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Two feeding trial were conducted to determine the effects of various sources of carotenoid on growth

performance, disease resistance, blood parameters, stress tolerance and pigmentation in juvenile black tiger

shrimp (Penaeus monodon). Trial I was performed in small shrimp (1 g average body weight). The shrimp
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Effects of carotenoid sources in black tiger shrimp
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were fed with control diet without carotenoid (diet 1) while diets 2 to 6 contained 50 mg/kg astaxanthin

(Lucanthin Pink®), 125 mg/kg  βββββ-carotene (Lucarotin®), 200 mg/kg  βββββ-carotene (Lucarotin®), 125 mg/kg

Betatene® extracted from Dunaliella and 3% dried Spirulina respectively. There was an improvement in

color in all groups of shrimp fed caroteniod supplemented diets, but no significant differences in weight gain

or survival among the shrimps fed each test diet (p>0.05). Resistance to white spot syndrome virus (WSSV)

infection and stress tolerance (salinity stress), were not significantly different among treatments.

Trial II was performed in juvenile shrimp (10 g average body weight) fed test diets containing 100

ppm astaxanthin (Lucanthin pink®), 125 mg/kg βββββ-carotene (Lucarotin®), 250 mg/kg βββββ-carotene (Lucarotin®),

250 mg/kg Betatene® and 3% dried Spirulina compared with those fed control diet without carotenoid. At the

end of 6 weeks feeding period, shrimp fed control diet as well as astaxanthin and dried Spirulina supple-

mented diets had higher levels of total hemocyte counts than those of all βββββ-carotene supplemented diets

feeding group. However, phenoloxidase activity and clearance of pathogenic vibrio from the hemolymph

were not significantly different among the treatments (p>0.05). Astaxanthin levels were highest in the shrimp

fed all carotenoid-supplemented diets.  In conclusion, a natural carotenoid i.e. dried Spirulina and carotenoid

extracted from Dunaliella which have a lower production cost than analytical carotenoid showed beneficial

effects on shrimp feed supplement.

Key words :  carotenoid, stress tolerance, disease resistance, Penaeus monodon
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º≈¢Õß·§‚√∑’πÕ¬¥å™π‘¥µà“ßÊ µàÕ°“√‡®√‘≠‡µ‘∫‚µ Õß§åª√–°Õ∫‡≈◊Õ¥ §«“¡µâ“π∑“π‚√§

·≈–§«“¡‡§√’¬¥ „π°ÿâß°ÿ≈“¥” (Penaeus monodon Fabricius)

«.  ß¢≈“π§√‘π∑√å «∑∑. 2548 27(©∫—∫æ‘‡»… 1) : 71-82

»÷°…“º≈¢Õß·§‚√∑’πÕ¬¥å™π‘¥µà“ßÊ „πÕ“À“√µàÕ°“√‡®√‘≠‡µ‘∫‚µ §«“¡µâ“π∑“π‚√§ Õß§åª√–°Õ∫‡≈◊Õ¥

§«“¡µâ“π∑“πµàÕ§«“¡‡§√’¬¥ ·≈–°“√ – ¡·§‚√∑’πÕ¬¥å„π°ÿâß°ÿ≈“¥” °“√∑¥≈Õß∑’Ë 1 ∑¥≈Õß„π°ÿâß°ÿ≈“¥”¢π“¥

‡≈Á°πÈ”Àπ—°‡©≈’Ë¬ 1 °√—¡ ‚¥¬°ÿâß‰¥â√—∫Õ“À“√∑¥≈Õß∑’Ë‰¡à‡ √‘¡·§‚√∑’πÕ¬¥å ( Ÿµ√∑’Ë 1) ¢≥–∑’ËÕ“À“√∑¥≈Õß  Ÿµ√∑’Ë 2-

6 „ÀâÕ“À“√‡ √‘¡·Õ µ“·´π∑’π (Lucanthin Pink®) 50 ¡°./°°., ‡∫µ“·§‚√∑’π (Lucarotin®) 125 ¡°./°°., ‡∫µ“-

·§‚√∑’π (Lucarotin®) 200 ¡°./°°.,  ·§‚√∑’πÕ¬¥å °—¥®“° Dunaliella (Betatene®) 125 ¡°./°°.  ·≈– ‰ª√Ÿ≈‘π“

·Àâß 3% µ“¡≈”¥—∫ ‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß„π‡«≈“ 8  —ª¥“Àå æ∫«à“°ÿâß°ÿ≈“¥”„π°≈ÿà¡∑’Ë‰¥â√—∫·§‚√∑’πÕ¬¥å∑ÿ°·À≈àß

¡’ ’µ—«‡¢â¡¢÷Èπ ·µà°“√‡®√‘≠‡µ‘∫‚µ·≈–°“√√Õ¥µ“¬¢Õß°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß‡ √‘¡·§‚√∑’πÕ¬¥å·µà≈–™π‘¥

‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘ (p>0.05) °ÿâß∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß‡ √‘¡·§‚√∑’πÕ¬¥å∑ÿ°™π‘¥¡’·π«‚πâ¡®–µâ“π∑“π

‚√§µ—«·¥ß¥«ß¢“« (WSSV) ·≈–§«“¡‡§√’¬¥®“°°“√‡æ‘Ë¡≈¥§«“¡‡§Á¡‰¥â Ÿß¢÷Èπ·µà‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘„π

·µà≈–™ÿ¥°“√∑¥≈Õß (p>0.05)

°“√∑¥≈Õß∑’Ë 2 ∑¥≈Õß„π°ÿâß°ÿ≈“¥”∑’Ë¡’πÈ”Àπ—°‡©≈’Ë¬ 10 °√—¡ °ÿâß™ÿ¥°“√∑¥≈Õß∑’Ë‰¥â√—∫Õ“À“√º ¡·Õ µ“

·´π∑’π (Lucanthin Pink®) 100 ¡°./°°., ‡∫µ“·§‚√∑’π (Lucarotin®) 125 ¡°./°°., ‡∫µ“·§‚√∑’π (Lucarotin®)

250 ¡°./°°., ·§‚√∑’πÕ¬¥å °—¥®“° Dunaliella (Betatene®) 250 ¡°./°°. ·≈– ‰ª√Ÿ≈‘π“·Àâß 3% ‡∑’¬∫°—∫°≈ÿà¡

§«∫§ÿ¡´÷Ëß‰¥â√—∫Õ“À“√‰¡à‡ √‘¡·§‚√∑’πÕ¬¥å‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß„π‡«≈“ 6  —ª¥“Àå æ∫«à“ª√‘¡“≥‡¡Á¥‡≈◊Õ¥√«¡¢Õß

°ÿâß™ÿ¥∑’Ë‰¥â√—∫Õ“À“√™ÿ¥§«∫§ÿ¡ Õ“À“√‡ √‘¡·Õ µ“·´π∑’π ·≈–‡ √‘¡ “À√à“¬ ‰ª√Ÿ≈‘π“ ¡’§à“ Ÿß°«à“°ÿâß∑’Ë‰¥â√—∫Õ“À“√

∑¥≈Õß‡ √‘¡‡∫µ“·§‚√∑’π (P<0.05) Õ¬à“ß‰√°Áµ“¡§«“¡ “¡“√∂„π°“√°”®—¥·∫§∑’‡√’¬ÕÕ°®“°πÈ”‡≈◊Õ¥ ·≈–§«“¡

«àÕß‰«¢Õß‡Õπ‰´¡åøïπÕ≈ÕÕ°´‘‡¥ ¡’§à“‰¡à·µ°µà“ß°—π„π·µà≈–™ÿ¥°“√∑¥≈Õß (P>0.05) §«“¡µâ“π∑“πµàÕ‡™◊ÈÕ‰«√— 

µ—«·¥ß¥«ß¢“« (WSSV) ¡’·π«‚πâ¡ Ÿß¢÷Èπ·µà‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘√–À«à“ß™ÿ¥°“√∑¥≈Õß (p>0.05) °ÿâß∑’Ë‰¥â
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·§‚√∑’πÕ¬¥å ´÷Ëß‡ªìπ°≈ÿà¡√ß§«—µ∂ÿ∑’Ë≈–≈“¬‰¥â¥’„π
‰¢¡—π (fat soluble pigments)  “¡“√∂·∫àßÕÕ°‰¥â‡ªìπ
À≈“¬™π‘¥ ÷́Ëß “√¥—ß°≈à“«∂Ÿ° √â“ßºà“π«‘∂’‡∑Õ√åæ’πÕ¬¥å
(terpenoid pathway) „π‡´≈≈å¢Õßæ◊™  “À√à“¬ µ≈Õ¥®π
·∫§∑’‡√’¬ ‚¥¬¡’‚§√ß √â“ßæ◊Èπ∞“π¡“®“°‰ø‚µÕ’π (phytoene)
·§‚√∑’πÕ¬¥åπ—∫«à“¡’§«“¡ ”§—≠„π√–∫∫ √’√«‘∑¬“¢Õß
 ‘Ëß¡’™’«‘µÕ¬à“ß¡“°·≈–∂◊Õ«à“‡ªìπ “√Õ“À“√∑’Ë¡’§«“¡ ”§—≠
‡π◊ËÕß®“°∑”Àπâ“∑’Ë‡ªìπ “√µ—Èßµâπ¢Õß«‘µ“¡‘π‡Õ (provitamin

A) ́ ÷Ëß¡’º≈„π√–∫∫°“√¡Õß‡ÀÁπ ·≈–™à«¬„π°“√æ—≤π“°“√
 √â“ßµ—«¢Õß‡π◊ÈÕ‡¬◊ËÕ∫ÿº‘« (epidermal tissue) ́ ÷Ëß®–‡ªìπ °“√
™à«¬ªÑÕß°—π°“√µ‘¥‡™◊ÈÕ (Lascha, 1991) πÕ°®“°π’È·§‚√-
∑’πÕ¬¥å¬—ß‡°‘¥ªØ‘°‘√‘¬“√«¡°—∫‚ª√µ’π°≈“¬‡ªìπ·§‚√∑’‚π
‚ª√µ’π (carotenoproteins) „π —µ«å°≈ÿà¡°ÿâß ·≈–ªŸ ´’Ëß®–
∑”„Àâ‚ª√µ’π¡’§«“¡§ß ¿“æ¡“°¢÷Èπ ·≈–¡’º≈„ÀâÕß§å-
ª√–°Õ∫ ·≈– permeability ¢Õß‡¡¡‡∫√π‡ª≈’Ë¬π·ª≈ß
‰ª‰¥â ·≈–∑’Ë ”§—≠®–∑”Àπâ“∑’Ë‡ªìπ “√ªÑÕß°—π· ß (photo-

protection) ·≈– “√ªÑÕß°—π°“√À◊π (biological anti-

oxidant) ´÷Ëß®–∑”Àπâ“∑’ËªÑÕß°—π‡π◊ÈÕ‡¬◊ËÕ·≈–‡´≈≈å¡‘„Àâ
∂Ÿ°∑”≈“¬®“°ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—Ëπ∑’Ë‡°‘¥¢÷Èπ„π√à“ß°“¬
(Simpson et al., 1981) ¥â«¬‡Àµÿπ’È·§‚√∑’πÕ¬¥å®÷ß¡’º≈
‚¥¬µ√ßµàÕ√–∫∫°“√∑”ß“πµà“ßÊ ¢Õß√à“ß°“¬ ‡™àπ √–∫∫
 ◊∫æ—π∏ÿå √–∫∫°“√¡Õß‡ÀÁπ ·≈–√–∫∫¿Ÿ¡‘§ÿâ¡°—π‡ªìπµâπ

®“°§«“¡µâÕß°“√≈—°…≥–∑“ß°“¬¿“æ¢Õßº≈‘µ¿—≥±å
Õ“À“√®“° —µ«åπÈ”„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‘ (Sommer

et al., 1991) 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®–‰¥â
º≈‘µ¿—≥±å°ÿâßµâ¡∑’Ë¡’ ’‡À≈◊Õß â¡ ´÷Ëß‰¡à‡ªìπ∑’ËµâÕß°“√¢Õß

µ≈“¥ °“√‡ √‘¡ “√ª√–°Õ∫·§‚√∑’πÕ¬¥å≈ß„πÕ“À“√°ÿâß
∂◊Õ‡ªìπ·π«∑“ß„π°“√·°â‰¢ªí≠À“¥—ß°≈à“«‰¥â ‡π◊ËÕß®“°
 “√ª√–°Õ∫ ·§‚√∑’πÕ¬¥å¡’ à«π‡°’Ë¬«¢âÕß‚¥¬µ√ß°—∫°“√
 – ¡·Õ µ“·´π∑’π¢Õß°ÿâß ‡¡◊ËÕ°ÿâß°‘πÕ“À“√∑’Ë¡’·§‚√-
∑’πÕ¬¥å‡¢â“‰ª®–‡°‘¥°“√ – ¡„π√à“ß°“¬‡ªìπ‡Àµÿ„Àâ ’¢Õß
µ—«°ÿâß‡¢â¡¢÷Èπ ·≈–‡¡◊ËÕºà“π°“√µâ¡„π°√–∫«π°“√·ª√√Ÿª
®–„Àâº≈‘µ¿—≥±å∑’Ë¡’ ’·¥ß â¡∑’Ëµ√ß°—∫§«“¡µâÕß°“√¢Õß
ºŸâ∫√‘‚¿§ (Lascha, 1991)  „πªí®®ÿ∫—π¡’√“¬ß“π°“√„™â
·§‚√∑’πÕ¬¥å‡æ◊ËÕ‡ªìπ “√‡ √‘¡¿Ÿ¡‘§ÿâ¡°—π„π —µ«åπÈ” ∑—Èßπ’È
‡π◊ËÕß®“°·§‚√∑’πÕ¬¥å¡’§ÿ≥ ¡∫—µ‘„π°“√∑”≈“¬Õπÿ¡Ÿ≈Õ‘ √–
¢ÕßÕÕ° ‘́‡®π∑’Ë‡ªìπæ‘… ÷́Ëß‡°‘¥¢÷Èπ„π√–À«à“ß°√–∫«π°“√
À“¬„® (respiratory burst) ¢Õßø“‚°´—¬µå (phagocytes)

(Estermann, 1994)

®“°°“√»÷°…“„π°ÿâß¬—ßæ∫«à“°“√‡ √‘¡·Õ µ“·´π∑’π
„πÕ“À“√¡’º≈µàÕ§«“¡µâ“π∑“πµàÕ§«“¡‡§√’¬¥ Õ¬à“ß‰√
°Áµ“¡·§‚√∑’πÕ¬¥åÀ≈“¬™π‘¥æ∫«à“„Àâº≈∑’Ë¥’„π°“√‡ √‘¡
°“√‡®√‘≠‡µ‘∫‚µ ·≈–°“√‡√àß ’„π°ÿâß°ÿ≈“¥” (Yamada et al.,

1990) ‚¥¬¬—ß‰¡à√“¬ß“π‡°’Ë¬«°—∫º≈∑’Ë¡’µàÕ√–∫∫¿Ÿ¡‘§ÿâ¡°—π
°“√∑¥≈Õßπ’È®÷ß‰¥â®—¥∑”¢÷Èπ‡æ◊ËÕ»÷°…“º≈¢Õß·§‚√∑’πÕ¬¥å
™π‘¥µà“ßÊ ∑’Ë¡’µàÕ°“√‡®√‘≠‡µ‘∫‚µ √–∫∫¿Ÿ¡‘§ÿâ¡°—π ·≈–
§«“¡µâ“π∑“π‚√§„π°ÿâß°ÿ≈“¥”¢π“¥‡≈Á°·≈–¢π“¥„À≠à ‡æ◊ËÕ
‡ªìπ¢âÕ¡Ÿ≈„π°“√ª√–¬ÿ°µå„™â°—∫ ¿“æ°“√‡≈’È¬ß®√‘ßµàÕ‰ª

«‘∏’°“√»÷°…“

°“√∑¥≈Õß∑’Ë 1 º≈¢Õß·§‚√∑’πÕ¬¥åµàÕ°“√‡®√‘≠‡µ‘∫‚µ

Õ—µ√“√Õ¥ §«“¡µâ“π∑“π‚√§·≈–§«“¡

µâ“π∑“πµàÕ§«“¡‡§√’¬¥  „π°ÿâß°ÿ≈“¥”

¢π“¥‡≈Á°

1.1 °“√‡µ√’¬¡ —µ«å∑¥≈Õß

‡≈’È¬ß°ÿâß°ÿ≈“¥”√–¬–‚æ µå≈“«“ 15 (PL 15)

®”π«π 10,000 µ—« „π∫àÕ§Õπ°√’µ¢π“¥ 10 µ—π ‚¥¬„Àâ

√—∫Õ“À“√‡ √‘¡·§‚√∑’πÕ¬¥å∑ÿ°™π‘¥¡’ª√‘¡“≥¢Õß·Õ µ“·´π∑’π – ¡„πµ—«°ÿâß 30.4-32.0 ¡°./°°. ¢≥–∑’Ë°ÿâß°ÿ≈“¥”

∑’Ë‰¥â√—∫Õ“À“√™ÿ¥§«∫§ÿ¡¡’§«“¡‡¢â¡¢âπ¢Õß·Õ µ“·´π∑’πµË”°«à“  º≈°“√»÷°…“¥—ß°≈à“«· ¥ß„Àâ‡ÀÁπ«à“ “¡“√∂

ª√–¬ÿ°µå„™â·§‚√∑’πÕ¬¥å®“°«— ¥ÿ∏√√¡™“µ‘§◊Õ ‰ª√Ÿ≈‘π“·Àâß·≈– “√ °—¥®“° “À√à“¬ Dunaliella ´÷Ëß¡’µâπ∑ÿπ°“√º≈‘µ

µË”°«à“·§‚√∑’πÕ¬¥å —ß‡§√“–Àå‡æ◊ËÕ‡ √‘¡„πÕ“À“√°ÿâß°ÿ≈“¥”‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ
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Õ“À“√ ”‡√Á®√Ÿª ”À√—∫≈Ÿ°°ÿâß·≈–Õ“√å∑’‡¡’¬·™à·¢Áß„π™à«ß
3 «—π·√° ·≈â«ª√—∫‡ªìπ„ÀâÕ“À“√ ”‡√Á®√ŸªÕ¬à“ß‡¥’¬« µàÕ
Õ’° 3  —ª¥“Àå À√◊Õ®π°√–∑—Ëß°ÿâß¡’¢π“¥‡©≈’Ë¬ 1 °√—¡ ®÷ß
§—¥¢π“¥ ·≈–π”≈ß‡≈’È¬ß„π∫àÕ§Õπ°√’µ¢π“¥ 5 µ—π ∑’Ë¡’
√–∫∫πÈ”‰À≈ºà“πµ≈Õ¥ª√–¡“≥ 7 «—π ®÷ßπ”¡“„™â„π°“√
∑¥≈Õß

1.2 Õ“À“√∑¥≈Õß

‡µ√’¬¡Õ“À“√∑¥≈Õß∑’Ë¡’√–¥—∫‚ª√µ’π·≈–
æ≈—ßß“π‡∑à“°—π∑ÿ° Ÿµ√µ“¡«‘∏’°“√¢Õß Boonyaratpalin

·≈–§≥– (2000) ‚¥¬Õ“À“√¡’ª√‘¡“≥‚ª√µ’π ‰¢¡—π ‡∂â“

·≈–‡¬◊ËÕ„¬ §‘¥‡ªìπ 39.96, 10.72, 8.88 ·≈– 2.05% µ“¡
≈”¥—∫ ·≈–¡’æ≈—ßß“π„πÕ“À“√ 406.19 °‘‚≈®Ÿ≈ ‡∑à“°—π
∑ÿ° Ÿµ√ ·µà¡’√–¥—∫¢Õß·§‚√∑’πÕ¬¥å®“°·À≈àßµà“ßÊ ‰¡à
‡∑à“°—π ‚¥¬Õ“À“√∑¥≈Õß Ÿµ√∑’Ë 1 ‰¡àº ¡·§‚√∑’πÕ¬¥å
(™ÿ¥§«∫§ÿ¡) Õ“À“√∑¥≈Õß Ÿµ√∑’Ë 2-6  ∑”°“√º ¡·Õ µ“
·´π∑’π (Lucanthin Pink®) 50 ¡°./°°., ‡∫µ“·§‚√∑’π
(Lucarotin®) 125 ¡°./°°., ‡∫µ“·§‚√∑’π (Lucarotin®)

200 ¡°./°°., ‡∫µ“∑’π (Betatene®: 2% beta carotenoid)

125 ¡°./°°. ·≈– “À√à“¬ ‰ª√Ÿ≈‘π“Õ∫·Àâß 3% µ“¡≈”¥—∫
(Table 1)

Table 1. Composition of the test diet for small shrimp (1 g avg. body weight)

in trial 1.

                 Diet no.
Ingredients (g/100 g)

T1 T2 T3 T4 T5 T6

Fish meal 28 28 28 28 27.8 25
Shrimp head meal 10 10 10 10 10 10
Squid meal 5 5 5 5 5 5
Wheat gluten 6 6 6 6 6 6
Soybean meal 10 10 10 10 10 10
Wheat flour 20 20 20 20 20 20
Rice flour 10.1 10.05 9.975 9.9 9.675 10.1
Fish oil 2 2 2 2 2 2
Lecithin 2 2 2 2 2 2
Cholesterol 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin-mix1 0.33 0.33 0.33 0.33 0.33 0.33
Choline 0.3 0.3 0.3 0.3 0.3 0.3
Vitamin E 0.15 0.15 0.15 0.15 0.15 0.15
Vitamin C 0.1 0.1 0.1 0.1 0.1 0.1
Mineral-mix2 4 4 4 4 4 4
BHT 0.02 0.02 0.02 0.02 0.02 0.02
Zeolite 1.5 1.5 1.5 1.5 1.5 1.5
Lucantin Pink (10%) 0 0.05 - - - -
Lucarotene (10%) 0 0 0.125 0.20 - -
Betatene (2%) 0 0 0 0 0.625 -
Spirulina (%) 0 0 0 0 0 3

Total 100 100 100 100 100 100

1 Vitamin-mix (mg/100 g feed) : Retinal (A) 0.12 mg (4,000 IU); Cholecalciferol (D3) 0.051

mg (2,000 IU); Tocopherol (E) 5 mg; Menadione sodium bisulfate 1 mg; Thiamine (B
1
)

1 mg; Riboflavin (B
2
) 2 mg; Pyridoxine (B

6
) 2 mg; Cyanocobalamin 0.02 mg; Calcium

pantothenate 20 mg; Niacin 15 mg; Folic acid  0.5 mg; Biotin 0.2 mg and  Inositol 40 mg
2 Mineral-mix (mg/ 100 g feed): MnSO

4
.H

2
O 2.5 mg ; ZnSO

4
.7H

2
O 2 mg; FeSO

4
.7H

2
O

3 mg; KIO
3
 0.5 mg; CuSO

4
.5H

2
O 0.5 mg; CoCl

2
.6H

2
O  0.005 mg and  Na

2
SeO

3
 0.03 mg
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1.3 √–∫∫°“√∑¥≈Õß

«“ß·ºπ°“√∑¥≈Õß·∫∫ ÿà¡µ≈Õ¥ 6 ™ÿ¥°“√
∑¥≈Õß ‚¥¬·∫àß‡ªìπ™ÿ¥°“√∑¥≈Õß≈– 5 ´È” ·µà≈–´È”
ª√–°Õ∫¥â«¬µŸâ°√–®°¢π“¥ 200 ≈‘µ√∑’Ë¡’√–∫∫πÈ”∑–‡≈
‰À≈ºà“πµ≈Õ¥„πÕ—µ√“°“√‰À≈ 10 ≈‘µ√/™¡. ‡≈’È¬ß°ÿâß
°ÿ≈“¥”∑’Ë¡’¢π“¥‡©≈’Ë¬ 1 °√—¡ µŸâ≈– 15 µ—« ¥â«¬Õ“À“√°ÿâß
∑“ß°“√§â“‡ªìπ‡«≈“ 7 «—π °àÕπ‡√‘Ë¡°“√∑¥≈Õß °“√∑¥≈Õß
¥”‡π‘π°“√‚¥¬„ÀâÕ“À“√ ∑¥≈Õß·°à°ÿâß°ÿ≈“¥”„π·µà≈–™ÿ¥
°“√∑¥≈Õß„πª√‘¡“≥∑’Ë°‘πÀ¡¥æÕ¥’ (7-10% ¢ÕßπÈ”Àπ—°
µ—«/«—π) «—π≈– 4 §√—Èß ¥Ÿ¥µ–°Õπ«—π≈– 1 §√—Èß∑ÿ°«—π ·≈–
‡ª≈’Ë¬π∂à“¬πÈ”„πµŸâ∑¥≈Õß·µà≈–µŸâ 25% ∑ÿ° 3 «—π ‡≈’È¬ß°ÿâß
°ÿ≈“¥”„π·µà≈–™ÿ¥°“√∑¥≈Õß‡ªìπ‡«≈“ 8  —ª¥“Àå °àÕπ
°“√‡°Á∫¢âÕ¡Ÿ≈ ·≈–«‘‡§√“–Àåº≈°“√∑¥≈Õß

1.4 °“√‡°Á∫¢âÕ¡Ÿ≈·≈–°“√«‘‡§√“–Àåº≈

1) °“√µ√«® Õ∫°“√‡®√‘≠‡µ‘∫‚µ

µ√«® Õ∫πÈ”Àπ—°‡©≈’Ë¬¢Õß°ÿâß°ÿ≈“¥”∑’Ë‰¥â
√—∫Õ“À“√∑¥≈Õß·µà≈– Ÿµ√∑ÿ° 2  —ª¥“Àå µ≈Õ¥√–¬–‡«≈“
°“√∑¥≈Õß ‚¥¬π”°ÿâß®“°·µà≈–µŸâ¡“∑”°“√™—ËßπÈ”Àπ—°√«¡
‚¥¬«‘∏’°“√·∑π∑’ËπÈ” ∫—π∑÷°®”π«πµ—« ·≈–πÈ”Àπ—°Õ“À“√
∑’Ë°‘π  ‡æ◊ËÕ§”π«≥§à“πÈ”Àπ—°‡©≈’Ë¬ (average weight)

πÈ”Àπ—°∑’Ë‡æ‘Ë¡ (weight gain)  Õ—µ√“√Õ¥µ“¬ (survival

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

FCR)
2) °“√∑¥ Õ∫§«“¡µâ“π∑“π‚√§

‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß„π —ª¥“Àå∑’Ë 8 ·¬°
°ÿâß°ÿ≈“¥”®”π«π 60 µ—« ®“°·µà≈–™ÿ¥°“√∑¥≈Õß≈ß‡≈’È¬ß
„πµŸâ∑¥ Õ∫§«“¡µâ“π∑“π°“√µ‘¥‡™◊ÈÕ‰«√— µ—«·¥ß¥«ß¢“«
(WSSV)  ®”π«π 6 µŸâ/™ÿ¥°“√∑¥≈Õß  ·µà≈–µŸâ‡≈’È¬ß°ÿâß
®”π«π 10 µ—« ®—¥‡µ√’¬¡ “√·¢«π≈Õ¬¢ÕßÕπÿ¿“§‰«√— 
®“°πÈ”‡≈◊Õ¥°ÿâß°ÿ≈“¥”∑’Ëµ‘¥‡™◊ÈÕ ‚¥¬‡®◊Õ®“ß„π “√≈–≈“¬
øÕ ‡øµ∫—∫‡øÕ√å æ’‡Õ™ 7.0 ‡¢â¡¢âπ 50 ¡‘≈≈‘‚¡≈“√å (50

mM phosphate buffer pH 7.0) ´÷Ëß¡’§à“§«“¡‡®◊Õ®“ß
¢Õß‡™◊ÈÕ∑’Ë∑”„Àâ°ÿâß°ÿ≈“¥”µ“¬ 50% (median lethal dose;

LD
50

) ®“°°“√∑¥ Õ∫°àÕπÀπâ“„π‡«≈“ 10 «—π ‡∑à“°—∫
1:107 ·¬°°ÿâß„π·µà≈–™ÿ¥°“√∑¥≈ÕßÕÕ°‡ªìπ 2 °≈ÿà¡ ‡æ◊ËÕ
©’¥‡™◊ÈÕ∑’Ë¡’√–¥—∫§«“¡‡®◊Õ®“ß 1:107 ·≈– 1:1010 „Àâ°—∫°ÿâß
„π·µà≈–°≈ÿà¡®“°·µà≈–™ÿ¥°“√∑¥≈Õß µ√«® Õ∫°“√√Õ¥
µ“¬¢Õß°ÿâß°ÿ≈“¥”„π·µà≈–™ÿ¥°“√∑¥≈Õß ‡ªìπ√–¬–‡«≈“

13 «—π
3) °“√∑¥ Õ∫§«“¡µâ“π∑“πµàÕ§«“¡‡§√’¬¥

‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß„π —ª¥“Àå∑’Ë 8 ·¬°
°ÿâß°ÿ≈“¥”®”π«π 30 µ—« ®“°·µà≈–™ÿ¥°“√∑¥≈Õß≈ß‡≈’È¬ß
„πµŸâ∑¥ Õ∫§«“¡‡§√’¬¥®“°°“√‡ª≈’Ë¬π·ª≈ß§«“¡‡§Á¡
®”π«π 3 µŸâµàÕ™ÿ¥°“√∑¥≈Õß ·µà≈–µŸâ‡≈’È¬ß°ÿâß®”π«π 10

µ—« ∑¥ Õ∫§«“¡‡§√’¬¥‚¥¬≈¥√–¥—∫§«“¡‡§Á¡¢ÕßπÈ”®“°
 ¿“«–ª°µ‘∑’Ë 30  à«π„πæ—π à«π ‡ªìπ§«“¡‡§Á¡ 5  à«π„π
æ—π à«π „π∑—π∑’À≈—ß®“°π—Èπ 5 ™—Ë«‚¡ß ®÷ß‡ª≈’Ë¬π°≈—∫¡“
‡ªìππÈ”∑’Ë¡’§«“¡‡§Á¡ª°µ‘  ®—¥√–∫∫°“√‡ª≈’Ë¬π·ª≈ß§«“¡
‡§Á¡¥—ß°≈à“«µ‘¥µàÕ°—π‡ªìπ‡«≈“ 5 «—π ·≈â«µ√«® Õ∫°“√
√Õ¥µ“¬¢Õß°ÿâß°ÿ≈“¥”„π·µà≈–™ÿ¥°“√∑¥≈ÕßµàÕ®π§√∫
13 «—π ‡æ◊ËÕ»÷°…“§«“¡ “¡“√∂„π°“√ª√—∫µ—«µàÕ°“√
‡ª≈’Ë¬π·ª≈ß§«“¡‡§√’¬¥Õ¬à“ß°–∑—πÀ—π¢Õß°ÿâß°ÿ≈“¥”∑’Ë‰¥â
√—∫Õ“À“√∑¥≈Õß‰¡àº ¡·≈–º ¡ “√·§‚√∑’πÕ¬¥å®“°
·À≈àßµà“ßÊ

°“√∑¥≈Õß∑’Ë 2 º≈¢Õß·§‚√∑’πÕ¬¥åµàÕÕß§åª√–°Õ∫

‡≈◊Õ¥ §«“¡µâ“π∑“π‚√§ ·≈–ª√‘¡“≥

·§‚√∑’πÕ¬¥å„π°ÿâß°ÿ≈“¥” (πÈ”Àπ—°‡©≈’Ë¬

10 °√—¡)

2.1 °“√‡µ√’¬¡ —µ«å∑¥≈Õß

§—¥‡≈◊Õ°°ÿâß°ÿ≈“¥”∑’Ë¡’ ÿ¢¿“æ¥’®“°∫àÕ‡≈’È¬ß°ÿâß
∑’Ë‰¡à¡’°“√√–∫“¥¢Õß‚√§„π√–¬–‡«≈“¥—ß°≈à“« ‚¥¬§—¥°ÿâß∑’Ë
¡’¢π“¥‡©≈’Ë¬ª√–¡“≥ 10 °√—¡ ®”π«π 600 µ—« ‡æ◊ËÕπ”
≈ß‡≈’È¬ß„π∂—ß‰ø‡∫Õ√å°≈“ ¢π“¥ 3 µ—π  ∂—ß≈– 100 µ—«
‡≈’È¬ß°ÿâß¥â«¬Õ“À“√ ”‡√Á®√Ÿª«—π≈– 4 §√—Èß ‡æ◊ËÕ„Àâª√—∫µ—«
‡¢â“°—∫ ¿“æ°“√‡≈’È¬ß°àÕπ‡√‘Ë¡°“√∑¥≈Õß‡ªìπ‡«≈“ 1  —ª¥“Àå

2.2 °“√‡µ√’¬¡Õ“À“√∑¥≈Õß

‡µ√’¬¡Õ“À“√∑¥≈Õß∑’Ë¡’√–¥—∫‚ª√µ’π·≈–
æ≈—ßß“π‡∑à“°—π∑ÿ° Ÿµ√µ“¡«‘∏’°“√¢Õß Boonyaratpalin

·≈–§≥– (2000) ‚¥¬Õ“À“√¡’ª√‘¡“≥‚ª√µ’π ‰¢¡—π ‡∂â“
·≈–‡¬◊ËÕ„¬  §‘¥‡ªìπ 39.96,  10.72,  8.88  ·≈–  2.05%

µ“¡≈”¥—∫ ·≈–¡’æ≈—ßß“π„πÕ“À“√ 406.19 °‘‚≈®Ÿ≈ ‡∑à“
°—π∑ÿ° Ÿµ√ ·µà¡’√–¥—∫¢Õß·§‚√∑’πÕ¬¥å®“°·À≈àßµà“ßÊ
‰¡à‡∑à“°—π ‚¥¬Õ“À“√∑¥≈Õß Ÿµ√∑’Ë 1 ‰¡àº ¡·§‚√∑’πÕ¬¥å
(™ÿ¥§«∫§ÿ¡) ¢≥–∑’ËÕ“À“√∑¥≈Õß Ÿµ√∑’Ë 2-6 º ¡·Õ µ“
·´π∑’π (Lucanthin Pink) 100 ¡°./°°., ‡∫µ“·§‚√∑’π
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(Lucarotin) 125 ¡°./°°., ‡∫µ“·§‚√∑’π (Lucarotin)

250 ¡°./°°., ‡∫µ“∑’π (Betatene) 250 ¡°./°°. ·≈–
 “À√à“¬ ‰ª√Ÿ≈‘π“Õ∫·Àâß  3% µ“¡≈”¥—∫ (Table 2)

2.3 √–∫∫°“√‡≈’È¬ß·≈–°“√®—¥°“√

‡≈’È¬ß°ÿâß°ÿ≈“¥” ®”π«π 100 µ—« „π·µà≈–™ÿ¥
°“√∑¥≈Õß ¥â«¬Õ“À“√∑¥≈Õß·µà≈– Ÿµ√„πª√‘¡“≥ 5-7%

¢ÕßπÈ”Àπ—°µ—«µàÕ«—π «—π≈– 4 §√—Èß ‡ªìπ‡«≈“ 6  —ª¥“Àå
µ≈Õ¥√–¬–‡«≈“°“√‡≈’È¬ß¥Ÿ¥µ–°Õπ·≈–‡»…Õ“À“√∑’Ë‡À≈◊Õ
ÕÕ°∑ÿ°«—π ·≈–‡ª≈’Ë¬π∂à“¬πÈ” 50% ∑ÿ° 2 «—π ‡¡◊ËÕ ‘Èπ ÿ¥
√–¬–‡«≈“¢Õß°“√‡≈’È¬ß 6  —ª¥“Àå ®÷ß ÿà¡µ—«Õ¬à“ß°ÿâß°ÿ≈“¥”

„π·µà≈–™ÿ¥°“√∑¥≈Õß‡æ◊ËÕπ”‰ªµ√«® Õ∫Õß§åª√–°Õ∫
‡≈◊Õ¥ §«“¡µâ“π∑“π‚√§ ·≈–ª√‘¡“≥·§‚√∑’πÕ¬¥å„πµ—«
°ÿâßµàÕ‰ª

2.4 °“√»÷°…“Õß§åª√–°Õ∫‡≈◊Õ¥

‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß„π —ª¥“Àå∑’Ë 6 µ√«® Õ∫
º≈¢Õß·§‚√∑’πÕ¬¥åµàÕÕß§åª√–°Õ∫‡≈◊Õ¥‚¥¬ ÿà¡µ—«Õ¬à“ß
°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß·µà≈– Ÿµ√®”π«π 20 µ—«
‡æ◊ËÕπ”¡“‡®“–‡≈◊Õ¥ ®“°∫√‘‡«≥‚§π¢“‡¥‘π§Ÿà∑’Ë 3-5 ¥â«¬
‡¢Á¡¢π“¥ 25G ·≈–À≈Õ¥©’¥¬“¢π“¥ 1 ¡≈. ·≈–µ√«®
 Õ∫§à“Õß§åª√–°Õ∫‡≈◊Õ¥µà“ßÊ §◊Õ

Table 2. Composition of the test diet for juvenile shrimp (10 g avg. body

weight) in trial 2.

                 Diet no.
Ingredients (g/100 g)

T1 T2 T3 T4 T5 T6

Fish meal 25 25 25 25 24.6 22
Shrimp head meal 10 10 10 10 10 10
Squid meal 5 5 5 5 5 5
Wheat gluten 6 6 6 6 6 6
Soybean meal 10 10 10 10 10 10
Wheat flour 20 20 20 20 20 20
Rice flour 13.1 13 12.975 12.85 12.25 13.1
Fish oil 2 2 2 2 2 2
Lecithin 2 2 2 2 2 2
Cholesterol 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin-mix 0.33 0.33 0.33 0.33 0.33 0.33
Choline 0.3 0.3 0.3 0.3 0.3 0.3
Vitamin E 0.15 0.15 0.15 0.15 0.15 0.15
Vitamin C 0.1 0.1 0.1 0.1 0.1 0.1
Mineral-mix 4 4 4 4 4 4
BHT 0.02 0.02 0.02 0.02 0.02 0.02
Zeolite 1.5 1.5 1.5 1.5 1.5 1.5
Lucantin Pink (10%) 0 0.1 0 0 0 0
Lucarotene (10%) 0 0 0.125 0.25 0 0
Betatene (2%) 0 0 0 0 1.25 0
Spirulina (%) 0 0 0 0 0 3

Total 100 100 100 100 100 100

1 Vitamin-mix (mg/100 g feed): Retinal (A) 0.12 mg (4,000 IU); Cholecalciferol (D3) 0.051

mg (2,000 IU); Tocopherol (E) 5 mg; Menadione sodium bisulfate 1 mg; Thiamine (B
1
)

1 mg; Riboflavin (B
2
) 2 mg; Pyridoxine (B

6
) 2 mg; Cyanocobalamin 0.02 mg; Calcium

pantothenate 20 mg;  Niacin 15 mg; Folic acid  0.5 mg; Biotin 0.2 mg and  Inositol 40 mg
2 Mineral-mix (mg/ 100 g feed): MnSO

4
.H

2
O 2.5 mg ; ZnSO

4
.7H

2
O 2 mg; FeSO

4
.7H

2
O

3 mg; KIO
3
 0.5 mg; CuSO

4
.5H

2
O 0.5 mg; CoCl

2
.6H

2
O  0.005 mg and Na

2
SeO

3
 0.03 mg
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1) ª√‘¡“≥‡¡Á¥‡≈◊Õ¥√«¡

‡®◊Õ®“ßµ—«Õ¬à“ß‡≈◊Õ¥∑’Ë‡®“–®“°°ÿâß„π·µà≈–
™ÿ¥°“√∑¥≈Õß¥â«¬ “√≈–≈“¬‰µ√·æπ∫≈Ÿ (trypan blue)

0.15% „ππÈ”‡°≈◊Õ 2.5% µ√«®π—∫®”π«π‡¡Á¥‡≈◊Õ¥∑—ÈßÀ¡¥
‚¥¬„™âŒ’¡“‰´‚µ¡‘‡µÕ√å (hemacytometer) ·≈–§”π«≥
ª√‘¡“≥‡¡Á¥‡≈◊Õ¥∑—ÈßÀ¡¥‡ªìπ‡´≈≈å/≈∫.¡¡.

2) §«“¡«àÕß‰«¢Õß‡Õπ‰´¡åøïπÕ≈ÕÕ°´‘‡¥ 

‡®“–‡≈◊Õ¥®“°°ÿâß‚¥¬„™â “√≈–≈“¬·Õ≈´’ 
∑’Õ’π  (L-cysteine)  3%  ‡ªìπ “√ªÑÕß°—π‡≈◊Õ¥·¢Áßµ—«
®“°π—Èπ≈â“ß‡´≈≈å‡¡Á¥‡≈◊Õ¥¥â«¬Õ“À“√‡≈’È¬ß‡´≈≈å K-199

æ’‡Õ™ 7.4 (Itami et al., 1992) ·≈–‡°Á∫√—°…“„π‚´‡¥’¬¡
§“‚§¥’‡≈∑∫—∫‡øÕ√å  æ’‡Õ™  7.4  (sodium  cacodylate

buffer pH 7.4) ®÷ßπ”‰ª‡µ√’¬¡‡ªìπ “√≈–≈“¬‡¡Á¥‡≈◊Õ¥
(hemocyte lysate)  ‚¥¬„™â§≈◊Ëπ§«“¡∂’Ë Ÿß (sonicator :

Vibra CellTM) ‡ªìπ‡«≈“ 10 «‘π“∑’ ®“°π—Èπµ√«® Õ∫§«“¡
«àÕß‰«¢Õß‡Õπ‰´¡åøïπÕ≈ÕÕ°´‘‡¥ µ“¡«‘∏’°“√¢Õß Smith

and Soderhall (1983) ‚¥¬„™â  L-3,4-dihydroxyphenyl-

alanine (L-DOPA) ‡ªìπ´—∫ ‡µ√∑ µ√«® Õ∫°“√‡ª≈’Ë¬π
·ª≈ß°“√¥Ÿ¥°≈◊π· ß∑ÿ°™à«ß 2 π“∑’  ∑’Ë§«“¡¬“«§≈◊Ëπ
630 π“‚π‡¡µ√ ·≈–«—¥ª√‘¡“≥‚ª√µ’π„πµ—«Õ¬à“ß‚¥¬«‘∏’
Lowry's method (Lowry et al., 1951) √“¬ß“π§à“§«“¡
«àÕß‰«¢Õß‡Õπ‰´¡åøïπÕ≈ÕÕ°´‘‡¥ „πÀπà«¬ ¬Ÿπ‘µ/π“∑’/
¡°.‚ª√µ’π

3) §«“¡ “¡“√∂„π°“√°”®—¥·∫§∑’‡√’¬ÕÕ°

®“°πÈ”‡≈◊Õ¥

‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß„π —ª¥“Àå∑’Ë 6  ÿà¡
µ—«Õ¬à“ß°ÿâß®”π«π 15 µ—« ®“°·µà≈–™ÿ¥°“√∑¥≈Õß ‡æ◊ËÕ
«—¥§«“¡ “¡“√∂„π°“√°”®—¥·∫§∑’‡√’¬ÕÕ°®“°πÈ”‡≈◊Õ¥
µ“¡«‘∏’°“√¢Õß  Martin  ·≈–§≥–  (1993)  ‚¥¬„™â‡™◊ÈÕ
·∫§∑’‡√’¬ Vibrio harveyi ®“°®“π‡æ“–‡™◊ÈÕ¡“‡µ√’¬¡‡ªìπ
 “√·¢«π≈Õ¬∑’Ë¡’ª√‘¡“≥‡™◊ÈÕ 2.7x107 ‡´≈≈å/¡≈. „π “√
≈–≈“¬‡°≈◊Õ 1.5% ®“°π—Èπ©’¥‡™◊ÈÕª√‘¡“µ√ 0.1 ¡≈. ‡¢â“ Ÿà
∫√‘‡«≥ à«π°≈â“¡‡π◊ÈÕ∑âÕß·≈â«®÷ßπ”≈ß‡≈’È¬ß„πµŸâ∑¥≈Õß
‡ªìπ‡«≈“ 3 ™—Ë«‚¡ß  ‡®“–‡≈◊Õ¥°ÿâß‡æ◊ËÕπ”¡“‡®◊Õ®“ß¥â«¬
 “√≈–≈“¬‡°≈◊Õ 2.5% ·≈â«µ√«®π—∫ª√‘¡“≥‡™◊ÈÕ·∫§∑’‡√’¬
‚¥¬‡æ“–‡™◊ÈÕ∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ·¢Áß plate count agar

(PCA, Merck 1.05463.) ∑’Ëº ¡‡°≈◊Õ 1.5% ∫à¡‡ªìπ‡«≈“
18-24 ™—Ë«‚¡ß ∑’Ë 35°C π—∫ª√‘¡“≥‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë‡®√‘≠

∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ·≈â«§”π«≥ª√‘¡“≥·∫§∑’‡√’¬∑’Ë§ß‡À≈◊Õ
Õ¬Ÿà„ππÈ”‡≈◊Õ¥°ÿâß‡ªìπ CFU/¡≈.

4) °“√∑¥ Õ∫§«“¡µâ“π∑“π‚√§

‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß„π —ª¥“Àå∑’Ë 8 ·¬°
°ÿâß°ÿ≈“¥”®”π«π 60 µ—« ®“°·µà≈–™ÿ¥°“√∑¥≈Õß≈ß‡≈’È¬ß
„πµŸâ∑¥ Õ∫§«“¡µâ“π∑“π°“√µ‘¥‡™◊ÈÕ‰«√— µ—«·¥ß¥«ß¢“«
(WSSV) ®”π«π 6 µŸâ/™ÿ¥°“√∑¥≈Õß ·µà≈–µŸâ‡≈’È¬ß°ÿâß®”π«π
10 µ—« ®—¥‡µ√’¬¡ “√·¢«π≈Õ¬¢ÕßÕπÿ¿“§‰«√— ®“°πÈ”
‡≈◊Õ¥°ÿâß°ÿ≈“¥”∑’Ëµ‘¥‡™◊ÈÕ ‚¥¬‡®◊Õ®“ß„π “√≈–≈“¬øÕ ‡øµ
∫—∫‡øÕ√å æ’‡Õ™ 7.0 ‡¢â¡¢âπ 50 ¡‘≈≈‘‚¡≈“√å ´÷Ëß¡’§à“§«“¡
‡®◊Õ®“ß¢Õß‡™◊ÈÕ∑’Ë∑”„Àâ°ÿâß°ÿ≈“¥”µ“¬ 50% ®“°°“√∑¥ Õ∫
°àÕπÀπâ“„π‡«≈“ 10 «—π ‡∑à“°—∫ 1: 107 ·¬°°ÿâß„π·µà≈–
™ÿ¥°“√∑¥≈ÕßÕÕ°‡ªìπ 2 °≈ÿà¡ ‡æ◊ËÕ©’¥‡™◊ÈÕ∑’Ë¡’√–¥—∫§«“¡
‡®◊Õ®“ß 1: 107 ·≈– 1: 1010 „Àâ°—∫°ÿâß„π·µà≈–°≈ÿà¡®“°
·µà≈–™ÿ¥°“√∑¥≈Õß µ√«® Õ∫°“√√Õ¥µ“¬¢Õß°ÿâß°ÿ≈“¥”
„π·µà≈–™ÿ¥°“√∑¥≈Õß ‡ªìπ√–¬–‡«≈“ 10 «—π

2.5 °“√«‘‡§√“–Àå™π‘¥ ·≈–ª√‘¡“≥·§‚√∑’πÕ¬¥å

„πµ—«°ÿâß

 ÿà¡µ—«Õ¬à“ß°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß
·µà≈– Ÿµ√ ®”π«π 20 µ—« ®“°·µà≈–™ÿ¥°“√∑¥≈Õß ‚¥¬
·™à‡¬◊Õ°·¢Áß„π‰π‚µ√‡®π‡À≈«  ·≈â«∑”°“√¢®—¥πÈ”ÕÕ°
®“°µ—«Õ¬à“ß‚¥¬ºà“π°√–∫«π°“√·™à·¢Áß·≈â«√–‡À¬·Àâß
(lyophilized) ∫¥„Àâ≈–‡Õ’¬¥·≈–‡°Á∫√—°…“∑’Ë -70°C ‡æ◊ËÕ
π”‰ª«‘‡§√“–Àåª√‘¡“≥·Õ µ“·´π∑’π  ·§π∑“·´π∑’π
·≈–‡∫µ“·§‚√∑’π µ“¡«‘∏’«‘‡§√“–Àå¥—ßπ’È

1) °“√«‘‡§√“–Àåª√‘¡“≥‡∫µ“·§‚√∑’π (β-
carotene) ·≈–·§π∑“·´π∑’π (Canthaxanthin)

π”µ—«Õ¬à“ß°ÿâß∫¥≈–‡Õ’¬¥ 1 °√—¡ º ¡°—∫
EDTA 1 °√—¡ ·≈â«¬àÕ¬µ—«Õ¬à“ß¥â«¬ “√º ¡ 3 ™π‘¥§◊Õ
‚ª√‡π  (pronase) 20 ¡°., ∑√‘ª´‘π (trypsin) 50 ¡°.
·≈–‡ªª´‘π (pepsin) 50 ¡°. ∑’ËÕÿ≥À¿Ÿ¡‘ 50°C  π“π 10

π“∑’ ·≈â«®÷ß‡µ‘¡ à«πº ¡ ethanol : cyclohexane : ethyl

acetate Õ—µ√“ à«π 2:5:1 ª√‘¡“µ√ 140 ¡≈. ‡¢¬à“π“π 10

π“∑’ ·≈â«∑”„Àâ “√º ¡‡°‘¥°“√·¬°™—Èπ‚¥¬‡µ‘¡ “√≈–≈“¬
‡°≈◊ÕÕ‘Ë¡µ—« 70 ¡≈. ·¬°‡©æ“– “√≈–≈“¬ à«π∫πÕÕ°
¡“°√Õß¥â«¬‡¡¡‡∫√π∑’Ë¡’¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß¢Õß√Ÿæ√ÿπ
0.45 ‰¡‚§√‡¡µ√  ·≈â«®÷ß·¬° “√º ¡¥â«¬ High per-

formance liquid chromatography (HPLC)  ‚¥¬©’¥
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 “√¥—ß°≈à“« 20 ‰¡‚§√≈‘µ√  ‡¢â“ Ÿà§Õ≈—¡πå Lichrosorb

Si 60 (Merck)  ·≈â«™– (elude) ¥â«¬ “√º ¡√–À«à“ß
cyclohexane : ethyl acetate Õ—µ√“ à«π 5:1 „πÕ—µ√“‡√Á«
0.65 ¡≈./π“∑’ µ√«® Õ∫ “√∑’Ë™–¥â«¬ UV-VIS  detector

(Visi-Duo,  Linear Instruments Corp.) ∑’Ë§«“¡¬“«
§≈◊Ëπ 470 π“‚π‡¡µ√ §”π«≥ª√‘¡“≥ “√‚¥¬‡∑’¬∫°—∫ β-

carotene ·≈– canthaxanthin ¡“µ√∞“π (BASF Fine

Chemical Division, 1998)

2) °“√«‘‡§√“–Àåª√‘¡“≥·Õ µ“·´π∑’π

(Astaxanthin)

π”µ—«Õ¬à“ß∫¥≈–‡Õ’¬¥ 10 °√—¡  °—¥¥â«¬
 “√º ¡√–À«à“ß ethanol : butyl methyl ether Õ—µ√“ à«π
2:5 ª√‘¡“µ√ 140 ¡≈. ·≈â«‡¢¬à“ 10 π“∑’ ·≈â«∑”„Àâ “√
º ¡‡°‘¥°“√·¬°™—Èπ‚¥¬‡µ‘¡ “√≈–≈“¬‡°≈◊ÕÕ‘Ë¡µ—« 70 ¡≈.
·¬°‡©æ“– “√≈–≈“¬ à«π∫πÕÕ°¡“√–‡À¬¥â«¬‚´‡¥’¬¡
´—≈‡øµ ®÷ß‡µ‘¡ “√º ¡ n-heptane : acetone Õ—µ√“ à«π
86:14 º ¡„Àâ‡¢â“°—π ·≈â«°√Õß¥â«¬‡¡¡‡∫√π∑’Ë¡’¢π“¥
‡ âπºà“»Ÿπ¬å°≈“ß¢Õß√Ÿæ√ÿπ 0.45 ‰¡‚§√‡¡µ√ ®÷ßπ”‰ª
·¬° “√º ¡¥â«¬ HPLC ‚¥¬©’¥ “√ °—¥ 50 ‰¡‚§√≈‘µ√
‡¢â“§Õ≈—¡πå Lichrosorb Si 60 (Merck) ‚¥¬„™â “√º ¡
n-heptane : acetone Õ—µ√“ à«π 86:14 ‡ªìπµ—«™–„π
Õ—µ√“‡√Á« 2 ¡≈./π“∑’  µ√«® Õ∫ “√∑’Ëºà“π°“√·¬°¥â«¬
diode array detector  ∑’Ë§«“¡¬“«§≈◊Ëπ 470 π“‚π‡¡µ√
§”π«≥ª√‘¡“≥ “√‚¥¬‡∑’¬∫°—∫ citranaxanthin ¡“µ√∞“π
(BASF Fine Chemical Division, 1999)

º≈°“√∑¥≈Õß

°“√∑¥≈Õß∑’Ë 1 º≈¢Õß·§‚√∑’πÕ¬¥åµàÕ°“√‡®√‘≠‡µ‘∫‚µ

Õ—µ√“√Õ¥ §«“¡µâ“π∑“π‚√§·≈–§«“¡

µâ“π∑“πµàÕ§«“¡‡§√’¬¥ „π°ÿâß°ÿ≈“¥”

¢π“¥‡≈Á° (πÈ”Àπ—°‡©≈’Ë¬ 1 °√—¡)

‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß„π‡«≈“ 8  —ª¥“Àå æ∫«à“
πÈ”Àπ—°‡©≈’Ë¬ πÈ”Àπ—°∑’Ë‡æ‘Ë¡ Õ—µ√“·≈°‡π◊ÈÕ (FCR) ·≈–
Õ—µ√“√Õ¥µ“¬¢Õß°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß‡ √‘¡
·§‚√∑’πÕ¬¥å·µà≈–™π‘¥‰¡à¡’§«“¡·µ°µà“ß°—π (p>0.05)

(Table 3) ·≈–¿“¬À≈—ß°“√©’¥‡™◊ÈÕ‰«√— µ—«·¥ß¥«ß¢“«„Àâ
°—∫°ÿâß°ÿ≈“¥”„π·µà≈–™ÿ¥°“√∑¥≈Õß‡ªìπ‡«≈“ 13 «—π æ∫«à“
‰¡à¡’§«“¡·µ°µà“ß°—π (p>0.05) ∑—Èß„π°≈ÿà¡∑’Ë‰¥â√—∫‡™◊ÈÕ
‰«√— ∑’Ë√–¥—∫§«“¡‡®◊Õ®“ß 1:107 ·≈– 1:1010 ·µà¡’·π«‚πâ¡
«à“°ÿâß∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß‡ √‘¡·§‚√∑’πÕ¬¥å‡°◊Õ∫∑ÿ°·À≈àß
®–¡’§«“¡µâ“π∑“π‚√§ Ÿß¢÷Èπ ¬°‡«âπ™ÿ¥∑’Ë‰¥â√—∫Õ“À“√º ¡
‡∫µ“·§‚√∑’π  (Lucarotin)  125  ¡°./°°.  ∑’Ë¡’§«“¡
µâ“π∑“πµàÕ‡™◊ÈÕ‰«√— µ—«·¥ß¥«ß¢“«‰¥âµË”°«à“°ÿâß∑’Ë‰¥â√—∫
Õ“À“√‰¡àº ¡·§‚√∑’πÕ¬¥å (Figure 1) ·≈–¿“¬À≈—ß°“√
∑¥ Õ∫º≈¢Õß·§‚√∑’πÕ¬¥å™π‘¥µà“ßÊ ∑’Ë¡’µàÕ§«“¡
µâ“π∑“π§«“¡‡§√’¬¥®“°°“√‡ª≈’Ë¬π·ª≈ß§«“¡‡§Á¡‡ªìπ
‡«≈“ 13 «—π æ∫«à“°“√√Õ¥µ“¬¢Õß°ÿâß°ÿ≈“¥”„π∑ÿ°™ÿ¥
°“√∑¥≈Õß ‰¡à¡’§«“¡·µ°µà“ß°—π (p>0.05)  ¥—ß· ¥ß„π
Figure 2

Table 3. Growth performance of small shrimp with 1 g average initial body weight being fed

diets supplemented different carotenoid pigments for an 8-week period (trial 1).

Growth performance after a 8 week feeding period
          Treatments

Avg. weight (g) Weight gain (%) Survival rate (%) FCR

T1 control 4.53±0.82ns 455.76±62.29ns   64.00±15.17ns 1.42±0.20ns

T2 astaxanthin 50 mg/kg 4.53±0.63ns 485.08±77.71ns 83.00±9.75ns 1.47±0.21ns

T3 β-carotene 125 mg/kg 4.69±0.81ns 468.27±59.59ns   70.00±11.73ns 1.40±0.18ns

T4 β-carotene 250 mg/kg 4.21±0.63ns 446.53±66.63ns   68.00±16.81ns 1.38±0.22ns

T5 Betatene 125 mg/kg 4.62±0.42ns 478.51±23.16ns   73.00±13.04ns 1.28±0.08ns

T6 Spirulina 3% 4.63±0.46ns 479.17±47.54ns 73.00±6.71ns 1.37±0.09ns

ns = non significant
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°“√∑¥≈Õß∑’Ë 2 º≈¢Õß·§‚√∑’πÕ¬¥åµàÕÕß§åª√–°Õ∫

‡≈◊Õ¥ §«“¡µâ“π∑“π‚√§ ·≈–ª√‘¡“≥

·§‚√∑’πÕ¬¥å„π°ÿâß°ÿ≈“¥” (πÈ”Àπ—°‡©≈’Ë¬

10 °√—¡)

°“√»÷°…“Õß§åª√–°Õ∫‡≈◊Õ¥¢Õß°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫
·§‚√∑’πÕ¬¥å®“°·À≈àßµà“ßÊ · ¥ß„π Table 4 æ∫ª√‘¡“≥
‡¡Á¥‡≈◊Õ¥√«¡¢Õß°ÿâß∑’Ë‰¥â√—∫Õ“À“√™ÿ¥§«∫§ÿ¡´÷Ëß‰¡à‡ √‘¡
 “√ ’  Õ“À“√‡ √‘¡·Õ µ“·´π∑’π  ·≈–‡ √‘¡ “À√à“¬
 ‰ª√Ÿ≈‘π“ ¡’§à“ Ÿß°«à“°ÿâß∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß‡ √‘¡‡∫µ“-
·§‚√∑’π (P<0.05) ·µà§«“¡ “¡“√∂„π°“√°”®—¥·∫§∑’‡√’¬
ÕÕ°®“°πÈ”‡≈◊Õ¥ ·≈–§«“¡«àÕß‰«¢Õß‡Õπ‰´¡åøïπÕ≈ÕÕ°
´‘‡¥ ¡’§à“‰¡à·µ°µà“ß°—π„π·µà≈–™ÿ¥°“√∑¥≈Õß (P>0.05)
®“°°“√»÷°…“°“√√Õ¥µ“¬¢Õß°ÿâßÀ≈—ß®“°‰¥â√—∫‡™◊ÈÕ‰«√— 
µ—«·¥ß¥«ß¢“«æ∫«à“°ÿâß∑’Ë‰¥â√—∫Õ“À“√™ÿ¥§«∫§ÿ¡µ“¬
∑—ÈßÀ¡¥¿“¬„π√–¬–‡«≈“°“√∑¥≈Õßπ“π 10 «—π ·µàæ∫
°“√√Õ¥µ“¬À≈—ß‰¥â√—∫‡™◊ÈÕ‰«√— ‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß
√–À«à“ß™ÿ¥°“√∑¥≈Õß (P>0.05) (Figure 3) ‡¡◊ËÕ«‘‡§√“–Àå
ª√‘¡“≥·§‚√∑’πÕ¬¥å„π°ÿâß∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß·µà≈– Ÿµ√
æ∫«à“·Õ µ“·´π∑’π‡ªìπÕß§åª√–°Õ∫À≈—°¢Õß·§‚√∑’πÕ¬¥å
„π°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√∑ÿ°™ÿ¥°“√∑¥≈Õß ∑—Èßπ’È„π°ÿâß∑’Ë

‰¥â√—∫Õ“À“√‡ √‘¡·§‚√∑’πÕ¬¥å∑ÿ°™π‘¥¡’§«“¡‡¢â¡¢âπ¢Õß
·Õ µ“·´π∑’πÕ¬Ÿà„π™à«ß 30.4-32.0 ¡°./°°. ¢≥–∑’Ë°ÿâß
°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√™ÿ¥§«∫§ÿ¡¡’§«“¡‡¢â¡¢âπ¢Õß·Õ µ“-
·´π∑’π 21.7 ¡°./°°. (Table 5)

«‘®“√≥åº≈°“√∑¥≈Õß

·§‚√∑’πÕ¬¥å®“°∑ÿ°·À≈àß  ∑—Èß™π‘¥ —ß‡§√“–Àå
§◊Õ·Õ µ“·´π∑’π (Lucanthin Pink)   ‡∫µ“·§‚√∑’π
(Lucarotin)  ·≈–®“°·À≈àß∏√√¡™“µ‘§◊Õ ‡∫µ“∑’π
(Betatene)  °—¥®“° Dunaliella ·≈– “À√à“¬ ‰ª√Ÿ≈‘π“
Õ∫·Àâß∑’Ë„™â„π°“√»÷°…“π’È “¡“√∂‡√àß„Àâ°ÿâß°ÿ≈“¥”¡’°“√
 – ¡·Õ µ“·´π∑’π„π√à“ß°“¬‡æ‘Ë¡¢÷Èπ‰¥â ‡™àπ‡¥’¬«°—∫°“√
»÷°…“„π°ÿâß§ÿ√Ÿ¡“ (Penaeus japonicus) ∑’Ëæ∫°ÿâß “¡“√∂
‡ª≈’Ë¬π‡∫µ“·§‚√∑’π ‡ªìπ·Õ µ“·´π∑’π·≈– – ¡‰«â„π
√à“ß°“¬‰¥â (Tanaka et al., 1976) Õ¬à“ß‰√°Áµ“¡ Chein

·≈– Jeng (1992) √“¬ß“π«à“·Õ µ“·´π∑’π¡’ª√– ‘∑∏‘-
¿“æ°“√π”‰ª„™â √â“ß‡ªìπ “√ ’„π√à“ß°“¬°ÿâß‰¥â¥’∑’Ë ÿ¥
®“°°“√»÷°…“„π°ÿâß°ÿ≈“¥”§√—Èßπ’È‡ªìπ∑’Ëπà“ —ß‡°µ«à“∑—Èß‡∫µ“-
·§‚√∑’π —ß‡§√“–Àå  ·≈–‡∫µ“·§‚√∑’π∏√√¡™“µ‘®“°

Figure 2. Survival rates of small shrimp with 1 g

average initial body weight after being

fed diets supplemented with different

carotenoid  pigments  for  an 8-week

period  (trial 1) and  being  to  salinity

stress test for 13 days.

Figure 1. Survival  of  small  shrimp  with  1  g

average initial body weight after feed-

ing  with  each  carotenoid  pigment

supplemented  diets  for  an  8-week

period (trial 1) and challenged with

white spot syndrome virus (WSSV) at

a concentration of 1:107 for 13 days.
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 “À√à“¬ Dunaliella ¡’ª√– ‘∑∏‘¿“æ¥’„π·ßà¢Õß°“√ – ¡
·Õ µ“·´π∑’π„π°ÿâß°ÿ≈“¥”  Õ¬à“ß‰√°Áµ“¡ isomer ∑’Ë
·µ°µà“ß°—π¢Õß‡∫µ“·§‚√∑’π¡’º≈µàÕª√– ‘∑∏‘¿“æ°“√π”
‰ª„™âª√–‚¬™πå¢Õß‡´≈≈å Hieber ·≈–§≥– (2000) æ∫«à“
9-cis-β-carotene ∑’Ëæ∫‡ªìπ “√ ’À≈—°„π “À√à“¬
Dunaliella ¡’º≈„π·ßà¢Õß°“√≈¥°“√‡æ‘Ë¡®”π«π¢Õß‡´≈≈å
(proliferation) ·≈–≈¥°“√· ¥ßÕÕ°¢Õß¬’π connexin

43 „π‡´≈≈å 10T1/2 µË”°«à“°“√„™â‡∫µ“·§‚√∑’π„π√Ÿª all

trans β-carotene

πÕ°®“°π’È¬—ß¡’ªí®®—¬∑’Ë‡°’Ë¬«¢âÕßÕ’°À≈“¬ª√–°“√
„π¥â“π°“√π”·§‚√∑’πÕ¬¥å‰ª„™âª√–‚¬™πå Babosa ·≈–
§≥– (2000) √“¬ß“π«à“√–¥—∫‰¢¡—π„πÕ“À“√¡’ à«π‡°’Ë¬«
¢âÕßÕ¬à“ß¡“°°—∫°“√¥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‰¥â¡’ª√– ‘∑∏‘¿“æ
‰¡à·µ°µà“ß®“°·Õ µ“·´π∑’πÕ‘ √– ·µà„π°√≥’∑’ËÕ“À“√¡’
‰¢¡—ππâÕ¬ ª≈“‡√π‚∫«å‡∑√“∑å®–π”·Õ µ“·´π∑’πÕ‘ √–
‰ª„™âª√–‚¬™πå‰¥â¡“°°«à“ πÕ°®“°π’È¬—ßæ∫«à“ª√– ‘∑∏‘¿“æ

Figure 3. Survival rates of juvenile shrimp with 10 g average initial body weight after being

fed diet containing different carotenoid pigments for a 6-week period (trial 2)

and challenged with white spot syndrome virus (WSSV) at a concentration of

1:107 for 10 days.

Table 4. Blood parameters and immune response of juvenile shrimp with 10 g average

initial body weight  after being fed diet containing different carotenoid pigments

for 6-week period (trial 2).

Blood and immune parameter
           Treatments

Total hemocytes count Clearance ability PO activity

(x104 cell/ml) (CFU/ml) (unit/min/mg protein)

T1 control 5.91±2.52a 2083.33±1599.30ns 382.57±226.37ns

T2 astaxanthin 100 mg/kg 5.32±2.03a 1361.54±1296.86ns 329.05±186.49ns

T3 β-carotene 125 mg/kg  4.52±1.34ab 638.33±842.87ns 435.11±177.23ns

T4 β-carotene 250 mg/kg 3.26±1.54b 1191.67±1552.72ns 471.58±153.27ns

T5 Betatene 250 mg/kg 3.32±2.82b 1057.14±1691.11ns 407.63±207.03ns

T6 Spirulina 3% 4.77±2.04ab 846.67±1820.61ns 528.44±218.11ns

ns = non significant

Means not sharing a common superscript are significantly different (P<0.05).



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 27 (©∫—∫æ‘‡»… 1) 2548 : «“√‘™»“ µ√å
º≈¢Õß·§‚√∑’πÕ¬¥å™π‘¥µà“ßÊ „π°ÿâß°ÿ≈“¥”

°‘®°“√  »ÿ¿¡“µ¬å ·≈–§≥–81

°“√π”·§‚√∑’πÕ¬¥å‰ª„™â – ¡„πµ—« —µ«åπÈ”¬—ß¢÷Èπ°—∫
ª√– ‘∑∏‘°“√¬àÕ¬·≈–°“√¥Ÿ¥´÷¡¢Õßµ—« —µ«å¥â«¬  ´÷Ëß
Sanderson ·≈– Jolly (1994) æ∫«à“„π≈”‰ â¢Õß°ÿâß‰¡à¡’
‡Õπ‰´¡å∑’Ë™à«¬¬àÕ¬ºπ—ß‡´≈≈å¬’ µå∑”„Àâ°ÿâß‰¡à “¡“√∂¬àÕ¬
·≈–¥Ÿ¥´÷¡·Õ µ“·´π∑’π„π‡´≈≈å¬’ µå‰ª„™â‰¥âÕ¬à“ß¡’
ª√– ‘∑∏‘¿“æ ∑—Èß∑’Ë‡´≈≈å¢Õß Phaffia rhodozyma ¡’§«“¡
‡¢â¡¢âπ¢Õß·Õ µ“·´π∑’π Ÿß¡“°   Õ¥§≈âÕß°—∫ Liao

·≈–§≥– (1993) æ∫«à“°“√„™â “À√à“¬ ‰ª√Ÿ≈‘π“Õ∫·Àâß
3% „πÕ“À“√ àßº≈„Àâ°ÿâß¡’°“√‡®√‘≠‡µ‘∫‚µ·≈–°“√ – ¡
·§‚√∑’πÕ¬¥å„π‡π◊ÈÕ‡¬◊ËÕ„µâ‡ª≈◊Õ°¥’°«à“°“√„™â‡´≈≈å¬’ µå
Phaffia rhodozyma Õ¬à“ß‰√°Áµ“¡‡¡◊ËÕæ‘®“√≥“®“°√–¥—∫
§«“¡‡¢â¡¢âπ¢Õß·Õ µ“·´π∑’π„πµ—«°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫
Õ“À“√∑¥≈Õß·µà≈– Ÿµ√®“°°“√»÷°…“π’Èæ∫«à“ª√– ‘∑∏‘¿“æ
¢Õß°“√„™â‡∫µ“·§‚√∑’π —ß‡§√“–Àå‰¡à·µ°µà“ß®“°°“√„™â
‡∫µ“·§‚√∑’π∏√√¡™“µ‘®“° “À√à“¬ Dunaliella πÕ°®“°
π’È§«“¡‡¢â¡¢âπ¢Õß‡∫µ“·§‚√∑’π„πÕ“À“√‰¡à¡’º≈µàÕ√–¥—∫
·Õ µ“·´π∑’π„πµ—«°ÿâß°ÿ≈“¥” ´÷Ëß Õ¥§≈âÕß°—∫º≈°“√
∑¥≈Õß¢Õß Chein ·≈– Jeng (1992) ´÷Ëß√“¬ß“π«à“®–
µâÕß¡’°√–∫«π°“√À≈“¬¢—ÈπµÕπ„π°“√‡ª≈’Ë¬π‡∫µ“·§‚√∑’π
‡ªìπ·Õ µ“·´π∑’π  ´÷Ëß¢—ÈπµÕπ¢Õß«‘∂’‡¡µ“‚∫≈‘´÷¡
¥—ß°≈à“«®–‡ªìπ‡Àµÿ„Àâ°“√‡ª≈’Ë¬π√Ÿª¢Õß·§‚√∑’πÕ¬¥å‡ªìπ
‰ªÕ¬à“ß™â“Ê ∑”„Àâ√–¥—∫§«“¡‡¢â¡¢âπ¢Õß·§‚√∑’πÕ¬¥å„π
Õ“À“√‰¡à¡’º≈‚¥¬µ√ßµàÕ√–¥—∫¢Õß·Õ µ“·´π∑’π„πµ—«°ÿâß

°“√»÷°…“π’Èæ∫«à“°“√‡ √‘¡·§‚√∑’πÕ¬¥å„πÕ“À“√
¡’·π«‚πâ¡∑”„Àâ§«“¡µâ“π∑“π‚√§·≈–§«“¡‡§√’¬¥„π°ÿâß
°ÿ≈“¥”¥’¢÷Èπ∂÷ß·¡â«à“®–‰¡à¡’§«“¡·µ°µà“ß∑“ß ∂‘µ‘°Áµ“¡
∑—Èßπ’È Merchie ·≈–§≥– (1998) æ∫«à“°“√„™â·Õ µ“-
·´π∑’π„πÕ“À“√°ÿâß°ÿ≈“¥”«—¬ÕàÕπ 810 ¡°./°°. ¡’º≈∑”„Àâ

≈Ÿ°°ÿâß¡’°“√√Õ¥µ“¬®“°¿“«–°“√‡ª≈’Ë¬π·ª≈ß§«“¡‡§Á¡‰¥â
¡“°¢÷Èπ ·µà∑—Èßπ’È‡ªìπ°“√»÷°…“„π√–¥—∫¢Õß·§‚√∑’πÕ¬¥å∑’Ë
 Ÿß¡“° ´÷Ëß Balon (1979) ·≈– Chein ·≈– Jeng (1992)

√“¬ß“π«à“·§‚√∑’πÕ¬¥åÕ“®¡’Àπâ“∑’Ë∫“ßª√–°“√„π√–∫∫
 √’√«‘∑¬“∑’Ë®–™à«¬‡°Á∫√—°…“ÕÕ° ‘́‡®π‰«â¿“¬„π‡´≈≈å„π
¿“«–∑’ËÕÕ°´‘‡®ππâÕ¬°«à“ª°µ‘  ´÷ËßÕ“® Õ¥§≈âÕß°—∫°√≥’
¢Õß°ÿâß§ÿ√Ÿ¡“ ÷́Ëß¡’æƒµ‘°√√¡Ωíßµ—«„π∑√“¬ ÷́Ëß¡’ÕÕ° ‘́‡®πµË”
°ÿâß™π‘¥¥—ß°≈à“«®÷ß¡’§«“¡µâÕß°“√·Õ µ“·´π∑’π„π√–¥—∫
 Ÿß°«à“°ÿâß°ÿ≈“¥”  ®÷ß¡’§«“¡‡ªìπ‰ª‰¥â¡“°∑’Ë·§‚√∑’πÕ¬¥å
„πÕ“À“√®–™à«¬„Àâ —µ«åπÈ”¡’§«“¡µâ“π∑“πµàÕ¿“«–¢“¥
ÕÕ°´‘‡®π‰¥â¡“°¢÷Èπ  Õ¬à“ß‰√°Áµ“¡¬—ß‰¡à‡§¬¡’√“¬ß“π∂÷ß
º≈¢Õß·§‚√∑’πÕ¬¥åª√‘¡“≥ ŸßÊ „πÕ“À“√∑’Ë¡’µàÕ§«“¡
µâ“π∑“π§«“¡‡§√’¬¥®“°¿“«–¢“¥ÕÕ°´‘‡®π„π°ÿâß ¥—ßπ—Èπ
®÷ß®”‡ªìπ∑’Ë®–µâÕß¡’°“√»÷°…“∂÷ßº≈¢Õß‡∫µ“·§‚√∑’π
§«“¡‡¢â¡¢âπ ŸßÊ „πÕ“À“√∑’Ë¡’µàÕ§«“¡‡§√’¬¥„π —µ«åπÈ”
‡æ‘Ë¡‡µ‘¡µàÕ‰ª

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥ ∫√‘…—∑ ∫’‡Õ‡Õ ‡Õø (‰∑¬) ®”°—¥ ∑’Ë
 π—∫ πÿπ “√ ’ ”À√—∫°“√»÷°…“«‘®—¬§√—Èßπ’È   ¢Õ¢Õ∫§ÿ≥
π. æ. ÿ®‘πµå ∏√√¡»“ µ√å  ∫√‘…—∑ ‡®√‘≠‚¿§¿—≥±åÕ“À“√
®”°—¥ (¡À“™π) „π°“√ π—∫ πÿπ —µ«å∑¥≈Õß

‡Õ° “√Õâ“ßÕ‘ß

Balon, E.K. 1979. Early ontogeny of Labeotropheus
Ahl, 1927 (Mbuna, Cichlidae, Lake Malawi),
with a discussion on advanced protective styles
in fish reproduction and development. Environ.

Table 5. Astaxanthin and total carotenoid of juvenile shrimp after fed each experimental

diet for 6 weeks (trial 2).
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T4 β-carotene 250 mg/kg 32.0 4.2 -
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