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In the present study an 8-week feeding trial was conducted on sex-reversed red tilapia (Oreochromis
niloticus x O. mossambicus) to assess the effects of diets containing various levels (i.e. 0, 50, 100, 500, 1,000

and 2,500 ppb) of aflatoxin B
1
 (AFB

1
) on growth performance, blood parameters and histopathology of fish.

Results showed that experimental fish fed AFB
1
 with 2,500 ppb showed significant reduced weight gain and

hepatosomatic index. However, feed supplemented with AFB
1
 caused no effect on survival rate of the fish in

each group. Feeding high level of AFB
1
 (1,000 and 2,500 ppb) also affected some blood parameters i.e.

hemoglobin and plasma protein. Some histopathological changes (i.e. cloudy swelling, inflammation and cell

necrosis) were observed in liver and pancreas of fish fed AFB
1
 with 1,000 and 2,500 ppb. The severity of
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symptoms was related with concentration of AFB
1
. This indicated that AFB

1
 may impair the functioning of

fish hepatocytes. However, no residue of AFB
1
 was detected in fish tissues at completion of the feeding period.

It can be concluded that fish feeds occasionally contaminated with AFB
1
 directly affected fish health but

may have no negative impact on fish consumers.

Key words : aflatoxin B
1
, sex reversed red tilapia, Oreochromis niloticus x O. mossambicus,

histopathology
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»÷°…“º≈¢Õß√–¥—∫Õ–ø≈“∑Õ° ‘́π∫’ 1 „πÕ“À“√ª≈“π‘≈·¥ß·ª≈ß‡æ» ‚¥¬º≈‘µÕ“À“√∑’Ë¡’§ÿ≥§à“∑“ß‚¿™π“°“√

‡∑à“°—π∑ÿ° Ÿµ√ ·µà¡’√–¥—∫Õ–ø≈“∑Õ°´‘π∫’ 1 µà“ß°—π 6 √–¥—∫ §◊Õ 0  50  100  500  1,000 ·≈– 2,500 ppb µ“¡≈”¥—∫

π”‰ª∑¥≈Õß‡≈’È¬ßª≈“π‘≈·¥ß·ª≈ß‡æ»‡ªìπ‡«≈“ 8  —ª¥“Àå ‚¥¬»÷°…“º≈µàÕ°“√‡®√‘≠‡µ‘∫‚µ Õ—µ√“°“√√Õ¥ º≈¢Õß

Õ–ø≈“∑Õ°´‘πµàÕ°“√‡ª≈’Ë¬π·ª≈ßÕß§åª√–°Õ∫‡≈◊Õ¥ æ¬“∏‘ ¿“æ¢Õß‡π◊ÈÕ‡¬◊ËÕµ—∫·≈–µ—∫ÕàÕπ ·≈–°“√µ°§â“ß¢Õß

 “√æ‘…„πÕ“À“√ ‡π◊ÈÕª≈“ µ—∫ª≈“·≈–¡Ÿ≈ª≈“  º≈°“√»÷°…“æ∫«à“Õ–ø≈“∑Õ°´‘π∫’ 1 ∑ÿ°§«“¡‡¢â¡¢âπ‰¡à¡’º≈µàÕ

Õ—µ√“°“√√Õ¥ ·µà∑”„Àâª≈“¡’æƒµ‘°√√¡‡©◊ËÕ¬™“ ¬Õ¡√—∫Õ“À“√πâÕ¬≈ß °“√‡®√‘≠‡µ‘∫‚µµË” §à“Õß§åª√–°Õ∫‡≈◊Õ¥ ‰¥â·°à

ª√‘¡“≥Œ’‚¡‚°≈∫‘π·≈–‚ª√µ’π„πæ≈“ ¡“¡’§à“µË” ‚¥¬‡©æ“–ª≈“π‘≈„π°≈ÿà¡∑’Ë‰¥â√—∫Õ–ø≈“∑Õ°´‘π∫’ 1 „π√–¥—∫ 2,500

ppb æ∫°“√‡ª≈’Ë¬π·ª≈ßæ¬“∏‘ ¿“æ¢Õß‡π◊ÈÕ‡¬◊ËÕµ—∫·≈–µ—∫ÕàÕπ¢Õßª≈“À≈—ß®“°‰¥â√—∫Õ–ø≈“∑Õ°´‘π∫’ 1 ∑’Ë√–¥—∫

§«“¡‡¢â¡¢âπ 1,000 ·≈– 2,500 æ∫°“√Õ—°‡ ∫ ‡´≈≈å∫«¡æÕß π‘«‡§≈’¬ ¢¬“¬¢π“¥ ·≈–‡°‘¥‡´≈≈åµ“¬ §«“¡√ÿπ·√ß

¢Õßæ¬“∏‘ ¿“æ∑’Ë‡°‘¥¢÷Èπ —¡æ—π∏å°—∫§«“¡‡¢â¡¢âπ¢ÕßÕ–ø≈“∑Õ°´‘π Õ¬à“ß‰√°Áµ“¡ ‰¡àæ∫Õ–ø≈“∑Õ°´‘π∫’ 1 µ°§â“ß

„π‡π◊ÈÕ‡¬◊ËÕ°≈â“¡‡π◊ÈÕ·≈–µ—∫ª≈“µ≈Õ¥°“√∑¥≈Õß 8  —ª¥“Àå ®÷ß √ÿª‰¥â«à“Õ–ø≈“∑Õ°´‘π∫’ 1 ∑’Ëªπ‡ªóôÕπ„πÕ“À“√®–

 àßº≈‚¥¬µ√ßµàÕ ÿ¢¿“æ¢Õßª≈“π‘≈ ·µà°≈‰°„π°“√°”®—¥ “√æ‘…¢Õßª≈“ “¡“√∂∑’Ë®–≈¥§«“¡‡ªìπæ‘… ·≈– “¡“√∂

°”®—¥ÕÕ°πÕ°√à“ß°“¬‰¥â °“√∫√‘‚¿§‡π◊ÈÕª≈“®÷ßÕ“®‰¡à àßº≈°√–∑∫µàÕºŸâ∫√‘‚¿§

Jantrarotai et al., 1990) πÕ°®“°π’È æ∫«à“Õ–ø≈“∑Õ°´‘π
¬—ß‡ªìπªí≠À“ ”§—≠∑’Ë àßº≈°√–∑∫µàÕÕÿµ “À°√√¡°“√
‡æ“–‡≈’È¬ß —µ«åπÈ” ‡π◊ËÕß®“°Õ“À“√ —µ«åπÈ”¡’ à«πº ¡¢Õß
«—µ∂ÿ¥‘∫Õ“À“√  ‡™àπ  ¢â“«‚æ¥  ∂—Ë«‡À≈◊ÕßªÉπ  ∂—Ë«≈‘ ßªÉπ
√”·≈–ª≈“¬¢â“« ∑’Ë¡—°æ∫°“√ªπ‡ªóôÕπ¢Õß “√æ‘…Õ–ø≈“-
∑Õ°´‘πÕ¬Ÿà„π√–¥—∫ Ÿß   ¡’√“¬ß“π°“√«‘®—¬æ∫«à“ Õ–ø≈“-
∑Õ°´‘π ¡’º≈µàÕ°“√°‘πÕ“À“√ Õ—µ√“°“√√Õ¥ °“√‡®√‘≠
‡µ‘∫‚µ Õß§åª√–°Õ∫‡≈◊Õ¥ ·≈–√–∫∫¿Ÿ¡‘§ÿâ¡°—π √«¡∑—Èß
æ¬“∏‘ ¿“æ¢Õß‡π◊ÈÕ‡¬◊ËÕ„π√–∫∫µà“ßÊ „πª≈“ Tuan ·≈–
§≥– (2002) √“¬ß“π«à“ª≈“π‘≈ (Oreochromis niloticus)
∑’Ë ‰¥â√—∫Õ“À“√ªπ‡ªóôÕπÕ–ø≈“∑Õ°´‘π∫’ 1 „π√–¥—∫
100,000  à«π„πæ—π≈â“π à«π (ppb) ¡’°“√µ“¬ Ÿß∂÷ß 60%

°“√ªπ‡ªóôÕπ¢Õß “√æ‘…∑’Ëº≈‘µ®“°‡™◊ÈÕ√“ (Mycoto-

xins) „πÕ“À“√ π—∫‡ªìπªí≠À“ ”§—≠∑’Ë àßº≈µàÕ ÿ¢¿“æ
¢Õß§π·≈– —µ«å  “√æ‘…®“°‡™◊ÈÕ√“‡À≈à“π’È¡’À≈“¬™π‘¥ ‰¥â·°à
aflatoxins, cyclopiazonic acid, ochratoxin A, patulin,

t-2 toxin, fumonisins, ergopeptine alkaloids, deoxy-

nivalinol, diacetoxyscirpenol, zearalenone, lolitrem

alkaloids, phomopsins ·≈– sporidesmins (D' Mello

and Macdonald, 1997) ·≈–„π°≈ÿà¡¢Õß “√æ‘…∑’Ëº≈‘µ
®“°‡™◊ÈÕ√“∑—ÈßÀ¡¥ æ∫«à“ Õ–ø≈“∑Õ°´‘π ´÷Ëß‡ªìπ “√æ‘…∑’Ë
º≈‘µ®“°‡™◊ÈÕ√“°≈ÿà¡ Aspergillus ‡ªìπ “√æ‘…∑’Ë¡’‚Õ°“ 
ªπ‡ªóôÕπ‰¥â∫àÕ¬„πÕ“À“√ ¡’§«“¡‡ªìπæ‘… Ÿß ®—¥‡ªìπ “√
°àÕ¡–‡√Áß  ·≈–‡ªìπæ‘…µàÕµ—∫  (Õ¡√“  ·≈–§≥–,  2537;
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ªï∑’Ë 27 (©∫—∫æ‘‡»… 1) 2548: «“√‘™»“ µ√å
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Õ√Õÿ…“  Õÿ —π‚π ·≈–§≥–189

¿“¬„π 8  —ª¥“Àå À√◊Õ„πª≈“ rohu (Labeo rohita) æ∫«à“
ª≈“∑’Ë‰¥â√—∫°“√©’¥Õ–ø≈“∑Õ°´‘π∫’ 1 ∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ
1,250 ppb ¡’§à“¥—™π’¢Õß¿Ÿ¡‘§ÿâ¡°—π·∫∫‰¡à®”‡æ“– ‰¥â·°à
serum bactericidal,  lysozyme level,  neutrophil

oxidative activity ·≈– albumin/globulin  ·≈–°“√
µâ“π∑“πµàÕ‡™◊ÈÕ Aeromonas hydrophila ≈¥≈ß (Sahoo

and Mukherjee, 2001) ®“°°“√«‘®—¬µà“ßÊ æ∫«à“µ—∫‡ªìπ
Õ«—¬«–∑’ËµÕ∫ πÕßµàÕÕ–ø≈“∑Õ°´‘π¡“°∑’Ë ÿ¥ πÕ°®“°π’È
¬—ßæ∫«à“Õ–ø≈“∑Õ°´‘π∑’Ëªπ‡ªóôÕπ„πÕ“À“√¬—ß‡ªìπ “‡Àµÿ
¢Õß°“√‡°‘¥‡π◊ÈÕßÕ° ·≈–¡–‡√Áß¢Õß‡´≈≈åµ—∫„πª≈“
rainbow trout (Wunder and Korn, 1982; Ruiz-Perez

et  al., 1984; Rasmussen et al., 1986)

Õ¬à“ß‰√°Áµ“¡ ¢âÕ¡Ÿ≈°“√»÷°…“‡°’Ë¬«°—∫º≈°√–∑∫
¢Õß “√æ‘…®“°‡™◊ÈÕ√“·µà≈–™π‘¥µàÕ°“√‡®√‘≠‡µ‘∫‚µ ·≈–
 ÿ¢¿“æ¢Õßª≈“¬—ß¡’Õ¬Ÿà§àÕπ¢â“ß®”°—¥  °“√»÷°…“§√—Èßπ’È®÷ß
¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“º≈¢ÕßÕ–ø≈“∑Õ°´‘π∫’ 1 µàÕ°“√
‡®√‘≠‡µ‘∫‚µ Õ—µ√“°“√√Õ¥ Õß§åª√–°Õ∫‡≈◊Õ¥ ·≈–æ¬“∏‘-
 ¿“æ¢Õß‡π◊ÈÕ‡¬◊ËÕª≈“π‘≈·¥ß·ª≈ß‡æ» √«¡∂÷ß°“√µ°§â“ß
¢ÕßÕ–ø≈“∑Õ°´‘π„π°≈â“¡‡π◊ÈÕ·≈–¡Ÿ≈ª≈“ ‡æ◊ËÕ‡ªìπ¢âÕ¡Ÿ≈
æ◊Èπ∞“π„π°“√π”‰ª„™âªÑÕß°—π§«“¡‡ ’¬À“¬∑’ËÕ“®®–‡°‘¥¢÷Èπ
·≈–‡ªìπ·π«∑“ß„π°“√»÷°…“¥â“π‚√§∑’Ë‡°‘¥®“° “√æ‘…
®“°‡™◊ÈÕ√“„π —µ«åπÈ”µàÕ‰ª

Õÿª°√≥å·≈–«‘∏’°“√

1.  —µ«å∑¥≈Õß

„™âª≈“π‘≈·¥ß·ª≈ß‡æ» (Oreochromis niloticus

Linn. x O. mossambicus Peters) ¢π“¥§«“¡¬“«ª√–¡“≥
1 ´¡. ®”π«π 3,000 µ—« Õπÿ∫“≈„π∂—ß‰ø‡∫Õ√å∑√ß°≈¡
¢π“¥§«“¡®ÿ 2 ≈∫.‡¡µ√ ‡ªìπ‡«≈“ 6  —ª¥“Àå °àÕπ∑’Ë®–
§—¥ª≈“„ àµŸâ°√–®°¢π“¥ 120x60x30 ´¡. ∑’Ëµ‘¥µ—ÈßÕÿª°√≥å
„ÀâÕ“°“»·≈–‡µ‘¡πÈ”ª√–ª“∑’Ëª√“»®“°§≈Õ√’πª√‘¡“µ√
165 ≈‘µ√  „πÕ—µ√“§«“¡Àπ“·πàπ 20 µ—«/µŸâ  ‡æ◊ËÕª√—∫
 ¿“æ„Àâª≈“§ÿâπ‡§¬°—∫ ¿“æ°“√∑¥≈Õß „ÀâÕ“À“√ª°µ‘
‡ªìπ‡«≈“ 7 «—π °àÕπ™—ËßπÈ”Àπ—° ·≈–‡√‘Ë¡µâπ°“√∑¥≈Õß

2. Õ“À“√∑¥≈Õß

‡µ√’¬¡Õ“À“√∑¥≈Õß 6  Ÿµ√ ‚¥¬«‘‡§√“–Àå«—µ∂ÿ¥‘∫

Õ“À“√  ·≈–§”π«≥ Ÿµ√Õ“À“√„Àâ¡’√–¥—∫§ÿ≥§à“∑“ß
‚¿™π“°“√‡∑à“°—π∑ÿ° Ÿµ√ ‚¥¬¡’√–¥—∫‚ª√µ’π §“√å‚∫‰Œ‡¥√µ
·≈–‰¢¡—π‚¥¬ª√–¡“≥ 35, 37 ·≈– 10% µ“¡≈”¥—∫ ·µà
¡’√–¥—∫Õ–ø≈“∑Õ°´‘π∫’ 1 ·µ°µà“ß°—π 6 √–¥—∫ §◊Õ 0 50

100 500 1,000 ·≈– 2,500 ppb (Table 1) π” à«πº ¡
¡“§≈ÿ°‡§≈â“„Àâ‡¢â“°—π¥â«¬‡§√◊ËÕß Hobart mixer ‡µ‘¡πÈ”
ª√–¡“≥ 30% ·≈–Õ—¥‡¡Á¥¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 5 ¡¡.
π”‰ªÕ∫·Àâß∑’ËÕÿ≥À¿Ÿ¡‘ 60°C ‡ªìπ‡«≈“ 5 ™—Ë«‚¡ß „Àâ¡’
§«“¡™◊Èπ„π‡¡Á¥Õ“À“√πâÕ¬°«à“ 10% ∑‘Èß„Àâ‡¬Áπ ·≈–‡°Á∫
„π∂ÿßæ≈“ µ‘° Õß™—Èπ·™à„πµŸâ‡¬Áπ ”À√—∫∑¥≈ÕßµàÕ‰ª

3. °“√«“ß·ºπ°“√∑¥≈Õß

«“ß·ºπ°“√∑¥≈Õß·∫∫ ÿà¡µ≈Õ¥ (completely

randomized design, CRD) ‚¥¬·∫àß°“√∑¥≈Õß‡ªìπ 6

™ÿ¥°“√∑¥≈Õß (treatments) ‚¥¬·µà≈–™ÿ¥°“√∑¥≈Õß¡’
5 ´È” „Àâª≈“°‘πÕ“À“√∑¥≈Õß«—π≈– 3 ¡◊ÈÕ ‡ªìπ‡«≈“ 8

 —ª¥“Àå ‚¥¬„Àâª≈“°‘πÕ“À“√µ“¡ —¥ à«ππÈ”Àπ—°µ—«§◊Õ
10% „π —ª¥“Àå·√° 7% „π —ª¥“Àå∑’Ë 2 ·≈– 3 ·≈– 5%
„π —ª¥“Àå∑’Ë 4 ∂÷ß 8 (¥—¥·ª≈ß®“° °√¡ª√–¡ß, 2541)

4. °“√»÷°…“º≈¢ÕßÕ–ø≈“∑Õ°´‘π∫’ 1

4.1 °“√«—¥°“√‡®√‘≠‡µ‘∫‚µ·≈–Õ—µ√“°“√√Õ¥

¢Õßª≈“

™—ËßπÈ”Àπ—°ª≈“∑ÿ° —ª¥“Àå ‚¥¬™—ËßπÈ”Àπ—°√«¡
¢Õßª≈“·µà≈–´È”·≈–π—∫®”π«πª≈“∑’Ë‡À≈◊ÕÕ¬Ÿà   ∫—π∑÷°
æƒµ‘°√√¡¢Õßª≈“µ≈Õ¥°“√∑¥≈Õß  π”¢âÕ¡Ÿ≈∑’Ë‰¥â¡“À“
§à“πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ Õ—µ√“°“√·≈°‡π◊ÈÕ (feed conversion

ratio, FCR) ¥—™π’µ—∫/πÈ”Àπ—°µ—« (hepatosomatic index)
·≈–Õ—µ√“°“√√Õ¥

4.2 °“√»÷°…“Õß§åª√–°Õ∫‡≈◊Õ¥

 ÿà¡ª≈“®“°∑ÿ°™ÿ¥°“√∑¥≈Õß ™ÿ¥≈– 15 µ—«
 ≈∫ª≈“¥â«¬ 2-phenoxyethanol  ·≈â«‡®“–‡≈◊Õ¥®“°
∫√‘‡«≥‚§πÀ“ß ‚¥¬„™â “√≈–≈“¬ 1.0% ethylenediamine-

tetraacetic acid (EDTA) ‡ªìπ “√ªÑÕß°—π°“√·¢Áßµ—«¢Õß
‡≈◊Õ¥ «‘‡§√“–ÀåÕß§åª√–°Õ∫‡≈◊Õ¥ ‰¥â·°à ª√‘¡“≥‡¡Á¥‡≈◊Õ¥
·¥ß·≈–‡¡Á¥‡≈◊Õ¥¢“« ·≈–§à“Œ’¡“‚µ§√‘µ (haematocrit)

µ“¡«‘∏’°“√¢Õß Blaxhall ·≈– Daisley (1973) ª√‘¡“≥
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Œ’‚¡‚°≈∫‘π√«¡ ‚¥¬«‘∏’ cyanmet-haemoglobin (Larsen

and Snieszko, 1961) ‚ª√µ’π„πæ≈“ ¡“ ‚¥¬«‘∏’°“√∑’Ë
¥—¥·ª≈ß®“°«‘∏’°“√¢Õß Lowry ·≈–§≥– (1951)

4.3 °“√»÷°…“æ¬“∏‘ ¿“æ¢Õß‡π◊ÈÕ‡¬◊ËÕ

‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß  ∑”°“√‡°Á∫µ—«Õ¬à“ß
‡π◊ÈÕ‡¬◊ËÕµ—∫®“°µ—«Õ¬à“ßª≈“™ÿ¥°“√∑¥≈Õß≈– 15 µ—« ¡“
√—°…“ ¿“æ„πøÕ√å¡“≈‘π 10% π“π 2 «—π ·≈â«‡ª≈’Ë¬π
πÈ”¬“¥Õß‡ªìπ·Õ≈°ÕŒÕ≈å 70% °àÕππ”‰ªºà“π°√√¡«‘∏’
°“√‡µ√’¬¡‡π◊ÈÕ‡¬◊ËÕµ“¡«‘∏’°“√¢Õß Humason (1979)

‡π◊ÈÕ‡¬◊ËÕµ—∫∂Ÿ°µ—¥„Àâ¡’§«“¡Àπ“ 3-4 ‰¡‚§√‡¡µ√ ·≈â«¬âÕ¡
¥â«¬ ’ haematoxylin & eosin (H&E) (Bancroft,1967)

®“°π—Èππ”µ—«Õ¬à“ß‡π◊ÈÕ‡¬◊ËÕ‰ª»÷°…“æ¬“∏‘ ¿“æ¿“¬„µâ
°≈âÕß®ÿ≈∑√√»πå·≈–∫—π∑÷°¿“æ

4.4 °“√«‘‡§√“–Àåª√‘¡“≥Õ–ø≈“∑Õ°´‘π∫’ 1 ∑’Ë

µ°§â“ß

‡°Á∫¡Ÿ≈ª≈“ “¡ —ª¥“Àå ÿ¥∑â“¬¢Õß°“√∑¥≈Õß
‚¥¬¥Ÿ¥‡°Á∫¡Ÿ≈ºà“π “¬¬“ß·≈–∂ÿß°√Õß À≈—ß®“°„ÀâÕ“À“√
1 ™—Ë«‚¡ß ‡°Á∫µ—«Õ¬à“ß‡π◊ÈÕª≈“·≈–µ—∫ª≈“‡¡◊ËÕ ‘Èπ ÿ¥°“√
∑¥≈Õß —ª¥“Àå∑’Ë 5 ·≈– 8 π”¡“∑”„Àâ·Àâß¥â«¬«‘∏’·™à·¢Áß
·Àâß (freeze dry)  π”µ—«Õ¬à“ß àß°√¡«‘∑¬“»“ µ√å°“√
·æ∑¬å ‡æ◊ËÕ«‘‡§√“–Àåª√‘¡“≥Õ–ø≈“∑Õ°´‘π‚¥¬«‘∏’ con-

tamination branch method (CB) ·≈–À“ª√‘¡“≥‚¥¬„™â
thin layer chromatography (TLC) (AOAC, 1988)

5. °“√«‘‡§√“–Àå∑“ß ∂‘µ‘

«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß ∂‘µ‘‚¥¬„™â°“√«‘‡§√“–Àå§«“¡
·ª√ª√«π (ANOVA) ·∫∫ CRD (Steel and Torrie,

1980)

º≈°“√»÷°…“

1. æƒµ‘°√√¡¢Õßª≈“

º≈°“√»÷°…“æ∫«à“ª≈“π‘≈∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’Õ–ø≈“-
∑Õ°´‘π∫’ 1 √–¥—∫ Ÿß ÿ¥ (2,500 ppb) ¡’æƒµ‘°√√¡‡©◊ËÕ¬™“
À≈∫µ“¡¡ÿ¡µŸâ ·ºàπªî¥‡Àß◊Õ°‡ªî¥-ªî¥∂’Ë¢÷Èπ ¬Õ¡√—∫Õ“À“√
πâÕ¬≈ß ·µà‰¡àæ∫§«“¡º‘¥ª°µ‘¢Õß≈—°…≥–¿“¬πÕ°¢Õß
ª≈“„π™ÿ¥°“√∑¥≈ÕßÕ◊ËπÊ

2. °“√‡®√‘≠‡µ‘∫‚µ

2.1 πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«

πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«¢Õßª≈“π‘≈∑’Ë‰¥â√—∫Õ“À“√
∑¥≈Õß∑—Èß 6  Ÿµ√µ≈Õ¥√–¬–‡«≈“°“√∑¥≈Õß 5  —ª¥“Àå
æ∫«à“ª≈“¡’πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«‡æ‘Ë¡ Ÿß¢÷Èπµ“¡√–¬–‡«≈“
¢Õß°“√∑¥≈Õß ‚¥¬∑’ËπÈ”Àπ—°‡©≈’Ë¬µàÕµ—«„π —ª¥“Àå·√°
¢Õßª≈“„π·µà≈–™ÿ¥°“√∑¥≈Õß‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß
 ∂‘µ‘ (Õ¬Ÿà„π™à«ß 6.76±0.09 ∂÷ß 6.44±0.20 °√—¡) ·µàÀ≈—ß
®“° —ª¥“Àå∑’Ë 2 ®π∂÷ß —ª¥“Àå∑’Ë 5 ª≈“∑’Ë‰¥â√—∫Õ–ø≈“-
∑Õ°´‘π∫’ 1 „π√–¥—∫ 2,500 ppb ¡’πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«
µË” ÿ¥ ·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠®“°°≈ÿà¡Õ◊ËπÊ „π¢≥–∑’Ë

Table 1. Composition of experimental diets.

 Diet

1 2 3 4 5 6

Fish meal 22 22 22 22 22 22
Soybean meal 30 30 30 30 30 30
Rice brand 28 28 28 28 28 28
Wheat flour 15 14.739 14.478 12.39 9.78 1.95
Vitamin mix 1 1 1 1 1 1
Mineral mix 4 4 4 4 4 4
Standard AFB

1
* 0 0.261 0.522 2.61 5.22 13.05

(0 ppb) (50 ppb) (100 ppb) (500 ppb) (1,000 ppb) (2,500 ppb)

* Standard AFB
1
 = 19.157 ppm

Ingredient

(g/100 g feed)
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πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√º ¡Õ–ø≈“-
∑Õ°´‘π∫’ 1 „π√–¥—∫ 0 ∂÷ß 1,000 ppb ‰¡à¡’§«“¡·µ°µà“ß
°—π (Table 2)

2.2 πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ Õ—µ√“°“√·≈°‡π◊ÈÕ ¥—™π’

µ—∫µàÕπÈ”Àπ—°µ—« ·≈–Õ—µ√“°“√√Õ¥

πÈ”Àπ—°‡©≈’Ë¬µàÕµ—«µ≈Õ¥°“√∑¥≈Õß 5  —ª¥“Àå
‡ªÕ√å‡´ÁπµåπÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ Õ—µ√“°“√·≈°‡π◊ÈÕ ¥—™π’µ—∫µàÕ
πÈ”Àπ—°µ—« ·≈–Õ—µ√“°“√√Õ¥¢Õßª≈“π‘≈∑’Ë‰¥â√—∫Õ“À“√∑—Èß
6  Ÿµ√· ¥ß‰«â„π Table 3 ‚¥¬æ∫«à“‡ªÕ√å‡´ÁπµåπÈ”Àπ—°∑’Ë
‡æ‘Ë¡¢÷Èπ¡’§à“Õ¬Ÿà„π™à«ß 363.38±15.66 ∂÷ß 448.07±18.59

‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’Õ–ø≈“∑Õ°´‘π∫’ 1 √–¥—∫ 2,500

ppb ¡’§à“µË” ÿ¥·≈–·µ°µà“ß®“°™ÿ¥°“√∑¥≈ÕßÕ◊ËπÊ Õ¬à“ß
¡’π—¬ ”§—≠   à«πÕ—µ√“°“√·≈°‡π◊ÈÕ —¡æ—π∏å°—∫πÈ”Àπ—°∑’Ë
‡æ‘Ë¡¢÷Èπ¢Õßª≈“ °≈à“«§◊Õ ª≈“∑’Ë‰¥â√—∫Õ“À“√º ¡Õ–ø≈“-
∑Õ°´‘π∫’ 1 „π√–¥—∫ 0 ∂÷ß 1,000 ppb ‰¡à¡’§«“¡·µ°µà“ß
°—π¢ÕßÕ—µ√“°“√·≈°‡π◊ÈÕ „π¢≥–∑’Ëª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√
∑’Ë¡’Õ–ø≈“∑Õ°´‘π∫’ 1 √–¥—∫ 2,500 ppb ¡’§à“Õ—µ√“°“√
·≈°‡π◊ÈÕ Ÿß∑’Ë ÿ¥·µ°µà“ß®“°°≈ÿà¡Õ◊ËπÊ Õ¬à“ß¡’π—¬ ”§—≠
(1.21±0.05)

§à“¥—™π’µ—∫µàÕπÈ”Àπ—°µ—«¢Õßª≈“π‘≈∑’Ë‰¥â√—∫
Õ“À“√∑’Ë¡’Õ–ø≈“∑Õ°´‘π∫’ 1 „π√–¥—∫µà“ßÊ °—π ¡’§à“Õ¬Ÿà
„π™à«ß 1.08±0.05 ∂÷ß 1.65±0.18 ‚¥¬ª≈“°≈ÿà¡∑’Ë‰¥â√—∫
Õ“À“√∑’Ë¡’Õ–ø≈“∑Õ°´‘π∫’ 1 √–¥—∫ 2,500 ppb ¡’§à“µË” ÿ¥
·≈–·µ°µà“ß®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√ Ÿµ√§«∫§ÿ¡Õ¬à“ß¡’π—¬

 ”§—≠  à«πÕ—µ√“°“√√Õ¥¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√∑—Èß 6  Ÿµ√
‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘  ‚¥¬‰¡àæ∫°“√µ“¬µ≈Õ¥
°“√∑¥≈Õß

3. §à“Õß§åª√–°Õ∫‡≈◊Õ¥

°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫‡≈◊Õ¥ª≈“π‘≈„π —ª¥“Àå∑’Ë
8 æ∫«à“ ª√‘¡“≥‡¡Á¥‡≈◊Õ¥·¥ß·≈–‡¡Á¥‡≈◊Õ¥¢“« ‰¡à¡’§«“¡
·µ°µà“ß°—π∑“ß ∂‘µ‘  ‚¥¬¡’§à“‡©≈’Ë¬ 2.70±0.10 x 106

‡´≈≈å/≈∫.¡¡. ·≈– 5.85±0.47 x 105 ‡´≈≈å/≈∫.¡¡. µ“¡
≈”¥—∫ ·µàæ∫«à“§à“Œ’¡“‚µ§√‘µ Œ’‚¡‚°≈∫‘π ·≈–‚ª√µ’π„π
æ≈“ ¡“¢Õßª≈“·µà≈–™ÿ¥°“√∑¥≈Õß¡’§à“·µ°µà“ß°—π
‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√º ¡Õ–ø≈“∑Õ° ‘́π∫’ 1 „π√–¥—∫
0-1,000 ppb ¡’§à“Œ’¡“‚µ§√‘µ‰¡à·µ°µà“ß°—π §◊ÕÕ¬Ÿà„π™à«ß
35.50±1.76 ∂÷ß 38.85±5.19% µà“ß®“°™ÿ¥∑’Ë‰¥â√—∫Õ“À“√
º ¡Õ–ø≈“∑Õ°´‘π∫’ 1 „π√–¥—∫ 2,500 ppb ∑’Ë¡’§à“µË”°«à“
°≈ÿà¡Õ◊ËπÊ Õ¬à“ß¡’π—¬ ”§—≠ (32.10±2.84%)  à«πª√‘¡“≥
Œ’‚¡‚°≈∫‘π„πÕ“À“√ Ÿµ√∑’Ë 1-4 ‰¡à·µ°µà“ß°—π∑“ß ∂‘µ‘
(Õ¬Ÿà√–À«à“ß 9.34±0.70 ∂÷ß 9.79±0.32 °√—¡/‡¥´‘≈‘µ√)
µà“ß®“°Õ“À“√ Ÿµ√∑’Ë 5 ·≈– 6 ´÷Ëß¡’§à“µË”°«à“°≈ÿà¡Õ◊ËπÊ
Õ¬à“ß¡’π—¬ ”§—≠ ‚¥¬¡’§à“‡©≈’Ë¬ 8.42±0.80 ·≈– 8.03±

0.30 °√—¡/‡¥´‘≈‘µ√ µ“¡≈”¥—∫    ”À√—∫§à“‚ª√µ’π„π
æ≈“ ¡“æ∫«à“ª≈“°≈ÿà¡§«∫§ÿ¡¡’§à“ Ÿß ÿ¥ (14.45±0.45

°√—¡ %) ·µ°µà“ß®“°°≈ÿà¡Õ◊ËπÊ Õ¬à“ß¡’π—¬ ”§—≠ ·≈–æ∫«à“
ª≈“°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’Õ–ø≈“∑Õ° ‘́π∫’ 1 „π√–¥—∫
2,500 ppb ¡’§à“‚ª√µ’π„πæ≈“ ¡“µË”°«à“∑ÿ°°≈ÿà¡Õ¬à“ß¡’

Table 2 Average body weight of sex-reversed red tilapia during feeding trial with diets

containing various levels of AFB
1
 for 5 weeks. Results are shown as mean with

standard deviation.

                   Week

0 1 2 3 4 5

  1 (0 ppb) 4.15±0.05a 6.76±0.09a 9.48±0.12a 13.45±0.37a 17.81±0.49a 23.53±0.64a

  2 (50 ppb) 4.16±0.02a 6.56±0.16a 9.36±0.29a 10.30±0.43a 17.27±0.53a 22.79±0.72a

  3 (100 ppb) 4.13±0.03a 6.61±0.11a 9.37±0.31a 10.33±0.85a 17.70±0.95a 23.48±1.00a

  4 (500 ppb) 4.16±0.02a 6.67±0.20a 9.37±0.29a 13.51±0.44a 17.64±0.61a 23.39±0.60a

  5 (1,000 ppb) 4.14±0.05a 6.64±0.10a 9.33±0.27a 13.24±0.43a 17.31±0.54a 23.05±0.57a

  6 (2,500 ppb) 4.12±0.04a 6.44±0.20a 8.82±0.28b 12.04±0.48b 15.29±0.72b 19.11±0.76b

Values followed by the same letter in a column do not differ significantly at P = 0.05

Diet

(AFB
1
 level)
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π—¬ ”§—≠ (9.89±0.99 °√—¡ %) (Table 4)

4. æ¬“∏‘ ¿“æ¢Õß‡π◊ÈÕ‡¬◊ËÕ

®“°°“√»÷°…“æ¬“∏‘ ¿“æ¢Õß‡π◊ÈÕ‡¬◊ËÕª≈“∑’Ë‰¥â√—∫
Õ“À“√∑¥≈Õß‡ªìπ‡«≈“ 8  —ª¥“Àå ‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ß
∑—Èß¢π“¥·≈–√Ÿª√à“ß¢Õß‡´≈≈åµ—∫ „πª≈“™ÿ¥∑’Ë‰¥â√—∫Õ–ø≈“-
∑Õ°´‘π∫’ 1 „π√–¥—∫ 0 50 ·≈– 100 ppb (Figure 1) æ∫
§«“¡º‘¥ª°µ‘√ÿπ·√ß∑’Ë ÿ¥„πµ—∫ª≈“∑’Ë‰¥â√—∫Õ–ø≈“∑Õ°´‘π
∫’ 1 „π√–¥—∫ 2,500 ppb √Õß≈ß¡“§◊Õ 1,000 ·≈– 500

ppb µ“¡≈”¥—∫ æ∫°“√∫«¡¢Õß‡´≈≈å (cloudy swelling)

°“√‚µ‡°‘π¢Õß‡´≈≈åµ—∫ (hypertrophy)  æ∫°“√µ‘¥ ’·¥ß
Õ¬à“ßº‘¥ª°µ‘¢Õß‰´‚µæ≈“ ´÷¡ (accumulation of

eosinophilic materials in cytoplasm) ·≈–¡’°“√µ“¬
‡©æ“– à«π¢Õß‡´≈≈åµ—∫ (necrosis of hepatocytes) „π

ª≈“°≈ÿà¡∑’Ë‰¥â√—∫Õ–ø≈“∑Õ°´‘π∫’ 1 „π√–¥—∫ 1,000 ·≈–
2,500 ppb (Figure 2, 3, 4)

æ∫§«“¡º‘¥ª°µ‘„πµ—∫ÕàÕπ√ÿπ·√ß∑’Ë ÿ¥„πª≈“∑’Ë‰¥â
√—∫Õ–ø≈“∑Õ°´‘π∫’ 1 „π√–¥—∫ 2,500 ppb ‚¥¬æ∫‡´≈≈å
µ“¬·≈–‡°‘¥°“√Õ—°‡ ∫ ¡’°“√‡æ‘Ë¡®”π«π¢Õß‡¡≈“‚π¡“-
‚§√ø“® (melanomacrophage)   æ∫‡´≈≈å≈’∫·≈–
π‘«‡§≈’¬ ∫«¡æÕß  ª√‘¡“≥ zymogen granules ≈¥≈ß
(Figure 5)  ·µà‰¡àæ∫§«“¡º‘¥ª°µ‘„π‡π◊ÈÕ‡¬◊ËÕ°√–‡æ“–
≈”‰ â ·≈–À—«„®¢Õßª≈“∑ÿ°™ÿ¥°“√∑¥≈Õß∑’Ë‡≈’È¬ßπ“π 8

 —ª¥“Àå

5. °“√«‘‡§√“–Àåª√‘¡“≥Õ–ø≈“∑Õ° ‘́πµ°§â“ß„π°≈â“¡‡π◊ÈÕ

µ—∫ ·≈–¡Ÿ≈ª≈“

º≈°“√»÷°…“ª√‘¡“≥°“√µ°§â“ß¢ÕßÕ–ø≈“∑Õ° ‘́π

Table 3. Growth performance, hepatosomatic index and survival rate of sex-reversed red tilapia fed

diets containing various levels of AFB
1
 for 5 weeks. Results are shown as mean with standard

deviation.

       Diet Initial weight Final weight Weight gain FCR Hepatosomatic Percentage

(AFB
1
 level) (g/fish) (g/fish) (%) index (%) Survival

1 (0 ppb) 4.15±0.05a 23.53±0.64a 466.37±10.50a 1.02±0.02a  1.48±0.05ab 100
2 (50 ppb) 4.16±0.02a 22.79±0.72a 448.07±18.59a 1.05±0.04a 1.65±0.18a 100
3 (100 ppb) 4.13±0.03a 23.48±1.00a 468.48±23.43a 1.02±0.02a  1.27±0.19bc 100
4 (500 ppb) 4.16±0.02a 23.39±0.60a 462.79±14.47a 1.02±0.02a  1.31±0.12bc 100
5 (1,000 ppb) 4.14±0.05a 23.05±0.57a 457.20±20.11a 1.02±0.02a 1.38±0.05b 100
6 (2,500 ppb) 4.12±0.04a 19.11±0.76b 363.38±15.66b 1.21±0.05b 1.08±0.05c 100

Values followed by the same letter in a column do not differ significantly at P=0.05

Table 4. Blood parameters of sex-reversed red tilapia fed with diets containing various levels

of AFB
1
 for 8 weeks. Results are shown as mean with standard deviation.

AFB1 level Percent Red blood cells White blood cells Hemoglobin Plasma protein

(ppb) hematocrit (x106 cells/mm3) (x105 cells/mm3) (g/dl) (g%)

0 37.01±3.75a 2.75±0.20a 5.60±0.78a 9.78±0.66a 14.45±0.45a

50 38.85±5.19a 2.73±0.23a 5.39±0.29a 9.79±0.32a 12.75±1.31bc

100 35.50±1.76a 2.58±0.46a 6.56±0.86a 9.58±0.53a 13.01±0.73b

500 38.13±0.68a 2.80±0.41a 6.19±0.84a 9.34±0.70a 11.63±0.69c

1000 37.34±1.49a 2.77±0.31a 5.99±0.72a 8.42±0.80b 11.47±1.47c

2500 32.10±2.84b 2.56±0.14a 5.39±0.78a 8.03±0.30b 9.89±0.99d

Values followed by the same letter in a column do not differ significantly at P=0.05
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Figure 1. Liver of tilapia fed no AFB
1
 (control) showing normal arrangement of hepatic

cords and sinusoids, pancreatic acinar cells filled with zymogen granules (H & E

stained, bar = 50 µµµµµm).

Figure 2. Liver of tilapia fed 1,000 ppb AFB
1
 for

8 weeks showing hypertrophy of hepa-

tocytes  with  accumulation  of eosino-

philic materials in cytoplasm (H&E

stained, bar = 50 µµµµµm).

Figure 3. High  magnification  of  the  liver  of

tilapia fed 1,000 ppb AFB
1
 for 8 weeks,

showing hepatocytes with cloudy swell-

ing and necrosis (arrow). (H&E stained,

bar = 10 µµµµµm)

Figure 4. Liver of tilapia fed 2,500 ppb AFB
1
 for

8 weeks showing cloudy swelling and

necrosis of hepatocytes (H&E stained,

bar = 50 µµµµµm).

Figure 5. Liver of tilapia fed 2,500 ppb AFB
1
 for

8 weeks showing pancreatic tissue

exhibited lose contact (red arrow) and

reduction  of  zymogen  granule  in

pancreatic acinar (white arrow) (H&E

stained, bar = 50 µµµµµm).
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Effects of aflatoxin B
1
 on sex reversed red tilapia

Usanno, O., et al.

∫’ 1 „π°≈â“¡‡π◊ÈÕ·≈–µ—∫ª≈“ À≈—ß°“√‡≈’È¬ß¥â«¬Õ“À“√
∑¥≈Õß‡ªìπ‡«≈“ 5 ·≈– 8  —ª¥“Àå ·≈–°“√µ°§â“ß¢Õß
Õ–ø≈“∑Õ°´‘π∫’ 1 „π¡Ÿ≈ª≈“‡¡◊ËÕ‡≈’È¬ß¥â«¬Õ“À“√∑¥≈Õß
3  —ª¥“Àå ÿ¥∑â“¬ ‰¡àæ∫°“√µ°§â“ß¢ÕßÕ–ø≈“∑Õ°´‘π∫’ 1
„π°≈â“¡‡π◊ÈÕ·≈–µ—∫ª≈“∑’Ë‰¥â√—∫Õ“À“√∑ÿ° Ÿµ√ ·µàæ∫°“√
µ°§â“ß„π¡Ÿ≈ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ëº ¡Õ–ø≈“∑Õ°´‘π∫’ 1

µ—Èß·µà√–¥—∫ 500 ∂÷ß 2,500 ppb „πª√‘¡“≥ 15.13 ∂÷ß
27.53 ppb (Table 5)

«‘®“√≥åº≈°“√∑¥≈Õß

¡’√“¬ß“π°“√ªπ‡ªóôÕπ¢Õß “√æ‘…∑’Ëº≈‘µ®“°‡™◊ÈÕ√“
‚¥¬‡©æ“–Õ–ø≈“∑Õ°´‘π„π«—µ∂ÿ¥‘∫Õ“À“√ —µ«å∑—Ë«‚≈°
´÷Ëß àßº≈°√–∑∫‚¥¬µ√ßµàÕ ÿ¢¿“æ¢Õß —µ«å·≈–¡πÿ…¬å ·≈–
°àÕ„Àâ‡°‘¥§«“¡ Ÿ≠‡ ’¬∑“ß‡»√…∞°‘®‡ªìπ¡Ÿ≈§à“¡À“»“≈
(Hussein and Brasel, 2001) °“√»÷°…“§√—Èßπ’È‰¥âπ”‡ πÕ
º≈°√–∑∫∑’Ë‡°‘¥¢÷ÈπµàÕ ÿ¢¿“æ¢Õßª≈“π‘≈·¥ß·ª≈ß‡æ»
‡π◊ËÕß®“°°“√‰¥â√—∫Õ“À“√∑’Ëªπ‡ªóôÕπ¢ÕßÕ–ø≈“∑Õ° ‘́π∫’ 1
„π√–¥—∫µà“ßÊ °—π  ´÷Ëßº≈°“√»÷°…“æ∫«à“ª≈“π‘≈∑’Ë‰¥â√—∫
Õ“À“√º ¡Õ–ø≈“∑Õ°´‘π„π√–¥—∫ Ÿß (2,500 ppb) ®–¡’
æƒµ‘°√√¡º‘¥ª°µ‘ ·≈–Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ≈¥≈ß ·µà “√
æ‘…‰¡à‰¥â àßº≈„Àâª≈“‡°‘¥°“√µ“¬µ≈Õ¥°“√∑¥≈Õß Õ¬à“ß‰√
°Áµ“¡º≈¢Õß “√æ‘…∑’Ëº≈‘µ®“°‡™◊ÈÕ√“Õ“®·µ°µà“ß°—π ∑—Èßπ’È
¢÷ÈπÕ¬Ÿà°—∫√–¥—∫¢Õß “√æ‘…·≈–§«“¡‰«µàÕ “√æ‘…„πª≈“
·µà≈–™π‘¥ √“¬ß“π°“√»÷°…“¢Õß Chavez-Sanchez ·≈–
§≥– (1994) æ∫«à“ª≈“π‘≈∑’Ë‰¥â√—∫Õ–ø≈“∑Õ°´‘π∫’ 1 „π

√–¥—∫ 940 ∂÷ß 30,000 ppb ‡ªìπ‡«≈“ 25 «—π ®–ªØ‘‡ ∏
Õ“À“√·≈–°‘πÕ“À“√πâÕ¬≈ß ¡’æƒµ‘°√√¡‡´◊ËÕß´÷¡ §≈â“¬
§≈÷ß°—∫„πª≈“°¥Õ‡¡√‘°—π∑’Ë‰¥â√—∫Õ–ø≈“∑Õ° ‘́π∫’ 1 „π
√–¥—∫ 7,520 ∂÷ß 30,000 ppb (Jantrarotai et  al., 1990)

El-Banna ·≈–§≥– (1992) (Õâ“ß‚¥¬ Tuan et al., 2002)
æ∫«à“ª≈“π‘≈∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’Õ–ø≈“∑Õ° ‘́π‡æ’¬ß 200

ppb ¡’°“√µ“¬ 16.7%
¡’√“¬ß“πæ∫«à“ª≈“π‘≈¡’§«“¡‰«µàÕÕ–ø≈“∑Õ° ‘́π

µË”°«à“ª≈“‡√π‚∫«å‡∑√â“∑å (rainbow trout) ‡π◊ËÕß®“°‰¡à
æ∫°“√‡°‘¥‡π◊ÈÕßÕ°„πª≈“∑’Ë‰¥â√—∫ “√æ‘… (Halver, 1969)
Õ¬à“ß‰√°Áµ“¡ æ∫«à“ª≈“π‘≈¡’§«“¡‰«µàÕÕ–ø≈“∑Õ°´‘π Ÿß
°«à“ª≈“°¥Õ‡¡√‘°—π ®“°°“√»÷°…“æ∫«à“ª≈“°¥Õ‡¡√‘°—π∑’Ë
‰¥â√—∫Õ“À“√ªπ‡ªóôÕπÕ–ø≈“∑Õ°´‘π∫’ 1 „π√–¥—∫ 2,150

ppb ‡ªìπ‡«≈“ 10  —ª¥“Àå ¡’°“√‡®√‘≠‡µ‘∫‚µ‰¡à·µ°µà“ß
®“°™ÿ¥§«∫§ÿ¡ ·≈–ª≈“∑’Ë‰¥â√—∫Õ–ø≈“∑Õ°´‘π∫’ 1 „π√–¥—∫
10,000 ppb   ¡’Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ≈¥≈ß‡æ’¬ß 24%

(Jantrarotai and Lovell, 1990)   ∑—Èßπ’È Bailey ·≈–
Hendricks (1988) (Õâ“ß‚¥¬ Chavez-Sanchez  et al.,

1994) æ∫«à“ª≈“°≈ÿà¡ salmonid ‚¥¬‡©æ“–ª≈“‡√π‚∫«å
‡∑√â“∑å ¡’§«“¡‰«µàÕÕ–ø≈“∑Õ°´‘π¡“°°«à“ª≈“°¥Õ‡¡√‘°—π
ª≈“π‘≈ ·≈–ª≈“‚§‚Œ·´≈¡Õπ ‚¥¬°“√µÕ∫ πÕßµàÕ “√
æ‘…Õ–ø≈“∑Õ° ‘́π∑—Èß·∫∫‡√◊ÈÕ√—ß·≈–‡©’¬∫æ≈—π  —¡æ—π∏å
‚¥¬µ√ß°—∫§«“¡ “¡“√∂„π°“√‡ª≈’Ë¬πÕ–ø≈“∑Õ°´‘π∫’ 1

‰ª‡ªìπ  aflatoxicol  (AFL)  ´÷Ëß‡ªìπ  metabolite  ‚¥¬
cytoplasmic NADPH-dependent enzyme (Hsieh and

Wong, 1982) (Õâ“ß‚¥¬ Jantrarotai and Lovell, 1991)

Table 5 Aflatoxin B
1
 residues in muscle, liver and fecae of

experimental fish after 5- and 8-week feeding trial

          AFB
1
 residue (ppb)

           Muscle             Liver      Feces

wk 5 wk 8 wk 5 wk 8 wk 8

  1 (0 ppb) 0 0 0 0 0
  2 (50 ppb) 0 0 0 0 0
  3 (100 ppb) 0 0 0 0 0
  4 (500 ppb) 0 0 0 0 15.13
  5 (1,000 ppb) 0 0 0 0 15.95
  6 (2,500 ppb) 0 0 0 0 27.53

Diet

(AFB
1
level)



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 27 (©∫—∫æ‘‡»… 1) 2548: «“√‘™»“ µ√å
º≈¢ÕßÕ–ø≈“∑Õ°´‘π∫’ 1 µàÕª≈“π‘≈·¥ß·ª≈ß‡æ»

Õ√Õÿ…“  Õÿ —π‚π ·≈–§≥–195

¥—ßπ—Èπ —µ«å∑’Ë¡’°‘®°√√¡¢Õß cytoplasmic NADPH-

dependent enzyme §àÕπ¢â“ß Ÿß ‡™àπ ‡ªì¥ ÀπŸ °√–µà“¬
·≈–ª≈“‡√π‚∫«å‡∑√â“∑å ®÷ß¡—°‰«µàÕÕ–ø≈“∑Õ°´‘π∫’ 1

(Jantrarotai and Lovell, 1991) ‡´≈≈åµ—∫¢Õßª≈“‡√π‚∫«å-
‡∑√â“∑å ´÷Ëß‡Õπ‰´¡å¥—ß°≈à“«¡’ª√– ‘∑∏‘¿“æ Ÿß ®÷ß “¡“√∂
‡ª≈’Ë¬πÕ–ø≈“∑Õ°´‘π∫’ 1 ‰ª‡ªìπ AFL ‰¥â¥’°«à“‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫°—∫ª≈“°¥Õ‡¡√‘°—π ·≈–ª≈“·´≈¡Õπ

®“°º≈°“√»÷°…“æ∫«à“Õ–ø≈“∑Õ°´‘π∫’ 1 „π√–¥—∫
1,000 ·≈– 2,500 ppb „πÕ“À“√¡’º≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß
¢ÕßÕß§åª√–°Õ∫‡≈◊Õ¥„πª≈“∑¥≈Õß ‚¥¬‡©æ“–ª√‘¡“≥
Œ’‚¡‚°≈∫‘π ·≈–æ≈“ ¡“‚ª√µ’π ·µà‰¡à¡’º≈µàÕ°“√‡ª≈’Ë¬π
·ª≈ß¢Õßª√‘¡“≥‡¡Á¥‡≈◊Õ¥   Õ¥§≈âÕß°—∫√“¬ß“π¢Õß
Sahoo ·≈– Mukherjee (2001) ´÷Ëßæ∫«à“°“√©’¥Õ–ø≈“-
∑Õ°´‘π∫’ 1 „πª≈“ rohu √–¥—∫§«“¡‡¢â¡¢âπ 1,250 ·≈–
5,000 ppb ∑”„Àâª√‘¡“≥‚ª√µ’π√«¡„π‡≈◊Õ¥≈¥≈ß ™’È„Àâ
‡ÀÁπ«à“Õ–ø≈“∑Õ°´‘π¡’º≈‚¥¬µ√ßµàÕ°“√∑”ß“π¢Õßµ—∫
´÷Ëß∑”Àπâ“∑’Ë„π°“√ —ß‡§√“–Àå‚ª√µ’π„πæ≈“ ¡“‡°◊Õ∫∑ÿ°™π‘¥
¬°‡«âπ·°¡¡“‚°≈∫Ÿ≈‘π («‘®‘µ√“, 2528)  Õ¥§≈âÕß°—∫°“√
æ∫æ¬“∏‘ ¿“æ„π‡π◊ÈÕ‡¬◊ËÕµ—∫·≈–µ—∫ÕàÕπ¢Õßª≈“π‘≈∑’Ë‰¥â
√—∫Õ–ø≈“∑Õ°´‘π∫’ 1 „π√–¥—∫ 1,000 ·≈– 2,500 ppb

‰¥â·°à ‡´≈≈åµ—∫∫«¡æÕß (cloudy swelling) ´÷Ëß Hibiya

(1982) Õ∏‘∫“¬«à“≈—°…≥– cloudy swelling π—Èπ ‡´≈≈å®–
∫«¡æÕß·≈–¢ÿàπ ‚¥¬¡’À¬¥¢Õß‡À≈«µ‘¥ ’™¡æŸ¢Õß eosin

(eosinophilic hyaline droplets) „π‰´‚µæ≈“ ´÷¡ ‡π◊ËÕß
®“° endoplasmic recticulum (ER) ·≈–‰¡‚µ§Õπ‡¥√’¬
∫«¡æÕß ·≈–‡π◊ÈÕ‡¬◊ËÕµ—∫∑’Ë‰¥â√—∫ “√æ‘…¡—°®–æ∫‡´≈≈åµ“¬
‚¥¬æ∫«à“‰´‚µæ≈“ ´÷¡®–µ‘¥ ’¬âÕ¡ eosin ‡æ‘Ë¡¢÷Èπ ‡π◊ËÕß
®“°°“√ Ÿ≠‡ ’¬ basophilic RNA ‰¡‚µ§Õπ‡¥√’¬∫«¡
æÕß ·≈–¡’°“√‡æ‘Ë¡®”π«π¢Õß acidophilic group ‡π◊ËÕß
®“°°“√·µ°À—°¢Õß‚§√ß √â“ß‚ª√µ’π ‡¡◊ËÕ‡∑’¬∫°—∫‡´≈≈å
ª°µ‘ ‡´≈≈åµ“¬®–¡’π‘«‡§≈’¬ À¥‡≈Á°≈ß ·≈–µ‘¥ ’‡¢â¡∑÷∫
¢Õß haematoxylin ‚§√¡“µ‘π¡—°™‘¥¢Õ∫π‘«‡§≈’¬  √–¬–
√ÿπ·√ß®–æ∫π‘«‡§≈’¬ À¥µ—«¡“° ·≈–·µ° ≈“¬ (Wheater

et al., 1985; Hibiya, 1982) πÕ°®“°π’È„π°“√»÷°…“§√—Èßπ’È
¬—ßæ∫ melanomacrophage ®”π«π¡“°„π‡π◊ÈÕ‡¬◊ËÕµ—∫
ÕàÕπ¢Õßª≈“°≈ÿà¡∑’Ë‰¥â√—∫ “√æ‘…„π√–¥—∫ Ÿß ‡π◊ËÕß®“°°“√
µÕ∫ πÕßµàÕ§«“¡‡ªìπæ‘…¢Õßµ—«ª≈“ Õ¥§≈âÕß°—∫√“¬ß“π

¢Õß Domitrovic (2000) ´÷Ëßæ∫«à“µ—∫ª≈“ Cichlasoma

dimerus  ∑’Ë‡ªìπ‚√§  ®–¡’®”π«π  melanomacrophage

‡æ‘Ë¡¢÷Èπ ·≈–¡’¢π“¥„À≠à°«à“ª≈“∑’Ë‰¡à‡ªìπ‚√§ πÕ°®“°π—Èπ
melanomacrophage „πµ—∫Õ“®™’È„Àâ‡ÀÁπ∂÷ß§«“¡ —¡æ—π∏å
°—∫°“√‰¥â√—∫°“√ªπ‡ªóôÕπ “√æ‘…®“° ‘Ëß·«¥≈âÕ¡¥â«¬
(Elston et al., 1997) Õ¬à“ß‰√°Áµ“¡ °“√»÷°…“§√—Èßπ’È¬—ß
‰¡à‰¥âµ√«® Õ∫ªí®®—¬∑’Ë∫àß™’È∂÷ßª√– ‘∑∏‘¿“æ¢Õß°“√∑”ß“π
¢Õß‡´≈≈åµ—∫‚¥¬µ√ß

®“°°“√«‘‡§√“–Àåª√‘¡“≥¢ÕßÕ–ø≈“∑Õ°´‘π∫’ 1

„πµ—«Õ¬à“ß‡π◊ÈÕ‡¬◊ËÕª≈“ ‰¡àæ∫°“√µ°§â“ß¢Õß “√æ‘…„π
°≈â“¡‡π◊ÈÕª≈“π‘≈∑ÿ°°≈ÿà¡ ´÷Ëß¡’§«“¡‡ªìπ‰ª‰¥â«à“Õ“®®–¡’
°“√‡ª≈’Ë¬π·ª≈ß¢ÕßÕ–ø≈“∑Õ°´‘π∫’ 1 ‰ªÕ¬Ÿà„π√Ÿª¢Õß
·¡·∑∫Õ‰≈µå  (metabolites)  Õ◊ËπÊ  ´÷Ëß Õ¥§≈âÕß°—∫
Hussain ·≈–§≥– (1993) ´÷Ëß‰¡àæ∫Õ–ø≈“∑Õ°´‘π∫’ 1
®’ 1 ·≈–®’ 2 ‡À≈◊Õµ°§â“ß„π°≈â“¡‡π◊ÈÕª≈“«Õ≈Õ“¬ (walleye)

∑’Ë‰¥â√—∫Õ–ø≈“∑Õ° ‘́π∫’ 1 „π√–¥—∫ 50 ·≈– 500 ppb

‡ªìπ‡«≈“ 2  —ª¥“Àå ·≈–‰¡àæ∫Õ–ø≈“∑Õ°´‘πµ°§â“ß„π
°≈â“¡‡π◊ÈÕª≈“§“√åæ∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’Õ–ø≈“∑Õ° ‘́π∫’ 1 „π
√–¥—∫  2 ppb µ≈Õ¥°“√‡≈’È¬ß (Svobodova and Piskac,

1980) ®÷ßÕ“® √ÿª‰¥â«à“Õ–ø≈“∑Õ°´‘π∫’ 1 ∑’Ëªπ‡ªóôÕπ„π
Õ“À“√„π√–¥—∫ 1,000-2,500 ppb ®– àßº≈µàÕ ÿ¢¿“æ¢Õß
ª≈“π‘≈‰¥â‚¥¬µ√ß  ·µà°≈‰°„π°“√°”®—¥ “√æ‘…¢Õßª≈“
 “¡“√∂∑’Ë®–≈¥§«“¡‡ªìπæ‘… ·≈– “¡“√∂°”®—¥ÕÕ°πÕ°
√à“ß°“¬‰¥â  °“√∫√‘‚¿§‡π◊ÈÕª≈“®÷ßÕ“®‰¡à àßº≈°√–∑∫µàÕ
ºŸâ∫√‘‚¿§  Õß§å°“√Õ“À“√·≈–‡°…µ√·Ààß Àª√–™“™“µ‘
(FAO) °”Àπ¥„Àâ¡’°“√ªπ‡ªóôÕπ¢ÕßÕ–ø≈“∑Õ°´‘π„π
Õ“À“√‰¥â‰¡à‡°‘π  30  ppb  (ª√“‚¡∑¬å  ·≈–§≥–,  ¡ªª.)
 à«π„πª√–‡∑»‰∑¬°”Àπ¥„Àâ¡’„πÕ“À“√‰¥â‰¡à‡°‘π 20 ppb

(Õ√ÿ≥»√’, 2540)  º≈®“°°“√»÷°…“§√—Èßπ’È®–‡ªìπ¢âÕ¡Ÿ≈
æ◊Èπ∞“π∑’Ë ”§—≠„π°“√®—¥°“√ ÿ¢¿“æª≈“‡æ◊ËÕ≈¥º≈°√–∑∫
∑’ËÕ“®®–‡°‘¥¢÷Èπ„π°√≥’∑’Ë¡’°“√ªπ‡ªóôÕπ¢Õß “√æ‘…®“°
‡™◊ÈÕ√“„πÕ“À“√ —µ«åπÈ”

°‘µµ‘°√√¡ª√–°“»

ß“π«‘®—¬π’È‰¥â√—∫∑ÿπÕÿ¥Àπÿπ°“√«‘®—¬®“°‡ß‘π√“¬‰¥â
¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å ª√–‡¿∑∑—Ë«‰ª ª√–®”ªï 2547
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