.82±3.54 60.59±0.41c 15.83±0.22c 20.53±0.23a 3.06±0.04ab

3 10 73.16±2.55 58.34±0.88bc 14.42±0.09bc 22.51±0.21abc 5.27±0.26bc

4 15 75.22±1.97 60.08±0.34c 15.36±0.44c 21.45±3.45ab 3.10±3.16ab

5 20 76.55±0.82 58.12±1.04bc 13.55±0.36b 20.28±0.72a 8.27±2.54c

6 25 74.17±1.48 56.38±0.40ab 11.93±0.04a 23.78±0.37bc 7.91±0.21c

7 30 72.71±1.22 55.15±0.89a 12.64±0.24a 25.17±0.40c 7.04±1.16c

* Mean ± standard deviation of three replications

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

√–À«à“ß™ÿ¥°“√∑¥≈Õß (p>0.05) (Table 8)

6. ª√‘¡“≥§“‚√∑’πÕ¬¥å„π´“°ª≈“

ª√‘¡“≥§“‚√∑’πÕ¬¥å„π´“°ª≈“∑—Èßµ—«∑’Ë‰¥â√—∫Õ“À“√
‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“·µà≈–√–¥—∫¡’§à“‡æ‘Ë¡ Ÿß¢÷Èπµ“¡
ª√‘¡“≥¢Õß ‰ª√Ÿ‰≈π“∑’Ë‡æ‘Ë¡¢÷Èπ„πÕ“À“√∑¥≈Õß ‚¥¬ª≈“
∑’Ë‰¥â√—∫Õ“À“√‰¡à‡ √‘¡ ‰ª√Ÿ‰≈π“¡’ª√‘¡“≥§“‚√∑’πÕ¬¥åµË”
°«à“∑ÿ°™ÿ¥°“√∑¥≈Õß (p>0.05) (Table 9)

7. Õß§åª√–°Õ∫‡≈◊Õ¥ª≈“

Õß§åª√–°Õ∫‡≈◊Õ¥ª≈“∑’Ë‰¥â√—∫Õ“À“√∑—Èß 7  Ÿµ√
· ¥ß‰«â„π Table 10  ‚¥¬æ∫«à“ª√‘¡“≥Œ’‚¡‚°≈∫‘π√«¡

‰¡à¡’§«“¡·µ°µà“ß°—π√–À«à“ß™ÿ¥°“√∑¥≈Õß (p>0.05)
§à“Œ’¡“‚µ§√‘µ¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ “À√à“¬

 ‰ª√Ÿ‰≈π“ 5-25% ¡’§à“‰¡à·µ°µà“ß®“°™ÿ¥§«∫§ÿ¡ (‰¡à‡ √‘¡
 “À√à“¬ ‰ª√Ÿ‰≈π“) (P>0.05)  à«πª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡
 “À√à“¬ ‰ª√Ÿ‰≈π“„πÕ“À“√ 30% ¡’§à“Œ’¡“‚µ§√‘µ„π‡≈◊Õ¥
µË”∑’Ë ÿ¥ ·µà‰¡à·µ°µà“ß∑“ß ∂‘µ‘°—∫™ÿ¥°“√∑¥≈ÕßÕ◊Ëπ Ê

ª√‘¡“≥‡¡Á¥‡≈◊Õ¥¢“«æ∫«à“  ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡
 “À√à“¬ ‰ª√Ÿ‰≈π“ 5%  ¡’§à“µË”∑’Ë ÿ¥ (p<0.05)  ·µà‰¡à
·µ°µà“ß®“°™ÿ¥§«∫§ÿ¡  ·≈–™ÿ¥°“√∑¥≈Õß∑’Ë¡’°“√‡ √‘¡
 “À√à“¬ ‰ª√Ÿ‰≈π“„πÕ“À“√ 10, 15 ·≈– 20% (p>0.05)

·≈–æ∫«à“ª√‘¡“≥‡¡Á¥‡≈◊Õ¥¢“«¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡
 ‰ª√Ÿ‰≈π“ 25 ·≈– 30% ¡’§à“ Ÿß∑’Ë ÿ¥ (p<0.05)
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8. §à“‰µ‡µÕ√å ·Õ§µ‘«‘µ’ (titer activity)

®“°°“√»÷°…“§à“‰µ‡µÕ√å·Õ§µ‘«‘µ’  ÷́Ëß‡ªìπ§à“°“√
®—∫µ—«·≈–‡°‘¥µ–°Õπ√–À«à“ß·Õπµ‘∫Õ¥’·≈–·Õπµ‘‡®π æ∫
«à“ª≈“¥ÿ°æ—π∏ÿåº ¡∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ ‰ª√Ÿ‰≈π“∑ÿ°√–¥—∫
¡’·π«‚πâ¡ Ÿß¢÷Èπ  ®“°°“√À“§à“ À —¡æ—π∏å √–À«à“ß√–¥—∫
 ‰ª√Ÿ‰≈π“„πÕ“À“√·≈–√–¥—∫‰µ‡µÕ√å·Õ§µ‘«‘µ’  æ∫«à“„Àâ
º≈‡ªìπ‰ª„π‡™‘ß∫«° §◊Õ ‡¡◊ËÕ‡æ‘Ë¡ ‰ª√Ÿ‰≈π“„πÕ“À“√§à“
‰µ‡µÕ√å·Õ§µ‘«‘µ’„π´’√—¡‚ª√µ’π®“°‡≈◊Õ¥ª≈“∑’Ë‰¥â√—∫Õ“À“√
∑¥≈Õß®–¡’§à“ Ÿß¢÷Èπ (Table 11)

 ¡°“√‡™‘ß‡ âπ¢Õß§«“¡ —¡æ—π∏å  √–À«à“ß√–¥—∫
 “À√à“¬ ‰ª√Ÿ‰≈π“ °—∫ §à“‰µ‡µÕ√å §◊Õ

          Y = 9.473+0.99X

    ‚¥¬  Y = §à“‰µ‡µÕ√å
         X = √–¥—∫ “À√à“¬ ‰ª√Ÿ‰≈π“

‰µ‡µÕ√å ·Õ§µ‘«‘µ’ (unit/ml plasma) = titer x 1000 (µl)

           A (µl)

‚¥¬ A (µl) = ª√‘¡“µ√´’√—¡

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

®“°°“√»÷°…“æ¬“∏‘ ¿“æ∫√‘‡«≥µ—∫ æ∫«à“‡π◊ÈÕ‡¬◊ËÕ
∫√‘‡«≥µ—∫¢Õßª≈“¥ÿ°æ—π∏ÿåº ¡∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ “À√à“¬
 ‰ª√Ÿ‰≈π“∑ÿ°√–¥—∫¡’≈—°…≥–ª°µ‘ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫™ÿ¥
§«∫§ÿ¡ (‰¡à‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“„πÕ“À“√∑¥≈Õß) (™ÿ¥
°“√∑¥≈Õß∑’Ë 1 ∂÷ß 7)

Table 10. Blood parameters  of  hybrid catfish fed the experimental diets*

Experimental Spirulina Hemoglobin Hematocrit White blood cell Red blood cell Plasma protein

group powder (%) (g/dl) (%) (x104 cell/mm3) (x104 cell/mm3) (µg/ml)

1 0 5.55±0.55 34.07±3.42ab 7.60±0.98ab 2.50±0.31ab 114.55±10.25b

2 5 5.22±0.48 32.25±4.55ab 5.80±1.37a 2.14±0.48ab 118.53±8.71b

3 10 5.58±0.34 35.76±2.29b 8.68±1.54ab 2.87±0.52bc 101.86±4.50a

4 15 5.47±0.32 34.71±3.27ab 8.01±1.76ab 3.41±0.41c 100.37±11.0a

5 20 5.32±0.34 35.76±1.55b 7.19±2.64ab 2.44±0.68ab 118.67±15.74b

6 25 5.18±0.47 32.14±3.24ab 10.05±4.67b 2.08±0.59a 108.79±5.40ab

7 30 5.57±0.93 30.99±3.01a 9.55±3.24b 2.47±0.29ab 115.62±8.81b

* Mean ± standard deviation of three replications

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

Table 9. Carotenoid  content  in  whole  body  of

hybrid   catfish  fed   the   experimental

diets for 8 weeks (on % dry matter

basis)*

Experimental Spirulina Carotenoid content

group (%) (mg/g fish)

1 0 0.30±0.12a

2 5 4.37±0.18b

3 10 5.80±0.91bc

4 15 6.07±1.20bc

5 20 8.22±0.05cd

6 25 8.75±2.11d

7 30 9.28±0.29d

* Mean ± standard deviation of three replications

Means within each column not sharing a common super-

    script are significantly different (p<0.05)

ª√‘¡“≥‡¡Á¥‡≈◊Õ¥·¥ß ¡’§«“¡·µ°µà“ß°—π√–À«à“ß™ÿ¥
°“√∑¥≈Õß ‚¥¬‡¡Á¥‡≈◊Õ¥·¥ß¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡
 ‰ª√Ÿ‰≈π“ 15% ¡’§à“ Ÿß∑’Ë ÿ¥ (p<0.05)  à«πª≈“∑’Ë‰¥â√—∫
Õ“À“√‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“ 5, 25 ·≈– 30% ¡’ª√‘¡“≥
‡¡Á¥‡≈◊Õ¥·¥ßµË”∑’Ë ÿ¥‰¡à·µ°µà“ß®“°™ÿ¥§«∫§ÿ¡

 à«π§à“æ≈“ ¡“‚ª√µ’πæ∫«à“ ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡
 “À√à“¬ ‰ª√Ÿ‰≈π“ 10 ·≈– 15% ¡’§à“æ≈“ ¡“‚ª√µ’πµË”
∑’Ë ÿ¥ (p<0.05)  à«πª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ “À√à“¬ ‰ª√Ÿ-
‰≈π“  5,  20,  25  ·≈–  30%  ¡’§à“æ≈“ ¡“‚ª√µ’π Ÿß‰¡à
·µ°µà“ß®“°™ÿ¥§«∫§ÿ¡ (Table 10)
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«‘®“√≥åº≈°“√∑¥≈Õß

      ®“°º≈°“√»÷°…“„π§√—Èßπ’Èæ∫«à“°“√‡ √‘¡ “À√à“¬
 ‰ª√Ÿ‰≈π“„π Ÿµ√Õ“À“√¢Õßª≈“¥ÿ°æ—π∏ÿåº ¡ 10%  àßº≈
„Àâ°“√‡®√‘≠‡µ‘∫‚µ (πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«, πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ
·≈–Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–) ¥’∑’Ë ÿ¥ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫
°—∫ Ÿµ√§«∫§ÿ¡´÷Ëß¡’ª≈“ªÉπ‡ªìπ·À≈àß‚ª√µ’π (positive

control)  „π¢≥–∑’Ë “À√à“¬ ‰ª√Ÿ‰≈π“ 5% ·≈– 15-25%

„Àâº≈‰¡à·µ°µà“ß°—∫ Ÿµ√§«∫§ÿ¡ ‡¡◊ËÕæ‘®“√≥“®“°Õ“À“√∑’Ë
„™â∑ÿ° Ÿµ√®“°°“√∑¥≈Õß§√—Èßπ’È  ‚¥¬‰¥â°”Àπ¥„Àâ¡’ “√
Õ“À“√·≈–√–¥—∫æ≈—ßß“π„πÕ“À“√„°≈â‡§’¬ß°—π·µà‡¡◊ËÕ‡æ‘Ë¡
√–¥—∫ “À√à“¬ ‰ª√Ÿ‰≈π“„πÕ“À“√∑¥≈Õß Ÿß¢÷Èπ®– àßº≈„Àâ
√–¥—∫‰¢¡—π„πÕ“À“√ Ÿµ√π—ÈπÊ ≈¥≈ß  ®÷ß∑”°“√ª√—∫ Ÿµ√
Õ“À“√‚¥¬°“√‡µ‘¡πÈ”¡—π∂—Ë«‡À≈◊Õß≈ß‰ª‡æ◊ËÕ„Àâ∑ÿ° Ÿµ√
Õ“À“√¡’√–¥—∫æ≈—ßß“π„°≈â‡§’¬ß°—π ´÷Ëß®“°°“√º≈∑¥≈Õß
§√—Èßπ’Èæ∫«à“ ª≈“¥ÿ°æ—π∏ÿåº ¡∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ “À√à“¬
 ‰ª√Ÿ‰≈π“∑ÿ°™ÿ¥°“√∑¥≈Õß¡’‰¢¡—π„π´“°ª≈“∑—Èßµ—«µË”°«à“
ª≈“∑’Ë‰¥â√—∫Õ“À“√„π Ÿµ√§«∫§ÿ¡ (p<0.05) ‡™àπ‡¥’¬«°—∫
Nandeesha ·≈–§≥– (1998)  æ∫«à“‡¡◊ËÕ„™â ‰ª√Ÿ‰≈π“
‡ªìπ·À≈àß‚ª√µ’π„πÕ“À“√ª≈“‰π (Cyprinus carpio) ®–
 “¡“√∂„™â·∑π∑’Ëª≈“ªÉπ‰¥â 25% ‚¥¬ àßº≈„Àâ°“√„™â
ª√–‚¬™πå®“°‚ª√µ’π (net protein retention) ¡’§à“ Ÿß¢÷Èπ
·µà‰¡à àßº≈µàÕ°“√‡®√‘≠‡µ‘∫‚µ ·≈– ‰¢¡—π„π´“°ª≈“∑—Èßµ—«
≈¥≈ß‡¡◊ËÕ‡æ‘Ë¡√–¥—∫ “À√à“¬„πÕ“À“√   à«π„π°“√∑¥≈Õß
‡ √‘¡ “À√à“¬„πÕ“À“√ª≈“¥ÿ°æ—π∏ÿåº ¡§√—Èßπ’È æ∫«à“‡¡◊ËÕ
ª≈“‰¥â√—∫Õ“À“√‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“„π√–¥—∫ Ÿß°«à“

10% ∑”„ÀâÕ—µ√“°“√°‘πÕ“À“√¢Õßª≈“¥ÿ°æ—π∏ÿåº ¡≈¥≈ß
‡π◊ËÕß®“°„π “À√à“¬ ‰ª√Ÿ‰≈π“¡’‰≈´’π (lysine) §àÕπ¢â“ß
µË”‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ª≈“ªÉπ ÷́Ëß„π “À√à“¬ ‰ª√Ÿ‰≈π“¡’
‰≈´’πª√–¡“≥ 3.32 °√—¡/Õ“À“√ 100 °√—¡ „π¢≥–∑’Ë
ª≈“ªÉπ¡’‰≈ ’́π 5.05 °√—¡/Õ“À“√ 100 °√—¡ ‚¥¬‰≈´’π
‡ªìπ°√¥Õ–¡‘‚π®”‡ªìπ∑’Ë¡’§ÿ≥ ¡∫—µ‘‡ªìπ “√°√–µÿâπ°“√°‘π
Õ“À“√ ·µà„πª≈“ªÉπæ∫«à“¡’°√¥Õ–¡‘‚π™π‘¥π’È Ÿß°«à“
(Olvera-novia et al., 1998)  ¥—ßπ—Èπ„π°“√∑¥≈Õß§√—Èßπ’È
‡¡◊ËÕ‡æ‘Ë¡√–¥—∫ “À√à“¬ ‰ª√Ÿ‰≈π“ Ÿß°«à“ 10% „πÕ“À“√
ª≈“¥ÿ°æ—π∏ÿåº ¡®÷ß¡’Õ—µ√“°“√°‘πÕ“À“√µË”≈ß ‡™àπ‡¥’¬«°—∫
Olvera-novia ·≈–§≥– (1998) ∑’Ë„™â “À√à“¬ ‰ª√Ÿ‰≈π“
‡ªìπ·À≈àß‚ª√µ’π∑¥·∑πª≈“ªÉπ„πÕ“À“√ª≈“À¡Õ‡∑»
(Oreochromis mossambicus) æ∫«à“‡¡◊ËÕ∑¥·∑πª≈“ªÉπ
¥â«¬ “À√à“¬ ‰ª√Ÿ‰≈π“ 20-40% „Àâº≈°“√‡®√‘≠‡µ‘∫‚µ‰¡à
·µ°µà“ß®“°™ÿ¥§«∫§ÿ¡∑’Ë¡’ª≈“ªÉπ‡ªìπ·À≈àß‚ª√µ’π·≈–
æ∫«à“°“√‡æ‘Ë¡√–¥—∫ “À√à“¬ 60% ®π∂÷ß 100%  àß
º≈„Àâ°“√¬Õ¡√—∫Õ“À“√·≈–°“√‡®√‘≠‡µ‘∫‚µ≈¥≈ß  ·≈–
Nandeesha ·≈–§≥– (2001) ∑”°“√∑¥≈Õßπ” “À√à“¬
 ‰ª√Ÿ‰≈π“·∑π∑’Ëª≈“ªÉπ„πÕ“À“√ª≈“ 2 ™π‘¥ §◊Õ catla

(Catla catla) ·≈– ª≈“¬’Ë °‡∑» (Labeo rohita) ‚¥¬
Õ“À“√∑¥≈Õß¡’√–¥—∫‚ª√µ’π‡∑à“°—π §◊Õ 28% ‚¥¬·∑π∑’Ë
ª≈“ªÉπ„πÕ“À“√ 0,  25,  50,  75 ·≈– 100% æ∫«à“
 “À√à“¬ ‰ª√Ÿ‰≈π“‰¡à¡’º≈µàÕπÈ”Àπ—°‡©≈’Ë¬µàÕµ—«∑’Ë‡æ‘Ë¡¢÷Èπ
Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“– Õ—µ√“·≈°‡π◊ÈÕ ·≈–ª√– ‘∑∏‘-
¿“æ°“√„™â‚ª√µ’π ·µà„πª≈“¬’Ë °‡∑»°≈—∫æ∫«à“°“√·∑π∑’Ë
ª≈“ªÉπ¥â«¬ “À√à“¬ ‰ª√Ÿ‰≈π“ Ÿß°«à“ 25%   àßº≈µàÕ

Table 11. Titer activity of hybrid catfish fed the experimental diets*

Experimental group Spirulina powder (%) Titer activity (unit/ ml plasma)

1 0 320±0

2 5 640±0

3 10 1,280±0

4 15 1,280±0

5 20 1,280±0

6 25 1,280±0

7 30 2,560±0

*R= 0.424; p<0.05
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º≈¢Õß “À√à“¬ ‰ª√Ÿ‰≈π“µàÕª≈“¥ÿ°æ—π∏ÿåº ¡

«ÿ≤‘æ√ æ√À¡¢ÿπ∑Õß ·≈– Õ—≠™≈’ æ‘æ—≤π«—≤π“°ÿ≈

πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«∑’Ë‡æ‘Ë¡¢÷Èπ Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–
¥’∑’Ë ÿ¥ ·≈–Õ—µ√“°“√·≈°‡π◊ÈÕ¡’§à“µË”‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫
™ÿ¥§«∫§ÿ¡ (Duncan and Klesius, 1996) Ehrenberg

(1980) °≈à“««à“ “À√à“¬ ‰ª√Ÿ‰≈π“‡ªìπ·À≈àß‚ª√µ’π∑’Ë¡’
»—°¬¿“æ„πÕ“À“√ —µ«å ‡π◊ËÕß®“°¡’‚ª√µ’π Ÿß  Õ’°∑—Èß¬—ß
ª√–°Õ∫¥â«¬«‘µ“¡‘π·≈–‡°≈◊Õ·√à„πª√‘¡“≥ Ÿß πÕ°®“°π’È
ºπ—ß‡´≈≈å¬—ß¡’Õß§åª√–°Õ∫∑’Ëßà“¬µàÕ°“√¬àÕ¬ ‡π◊ËÕß®“°‰¡à¡’
‡´≈≈Ÿ‚≈  Õ¬à“ß‰√°Áµ“¡√–¥—∫°“√‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“
„πÕ“À“√ª≈“·µà≈–™π‘¥¡’√–¥—∫·µ°µà“ß°—π¢÷ÈπÕ¬Ÿà°—∫æƒµ‘-
°√√¡°“√°‘πÕ“À“√¢Õßª≈“ ·≈–°“√¬àÕ¬‚ª√µ’π®“°æ◊™¢Õß
ª≈“·µà≈–™π‘¥·µ°µà“ß°—π  (De Silva and Anderson,

1995)  πÕ°®“°π’È¬—ß¡’°“√»÷°…“°“√π” “À√à“¬™π‘¥Õ◊Ëπ
‡ √‘¡„πÕ“À“√ª≈“‡æ◊ËÕ àß‡ √‘¡°“√‡®√‘≠‡µ‘∫‚µ  ‡™àπ Bai

·≈–§≥– (2001)  ∑’Ë»÷°…“°“√‡ √‘¡ “À√à“¬§≈Õ‡√≈≈“
(Chlorella sp.) „πÕ“À“√ª≈“ Korean rockfish (Sea-

bastes schlegeli (Hilgendorf)) æ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√
‡ √‘¡ “À√à“¬§≈Õ‡√≈≈“ 0.5%  àßº≈„Àâª√– ‘∑∏‘¿“æ°“√
„™âÕ“À“√ ·≈–ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π¥’∑’Ë ÿ¥ Corazon

·≈–§≥– (1989) »÷°…“°“√π” “À√à“¬ÕÕ ´‘≈“∑Õ‡√’¬ ¥
(Oscillatoria sp.) ‡ √‘¡„πÕ“À“√„πª≈“π«≈®—π∑√å∑–‡≈
(Chanos chanos)  æ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß Ÿµ√
§«∫§ÿ¡´÷Ëß¡’·À≈àß‚ª√µ’π‡ªìπª≈“ªÉπ¡’Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ
¥’°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√§«∫§ÿ¡‡ √‘¡ “À√à“¬ÕÕ  ‘́≈“-
∑Õ‡√’¬ ¥

®“°°“√»÷°…“æ∫«à“°“√‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“„π
Õ“À“√ª≈“¥ÿ°æ—π∏ÿåº ¡  ¡’º≈„π°“√‡æ‘Ë¡√–¥—∫·Õπµ‘∫Õ¥’
‚¥¬‡¡◊ËÕª≈“¥ÿ°æ—π∏ÿåº ¡‰¥â√—∫Õ“À“√‡ √‘¡ “À√à“¬ ‰ª√Ÿ-
‰≈π“ „π·µà≈–√–¥—∫ ‡ªìπ‡«≈“ 8  —ª¥“Àå ·≈–∑”°“√©’¥
«—§´’πÀ√◊Õ‡™◊ÈÕµ“¬¢Õß Aeromonas hydrophila ∑”„Àâ
§à“‰µ‡µÕ√å ·Õ§µ‘«‘µ’  ´÷Ëß‡ªìπ§à“°“√‡°‘¥µ–°Õπ√–À«à“ß
·Õπµ‘∫Õ¥’·≈–·Õπµ‘‡®π ‚¥¬§à“·Õπµ‘∫Õ¥’·Õ§µ‘«‘µ’∑’Ë¥’§◊Õ
§à“∑’Ë·Õπµ‘‡®π‡°‘¥µ–°Õπ°—∫·Õπµ‘∫Õ¥’∑’Ë§«“¡‡®◊Õ®“ß Ÿß ÿ¥
‚¥¬„π°“√∑¥≈Õß§√—Èßπ’Èæ∫«à“ª≈“∑¥≈Õß∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡
 “À√à“¬ ‰ª√Ÿ‰≈π“∑ÿ°√–¥—∫¡’§à“‰µ‡µÕ√å ·Õ§µ‘«‘µ’  Ÿß°«à“
§à“‰µ‡µÕ√å  ·Õ§µ‘«‘µ’¢Õßª≈“¥ÿ°æ—π∏ÿåº ¡∑’Ë‰¥â√—∫Õ“À“√
∑¥≈Õß„π™ÿ¥§«∫§ÿ¡ (‰¡à‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“)  ‡¡◊ËÕ
∑”°“√«‘‡§√“–Àå∑“ß ∂‘µ‘‚¥¬À“§à“ —¡ª√– ‘∑∏å¢Õß§«“¡

 —¡æ—π∏å√–À«à“ß√–¥—∫¢Õß “À√à“¬ ‰ª√Ÿ‰≈π“·≈–§à“‰µ‡µÕ√å
·Õ§µ‘«‘µ’  æ∫«à“°“√‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“¡’º≈„π‡™‘ß
∫«°µàÕ§à“‰µ‡µÕ√å ·Õ§µ‘«‘µ’  ‚¥¬‡¡◊ËÕ‡æ‘Ë¡√–¥—∫ “À√à“¬
 ‰ª√Ÿ‰≈π“„πÕ“À“√ª≈“¥ÿ°æ—π∏ÿåº ¡ àßº≈„Àâ§à“‰µ‡µÕ√å
·Õ§µ‘«‘µ’ ¡’§à“ Ÿß¢÷Èπ ́ ÷Ëß “¡“√∂∫àß™’È‰¥â«à“ “À√à“¬ ‰ª√Ÿ‰≈π“
¡’º≈„π°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√∑”ß“π¢Õß·Õπµ‘∫Õ¥’ ‚¥¬
„Àâ·Õπµ‘∫Õ¥’®—∫·Õπµ‘‡®π·≈–‡°‘¥µ–°Õπ‰¥â„π¢≥–∑’Ë
·Õπµ‘∫Õ¥’¡’§«“¡‡®◊Õ®“ß Ÿß  Õ¥§≈âÕß°—∫°“√∑¥≈Õß¢Õß
Direkbusarakom ·≈– Danayadol (1999) ∑’Ë»÷°…“°“√
‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“„πÕ“À“√ª≈“°–æß¢“« (seabass,

Lates calcarifer)  ¢π“¥ 200 °√—¡  æ∫«à“‡¡◊ËÕ‡ √‘¡
 “À√à“¬ ‰ª√Ÿ‰≈π“ 0.5% ∑”„Àâ‡°‘¥°“√µ°µ–°Õπ√–À«à“ß
·Õπµ‘∫Õ¥’·≈–·Õπµ‘‡®πµàÕ‡™◊ÈÕ Streptococcus sp. ¥’∑’Ë ÿ¥
‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫™ÿ¥§«∫§ÿ¡ ´÷Ëß Hayashi ·≈–§≥–
(1994) æ∫«à“ÀπŸ∑’Ë‰¥â√—∫Õ“À“√º ¡ “À√à“¬ ‰ª√Ÿ‰≈π“¡’
°“√‡æ‘Ë¡ª√‘¡“≥¢Õß·Õπµ‘∫Õ¥’  ‡™àπ‡¥’¬«°—π°—∫ Duncan

·≈– Klesius (1996) æ∫«à“‡¡Á¥‡≈◊Õ¥¢“«™π‘¥≈‘¡‚ø‰´¥å
(lymphocyte)  ‡æ‘Ë¡¢÷Èπ‡¡◊ËÕª≈“°¥Õ‡¡√‘°—π (channel

catfish, Ictalurus punctatus) ‰¥â√—∫Õ“À“√‡ √‘¡ “À√à“¬
 ‰ª√Ÿ‰≈π“ 2.7% ¢ÕßπÈ”Àπ—°Õ“À“√ ·≈– Lee (1999) ∑’Ë
æ∫«à“‡¡◊ËÕ‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“ 0.1% „πÕ“À“√°ÿâß°ÿ≈“¥”
(Penaeus monodon)  àßº≈„Àâ°ÿâß¡’√–∫∫¿Ÿ¡‘µâ“π∑“π¥’¢÷Èπ
‚¥¬¡’§à“°“√®—∫°‘π‚¥¬«‘∏’°“√‚Õ∫≈âÕ¡ (phagocytotic ac-

tivity)  Ÿß¢÷Èπ  ∑—Èßπ’È‡π◊ËÕß¡“®“° “À√à“¬ ‰ª√Ÿ‰≈π“¡’ “√
°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—πÀ≈“¬™π‘¥ ‡™àπ √ß§«—µ∂ÿ §“‚√∑’πÕ¬¥å ·≈–
‰ø‚§‰´¬“π‘π  ‚¥¬æ∫«à“§“‚√∑’πÕ¬¥å¡’§«“¡ ”§—≠µàÕ
°√–∫«π°“√∑“ß™’«‡§¡’ §◊Õ  “¡“√∂ªÑÕß°—π°“√‡°‘¥Õπÿ¡Ÿ≈
Õ‘ √–§◊Õ ™à«¬∑”≈“¬Õπÿ¡Ÿ≈Õ‘ √–¢ÕßÕÕ°´‘‡®π∑’Ë¡’æ‘…´÷Ëß
‡°‘¥¢÷Èπ√–À«à“ß°“√∑”ß“π¢Õß‡´≈≈å (Miki, 1991) ·≈–
ªÑÕß°—π¡‘„ÀâÕß§åª√–°Õ∫‡´≈≈å∂Ÿ°∑”≈“¬®“°Õπÿ¡Ÿ≈Õ‘ √–
‚¥¬ªÑÕß°—π°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ° ‘́‡¥™—π  (oxidation)

(Gabaduan, 1996)  πÕ°®“°π’È¬—ß¡’º≈„π°“√‡æ‘Ë¡ª√‘¡“≥
¢Õß·¡§‚§√ø“® (macrophage)  ∑’ ≈‘¡‚ø‰´∑å (T-lym-

phocytes) ·≈– ∫’ ≈‘¡‚ø‰´∑å (B-lymphocytes) ‡¡◊ËÕ
·¡§‚§√ø“® ∑’ ≈‘¡‚ø‰´∑å ·≈– ∫’ ≈‘¡‚ø‰´∑å ‡æ‘Ë¡¡“°¢÷Èπ°Á
®– àßº≈„Àâ√–∫∫¿Ÿ¡‘§ÿâ¡°—π¡’°“√µÕ∫ πÕßµàÕ ‘Ëß·ª≈°ª≈Õ¡
À√◊Õ‡™◊ÈÕ‚√§ Ÿß¢÷Èπ ·≈–ªÑÕß°—π°“√‡ ◊ËÕ¡ ¿“æ¢Õß‡´≈≈å
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‡¡Á¥‡≈◊Õ¥¢“«  ®“°°√–∫«π°“√ÕÕ°´‘‡¥™—π  ·≈–°√–∫«π
°“√π’È°àÕ„Àâ‡°‘¥ø√’‡√¥¥‘‡§‘≈ (free radical) ´÷Ëß¡’º≈„π°“√
∑”≈“¬‡π◊ÈÕ‡¬◊ËÕµà“ßÊ (Miki, 1991 Õâ“ß‚¥¬ Thompson

et al, 1995)    à«π‰ø‚§‰´¬“π‘π  ¡’§ÿ≥ ¡∫—µ‘„π°“√
°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π‚¥¬‡ªìπ “√·Õπµ’ÕÕ°´‘·¥π‡™àπ‡¥’¬«°—π
(Vadiraja and Madyastha, 2000) ‚¥¬‰ø‚§‰´¬“π‘π
®–‰ª¬—∫¬—Èß°“√·µ°µ—«¢Õß‰¢¡—π (lipid peroxidation)

®“°°“√»÷°…“‚¥¬π”‰ø‚§‰´¬“π‘π∑’Ë °—¥®“° “À√à“¬
 ‰ª√Ÿ‰≈π“¡“º ¡Õ“À“√„πÀπŸ æ∫«à“‡π◊ÈÕ‡¬◊ËÕ∫√‘‡«≥µ—∫
¢ÕßÀπŸ∑’Ë‰¥â√—∫Õ“À“√º ¡‰ø‚§‰´¬“π‘π °—¥‰¡à¡’§«“¡º‘¥
ª√°µ‘   à«πÀπŸ∑’Ë‰¡à‰¥â√—∫Õ“À“√º ¡‰ø‚§‰´¬“π‘π¡’
°“√ – ¡‰¢¡—π„π‡π◊ÈÕ‡¬◊ËÕº‘¥ª√°µ‘ (Vadiraja  and

Madyastha, 2000) πÕ°®“°π’È®“°°“√∑¥≈Õßπ” “À√à“¬
™π‘¥Õ◊Ëπ‚¥¬ Amar ·≈–§≥– (2004) æ∫«à“ ‡¡◊ËÕπ”‡∫µ“-
§“‚√∑’π∑’Ë °—¥®“° “À√à“¬ ¥Ÿπ“≈‘‡Õ≈“ (Dunaliella salina)

‡ √‘¡„πÕ“À“√ª≈“‡√π‚∫«å‡∑√“∑å 10%  àßº≈µàÕ√–∫∫
¿Ÿ¡‘§ÿâ¡°—π‚¥¬§à“ lysozyme activity ·≈–§à“°“√®—∫°‘π‚¥¬
«‘∏’°“√‚Õ∫≈âÕ¡ Ÿß°«à“™ÿ¥§«∫§ÿ¡  πÕ°®“°π’È Richmond

(1986) ¬—ßæ∫«à“∑’Ë∫√‘‡«≥ºπ—ß‡´≈≈å¢Õß “À√à“¬ ‰ª√Ÿ‰≈π“
¡’‚æ≈’·´§§“‰√¥å‡ªìπÕß§åª√–°Õ∫  ´÷Ëß¡’≈—°…≥–‡À¡◊Õπ
ºπ—ß‡´≈≈å¢Õß·∫§∑’‡√’¬  ¥—ßπ—Èπ‡¡◊ËÕ√à“ß°“¬‰¥â√—∫ “À√à“¬
 ‰ª√Ÿ‰≈π“ ∑”„Àâ√–∫∫¿Ÿ¡‘§ÿâ¡°—π°√–µÿâπ°“√ √â“ß ∫’ ≈‘¡-
‚ø‰´∑å ∑’Ë∫√‘‡«≥¡â“¡·≈–‰¢ —πÀ≈—ß ‡æ◊ËÕ°”®—¥·≈–®¥®”
(memory) ‡¡◊ËÕ‰¥â√—∫‡™◊ÈÕ‚√§ °Á®– àßº≈„Àâ°√–∫«π°“√°”®—¥
‡™◊ÈÕ‡°‘¥¢÷Èπ‰¥âÕ¬à“ß√«¥‡√Á«  ¡’°“√®—∫°‘πÀ√◊Õ§à“°“√®—∫°‘π
‚¥¬«‘∏’°“√‚Õ∫≈âÕ¡‡æ‘Ë¡¢÷Èπ (Sakai, 1999)   ®“°°“√
∑¥≈Õß§√—Èßπ’Èæ∫«à“°“√‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“ 30%  àß
º≈„Àâ·Õπµ‘∫Õ¥’¡’§à“‡®◊Õ®“ß∑’Ë ÿ¥∑’Ë “¡“√∂‡°‘¥µ–°Õπ°—∫
·Õπµ‘‡®π‰¥â

πÕ°®“°π’È¡’°“√∑¥≈Õßπ”≈“¡‘π“·√π (laminaran)

´÷Ëß‡ªìπ “√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—πª√–‡¿∑‚æ≈’·´§“‰√¥å∑’Ë °—¥
®“° “À√à“¬ ’πÈ”µ“≈ (Laminaria hyperborea) æ∫«à“
¡’º≈µàÕ√–∫∫¿Ÿ¡‘§ÿâ¡°—πª≈“·Õµ·≈πµ‘°·´≈¡Õπ  ‚¥¬
¡’º≈‰ª‡ √‘¡°“√∑”ß“π  ·≈–‡æ‘Ë¡°“√‡Àπ’Ë¬«π”°“√ √â“ß
·¡§‚§√ø“®„π∫√‘‡«≥µ—∫ ·≈–‰µ (Dalmo and Seljelid,

1995)  Õ¥§≈âÕß°—∫ ¡≈ƒ¥’ ·≈–§≥– (2543) æ∫«à“°“√
π”°≈Ÿ·§π´÷Ëß‡ªìπ‚æ≈’·´§§“‰√¥å∫√‘‡«≥ºπ—ß‡´≈≈å¬’ µå

Saccharomyces cerevisiae ‡ √‘¡„πÕ“À“√  àßº≈∫«°
µàÕ√–∫∫¿Ÿ¡‘§ÿâ¡°—π°ÿâß°ÿ≈“¥” ‚¥¬ Vargas ·≈–§≥– (1998)

æ∫«à“ “√ª√–°Õ∫®“°ºπ—ß¢Õß‡´≈≈å·∫§∑’‡√’¬ ·≈–√“
(fungi) §◊Õ ‰≈‚ª‚æ≈’·´§§“‰√¥å (lipopolysaccaride) ®–
¡’º≈ àß‡ √‘¡√–∫∫¿Ÿ¡‘§ÿâ¡°—π·∫∫‡´≈≈Ÿ≈“√å„Àâ¥’¢÷Èπ ‡™àπ
ø“‚° —́¬‚µ ’́  ‡¡≈“‰π‡´™—π (melanization) ‡ÕÁπ·§ª-
´Ÿ≈‡≈™—π (encapsulation) ·≈–°√–∫«π°“√·¢Áßµ—«¢Õß
‡≈◊Õ¥ Õ¥§≈âÕß°—∫ Knaap (1993) ∑’Ë°≈à“««à“ “√‰¡‚§√‡∫’¬≈
‚æ≈’·´§§“‰√¥å (microbial polysaccharide) ‡™àπ ‡ªªµ‘-
‚¥‰°≈·§π (peptidoglycan) ‰≈‚ª‚æ≈’·´§§“‰√¥å ·≈–
‡∫µ“°≈Ÿ·§π ¡’º≈„π°“√°√–µÿâπŒ’‚¡≈‘¡æå„Àâ‡°‘¥ “√ª√–°Õ∫
‡™‘ß´âÕπ àß‰ª°√–µÿâπµ—«√—∫∫π‡¡¡‡∫√π (membrane

receptor) ¢Õß‡´¡‘°≈“πŸ≈“‡´≈≈å (semi granular cell) „Àâ
‡°‘¥°“√À≈—Ëß‡Õπ‰´¡åµà“ßÊ ‡™àπ ‡Õπ‰´¡åøïπÕ≈ÕÕ°´‘‡¥ 
(phenol oxidase)

®“°°“√»÷°…“π’È¬—ßæ∫«à“√–¥—∫¢Õß§“‚√∑’πÕ¬¥å„π
‡π◊ÈÕª≈“¡’§à“‡æ‘Ë¡¢÷Èπµ“¡√–¥—∫∑’Ë‡ √‘¡„πÕ“À“√  ´÷ËßÕ¬Ÿà„π
√Ÿª¢Õß§“‚√∑’πÕ¬¥å√«¡ (total carotenoids) ‚¥¬°“√
 – ¡¢Õß§“‚√∑’πÕ¬¥å„πª≈“æ∫«à“  ¡’°“√ – ¡∫√‘‡«≥
º‘«Àπ—ß ‡π◊ÈÕ ‰¢à ·≈– µ—∫ (Sato and Regier, 1971) ∑—Èßπ’È
Hata ·≈– Hata (1975) ∑¥≈Õßπ”‡∫µ“§“‚√∑’π ≈Ÿ∑’π
(lutein) ·≈–´’‡Õ·´π∑’π ∑’Ë¡’§“√å∫Õπ°—¡¡—πµ√—ß ’ (radio-

active carbon) º ¡„πÕ“À“√ª≈“‡√π‚∫«å‡∑√“∑å (Salmo

gairdneri) ®“°π—Èπ 48 ™—Ë«‚¡ß   “¡“√∂µ√«®æ∫§“‚√-
∑’πÕ¬¥å∑—Èß 3 ™π‘¥ ∑’Ë∫√‘‡«≥º‘«Àπ—ß ‡π◊ÈÕ µ—∫ ·≈– √–∫∫
∑“ß‡¥‘πÕ“À“√  Õ¥§≈âÕß°—∫ Liao ·≈–§≥– (1993) ·≈–
Latscha (1991) °≈à“««à“ “À√à“¬ ‰ª√Ÿ‰≈π“¡’º≈µàÕ°“√
‡°‘¥ ’„πÀπ—ß·≈–‡π◊ÈÕ¢Õß —µ«åπÈ” ‚¥¬¢÷ÈπÕ¬Ÿà°—∫ª√‘¡“≥·≈–
√–¬–‡«≈“ (Cuzon et al., 1985)  ·≈–§“‚√∑’πÕ¬¥å¡’
º≈µàÕ ÿ¢¿“æ¢Õßª≈“ ‚¥¬ “¡“√∂≈¥§«“¡‡§√’¬¥ ∑”„Àâ
ª≈“¡’ ÿ¢¿“æ¥’  “¡“√∂∑πµàÕ‡™◊ÈÕ°àÕ‚√§µà“ß Ê ‰¥â¥’¢÷Èπ
(Nakano et al., 2003)  à«π§à“Õß§åª√–°Õ∫‡≈◊Õ¥ æ∫«à“
§à“Œ’‚¡‚°≈∫‘π®“°∑ÿ°™ÿ¥°“√∑¥≈Õß∑’Ë‡ √‘¡ “À√à“¬™π‘¥π’È
‰¡à·µ°µà“ß°—∫™ÿ¥§«∫§ÿ¡ (‰¡à‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“ ¡’
ª≈“ªÉπ‡ªìπ·À≈àß‚ª√µ’π) ·µàª√‘¡“≥‡¡Á¥‡≈◊Õ¥¢“«¡’·π«‚πâ¡
 Ÿß¢÷Èπ„π™ÿ¥°“√∑¥≈Õß∑’Ë‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“∑ÿ°√–¥—∫
 Õ¥§≈âÕß°—∫°“√∑¥≈Õß¢Õß Duncan  ·≈–  Klesius
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«ÿ≤‘æ√ æ√À¡¢ÿπ∑Õß ·≈– Õ—≠™≈’ æ‘æ—≤π«—≤π“°ÿ≈

(1996) æ∫«à“‡¡Á¥‡≈◊Õ¥¢“«™π‘¥≈‘¡‚ø‰´¥å‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ
ª≈“°¥Õ‡¡√‘°—π‰¥â√—∫Õ“À“√‡ √‘¡ “À√à“¬ ‰ª√Ÿ‰≈π“ ‡π◊ËÕß
®“° “À√à“¬ ‰ª√Ÿ‰≈π“¡’ “√ ’Õ¬Ÿà Ÿß‚¥¬‡©æ“–§“‚√∑’πÕ¬¥å
·≈–‰ø‚§‰´¬“π‘π (Richmond, 1986) ‚¥¬ “√ ’¥—ß°≈à“«
 àßº≈„Àâ√à“ß°“¬¡’°“√ √â“ß‡´≈≈å™π‘¥°√“πŸ≈“√å (granular)

‡æ‘Ë¡¢÷Èπ ‡™àπ ·¡§‚§√ø“® ∑’ ≈‘¡‚ø‰´∑å ·≈– ∫’ ≈‘¡‚ø‰´∑å
(Gabaduan, 1996) ‚¥¬ “√ ’®–¡’°“√°√–µÿâπ°“√∑”ß“π
¢Õß´’√—¡·Õπµ‘‚ª√µ‘‡Õ  (serum antiprotease) ·≈–´’√—¡
§Õ¡æ≈’‡¡π (serum complement) „Àâ¡’§«“¡«àÕß‰«¢÷Èπ
 Õ¥§≈âÕß°—∫°“√∑¥≈Õß¢Õß Zhang (1994) æ∫«à“ ‰ø‚§-
‰´¬“π‘π∑’Ë °—¥®“° “À√à“¬ ‰ª√Ÿ‰≈π“ ¡’º≈‰ª‡Àπ’Ë¬«π”
„Àâ stem cell ∫√‘‡«≥‰¢°√–¥Ÿ°ÀπŸ∑¥≈Õßº≈‘µ‡¡Á¥‡≈◊Õ¥
¢“«‡æ‘Ë¡¢÷Èπ
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