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Abstract
Phromkunthong, W.1, Udom, U.1, Supamattaya, K.1 and Kiriratnikom, S.2

Effects of spirulina carotenoid on carotenoid deposition and immunity in
sex-reversed red tilapia
Songklanakarin J. Sci. Technol., 2007, 29(5) : 1301-1319

A study was conducted in 235-l glass tanks filled with 180-l water using closed recirculation water
system of 1.2 l/min flow rate to determine the effects of spirulina carotenoid on its accumulation and immune
in sex-reversed red tilapia. Feeding trial comprised 8 treatments with 3 replications each. Twenty fish of 21
g initial weight were stocked in each tanks into which feed were given in 2 rations daily over an 8 weeks
period of study with completely randomized design. All feeds tested contained 30% protein, 6% lipid and
3,400 Kcal digestible energy/kg feed. Formula 1 feed was control, i.e., without fortified carotenoid; formulae
2, 3 and 4 were with 200 mg/kg feed of  fortified synthetic carotenoids, i.e., astaxanthin, zeaxanthin and
bata-carotene, respectively. Dried spirulina were incorporated in feed formulae 5 to 8 to obtain carotenoid
concentration 50, 100, 150 and 200 mg/kg feed, respectively. Results showed that neither synthetic nor
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Effect of Spirulina carotenoid in sex-reversed red tilapia

Phromkunthong, W., et al.

spirulina carotenoid produced an effect on fish growth or survival. Analysis of total carotenoid showed both
sources of carotenoid elevated carotenoid content and color index in proportional to carotenoid level
fortification. Highest accumulated carotenoid content was noted in feed with zeaxanthin in the feed though
not different from that with 150 mg/kg spirulina carotenoid. Antibody against Streptococcus agalactiae was
enhanced with carotenoid fortification in all formulae except that with beta-carotene. Carotenoid in the feed
has no effect on total hemoglobin and hematocrit, though it increases red blood cell and white blood cell
(p<0.05).

Key words : carotenoid, Spirulina, immunity, sex-reversed red tilapia
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µŸâ°√–®°¢π“¥ 235 ≈‘µ√ ∑’Ë¡’ª√‘¡“µ√πÈ” 180 ≈‘µ√ √–∫∫πÈ”‡ªìπ√–∫∫‰À≈‡«’¬π·∫∫ªî¥ ¡’Õ—µ√“°“√‰À≈¢ÕßπÈ” 1.2

≈‘µ√/π“∑’ ·∫àß‡ªìπ 8 ™ÿ¥°“√∑¥≈Õß °“√∑¥≈Õß≈– 3 ´È” ‚¥¬„™âª≈“π‘≈·¥ß·ª≈ß‡æ»πÈ”Àπ—°‡©≈’Ë¬‡√‘Ë¡µâπµ—«≈– 21

°√—¡ ®”π«π 20 µ—«µàÕ´È” „ÀâÕ“À“√∑¥≈Õß«—π≈– 2 ¡◊ÈÕ √–¬–‡«≈“„π°“√∑¥≈Õß 8  —ª¥“Àå «“ß·ºπ°“√∑¥≈Õß

·∫∫ ÿà¡µ≈Õ¥ °”Àπ¥„Àâ Ÿµ√Õ“À“√∑ÿ° Ÿµ√¡’√–¥—∫‚ª√µ’π 30% ‰¢¡—π 6% æ≈—ßß“π∑’Ë¬àÕ¬‰¥â 3,400 °‘‚≈§“≈Õ√’/

Õ“À“√ 1 °°. ‚¥¬ Ÿµ√∑’Ë 1 ‡ªìπ™ÿ¥§«∫§ÿ¡ (‰¡à‡ √‘¡§“‚√∑’πÕ¬¥å)  Ÿµ√∑’Ë 2, 3 ·≈– 4 ‡ √‘¡§“‚√∑’πÕ¬¥å —ß‡§√“–Àå

200 ¡°./Õ“À“√ 1 °°. ‚¥¬‰¥â®“° ·Õ µ“·´π∑‘π (astaxanthin), ́ ’·´π∑‘π (zeaxanthin) ·≈–‡∫µ“-·§‚√∑’π (beta-

carotene) µ“¡≈”¥—∫  Ÿµ√∑’Ë 5-8 ‡ √‘¡ ‰ª√Ÿ‰≈π“∫¥·Àâß„πÕ“À“√∑¥≈Õß„Àâ‰¥â√–¥—∫§“‚√∑’πÕ¬¥å 50, 100, 150 ·≈–

200 ¡°./Õ“À“√ 1 °°. µ“¡≈”¥—∫ À≈—ß®“°‡≈’È¬ßª≈“‡ªìπ‡«≈“ 8  —ª¥“Àå æ∫«à“°“√‡ √‘¡§“‚√∑’πÕ¬¥å —ß‡§√“–Àå

·≈– ‰ª√Ÿ‰≈π“‰¡à¡’º≈µàÕ°“√‡®√‘≠‡µ‘∫‚µ·≈–Õ—µ√“°“√√Õ¥  ®“°°“√«‘‡§√“–Àå§“‚√∑’πÕ¬¥å√«¡„πµ—«ª≈“ æ∫«à“°“√

‡ √‘¡§“‚√∑’πÕ¬¥å —ß‡§√“–Àå·≈–§“‚√∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“∑”„Àâ°“√ – ¡§“‚√∑’πÕ¬¥å√«¡„πµ—«ª≈“·≈–§à“ ’ Ÿß¢÷Èπ

µ“¡ª√‘¡“≥§“‚√∑’πÕ¬¥å∑’Ë‡ √‘¡‚¥¬ Ÿµ√∑’Ë‡ √‘¡´’·´π∑‘π®–¡’§à“ Ÿß∑’Ë ÿ¥·µà‰¡à·µ°µà“ß (p>0.05) °—∫ Ÿµ√∑’Ë‡ √‘¡

§“‚√∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“ 150 ¡°./Õ“À“√ 1 °°.  à«π°“√ √â“ß·Õπµ‘∫Õ¥’µàÕ‡™◊ÈÕ Streptococcus agalactiae ®–

‡æ‘Ë¡¢÷Èπ‡¡◊ËÕª≈“‰¥â√—∫Õ“À“√‡ √‘¡§“‚√∑’πÕ¬¥å®“°∑ÿ° Ÿµ√¬°‡«âπª≈“∑’Ë‰¥â√—∫Õ“À“√„π Ÿµ√∑’Ë‡ √‘¡‡∫µ“-·§‚√∑’π °“√

‡ √‘¡§“‚√∑’πÕ¬¥å®–‰¡à àßº≈µàÕ§à“Œ’‚¡‚°≈∫‘π√«¡·≈–Œ’¡“‚µ§√‘µ ·µà àßº≈„Àâ‡¡Á¥‡≈◊Õ¥·¥ß·≈–‡¡Á¥‡≈◊Õ¥¢“«‡æ‘Ë¡

¢÷Èπ Ÿß°«à“™ÿ¥§«∫§ÿ¡ (p<0.05)

 ‰ª√Ÿ‰≈π“ (Spirulina sp.) ‡ªìπ “À√à“¬ ’‡¢’¬«·°¡
πÈ”‡ß‘π (blue-green algae) ∑’Ë‰¡à¡’ºπ—ß‡´≈≈å  —µ«å “¡“√∂
¬àÕ¬‰¥âßà“¬ (Hill, 1980) ·≈–¡’§«“¡ ”§—≠∑“ß‡»√…∞°‘® ¡’
§ÿ≥§à“∑“ß‚¿™π“°“√ Ÿß ¡’‚ª√µ’π 60-70% ¢ÕßπÈ”Àπ—°·Àâß
(Pelizer et al., 2003; Jimenez et al., 2003) ¡’‰¢¡—π
6-8% (Vonshak, 1997 Õâ“ß‚¥¬ Varga et al., 2002)
‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß°√¥≈‘‚π≈‘π‘§ (γ-(gamma)-linolenic

acid, 18:3 ω3) ¡’Õ¬Ÿà∂÷ß 35% ¢Õß‰¢¡—π∑—ÈßÀ¡¥ (Ven-
kataraman, 1983) ¡’«‘µ“¡‘π·≈–·√à∏“µÿ∑’Ë ”§—≠∑’Ë√à“ß°“¬
µâÕß°“√Õ’°À≈“¬™π‘¥ ‡™àπ «‘µ“¡‘π‡Õ Õ‘‚π´‘∑Õ≈ (inositol)
«‘µ“¡‘π∫’ ‚¥¬‡©æ“–«‘µ“¡‘π∫’ 12 (Richmond, 1987)
·≈–¿“¬„π‡´≈≈å¬—ßª√–°Õ∫¥â«¬‡¡Á¥ ’µà“ßÊ ∑’Ë ”§—≠ ·≈–¡’
ª√–‚¬™πå ‡™àπ §≈Õ‚√øî≈≈å (chlorophyll) ‰ø‚§‰´¬“π‘π
(phycocyanin) ·≈–§“‚√∑’πÕ¬¥å (Richmond, 1987) ‚¥¬
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§“‚√∑’πÕ¬¥å‡ªìπ°≈ÿà¡√ß§«—µ∂ÿ∑’Ë„Àâ ’‡À≈◊Õß  â¡ ·≈–™¡æŸ∂÷ß
·¥ß æ∫„π∏√√¡™“µ‘¡“°°«à“ 600 ™π‘¥  √â“ß¢÷Èπ®“°«‘∂’
‡∑Õ√åæ’πÕ¬¥å (terpenoid pathway) „π‡´≈≈åæ◊™  “À√à“¬
·∫§∑’‡√’¬ ·≈–√“  —µ«åπÈ”‰¡à “¡“√∂ —ß‡§√“–Àå‰¥â ·µà§“‚√-
∑’πÕ¬¥å‡ªìπ “√‡ √‘¡∑’Ë®”‡ªìπµàÕ√à“ß°“¬  ¥—ßπ—Èπ —µ«åπÈ”®÷ß
µâÕß°‘πÕ“À“√∑’Ë¡’§“‚√∑’πÕ¬¥å·≈–‡°Á∫ – ¡‰«â„π à«πµà“ßÊ
¢Õß√à“ß°“¬ ·≈–¬—ßæ∫«à“ “√ ’‡À≈à“π’È “¡“√∂π”¡“„™â„π∑“ß
°“√·æ∑¬å‰¥â ‡™àπ ‰ø‚§‰´¬“π‘π  “¡“√∂π”¡“„™â‡ªìπ “√
µâ“πÕπÿ¡Ÿ≈Õ‘ √– ·≈– “¡“√∂‡Àπ’Ë¬«π”°“√º≈‘µ‰´‚µ‰§πå
(cytokines) ∑’Ë¡’º≈µàÕ°“√≈¥°“√Õ—°‡ ∫¢Õß‡´≈≈å ¡Õß
(Gemma et al., 2002)  à«π§“‚√∑’πÕ¬¥å ®”æ«°‡∫µ“-
·§‚√∑’π (β-carotene) ́ ’·´π∑‘π (zeaxanthin) ·≈–‡∫µ“-
§√‘ª‚µ·´π∑‘π (β-cryptoxanthin) ‡ªìπ§“‚√∑’πÕ¬¥å™π‘¥
‡¥àπ∑’Ë¡’Õ¬Ÿà„π ‰ª√Ÿ‰≈π“ ¡’°“√√“¬ß“π«à“§“‚√∑’πÕ¬¥å‡ªìπ “√
‡ √‘¡∑’Ë ”§—≠„πÕ“À“√¢Õß¡πÿ…¬å‡æ√“–¡’§ÿ≥ ¡∫—µ‘‡ªìπ “√
µâ“πÕπÿ¡Ÿ≈Õ‘ √–·≈–µâ“π¡–‡√Áß (Careri et al., 2001)
 “¡“√∂‡æ‘Ë¡¿Ÿ¡‘µâ“π∑“π„Àâ°—∫¡πÿ…¬å (Hughes, 2001) ·≈–
ª≈“‡√π‚∫«å‡∑√“∑å ‚¥¬™à«¬∑”„Àâ√–∫∫¿Ÿ¡‘§ÿâ¡°—π Ÿß¢÷Èπ ‚¥¬
∑”„Àâ§à“ªØ‘°‘√‘¬“‰≈‚´‰´¡å„π´’√—¡·≈–§à“Õ—µ√“°“√°‘π·∫∫
ø“‚°‰´µ‘°·≈–¥—™π’ø“‚°‰´µ‘° Ÿß¢÷Èπ (Amar et al., 2004)
„πª≈“À“ßπ°¬Ÿß §“‚√∑’πÕ¬¥å¡’º≈°—∫ ’„π‡√◊ËÕß°“√·∫àß‡æ»
¢Õßª≈“ (Grether et al., 2004) ·≈–®“°°“√»÷°…“æ∫«à“
 ’ —π¢Õßª≈“‡°‘¥®“°°“√ – ¡¢Õß√ß§«—µ∂ÿ (pigments) æ«°
§“‚√∑’πÕ¬¥å ‚¥¬§“‚√∑’πÕ¬¥å‡À≈à“π’È®– – ¡Õ¬Ÿà„π√à“ß°“¬
ª≈“ ‡ªìπº≈„Àâ‡°‘¥ ’¢÷Èπ„π à«πµà“ßÊ ·≈–ª≈“ “¡“√∂‡°Á∫
‡¡Á¥ ’‡À≈à“π’È‰«â„πµ—« À√◊ÕÕ“®‡ª≈’Ë¬π§“‚√∑’πÕ¬¥å‡ªìπ “√ ’
√ŸªÕ◊Ëπ‰¥â (Fox, 1957) ´÷Ëß§“‚√∑’πÕ¬¥å®–∑”„Àâª≈“¡’ ’ —π
 ¥„ ‰¡à«à“®–‡ªìπª≈“ «¬ß“¡À√◊Õª≈“∑’Ë„™â‡æ◊ËÕ∫√‘‚¿§‡ªìπ
Õ“À“√ ∑”„Àâ‰¥â√—∫§«“¡π‘¬¡·≈–¡’‚Õ°“ ®”Àπà“¬‰¥â„π√“§“
∑’Ë Ÿß¢÷Èπ ®÷ß¡’ºŸâ§‘¥À“«‘∏’∑’Ë®–∑”„Àâª≈“¡’ ’‡¢â¡¢÷Èπ ‡™àπ °“√„™â
 “√‡§¡’„Àâª≈“°‘π  °“√¬âÕ¡ ’  °“√‡ √‘¡§“‚√∑’πÕ¬¥å≈ß„π
Õ“À“√ (Lastcha, 1991) ¥—ßπ—Èπ®÷ß¡’°“√º≈‘µÕ“À“√∑’Ë¡’ à«π
º ¡¢Õß§“‚√∑’πÕ¬¥å‡æ◊ËÕ‡√àß ’¢Õßª≈“„Àâ‡¢â¡¢÷Èπ „π°“√º≈‘µ
ª≈“ «¬ß“¡ºŸâ‡≈’È¬ßπ‘¬¡„™â§“‚√∑’πÕ¬¥å —ß‡§√“–Àåº ¡„π
Õ“À“√ª≈“´÷Ëß®–∑”„Àâª≈“¡’ ’‡¢â¡¢÷Èπ  “¡“√∂®”Àπà“¬‰¥â„π
√“§“ Ÿß ‡™àπ ª≈“∑Õß ª≈“§“√åæ ª≈“À¡Õ ’ ·≈–ª≈“°√–¥’Ë
‡ªìπµâπ («—π‡æÁ≠ ·≈–°“≠®π“, 2547)   à«πª≈“∑’Ëπ‘¬¡
∫√‘‚¿§‡ªìπÕ“À“√π‘¬¡‡√àß ’‡π◊ÈÕ ‰¥â·°à ª≈“·´≈¡Õπ·≈–

ª≈“‡√π‚∫«å‡∑√“∑å ‡π◊ËÕß®“°§«“¡µâÕß°“√≈—°…≥–∑“ß
°“¬¿“æ¢Õßº≈‘µ¿—≥±åÕ“À“√®“° —µ«åπÈ”π—Èπ„πµ≈“¥‚≈°
º≈‘µ¿—≥±å‡π◊ÈÕª≈“„π°≈ÿà¡ª≈“·´≈¡Õπ (Salmo sp.,
Oncorhynchus sp., Salvelinus sp.) §«√®–¡’ ’™¡æŸ∂÷ß
·¥ß ‡™àπ‡¥’¬«°—∫ª≈“‡√¥´’∫√’¡ (Chrysophrys major) ∑’Ë
‰¥â®“°°“√‡æ“–‡≈’È¬ß§«√¡’ ’™¡æŸ·¥ß´÷Ëß®–§≈â“¬°—∫ª≈“∑’Ë®—∫
¡“®“°∏√√¡™“µ‘‡æ◊ËÕ„Àâ ’ —ππà“√—∫ª√–∑“π¡“°¢÷Èπ (Sommer
et al., 1991b) πÕ°®“°π’È„πº≈º≈‘µ°ÿâß®“°°“√‡æ“–‡≈’È¬ß
¡—°æ∫«à“°ÿâß∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’§“‚√∑’πÕ¬¥å‰¡à‡æ’¬ßæÕ®–¡’ ’́ ’¥
( ’øÑ“) ·≈–‡¡◊ËÕπ”‰ªºà“π°√–∫«π°“√·ª√√Ÿª®–‰¥âº≈‘µ¿—≥±å
°ÿâßµâ¡∑’Ë¡’ ’‡À≈◊Õß â¡ ´÷Ëß‰¡à‡ªìπ∑’ËµâÕß°“√¢Õßµ≈“¥  °“√
‡ √‘¡§“‚√∑’πÕ¬¥å≈ß‰ª„πÕ“À“√°ÿâß∂◊Õ‡ªìπ·π«∑“ß„π°“√
·°â‰¢ªí≠À“¥—ß°≈à“«‰¥â ‡π◊ËÕß®“°§“‚√∑’πÕ¬¥å¡’ à«π‡°’Ë¬« ¢âÕß
‚¥¬µ√ß°—∫°“√ – ¡·Õ µ“·´π∑‘π„π°ÿâß ´÷Ëß®–∑”„Àâ°ÿâß¡’ ’
‡¢â¡¢÷Èπ ·≈–‡¡◊ËÕºà“π°“√µâ¡„π°√–∫«π°“√·ª√√Ÿª ®–„Àâ
º≈‘µ¿—≥±å∑’Ë¡’ ’·¥ß â¡∑’Ëµ√ß°—∫§«“¡µâÕß°“√¢ÕßºŸâ∫√‘‚¿§
(Lastcha, 1991)

ß“π«‘®—¬π’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“º≈¢Õß§“‚√-
∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“ (Spirulina sp.) ‡ª√’¬∫‡∑’¬∫°—∫
§“‚√∑’πÕ¬¥å —ß‡§√“–Àå ‡æ◊ËÕ„™â‡ªìπ·À≈àß¢Õß§“‚√∑’πÕ¬¥å„π
°“√‡√àß ’·≈–‡æ‘Ë¡¿Ÿ¡‘§ÿâ¡°—π ‚¥¬∑¥≈Õß„πª≈“π‘≈·¥ß·ª≈ß
‡æ» ´÷Ëß‡ªìπª≈“πÈ”®◊¥∑’Ë¡’§«“¡ ”§—≠∑“ß‡»√…∞°‘®∑’Ë‡ªìπ∑’Ë
π‘¬¡∫√‘‚¿§∑—Èß¿“¬„π·≈–µà“ßª√–‡∑» ‚¥¬º≈∑’Ë‰¥â√—∫®“°°“√
∑¥≈Õß§√—Èßπ’È∑”„Àâ∑√“∫∂÷ß™π‘¥¢Õß§“‚√∑’πÕ¬¥å —ß‡§√“–Àå∑’Ë
ª≈“π‘≈·¥ß·ª≈ß‡æ» “¡“√∂π”‰ª„™â‰¥â·≈–√–¥—∫¢Õß
§“‚√∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“∑’Ë‡À¡“– ¡„πª≈“π‘≈·¥ß·ª≈ß
‡æ» ·≈–„™â‡ªìπ¢âÕ¡Ÿ≈æ◊Èπ∞“π‡æ◊ËÕ»÷°…“‡√◊ËÕß§“‚√∑’πÕ¬¥å„π
ª≈“π‘≈·¥ß·ª≈ß‡æ»·≈– —µ«åπÈ”™π‘¥Õ◊Ëπ ·≈–ª√–¬ÿ°µå„™â
°—∫°“√‡æ“–‡≈’È¬ß —µ«åπÈ”‰¥â

Õÿª°√≥å·≈–«‘∏’°“√

1. °“√‡µ√’¬¡Õÿª°√≥å°“√∑¥≈Õß

Õÿª°√≥å°“√∑¥≈Õß ª√–°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√ 180 ≈‘µ√ √–∫∫‡≈’È¬ß
‡ªìπ√–∫∫ªî¥ ª√–°Õ∫¥â«¬ ∂—ß°√ÕßπÈ”´÷Ëß‡ªìπ∂—ß‰ø‡∫Õ√å
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°≈“ °≈¡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≈¢Õß
πÈ” 1.2 ≈‘µ√/π“∑’ πÈ”∑’Ë‰À≈‡«’¬π„π√–∫∫®–≈âπÕÕ°∑“ß∑àÕ
πÈ”≈âπ´÷Ëßµ‘¥Õ¬Ÿà„πµŸâ∑¥≈Õß ·≈–‰À≈‰ª√«¡°—π„π∑àÕπÈ”∑‘Èß≈ß
 Ÿà∂—ß°√ÕßπÈ”®“°∂—ß°√ÕßπÈ”‰À≈≈ß Ÿà∫àÕ∫”∫—¥πÈ” ®“°π—Èπ°Á®–
∂Ÿ° Ÿ∫¢÷Èπ‰ª¬—ß∫àÕæ—°πÈ” ·≈–‰À≈°≈—∫¡“¬—ßµŸâ∑¥≈Õß

2. °“√‡µ√’¬¡ª≈“∑¥≈Õß

≈Ÿ°ª≈“π‘≈·¥ß·ª≈ß‡æ» πÈ”Àπ—°‡©≈’Ë¬ 13-15 °√—¡
®”π«π 3,000 µ—« ®“°ø“√å¡‡Õ°™π µ.≈”ª” Õ.‡¡◊Õß ®.æ—∑≈ÿß
Õπÿ∫“≈„π∂—ß‰ø‡∫Õ√å°≈“ ¢π“¥§«“¡®ÿ 1 ≈∫.‡¡µ√ ‚¥¬„Àâ
Õ“À“√‡¡Á¥ ”‡√Á®√Ÿª¬’ËÀâÕ‰∑¬≈—°´å‡∫Õ√å 8941 ´÷Ëß‡ªìπÕ“À“√
ª≈“¥ÿ°‡≈Á° (√ÿàπ) ‚¥¬¡’§ÿ≥§à“∑“ß‚¿™π“°“√§◊Õ ‚ª√µ’π 30%
‰¢¡—π‰¡àπâÕ¬°«à“ 3% §«“¡™◊Èπ 12% ·≈–‡¬◊ËÕ„¬ 8% «—π≈–
2  §√—Èß  §◊Õ  ‡«≈“  9.00  π.  ·≈–  16.00  π.  ®π≈Ÿ°ª≈“¡’
πÈ”Àπ—°ª√–¡“≥ 21 °√—¡ À≈—ß®“°π—Èπ®÷ß∑”°“√§—¥≈Ÿ°ª≈“
∑’Ë∑”°“√Õπÿ∫“≈‰«â∑”°“√™—ËßπÈ”Àπ—°‡√‘Ë¡µâπ

3. °“√‡µ√’¬¡Õ“À“√∑¥≈Õß

°“√‡µ√’¬¡ “À√à“¬ ‰ª√Ÿ‰≈π“¥”‡π‘π°“√µ“¡«‘∏’°“√
¢Õß «ÿ≤‘æ√ ·≈–Õ—≠™≈’ (2548) ®“°π—Èπ®÷ßπ”«—µ∂ÿ¥‘∫Õ“À“√
‰ª«‘‡§√“–Àå§ÿ≥§à“∑“ß‚¿™π“°“√ ‰¥â·°à §«“¡™◊Èπ ‚ª√µ’π
‰¢¡—π ‡∂â“ ·≈–‡¬◊ËÕ„¬ ‚¥¬«‘∏’¢Õß AOAC (1990) (Table
1) «‘‡§√“–Àåª√‘¡“≥§“‚√∑’πÕ¬¥å√«¡„π ‰ª√Ÿ‰≈π“ µ“¡«‘∏’
°“√¢Õß Sommer ·≈–§≥– (1991a) „™â·§‚√øî≈≈åæ‘ß§å´÷Ëß

¡’·Õ µ“·´π∑‘π 10% ´’·´π∑‘π —ß‡§√“–Àå∑’Ë¡’´’·´π∑‘π
5%  ‚¥¬‡ªìπº≈‘µ¿—≥±å¢Õß∫√‘…—∑  DSM  Nutritional
Products  ·≈–‡∫µ“-·§‚√∑’π —ß‡§√“–Àå¡’‡∫µ“-·§‚√∑’π
10% ́ ÷Ëß‡ªìπº≈‘µ¿—≥±å¢Õß∫√‘…—∑∫’‡Õ‡Õ ‡Õø (BASF) ·≈–
 √â“ß Ÿµ√Õ“À“√∑—Èß 8  Ÿµ√  „Àâ¡’√–¥—∫‚ª√µ’π 30% ‰¢¡—π
6% æ≈—ßß“π∑’Ë¬àÕ¬‰¥â 3,400 °‘‚≈§“≈Õ√’/Õ“À“√ 1 °°.
(Table 2) ‚¥¬§à“æ≈—ßß“π∑’Ë¬àÕ¬‰¥â§”π«≥‚¥¬„™â§à“µà“ßÊ
´÷Ëßª√–¬ÿ°µå¡“®“°§à“∑’Ë„™â„πª≈“π‘≈  §◊Õ  4.4  °‘‚≈§“≈Õ√’/
Õ“À“√ 1 °°.  ”À√—∫‚ª√µ’π 9.0 °‘‚≈§“≈Õ√’/Õ“À“√ 1 °°.
 ”À√—∫‰¢¡—π ·≈– 3.7 °‘‚≈§“≈Õ√’/Õ“À“√ 1 °°.  ”À√—∫
§“√å‚∫‰Œ‡¥√µ (Stickney, 1979) ®“°π—Èπ™—Ëß«—µ∂ÿ¥‘∫Õ“À“√
∑’Ëºà“π°“√√àÕπ®“°µ–·°√ß ¢π“¥ 30 ‡¡™ (mesh)  à«ππÈ”¡—π
«‘µ“¡‘π·≈–·√à∏“µÿ™—Ëß·¬°„ à∂ÿß‰«â ”À√—∫Õ“À“√∑¥≈Õß·µà≈–
 Ÿµ√ º ¡ à«πª√–°Õ∫«— ¥ÿÕ“À“√„Àâ‡¢â“°—π¥’¥â«¬‡§√◊ËÕßº ¡
Õ“À“√ (Hobart Model A200T) ª√–¡“≥ 6-7 π“∑’ ®÷ß
‡µ‘¡πÈ”¡—π≈ß‰ª ‡¡◊ËÕ à«πº ¡‡¢â“°—π¥’ ‡µ‘¡πÈ”°≈—Ëπª√–¡“≥
40% («ÿ≤‘æ√ ·≈–§≥–, 2547) π”«—µ∂ÿ¥‘∫Õ“À“√∑’Ëº ¡°—π
¥’·≈â«‡¢â“‡§√◊ËÕßÕ—¥‡¡Á¥Õ“À“√ ºà“πÀπâ“·«àπ¢π“¥‡ âπºà“π
»Ÿπ¬å°≈“ß 3 ¡¡. ‚¥¬µ—¥‡¡Á¥Õ“À“√„Àâ¡’¢π“¥„°≈â‡§’¬ß°—π
Õ∫Õ“À“√∑’ËÕÿ≥À¿Ÿ¡‘ 60oC π“π 24 ™—Ë«‚¡ß ‡°Á∫Õ“À“√∑’Ë
ºà“π°“√Õ∫·≈â«∫√√®ÿ„π∂ÿßæ≈“ µ‘° ‡°Á∫√—°…“‰«â„πµŸâ‡¬Áπ∑’Ë
Õÿ≥À¿Ÿ¡‘ 4oC π”Õ“À“√∑¥≈Õß‰ª«‘‡§√“–Àå§ÿ≥§à“∑“ß‚¿™π“°“√
µ“¡«‘∏’¡“µ√∞“π¢Õß AOAC (1990) «‘‡§√“–Àåª√‘¡“≥
§“‚√∑’πÕ¬¥å√«¡ µ“¡«‘∏’°“√¢Õß Sommer ·≈–§≥– (1991a)
 à«πª√‘¡“≥§“√å‚∫‰Œ‡¥√µ (‰π‚µ√‡®πø√’‡Õ°´å·∑√° ǻ,
nitrogen free extract, NFE) §”π«≥‰¥â®“°  Ÿµ√ 100 -
(%§«“¡™◊Èπ + %‚ª√µ’π + %‰¢¡—π + %‡∂â“ + %‡¬◊ËÕ„¬)

Table 1. Proximate analysis of feed ingredients (% air-dry basis)1

Feed ingredients Moisture Protein Fat Ash Crude fiber NFE Carotenoid (mg/kg)

Fish meal 5.97±0.01 70.90±0.94   9.53±0.06 19.14±0.12   0.76±0.01   0.29±0.08 -
Palm kernel cake 4.50±0.01 16.86±0.33 10.60±0.35   4.25±0.01 16.93±0.21 51.36±0.20 -
Soybean meal 7.91±0.01 45.74±0.55   2.59±0.18   7.36±0.00   5.73±0.07 38.58±0.43 -
Rice flour 7.90±0.36   7.97±0.12   1.24±0.11   0.29±0.00   0.27±0.01 90.24±0.23 -
Broken rice 9.54±0.03   9.03±0.01   2.69±0.05   4.33±0.05   0.81±0.01 83.15±0.11 -
Spirulina sp. 4.57±0.07 54.29±0.01   5.36±0.00   6.87±0.04   1.96±0.05 31.54±0.01 1,706.86

1Mean ± standard deviation of three replications
NFE: nitrogen free extract
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Table 2. Composition of experimental diets  (% as fed basis)

   Diet formulae (%)

1 2 3 4 5 6 7 8

Soybean meal 40 40 40 40 38 35 32 29
Fish meal 12 12 12 12 10 9 8 7
Broken rice 10 10 10 10 10 10 10 10
Palm kernel cake 14 14 14 14 14 14 14 14
Rice flour 10 10 10 10 10 10 10 10
Fish oil 2 2 2 2 2 2 2 2
Vitamin mixtures 1 1 1 1 1 1 1 1
Mineral mixtures 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
Astaxanthin 0.24
Zeaxanthin 0.48
β-carotene 0.24
Spirulina sp. 3.57 7.14 10.71 14.28
Rice hull 7.4 7.16 6.92 7.16 7.83 8.26 8.69 9.12

Total 100 100 100 100 100 100 100 100

Digestible Energy 3,393.5 3,393.5 3,393.5 3,393.5 3,385.9 3,381.8 3,377.7 3373.6
(Kcl/1 kg feed)

Vitamin mixture (mg/kg feed): Thiamine (B1) 10; Riboflavin (B2) 20; Pyridoxine (B6) 10; Cobalamine
(B12)  2;  Retinal  (A)  4,000  IU; Cholecalciferol (D3) 2,000 IU; Menadione sodium bisulfite (K3) 80;
Folic acid 5; Calcium pantothenate 40; Inositol 400 ; Niacin 150; Tocopherol (E) 50; Biotin 1; Ascorbic
acid (C) 500
Mineral mixture (g/kg feed) : Na 3.278; Mg 25.25; K 76.612; Ca 49.096; Fe 4.821; Zn 0.667; Mn 0.433;
Cu 0.069; Co 0.00198; I 0.01

Ingredients
(g/100 g feed)

Experimental
group

Table 3. Proximate analysis of experimental diets  (% air-dry basis) 1

 Composition (%)

Moisture Protein Fat Ash Crude fiber NFE Carotenoid
(mg/kg)

1 (Control) 6.76±0.02 30.70±0.26 6.13±0.23 10.24±0.01 7.80±0.03 45.13±0.07     3.79±0.24
2 (astaxanthin) 7.25±0.00 30.66±0.43 6.35±0.42 10.30±0.03 7.56±0.35 45.14±0.37 185.63±3.94
3 (zeaxanthin) 5.55±0.15 30.32±0.52 6.27±0.38 10.17±0.05 7.52±0.67 45.72±0.75 199.18±1.17
4 (β-carotene) 5.25±0.06 30.17±0.20 6.38±0.36 10.19±0.03 7.63±0.10 45.62±0.22 200.42±4.31
5 (carotenoid of spirulina
   50 mg/kg) 8.16±0.14 30.88±0.15 6.50±0.48   9.98±0.05 7.83±0.20 44.82±0.38   56.71±2.83
6 (carotenoid of spirulina
   100 mg/kg) 6.61±0.09 30.57±0.09 6.37±0.10   9.95±0.10 7.86±0.16 45.24±0.25 108.22±1.49
7 (carotenoid of spirulina
   150 mg/kg) 8.22±0.06 30.45±0.84 6.29±0.16   9.80±0.02 7.93±0.03 45.54±0.63 150.51±4.94
8 (carotenoid of spirulina
   200 mg/kg) 6.47±0.03 30.35±0.18 6.13±0.07   9.82±0.00 7.96±0.23 45.74±0.49 201.66±1.26

1Mean ± standard deviation of three replications
NFE: nitrogen free extract
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(Table 3)

4. ‡µ√’¬¡«—§ ’́π®“°‡™◊ÈÕ ‡µ√ø‚µ§Õ§§—  (Klesius et al.,

2000)

π”‡™◊ÈÕ ‡µ√ø‚µ§Õ§§—  (Streptococcus agalactiae)
∫√‘ ÿ∑∏‘Ï∑’Ë‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘ -70oC ®“°»Ÿπ¬å«‘®—¬ ÿ¢¿“æ —µ«åπÈ”
¿“§«‘™“«“√‘™»“ µ√å  §≥–∑√—æ¬“°√∏√√¡™“µ‘  ¡À“«‘∑¬“≈—¬
 ß¢≈“π§√‘π∑√å ¡“‡≈’È¬ß∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ tryptic soy agar
(TSA) ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 35oC π“π 18-24 ™—Ë«‚¡ß ®“°π—Èπ®÷ß
π”‡™◊ÈÕ∑’Ë‰¥â¡“‡≈’È¬ßµàÕ„πÕ“À“√ tryptic soy broth (TSB)
∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 35oC π“π 18-24 ™—Ë«‚¡ß ‡µ‘¡øÕ√å¡“≈‘π„Àâ
‰¥â§«“¡‡¢â¡¢âπ 1% ¢Õßª√‘¡“µ√ TSB ‡æ◊ËÕ¶à“‡™◊ÈÕ·∫§∑’‡√’¬
‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘ 4oC ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß µ√«® Õ∫°“√
‡®√‘≠‡µ‘∫‚µ¢Õß‡™◊ÈÕ ‚¥¬°“√‡°≈’Ë¬ “√≈–≈“¬·∫§∑’‡√’¬≈ß∫π
Õ“À“√‡≈’È¬ß‡™◊ÈÕ TSA ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 35oC π“π 18-24
™—Ë«‚¡ß ∂â“¡’‡™◊ÈÕ‡®√‘≠„Àâπ” “√≈–≈“¬¡“‡µ‘¡øÕ√å¡“≈‘π„Àâ‰¥â
§«“¡‡¢â¡¢âπ 1% ·µà∂â“‡™◊ÈÕ‰¡à‡®√‘≠ ∑”°“√ªíòπ≈â“ß‡´≈≈å¥â«¬
§«“¡‡√Á« 10,000 √Õ∫/π“∑’ Õÿ≥À¿Ÿ¡‘ 30oC π“π 10 π“∑’
‡æ◊ËÕ„Àâ‡™◊ÈÕ·∫§∑’‡√’¬µ°µ–°Õπ ‡∑ à«π “√≈–≈“¬∑‘Èß ·≈–
≈â“ß¥â«¬πÈ”‡°≈◊Õ 0.85%  ∑’Ëºà“π°“√¶à“‡™◊ÈÕ ®π§√∫ 3 §√—Èß
®“°π—Èπ∑¥ Õ∫°“√ª≈Õ¥‡™◊ÈÕ (sterile) ¢Õß«—§´’π ‚¥¬π”
«—§ ’́π∑’Ë‰¥â‡°≈’Ë¬≈ß∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ TSA ·≈â«∫à¡∑’ËÕÿ≥À¿Ÿ¡‘
35oC π“π 24 ™—Ë«‚¡ß  —ß‡°µ°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡™◊ÈÕ∫π
Õ“À“√ ‡æ◊ËÕ∑¥ Õ∫«à“‡™◊ÈÕ∑’Ë‡ªìπ«—§´’π‰¡à “¡“√∂‡®√‘≠‡µ‘∫‚µ
‰¥â ∂â“À“°‡™◊ÈÕ‰¡à‡®√‘≠°Á “¡“√∂π”¡“‡ªìπ«—§´’π‰¥â ‚¥¬®–
∑”°“√‡µ‘¡øÕ√å¡“≈‘π„Àâ‰¥â 0.1% ‡°Á∫«—§´’π∑’ËÕÿ≥À¿Ÿ¡‘ 4oC
®π°«à“®–π”¡“„™â

5. ·ºπ°“√∑¥≈Õß

»÷°…“º≈¢Õß§“‚√∑’πÕ¬¥å®“° “À√à“¬ ‰ª√Ÿ‰≈π“ ‚¥¬
„ à “À√à“¬ ‰ª√Ÿ‰≈π“∫¥·Àâß„πÕ“À“√∑¥≈Õß„Àâ‰¥â§“‚√∑’
πÕ¬¥å ®“° ‰ª√Ÿ‰≈π“ 5 √–¥—∫ §◊Õ 0, 50, 100, 150 ·≈–
200 ¡°./Õ“À“√ 1 °°. ‡ª√’¬∫‡∑’¬∫°—∫Õ“À“√™ÿ¥∑’Ë‡ √‘¡
§“‚√∑’πÕ¬¥å —ß‡§√“–Àå 3 ™π‘¥§◊Õ ·Õ µ“·´π∑‘π ́ ’·´π∑‘π
·≈–‡∫µ“-·§‚√∑’π 200 ¡°./Õ“À“√ 1 °°. ∑¥≈Õß„™â‡≈’È¬ß
ª≈“π‘≈·¥ß·ª≈ß‡æ»  ‚¥¬«“ß·ºπ°“√∑¥≈Õß·∫∫ ÿà¡µ≈Õ¥
(Completely Randomized Design : CRD) ªí®®—¬
∑’Ë∑”°“√»÷°…“ ‰¥â·°à °“√‡®√‘≠‡µ‘∫‚µ ª√– ‘∑∏‘¿“æ°“√„™â

Õ“À“√  Õß§åª√–°Õ∫∑“ß‡§¡’¢Õßµ—«ª≈“  º≈µàÕ√–∫∫¿Ÿ¡‘-
§ÿâ¡°—π Õß§åª√–°Õ∫‡≈◊Õ¥ °“√«—¥§à“ ’·≈–ª√‘¡“≥§“‚√∑’πÕ¬¥å
√«¡„πµ—«ª≈“ √–¬–‡«≈“„π°“√‡≈’È¬ß 8  —ª¥“Àå ‚¥¬·∫àß°“√
∑¥≈Õß‡ªìπ 8 ™ÿ¥°“√∑¥≈Õß (treatment) ·µà≈–™ÿ¥°“√
∑¥≈Õßª√–°Õ∫¥â«¬ 3 ´È” (replication)  ¥”‡π‘π°“√
∑¥≈Õß‚¥¬‡µ‘¡πÈ”≈ß„πµŸâ∑’Ë‡µ√’¬¡‰«âª√–¡“≥ 180 ≈‘µ√/µŸâ
√–∫∫πÈ”‡ªìπ·∫∫‰À≈‡«’¬π·∫∫ªî¥ ‡¡◊ËÕ‡√‘Ë¡µâπ∑¥≈Õß  ÿà¡
ª≈“∑’Ë‡µ√’¬¡‰«â≈ß‡≈’È¬ß„πµŸâ∑¥≈Õß ‚¥¬„™âª≈“‡√‘Ë¡µâππÈ”Àπ—°
ª√–¡“≥ 21 °√—¡/µ—« µŸâ≈– 20 µ—« ∑”°“√ ÿà¡Àπà«¬∑¥≈Õß
‚¥¬«‘∏’®—∫©≈“°  ‚¥¬®—∫Àπà«¬∑¥≈Õß∑—ÈßÀ¡¥  24  Àπà«¬
∑¥≈Õß „ÀâÕ“À“√«—π≈– 2 §√—Èß §◊Õ ™à«ß‡™â“‡«≈“ 9.00 π.
·≈–™à«ß‡¬Áπ‡«≈“ 16.00 π. ‚¥¬„π·µà≈–¡◊ÈÕ„Àâª≈“°‘π®πÕ‘Ë¡
∫—π∑÷°πÈ”Àπ—°Õ“À“√∑’Ë„Àâ∑ÿ° 2  —ª¥“Àåµ≈Õ¥°“√∑¥≈Õß
∑”°“√™—Ëßª≈“∑ÿ°Ê 2  —ª¥“Àå °àÕπ„ÀâÕ“À“√™à«ß‡¬Áπ®–¥Ÿ¥
µ–°Õπ∑”§«“¡ –Õ“¥µŸâª≈“‚¥¬«‘∏’°“≈—°πÈ”·≈â«‡µ‘¡πÈ”®“°∫àÕ
æ—°πÈ”„Àâ‡∑à“‡¥‘¡∑ÿ°§√—Èß ‡æ◊ËÕ§«∫§ÿ¡§ÿ≥¿“æπÈ”„Àâ‡À¡“– ¡
µ≈Õ¥°“√∑¥≈Õß

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

6.1 °“√µ√«® Õ∫æƒµ‘°√√¡·≈–≈—°…≥–∑’Ë· ¥ß

ÕÕ°¿“¬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¥ °“√
§¥ßÕ¢Õß§√’∫·≈–°√–¥Ÿ° ·≈–°“√‡°‘¥∫“¥·º≈∑’Ë§√’∫ º‘«Àπ—ß
·≈–Õ«—¬«–¿“¬πÕ°Õ◊ËπÊ „™â¬“·≈– “√‡§¡’‡æ◊ËÕªÑÕß°—π‚√§
µ“¡ ¿“æ¢Õßª≈“

6.2 °“√µ√«® Õ∫°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“

™—ËßπÈ”Àπ—°ª≈“·≈–∫—π∑÷°Õ—µ√“√Õ¥µ“¬¢Õßª≈“
∑ÿ°™ÿ¥°“√∑¥≈Õß∑ÿ° 2  —ª¥“Àå ‚¥¬°“√™—ËßπÈ”Àπ—°√«¡¢Õß
ª≈“·µà≈–´È”¥â«¬‡§√◊ËÕß™—Ëß‰øøÑ“∑»π‘¬¡ 2 µ”·Àπàß (°àÕπ
«—π∑’Ë™—ËßπÈ”Àπ—°ß¥„ÀâÕ“À“√µÕπ‡¬Áπ 1 ¡◊ÈÕ) 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¡“§”π«≥Õ—µ√“°“√√Õ¥µ“¬Õâ“ßµ“¡«‘∏’°“√¢Õß Nankervis
·≈–§≥– (2000) ·≈–°“√‡®√‘≠‡µ‘∫‚µ ‰¥â·°à πÈ”Àπ—°∑’Ë‡æ‘Ë¡
¢÷Èπ Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ/µ—«/«—π §”π«≥Õâ“ßµ“¡«‘∏’°“√¢Õß
Jantrarotai ·≈–§≥– (1994) §”π«≥Õ—µ√“°“√‡ª≈’Ë¬π



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 29 ©∫—∫∑’Ë 5 °.¬. - µ.§. 2550
º≈¢Õß§“‚√∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“„πª≈“π‘≈·¥ß·ª≈ß‡æ»

«ÿ≤‘æ√  æ√À¡¢ÿπ∑Õß ·≈–§≥–1307

Õ“À“√‡ªìπ‡π◊ÈÕ µ“¡«‘∏’°“√¢Õß Dupree  ·≈– Sneed (1966)
·≈–Õ—µ√“°“√°‘πÕ“À“√ §”π«≥µ“¡«‘∏’°“√¢Õß Yone ·≈–
Fujii (1975)

6.3 °“√»÷°…“Õß§åª√–°Õ∫∑“ß‡§¡’¢Õßª≈“

∑¥≈Õß

 ÿà¡µ—«Õ¬à“ßª≈“°àÕπ‡√‘Ë¡°“√∑¥≈Õß®”π«π 20
µ—« π”‰ª«‘‡§√“–Àå§«“¡™◊Èπ„π√à“ß°“¬∑—π∑’ ·≈–π”µ—«Õ¬à“ß
ª≈“‰ª«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’¢Õßµ—«ª≈“ ‰¥â·°à ª√‘¡“≥
‚ª√µ’π ‰¢¡—π ‡∂â“ µ“¡«‘∏’¡“µ√∞“π¢Õß AOAC (1990)
‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß ÿà¡µ—«Õ¬à“ßª≈“®“°·µà≈–µŸâ∑¥≈ÕßµŸâ≈–
2 µ—« ‰ª«‘‡§√“–Àå§«“¡™◊Èπ ‚ª√µ’π ‰¢¡—π ·≈–‡∂â“ µ“¡«‘∏’
°“√¢Õß AOAC (1990) ·≈–π”¢âÕ¡Ÿ≈πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ
πÈ”Àπ—°Õ“À“√∑’Ëª≈“°‘π ª√‘¡“≥‚ª√µ’π„πÕ“À“√ ·≈–§à“
‚ª√µ’π„π´“°ª≈“∑’Ë‰¥â‰ª§”π«≥ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π
µ“¡«‘∏’°“√¢Õß Zeitoun ·≈–§≥– (1973)  ·≈–°“√„™â
ª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘µ“¡«‘∏’¢Õß Robinson ·≈– Wilson
(1985)

6.4 °“√«—¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß ’µ—«ª≈“

À≈—ß®“° ‘Èπ ÿ¥°“√∑¥≈Õß∑”°“√‡°Á∫µ—«Õ¬à“ß
ª≈“™ÿ¥°“√∑¥≈Õß≈– 6 µ—«  ≈∫¥â«¬§«‘π“≈¥‘π (quinaldin)
·≈–π”ª≈“‰ª·™àπÈ”·¢Áß π”µ—«Õ¬à“ßª≈“‡æ◊ËÕ‰ªµ√«® Õ∫ ’
‚¥¬«—¥§à“§«“¡ «à“ß (L) §«“¡·¥ß (a) §«“¡‡À≈◊Õß (b) ¥â«¬
‡§√◊ËÕß«—¥§à“ ’ (Hunter® Colormeter )

6.5 °“√«—¥ª√‘¡“≥ – ¡§“‚√∑’πÕ¬¥å„πµ—«ª≈“

π”µ—«Õ¬à“ßª≈“°àÕπ∑¥≈Õß 10 µ—« ·≈–‡¡◊ËÕ
 ‘Èπ ÿ¥°“√∑¥≈Õß ™ÿ¥°“√∑¥≈Õß≈– 6 µ—«¡“∑”„Àâ·Àâß¥â«¬
§«“¡‡¬Áπ (freeze dry) ·≈–∫¥µ—«Õ¬à“ß„Àâ≈–‡Õ’¬¥ ®“°π—Èπ
®÷ßπ”‰ª °—¥¥â«¬Õ–´‘‚µπ (acetone) πÈ”°≈—Ëπ ·≈–Õ’‡∏Õ√å
(ether) µ—Èß∑‘Èß‰«â®π·¬°™—Èπ‚¥¬„™â°√«¬·¬° ·≈–∑”°“√·¬°
‡Õ“™—Èπ∑’Ë‡ªìπÕ’‡∏Õ√åπ”‰ª«—¥§à“°“√¥Ÿ¥°≈◊π· ß·∫∫ ·°π
π”§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë Ÿß∑’Ë ÿ¥¡“§”π«≥À“§à“ª√‘¡“≥
§“‚√∑’πÕ¬¥å√«¡µ“¡«‘∏’°“√¢Õß Sommer ·≈–§≥– (1991a)

6.6 °“√»÷°…“Õß§åª√–°Õ∫‡≈◊Õ¥

‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß ÿà¡ª≈“®“°∑ÿ°™ÿ¥°“√
∑¥≈Õß µŸâ∑¥≈Õß≈– 3 µ—« ¡“ ≈∫¥â«¬§«‘π“≈¥’π ‡®“–
‡≈◊Õ¥®“°∫√‘‡«≥‚§πÀ“ß‚¥¬„™â°√¥‡Õ∑’≈‘π‰¥Õ–¡’π‡µµ√“
Õ–´’µ‘° (ethylenediaminetetraacetic acid : EDTA)

1% ªÑÕß°—π°“√·¢Áßµ—«¢Õß‡≈◊Õ¥ ‡æ◊ËÕ»÷°…“Õß§åª√–°Õ∫¢Õß
‡≈◊Õ¥ª≈“·µà≈–µ—«·≈–π”¡“À“§à“‡©≈’Ë¬„π·µà≈–™ÿ¥°“√∑¥≈Õß
§◊Õ

- Œ’‚¡‚°≈∫‘π‚¥¬„™â«‘∏’ Cyanmet-haemo-
globin ¢Õß Larsen ·≈– Snieszko (1961)

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

- ‚ª√µ’π„πæ≈“ ¡“  ‚¥¬«‘∏’¥—¥·ª≈ß®“°
Lowry ·≈–§≥–  (1951)

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

6.7 °“√»÷°…“¿Ÿ¡‘§ÿâ¡°—π

 ÿà¡µ—«Õ¬à“ßª≈“‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß ™ÿ¥°“√
∑¥≈Õß≈– 15 µ—« ∑”°“√ ≈∫‚¥¬„™â §«‘π“≈¥‘π 1-2 À¬¥/
πÈ” 1 ≈‘µ√ ®“°π—Èπ®÷ß©’¥«—§ ’́π∑’Ëº≈‘µ®“°‡™◊ÈÕ Streptococcus
agalactiae À≈—ß®“°©’¥«—§´’π 15 «—π ®÷ß∑”°“√‡°Á∫´’√—¡µ“¡
«‘∏’¢Õß Roberts (1978) ‚¥¬∑”°“√ ≈∫ª≈“¥â«¬§«‘π“≈¥‘π
‡®“–‡≈◊Õ¥∫√‘‡«≥À“ß (caudal vein) ‚¥¬„™âÀ≈Õ¥©’¥¬“
¢π“¥ 1 ¡≈. ·≈–‡¢Á¡©’¥¬“¢π“¥ 25 °√—¡ 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) ‚¥¬‡®◊Õ®“ß´’√—¡·∫∫ 2 ‡∑à“ (two-fold dilution)
‚¥¬„™â “√‡®◊Õ®“ß ’́√—¡ (diluent; 0.85% NaCl+0.1%
formalin) ª√‘¡“µ√ ÿ∑∏‘ 50 ‰¡‚§√≈‘µ√ (µl) „π∂“¥À“§à“
‰µ‡µÕ√å™π‘¥À≈ÿ¡°âπ°≈¡ (microtiter plate) π”·Õπµ‘‡®π
∑’Ë‡µ√’¬¡®“°‡™◊ÈÕ Streptococcus agalactiae ‡™àπ°—π„ à≈ß
„π∂“¥‰µ‡µÕ√åÀ≈ÿ¡≈– 50 ‰¡‚§√≈‘µ√ º ¡‚¥¬„™â‰¡‚§√ªî‡ªµ
(micropipet) „Àâ‡¢â“°—π¥’ ∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß 2 ™—Ë«‚¡ß ·≈â«
π”‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 4oC π“π 22 ™—Ë«‚¡ß »÷°…“°“√µ°µ–°Õπ
·≈–∫—π∑÷°º≈ (Klesius et al., 2000)

6.8 °“√«‘‡§√“–Àå¢âÕ¡Ÿ≈

«‘‡§√“–Àå¢âÕ¡Ÿ≈‚¥¬„™â°“√«‘‡§√“–Àå§«“¡·ª√ª√«π
(ANOVA ·∫∫ CRD) ·≈–‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß
¢Õß§à“‡©≈’Ë¬¥â«¬«‘∏’  Duncan's  Multiple  Range  Test
(Steel and Torrie, 1980) ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 95%
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Effect of Spirulina carotenoid in sex-reversed red tilapia
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º≈°“√∑¥≈Õß

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

∑¥≈Õß Ÿµ√µà“ßÊ

®“°°“√ —ß‡°µ≈—°…≥–¿“¬πÕ° ·≈–æƒµ‘°√√¡
√–À«à“ß°“√∑¥≈Õß æ∫«à“ ª≈“π‘≈·¥ß·ª≈ß‡æ»∑’Ë‰¥â√—∫
Õ“À“√∑’Ëº ¡§“‚√∑’πÕ¬¥å —ß‡§√“–Àå ·≈–§“‚√∑’πÕ¬¥å®“°
 ‰ª√Ÿ‰≈π“∑ÿ°√–¥—∫ ‰¡à¡’§«“¡º‘¥ª°µ‘¢Õß≈—°…≥–¿“¬πÕ°
·≈–ª≈“∑ÿ°µ—«¡’æƒµ‘°√√¡ª°µ‘ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ª≈“∑’Ë‰¥â
√—∫Õ“À“√™ÿ¥§«∫§ÿ¡ (§“‚√∑’πÕ¬¥å 0%, ™ÿ¥°“√∑¥≈Õß∑’Ë 1)
 à«π ’∫√‘‡«≥≈”µ—«æ∫«à“‡æ‘Ë¡¢÷Èπµ“¡√–¬–‡«≈“°“√‡≈’È¬ß„π
ª≈“∑’Ë‰¥â√—∫§“‚√∑’πÕ¬¥å¬°‡«âπ™ÿ¥°“√∑¥≈Õß∑’Ë‡ √‘¡‡∫µ“-
·§‚√∑’π

2. °“√‡®√‘≠‡µ‘∫‚µ

2.1 πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«

πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«¢Õßª≈“π‘≈·¥ß·ª≈ß‡æ»∑’Ë
‰¥â√—∫Õ“À“√∑¥≈Õß∑—Èß 8  Ÿµ√ µ≈Õ¥√–¬–‡«≈“°“√∑¥≈Õß 8
 —ª¥“Àå · ¥ß‰«â„π Table 4 ́ ÷ËßπÈ”Àπ—°ª≈“‡√‘Ë¡µâπÕ¬Ÿà„π™à«ß
21.25±0.15 - 21.30±0.10 °√—¡ ‡¡◊ËÕæ‘®“√≥“æ∫«à“ª≈“¡’
πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«‡æ‘Ë¡ Ÿß¢÷Èπµ“¡√–¬–‡«≈“¢Õß°“√∑¥≈Õß
‚¥¬æ∫«à“°“√‡®√‘≠‡µ‘∫‚µ„π·µà≈– —ª¥“Àå‰¡à¡’§«“¡·µ°µà“ß
°—π∑“ß ∂‘µ‘ (p>0.05) √–À«à“ßª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë‡ √‘¡
§“‚√∑’πÕ¬¥å —ß‡§√“–Àå 3 ™π‘¥ §◊Õ ·Õ µ“·´π∑‘π ́ ’·´π∑‘π
·≈–‡∫µ“-·§‚√∑’π ∑’Ë√–¥—∫ 200 ¡°./°°. ·≈–‡ √‘¡§“‚√-

∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“„π√–¥—∫ 50, 100, 150 ·≈– 200
¡°./°°. °—∫™ÿ¥§«∫§ÿ¡ (§“‚√∑’πÕ¬¥å 0 ¡°./°°.) ·≈–„π
 —ª¥“Àå∑’Ë 8 ¢Õß°“√∑¥≈Õßæ∫«à“πÈ”Àπ—°ª≈“∑’Ë‡æ‘Ë¡¢÷Èπ‰¡à¡’
§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘ (p>0.05) √–À«à“ß™ÿ¥°“√∑¥≈Õß

3. πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µµàÕ«—π Õ—µ√“

°“√°‘πÕ“À“√ ·≈–Õ—µ√“°“√√Õ¥µ“¬

πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µµàÕ«—π Õ—µ√“
°“√°‘πÕ“À“√ ·≈–Õ—µ√“°“√√Õ¥µ“¬¢Õßª≈“π‘≈·¥ß·ª≈ß‡æ»
∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß∑—Èß 8  Ÿµ√ ‡ªìπ√–¬–‡«≈“ 8  —ª¥“Àå
· ¥ß„π Table 5 æ∫«à“ πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ·≈–Õ—µ√“°“√
‡®√‘≠‡µ‘∫‚µµàÕ«—π¢Õßª≈“π‘≈·¥ß·ª≈ß‡æ»∑—Èß 8 ™ÿ¥°“√
∑¥≈Õß ‡ªìπ‰ª„π·π«∑“ß‡¥’¬«°—∫πÈ”Àπ—°‡©≈’Ë¬¢Õßª≈“ ·µà
æ∫«à“Õ—µ√“°“√°‘πÕ“À“√¢Õßª≈“„π°≈ÿà¡∑’Ë‡ √‘¡§“‚√∑’πÕ¬¥å
®“° ‰ª√Ÿ‰≈π“¡’§à“ Ÿß°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡§“‚√∑’πÕ¬¥å
®“°·À≈àßÕ◊ËπÊ (p<0.05) (Table 5) ‚¥¬‰¡à¡’§«“¡·µ°
µà“ß°—π∑“ß ∂‘µ‘√–À«à“ß™ÿ¥°“√∑¥≈Õß (p<0.05)

Õ—µ√“°“√√Õ¥µ“¬¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß∑—Èß 8
 Ÿµ√ æ∫«à“ ‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘√–À«à“ß™ÿ¥°“√
∑¥≈Õß (p<0.05) ‚¥¬¡’§à“Õ¬Ÿà„π™à«ß 98.33±2.89 - 100%
(Table 5)

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

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

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

Table 4. Average body weight of sex-reversed red tilapia fed the experimental diets for 8 weeks (g)1

Rearing period (week)

0 2 4 6 8

1 (Control) 21.27±0.16 36.08±1.92a 53.56±4.96a 77.20±6.50a 101.70±8.32a

2 (astaxanthin) 21.27±0.18 35.49±1.46a 52.05±2.59a 73.59±3.44a   95.27±6.44a

3 (zeaxanthin) 21.27±0.09 34.85±0.43a 51.95±3.51a 75.08±7.25a     96.58±10.31a

4 (β-carotene) 21.27±0.12 34.82±1.79a 51.52±5.27a 73.20±7.95a     95.92±10.24a

5 (carotenoid of spirulina 50 ppm) 21.25±0.15 34.72±0.38a 50.67±1.86a 71.99±5.58a   94.43±9.24a

6 (carotenoid of spirulina 100 ppm) 21.26±0.13 34.34±0.98a 49.95±2.49a 71.99±2.98a   95.28±5.16a

7 (carotenoid of spirulina 150 ppm) 21.30±0.10 35.57±1.51a 53.42±4.84a 77.06±8.86a   99.13±9.69a

8 (carotenoid of spirulina 200 ppm) 21.27±0.04 35.41±0.64a 52.09±1.50a 74.16±2.64a   97.38±5.30a

1Mean ± standard deviation of three replications
Mean within each column not sharing a common superscript are significantly different (p<0.05)

Experimental
group
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‚ª√µ’π ·≈–°“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘¢Õßª≈“π‘≈·¥ß
·ª≈ß‡æ»∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß∑—Èß 8  Ÿµ√ · ¥ß¥—ß Table 6
‚¥¬æ∫«à“·¡âÕ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ·≈–ª√– ‘∑∏‘¿“æ
°“√„™â‚ª√µ’π®–¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘ (p<0.05) ·µà°Á
‰¡à‰¥â· ¥ß∂÷ß§«“¡ —¡æ—π∏å¢Õß§à“¥—ß°≈à“«°—∫·À≈àß¢Õß
§“‚√∑’πÕ¬¥å∑—Èß 4 ·À≈àß∑’Ë‡ √‘¡„πÕ“À“√  à«πª≈“∑’Ë‰¥â√—∫
Õ“À“√∑’Ë‡ √‘¡ ‰ª√Ÿ‰≈π“„π§«“¡‡¢â¡¢âπ Ÿß ( Ÿµ√∑’Ë 8,
§“‚√∑’πÕ¬¥å 200 ¡°./Õ“À“√ 1 °°.) ¡’§à“°“√„™âª√–‚¬™πå
®“°‚ª√µ’π ÿ∑∏‘µË”°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡§“‚√∑’πÕ¬¥å
®“°·À≈àßÕ◊ËπÊ (p<0.05) (Table 6)

5. Õß§åª√–°Õ∫∑“ß‚¿™π“°“√¢Õßª≈“∑—Èßµ—«

Õß§åª√–°Õ∫∑“ß‚¿™π“°“√¢Õßª≈“∑—Èßµ—«°àÕπ∑¥≈Õß
·≈–ª≈“∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß∑—Èß 8  Ÿµ√  ‡¡◊ËÕ ‘Èπ ÿ¥°“√
∑¥≈Õß · ¥ß‰«â„π Table 7 ‚¥¬æ∫«à“§«“¡™◊Èπ ‚ª√µ’π
‰¢¡—π ·≈–‡∂â“ ¡’§«“¡·µ°µà“ß°—π√–À«à“ß™ÿ¥°“√∑¥≈Õß
ª≈“∑’Ë‰¥â√—∫ “√ ’ —ß‡§√“–Àå ·Õ µ“·´π∑‘π ·≈–´’·´π∑‘π
√«¡∑—Èßª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’§“‚√∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“µ—Èß·µà
100 ¡°./Õ“À“√ 1 °°. ¢÷Èπ‰ª ¡’§«“¡™◊Èπ Ÿß°«à“ª≈“∑’Ë‰¥â√—∫
Õ“À“√™ÿ¥§«∫§ÿ¡ (Table 7) ª√‘¡“≥‚ª√µ’π„πµ—«ª≈“∑’Ë‰¥â
√—∫·Õ µ“·´π∑‘π ´’·´π∑‘π ·≈–§“‚√∑’πÕ¬¥å®“° “À√à“¬

Table 5. Weight gain, average daily gain, rate of feed intake and survival of sex-reversed red tilapia
fed the experimental diets1

Experimental Weight gain average daily gain rate of feed intake survival
group (%) (%/body weight/day) (g/ body weight/day) (%)

1 (control) 378.23±38.64a 1.44±0.15a 3.14±0.08a    100±0.00a

2 (astaxanthin) 348.12±33.80a 1.32±0.12a  3.21±0.03ab    100±0.00a

3 (zeaxanthin) 354.30±50.42a 1.34±0.19a 3.15±0.07a    100±0.00a

4 (β-carotene) 351.09±48.53a 1.33±0.18a   3.23±0.03abc    100±0.00a

5 (carotenoid of spirulina 50 ppm) 344.20±41.40a 1.31±0.16a 3.39±0.05d    100±0.00a

6 (carotenoid of spirulina 100 ppm) 348.28±25.40a 1.32±0.09a  3.28±0.10bc    100±0.00a

7 (carotenoid of spirulina 150 ppm) 365.34±43.34a 1.39±0.17a  3.28±0.05bc    100±0.00a

8 (carotenoid of spirulina 200 ppm) 357.91±24.06a 1.36±0.09a  3.33±0.05cd 98.33±2.89a

1Mean ± standard deviation of three replications
Mean within each column not sharing a common superscript are significantly different (p<0.05)

Table 6. Feed conversion ratio (FCR), protein efficiency ratio (PER) and
apparent net protein utilization (ANPU) of sex-reversed red tilapia
fed the experimental diets1

          Experimental group FCR PER ANPU (%)

1 (Control) 1.35±0.07a 2.42±0.13b  51.45±1.17e

2 (astaxanthin)   1.42±0.04abc  2.30±0.07ab   43.10±0.04cd

3 (zeaxanthin)  1.39±0.10ab 2.38±0.17b   43.75±0.21cd

4 (β-carotene)   1.43±0.07abc  2.33±0.11ab   45.43±1.22d

5 (carotenoid of spirulina 50 ppm) 1.51±0.07c 2.15±0.11a    43.53±1.82cd

6 (carotenoid of spirulina 100 ppm)   1.45±0.04abc  2.26±0.06ab   41.14±0.35b

7 (carotenoid of spirulina 150 ppm)   1.42±0.05abc  2.31±0.08ab   45.38±0.04d

8 (carotenoid of spirulina 200 ppm) 1.47±0.03bc  2.24±0.03ab   37.63±0.44a

1Mean ± standard deviation of three replications
Mean within each column not sharing a common superscript are significantly different
(p<0.05)
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 ‰ª√Ÿ‰≈π“ 150 ¡°./Õ“À“√ 1 °°.  Ÿß°«à“ª≈“∑’Ë‰¥â√—∫
Õ“À“√™ÿ¥§«∫§ÿ¡ (Table 7)  à«πª√‘¡“≥‰¢¡—π„πµ—«ª≈“∑’Ë
‰¥â√—∫Õ“À“√‡ √‘¡§“‚√∑’πÕ¬¥å —ß‡§√“–Àå∑—Èß 3 ·À≈àß ·≈–
ª≈“∑’Ë‰¥â√—∫§“‚√∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“∑ÿ°√–¥—∫¡’§à“µË”°«à“
ª≈“∑’Ë‰¥â√—∫Õ“À“√™ÿ¥§«∫§ÿ¡ (Table 7) ‚¥¬µ√ß°—π¢â“¡°—∫
ª√‘¡“≥‡∂â“„πµ—«ª≈“∑’Ëæ∫«à“ª≈“∑’Ë‰¥â§“‚√∑’πÕ¬¥å —ß‡§√“–Àå
·≈– ‰ª√Ÿ‰≈π“¡’§à“ Ÿß°«à“ª≈“„π™ÿ¥§«∫§ÿ¡ (Table 7)

6. Õß§åª√–°Õ∫‡≈◊Õ¥ª≈“

     Õß§åª√–°Õ∫‡≈◊Õ¥ª≈“∑’Ë‰¥â√—∫Õ“À“√∑—Èß 8  Ÿµ√ · ¥ß
‰«â„π Table 8 ‚¥¬æ∫«à“ª≈“∑’Ë‰¥â√—∫ “√ ’ —ß‡§√“–Àå∑—Èß 3
·À≈àß ·≈–ª≈“∑’Ë‰¥â√—∫§“‚√∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“∑ÿ°§«“¡
‡¢â¡¢âπ¡’§à“®”π«π‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«·≈–‡´≈≈å‡¡Á¥‡≈◊Õ¥

·¥ß Ÿß°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√™ÿ¥§«∫§ÿ¡ (p<0.05) (Table 8)
¢≥–∑’Ëª√‘¡“≥‚ª√µ’π„πæ≈“ ¡’·π«‚πâ¡µË”°«à“„π°≈ÿà¡ª≈“∑’Ë
‰¥â√—∫ “√ ’ —ß‡§√“–Àå·≈–§“‚√∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫°—∫™ÿ¥§«∫§ÿ¡ (p<0.05) (Table 8) §à“Œ’‚¡-
‚°≈∫‘π·≈–Œ’¡“‚µ§√‘µ¢Õßª≈“∑’Ë‰¥â√—∫§“‚√∑’πÕ¬¥å®“°·À≈àß
µà“ßÊ ‰¡à¡’§«“¡·µ°µà“ß°—π (p<0.05) (Table 8)

7.  ’∫√‘‡«≥≈”µ—«¢Õßª≈“π‘≈

®“°°“√«—¥§à“ ’∫√‘‡«≥≈”µ—«¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√
 Ÿµ√µà“ßÊ æ∫«à“¡’§«“¡·µ°µà“ß°—π¥—ß· ¥ß‰«â„π Table 9
‚¥¬æ∫«à“ §à“§«“¡ «à“ß (L-value) ¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√
‡ √‘¡§“‚√∑’πÕ¬¥å®“°∑ÿ°·À≈àß ¬°‡«âπ®“°‡∫µ“-·§‚√∑’π¡’
§à“µË”°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√™ÿ¥§«∫§ÿ¡ (p<0.05) (Table 9)

Table 7. Whole body composition (%) of sex-reversed red tilapia fed the experimental diets
for 8 week 1 (% on dry matter basis)

              Experimental group Moisture Protein Fat Ash

Fish initial 72.61±1.18 50.50±0.33 23.08±0.65 15.91±0.45
1 (Control)  71.32±0.33a  57.49±0.26b  24.10±0.46e  13.79±0.08a

2 (astaxanthin)    73.84±0.55bcd   58.76±0.39cd  17.45±0.01a   16.89±0.24de

3 (zeaxanthin)    73.30±0.69bcd 59.54±0.37d  20.89±0.91c  15.03±0.59b

4 (β-carotene)   72.16±0.73ab 56.03±0.09a  22.43±0.08d   15.45±0.30bc

5 (carotenoid of spirulina 50 ppm)     72.94±0.80abc 56.24±0.14a  21.15±0.56c   15.58±0.01bc

6 (carotenoid of spirulina 100 ppm)    74.88±1.69de  58.04±0.59bc  20.58±0.08c   16.05±0.19cd

7 (carotenoid of spirulina 150 ppm)    74.41±0.85cd 59.40±0.70d  18.79±0.31b  17.50±0.19e

8 (carotenoid of spirulina 200 ppm)   76.08±1.04e 57.61±0.36b  18.55±0.31b  17.35±0.76e

1Mean ± standard deviation of three replications
Mean within each column not sharing a common superscript are significantly different (p<0.05)

Table 8. Blood parameters of sex-reversed red tilapia fed the experimental diets1

Experimental Hemoglobin Hematocrit White blood cell Red blood cell Plasma protein
group (g/dl) (%) (x104 cell/mm3) (x106cell/mm3) (g/dl)

1 (Control) 7.14±0.37a 35.52±5.37a   8.11±0.29a 1.64±0.28a 4.16±0.50b

2 (astaxanthin) 7.13±1.03a 29.84±3.60a  12.62±2.28cd 2.60±0.59b 3.56±0.32a

3 (zeaxanthin) 7.74±0.88a 32.44±3.59a  11.18±1.62bc 2.86±0.59b 3.25±0.46a

4 (β-carotene) 7.38±0.57a 32.10±3.89a   10.80±2.28abc 2.73±0.98b 3.63±0.19ab

5 (carotenoid of spirulina 50 ppm) 7.64±1.00a 33.63±7.43a 14.19±1.62d 2.64±0.41b 3.67±0.16ab

6 (carotenoid of spirulina 100 ppm) 7.81±1.19a 31.72±6.24a  12.67±2.42cd 2.62±1.26b 3.70±0.39ab

7 (carotenoid of spirulina 150 ppm) 7.51±0.75a 33.49±5.88a   11.73±1.20bcd 2.74±0.30b 3.51±0.86a

8 (carotenoid of spirulina 200 ppm) 7.68±0.61a 33.78±7.05a  12.72±2.54cd 2.61±0.30b 3.46±0.17a

1Mean ± standard deviation of three replications
Mean within each column not sharing a common superscript are significantly different (p<0.05)
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´÷Ëß Õ¥§≈âÕß°—∫∑’Ëæ∫«à“‡¡◊ËÕ L-value µË” ®–∑”„Àâ§à“ a-
value ·≈– b-value „πª≈“°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡§“‚√-
∑’πÕ¬¥å®“°∑ÿ°·À≈àß¡’§à“ Ÿß°«à“™ÿ¥§«∫§ÿ¡ (p<0.05) ∑—Èßπ’È
√«¡∂÷ßª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡§“‚√∑’πÕ¬¥å®“°‡∫µ“-·§‚√∑’π
¥â«¬·¡â«à“®–¡’§à“µË”°«à“ª≈“∑’Ë‰¥â√—∫§“‚√∑’πÕ¬®“°·À≈àßÕ◊ËπÊ
°Áµ“¡ (Table 9)

8. §à“·Õπµ‘∫Õ¥’ ‰µ‡µÕ√å

®“°°“√»÷°…“æ∫«à“ §à“·Õπµ‘∫Õ¥’ ‰µ‡µÕ√å Ÿß¢÷Èπ‡¡◊ËÕ
ª≈“‰¥â√—∫Õ“À“√‡ √‘¡§“‚√∑’πÕ¬¥å —ß‡§√“–Àå®“°·Õ µ“·´π-
∑‘π·≈–´’·´π∑‘π ·≈–§“‚√∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“  ∑—Èßπ’È§à“

¥—ß°≈à“«¡’§à“ Ÿß¢÷Èπ‡¡◊ËÕª≈“‰¥â√—∫Õ“À“√∑’Ë¡’§“‚√∑’πÕ¬¥å®“°
 ‰ª√Ÿ‰≈π“„π§«“¡‡¢â¡¢âπ∑’Ë Ÿß¢÷Èπ¥â«¬ (p<0.05) (Table 10)
 à«πª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡‡∫µ“-·§‚√∑’π¡’§à“·Õπµ‘∫Õ¥’
‰µ‡µÕ√å‰¡à·µ°µà“ß®“°™ÿ¥§«∫§ÿ¡ (p<0.05) (Table 10)

9. ª√‘¡“≥§“‚√∑’πÕ¬¥å√«¡∑’Ë – ¡„πµ—«ª≈“

ª√‘¡“≥§“‚√∑’πÕ¬¥å√«¡∑’Ë – ¡„πµ—«ª≈“∑’Ë‰¥â√—∫
Õ“À“√∑¥≈Õß∑—Èß 8  Ÿµ√ ‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß · ¥ß‰«â„π
Table 11 ‚¥¬æ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡§“‚√∑’πÕ¬¥å
®“°·Õ µ“ ·´π∑‘π·≈–´’·´π∑‘π ·≈–§“‚√∑’πÕ¬¥å®“°
 ‰ª√Ÿ‰≈π“ ¡’§à“ Ÿß°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√™ÿ¥§«∫§ÿ¡ (p<0.05)

Table 9. Color values (L, a, b) of sex-reversed red tilapia fed the experimental diets
for 8 week1

          Experimental group L value a value b value

1 (Control)  52.37±3.66cd -1.86±0.80a -2.12±1.02a

2 (astaxanthin) 47.83±2.51b   3.09±1.88b   6.36±2.68cd

3 (zeaxanthin) 40.04±4.13a   9.10±2.19e  4.92±1.67c

4 (β-carotene) 55.12±3.75d -1.46±1.33a  0.33±2.22b

5 (carotenoid of spirulina 50 ppm) 49.82±2.08bc   2.26±1.03b   7.13±1.94cd

6 (carotenoid of spirulina 100 ppm) 48.50±3.85bc    3.79±2.67bc  5.55±1.49c

7 (carotenoid of spirulina 150 ppm) 41.84±2.15a   7.17±0.98d  6.03±1.30c

8 (carotenoid of spirulina 200 ppm) 46.71±2.55b    5.33±0.73cd  8.44±2.85d

1Mean ± standard deviation of three replications
Mean within each column not sharing a common superscript are significantly different (p<0.05)
L value (Brightness), a value (Red-Green), b value (Yellow-Blue)

Table 10. Antibody titer of sex-reversed red tilapia fed
the experimental diets for 8 week 1

Experimental group Antibody titer

1 (Control) 1:8a

2 (astaxanthin) 1:16b

3 (zeaxanthin) 1:32c

4 (β-carotene) 1:8a

5 (carotenoid of spirulina 50 ppm) 1:16b

6 (carotenoid of spirulina 100 ppm) 1:32c

7 (carotenoid of spirulina 150 ppm) 1:64d

8 (carotenoid of spirulina 200 ppm) 1:64d

1Mean ± standard deviation of three replications
Mean within each column not sharing a common superscript are
significantly different (p<0.05)
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(Table 11) ‚¥¬∑’Ëª≈“¡’§“‚√∑’πÕ¬¥å√«¡„πµ—«ª≈“ Ÿß¢÷Èπ
‡¡◊ËÕª≈“‰¥â√—∫§“‚√∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“„π§«“¡‡¢â¡¢âπ∑’Ë
 Ÿß¢÷Èπ ·≈–‡√‘Ë¡≈¥µË”≈ß‡¡◊ËÕª≈“‰¥â√—∫Õ“À“√∑’Ë¡’§“‚√∑’πÕ¬¥å
®“° ‰ª√Ÿ‰≈π“‡°‘π 150 ¡°./Õ“À“√ 1 °°. (Table 11)
 à«πª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡∑’Ë¡’‡∫µ“-·§‚√∑’π ¡’ª√‘¡“≥
§“‚√∑’πÕ¬¥å√«¡„πµ—«ª≈“‰¡à·µ°µà“ß®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√
™ÿ¥§«∫§ÿ¡ (p<0.05) (Table 11)

«‘®“√≥åº≈°“√∑¥≈Õß

®“°º≈°“√∑¥≈Õß§√—Èßπ’È· ¥ß„Àâ‡ÀÁπ«à“ °“√‡ √‘¡
§“‚√∑’πÕ¬¥å —ß‡§√“–Àå®“°·Õ µ“·´π∑‘π ´’·´π∑‘π ‡∫µ“-
·§‚√∑’π ·≈–§“‚√∑’πÕ¬¥å®“° “À√à“¬ ‰ª√Ÿ‰≈π“ ‰¡à àßº≈
µàÕ°“√‡®√‘≠‡µ‘∫‚µ·≈–Õ—µ√“°“√√Õ¥µ“¬¢Õßª≈“π‘≈·¥ß
·ª≈ß‡æ» ´÷Ëß Õ¥§≈âÕß°—∫ ¥“√“«√√≥ ·≈–§≥– (2546) ∑’Ë
∑¥≈Õß‡ √‘¡·Õ µ“·´π∑‘π„πª≈“°√–·À ·≈–¬—ß Õ¥§≈âÕß
°—∫°“√∑¥≈Õß¢Õß Choubert and Storebakken (1989)
∑’Ë∑¥≈Õß‡ √‘¡·Õ µ“·´π∑‘π„πª≈“‡√π‚∫«å‡∑√â“∑å  à«π°“√
∑¥≈Õß„π°ÿâß°ÿ√ÿ¡“∑’Ë‰¥â√—∫·Õ µ“·´π∑‘π °Á„Àâº≈‡™àπ‡¥’¬«°—π
(Yamada et al., 1990; Chien and Jeng, 1992; Negre-
Sadargues et al., 1993) ∂÷ß·¡â«à“„π°“√∑¥≈Õßπ’È¡’°“√
‡ √‘¡ ‰ª√Ÿ‰≈π“„π§«“¡‡¢â¡¢âπ Ÿß ÿ¥∂÷ß 14% ( Ÿµ√∑’Ë 8)
·≈–≈¥ª≈“ªÉπ≈ß‡À≈◊Õ 7% ‡æ◊ËÕ„Àâ‰¥â§«“¡‡¢â¡¢âπ¢Õß
§“‚√∑’πÕ¬¥å√«¡„πÕ“À“√‡ªìπ 200 ¡°./ Õ“À“√ 1 °°. ·µà

°Á‰¡à∑”„Àâ°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“µà“ß®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√
™ÿ¥§«∫§ÿ¡´÷Ëß„™âª≈“ªÉπ 12% · ¥ß„Àâ‡ÀÁπ«à“ª≈“ “¡“√∂„™â
‚ª√µ’π®“° ‰ª√Ÿ‰≈π“∑¥·∑π‚ª√µ’π®“°ª≈“ªÉπ‰¥â  ∑—Èßπ’È
Ehrenberg (1980) √“¬ß“π«à“  ‰ª√Ÿ‰≈π“‡ªìπ·À≈àß‚ª√µ’π
∑’Ë¡’»—°¬¿“æ‡π◊ËÕß®“°¡’°√¥Õ–¡‘‚π∑’Ë®”‡ªìπ ·≈–¬—ßª√–°Õ∫
¥â«¬«‘µ“¡‘π·≈–‡°≈◊Õ·√à„πª√‘¡“≥ Ÿß πÕ°®“°π’È¬—ß‰¡à¡’ºπ—ß
‡´≈≈å®÷ß‰¡à¡’‡´≈≈Ÿ‚≈ ‡ªìπÕß§åª√–°Õ∫∑”„Àâßà“¬µàÕ°“√¬àÕ¬
·≈–¥Ÿ¥´÷¡ (Hill 1980; Nakamura, 1982)

®“°°“√∑¥≈Õßπ’Èæ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡§“‚√-
∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“¡’Õ—µ√“°“√°‘πÕ“À“√¥’°«à“ª≈“∑’Ë‰¥â√—∫
Õ“À“√§“‚√∑’πÕ¬¥å —ß‡§√“–Àå ‡π◊ËÕß®“° ‰ª√Ÿ‰≈π“¡’°≈‘Ëπ∑’Ë
¥÷ß¥Ÿ¥„Àâª≈“¬Õ¡√—∫Õ“À“√¡“°¢÷Èπ ‚¥¬ Hirano ·≈– Sugama
(1905) √“¬ß“π«à“ °“√‡ √‘¡ ‰ª√Ÿ‰≈π“„πÕ“À“√ª≈“Õ“¬Ÿ
™à«¬ª√—∫ª√ÿß√ ·≈–°≈‘Ëπ¢ÕßÕ“À“√ª≈“‰¥â  Õ¬à“ß‰√°Áµ“¡·¡â
°“√‡ √‘¡ ‰ª√Ÿ‰≈π“„π§«“¡‡¢â¡¢âπ Ÿß®–‰¡à àßº≈µàÕ°“√
‡®√‘≠‡µ‘∫‚µ ·µàæ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ ‰ª√Ÿ‰≈π“ 14%
( Ÿµ√∑’Ë 8) ¡’§à“°“√„™âª√–‚¬™πå®“°‚ª√µ’π ÿ∑∏‘µË”∑’Ë ÿ¥ ‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫°—∫™ÿ¥°“√∑¥≈ÕßÕ◊ËπÊ ´÷Ëß Õ¥§≈âÕß°—π°—∫°“√
∑¥≈Õß¢Õß «ÿ≤‘æ√ ·≈–Õ—≠™≈’ (2548) ∑’Ëæ∫«à“ª≈“¥ÿ°æ—π∏ÿå
º ¡∑’Ë‰¥â√—∫Õ“À“√‡ √‘¡ ‰ª√Ÿ‰≈π“ 15% ¢÷Èπ‰ª ¡’º≈∑”„Àâ
°“√‡®√‘≠‡µ‘∫‚µ·≈–ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√‰¡à¥’  ∑—Èßπ’È
‡π◊ËÕß®“°‡¡◊ËÕ‡ √‘¡ ‰ª√Ÿ‰≈π“„πÕ“À“√ Ÿß‡°‘π‰ª àßº≈µàÕ
§«“¡ ¡¥ÿ≈¢Õß°√¥Õ–¡‘‚π√«¡„πÕ“À“√ ‚¥¬æ∫«à“„π ‰ª√Ÿ-
‰≈π“¡’‰≈ ’́ππâÕ¬°«à“ª≈“ªÉπ ‡¡◊ËÕ‡æ‘Ë¡ ‰ª√Ÿ‰≈π“·≈–≈¥

Table 11. Carotenoid content in whole body of sex-reversed
red tilapia fed the experimental diets for 8 week
(%on dry matter basis)1

           Experimental group Carotenoid content (ppm)

1 (Control)   7.28±0.49a
2 (Astaxanthin) 18.58±1.22c
3 (Zeaxanthin) 31.69±1.66f
4 (β-carotene)   8.37±2.65a
5 (carotenoid of spirulina 50 ppm) 15.58±1.05b
6 (carotenoid of spirulina 100 ppm) 21.40±1.00d
7 (carotenoid of spirulina 150 ppm) 30.55±0.59 f
8 (carotenoid of spirulina 200 ppm) 28.10±0.23 e

1Mean ± standard deviation of three replications
Mean within each column not sharing a common superscript are
significantly different (p<0.05)
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ª≈“ªÉπ®–∑”„Àâ‰≈ ’́π„πÕ“À“√µË”≈ß (Olvera-Novia et al.,
1998) ¡’º≈∑”„Àâª≈“¡’ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√≈¥≈ß
(Halver et al., 2002)

®“°°“√»÷°…“§à“Õß§åª√–°Õ∫‡≈◊Õ¥ æ∫«à“ §à“Œ’‚¡-
‚°≈∫‘π√«¡ §à“Œ’¡“‚µ§√‘µ ‰¡à¡’§«“¡·µ°µà“ß°—π√–À«à“ß™ÿ¥
°“√∑¥≈Õß  à«π§à“ª√‘¡“≥‡¡Á¥‡≈◊Õ¥·¥ß·≈–‡¡Á¥‡≈◊Õ¥¢“«
¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡ √‘¡§“‚√∑’πÕ¬¥å ®“°§“‚√∑’πÕ¬¥å
 —ß‡§√“–Àå ·≈–§“‚√∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“ ‡π◊ËÕß®“°§“‚√-
∑’πÕ¬¥å™à«¬ªÑÕß°—π°“√‡ ◊ËÕ¡ ¿“æ¢Õß‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«
®“°°√–∫«π°“√ÕÕ°´‘‡¥™—π ‡¡Á¥‡≈◊Õ¥¢“«®÷ß∂Ÿ°∑”≈“¬πâÕ¬≈ß
πÕ°®“°π’È§“‚√∑’πÕ¬¥å àßº≈„Àâ√à“ß°“¬¡’°“√ √â“ß‡´≈≈å™π‘¥
°√“πŸ≈“√å(granular) ‡æ‘Ë¡¢÷Èπ ‡™àπ ·¡§‚§√ø“® ∑’ ≈‘¡‚ø‰´∑å
·≈– ∫’ ≈‘¡‚ø‰´∑å (Gabaduan, 1996) ∑”„Àâª√‘¡“≥‡¡Á¥
‡≈◊Õ¥¢“« Ÿß°«à“™ÿ¥∑’Ë‰¡à‡ √‘¡§“‚√∑’πÕ¬¥å ·≈–§“‚√∑’πÕ¬¥å
¬—ß¡’°“√°√–µÿâπ°“√∑”ß“π¢Õß ´’√—¡·Õπµ‘‚ª√µ‘‡Õ  (serum
antiprotease) ·≈– ́ ’√—¡§Õ¡æ≈’‡¡π (serum complement)
„Àâ¡’§«“¡«àÕß‰«¢÷Èπ  Õ¥§≈âÕß°—∫°“√∑¥≈Õß¢Õß Duncan
·≈– Klesius (1996) æ∫«à“ ‡¡Á¥‡≈◊Õ¥¢“«™π‘¥ ≈‘¡‚ø‰´¥å
(lymphocyte) ‡æ‘Ë¡¢÷Èπ‡¡◊ËÕª≈“°¥Õ‡¡√‘°—π ‰¥â√—∫Õ“À“√‡ √‘¡
 “À√à“¬ ‰ª√Ÿ‰≈π“ 2.7% ·≈– Õ¥§≈âÕß°—∫ «ÿ≤‘æ√ ·≈–
Õ—≠™≈’ (2548) ∑’Ë∑¥≈Õß„™â ‰ª√Ÿ‰≈π“∑¥·∑πª≈“ªÉπ„π
Õ“À“√ª≈“¥ÿ°æ—π∏åº ¡ πÕ°®“°π’È®“°°“√∑¥≈Õß¢Õß ¡–≈‘
·≈–§≥– (2543) ∑’Ëæ∫«à“°“√‡ √‘¡·Õ µ“·´π∑‘π  àßº≈„Àâ
ª√‘¡“≥‡¡Á¥‡≈◊Õ¥„π√–∫∫‰À≈‡«’¬π‡≈◊Õ¥¢Õß°ÿâß°ÿ≈“¥” Ÿß¢÷Èπ

§à“ ’¢Õßµ—«ª≈“ æ∫«à“ °“√‡ √‘¡·Õ µ“·´π∑‘π
 —ß‡§√“–Àå ́ ’·´π∑‘π —ß‡§√“–Àå ·≈–§“‚√∑’πÕ¬¥å®“° ‰ª√Ÿπ“
∑”„Àâ ’¢Õßµ—«ª≈“‡æ‘Ë¡¢÷Èπ ¬°‡«âπ™ÿ¥°“√∑¥≈Õß∑’Ë‡ √‘¡‡∫µ“-
·§‚√∑’π —ß‡§√“–Àå∑’Ë‰¡à¡’§«“¡·µ°µà“ß°—∫™ÿ¥§«∫§ÿ¡ ‚¥¬
∑”„Àâª≈“¡’ ’·¥ß·≈– ’‡À≈◊Õß‡æ‘Ë¡¡“°¢÷Èπ ‚¥¬∑’Ë ’¢“«À√◊Õ
§«“¡ «à“ß (L) ≈¥≈ß ‚¥¬°“√‡æ‘Ë¡¢÷Èπ¢Õß§à“√–¥—∫ ’·¥ß-
‡¢’¬« (a) ·≈–‡À≈◊Õß-πÈ”‡ß‘π (b) ®– —¡æ—π∏å°—∫ ’·¥ß·≈–
 ’‡À≈◊Õß∑’Ë‡æ‘Ë¡¢÷Èπ¢Õßµ—«ª≈“   Õ¥§≈âÕß°—∫°“√∑¥≈Õß¢Õß
Smith ·≈–§≥– (1992) ∑’Ëæ∫«à“ª≈“‚§‚Œ·´≈¡Õπ∑’Ë‰¥â√—∫
Õ“À“√‡ √‘¡·Õ µ“·´π∑‘π ¡’§à“ ’·¥ß·≈– ’‡À≈◊Õß‡æ‘Ë¡¢÷Èπ
µ“¡√–¥—∫¢Õß·Õ µ“·´π∑‘π∑’Ë‡æ‘Ë¡¢÷Èπ ®“°°“√∑¥≈Õß§√—Èßπ’È
™ÿ¥°“√∑¥≈Õß∑’Ë‡ √‘¡·Õ µ“·´π∑‘π ª≈“®–¡’§à“§«“¡·¥ß
·≈–§«“¡‡À≈◊Õß Ÿß°«à“™ÿ¥§«∫§ÿ¡ ‡π◊ËÕß®“°·Õ µ“·´π∑‘π
®–„Àâ ’‡À≈◊Õß â¡·≈–·¥ß„π‡π◊ÈÕ º‘«Àπ—ß ·≈–§√’∫ (NRC,

1993)  à«π™ÿ¥°“√∑¥≈Õß∑’Ë‡ √‘¡´’·´π∑‘π·≈–§“‚√∑’πÕ¬¥å
®“° ‰ª√Ÿ‰≈π“ ́ ÷Ëß¡’‡∫µ“-§“‚√∑’π ‡∫µ“-§√‘ª‚µ·´π∑‘π ·≈–
´’·´π∑‘π‡ªìπ§“‚√∑’πÕ¬¥å∑’Ë‡ªìπÕß§åª√–°Õ∫À≈—°  ‚¥¬
Lorenz (1998) √“¬ß“π«à“  ‰ª√Ÿ‰≈π“∑’Ëºà“π°√–∫«π°“√
spray-dried ¡’ª√‘¡“≥§“‚√∑’πÕ¬¥å√«¡ 346 ¡°./ 100 °.
´÷Ëßª√–°Õ∫¥â«¬‡∫µ“-·§‚√∑’π 52%, ́ ’·´π∑‘π 21%, Õ‘™‘π’
‚ππ (echinenone) 10%, ‡∫µ“-§√‘∫‚µ·´π∑‘π 6%, 3/-
‰Œ¥√Õ°´’Õ‘™‘π’‚ππ (3/-hydroxyechinenone) 5% ·≈–
§“‚√∑’πÕ¬¥å¬àÕ¬Õ◊ËπÊ ∑’Ë‰¡à‰¥â·¬°Õ’° 7% ´÷Ëß‡∫µ“-·§‚√∑’π
‡∫µ“-§√‘ª‚µ·´π∑‘π ·≈–´’·´π∑‘π ®–„Àâ ’‡À≈◊Õß ´÷Ëßª≈“
π‘≈·¥ß·ª≈ß‡æ»π—Èπ “¡“√∂‡ª≈’Ë¬π·ª≈ß§“‚√∑’πÕ¬¥å®“°
Õ“À“√·≈– – ¡„π√Ÿª¢Õß‚√‚¥·´π∑‘π (rhodoxanthin) ‰¥â
®÷ß∑”„Àâ‡°‘¥ ’·¥ß∑’Ëµ—«ª≈“ (Katsuyama and Matsuno,
1979) ∑”„Àâª≈“¡’ ’‡À≈◊Õß·≈– ’·¥ß·µ°µà“ß°—∫™ÿ¥§«∫§ÿ¡
 Õ¥§≈âÕß°—∫ Ohkubo ·≈–§≥– (1999) √“¬ß“π«à“ª≈“
∑Õß®–‡ª≈’Ë¬π·ª≈ß§“‚√∑’πÕ¬¥å„πÕ“À“√·≈– – ¡„π√Ÿª
·Õ µ“·´π∑‘π·≈–‡∫µ“-·§‚√∑’π‡ªìπÀ≈—° ®÷ß∑”„Àâ‡°‘¥ ’ â¡-
‡À≈◊Õß„πµ—«ª≈“∑Õß  Õ¥§≈âÕß°—∫°“√∑¥≈Õß¢Õß  ÿ¿Æ“
(2548) ∑’Ë‡ √‘¡ ‰ª√Ÿ‰≈π“‡ª√’¬∫‡∑’¬∫°—∫™ÿ¥∑’Ë‰¡à‡ √‘¡
 ‰ª√Ÿ‰≈π“„πÕ“À“√ª≈“∑Õß æ∫«à“ §à“ L „π™ÿ¥∑’Ë‰¡à‡ √‘¡
 ‰ª√Ÿ‰≈π“¡’§à“ Ÿß∑’Ë ÿ¥  à«π§à“ a ·≈– §à“ b „π™ÿ¥∑’Ë‡ √‘¡
 ‰ª√Ÿ‰≈π“¡’§à“ Ÿß¢÷Èπ∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ¢Õß ‰ª√Ÿ‰≈π“·Àâß
„πÕ“À“√ 3-5% ‡™àπ‡¥’¬«°—∫„πª≈“‡√¥ ’́∫√’¡∑’Ë “¡“√∂
‡¡·∑∫Õ‰≈´å (metabolize) ≈Ÿ∑’πÀ√◊Õ´’·´π∑‘π  ·µà‰¡à
 “¡“√∂‡¡·∑∫Õ‰≈´å‡∫µ“-·§‚√∑’πÀ√◊Õ·§πµ“·´π∑‘π ‰ª
‡ªìπ∑Ÿπà“·´π∑‘π (tunaxanthin) À√◊Õ·Õ µ“·´π∑‘π‰¥â
‡À¡◊Õπ°—∫ª≈“·øπ ’́ §“√åø ¡’°“√√“¬ß“π«à“‰¡à “¡“√∂
‡¡·∑∫Õ‰≈ ǻ‡∫µ“-§“‚√∑’π‰¥â ·µà “¡“√∂‡ª≈’Ë¬π ’́·´π∑‘π
À√◊Õ≈Ÿ∑’π‰ª‡ªìπ·Õ µ“·´π∑‘π‰¥â (Boonyaratpalin, 2000)
‚¥¬ Chein ·≈– Jeng (1992) √“¬ß“π«à“®–µâÕß¡’°√–∫«π
°“√À≈“¬¢—ÈπµÕπ„π°“√‡ª≈’Ë¬π‡∫µ“-·§‚√∑’π‡ªìπ·Õ µ“-
·´π∑‘π ´÷Ëß¢—ÈπµÕπ¢Õß«‘∏’‡¡·∑∫Õ≈‘´÷¡¥—ß°≈à“«®–‡ªìπ‡Àµÿ
„Àâ°“√‡ª≈’Ë¬π√Ÿª¢Õß§“‚√∑’πÕ¬¥å‡ªìπ‰ªÕ¬à“ß™â“Ê ∑”„Àâ
√–¥—∫§«“¡‡¢â¡¢âπ¢Õß§“‚√∑’πÕ¬¥å„πÕ“À“√‰¡à¡’º≈‚¥¬µ√ß
µàÕ√–¥—∫¢Õß·Õ µ“·´π∑‘π ∑—Èßπ’È§“‚√∑’πÕ¬¥å·µà≈–™π‘¥
¡’ª√– ‘∑∏‘¿“æ°“√„™âß“π„π —µ«åπÈ” (bioavailability)
·µ°µà“ß°—π

®“°°“√»÷°…“æ∫«à“°“√‡ √‘¡§“‚√∑’πÕ¬¥å„πÕ“À“√
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Effect of Spirulina carotenoid in sex-reversed red tilapia

Phromkunthong, W., et al.

ª≈“π‘≈·¥ß·ª≈ß‡æ» ¡’º≈„π°“√‡æ‘Ë¡√–¥—∫·Õπµ‘∫Õ¥’ ‚¥¬
‡¡◊ËÕª≈“π‘≈·¥ß·ª≈ß‡æ»‰¥â√—∫Õ“À“√∑’Ë‡ √‘¡§“‚√∑’πÕ¬¥å
 —ß‡§√“–Àå∑—Èß 3 ·À≈àß ·≈–§“‚√∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“„π
·µà≈–√–¥—∫ ‡ªìπ‡«≈“ 8  —ª¥“Àå ∑”„Àâ·Õπµ‘∫Õ¥’‰µ‡µÕ√å Ÿß
°«à“§à“¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß„π™ÿ¥§«∫§ÿ¡ (‰¡à‡ √‘¡
§“‚√∑’πÕ¬¥å ) ¬°‡«âπ™ÿ¥°“√∑¥≈Õß∑’Ë‡ √‘¡ ‡∫µ“-·§‚√∑’π
æ∫«à“‰¡à¡’º≈µàÕ§à“·Õπµ‘∫Õ¥’‰µ‡µÕ√å ‚¥¬§“‚√∑’πÕ¬¥å®–
™à«¬‡æ‘Ë¡®”π«π‡´≈≈åµà“ßÊ ∑’Ë‡°’Ë¬«¢âÕß°—∫√–∫∫¿Ÿ¡‘§ÿâ¡°—π
‡™àπ ‡´≈≈å‡¡Á¥‡≈◊Õ¥ ‡¡Á¥‡≈◊Õ¥¢“«™π‘¥∫’ ·≈–∑’ ¡“‚§√ø“®
øî°ø“‚°´—¬ ‡ªìπµâπ ™à«¬ àß‡ √‘¡„Àâ‡´≈≈å‡À≈à“π’È√«¡∑—Èß “√
πÈ”Õ◊ËπÊ „π√–∫∫∑”ß“π‰¥â¥’¢÷Èπ ·Õπµ‘∫Õ¥’‡°‘¥®“°∫’‡´≈≈å
·∫àßµ—«‡ªìπæ≈“ ¡“‡´≈≈å·≈â« √â“ß·Õπµ‘∫Õ¥’¢÷Èπ¡“ ‡æ◊ËÕ
°”®—¥ ‘Ëß·ª≈°ª≈Õ¡∑’Ë‡¢â“ Ÿà√à“ß°“¬‡ªìπ§√—Èß∑’Ë 2 ‚¥¬‡¡◊ËÕ ‘Ëß
·ª≈°ª≈Õ¡‡¢â“ Ÿà√à“ß°“¬Õ’°  æ≈“ ¡“‡´≈≈å®–∑”°“√ √â“ß
·Õπµ‘∫Õ¥’ ¢÷Èπ¡“®—∫°—∫ ‘Ëß·ª≈°ª≈Õ¡‡°‘¥‡ªìπ·Õπµ‘‡®π
·Õπµ‘∫Õ¥’§Õ¡‡æ≈Á° µàÕ®“°π—Èπ√–∫∫§Õ¡æ≈’‡¡πµå ®–
∑”ß“π‡°‘¥°“√∑”≈“¬ ‘Ëß·ª≈°ª≈Õ¡ (Belay, 2002)  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 ‡™◊È Õ
Streptococcus sp. ¥’∑’Ë ÿ¥ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫™ÿ¥§«∫§ÿ¡
´÷Ëß™≈∏‘™“ (2541) √“¬ß“π«à“ª≈“π‘≈ ’·¥ß∑’Ë‰¥â√—∫·Õ µ“-
·´π∑‘π®–¡’§«“¡µâ“π∑“πµàÕ‚√§ Ÿß¢÷Èπ ‚¥¬®–‰ª‡æ‘Ë¡
ª√‘¡“≥¢Õß ∑’ ¡“‚§√ø“® ·≈–∫’ ≈‘¡‚ø‰´∑å „Àâ¡“°¢÷Èπ°Á®–
 àßº≈„Àâ√–∫∫¿Ÿ¡‘§ÿâ¡°—π¡’ª√– ‘∑∏‘¿“æ„π°“√µÕ∫ πÕßµàÕ ‘Ëß
·ª≈°ª≈Õ¡ Ÿß¢÷Èπ ‡™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% ¢Õß
πÈ”Àπ—°Õ“À“√ ·≈– Lee (1999) ∑’Ëæ∫«à“‡¡◊ËÕ‡ √‘¡ “À√à“¬
 ‰ª√Ÿ‰≈π“ºß 0.1% „πÕ“À“√°ÿâß°ÿ≈“¥” (Penaeus monodon)
 àßº≈„Àâ°ÿâß¡’√–∫∫¿Ÿ¡‘µâ“π∑“π¥’¢÷Èπ ‚¥¬¡’§à“°“√®—∫°‘π‚¥¬
«‘∏’°“√‚Õ∫≈âÕ¡ (phagocytotic activity)  Ÿß¢÷Èπ πÕ°®“°
π’È®“°°“√∑¥≈Õßπ” “À√à“¬™π‘¥Õ◊Ëπ ‡™àπ ‡∫µ“-·§‚√∑’π∑’Ë
 °—¥®“° “À√à“¬ ¥Ÿπ“≈‘‡Õ≈“ (Dunaliella salina) ·≈–
·Õ µ“·´π∑‘π®“°¬’ µåø“ø‡øï¬ (Phaffia rhodozyma)

‡ √‘¡„πÕ“À“√ª≈“‡√π‚∫«å‡∑√“∑å æ∫«à“ àßº≈µàÕ√–∫∫¿Ÿ¡‘-
§ÿâ¡°—π‚¥¬ lysozyme activity, phagocytic activity À√◊Õ
°“√®—∫°‘π‡™◊ÈÕ‚√§ Œ‘«¡Ÿ√Õ≈‡ø°‡µÕ√å (humural factors)
·≈–´’√—¡Õ—≈‡µÕ√å‡π∑’æ§Õ¡æ≈’‡¡πµå‡Õ°µ‘«‘µ’ (serum
alternative complement activity) ¡’§à“ Ÿß¢÷Èπ (Amar et
al., 2004) πÕ°®“°π’È Richmond (1986) ¬—ßæ∫«à“∑’Ë
∫√‘‡«≥ºπ—ß‡´≈≈å¢Õß “À√à“¬ ‰ª√Ÿ‰≈π“¡’æÕ≈‘·´Á§§“‰√¥å
‡ªìπÕß§åª√–°Õ∫ ́ ÷Ëß¡’≈—°…≥–‡À¡◊Õπºπ—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“ø“‚° —́¬µ‘° ·Õ§µ‘«‘µ’‡æ‘Ë¡¢÷Èπ (Sakai,
1999) ¥—ßπ—Èπ„πª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë‡ √‘¡§“‚√∑’πÕ¬¥å®“°
 ‰ª√Ÿ‰≈π“®÷ß¡’§à“·Õπµ‘∫Õ¥’‰µ‡µÕ√å Ÿß°«à“„π™ÿ¥∑’Ë‡ √‘¡
·Õ µ“·´π∑‘π —ß‡§√“–Àå·≈–´’·´π∑‘π —ß‡§√“–Àå ‡π◊ËÕß®“°
¡’ à«πÕ◊Ëπ¢Õß ‰ª√Ÿ‰≈π“„π°“√™à«¬‡æ‘Ë¡√–∫∫¿Ÿ¡‘§ÿâ¡°—π‰¥â
®“°°“√∑¥≈Õß§√—Èßπ’È ·≈–æ∫«à“§“‚√∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“
∑’Ë√–¥—∫ 150 ·≈– 200 ¡°./Õ“À“√ 1 °°.  àßº≈„Àâ·Õπµ‘-
∫Õ¥’¡’§à“‡®◊Õ®“ß∑’Ë ÿ¥∑’Ë “¡“√∂‡°‘¥µ–°Õπ°—∫·Õπµ‘‡®π‰¥â

°“√ – ¡¢Õß§“‚√∑’πÕ¬¥å„πµ—«ª≈“¡’§à“‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ
¡’°“√‡ √‘¡§“‚√∑’πÕ¬¥å≈ß‰ª„πÕ“À“√ ‚¥¬√–¥—∫§“‚√∑’πÕ¬¥å
‡æ‘Ë¡¢÷Èπµ“¡√–¥—∫¢Õß§“‚√∑’πÕ¬¥å„πÕ“À“√∑’Ë‡æ‘Ë¡¢÷Èπ ‚¥¬æ∫
«à“§à“§“‚√∑’πÕ¬¥å√«¡„πµ—«ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë‡ √‘¡ ’́·´π∑‘π
·≈–§“‚√∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“∑’Ë√–¥—∫ 150 ¡°./Õ“À“√ 1
°°. ¡’§à“„°≈â‡§’¬ß°—π °“√‡ √‘¡§“‚√∑’πÕ¬¥å„πÕ“À“√„Àâª≈“
°‘π®–∑”„Àâ¡’°“√ – ¡§“‚√∑’πÕ¬¥å‡æ‘Ë¡¢÷Èπ Õ¥§≈âÕß°—∫°“√
∑¥≈Õß¢Õß «ÿ≤‘æ√ ·≈–Õ—≠™≈’ (2548) ∑’Ë∑¥≈Õß„πª≈“¥ÿ°
æ—π∏ÿåº ¡ ·≈– Smith ·≈–§≥– (1992) „πª≈“‚§‚Œ-
·´≈¡Õπ ®“°°“√∑¥≈Õßπ’Èæ∫«à“ª≈“π‘≈·¥ß·ª≈ß‡æ»∑’Ë‰¥â
√—∫Õ“À“√‡ √‘¡§“‚√∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“∑’Ë√–¥—∫ 200 ¡°./
Õ“À“√ 1 °°. ¡’§à“§“‚√∑’πÕ¬¥å√«¡µË”°«à“™ÿ¥°“√∑¥≈Õß∑’Ë
‡ √‘¡§“‚√∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“∑’Ë√–¥—∫ 150 ¡°./Õ“À“√
1 °°. ´÷Ëß°“√≈¥≈ß¢Õß§“‚√∑’πÕ¬¥å√«¡„πµ—«ª≈“À√◊Õ
ª√– ‘∑∏‘¿“æ°“√π”§“‚√∑’πÕ¬¥å‰ª – ¡„πµ—« —µ«åπÈ” Õ“®
‡π◊ËÕß¡“®“°ª√– ‘∑∏‘¿“æ°“√¬àÕ¬·≈–¢âÕ®”°—¥¢ÕßÕ—µ√“°“√
¥Ÿ¥´÷¡ §«“¡‡æ’¬ßæÕ¢Õß§“‚√∑’πÕ¬¥å∑’Ëª≈“‰¥â√—∫ (Kali-
nowski et al., 2005) ∑—Èßπ’Èªí®®—¬∑’Ë¡’º≈µàÕ§«“¡‡æ’¬ßæÕ
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«ÿ≤‘æ√  æ√À¡¢ÿπ∑Õß ·≈–§≥–1315

¢Õß§“‚√∑’πÕ¬¥å∑’Ëª≈“‰¥â√—∫®–¢÷Èπ°—∫æ—π∏ÿ°√√¡ ªí®®—¬∑“ß
™’««‘∑¬“  ‡™àπ  ¢π“¥·≈–™π‘¥¢Õß —µ«å  ·≈– “√Õ“À“√
(Torrissen, 1985) ‚¥¬‡©æ“–°√¥‰¢¡—π∑’Ë‰¡àÕ‘Ë¡µ—«®–™à«¬
„π°“√¥Ÿ¥´÷¡§“‚√∑’πÕ¬¥å ‡π◊ËÕß®“°§“‚√∑’πÕ¬¥å≈–≈“¬‰¥â„π
‰¢¡—π (Fox and Vevers, 1960) ¥â«¬‡Àµÿπ’È°“√¥Ÿ¥´÷¡
·≈–‡¡·∑∫Õ≈‘´÷¡Õ“®®– —¡æ—π∏å°—∫‰¢¡—π ‚¥¬ Babosa ·≈–
§≥– (1999) √“¬ß“π«à“√–¥—∫‰¢¡—π„πÕ“À“√¡’ à«π‡°’Ë¬« ¢âÕß
Õ¬à“ß¡“°„π°“√¥Ÿ¥´÷¡·Õ µ“·´π∑‘π¢Õßª≈“‡√π‚∫«å‡∑√“∑å
∑—Èßπ’È„πÕ“À“√∑’Ë¡’‰¢¡—π Ÿßª≈“®– “¡“√∂¥Ÿ¥´÷¡·≈–π”‡Õ“
·Õ µ“·´π∑‘π‡Õ ‡∑Õ√å‰ª„™â‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ ‰¡à·µ°
µà“ß°—∫·Õ µ“·´π∑‘πÕ‘ √– ·≈–®“°Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ∑’Ë
‡√Á«°«à“Õ—µ√“°“√‰¥â√—∫·≈–Õ—µ√“°“√ – ¡§“‚√∑’πÕ¬¥å„πµ—«
ª≈“ (Menasveta et al., 1993) °Á∑”„Àâ°“√ – ¡§“‚√-
∑’πÕ¬¥å≈¥≈ß‡™àπ°—π ‚¥¬„πª≈“‡√¥´’∫√’¡∑’Ë‰¥â√—∫Õ“À“√∑’Ë
‡ √‘¡‡∫µ“-·§‚√∑’π À√◊Õ·§πµ“·´π∑‘π ®–∑”„Àâ√–¥—∫
§“‚√∑’πÕ¬¥å∑’Ë – ¡„πº‘«Àπ—ß≈¥≈ß (Lorenz, 1998) ·≈–
æ∫„πª≈“‡√¥ æÕ√å°’ À≈—ß®“°„ÀâÕ“À“√º ¡§“‚√∑’πÕ¬¥å‰ª
105 «—π ª≈“®–¡’ ’·¥ß≈¥≈ß (Kalinowski et al., 2005)

 √ÿªº≈°“√∑¥≈Õß

1. °“√„™â§“‚√∑’πÕ¬¥å —ß‡§√“–Àå 3 ™π‘¥ §◊Õ·Õ µ“
·´π∑‘π ‡∫µ“-·§‚√∑’π ·≈–´’·´π∑‘π∑’Ë‡ √‘¡„πÕ“À“√∑’Ë
√–¥—∫ 200 ¡°./Õ“À“√ 1 °°. ·≈– ‰ª√Ÿ‰≈π“‡ªìπ·À≈àß
§“‚√∑’πÕ¬¥å∑’Ë√–¥—∫µà“ßÊ ‡ √‘¡„πÕ“À“√ª≈“π‘≈·¥ß·ª≈ß
‡æ»∑—Èß  ®–‰¡à àßº≈µàÕ°“√‡®√‘≠‡µ‘∫‚µ  ª√– ‘∑∏‘¿“æ¢Õß
Õ“À“√ ·≈–Õ—µ√“°“√√Õ¥

2. ·Õ µ“·´π∑‘π ´’·´π∑‘π ·≈–§“‚√∑’πÕ¬¥å®“°
 ‰ª√Ÿ‰≈π“ ∑”„Àâª≈“π‘≈·¥ß·ª≈ß‡æ»¡’ ’∑’Ë‡¢â¡¢÷Èπ ‚¥¬´’-
·´π∑‘π®–∑”„Àâª≈“¡’ ’‡À≈◊Õß·≈– ’·¥ß  à«π·Õ µ“·´π∑‘π
®–„Àâ§à“ ’‡À≈◊Õß·≈–·¥ß‡™àπ‡¥’¬«°—∫™ÿ¥∑’Ë‡ √‘¡§“‚√∑’πÕ¬¥å
®“° ‰ª√Ÿ‰≈π“  à«π°“√ – ¡§“‚√∑’πÕ¬¥å„πµ—«ª≈“ æ∫«à“
™ÿ¥∑’Ë‡ √‘¡´’·´π∑‘π ·≈–§“‚√∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“ 150
¡°./Õ“À“√ 1 °°. Ÿß∑’Ë ÿ¥

3. ·Õ µ“·´π∑‘π ·≈–´’·´π∑‘π ¡’º≈µàÕ√–∫∫
¿Ÿ¡‘§ÿâ¡°—π §◊Õ∑”„Àâ§à“·Õπµ‘∫Õ¥’‰µ‡µÕ√å Ÿß°«à“™ÿ¥§«∫§ÿ¡
·≈–ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë‡ √‘¡§“‚√∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“
∑”„Àâ§à“·Õπµ‘∫Õ¥’‰µ‡µÕ√å  Ÿß¢÷Èπµ“¡√–¥—∫¢Õß§“‚√∑’πÕ¬¥å

∑’Ë‡æ‘Ë¡¢÷Èπ
4. ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë‡ √‘¡‡∫µ“-·§‚√∑’π —ß‡§√“–Àå

æ∫«à“‰¡à¡’º≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß ’ °“√ – ¡§“‚√∑’πÕ¬¥å„π
µ—«ª≈“ ·≈–√–∫∫¿Ÿ¡‘§ÿâ¡°—π

5. ®“°°“√»÷°…“°“√„™â§“‚√∑’πÕ¬¥å —ß‡§√“–Àå æ∫
«à“ª≈“π‘≈·¥ß·ª≈ß‡æ»  “¡“√∂„™âª√–‚¬™πå®“°·Õ µ“-
·´π∑‘π·≈–´’·´π∑‘π ·µà‰¡à “¡“√∂„™â‡∫µ“-·§‚√∑’π ·≈–
æ∫«à“§«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡¢Õß§“‚√∑’πÕ¬¥å®“° ‰ª√Ÿ‰≈π“
∑’Ë‡ √‘¡„πÕ“À“√§◊Õ 150 ¡°./Õ“À“√ 1 °°.

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥ Dr. Jacques Gabaudan, Director of
DSM Aquaculture Center Asia Pacific ∑’Ë π—∫ πÿπ
§“‚√∑’πÕ¬¥å —ß‡§√“–Àå ·Õ µ“·´π∑‘π ·≈–´’·´π∑‘π ·≈–
‡Õ◊ÈÕ‡øóôÕ„π°“√®—¥‡µ√’¬¡«‘µ“¡‘π·≈–·√à∏“µÿ∑’Ë„™â‡µ√’¬¡Õ“À“√
∑¥≈Õß  ·≈–¢Õ¢Õ∫§ÿ≥∫√‘…—∑∫’‡Õ‡Õ ‡Õøª√–‡∑»‰∑¬∑’Ë
‡Õ◊ÈÕ‡øóôÕ‡∫µ“§“‚√∑’π —ß‡§√“–Àå

‡Õ° “√Õâ“ßÕ‘ß

™≈∏‘™“ ‚™µ‘ ‘∑∏‘æß…å. 2541. º≈¢Õß·Õ µ“·´π∑‘πµàÕ ’ °“√
‡®√‘≠‡µ‘∫‚µ Õ—µ√“√Õ¥·≈–§«“¡µâ“π∑“πµàÕ‡™◊ÈÕ·∫§-
∑’‡√’¬ Streptococcus. sp. ¢Õßª≈“π‘≈ ’·¥ß (Tilapia
nilotica Linn.). «‘∑¬“π‘æπ∏å«‘∑¬“»“ µ√¡À“∫—≥±‘µ
¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å.

¥“√“«√√≥ ¬ÿ∑∏¬ß§å ®ŸÕ–¥’ æß»å¡≥’√—µπå ·≈– π∏‘æ—π∏å º“ ÿ°¥’.
2546. º≈¢Õß·Õ µ“·´π∑‘π„πÕ“À“√µàÕ ’ª≈“°√–·À.
∫∑§—¥¬àÕ °“√ —¡¡π“«‘™“°“√ª√–¡ß ª√–®”ªï 2546
7-9 °.§. Àπâ“ 45.

∑‘æ«√√≥ ª√‘æ—≤π“ππ∑å  ®‘√»—°¥‘Ï µ—Èßµ√ß‰æ‚√®πå  Õ—®®√‘¬“
‰»≈– ÿµ ·≈–π—π∑√‘°“ ´—π´◊ËÕ. 2541. º≈¢Õß·Õ µ“-
·´π∑‘πµàÕ ’¢Õßª≈“∑Õß.  √“¬ß“πº≈ß“π«‘®—¬‡ πÕµàÕ
¡À“«‘∑¬“≈—¬«≈—¬≈—°…≥å ª√–®”ªï 2541.

π‘√ÿ∑∏‘Ï   ÿ¢‡°…¡. 2544. º≈¢Õß°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—πµàÕ
°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“π‘≈. «‘∑¬“π‘æπ∏å«‘∑¬“»“ µ√
¡À“∫—π±‘µ  “¢“«“√‘™»“ µ√å ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å.

¡–≈‘ ∫ÿ≥¬√—µº≈‘π °‘®°“√ »ÿ¿¡“µ¬å ·≈–™Ÿ»—°¥‘Ï ∫√‘ ÿ∑∏‘Ï. 2543.
√–∫∫¿Ÿ¡‘§ÿâ¡°—π‚√§„π°ÿâß°ÿ≈“¥”. «.  ß¢≈“π§√‘π∑√å 22 :
641-652.
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