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Abstract
Bundit, O.1, Kanghae, H.1, Phromkunthong, W.1 and Supamattaya, K.1

Effects of mycotoxin T-2 and zearalenone on histopathological changes in

black tiger shrimp (Penaeus monodon Fabricius)
Songklanakarin J. Sci. Technol., 2006, 28(5) : 937-949

The effects of T-2 toxin and zearalenone were studied in black tiger shrimp (Penaeus monodon
Fabricius). In the experiment, black tiger shrimp were fed with different concentrations of T-2 toxin, i.e. 0,

0.1, 1.0 and 2.0 ppm and zearalenone, i.e. 0, 0.1. 0.5 and 1.0 ppm. Shrimp with initial average weight of 4.7 g

were experimented for a-10-wk period. Supplementation of 0, 0.1 and 1.0 ppm T-2 produced no histological

changes in hepatopancreatic, hemopoietic tissue or lymphoid cell while at higher concentration of 2.0 ppm

atrophy, severe necrosis and degeneration of hepatopancreatic tubules, loose contact of hemopoietic tissue

and lymphoid organ occurred. Similar observations were noted for the treatments with 0.5 and 1.0 ppm

zearalenone - supplemented feed. Histological changes were, however, observed in hepatopancreatic tissue.

The scale of histological changes correlated with feeding period and concentrations of zearalenone shrimp

received.

Key words : T-2 toxin, zearalenone, black tiger shrimp, Penaeus monodon,  histopathology
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Mycotoxin T-2 and zearalenone on histopathological change

Bundit, O., et al.

∫∑§—¥¬àÕ

Õ√Õπß§å ∫—≥±‘µ  À‘√—≠ °—ß·Œ  «ÿ≤‘æ√ æ√À¡¢ÿπ∑Õß ·≈– °‘®°“√ »ÿ¿¡“µ¬å

º≈¢Õß “√æ‘…®“°‡™◊ÈÕ√“∑’∑Ÿ·≈–´’√“≈’‚ππµàÕ‡π◊ÈÕ‡¬◊ËÕ„π°ÿâß°ÿ≈“¥”

«.  ß¢≈“π§√‘π∑√å «∑∑. 2549 28(5) : 937-949

»÷°…“º≈¢Õß “√æ‘…∑’∑Ÿ·≈–´’√“≈’‚ππµàÕ°“√‡ª≈’Ë¬π·ª≈ß∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“„π°ÿâß°ÿ≈“¥” ‚¥¬π”°ÿâß°ÿ≈“¥”

·∫àßÕÕ°‡ªìπ 7 ™ÿ¥°“√∑¥≈ÕßÊ ≈– 6 ´È” ®”π«π 15 µ—«/´È” ¡’√–¥—∫ “√æ‘…∑’∑Ÿ·µ°µà“ß°—π §◊Õ 0, 0.1, 1.0 ·≈– 2.0

æ’æ’‡ÕÁ¡ ·≈– “√æ‘…´’√“≈’‚ππ√–¥—∫ 0, 0.1, 0.5 ·≈– 1.0 æ’æ’‡ÕÁ¡ π”‰ª∑¥≈Õß‡≈’È¬ß„π°ÿâß°ÿ≈“¥”¢π“¥πÈ”Àπ—°‡©≈’Ë¬

‡√‘Ë¡µâπ 4.7 °√—¡/µ—« ‡ªìπ‡«≈“ 10  —ª¥“Àå æ∫«à“ ‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ß∑“ßæ¬“∏‘ ¿“æµ—∫ ‡´≈≈å √â“ß‡¡Á¥‡≈◊Õ¥

·≈–‡´≈≈åπÈ”‡À≈◊Õß„π°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫ “√æ‘…∑’∑Ÿ√–¥—∫ 0, 0.1 ·≈– 1.0 æ’æ’‡ÕÁ¡ ·µà„π°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫ “√æ‘…√–¥—∫

2.0 æ’æ’‡ÕÁ¡ ¡’°“√ΩÉÕ·≈–≈’∫¢Õß‡´≈≈å∑àÕµ—∫ ‡´≈≈å – ¡Õ“À“√≈¥¢π“¥≈ß µ“¡¥â«¬°“√‡ ◊ËÕ¡¢Õß‡´≈≈å∑àÕµ—∫ ·≈–

‡´≈≈åµ—∫∫“ß à«πµ“¬ ‡´≈≈å √â“ß‡¡Á¥‡≈◊Õ¥·≈–‡´≈≈åπÈ”‡À≈◊Õß¡’°“√®—∫µ—«°—πÕ¬à“ßÀ≈«¡Ê  ”À√—∫°ÿâß∑’Ë‰¥â√—∫ “√æ‘…

´’√“≈’‚ππ√–¥—∫ 0.5 ·≈– 1.0 æ’æ’‡ÕÁ¡ µ≈Õ¥√–¬–‡«≈“ 10  —ª¥“Àå ¡’Õ“°“√º‘¥ª°µ‘§≈â“¬§≈÷ß°—∫°ÿâß∑’Ë‰¥â√—∫ “√æ‘…∑’∑Ÿ

·µà¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡π◊ÈÕ‡¬◊ËÕµ—∫√ÿπ·√ß¢÷Èπ ‚¥¬§«“¡√ÿπ·√ß∑’Ëµ√«®æ∫®– —¡æ—π∏å°—∫§«“¡‡¢â¡¢âπ¢Õß “√æ‘…

·≈–√–¬–‡«≈“∑’Ë‰¥â√—∫ ‰¡àæ∫§«“¡º‘¥ª°µ‘¢Õß‡π◊ÈÕ‡¬◊ËÕ‡Àß◊Õ° ·≈–°≈â“¡‡π◊ÈÕ≈”µ—«µ≈Õ¥°“√∑¥≈Õß 10  —ª¥“Àå

ª√–‡∑»‰∑¬‰¥âª√– ∫§«“¡ ”‡√Á®„π°“√æ—≤π“
‡∑§π‘§«‘∏’‡≈’È¬ß·≈–‡æ“–¢¬“¬æ—π∏ÿå —µ«åπÈ”µà“ßÊ ∑”„Àâ‡°‘¥
°“√¢¬“¬æ◊Èπ∑’Ë„π°“√‡æ“–‡≈’È¬ß∑—Èß —µ«åπÈ”®◊¥ πÈ”°√àÕ¬ ·≈–
πÈ”‡§Á¡ ∑—Èß∑“ß¿“§√—∞·≈–‡Õ°™π‰¥â„Àâ§«“¡ π„® ∑”„Àâ°ÿâß
∑–‡≈‡ªìπ ‘π§â“ àßÕÕ°∑’Ë ”§—≠¢Õßª√–‡∑» °“√‡æ“–‡≈’È¬ß
°ÿâß„Àâ¡’§ÿ≥¿“æ‰¥â¡“µ√∞“π¢÷ÈπÕ¬Ÿà°—∫ªí®®—¬À≈“¬¥â“π
‚¥¬‡©æ“–∑’Ë‡ªìπªí≠À“ ”§—≠„π°“√º≈‘µÕ“À“√ —µ«åπÈ”§◊Õ
§ÿ≥¿“æ¢Õß«—µ∂ÿ¥‘∫∑“ß°“√‡°…µ√∑’Ë‰¡à‰¥â¡“µ√∞“π ‡™àπ
¢â“«‚æ¥  ¢â“« “≈’  ª≈“¬¢â“«  ∂—Ë«‡À≈◊Õß  ¡—π ”ª–À≈—ß
ª≈“ªÉπ ·≈–°√–¥Ÿ°ªÉπ ‡ªìπµâπ ¡—°æ∫°“√ªπ‡ªóôÕπ¢Õß
 “√æ‘…®“°‡™◊ÈÕ√“ (mycotoxin) À≈“¬™π‘¥„πª√‘¡“≥ Ÿß
´÷Ëß°àÕ„Àâ‡°‘¥Õ—πµ√“¬µàÕ —µ«å‡≈’È¬ß ‚¥¬ “√æ‘…®–‰ª∑”≈“¬
√–∫∫°“√∑”ß“π¢Õß√à“ß°“¬„Àâ‡ ◊ËÕ¡‚∑√¡≈ß ‡™àπ ‡µ‘∫‚µ
™â“ §«“¡µâ“π∑“π‚√§≈¥≈ß Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ
‡π◊ÈÕ Ÿß ·≈–∂â“‰¥â√—∫ “√æ‘…„πª√‘¡“≥ Ÿß°àÕ„Àâ‡°‘¥Õ—πµ√“¬
·°à™’«‘µ‰¥â  “√æ‘…®“°‡™◊ÈÕ√“‡¡◊ËÕ —µ«å·≈–§π‰¥â√—∫ “√æ‘…
‡À≈à“π’È®–· ¥ßÕ“°“√µà“ßÊ °—π‰ªµ“¡™π‘¥¢Õß “√æ‘…
·≈–ª√‘¡“≥∑’Ë‰¥â√—∫ ´÷Ëß¡—°∑”„Àâ«‘π‘®©—¬º‘¥æ≈“¥‡π◊ËÕß®“°
Õ“°“√ªÉ«¬¡—°§≈â“¬‚√§µ‘¥‡™◊ÈÕµà“ßÊ (‡¬“«¡“≈¬å, 2545)

‡™◊ÈÕ√“À≈“¬ °ÿ≈ “¡“√∂ √â“ß “√æ‘…‰¥â ‚¥¬°≈ÿà¡‡™◊ÈÕ√“∑’Ë
 √â“ß “√æ‘…‰¥â¡“°∑’Ë ÿ¥¡’ 3 ™π‘¥ ‰¥â·°à Aspergillus sp.

Penicillium sp. ·≈– Fusarium sp. (»¡π’¬å, 2529) ‚¥¬

‡©æ“–‡™◊ÈÕ√“øŸ´“‡√’¬¡∑’Ë “¡“√∂ √â“ß “√æ‘…‰¥âÀ≈“¬™π‘¥
·µà “√æ‘…∑’Ë¡’°“√»÷°…“º≈°√–∑∫µàÕ§π·≈– —µ«å·≈–æ∫
°“√ªπ‡ªóôÕπ„π«—µ∂ÿ¥‘∫Õ“À“√§àÕπ¢â“ß¡“°π—Èπ ‰¥â·°à  “√
æ‘…∑’∑Ÿ (T-2 toxin) ´÷ËßÕ¬Ÿà„π°≈ÿà¡‰µ√‚§∏’´’π å ·≈– “√æ‘…
´’√“≈’‚ππ (zearalenone) ´÷Ëßæ∫¡“°„π¢â“«‚æ¥ «—µ∂ÿ¥‘∫
Õ“À“√ —µ«åÀ≈“¬™π‘¥ ·≈–Õ“À“√ ”‡√Á®√Ÿª (Bamburg et

al., 1968)

 “√æ‘…®“°‡™◊ÈÕ√“¡—°ªπ‡ªóôÕπ„π«—µ∂ÿ¥‘∫Õ“À“√ —µ«å
‡™àπ °“°∂—Ë«‡À≈◊Õß √” ¢â“«‚æ¥ ª≈“ªÉπ ·≈–¡—π ”ª–À≈—ß
 “¡“√∂·æ√à°√–®“¬‰¥â∑ÿ°¢—ÈπµÕπµ—Èß·µà‡¡≈Á¥°àÕπª≈Ÿ°
√–À«à“ß°“√ª≈Ÿ° ªπ‡ªóôÕπ„π∂—ß‡°Á∫Õ“À“√ ¢≥–º≈‘µ·≈–
∫√√®ÿÀ’∫ÀàÕ √–À«à“ß¢π àß µ≈Õ¥®π°“√‡°Á∫√—°…“  ‡¡◊ËÕ
§π·≈– —µ«å‰¥â√—∫ “√æ‘…‡¢â“‰ª®–∑”„Àâ‡°‘¥°“√‡®Á∫ªÉ«¬
¢÷ÈπÕ¬Ÿà°—∫™π‘¥·≈–ª√‘¡“≥¢Õß “√æ‘… ∂â“‰¥â√—∫„πª√‘¡“≥
¡“°®–‡°‘¥Õ“°“√‡ªìπæ‘…‡©’¬∫æ≈—π  —µ«å®–µ“¬∑—π∑’ ·µà
∂â“‰¥â√—∫ “√æ‘…„π√–¥—∫µË”‡ªìπ√–¬–‡«≈“π“πÊ ®–∑”„Àâ
°“√‡®√‘≠‡µ‘∫‚µ™â“≈ß ·≈–‡°‘¥§«“¡º‘¥ª°µ‘¢ÕßÕ«—¬«–µà“ßÊ
‚¥¬‡©æ“–µ—∫  ‰µ  √–∫∫∑“ß‡¥‘πÕ“À“√  ·≈–√–∫∫
 ◊∫æ—π∏ÿå (¡“≈‘π’, 2523) ·¡â«à“°“√ªπ‡ªóôÕπ¢Õß “√æ‘…∑’∑Ÿ
·≈–´’√“≈’‚ππ ®–‰¡à‡ªìπªí≠À“„πª√–‡∑»‰∑¬¡“°‡∑à“°—∫
Õ–ø≈“∑Õ°´‘π ·µà°ÁÕ“®‡°‘¥¢÷Èπ‰¥â‡π◊ËÕß®“°°“√π”‡¢â“
«—µ∂ÿ¥‘∫Õ“À“√ —µ«å∫“ß™π‘¥®“°µà“ßª√–‡∑»  ¥—ßπ—Èπ°“√
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Õ√Õπß§å  ∫—≥±‘µ ·≈–§≥–939

»÷°…“º≈¢Õß “√æ‘…®“°‡™◊ÈÕ√“ “¡“√∂π”¡“‡ªìπ·π«∑“ß
„π°“√≈¥Õ—µ√“°“√ Ÿ≠‡ ’¬∑“ß‡»√…∞°‘®·≈–‡æ‘Ë¡§ÿ≥¿“æ
º≈º≈‘µ¥â“π°“√‡≈’È¬ß —µ«å‰¥âÕ¬à“ß¥’¬‘Ëß  ”À√—∫¢âÕ¡Ÿ≈°“√
»÷°…“º≈°√–∑∫¢Õß “√æ‘…∑’∑Ÿ·≈– ’́√“≈’‚ππ„π —µ«åπÈ”π—Èπ
¬—ß¡’Õ¬Ÿà§àÕπ¢â“ß®”°—¥  Õ¬à“ß‰√°Áµ“¡ ‰¥â¡’√“¬ß“π„πª≈“
‡√π‚∫«å‡∑√â“∑å·≈–ª≈“·´≈¡Õπ∑’Ë‰¥â√—∫Õ“À“√ªπ‡ªóôÕπ
 “√æ‘…∑’∑Ÿ„π√–¥—∫µà“ßÊ  æ∫«à“°“√°‘πÕ“À“√·≈–°“√
‡®√‘≠‡µ‘∫‚µ≈¥≈ß  àßº≈°√–∑∫µàÕ§à“‚≈À‘µ«‘∑¬“ √«¡∑—Èß¡’
°“√‡ª≈’Ë¬π·ª≈ß∑“ßæ¬“∏‘ ¿“æ¢Õß‡π◊ÈÕ‡¬◊ËÕ√à«¡¥â«¬
(Manning et al., 2003; Poston et al., 1982)

°“√»÷°…“§√—Èßπ’È¡’«—µ∂ÿª√– ß§å»÷°…“º≈¢Õß “√æ‘…
∑’∑Ÿ·≈–´’√“≈’‚ππ∑’Ëªπ‡ªóôÕπ„πÕ“À“√µàÕ°“√‡ª≈’Ë¬π·ª≈ß
∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“¢Õß°ÿâß°ÿ≈“¥” ‡π◊ËÕß®“°Õ“°“√º‘¥ª°µ‘
¢Õß‡π◊ÈÕ‡¬◊ËÕ®–· ¥ßÕÕ°°àÕπ∑’Ë°ÿâß®–¡’Õ“°“√Õ◊Ëπ ∑”„Àâ
§«∫§ÿ¡°“√‡°‘¥‚√§®“°‡™◊ÈÕ√“‰¥â∑—π‡Àµÿ°“√≥å  ÷́Ëß„π
ªí®®ÿ∫—π¬—ß‰¡àæ∫√“¬ß“π°“√«‘®—¬ ¥—ßπ—Èπ√“¬≈–‡Õ’¬¥‡À≈à“π’È
 “¡“√∂π”¡“‡ªìπ¢âÕ¡Ÿ≈æ◊Èπ∞“π ”À√—∫‡ªìπ·π«∑“ß„π
°“√»÷°…“¥â“π‚√§∑’Ë‡°‘¥®“° “√æ‘…®“°‡™◊ÈÕ√“„π —µ«åπÈ”‰¥â
§√Õ∫§≈ÿ¡¬‘Ëß¢÷Èπ  ·≈– “¡“√∂ªÑÕß°—π‚√§∑’Ë‡°‘¥¢÷ÈπµàÕ
 ÿ¢¿“æ§π·≈– —µ«åπÈ” √«¡∑—Èß≈¥°“√ Ÿ≠‡ ’¬∑“ß‡»√…∞°‘®
‰¥â∑—π‡Àµÿ°“√≥å‡æ◊ËÕ°“√æ—≤π“Õÿµ “À°√√¡Õ“À“√ —µ«å
·≈–°“√‡æ“–‡≈’È¬ß —µ«åπÈ”∑’Ë¬—Ëß¬◊πµàÕ‰ª„πÕπ“§µ

Õÿª°√≥å·≈–«‘∏’°“√

1. °“√‡µ√’¬¡°ÿâß∑¥≈Õß·≈–™ÿ¥°“√∑¥≈Õß

°ÿâß°ÿ≈“¥”ª≈Õ¥‡™◊ÈÕ·∫§∑’‡√’¬·≈–ª√ ‘µ¿“¬πÕ°
Õ“¬ÿ 30 «—π πÈ”Àπ—°ª√–¡“≥ 4-6 °√—¡ ®”π«π 2,000 µ—«
π”¡“æ—°‰«â„π∫àÕ´’‡¡πµå·≈â«§—¥¢π“¥„Àâ¡’πÈ”Àπ—°„π™à«ß
4-5 °√—¡ „ àµŸâ°√–®°∑¥≈Õß¢π“¥ 45×90×45 ´¡. §«“¡
®ÿπÈ” 200 ≈‘µ√ æ√âÕ¡Õÿª°√≥å√–∫∫„ÀâÕ“°“»·≈–πÈ”‰À≈
ºà“π (flow through system) Õ—µ√“°“√‰À≈¢ÕßπÈ”‡∑à“°—∫
2.0 ≈‘µ√/π“∑’ ®”π«π 15 µ—«/µŸâ ‚¥¬¡’ 7 ™ÿ¥°“√∑¥≈ÕßÊ
≈– 6 ´È” √«¡ 42 µŸâ ™ÿ¥°“√∑¥≈Õß∑’Ë 1 ‰¥â√—∫Õ“À“√‰¡à
ªπ‡ªóôÕπ “√æ‘…∑—Èß 2 ™π‘¥ ™ÿ¥°“√∑¥≈Õß∑’Ë 2-7 ‰¥â√—∫
Õ“À“√∑’Ë¡’ “√æ‘…∑’∑Ÿ√–¥—∫ 0.1, 1.0 ·≈– 2.0 æ’æ’‡ÕÁ¡ ·≈–
´’√“≈’‚ππ√–¥—∫ 0.1, 0.5 ·≈– 1.0 æ’æ’‡ÕÁ¡ µ“¡≈”¥—∫
°àÕπ‡√‘Ë¡°“√∑¥≈Õß‡≈’È¬ß°ÿâß„πµŸâ∑¥≈Õß 1  —ª¥“Àå ·≈–„Àâ

Õ“À“√™ÿ¥§«∫§ÿ¡ ‡æ◊ËÕ„Àâ —µ«å∑¥≈Õßª√—∫ ¿“æ„Àâ§ÿâπ‡§¬
°—∫ ¿“æ·«¥≈âÕ¡·≈–Õ“À“√∑¥≈Õß  —ß‡°µ°“√¬Õ¡√—∫
Õ“À“√¢Õß°ÿâß°àÕπ‡√‘Ë¡°“√∑¥≈Õß·≈â« ™—ËßπÈ”Àπ—°‡√‘Ë¡µâπ
¢Õß°ÿâß·≈–„ÀâÕ“À“√∑¥≈Õß ‚¥¬ª√‘¡“≥Õ“À“√∑’Ë„Àâ®–ª√—∫
µ“¡µ“√“ß°“√„ÀâÕ“À“√°ÿâß°ÿ≈“¥” ÷́Ëß‡ª≈’Ë¬πµ“¡πÈ”Àπ—°
µ—«°ÿâß

2. Õ“À“√ ”À√—∫‡≈’È¬ß°ÿâß°ÿ≈“¥”

 Ÿµ√Õ“À“√∑’Ë„™â‡≈’È¬ß°ÿâß∑¥≈Õß¡’ 7  Ÿµ√ ¡’√–¥—∫
§ÿ≥§à“∑“ß‚¿™π“°“√‡∑à“°—π∑ÿ° Ÿµ√µ“¡«‘∏’°“√¢Õß
Boonyaratpalin ·≈–§≥– (2000) ‚¥¬Õ“À“√¡’ª√‘¡“≥
‚ª√µ’π ‰¢¡—π ‡∂â“ ·≈–§«“¡™◊Èπ‚¥¬ª√–¡“≥ 40, 10, 12

·≈– 7% µ“¡≈”¥—∫  ·µà¡’√–¥—∫§«“¡‡¢â¡¢âπ¢Õß “√æ‘…
∑—Èß 2 ™π‘¥‰¡à‡∑à“°—π ‚¥¬¡’√–¥—∫ “√æ‘…∑’∑Ÿ·µ°µà“ß°—π 3

√–¥—∫ §◊Õ 0.1, 1.0 ·≈– 2.0 æ’æ’‡ÕÁ¡ ´’√“≈’‚ππ 0.1, 0.5

·≈– 1.0 æ’æ’‡ÕÁ¡ ·≈–√«¡™ÿ¥§«∫§ÿ¡∑’Ë‰¡à‰¥â„ à “√æ‘…∑—Èß
2 ™π‘¥ ´÷Ëß “√æ‘…∑’∑Ÿ·≈–´’√“≈’‚ππ‰¥â√—∫§«“¡Õπÿ‡§√“–Àå
®“°∫√‘…—∑‰∫‚Õ¡‘π ®”°—¥ ª√–‡∑»ÕÕ ‡µ√’¬  °“√‡µ√’¬¡
Õ“À“√‡√‘Ë¡®“° “√æ‘…∑’∑Ÿ∫√‘ ÿ∑∏‘Ï 100% ª√‘¡“≥ 35 ¡°.
÷́Ëß‰¥â®“°‡™◊ÈÕ√“°≈ÿà¡øŸ́ “‡√’¬¡·≈– ’́√“≈’‚ππ∫√‘ ÿ∑∏‘Ï 100%

ª√‘¡“≥ 20 ¡°. ‰¥â®“°‡™◊ÈÕ√“ Fusarium graminearum

„™â·ªÑß “≈’‡ªìπµ—«‡®◊Õ®“ß‡æ◊ËÕ„Àâ “√æ‘…°√–®“¬µ—«‰¥â¥’·≈–
„Àâ·µà≈– Ÿµ√¡’√–¥—∫§«“¡‡¢â¡¢âπµ“¡∑’Ë§”π«≥‰«â ®“°π—Èπ
º ¡·√à∏“µÿº ¡ «‘µ“¡‘πº ¡ ·ªÑß “≈’ ·≈– “√æ‘…∑’∑ŸÀ√◊Õ
’́√“≈’‚ππµ“¡∑’Ë§”π«≥‰«â·µà≈– Ÿµ√Õ“À“√„π∂ÿßæ≈“ µ‘°„ 

º ¡„Àâ‡¢â“°—π·≈â«®÷ßº ¡√«¡‡¢â“°—∫«—µ∂ÿ¥‘∫Õ“À“√Õ◊ËπÊ ∑’Ë
™—Ëß‰«âµ“¡ Ÿµ√ (Table 1) „π‡§√◊ËÕßº ¡Õ“À“√®π‡¢â“°—π¥’
·≈â«π”¡“Õ—¥‡¡Á¥Õ“À“√ ´÷Ëß¢—ÈπµÕπ¥—ß°≈à“«§«√∑”„π∑’Ë
‚≈àß·≈–º ¡„π‡§√◊ËÕßº ¡∑’Ëªî¥¡‘¥™‘¥‡æ◊ËÕªÑÕß°—π°“√øÿÑß
°√–®“¬¢Õß “√æ‘… À≈—ß®“°π—ÈπÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 60ºC ®π
·Àâß¥’   ∫√√®ÿ≈ß∂ÿßæ≈“ µ‘°‡°Á∫√—°…“„πµŸâ‡¬Áπ∑’ËÕÿ≥À¿Ÿ¡‘
4ºC

3. °“√‡ª≈’Ë¬π·ª≈ß∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“¢Õß°ÿâß°ÿ≈“¥”∑’Ë‰¥â

√—∫ “√æ‘…∑’∑Ÿ·≈–´’√“≈’‚ππ

™ÿ¥°“√∑¥≈Õß·µà≈–™ÿ¥·∫àßµ“¡√–¥—∫§«“¡‡¢â¡¢âπ
¢Õß “√æ‘…∑’∑Ÿ 3 √–¥—∫ (0.1, 1.0 ·≈– 2.0 æ’æ’‡ÕÁ¡) ·≈–
´’√“≈’‚ππ 3 √–¥—∫ (0.1, 0.5 ·≈– 1.0 æ’æ’‡ÕÁ¡) √«¡™ÿ¥
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§«∫§ÿ¡ (0 æ’æ’‡ÕÁ¡) ‡√‘Ë¡µâπ°“√∑¥≈Õß‚¥¬™—ËßπÈ”Àπ—°°ÿâß
°ÿ≈“¥”  ÿà¡°ÿâß„Àâ¡’πÈ”Àπ—°„π™à«ß 4-5 °√—¡/µ—« ª≈àÕ¬„πµŸâ
∑¥≈ÕßµŸâ≈– 15 µ—«/µŸâ  „ÀâÕ“À“√ 3-5% ¢ÕßπÈ”Àπ—°µ—«/
«—π ‡À¡◊Õπ°—π∑ÿ°™ÿ¥°“√∑¥≈Õß «—π≈– 4 §√—Èß ‡ªìπ‡«≈“
10  —ª¥“Àå  ™—Ëß·≈–∫—π∑÷°πÈ”Àπ—°Õ“À“√∑’Ë„Àâ∑ÿ°«—π  ™—Ëß
πÈ”Àπ—°°ÿâß∑ÿ° 2  —ª¥“Àå  ∫—π∑÷°º≈µ≈Õ¥°“√∑¥≈Õß

‡°Á∫µ—«Õ¬à“ß°ÿâß°ÿ≈“¥”„π —ª¥“Àå∑’Ë  4,  8  ·≈–  10

‚¥¬ ÿà¡µ—«Õ¬à“ß°ÿâß·µà≈–™ÿ¥°“√∑¥≈ÕßÊ ≈– 10 µ—« ‡æ◊ËÕ
»÷°…“°“√‡ª≈’Ë¬π·ª≈ß∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“ µ“¡«‘∏’¢Õß Bell

·≈– Lightner (1988) ‚¥¬©’¥πÈ”¬“‡¥«‘¥ —π∫√‘‡«≥À—«„®
µ—∫  à«πÀ—« ·≈–°≈â“¡‡π◊ÈÕ≈”µ—«„Àâ∑—Ë« ·≈â«µ—¥ à«πÀ—«ÕÕ°
®“°≈”µ—«·≈–ºà“ÕÕ°‡ªìπ Õß´’°  À≈—ß®“°π—Èππ”‡π◊ÈÕ‡¬◊ËÕ
µ—«Õ¬à“ß¥Õß„π¢«¥∑’Ë∫√√®ÿπÈ”¬“‡¥«‘¥ —π ‚¥¬„ÀâπÈ”¬“∑à«¡
µ—«Õ¬à“ß‡ªìπ‡«≈“ 72 ™—Ë«‚¡ß ‡æ◊ËÕ„ÀâπÈ”¬“¥Õß´÷¡‡¢â“ Ÿà
‡π◊ÈÕ‡¬◊ËÕ‰¥â∑—Ë«∂÷ß  µ—«Õ¬à“ß∑’Ëπ”¡“»÷°…“°“√‡ª≈’Ë¬π·ª≈ß∑“ß

‡π◊ÈÕ‡¬◊ËÕ§◊Õ ‡π◊ÈÕ‡¬◊ËÕµ—∫ÕàÕπ (hepatopancreatic tissue)

µàÕ¡πÈ”‡À≈◊Õß (lymphoid organ) ‡Àß◊Õ° (gill) ‡π◊ÈÕ‡¬◊ËÕ
 √â“ß‡¡Á¥‡≈◊Õ¥ (hemopoietic tissue)  ·≈–°≈â“¡‡π◊ÈÕ
(muscle)  À≈—ß®“° 72 ™—Ë«‚¡ß  ‡ª≈’Ë¬π‡ªìπ·Õ≈°ÕŒÕ≈å
50% À≈—ß®“°π—Èππ”‰ªºà“π¢—ÈπµÕπ°“√‡µ√’¬¡‡π◊ÈÕ‡¬◊ËÕ‚¥¬
‡§√◊ËÕß Automatic Tissue Processor (Autotechnicon

MonoMOD. 2A) µ“¡«‘∏’¡“µ√∞“π¢Õß Humason (1979)

À≈—ß®“°π—Èππ”™‘Èπ‡π◊ÈÕΩíß„πæ“√“æ≈“ ∑å ·≈â«µ—¥‡π◊ÈÕ‡¬◊ËÕ
¥â«¬‡§√◊ËÕß‰¡‚§√‚µ¡ (Jung AG Heidelberg) Àπ“ 3-5

‰¡§√Õπ π”µ—«Õ¬à“ßºà“π¢—ÈπµÕπ°“√¬âÕ¡ ’ Hematoxylin

& Eosin (H&E) (Bancroft, 1967) ‡æ◊ËÕ∑”‡ªìπ ‰≈¥å
∂“«√·≈–π”µ—«Õ¬à“ß‰ªµ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß
‡π◊ÈÕ‡¬◊ËÕ‚¥¬°≈âÕß®ÿ≈∑√√»πå∏√√¡¥“ (Olympus AX 70)

·≈–∫—π∑÷°¿“æ‚¥¬°≈âÕß∂à“¬¿“æ¥‘®‘µÕ≈ Olympus DP-

10

Table 1. Composition of experimental diets with various levels of T-2 toxin and zearalenone

Diet

1 2 3 4 5 6 7

Fish meal 260 260 260 260 260 260 260
Squid meal 100 100 100 100 100 100 100
Shrimp head meal 100 100 100 100 100 100 100
Soybean meal 100 100 100 100 100 100 100
Wheat flour 200 199.2858 192.8572 171.4289 199.375 196.875 193.75
Rice flour 71.8 71.8 71.8 71.8 71.8 71.8 71.8
Wheat gluten 60 60 60 60 60 60 60
Lecitin 20 20 20 20 20 20 20
Fish oil 40 40 40 40 40 40 40
Vitamin mixed1 5 5 5 5 5 5 5
Mineral mixed2 20 20 20 20 20 20 20
Choline chloride 3 3 3 3 3 3 3
Cholesterol 5 5 5 5 5 5 5
Zeolite 15 15 15 15 15 15 15
BHT 0.2 0.2 0.2 0.2 0.2 0.2 0.2
T-2 toxin* 0 0.7142 7.1428 28.5714 - - -
ZEN** 0 - - - 0.6250 3.1250 6.250
Total 1000 1000 1000 1000 1000 1000 1000

1 Vitamin mixed (mg 100 g dry diet-1 unless indicated otherwise): thiamine 22.5; riboflavin 20.16; nicotinic

acid 36.7; Ca-pantothenate 24.0; inositol 98; biotin 0.5; folic acid 1.68; vitamin B12 0.005; menadione 13.28;

vitamin A 1150 IU; vitamin D3 230 IU; BHT 1; PABA 20; cellulose 89.88.
2 Mineral mixed (mg 100 g diet-1) MnSO

4
 2.5 mg; ZnSO

4
.7H

2
O mg; FeSO

4
.7 H

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

*Stock T-2 toxin (140 ppm)     **Stock ZEN (160 ppm)

Raw material

(g 1 kg-1)



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 28 ©∫—∫∑’Ë 5 °.¬.
 

-
 

µ.§. 2549
 “√æ‘…®“°‡™◊ÈÕ√“∑’∑Ÿ·≈–´’√“≈’‚ππµàÕ°“√‡ª≈’Ë¬π·ª≈ß∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“

Õ√Õπß§å  ∫—≥±‘µ ·≈–§≥–941

º≈°“√∑¥≈Õß

1. º≈°“√‡ª≈’Ë¬π·ª≈ß∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“¢Õß°ÿâß°ÿ≈“¥”

À≈—ß‰¥â√—∫ “√æ‘…∑’∑Ÿ·≈– ’́√“≈’‚ππ µ≈Õ¥ 10  —ª¥“Àå

1.1 º≈¢Õß “√æ‘…∑’∑Ÿ

®“°°“√»÷°…“„π§√—Èßπ’È æ∫«à“°ÿâß°ÿ≈“¥”∑’Ë‰¥â
√—∫Õ“À“√ªπ‡ªóôÕπ “√æ‘…∑’∑Ÿ∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ Ÿß ÿ¥

(2.0 æ’æ’‡ÕÁ¡)  · ¥ßæƒµ‘°√√¡‡™◊ËÕß™â“  À≈∫µ“¡¡ÿ¡µŸâ
∑¥≈Õß °‘πÕ“À“√≈¥≈ß‡¡◊ËÕ‡∑’¬∫°—∫™ÿ¥°“√∑¥≈ÕßÕ◊ËπÊ
º≈°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡π◊ÈÕ‡¬◊ËÕ ‰¥â·°à ‡π◊ÈÕ‡¬◊ËÕ
µ—∫  µàÕ¡πÈ”‡À≈◊Õß  Õ«—¬«– √â“ß‡¡Á¥‡≈◊Õ¥  ‡Àß◊Õ°  ·≈–
°≈â“¡‡π◊ÈÕ≈”µ—«¢Õß°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√ªπ‡ªóôÕπ “√
æ‘…∑’∑Ÿ·≈– ’́√“≈’‚ππ√–¥—∫µà“ßÊ ‡ªìπ‡ªÕ√å‡ Á́πµå·≈–„π
«ß‡≈Á∫‡ªìπ®”π«πµ—«∑’Ëæ∫§«“¡º‘¥ª°µ‘µàÕ®”π«π∑’Ë»÷°…“

Table 2. Effects of mycotoxin T-2 and zearalenone on histopathological changes in black tiger shrimp

at 8 weeks.

    Histological changes Control T-2 toxin T-2 toxin T-2 toxin ZEN ZEN ZEN

0 ppm 0.1 ppm 1.0 ppm 2.0 ppm 0.1 ppm 0.5 ppm 1.0 ppm

1. Degeneration of 0% 0% 0% 10% 0% 0% 30%
hepatopancreatic tubule (1/10) (3/10)

2. Atrophic change of 0% 0% 0% 10% 0% 0% 30%
hepatopancreatic tubule (1/10) (3/10)

3. Cell necrosis of 0% 0% 0% 10% 0% 0% 40%
hepatopancreatic (1/10) (4/10)

4. Infiltration of hemocyte in 0% 0% 0% 0% 0% 0% 20%
hepatopancreatic tubule (2/10)

5. Hemopoietic tissue 0% 0% 0% 0% 0% 0% 25%
-  loose contact (1/4)

6. Lymphoid organ 0% 0% 0% 16.66% 0% 0% 16.66%
- loose contact (1/6) (1/6)

1% abnormality = (number of abnormality/total) ××××× 100

Table 3. Effects of mycotoxin T-2 and zearalenone on histopathological changes in black tiger shrimp

at 10 weeks.

    Histological changes Control T-2 toxin T-2 toxin T-2 toxin ZEN ZEN ZEN

0 ppm 0.1 ppm 1.0 ppm 2.0 ppm 0.1 ppm 0.5 ppm 1.0 ppm

1. Degeneration of 0% 0% 0% 30% 0% 30% 70%
hepatopancreatic tubule (3/10) (3/10) (7/10)

2. Atrophic change of 0% 0% 0% 30% 0% 20% 50%
hepatopancreatic tubule (3/10) (2/10) (5/10)

3. Cell necrosis of 0% 0% 0% 10% 0% 30% 60%
hepatopancreatic (1/10) (3/10) (6/10)

4. Infiltration of hemocyte 0% 0% 0% 0% 0% 10% 40%
in hepatopancreatic tubule (1/10) (4/10)

5. Hemopoietic tissue 0% 0% 0% 16.66% 0% 0% 37.5%
- loose contact (1/6) (3/8)

6. Lymphoid organ 0% 0% 0% 25% 0% 0% 16.66%
- loose contact (1/4) (1/6)

1% abnormality =  (number of abnormality/total) ××××× 100
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∑—ÈßÀ¡¥ (Table 2-3)

1.1.1 ‡π◊ÈÕ‡¬◊ËÕ°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫ “√æ‘…∑’∑Ÿ∑’Ë

4  —ª¥“Àå

À≈—ß®“°°ÿâß°ÿ≈“¥”‰¥â√—∫Õ“À“√ªπ‡ªóôÕπ
 “√æ‘…∑’∑Ÿ√–¥—∫ 0, 0.1, 1.0 ·≈– 2.0 æ’æ’‡ÕÁ¡ ‡ªìπ‡«≈“
4  —ª¥“Àå  ‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡π◊ÈÕ‡¬◊ËÕµ—∫ µàÕ¡
πÈ”‡À≈◊Õß Õ«—¬«– √â“ß‡¡Á¥‡≈◊Õ¥ ‡Àß◊Õ° ·≈–°≈â“¡‡π◊ÈÕ≈”µ—«
‚¥¬æ∫«à“‚§√ß √â“ß¢Õß∑àÕµ—∫ª°µ‘  ‡´≈≈åµ—∫‡√’¬ßµ—«‡ªìπ
√–‡∫’¬∫

1.1.2 ‡π◊ÈÕ‡¬◊ËÕ°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫ “√æ‘…∑’∑Ÿ∑’Ë

8  —ª¥“Àå

1) µ—∫

°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫ “√æ‘…∑’∑Ÿ√–¥—∫
0, 0.1 ·≈– 1.0 æ’æ’‡ÕÁ¡ ¡’‚§√ß √â“ß∑àÕµ—∫ª°µ‘ ‡´≈≈åµ—∫
‡√’¬ßµ—«‡ªìπ√–‡∫’¬∫ ™àÕß«à“ß°≈“ß∑àÕµ—∫‡ªìπ√Ÿª¥“« (Fig-

ure 1) ‡√‘Ë¡æ∫§«“¡º‘¥ª°µ‘¢Õß‡π◊ÈÕ‡¬◊ËÕ°ÿâß∑’Ë‰¥â√—∫ “√æ‘…

∑’∑Ÿ√–¥—∫ Ÿß ÿ¥ (2.0 æ’æ’‡ÕÁ¡) „π —ª¥“Àå∑’Ë 8 ‚¥¬æ∫°“√
ΩÉÕ·≈–≈’∫¢Õß‡´≈≈åµ—∫ ‡´≈≈å∑’Ë∑”Àπâ“∑’Ë‡°Á∫ – ¡Õ“À“√¡’
¢π“¥≈¥≈ß ·µà‚§√ß √â“ß∑àÕµ—∫¬—ßª°µ‘ (Figure 2) „π°ÿâß
∫“ß°≈ÿà¡∑’Ë¡’Õ“°“√√ÿπ·√ßæ∫°“√‡ ◊ËÕ¡¢Õß‡´≈≈å∑àÕµ—∫
‚§√ß √â“ß∑àÕµ—∫º‘¥ª°µ‘‰ª ·≈–‡√‘Ë¡æ∫‡´≈≈åµ—∫µ“¬‡©æ“–
 à«π ‡¡◊ËÕ‡∑’¬∫°—∫™ÿ¥§«∫§ÿ¡ (0 æ’æ’‡ÕÁ¡)

2) ‡π◊ÈÕ‡¬◊ËÕµàÕ¡πÈ”‡À≈◊Õß

°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫ “√æ‘…∑’∑Ÿ√–¥—∫
0, 0.1 ·≈– 1.0 æ’æ’‡ÕÁ¡ ‰¡àæ∫§«“¡º‘¥ª°µ‘¢Õß‡π◊ÈÕ‡¬◊ËÕ
πÈ”‡À≈◊Õß  ‡´≈≈å¡’¢π“¥ª°µ‘·≈–°“√‡√’¬ßµ—«‡ªìπ√–‡∫’¬∫
æ∫§«“¡º‘¥ª°µ‘„π‡π◊ÈÕ‡¬◊ËÕπÈ”‡À≈◊Õß°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫
Õ“À“√ªπ‡ªóôÕπ “√æ‘…∑’∑Ÿ√–¥—∫ 2.0 æ’æ’‡ÕÁ¡ ‚¥¬‡´≈≈å¡’
°“√®—∫µ—«°—πÕ¬à“ßÀ≈«¡Ê ·µà‡´≈≈å¬—ß¡’≈—°…≥–ª°µ‘

3) Õ«—¬«– √â“ß‡¡Á¥‡≈◊Õ¥

°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√ªπ‡ªóôÕπ
 “√æ‘…∑’∑Ÿ√–¥—∫ 0, 0.1 ·≈– 1.0 æ’æ’‡ÕÁ¡ ‰¡àæ∫§«“¡º‘¥

Figure 1. Hepatopancreas of healthy black tiger shrimp (control diet) showing complete

structure of different cell type, B = B-cell (Blasenzellen), R = R-cell (Storage or

Restzellen), F = F-cell (Fibrillazellen) (arrows) (H&E, Bar = 100 µµµµµm)

Figure 2. Severe atrophic changes of hepatopancreas observed in shrimp fed with diet

containing T-2 toxin 2.0 ppm for 8 weeks. Arrow indicates R-cell that was reduced

in size (H&E, Bar = 100 µµµµµm)

[Color figure can be viewed in the electronic version]
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ª°µ‘¢Õß‡´≈≈å √â“ß‡¡Á¥‡≈◊Õ¥  ‡´≈≈å¡’¢π“¥ª°µ‘·≈–°“√
‡√’¬ßµ—«‡ªìπ√–‡∫’¬∫  °ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√ªπ‡ªóôÕπ “√
æ‘…∑’∑Ÿ√–¥—∫ 2.0 æ’æ’‡ÕÁ¡ æ∫«à“‡´≈≈å √â“ß‡¡Á¥‡≈◊Õ¥¡’°“√
®—∫µ—«°—πÕ¬à“ßÀ≈«¡Ê

1.1.3 ‡π◊ÈÕ‡¬◊ËÕ°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫ “√æ‘…∑’∑Ÿ∑’Ë

10  —ª¥“Àå

1) µ—∫

°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√ªπ‡ªóôÕπ
 “√æ‘…∑’∑Ÿ√–¥—∫ 0, 0.1 ·≈– 1.0 æ’æ’‡ÕÁ¡ ‚§√ß √â“ß∑àÕ
µ—∫¬—ßª°µ‘ ‡´≈≈åµ—∫¡’°“√‡√’¬ßµ—«‡ªìπ√–‡∫’¬∫ ·µà‡´≈≈åΩÉÕ
·≈–≈’∫°√–®“¬‡ªìπ∫√‘‡«≥°«â“ß „π°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√
ªπ‡ªóôÕπ “√æ‘…∑’∑Ÿ√–¥—∫ 2.0 æ’æ’‡ÕÁ¡ æ∫°“√‡ ◊ËÕ¡ ≈“¬
¢Õß‡´≈≈å∑àÕµ—∫ ‡´≈≈å‡√’¬ßµ—«‰¡à‡ªìπ√–‡∫’¬∫ ‡°‘¥°“√°√àÕπ
¢Õß‡´≈≈å∑àÕµ—∫ ·≈–æ∫‡´≈≈åµ—∫µ“¬ (Figure 3) §«“¡
º‘¥ª°µ‘‚¥¬√«¡„πµ—∫°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√ªπ‡ªóôÕπ “√
æ‘…∑’∑Ÿ 10  —ª¥“Àå æ∫®”π«πµ—«∑’Ëº‘¥ª°µ‘·≈–Õ“°“√
√ÿπ·√ß¡“°°«à“°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√ªπ‡ªóôÕπ “√æ‘…
∑’∑Ÿ√–¥—∫ 2.0 æ’æ’‡ÕÁ¡ „π —ª¥“Àå∑’Ë 8 (Table 2)

2) ‡π◊ÈÕ‡¬◊ËÕµàÕ¡πÈ”‡À≈◊Õß

‰¡àæ∫§«“¡º‘¥ª°µ‘¢Õß‡π◊ÈÕ‡¬◊ËÕµàÕ¡
πÈ”‡À≈◊Õß°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫ “√æ‘…∑’∑Ÿ√–¥—∫ 0, 0.1 ·≈– 1.0

æ’æ’‡ÕÁ¡ ‚¥¬‡´≈≈åπÈ”‡À≈◊Õß¡’¢π“¥ª°µ‘ ‡´≈≈å‡√’¬ßµ—«‡ªìπ
√–‡∫’¬∫ ‡´≈≈åπÈ”‡À≈◊Õß®—∫µ—«°—πÕ¬à“ßÀ≈«¡Ê ‡´≈≈å‡√’¬ß
µ—«‰¡à‡ªìπ√–‡∫’¬∫ ∑àÕπÈ”‡À≈◊ÕßÀ¥µ—« §«“¡º‘¥ª°µ‘‚¥¬
√«¡∑’Ëæ∫„π‡´≈≈åπÈ”‡À≈◊Õß Ÿß¢÷Èπ„π°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√
ªπ‡ªóôÕπ “√æ‘…∑’∑Ÿ√–¥—∫ Ÿß¢÷Èπ ·≈– Ÿß∑’Ë ÿ¥„π°ÿâß∑’Ë‰¥â√—∫
Õ“À“√ªπ‡ªóôÕπ “√æ‘…∑’∑Ÿ√–¥—∫ 2.0 æ’æ’‡ÕÁ¡

3) ‡π◊ÈÕ‡¬◊ËÕ √â“ß‡¡Á¥‡≈◊Õ¥ ‡Àß◊Õ° ·≈–

°≈â“¡‡π◊ÈÕ

æ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡´≈≈å √â“ß
‡¡Á¥‡≈◊Õ¥„π°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√ªπ‡ªóôÕπ “√æ‘…∑’∑Ÿ
√–¥—∫ Ÿß ÿ¥ (2.0 æ’æ’‡ÕÁ¡) „π —ª¥“Àå∑’Ë 10 ‰¡àæ∫°“√
‡ª≈’Ë¬π·ª≈ß¢Õß‡π◊ÈÕ‡¬◊ËÕ‡Àß◊Õ°·≈–°≈â“¡‡π◊ÈÕ≈”µ—«°ÿâß
°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√ªπ‡ªóôÕπ “√æ‘…∑’∑Ÿ√–¥—∫µà“ßÊ ∑—Èß„π
 —ª¥“Àå∑’Ë 4, 8 ·≈– 10

1.2 º≈¢Õß “√æ‘…´’√“≈’‚ππ„π°ÿâß°ÿ≈“¥”

 ”À√—∫°ÿâß∑’Ë ‰¥â√—∫Õ“À“√ªπ‡ªóôÕπ “√æ‘…
´’√“≈’‚ππ∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ Ÿß ÿ¥ (1.0 æ’æ’‡ÕÁ¡) · ¥ß

æƒµ‘°√√¡·≈–§«“¡º‘¥ª°µ‘§≈â“¬§≈÷ß°—∫°ÿâß∑’Ë‰¥â√—∫ “√æ‘…
∑’∑Ÿ™à«ß —ª¥“Àå ÿ¥∑â“¬  °ÿâß∑’Ë‰¥â√—∫Õ“À“√ªπ‡ªóôÕπ “√æ‘…
√–¥—∫ Ÿß ÿ¥°‘πÕ“À“√πâÕ¬¡“° °ÿâß∫“ßµ—«≈”µ—« ’§≈È”  ’µ—∫
´’¥ ·≈–æ∫≈—°…≥–µ—«À≈«¡ ‡¡◊ËÕ‡∑’¬∫°—∫°ÿâß∑’Ë‰¥â√—∫Õ“À“√
 Ÿµ√Õ◊ËπÊ

1.2.1 ‡π◊ÈÕ‡¬◊ËÕ°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫ “√æ‘…´’√“-

≈’‚ππ∑’Ë 4  —ª¥“Àå

‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡π◊ÈÕ‡¬◊ËÕµ—∫
µàÕ¡πÈ”‡À≈◊Õß ‡π◊ÈÕ‡¬◊ËÕ √â“ß‡¡Á¥‡≈◊Õ¥ ‡Àß◊Õ° ·≈–°≈â“¡
‡π◊ÈÕ≈”µ—«¢Õß°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√ªπ‡ªóôÕπ “√æ‘…
´’√“≈’‚ππ√–¥—∫µà“ßÊ ‡ªìπ‡«≈“ 4  —ª¥“Àå  „π à«π¢Õßµ—∫
æ∫‚§√ß √â“ß∑àÕµ—∫ª°µ‘ ‡´≈≈åµ—∫‡√’¬ßµ—«‡ªìπ√–‡∫’¬∫

1.2.2 ‡π◊ÈÕ‡¬◊ËÕ°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫ “√æ‘…´’√“-

≈’‚ππ∑’Ë 8  —ª¥“Àå

1) µ—∫

°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫ “√æ‘… ’́√“≈’‚ππ
√–¥—∫ 0, 0.1 ·≈– 0.5 æ’æ’‡ÕÁ¡ ‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ß
¢Õß‡π◊ÈÕ‡¬◊ËÕµ—∫ ‚§√ß √â“ß∑àÕµ—∫ª°µ‘ ‡´≈≈å‡√’¬ßµ—«‡ªìπ
√–‡∫’¬∫ ‡™àπ‡¥’¬«°—∫„π —ª¥“Àå∑’Ë 4 ¢≥–∑’ËÕ“°“√º‘¥ª°µ‘
¢Õß°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√ªπ‡ªóôÕπ “√æ‘… ’́√“≈’‚ππ√–¥—∫
1.0  æ’æ’‡ÕÁ¡ ‡´≈≈å∑’Ë √â“ßπÈ”¬àÕ¬·≈– – ¡Õ“À“√ΩÉÕ·≈–
≈’∫ °“√ √â“ßπÈ”¬àÕ¬≈¥≈ß æ∫°“√‡ ◊ËÕ¡ ≈“¬·≈–°“√µ“¬
¢Õß‡´≈≈åµ—∫ ¡’‡¡Á¥‡≈◊Õ¥®”π«π¡“°·∑√°√–À«à“ß∑àÕµ—∫
°ÿâß°ÿ≈“¥”∑’Ë¡’Õ“°“√√ÿπ·√ß  æ∫°“√‡ ◊ËÕ¡ ≈“¬¢Õß‡´≈≈å
∑àÕµ—∫ ‚§√ß √â“ß∑àÕµ—∫º‘¥ª°µ‘ æ∫°“√µ“¬¢Õß‡´≈≈å∑àÕµ—∫
·≈–‡°‘¥ melanization ∫√‘‡«≥‡´≈≈å∑àÕµ—∫∑’Ëµ“¬

2) ‡π◊ÈÕ‡¬◊ËÕµàÕ¡πÈ”‡À≈◊Õß

°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫ “√æ‘… ’́√“≈’‚ππ
√–¥—∫ 0, 0.1 ·≈– 0.5 æ’æ’‡ÕÁ¡  ‡´≈≈åπÈ”‡À≈◊Õßª°µ‘·≈–
¡’°“√‡√’¬ßµ—«‡ªìπ√–‡∫’¬∫ ‡™àπ‡¥’¬«°—∫„π —ª¥“Àå∑’Ë 4

 ”À√—∫°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫ “√æ‘…´’√“≈’‚ππ√–¥—∫ 1.0 æ’æ’‡ÕÁ¡
æ∫‡´≈≈åπÈ”‡À≈◊Õß®—∫µ—«°—πÕ¬à“ßÀ≈«¡Ê ∑àÕπÈ”‡À≈◊Õß∫“ß
 à«πÀ¥µ—«  —ß‡°µ‰¥â®“°°“√µ‘¥ ’™¡æŸ‡¢â¡¢ÕßÕ’‚Õ´‘π

3) Õ«—¬«– √â“ß‡¡Á¥‡≈◊Õ¥

‰¡àæ∫§«“¡º‘¥ª°µ‘¢Õß‡´≈≈å √â“ß
‡¡Á¥‡≈◊Õ¥„π°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫ “√æ‘…´’√“≈’‚ππ√–¥—∫ 0, 0.1

·≈– 0.5 æ’æ’‡ÕÁ¡ ‡™àπ‡¥’¬«°—∫™ÿ¥§«∫§ÿ¡„π —ª¥“Àå∑’Ë 4

(Figure 8)    ”À√—∫°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫ “√æ‘…´’√“≈’‚ππ
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Figure 4. Atrophy changes, Degeneration of hepatopancreas and infiltration of intertubular

tissue with hemocytes (arrows) in black tiger shrimp fed with diet containing 0.5

ppm zearalenone for 10 week (H&E, Bar = 200 µµµµµm)

Figure 5. Atrophy changes, Degeneration of hepatopancreas and increasing of infiltration

of intertubular tissue with hemocytes (arrows) in black tiger shrimp fed with diet

containing 0.5 ppm zearalenone for 10 week (H&E, Bar = 50 µµµµµm)

[Color figure can be viewed in the electronic version]

Figure 3. Black tiger shrimp fed with diet containing T-2 toxin 2.0 ppm for 10 weeks.  De-

generation of hepatopancreatic tubules and increasing of infiltration of hemocyte

into the intertubular space (arrows) (H&E , Bar = 50 µµµµµm)

√–¥—∫ 1.0 æ’æ’‡ÕÁ¡ æ∫«à“‡´≈≈å √â“ß‡¡Á¥‡≈◊Õ¥®—∫µ—«°—π
Õ¬à“ßÀ≈«¡Ê (Figure 9)

1.2.3 ‡π◊ÈÕ‡¬◊ËÕ¢Õß°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫ “√æ‘…

´’√“≈’‚ππ∑’Ë 10  —ª¥“Àå

1) µ—∫

°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫ “√æ‘… ’́√“≈’‚ππ
√–¥—∫ 0 ·≈– 0.1 æ’æ’‡ÕÁ¡ æ∫‡´≈≈åµ—∫‡√’¬ßµ—«‡ªìπ√–‡∫’¬∫
‚§√ß √â“ß∑àÕµ—∫ª°µ‘‡™àπ‡¥’¬«°—∫°ÿâß„π™ÿ¥§«∫§ÿ¡ æ∫°“√
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Figure 6. Black tiger shrimp fed with zearalenone 1.0 ppm for 10 weeks. Degeneration of

hepatopancreas and necrotic tubules were encapsulated by hemocyte (arrows)

(H&E, Bar = 50 µµµµµm)

Figure 7. Severe degeneration of hepatopancreatic tubules in black tiger shrimp fed with

diet containing 1.0 ppm zearalenone for 10 weeks (H&E, Bar = 100 µµµµµm)

Figure 8. Normal histology of hemopoietic tissue of black tiger shrimp (control diet) (H&E,

Bar = 100 µµµµµm)

[Color figure can be viewed in the electronic version]

‡ª≈’Ë¬π·ª≈ß¢Õß‡π◊ÈÕ‡¬◊ËÕµ—∫„π°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫ “√æ‘…
´’√“≈’‚ππ√–¥—∫ 0.5 ·≈– 1.0 æ’æ’‡ÕÁ¡ Õ“°“√∑’Ëæ∫„π°ÿâß∑’Ë
‰¥â√—∫ “√æ‘…√–¥—∫ 0.5 æ’æ’‡ÕÁ¡ ‰¥â·°à °“√ΩÉÕ·≈–≈’∫¢Õß
‡´≈≈åµ—∫°√–®“¬∑—Ë«‡π◊ÈÕ‡¬◊ËÕµ—∫ ∫“ß°≈ÿà¡∑’Ë¡’Õ“°“√√ÿπ·√ß
æ∫°“√ ≈“¬µ—«¢Õß‡´≈≈å∑àÕµ—∫√à«¡¥â«¬ (Figure 4-5)

 ”À√—∫°ÿâß∑’Ë‰¥â√—∫ “√æ‘…√–¥—∫ Ÿß ÿ¥ (1.0 æ’æ’‡ÕÁ¡) æ∫°“√
ΩÉÕ·≈–≈’∫¢Õß‡´≈≈å∑àÕµ—∫ °“√ – ¡Õ“À“√·≈–°“√ √â“ß
πÈ”¬àÕ¬≈¥≈ß ™àÕß«à“ß°≈“ß∑àÕµ—∫°«â“ß¢÷Èπ ‡´≈≈å∑àÕµ—∫
‡ ◊ËÕ¡ ≈“¬  ‚§√ß √â“ß∑àÕµ—∫º‘¥ª°µ‘  ¡’‡¡Á¥‡≈◊Õ¥®”π«π
¡“°·∑√°√–À«à“ß∑àÕµ—∫ ‡°‘¥ melanization ‡¥àπ™—¥·≈–
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√ÿπ·√ß¢÷Èπ (Figure 6-7) πÕ°®“°π’Èæ∫‡´≈≈åµ“¬„π°ÿâß
°ÿ≈“¥”∑’Ë‰¥â√—∫ “√æ‘…´’√“≈’‚ππ√–¥—∫ 1.0 æ’æ’‡ÕÁ¡ ·≈–
¡’®”π«πµ—«º‘¥ª°µ‘ Ÿß°«à“„π —ª¥“Àå∑’Ë 8  §«“¡º‘¥ª°µ‘
‚¥¬√«¡„πµ—∫°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√ªπ‡ªóôÕπ “√æ‘…
´’√“≈’‚ππ‡ªìπ‡«≈“ 10  —ª¥“Àå æ∫«à“¡’®”π«πµ—«º‘¥ª°µ‘
·≈–Õ“°“√√ÿπ·√ß¡“°°«à“°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√ªπ‡ªóôÕπ
 “√æ‘…´’√“≈’‚ππ‡ªìπ‡«≈“ 8  —ª¥“Àå  ·≈–§«“¡√ÿπ·√ß
¢Õß°“√‡ª≈’Ë¬π·ª≈ß∑“ß‡π◊ÈÕ‡¬◊ËÕ∑’Ëµ√«®æ∫®– —¡æ—π∏å°—∫
√–¥—∫§«“¡‡¢â¡¢âπ¢Õß “√æ‘… ’́√“≈’‚ππ∑’Ë‰¥â√—∫

2) ‡π◊ÈÕ‡¬◊ËÕµàÕ¡πÈ”‡À≈◊Õß

°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√ªπ‡ªóôÕπ
 “√æ‘…´’√“≈’‚ππ√–¥—∫ 0, 0.1 ·≈– 0.5 æ’æ’‡ÕÁ¡ ‰¡àæ∫
°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡´≈≈åπÈ”‡À≈◊Õß ·µà°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫
Õ“À“√ªπ‡ªóôÕπ “√æ‘…´’√“≈’‚ππ√–¥—∫ 1.0 æ’æ’‡ÕÁ¡ æ∫
°“√®—∫µ—«°—πÕ¬à“ßÀ≈«¡Ê ¢Õß‡´≈≈åπÈ”‡À≈◊Õß ·≈–°“√À¥

µ—«¢Õß∑àÕπÈ”‡À≈◊Õß∫“ß à«π
3) Õ«—¬«– √â“ß‡¡Á¥‡≈◊Õ¥

‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡´≈≈å
 √â“ß‡¡Á¥‡≈◊Õ¥„π°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫ “√æ‘…´’√“≈’‚ππ√–¥—∫
0, 0.1 ·≈– 0.5 æ’æ’‡ÕÁ¡ ‡´≈≈å‡√’¬ßµ—«‡ªìπ√–‡∫’¬∫ ¢π“¥
·≈–√Ÿª√à“ß¢Õß‡´≈≈åª°µ‘‡™àπ‡¥’¬«°—∫™ÿ¥§«∫§ÿ¡ (Figure

8) æ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡´≈≈å √â“ß‡¡Á¥‡≈◊Õ¥„π°ÿâß
°ÿ≈“¥”∑’Ë‰¥â√—∫ “√æ‘…´’√“≈’‚ππ√–¥—∫ 1.0 æ’æ’‡ÕÁ¡ Õ“°“√
º‘¥ª°µ‘∑’Ëæ∫ ‰¥â·°à ‡´≈≈å¡’°“√®—∫µ—«°—πÕ¬à“ßÀ≈«¡Ê ·µà
¢π“¥·≈–√Ÿª√à“ß‡´≈≈åª°µ‘ (Figure 10)

4) ‡π◊ÈÕ‡¬◊ËÕ‡Àß◊Õ°·≈–°≈â“¡‡π◊ÈÕ

‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡π◊ÈÕ‡¬◊ËÕ
‡Àß◊Õ°·≈–°≈â“¡‡π◊ÈÕ≈”µ—«¢Õß°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√
ªπ‡ªóôÕπ “√æ‘… ’́√“≈’‚ππ√–¥—∫µà“ßÊ „π —ª¥“Àå∑’Ë 4, 8

·≈– 10

Figure 9. Severe loose contact of hemopoietic tissue (arrows) observed in shrimp fed with

diet containing zearalenone 1.0 ppm for 8 weeks. (H&E, Bar = 100 µµµµµm)

Figure 10. Severe loose contact of hemopoietic tissue (arrows) observed in shrimp fed with

diet containing zearalenone 1.0 ppm for 10 weeks. (H&E, Bar = 100 µµµµµm)

[Color figure can be viewed in the electronic version]
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 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß

º≈¢Õß “√æ‘…∑’∑Ÿ∑’Ë¡’µàÕ°“√‡ª≈’Ë¬π·ª≈ß∑“ß
‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“¢Õß°ÿâß æ∫«à“°ÿâß∑’Ë‰¥â√—∫ “√æ‘…∑’∑Ÿ√–¥—∫ Ÿß ÿ¥
(2.0 æ’æ’‡ÕÁ¡) ‡ªìπ‡«≈“ 8 ·≈– 10  —ª¥“Àå ‡√‘Ë¡¡’°“√ΩÉÕ
·≈–≈’∫¢Õß‡π◊ÈÕ‡¬◊ËÕµ—∫  ‡´≈≈å∑’Ë – ¡Õ“À“√≈¥¢π“¥≈ß
πÕ°®“°π’Èæ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡π◊ÈÕ‡¬◊ËÕµ—∫Õ¬à“ß√ÿπ·√ß
‡™àπ °“√ ≈“¬µ—«¢Õß‡´≈≈å∑àÕµ—∫ ·≈–‡´≈≈åµ“¬   °“√
‡ª≈’Ë¬π·ª≈ß¢Õß‡π◊ÈÕ‡¬◊ËÕ∑’Ëæ∫„π —ª¥“Àå∑’Ë 10 ¡’‡ªÕ√å‡´Áπµå
§«“¡º‘¥ª°µ‘∑’Ë Ÿß°«à“ —ª¥“Àå∑’Ë 8 · ¥ß„Àâ∑√“∫«à“°ÿâß∑’Ë‰¥â
√—∫ “√æ‘…√–¥—∫‡¥’¬«°—π·µà‡ªìπ√–¬–‡«≈“∑’Ëπ“π¢÷Èπ°àÕ„Àâ
‡°‘¥§«“¡º‘¥ª°µ‘·≈–Õ“°“√∑’Ë√ÿπ·√ß¢÷Èπ ́ ÷ËßÕ“°“√¥—ß°≈à“«
· ¥ß§«“¡‡ªìπæ‘…·∫∫‡√◊ÈÕ√—ß °“√‡ª≈’Ë¬π·ª≈ß∑’Ëæ∫®“°
°“√∑¥≈Õß§√—Èßπ’È Õ¥§≈âÕß°—∫∑’Ë‡§¬¡’√“¬ß“π„π°ÿâß°ÿ≈“¥”
¡–≈‘ ·≈–§≥– (2543) √“¬ß“π«à“°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ“À“√
ªπ‡ªóôÕπÕ–ø≈“∑Õ°´‘π√–¥—∫ 74-220 æ’æ’∫’ ‡ªìπ‡«≈“ 8

 —ª¥“Àå ®–¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡π◊ÈÕ‡¬◊ËÕµ—∫ÕàÕπÕ¬à“ß
™—¥‡®π ‚¥¬æ∫‡´≈≈å∑àÕµ—∫ΩÉÕ·≈–≈’∫ ¡’°“√·∑√°µ—«¢Õß
‡¡Á¥‡≈◊Õ¥„π à«π¢Õß™àÕß«à“ß√–À«à“ß∑àÕµ—∫ ·≈–µ√«®æ∫
‡´≈≈åµ“¬ °“√‡ª≈’Ë¬π·ª≈ß¢Õß‡π◊ÈÕ‡¬◊ËÕ√ÿπ·√ß∑’Ë ÿ¥„π°ÿâß∑’Ë
‰¥â√—∫Õ–ø≈“∑Õ°´‘π√–¥—∫ Ÿß ÿ¥ (220 æ’æ’∫’) ‡™àπ‡¥’¬«°—∫
°“√»÷°…“¢Õß Lavilla-Pitogo ·≈–§≥– (1994) √“¬ß“π
«à“°ÿâß°ÿ≈“¥”∑’Ë‰¥â√—∫Õ–ø≈“∑Õ°´‘π√–¥—∫ 50 æ’æ’∫’ ‡ªìπ
‡«≈“ 60 «—π æ∫‡´≈≈åµ—∫∑’Ë∑”Àπâ“∑’Ë‡°Á∫ – ¡Õ“À“√≈¥
¢π“¥≈ß  ‡¡Á¥‡≈◊Õ¥®”π«π¡“°·∑√°√–À«à“ß∑àÕµ—∫·≈–
‡°‘¥ melanization ∫√‘‡«≥∑’Ë¡’°“√µ“¬¢Õß‡´≈≈å  Bailey

·≈–§≥– (1984) √“¬ß“πÕ“°“√æ‘…·∫∫‡√◊ÈÕ√—ß¢Õß “√æ‘…
∑’∑Ÿ¡’º≈∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¿“¬„πµ—«ª≈“‰¥âÀ≈“¬
Õ¬à“ß§◊Õ ¡’®ÿ¥‡≈◊Õ¥ÕÕ°„π™àÕß∑âÕß·≈–‡´≈≈åµ—∫µ“¬ Õ«—¬«–
∑’Ëæ∫Õ“°“√º‘¥ª°µ‘‰¥â∫àÕ¬§◊Õ µ—∫ ‡Àß◊Õ° ·≈–‰µ „πª≈“
Õ“¬ÿ¡“° (3 ªï) ®–æ∫‡π◊ÈÕßÕ°´÷Ëß‡ªìπ·∫∫°“√·æ√à°√–®“¬
(metastasis) „πª≈“‡∑√â“∑å  ‡π◊ÈÕßÕ°∑’Ëæ∫∫√‘‡«≥µ—∫®–
‡ªìπ‡π◊ÈÕßÕ°™π‘¥√â“¬ (malignant neoplasm) 90% ·≈–
‡π◊ÈÕßÕ°‰¡à√â“¬ (benign neoplasm) 10% ‡™àπ‡¥’¬«°—∫
º≈°“√»÷°…“¢Õß Marasas ·≈–§≥– (1969) √“¬ß“π
§«“¡‡ªìπæ‘…¢Õß “√æ‘…∑’∑Ÿ√–¥—∫ 0.8 æ’æ’‡ÕÁ¡ ¡’º≈∑”„Àâ
≈”‰ âª≈“‡∑√â“∑å∂Ÿ°∑”≈“¬  ‡¡◊ËÕ∑”°“√»÷°…“∑“ß¥â“π‡π◊ÈÕ
‡¬◊ËÕæ∫°“√µ°‡≈◊Õ¥·≈–∫«¡πÈ”„π°√–‡æ“–Õ“À“√ µ—∫∫«¡

‚µ  ‡´≈≈å∫ÿºπ—ß ”‰ â·≈–‡π◊ÈÕ‡¬◊ËÕµ—∫ª≈“‡°◊Õ∫∑—ÈßÀ¡¥∂Ÿ°
∑”≈“¬   Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Karppanen ·≈–
Westerling (1986) √“¬ß“πº≈¢Õß “√æ‘…∑’∑Ÿ∑’Ëªπ‡ªóôÕπ
„πÕ“À“√ª≈“‡√π‚∫«å‡∑√â“∑å√–¥—∫ 0.2 ·≈– 0.4 æ’æ’‡ÕÁ¡
‡ªìπ‡«≈“ 12  —ª¥“Àå æ∫«à“ “√æ‘… “¡“√∂‡Àπ’Ë¬«π”
„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß∑“ß‡π◊ÈÕ‡¬◊ËÕ ‚¥¬¡’Õ“°“√∫«¡πÈ”
µ°‡≈◊Õ¥„π°√–‡æ“–Õ“À“√·≈–ºπ—ß≈”‰ â ‡π◊ÈÕ‡¬◊ËÕµ—∫‡°◊Õ∫
∑—ÈßÀ¡¥∂Ÿ°∑”≈“¬ √«¡∑—Èß°àÕ„Àâ‡°‘¥‡π◊ÈÕßÕ°∑’Ëµ—∫¥â«¬ ‡¡◊ËÕ
‡π◊ÈÕ‡¬◊ËÕµ—∫∂Ÿ°∑”≈“¬∑”„Àâª√– ‘∑∏‘¿“æ°“√∑”ß“π≈¥≈ß
 àßº≈„Àâª≈“¡’ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√µË”≈ß ª≈“®÷ß¡’
°“√‡®√‘≠‡µ‘∫‚µ≈¥≈ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ª≈“∑’Ë‰¡à‰¥â√—∫
 “√æ‘…

 “√æ‘…´’√“≈’‚ππ∑’Ë¡’µàÕ°“√‡ª≈’Ë¬π·ª≈ß∑“ß‡π◊ÈÕ‡¬◊ËÕ
æ∫«à“§≈â“¬§≈÷ß°—∫ “√æ‘…∑’∑Ÿ ·µàæ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß
‡π◊ÈÕ‡¬◊ËÕµ—∫∑’Ë√ÿπ·√ß¢÷Èπ ‚¥¬‡√‘Ë¡æ∫Õ“°“√º‘¥ª°µ‘„π —ª¥“Àå
∑’Ë 8 ·≈–æ∫‡ªÕ√å‡ Á́πµå§«“¡º‘¥ª°µ‘∑’Ë Ÿß¢÷Èπ„π —ª¥“Àå∑’Ë
10 ‚¥¬‡√‘Ë¡®“°°“√ΩÉÕ·≈–≈’∫¢Õß‡π◊ÈÕ‡¬◊ËÕµ—∫ ‡´≈≈å∑’Ë √â“ß
πÈ”¬àÕ¬·≈– – ¡Õ“À“√≈¥¢π“¥≈ß ∑”„Àâ°“√ √â“ßπÈ”¬àÕ¬
·≈–°“√ – ¡Õ“À“√≈¥≈ß „π¢≥–∑’Ë™ÿ¥°“√∑¥≈Õß∑’Ë‰¥â√—∫
 “√æ‘… ’́√“≈’‚ππ√–¥—∫ Ÿß®–¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡π◊ÈÕ‡¬◊ËÕ
µ—∫Õ¬à“ß√ÿπ·√ß§◊Õ °“√ ≈“¬µ—«¢Õß‡´≈≈å∑àÕµ—∫ ‡´≈≈åµ—∫
∂Ÿ°∑”≈“¬ ¡’‡¡Á¥‡≈◊Õ¥·∑√°µ—«§àÕπ¢â“ß¡“°„π‡´≈≈å√–À«à“ß
∑àÕµ—∫‡æ◊ËÕ∑”≈“¬  ·≈–‡°‘¥ melanization ∫√‘‡«≥‡´≈≈å∑’Ë
µ“¬  πÕ°®“°π’È¡’°“√‡ª≈’Ë¬π·ª≈ß¢ÕßÕ«—¬«– √â“ß‡¡Á¥
‡≈◊Õ¥„π°ÿâß∑’Ë‰¥â√—∫ “√æ‘… ’́√“≈’‚ππ√–¥—∫ Ÿß ÿ¥ (1.0 æ’æ’
‡ÕÁ¡)  ‡ªìπ‡«≈“  8  ·≈–  10   —ª¥“Àå  ‚¥¬æ∫‡´≈≈å √â“ß
‡¡Á¥‡≈◊Õ¥®—∫µ—«°—πÕ¬à“ßÀ≈«¡Ê ÷́Ëß°“√‡ª≈’Ë¬π·ª≈ß¢Õß
‡π◊ÈÕ‡¬◊ËÕ®–æ∫‡ªÕ√å‡´Áπµå§«“¡º‘¥ª°µ‘ Ÿß¢÷Èπµ“¡√–¬–‡«≈“
∑’Ëπ“π¢÷Èπ   Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Wijnands ·≈–
Leusden Van (2000) ∑’Ë√“¬ß“π«à“ ÀπŸ‡æ»‡¡’¬∑’Ë‰¥â√—∫
 “√æ‘… ’́√“≈’‚ππ√–¥—∫ 3.0-5.0 æ’æ’‡ÕÁ¡ ‚¥¬°“√©’¥‡¢â“
™àÕß∑âÕß ‡ªìπæ‘…µàÕ√–∫∫ √â“ß‡¡Á¥‡≈◊Õ¥ ∑”„Àâª√‘¡“≥
‡°≈Á¥‡≈◊Õ¥·≈–ª√‘¡“≥‡¡Á¥‡≈◊Õ¥·¥ß≈¥≈ßµ“¡√–¥—∫ “√
æ‘…∑’Ë Ÿß¢÷Èπ  °“√‡ª≈’Ë¬π·ª≈ß∑’Ëæ∫®“°°“√∑¥≈Õß§√—Èßπ’È
 Õ¥§≈âÕß°—∫∑’Ë‡§¬¡’√“¬ß“π„πÀπŸµ—Èß§√√¿å∑’Ë‰¥â√—∫Õ“À“√
ªπ‡ªóôÕπ “√æ‘…´’√“≈’‚ππ‡ªìπ‡«≈“ 18 «—π æ∫«à“¡’°“√
 – ¡¢Õß “√æ‘…„πµ—∫¡“°∑’Ë ÿ¥ ∑”„Àâ‡ªìπæ‘…µàÕ‡´≈≈åµ—∫
‡°‘¥°“√Õ—°‡ ∫·≈–¡–‡√Áß„πµ—∫‰¥â (Essefi et al., 2004)
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(1982) √“¬ß“π«à“ “√æ‘…´’√“≈’‚ππ√–¥—∫ 1.5-6.0 æ’æ’‡ÕÁ¡
∑’Ëªπ‡ªóôÕπ„πÕ“À“√ ”‡√Á®√Ÿª·≈–Õ“À“√ —µ«åπ—Èπ  “¡“√∂
≈¥ª√– ‘∑∏‘¿“æ°“√∑”ß“π¢Õßµ—∫·≈–‡ª≈’Ë¬π·ª≈ß
§à“æ“√“¡‘‡µÕ√å„π‡≈◊Õ¥  · ¥ß„Àâ∑√“∫«à“µ—∫‡ªìπÕ«—¬«–
‡ªÑ“À¡“¬Õ’°™π‘¥¢Õß “√æ‘… ’́√“≈’‚πππÕ°‡Àπ◊Õ®“°√–∫∫
 ◊∫æ—π∏ÿå ´÷Ëßº≈°√–∑∫∑’Ë‡°‘¥¢÷Èπ®–§≈â“¬§≈÷ß°—π„π —µ«å™π‘¥
µà“ßÊ  πÕ°®“°π’È´’√“≈’‚ππ “¡“√∂‡Àπ’Ë¬«π”„Àâ‡°‘¥‡π◊ÈÕ
ßÕ°∑’Ëµ—∫ ‡π◊ËÕß®“°´’√“≈’‚ππ®—∫µ—«°—∫‡´≈≈åµ—∫∑”„Àâ‡´≈≈å
µ—∫∂Ÿ°∑”≈“¬‡ªìπ·º≈°àÕ„Àâ‡°‘¥¡–‡√Áßµ—∫µ“¡¡“

º≈¢Õß “√æ‘…´’√“≈’‚ππµàÕ°“√‡ª≈’Ë¬π·ª≈ß¢Õß
‡π◊ÈÕ‡¬◊ËÕ æ∫«à“¡’§«“¡ —¡æ—π∏å°—∫ª√‘¡“≥ “√∑’Ë‰¥â√—∫ ‚¥¬
™ÿ¥°“√∑¥≈Õß∑’Ë‰¥â√—∫ “√æ‘…„πª√‘¡“≥ Ÿß¡’°“√‡ª≈’Ë¬π
·ª≈ß¢Õß‡π◊ÈÕ‡¬◊ËÕ∑’Ë™—¥‡®π·≈–√ÿπ·√ß°«à“„π°≈ÿà¡∑’Ë‰¥â√—∫
 “√æ‘…πâÕ¬°«à“ πÕ°®“°ªí®®—¬∑“ß¥â“π√–¥—∫¢Õß “√æ‘…
·≈â« ¬—ß¢÷ÈπÕ¬Ÿà°—∫√–¬–‡«≈“∑’Ë —µ«å‰¥â√—∫ “√æ‘…¥â«¬  °“√
‰¥â√—∫ “√æ‘…„πª√‘¡“≥πâÕ¬Ê ·µà‡ªìπª√–®”‡°Á∫ – ¡∑’Ë
Õ«—¬«–µà“ßÊ ¢Õß√à“ß°“¬  ®π‡¡◊ËÕ√–¥—∫°“√ – ¡‡æ‘Ë¡ Ÿß
¢÷Èπ°Á®–· ¥ßÕ“°“√æ‘…ÕÕ°¡“ (·°â«, 2526) ¥—ßπ—Èπ‡¡◊ËÕ°ÿâß
‰¥â√—∫ “√æ‘…‡ªìπ√–¬–‡«≈“∑’Ëπ“π¢÷Èπ∑”„Àâæ∫‡ªÕ√å‡´Áπµå
§«“¡º‘¥ª°µ‘·≈–Õ“°“√º‘¥ª°µ‘∑’Ë√ÿπ·√ß°«à“ °“√‡ª≈’Ë¬π
·ª≈ß¢Õß‡π◊ÈÕ‡¬◊ËÕ∑’Ë‰¥â√—∫ “√æ‘…∑—Èß 2 ™π‘¥π—Èπ ®–· ¥ß
ÕÕ°„π à«π¢Õßµ—∫§àÕπ¢â“ß™—¥‡®π  ‡π◊ËÕß®“°µ—∫¡’Àπâ“∑’Ë
‡°Á∫√«∫√«¡ “√Õ“À“√´÷Ëß¥Ÿ¥´÷¡®“°∑“ß‡¥‘πÕ“À“√·≈â«
ºà“π°√–∫«π°“√‡¡·∑∫Õ≈‘´÷¡‡æ◊ËÕ‡ª≈’Ë¬π‡ªìπ “√‡°Á∫
 – ¡‰«â °“√ —ß‡§√“–Àå‚ª√µ’π  √â“ßπÈ”¬àÕ¬ ·≈–∑”Àπâ“∑’Ë
∑”≈“¬æ‘…¢Õß “√æ‘…∑’Ë‡¢â“ Ÿà√à“ß°“¬ (°π°∏√, 2546) ·µà
„π°ÿâß°ÿ≈“¥”°≈‰°≈°“√°”®—¥æ‘…¬—ß‰¡à∑√“∫·πà™—¥ ·µàπà“
®–ºà“π°“√∑”ß“π¢Õßµ—∫‡™àπ°—π (¡–≈‘ ·≈–§≥–, 2543)

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥  ∫—≥±‘µ»÷°…“  ¡À“«‘∑¬“≈—¬ ß¢≈“-
π§√‘π∑√å ∑’Ë‰¥â„Àâ∑ÿπÕÿ¥Àπÿπ°“√∑”«‘∑¬“π‘æπ∏å   ·≈–
‡®â“Àπâ“∑’Ë»Ÿπ¬å«‘®—¬ ÿ¢¿“æ —µ«åπÈ” §≥–∑√—æ¬“°√∏√√¡™“µ‘
¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å ∑’ËÕπÿ‡§√“–Àå«— ¥ÿ Õÿª°√≥å
·≈– ∂“π∑’Ë ”À√—∫°“√∑”«‘®—¬„π§√—Èßπ’È
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