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√“¬ß“π®“°ÀâÕßªØ‘∫—µ‘°“√ « °√¡«‘∑¬ æ 2548; 47 (2) : 95-105

°“√µ√«®«‘‡§√“–Àå¬“ªØ‘™’«π–°≈ÿà¡‡µµ√“ —́¬§≈‘πµ°§â“ß

„π°ÿâß·™à‡¬◊Õ°·¢Áß àßÕÕ°

Accepted for publication, 13 October 2004

ªÿ…¬“ · ß«‘√ÿÃÀå ·≈– ÿ∏“∑‘æ¬å «‘∑¬å™—¬«ÿ≤‘«ß»å

 ”π—°§ÿ≥¿“æ·≈–§«“¡ª≈Õ¥¿—¬Õ“À“√ °√¡«‘∑¬“»“ µ√å°“√·æ∑¬å ∂ππµ‘«“ππ∑å  ππ∑∫ÿ√’  11000

∫∑§—¥¬àÕ   °ÿâß·™à‡¬◊Õ°·¢Áß‡ªìπ ‘π§â“ àßÕÕ°∑’Ë ”§—≠Õ¬à“ßÀπ÷Ëß¢Õßª√–‡∑» ·µàæ∫ªí≠À“¡’ “√µ°§â“ß ÕÕ°´’‡µµ√“-

´—¬§≈‘π ‡µµ√“´—¬§≈‘π ·≈–§≈Õ‡µµ√“´—¬§≈‘π ´÷Ëß‡ªìπ¬“ªØ‘™’«π–„π°≈ÿà¡‡µµ√“´—¬§≈‘π ´÷Ëßπ‘¬¡„™â°—πÕ¬à“ß·æ√àÀ≈“¬

„π°“√‡æ“–‡≈’È¬ß°ÿâß ‡æ◊ËÕ„™â„π°“√√—°…“ ªÑÕß°—π ·≈–‡æ‘Ë¡°“√‡®√‘≠‡µ‘∫‚µ   ”π—°§ÿ≥¿“æ·≈–§«“¡ª≈Õ¥¿—¬Õ“À“√ °√¡

«‘∑¬“»“ µ√å°“√·æ∑¬å ®÷ß¡’«—µ∂ÿª√– ß§å∑’Ë®–‡ΩÑ“√–«—ßª√‘¡“≥µ°§â“ß¢Õß¬“ªØ‘™’«π–°≈ÿà¡‡µµ√“ —́¬§≈‘π„π°ÿâß·™à‡¬◊Õ°·¢Áß

 àßÕÕ°√–À«à“ß ªï 2542 ∂÷ß 2546 ‚¥¬µ√«®«‘‡§√“–Àåµ—«Õ¬à“ß¥â«¬«‘∏’‚§√¡“‚µ√°√“ø™π‘¥¢Õß‡À≈«ª√– ‘∑∏‘¿“æ Ÿß

(High Performance Liquid Chromatograph, HPLC) «‘∏’«‘‡§√“–Àåπ’È„™âµ√«® Õ∫„π‡π◊ÈÕª»ÿ —µ«å ¥—ßπ—Èπ °àÕππ”¡“„™â

µ√«® Õ∫¬“µ°§â“ß„π°ÿâßµâÕß¡’°“√µ√«® Õ∫§«“¡∂Ÿ°µâÕß¢Õß«‘∏’ ·≈â«®÷ßπ”¡“µ√«®«‘‡§√“–Àå¬“ªØ‘™’«π–°≈ÿà¡‡µµ√“-

´—¬§≈‘π„π°ÿâß·™à‡¬◊Õ°·¢Áß àßÕÕ° ®“°º≈°“√µ√«®«‘‡§√“–Àå ®”π«πµ—«Õ¬à“ß∑—ÈßÀ¡¥ 1,727  µ—«Õ¬à“ß ‰¥â·°à  °ÿâß°ÿ≈“¥” 1,680

µ—«Õ¬à“ß °ÿâß°â“¡°√“¡ 16 µ—«Õ¬à“ß ·≈–°ÿâß¢“« 31 µ—«Õ¬à“ß  æ∫¬“ªØ‘™’«π–°≈ÿà¡‡µµ√“ —́¬§≈‘πµ°§â“ß 41 µ—«Õ¬à“ß §‘¥‡ªìπ

√âÕ¬≈– 2.4 ®”·π°‡ªìπ  ÕÕ° ’́‡µµ√“´—¬§≈‘π  37  µ—«Õ¬à“ß  §‘¥‡ªìπ√âÕ¬≈– 2.1   ‡µµ√“ —́¬§≈‘π 1  µ—«Õ¬à“ß   §‘¥‡ªìπ√âÕ¬≈–

0.1  ·≈–§≈Õ‡µµ√“ —́¬§≈‘π  3  µ—«Õ¬à“ß   §‘¥‡ªìπ√âÕ¬≈– 0.2 æ∫°“√µ°§â“ß√à«¡°—π¢Õß‡µµ√“ —́¬§≈‘π ·≈–§≈Õ‡µµ√“ —́¬§≈‘π

„π°ÿâß°ÿ≈“¥” 1 µ—«Õ¬à“ß ÕÕ°´’‡µµ√“´—¬§≈‘π ·≈–§≈Õ‡µµ√“´—¬§≈‘π „π°ÿâß°â“¡°√“¡ 1 µ—«Õ¬à“ß µ—«Õ¬à“ß∑’Ë¡’ª√‘¡“≥

ÕÕ°´’‡µµ√“ —́¬§≈‘π ·≈–§≈Õ‡µµ√“´—¬§≈‘π ¡“°°«à“ 0.2 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡  ‡∑à“°—∫√âÕ¬≈– 1.3 ·≈– 0.2 ¢Õßµ—«Õ¬à“ß

∑—ÈßÀ¡¥µ“¡≈”¥—∫ ¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√«‘‡§√“–Àå∑”„ÀâºŸâª√–°Õ∫°“√ √«¡∑—Èß‡°…µ√°√ºŸâ‡æ“–‡≈’È¬ß∑√“∫∂÷ßªí≠À“°“√µ°§â“ß

¢Õß¬“ªØ‘™’«π–°≈ÿà¡π’È  ·≈–π”¢âÕ¡Ÿ≈‰ª„™â‡ªìπ·π«∑“ßªÑÕß°—π ·≈–≈¥ªí≠À“°“√µ°§â“ß¢Õß¬“ªØ‘™’«π–„π°“√‡æ“–‡≈’È¬ß

‡æ◊ËÕ§«“¡ª≈Õ¥¿—¬¢ÕßºŸâ∫√‘‚¿§ ·≈–‡æ◊ËÕ°“√ àßÕÕ°

∫∑π”

ªí®®ÿ∫—π‰¥â¡’°“√§«∫§ÿ¡§ÿ≥¿“æ¢ÕßÕ“À“√

Õ¬à“ß‡¢â¡ß«¥‡æ◊ËÕ„Àâ∂Ÿ° ÿ¢Õπ“¡—¬ ‚¥¬‡©æ“–°ÿâß

°ÿ≈“¥”·™à‡¬◊Õ°·¢Áß àßÕÕ°∑’Ë‰¥â®“°°“√‡æ“–‡≈’È¬ß

´÷Ëß‡ªìπ —µ«åπÈ”‡»√…∞°‘®À≈—°¢Õßª√–‡∑» ∑’Ë¡—°æ∫

ªí≠À“°“√µ°§â“ß¢Õß¬“ªØ‘™’«π– ‡™àπ „πªï æ.».

2533  °√–∑√«ß “∏“√≥ ÿ¢ª√–‡∑»≠’ËªÿÉπ‰¥âµ√«®

æ∫ÕÕ°´’‡µµ√“ —́¬§≈‘πµ°§â“ß„π°ÿâß°ÿ≈“¥”·™à

‡¬◊Õ°·¢Áß àßÕÕ°∑’Ëπ”‡¢â“®“°ª√–‡∑»‰∑¬ ∑”„Àâ

ª√–‡∑»≠’ËªÿÉπ‡æ‘Ë¡¡“µ√°“√°“√µ√«® Õ∫°ÿâßπ”‡¢â“

‡¢â¡ß«¥¡“°¢÷Èπ πÕ°®“°π—Èπ§≥–°√√¡“∏‘°“√

¡“µ√∞“πÕ“À“√√–À«à“ßª√–‡∑» (Codex Alimen-

tarius Commission, Codex)   ‰¥â°”Àπ¥§à“ MRL

¢ÕßÕÕ°´’‡µµ√“´—¬§≈‘π „π°ÿâß°ÿ≈“¥” (giant prawn,

Penaeus monodon)  ‰«â∑’Ë√–¥—∫ 0.2 ¡‘≈≈‘°√—¡µàÕ

°‘‚≈°√—¡(1) ·≈– ª√–°“»°√–∑√«ß “∏“√≥ ÿ¢©∫—∫

∑’Ë 231 (æ.». 2544) ‡√◊ËÕßÕ“À“√∑’Ë¡’¬“ —µ«åµ°§â“ß

°”Àπ¥ÕÕ° ’́‡µµ√“ —́¬§≈‘πµ°§â“ß„π°ÿâß°ÿ≈“¥”

‰¡à‡°‘π 0.1 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡(2)
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ÕÕ°´’‡µµ√“´—¬§≈‘π ‡µµ√“ —́¬§≈‘π ·≈–

§≈Õ‡µµ√“ —́¬§≈‘π ‡ªìπ¬“ªØ‘™’«π–°≈ÿà¡‡µµ√“-

´—¬§≈‘π´÷Ëß‡ªìπÕπÿæ—π∏å¢Õß Hydronaphthacene ¡’

°≈‰°°“√ÕÕ°ƒ∑∏‘Ï‚¥¬‰ª¢—¥¢«“ß°√–∫«π°“√ √â“ß

‚ª√µ’π À√◊Õ¢—¥¢«“ß°√–∫«π°“√ √â“ß°√¥π‘«§≈’Õ‘°

À√◊Õ¡’ƒ∑∏‘Ï∑—Èß ÕßÕ¬à“ß °≈ÿà¡¬“π’È¡’≈—°…≥–‡ªìπº≈÷°

 ’‡À≈◊Õß √ ¢¡ ·≈–≈–≈“¬πÈ”‰¥â®”°—¥∑’Ë pH 7 ¡’

ƒ∑∏‘Ï Ÿß ÿ¥∑’Ë  pH √–À«à“ß  5.5 - 6(3)  ”À√—∫ ÕÕ°-

´’‡µµ√“´—¬§≈‘π “¡“√∂∑π§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß

100 Õß»“‡´≈‡´’¬  ‰¥âπ“π∂÷ß 4 «—π ‚¥¬∑’Ë§«“¡

·√ß¢Õßµ—«¬“¬—ß‡À¡◊Õπ‡¥‘¡ ®÷ß¡’°“√„™â°—πÕ¬à“ß

·æ√àÀ≈“¬ ¬“°≈ÿà¡π’È¡’ª√– ‘∑∏‘¿“æ„π°“√¶à“‡™◊ÈÕ

·∫§∑’‡√’¬À≈“¬™π‘¥ ®÷ßπ‘¬¡„™â‡µ‘¡≈ß„πÕ“À“√

 —µ«å‡æ◊ËÕ°“√‡®√‘≠‡µ‘∫‚µ „Àâ —µ«å·¢Áß·√ß¡’πÈ”Àπ—°¥’

·≈–¡’Õ—µ√“·≈°‡π◊ÈÕ Ÿß ¬“°≈ÿà¡π’È„™â°—∫ —µ«å‰¥âÀ≈“¬

ª√–‡¿∑ ‰¡à«à“®–‡ªìπ  ÿ°√ ‚§ ª≈“ À√◊Õ°ÿâß ·µà∂â“

„™âª√‘¡“≥¡“°‡°‘π‰ªÀ√◊Õ®—∫ —µ«åπ—Èπ°àÕπ°”Àπ¥

Õ“®¡’°“√µ°§â“ß¢Õß¬“„πº≈‘µ¿—≥±å®“° —µ«å ‡™àπ

‡π◊ÈÕ ‰¢à ·≈–πÈ”π¡(4)  À“°ºŸâ∫√‘‚¿§√—∫ª√–∑“πÕ“À“√

∑’Ë¡’¬“ªØ‘™’«π–µ°§â“ß‡ªìπª√–®” Õ“®∑”„Àâ√à“ß°“¬

¡’Õ“°“√·æâÀ√◊Õ¥◊ÈÕ¬“¥—ß°≈à“«‡¡◊ËÕ„™â¬“π’È√—°…“

Õ“°“√‡®Á∫ªÉ«¬ ‡æ√“–‡™◊ÈÕ®ÿ≈‘π∑√’¬å„π√à“ß°“¬¡’

§«“¡§ÿâπ‡§¬°—∫µ—«¬“¡“°¢÷Èπ ®π∫“ß™π‘¥ “¡“√∂

æ—≤π“µ—«‡Õß„Àâ¡’πÈ”¬àÕ¬ ≈“¬¬“‰¥â À√◊Õ°√–µÿâπ„Àâ

æ—≤π“µ—«‡Õß®π‰¥â “¬æ—π∏ÿå„À¡à(5) ®“°°“√æ∫¬“

ªØ‘™’«π–µ°§â“ß  Õ—πµ√“¬„π°“√∫√‘‚¿§¬“„π°≈ÿà¡π’È

º≈°√–∑∫µàÕ‡»√…∞°‘®¢Õßª√–‡∑» ·≈–°“√

√âÕß¢Õ®“°ºŸâª√–°Õ∫°“√ àßÕÕ° °√¡«‘∑¬“»“ µ√å

°“√·æ∑¬å ‚¥¬ ”π—°§ÿ≥¿“æ·≈–§«“¡ª≈Õ¥¿—¬

Õ“À“√ ´÷Ëß‰¥â„Àâ∫√‘°“√µ√«® Õ∫À“ª√‘¡“≥¢Õß

ÕÕ°´’‡µµ√“´—¬§≈‘πµ°§â“ß„π°ÿâß·™à‡¬◊Õ°·¢Áß àßÕÕ°

´÷Ëß à«π„À≠à àßÕÕ°‰ª¬—ßª√–‡∑»≠’ËªÿÉπ  ®÷ß‰¥â¢¬“¬

¢Õ∫¢à“¬«‘∏’«‘‡§√“–Àå´÷Ëß„™âµ√«® Õ∫„π‡π◊ÈÕª»ÿ —µ«å

„Àâ “¡“√∂µ√«®«‘‡§√“–Àå„π°ÿâß ·≈–§√Õ∫§≈ÿ¡°“√

µ√«®«‘‡§√“–Àå¬“ªØ‘™’«π–„Àâ¡“°¢÷Èπ§◊Õ ‡æ‘Ë¡°“√

µ√«®‡µµ√“ —́¬§≈‘π ·≈–§≈Õ‡µµ√“ —́¬§≈‘π °“√

»÷°…“§√—Èßπ’È®÷ß®”‡ªìπµâÕß∑¥ Õ∫§«“¡∂Ÿ°µâÕß¢Õß«‘∏’

·≈–π”«‘∏’¥—ß°≈à“«µ√«® Õ∫¬“ªØ‘™’«π–µ°§â“ß

°≈ÿà¡‡µµ√“ —́¬§≈‘π„π°ÿâß·™à‡¬◊Õ°·¢Áß àßÕÕ°µ—Èß·µà

ªï æ.». 2542 ∂÷ß æ.». 2546 ‡æ◊ËÕ„Àâ∑√“∫

 ∂“π°“√≥å°“√„™â·≈–°“√µ°§â“ß¢ÕßÕÕ° ’́‡µµ√“-

´—¬§≈‘π„π°ÿâß°ÿ≈“¥”·™à‡¬◊Õ°·¢Áß µàÕ®“°∑’Ë‡§¬

√“¬ß“π „πªï æ.». 2537 ∂÷ß ªï æ.». 2541(6)

√«¡∑—Èß»÷°…“·π«‚πâ¡°“√„™â‡µµ√“´—¬§≈‘π·≈–

§≈Õ‡µµ√“´—¬§≈‘π„π°ÿâß°ÿ≈“¥” (giant prawn,

Penaeus monodon) °ÿâß°â“¡°√“¡ (giant fresh water

prawn, Macrobrachium rosenbergii) ·≈–°ÿâß¢“«

(white shrimp, Litopenaeus vannamei) ¢âÕ¡Ÿ≈∑’Ë

‰¥â®“°√“¬ß“ππ’È Àπà«¬ß“π∑’Ë‡°’Ë¬«¢âÕß„π¿“§√—∞

·≈–ºŸâª√–°Õ∫°“√ “¡“√∂π”‰ª„™âª√–°Õ∫°“√

æ‘®“√≥“À“π‚¬∫“¬·°â‰¢ªí≠À“ √«¡∑—Èß»÷°…“

·π«∑“ß∑’Ë‡À¡“– ¡„π°“√π”¬“ªØ‘™’«π–¡“„™â„π

°“√‡æ“–‡≈’È¬ß ‡æ◊ËÕ≈¥ªí≠À“°“√µ°§â“ß ∑”„Àâ

 ‘π§â“¡’§ÿ≥¿“æ¥’ ·≈–ª≈Õ¥¿—¬µàÕºŸâ∫√‘‚¿§

«— ¥ÿ·≈–«‘∏’°“√

 “√¡“µ√∞“π·≈– “√‡§¡’

 “√¡“µ√∞“π : oxytetracycline hydro-

chloride (OTC) ¢Õß Sigma, tetracycline

hydrochloride (TC) ¢Õß Sigma, chlortetracycline

hydrochloride (CTC) ¢Õß Sigma

 “√‡§¡’ : methanol (HPLC grade),

acetonitrile (HPLC grade), oxalic acid , anhydrous

dibasic sodium phosphate, citric acid, πÈ”°≈—Ëπ

(HPLC grade)
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¬“°≈ÿà¡‡µµ√“´—¬§≈‘πµ°§â“ß„π°ÿâß·™à‡¬◊Õ°·¢Áß àßÕÕ° ªÿ…¬“  · ß«‘√ÿÃÀå  ·≈– ÿ∏“∑‘æ¬å  «‘∑¬å™—¬«ÿ≤‘«ß»å

°“√‡µ√’¬¡ “√≈–≈“¬¡“µ√∞“π

‡µ√’¬¡ “√≈–≈“¬¡“µ√∞“π OTC, TC  ·≈–
CTC  (TC stock standard solutions)  „π methanol
‚¥¬„Àâ “√·µà≈–™π‘¥¡’§«“¡‡¢â¡¢âπ 1000 ‰¡‚§√-
°√—¡µàÕ¡‘≈≈‘≈‘µ√

‡µ√’¬¡ “√≈–≈“¬¡“µ√∞“π°≈ÿà¡‡µµ√“-
´—¬§≈‘π  (TC combined working standard solution)
§«“¡‡¢â¡¢âπ¢Õß OTC, TC ·≈– CTC ‡ªìπ  10, 10
·≈– 20 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√  µ“¡≈”¥—∫ ‚¥¬
ªî‡ªµ “√≈–≈“¬¡“µ√∞“π OTC, TC  ·≈– CTC
‡¢â¡¢âπ 1000 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√   0.25, 0.25
·≈– 0.50 ¡‘≈≈‘≈‘µ√ µ“¡≈”¥—∫ „ à„π volumetric
flask ‡¥’¬«°—π ·≈–ª√—∫ª√‘¡“µ√‡ªìπ 25 ¡‘≈≈‘≈‘µ√
¥â«¬ methanol

‡µ√’¬¡ “√≈–≈“¬‡æ◊ËÕ √â“ß°√“ø¡“µ√∞“π
§«“¡‡¢â¡¢âπ¢Õß OTC ·≈– TC  0.05, 0.10, 0.25,
0.50 ·≈– 1.00 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√  µ“¡≈”¥—∫
·≈–§«“¡‡¢â¡¢âπ¢Õß CTC ‡ªìπ 0.10, 0.20, 0.50,
1.00 ·≈– 2.00 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√  µ“¡≈”¥—∫
‚¥¬ªî‡ªµ “√≈–≈“¬¡“µ√∞“π°≈ÿà¡‡µµ√“´—¬§≈‘π
¥—ßπ’È 50, 100, 250, 500 ·≈– 1000 ‰¡‚§√≈‘µ√
µ“¡≈”¥—∫ π”¡“‡®◊Õ®“ß¥â«¬ methanolic oxalic
acid 6 ¡‘≈≈‘≈‘µ√ ·≈–ª√—∫ª√‘¡“µ√‡ªìπ 10 ¡‘≈≈‘≈‘µ√
¥â«¬πÈ”°≈—Ëπ

°“√‡µ√’¬¡ “√‡§¡’

0.01 ‚¡≈“√å  oxalic acid ‡µ√’¬¡‚¥¬≈–≈“¬
oxalic acid 1.26 °√—¡„ππÈ”°≈—Ëπ ·≈–ª√—∫ª√‘¡“µ√
‡ªìπ 1 ≈‘µ√

0.01 ‚¡≈“√å  methanolic oxalic acid
‡µ√’¬¡‚¥¬≈–≈“¬ oxalic acid 1.26 °√—¡„π methanol
·≈–ª√—∫ª√‘¡“µ√‡ªìπ 1 ≈‘µ√

McIlvaine buffer-EDTA pH 4 ‡µ√’¬¡‚¥¬
≈–≈“¬ anhydrous dibasic sodium phosphate
28.4 °√—¡„ππÈ”°≈—Ëπ ·≈–ª√—∫ª√‘¡“µ√‡ªìπ 1 ≈‘µ√
·≈– citric acid 21.0 °√—¡„ππÈ”°≈—Ëπ ·≈–ª√—∫

ª√‘¡“µ√‡ªìπ 1 ≈‘µ√ º ¡ “√≈–≈“¬ citric acid
1 ≈‘µ√ °—∫ “√≈–≈“¬ anhydrous dibasic sodium
phosphate  625 ¡‘≈≈‘≈‘µ√ ª√—∫ pH „Àâ‰¥â  4.00 ±
0.05  ‚¥¬‡µ‘¡  0.1 ‚¡≈“√å  hydrochloric acid  À√◊Õ

0.1 ‚¡≈“√å  sodium hydroxide

‡§√◊ËÕß¡◊Õ·≈–Õÿª°√≥å

‡§√◊ËÕßÀ¡ÿπ‡À«’Ë¬ß (centrifuge), ‡§√◊ËÕß‡¢¬à“

(shaker), ‡§√◊ËÕß‡¢¬à“º ¡ “√ (vortex), °√–¥“…

°√Õß‡∫Õ√å 1, solid-phase extraction (SPE)

cartridges 500 ¡‘≈≈‘°√—¡ C18 packing : Sep-pak

C18(7), vacuum manifold processor comprising

vacuum block and vacuum pump, µ—«°√Õß

 ”‡√Á®√Ÿª¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 15 ¡‘≈≈‘‡¡µ√

pore size 0.45 ‰¡‚§√‡¡µ√, ‡§√◊ËÕß HPLC ¢Õß

WATERS ™ÿ¥ LC Module I (UV/VIS detector,

Millinium  software), §Õ≈—¡πå Lichrosorb RP18

(4.6 mm, id Ó 250 mm)

 ¿“«–¢Õß‡§√◊ËÕß HPLC: column: Lichro-

sorb RP 18  5 ‰¡‚§√‡¡µ√ ¢π“¥ 250 mm Ó 4.6

mm id., detector: UV §«“¡¬“«§≈◊Ëπ 350 π“‚π-

‡¡µ√, mobile phase: 0.01M oxalic acid:

acetonitrile: methanol (Õ—µ√“ à«π 65:25:10),

flow rate:  1.2 ¡‘≈≈‘≈‘µ√µàÕπ“∑’,  injection volume:

60 ‰¡‚§√≈‘µ√

µ—«Õ¬à“ß

°ÿâß·™à‡¬◊Õ°·¢Áß àßÕÕ°∑—ÈßÀ¡¥ 1,727

µ—«Õ¬à“ß ·∫àß‡ªìπ °ÿâß°ÿ≈“¥” 1,680 µ—«Õ¬à“ß

°ÿâß°â“¡°√“¡ 16 µ—«Õ¬à“ß ·≈–°ÿâß¢“« 31 µ—«Õ¬à“ß

 àßÕÕ°µ—Èß·µàªï æ.». 2542 - 2546

°“√‡µ√’¬¡µ—«Õ¬à“ß

 ÿà¡µ—«Õ¬à“ß°ÿâß·µà≈–™π‘¥·∫∫ pooled

sample(8) ‚¥¬ ÿà¡µ—«Õ¬à“ß®“°®”π«πµ—«Õ¬à“ß≈–
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3 °‘‚≈°√—¡ ÷́Ëß‡ªìπµ—«Õ¬à“ß lot ‡¥’¬«°—π®π‰¥â
πÈ”Àπ—°√«¡ª√–¡“≥ 500 °√—¡ ªÕ°‡ª≈◊Õ° À—°À—«
‡Õ“‡©æ“–‡π◊ÈÕ π”¡“∫¥„Àâ≈–‡Õ’¬¥¥â«¬‡§√◊ËÕß∫¥

°“√µ√«®«‘‡§√“–Àåµ—«Õ¬à“ß

«‘‡§√“–Àå µ“¡ AOAC  «‘∏’∑’Ë 995.09(9)

°“√√“¬ß“πº≈

√“¬ß“πª√‘¡“≥ÕÕ° ’́‡µµ√“ —́¬§≈‘π ·≈–
‡µµ√“´—¬§≈‘π ‡¡◊ËÕæ∫ ≥ 0.1 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡
·≈–§≈Õ‡µµ√“´—¬§≈‘π ‡¡◊ËÕæ∫  ≥ 0.2  ¡‘≈≈‘°√—¡
µàÕ°‘‚≈°√—¡

°“√ √â“ß°√“ø¡“µ√∞“π

‡µ√’¬¡‚¥¬©’¥ “√≈–≈“¬‡æ◊ËÕ √â“ß°√“ø
¡“µ√∞“π°≈ÿà¡‡µµ√“´—¬§≈‘π ∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß
OTC ·≈– TC 0.05, 0.10, 0.25, 0.50 ·≈– 1.00
‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ §«“¡‡¢â¡¢âπ¢Õß CTC  0.10,
0.20, 0.50, 1.00 ·≈– 2.00 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√
‡¢â“‡§√◊ËÕß HPLC ·≈– √â“ß°√“ø¡“µ√∞“π√–À«à“ß
§«“¡‡¢â¡¢âπ¢Õß OTC, TC  ·≈– CTC  °—∫æ◊Èπ∑’Ë
„µâæ’°

°“√∑¥ Õ∫§«“¡∂Ÿ°µâÕß¢Õß«‘∏’«‘‡§√“–Àå

‰¥â¢¬“¬¢Õ∫¢à“¬°“√µ√«®«‘‡§√“–Àå®“°«‘∏’
«‘‡§√“–ÀåÀ“ª√‘¡“≥§≈Õ‡µµ√“ —́¬§≈‘π ÕÕ° ’́-
‡µµ√“´—¬§≈‘π ·≈–‡µµ√“´—¬§≈‘π „π‡π◊ÈÕ —µ«å(9)

„Àâµ√«® Õ∫„π°ÿâß ´÷Ëß‡ªìπ°“√«‘‡§√“–ÀåÀ“ª√‘¡“≥
¥â«¬‡§√◊ËÕß HPLC ®÷ßµâÕß∑”°“√∑¥ Õ∫§«“¡
∂Ÿ°µâÕß¢Õß«‘∏’«‘‡§√“–Àå¥—ßπ’È(10)

°“√∑¥ Õ∫§«“¡‡ªìπ‡ âπµ√ß ·≈–™à«ß°“√
«‘‡§√“–Àå (linearity and range)

‡µ‘¡ “√≈–≈“¬¡“µ√∞“π°≈ÿà¡‡µµ√“´—¬§≈‘π
∑’Ë√–¥—∫§«“¡‡¢â¡¢âπµà“ß°—π 3 √–¥—∫≈ß„π 5.00 °√—¡
¢Õßµ—«Õ¬à“ß°ÿâß∑’Ë‰¡àæ∫ “√‡À≈à“π’È 50, 100
·≈– 200 ‰¡‚§√≈‘µ√ ‰¥â§à“§«“¡‡¢â¡¢âπ¢Õß OTC

·≈– TC  0.10,  0.20 ·≈– 0.40  ¡‘≈≈‘°√—¡µàÕ
°‘‚≈°√—¡µ“¡≈”¥—∫  ·≈– CTC  0.20,  0.40 ·≈–
0.80 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡ µ“¡≈”¥—∫ ∑”´È”§«“¡
‡¢â¡¢âπ≈– 6 ́ È” ·≈â««‘‡§√“–Àåµ“¡«‘∏’«‘‡§√“–Àåµ—«Õ¬à“ß
®“°π—Èπ √â“ß°√“ø√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß OTC, TC
·≈– CTC ∑’Ëæ∫„πµ—«Õ¬à“ß °—∫æ◊Èπ∑’Ë„µâæ’° À“§à“
correlation coefficient (r)

°“√∑¥ Õ∫§à“¢’¥®”°—¥¢Õß°“√µ√«®æ∫
(limit of detection, LOD)

„™â§à“ signal-to-noise ratio   ¡“°°«à“À√◊Õ
‡∑à“°—∫ 3  (S/N ≥ 3) ‚¥¬«‘‡§√“–Àåµ—«Õ¬à“ß∑’Ë‡µ‘¡
 “√≈–≈“¬¡“µ√∞“π„Àâ¡’§«“¡‡¢â¡¢âπ¢Õß OTC
TC ·≈– CTC ‡∑à“°—∫ 0.01, 0.01 ·≈– 0.02
¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡ µ“¡≈”¥—∫  «‘‡§√“–Àå 6 ´È”
µ“¡«‘∏’«‘‡§√“–Àåµ—«Õ¬à“ß §”π«≥§à“‡©≈’Ë¬§«“¡‡¢â¡¢âπ
®“°°√“ø¡“µ√∞“π ·≈–§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π

°“√∑¥ Õ∫§à“¢’¥®”°—¥¢Õß°“√«—¥‡™‘ßª√‘¡“≥
(limit of quantitation, LOQ)

‡µ‘¡ “√¡“µ√∞“π°≈ÿà¡‡µµ√“´—¬§≈‘π „Àâ¡’
§à“§«“¡‡¢â¡¢âπ„πµ—«Õ¬à“ß¢Õß OTC, TC ·≈– CTC
‡ªìπ 10 ‡∑à“¢Õß SD ≈ß„π 5.00 °√—¡ ¢Õßµ—«Õ¬à“ß
°ÿâß∑’Ë‰¡àæ∫ “√π’È (blank sample)  «‘‡§√“–Àå 6 ´È”
µ“¡«‘∏’«‘‡§√“–Àåµ—«Õ¬à“ß ‡∑’¬∫°—∫°√“ø¡“µ√∞“π
§”π«≥À“§à“ percent recovery  ·≈–§à“‡∫’Ë¬ß‡∫π
¡“µ√∞“π —¡æ—∑∏å  (% RSD)

°“√∑¥ Õ∫§à“§«“¡·¡àπ (accuracy) „π√Ÿª
√âÕ¬≈–¢Õß°“√°≈—∫§◊π (% recovery) ·≈–°“√
∑¥ Õ∫§«“¡‡∑’Ë¬ß (precision) „π√Ÿª¢Õß§à“‡∫’Ë¬ß-
‡∫π¡“µ√∞“π —¡æ—∑∏å (% RSD)

‡µ‘¡ “√≈–≈“¬¡“µ√∞“π°≈ÿà¡‡µµ√“´—¬§≈‘π
∑’Ë√–¥—∫§«“¡‡¢â¡¢âπµà“ß°—π 3 √–¥—∫≈ß„πµ—«Õ¬à“ß
°ÿâß∑’Ë‰¡àæ∫ “√‡À≈à“π’È ‚¥¬°”Àπ¥§à“ interested level
¢Õß OTC, TC ·≈– CTC ∑’Ë§«“¡‡¢â¡¢âπ 0.20, 0.20
·≈– 0.40 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡ ‡µ‘¡ “√≈–≈“¬
¡“µ√∞“π°≈ÿà¡‡µµ√“´—¬§≈‘π 50, 100 ·≈– 200
‰¡‚§√≈‘µ√ „πµ—«Õ¬à“ß°ÿâß°ÿ≈“¥”Àπ—° 5.00 °√—¡
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‰¥â§à“§«“¡‡¢â¡¢âπ∑’Ë«‘‡§√“–Àå„πµ—«Õ¬à“ß¢Õß OTC
·≈– TC 0.10, 0.20 ·≈– 0.40 ¡‘≈≈‘°√—¡µàÕ
°‘‚≈°√—¡µ“¡≈”¥—∫ ·≈– CTC 0.20, 0.40 ·≈–
0.80 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡ µ“¡≈”¥—∫  ∑” È́”§«“¡
‡¢â¡¢âπ≈– 6 È́” ·≈â««‘‡§√“–Àå‡™àπ‡¥’¬«°—∫°“√À“§à“
LOQ ‚¥¬∑¥ Õ∫„π«—π‡¥’¬«°—π (within run) ‡∑’¬∫
°—∫°√“ø¡“µ√∞“π §”π«≥À“ % recovery ‡æ◊ËÕ
∑¥ Õ∫§à“§«“¡·¡àπ·≈–§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π
 —¡æ—∑∏å‡æ◊ËÕ∑¥ Õ∫§«“¡‡∑’Ë¬ß

°“√§«∫§ÿ¡§ÿ≥¿“æº≈°“√«‘‡§√“–Àå

‡µ√’¬¡∑ÿ°Ê 20 µ—«Õ¬à“ß‡æ◊ËÕ‡ªìπ°“√§«∫§ÿ¡
§ÿ≥¿“æ¢Õß°“√«‘‡§√“–Àå‚¥¬°“√À“§à“√âÕ¬≈–¢Õß
°“√°≈—∫§◊π∑”¥—ßπ’È «‘‡§√“–Àåµ—«Õ¬à“ß∑’Ë‰¡àæ∫ “√
°≈ÿà¡π’È (blank sample) ‡æ◊ËÕ¥Ÿ interferences ·≈–
µ—«Õ¬à“ß∑’Ë‡µ‘¡ “√≈–≈“¬¡“µ√∞“π°≈ÿà¡‡µµ√“´—¬§≈‘π
(spiked sample) §«“¡‡¢â¡¢âπ¢Õß OTC, TC ·≈–
CTC ‡∑à“°—∫ 0.20, 0.20 ·≈– 0.40 ¡‘≈≈‘°√—¡µàÕ
°‘‚≈°√—¡ µ“¡≈”¥—∫ ‚¥¬™—Ëßµ—«Õ¬à“ßÀπ—° 5.00 °√—¡
‡µ‘¡ “√≈–≈“¬¡“µ√∞“π°≈ÿà¡‡µµ√“´—¬§≈‘π 100

‰¡‚§√≈‘µ√ ·≈–π”¡“«‘‡§√“–Àåæ√âÕ¡°—∫µ—«Õ¬à“ß
ª°µ‘µ“¡«‘∏’„π AOAC «‘∏’∑’Ë 995.09(9)

‡°≥±å°”Àπ¥ À√◊Õ¡“µ√∞“π°”Àπ¥

ª√–°“»°√–∑√«ß “∏“√≥ ÿ¢(2)  ©∫—∫∑’Ë 231
(æ.». 2544) ‡√◊ËÕßÕ“À“√∑’Ë¡’¬“ —µ«åµ°§â“ß °”Àπ¥
ÕÕ°´’‡µµ√“´—¬§≈‘π µ°§â“ß„π°ÿâß°ÿ≈“¥” ‰¡à‡°‘π
0.1 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡ ·≈–¡“µ√∞“π Codex(1)

‰¡à‡°‘π 0.2 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡

º≈

°“√∑¥ Õ∫§«“¡‡ªìπ‡ âπµ√ß·≈–™à«ß°“√
«‘‡§√“–Àå æ∫«à“ §«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπ
¢Õß “√¡“µ√∞“π∑’Ë‡µ‘¡„πµ—«Õ¬à“ß ¢Õß OTC  ·≈–
TC  0.10,  0.20 ·≈– 0.40  ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡
CTC 0.20,  0.40 ·≈– 0.80  ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡
°—∫æ◊Èπ∑’Ë„µâæ’° ¡’§«“¡‡ªìπ‡ âπµ√ß‚¥¬¡’§à“
 —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å (correlation coefficient,
r)  ¢Õß OTC, TC ·≈– CTC ‡ªìπ 0.9999, 0.9999
·≈– 0.9999  µ“¡≈”¥—∫   (¿“æ∑’Ë 1)
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æ
◊Èπ∑

’Ë„µ
âæ

’°
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Name: OTC; Fit Type: Linear (1st Order): r: R2 0999975; Equation: Y = 4.81e + 004X - 2.66e + 002
Name:   TC; Fit Type: Linear (1st Order): r: R2 0999979; Equation: Y = 5.08e + 004X - 1.27e + 003
Name: CTC; Fit Type: Linear (1st Order): r: R2 0999987; Equation: Y = 1.49e + 004X - 8.51e + 002

¿“æ∑’Ë 1 §«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπ¢ÕßÕÕ° ’́‡µµ√“´—¬§≈‘π (OTC) ‡µµ√“ —́¬§≈‘π (TC) ·≈–

§≈Õ‡µµ√“´—¬§≈‘π (CTC) „πµ—«Õ¬à“ß°—∫æ◊Èπ∑’Ë„µâæ’°

§«“¡‡¢â¡¢âπ, ¡‘≈≈‘°√—¡/°‘‚≈°√—¡



100

Tetracyclin Residues in Frozen Exported Shrimp Pusaya  Sangvirun  and Suthatip  Vitchaivutivong

º≈∑¥ Õ∫¢’¥®”°—¥¢Õß°“√µ√«®æ∫‰¥â§à“
LOD ¢Õß OTC, TC ·≈– CTC „πµ—«Õ¬à“ß∑’Ë§«“¡
‡¢â¡¢âπ 0.01, 0.01 ·≈– 0.02 ¡‘≈≈‘°√—¡µàÕ
°‘‚≈°√—¡µ“¡≈”¥—∫  ‰¥â§à“‡©≈’Ë¬¢Õß OTC, TC ·≈–
CTC ‡∑à“°—∫ 0.01, 0.006 ·≈–  0.007 ¡‘≈≈‘°√—¡
µàÕ°‘‚≈°√—¡µ“¡≈”¥—∫  §à“ SD ¢Õß OTC, TC ·≈–
CTC ‡∑à“°—∫ 0.002, 0.002 ·≈– 0.002
¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡µ“¡≈”¥—∫ ·≈–§à“ S/N ¢Õß
OTC, TC ·≈– CTC ‡∑à“°—∫ 5, 3 ·≈– 3.5 µ“¡
≈”¥—∫

º≈∑¥ Õ∫¢’¥®”°—¥¢Õß°“√«—¥ª√‘¡“≥‰¥â§à“
LOQ ¢Õß OTC,  TC ·≈– CTC  ‡∑à“°—∫  0.10, 0.10
·≈– 0.20 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡µ“¡≈”¥—∫ ‚¥¬¡’
§à“§«“¡·¡àπÀ√◊Õ % recovery ¢Õß OTC, TC ·≈–
CTC ‡∑à“°—∫ 95 ± 1.67, 83 ± 1.03 ·≈– 84 ± 2.00
µ“¡≈”¥—∫ ·≈–§à“ % RSD ¢Õß OTC, TC ·≈– CTC
‡∑à“°—∫ 1.76, 1.25 ·≈– 2.38  µ“¡≈”¥—∫ ·≈–
º≈°“√∑¥ Õ∫§«“¡·¡àπ¢Õß«‘∏’«‘ ‡§√“–Àå¬“
ªØ‘™’«π–°≈ÿà¡‡µµ√“´—¬§≈‘π„π°ÿâß ‰¥â§à“ % recovery
‡©≈’Ë¬ ¢Õß  OTC, TC, CTC ∑’Ë “¡√–¥—∫§«“¡
‡¢â¡¢âπ ¥—ßµ“√“ß∑’Ë 1

µ“√“ß∑’Ë 2 · ¥ßº≈∑¥ Õ∫§«“¡‡∑’Ë¬ß¢Õß
OTC, TC ·≈– CTC ∑’Ë “¡√–¥—∫§«“¡‡¢â¡¢âπ

º≈µ√«®«‘‡§√“–Àå¬“ªØ‘™’«π–°≈ÿà¡‡µµ√“-
´—¬§≈‘πµ°§â“ß„π°ÿâß·™à‡¬◊Õ°·¢Áß àßÕÕ°„π™à«ßªï
æ.». 2542 - 2546 ®”π«π°ÿâß·™à‡¬◊Õ°·¢Áß àßÕÕ°
„π·µà≈–ªï¡’¥—ßπ’È 368, 376, 395, 351 ·≈– 237
µ—«Õ¬à“ßµ“¡≈”¥—∫ √«¡∑—ÈßÀ¡¥ 1,727 µ—«Õ¬à“ß ‰¥â·°à
°ÿâß°ÿ≈“¥” 1,680 µ—«Õ¬à“ß °ÿâß°â“¡°√“¡ 16 µ—«Õ¬à“ß
·≈–°ÿâß¢“« 31 µ—«Õ¬à“ß æ∫µ—«Õ¬à“ß∑’Ë¡’¬“ªØ‘™’«π–
°≈ÿà¡‡µµ√“´—¬§≈‘π µ°§â“ß√«¡ 41 µ—«Õ¬à“ß §‘¥‡ªìπ
√âÕ¬≈– 2.4 ¢Õß®”π«πµ—«Õ¬à“ß∑—ÈßÀ¡¥ ®”·π°
µ“¡™π‘¥¢Õß¬“ªØ‘™’«π–¥—ßπ’È æ∫ÕÕ°´’‡µµ√“-
´—¬§≈‘πµ°§â“ß„π·µà≈–ªï§‘¥‡ªìπ√âÕ¬≈–  1.6, 2.1,
4.0, 0.9 ·≈– 1.7 µ“¡≈”¥—∫ ®”π«π∑’Ëæ∫∑—ÈßÀ¡¥
37 µ—«Õ¬à“ß (√âÕ¬≈– 2.1) ·≈–®”π«π∑’Ëæ∫‡°‘π§à“
0.2 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡ 23 µ—«Õ¬à“ß (√âÕ¬≈– 1.3)
‚¥¬æ∫„π°ÿâß°ÿ≈“¥” 33 µ—«Õ¬à“ß (√âÕ¬≈– 1.9) ·≈–
°ÿâß°â“¡°√“¡ 4 µ—«Õ¬à“ß (√âÕ¬≈– 0.2)  ”À√—∫
‡µµ√“´—¬§≈‘πµ°§â“ßæ∫„π·µà≈–ªï§‘¥‡ªìπ√âÕ¬≈–
0.3, 0, 0, 0 ·≈– 0 µ“¡≈”¥—∫ √«¡®”π«π∑’Ëæ∫

™π‘¥ ª√‘¡“≥∑’Ë‡µ‘¡ % recovery % RSD

¢Õß “√ (mg/kg) mean ± SD (n=6)

ÕÕ° ’́‡µµ√“ —́¬§≈‘π 0.10 95 ± 1.67 1.76

0.20 91 ± 3.19 3.51

0.40 97 ± 1.87 1.94

‡µµ√“´—¬§≈‘π 0.10 83 ± 1.03 1.25

0.20 75 ± 2.83 3.77

0.40 76 ± 1.63 2.16

§≈Õ‡µµ√“´—¬§≈‘π 0.20 84 ± 2.00 2.38

0.40 73 ± 0.98 1.35

0.80 72 ± 0.82 1.14

µ“√“ß∑’Ë 1  º≈∑¥ Õ∫§«“¡·¡àπ¢Õß«‘∏’«‘‡§√“–Àå

¬“ªØ‘™’«π–°≈ÿà¡‡µµ√“´—¬§≈‘π„π°ÿâß

™π‘¥ ª√‘¡“≥∑’Ë‡µ‘¡ % recovery % RSD

¢Õß “√ (mg/kg) mean ± SD (n=6)

ÕÕ°´’‡µµ√“ —́¬§≈‘π 0.10 0.095 ± 0.002 1.76

0.20 0.181 ± 0.007 3.67

0.40 0.384 ± 0.007 1.87

‡µµ√“´—¬§≈‘π 0.10 0.083 ± 0.001 1.25

0.20 0.150 ± 0.006 3.77

0.40 0.302 ± 0.006 1.98

§≈Õ‡µµ√“´—¬§≈‘π 0.20 0.168 ± 0.004 2.38

0.40 0.289 ± 0.005 1.84

0.80 0.573 ± 0.007 1.18

µ“√“ß∑’Ë 2 º≈∑¥ Õ∫§«“¡‡∑’Ë¬ß¢Õß«‘∏’«‘‡§√“–Àå

¬“ªØ‘™’«π–°≈ÿà¡‡µµ√“´—¬§≈‘π„π°ÿâß
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∑—ÈßÀ¡¥ 1 µ—«Õ¬à“ß (√âÕ¬≈– 0.1) ‚¥¬æ∫„π
°ÿâß°ÿ≈“¥” ·≈–æ∫§≈Õ‡µµ√“ —́¬§≈‘πµ°§â“ß„π
·µà≈–ªï§‘¥‡ªìπ√âÕ¬≈– 0.3, 0, 0.3, 0.3 ·≈– 0
µ“¡≈”¥—∫ √«¡®”π«π∑’Ëæ∫∑—ÈßÀ¡¥ 3 µ—«Õ¬à“ß

(√âÕ¬≈– 0.2) ·≈–∑ÿ°µ—«Õ¬à“ß∑’Ëæ∫¡’§à“‡°‘π 0.2
¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡  ‚¥¬æ∫„π°ÿâß°ÿ≈“¥” 1 µ—«Õ¬à“ß
(√âÕ¬≈– 0.1) ·≈–°ÿâß°â“¡°√“¡ 2  µ—«Õ¬à“ß (√âÕ¬≈–

0.1) (µ“√“ß∑’Ë 3)

µ“√“ß∑’Ë 3  ®”π«π°ÿâß·™à‡¬◊Õ°·¢Áß àßÕÕ°™π‘¥µà“ß Ê ∑’Ëæ∫¬“ªØ‘™’«π–°≈ÿà¡‡µµ√“´—¬§≈‘πµ°§â“ß

(æ.». 2542 - 2546)

                    ®”π«π∑’Ëæ∫ OTC            ®”π«π∑’Ëæ∫ TC  ®”π«π∑’Ëæ∫ CTC
ªï æ.». ™π‘¥¢Õß°ÿâß ®”π«π ∑—ÈßÀ¡¥ æ∫ >0.2 ∑—ÈßÀ¡¥ æ∫ >0.2 ∑—ÈßÀ¡¥ æ∫ >0.2

∑—ÈßÀ¡¥ /√âÕ¬≈– /√âÕ¬≈– /√âÕ¬≈– /√âÕ¬≈– /√âÕ¬≈– /√âÕ¬≈–

2542 °ÿ≈“¥” 365 6/1.6 5/1.4 1/0.3 0/0 1/0.3 1/0.3
°â“¡°√“¡ 3 0/0 0/0 0/0 0/0 0/0 0/0
°ÿâß¢“« 0 0/0 0/0 0/0 0/0 0/0 0/0

√«¡ 368 6/1.6 5/1.4 1/0.3 0/0 1/0.3 1/0.3

2543 °ÿ≈“¥” 376 8/2.1 3/0.8 0/0 0/0 0/0 0/0
°â“¡°√“¡ 0 0/0 0/0 0/0 0/0 0/0 0/0
°ÿâß¢“« 0 0/0 0/0 0/0 0/0 0/0 0/0

√«¡ 376 8/2.1 3/0.8 0/0 0/0 0/0 0/0

2544 °ÿ≈“¥” 392 14/3.5 12/3.0 0/0 0/0 0/0 0/0
°â“¡°√“¡ 3 2/0.5 2/0.5 0/0 0/0 1/0.3 1/0.3
°ÿâß¢“« 0 0/0 0/0 0/0 0/0 0/0 0/0

√«¡ 395 16/4.0 14/3.5 0/0 0/0 1/0.3 1/0.3

2545 °ÿ≈“¥” 340 2/0.6 0/0 0/0 0/0 0/0 0/0
°â“¡°√“¡ 3 1/0.3 0/0 0/0 0/0 1/0.3 1/0.3
°ÿâß¢“« 8 0/0 0/0 0/0 0/0 0/0 0/0

√«¡ 351 3/0.9 0/0 0/0 0/0 1/0.3 1/0.3

2546 °ÿ≈“¥” 207 3/1.3 0/0 0/0 0/0 0/0 0/0
°â“¡°√“¡ 7 1/0.4 1/0.4 0/0 0/0 0/0 0/0
°ÿâß¢“« 23 0/0 0/0 0/0 0/0 0/0 0/0

√«¡ 237 4/1.7 1/0.4 0/0 0/0 0/0 0/0

2542-2546 °ÿ≈“¥” 1,680 33/1.9 20/1.2 1/0.1 0/0 1/0.1 1/0.1
°â“¡°√“¡ 16 4/0.2 3/0.2 0/0 0/0 2/0.1 2/0.1
°ÿâß¢“« 31 0/0 0/0 0/0 0/0 0/0 0/0

√«¡ 1,727 37/2.1 23/1.3 1/0.1 0/0 3/0.2 3/0.2

À¡“¬‡Àµÿ  OTC = oxytetracycline, TC = tetracycline ·≈– CTC = chlortetracycline
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Tetracyclin Residues in Frozen Exported Shrimp Pusaya  Sangvirun  and Suthatip  Vitchaivutivong

«‘®“√≥å

®“°°“√∑’Ë°ÿâß·™à‡¬◊Õ°·¢Áß¡—°æ∫ªí≠À“°“√

µ°§â“ß¢Õß¬“ªØ‘™’«π–∑’Ë„™â„π°“√‡æ“–‡≈’È¬ß ´÷Ëß„π

¢≥–π—ÈπÀâÕßªØ‘∫—µ‘°“√°ÕßÕ“À“√ àßÕÕ°«‘‡§√“–Àå

‰¥â‡©æ“–ÕÕ°´’‡µµ√“´—¬§≈‘π ®÷ß‰¥â¢¬“¬¢’¥§«“¡

 “¡“√∂‡æ◊ËÕ„Àâµ√«® Õ∫‰¥â∑—ÈßÕÕ°´’‡µµ√“´—¬§≈‘π

‡µµ√“´—¬§≈‘π  ·≈–§≈Õ‡µµ√“ —́¬§≈‘π  ¥â«¬‡§√◊ËÕß

‚§√¡“‚µ√°√“ø™π‘¥¢Õß‡À≈«ª√– ‘∑∏‘¿“æ Ÿß

(HPLC) ´÷Ëß«‘∏’«‘‡§√“–Àå∑’Ë„™â‡ªìπ«‘∏’∑’Ë„™âµ√«® Õ∫

„π‡π◊ÈÕ —µ«å(9) ¥—ßπ—Èπ ‡¡◊ËÕπ”¡“µ√«® Õ∫„π°ÿâß

®÷ß‰¥â∑¥ Õ∫ª√– ‘∑∏‘¿“æ¢Õß«‘∏’«‘‡§√“–Àå¥—ß°≈à“«

°àÕππ”¡“„™âµ√«®«‘‡§√“–Àåµ—«Õ¬à“ß°ÿâß°ÿ≈“¥”„π

ÀâÕßªØ‘∫—µ‘°“√ ÷́Ëß®“°°“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ«‘∏’

æ∫«à“

º≈∑¥ Õ∫§«“¡‡ªìπ‡ âπµ√ß‰¥â§à“ —¡ª√– ‘∑∏‘Ï

 À —¡æ—π∏å (r)  ¢Õß “√∑—Èß “¡™π‘¥  ‡∑à“°—∫ 0.9999

· ¥ß∂÷ß§«“¡ —¡æ—π∏å∑’Ë¡’§«“¡‡ªìπ‡ âπµ√ß¢Õß¬“

µ°§â“ß„πµ—«Õ¬à“ß®“°°“√‡µ‘¡ “√¡“µ√∞“π≈ß‰ª

°—∫æ◊Èπ∑’Ë„µâæ’°

 °“√∑¥ Õ∫¢’¥®”°—¥¢Õß°“√µ√«®æ∫

(LOD) ‰¥â§à“ signal-to-noise ratio (S/N) ¢Õß

 “√∑—Èß “¡™π‘¥ ¡“°°«à“ 3 ́ ÷ËßÕ¬Ÿà„π‡°≥±å∑’Ë¬Õ¡√—∫(9)

·≈– LOD ¡’§à“‡ªìπ 1 „π 10 ‡∑à“¢Õß§à“ LOQ  À√◊Õ

§à“ LOQ ‡ªìπ 10 ‡∑à“¢Õß§à“ LOD ÷́Ëß®– Õ¥§≈âÕß

°—∫¢âÕ°”Àπ¥Àπ÷Ëß„π«‘∏’°“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ

«‘∏’(10) πÕ°®“°π—Èπ§à“ LOD ¢ÕßÕÕ° ’́‡µµ√“´—¬§≈‘π

¬—ßµË”°«à“ª√‘¡“≥∑’Ë¬Õ¡„Àâæ∫‰¥â„π°ÿâß°ÿ≈“¥” (§à“

MRL) ´÷Ëß°”Àπ¥‚¥¬ Codex ∂÷ß 20 ‡∑à“ ·≈– 10

‡∑à“¢Õß§à“ MRL ∑’Ë°”Àπ¥µ“¡ª√–°“»°√–∑√«ß

 “∏“√≥ ÿ¢  à«π¬“µ°§â“ßÕ’° 2 ™π‘¥„π°≈ÿà¡π’È §◊Õ

‡µµ√“´—¬§≈‘π ·≈–§≈Õ‡µµ√“´—¬§≈‘π ‰¡à‰¥â√–∫ÿ§à“

MRL  ”À√—∫§à“ LOQ ¢Õß¬“ªØ‘™’«π–∑—Èß 3 ™π‘¥

(µ“√“ß∑’Ë 1) æ∫«à“ ¡’§à“§«“¡·¡àπ·≈–§«“¡‡∑’Ë¬ß

Õ¬Ÿà„π‡°≥±å∑’Ë¬Õ¡√—∫‰¥â (11)

º≈∑¥ Õ∫§«“¡·¡àπ¢Õß«‘∏’„π√Ÿª√âÕ¬≈–¢Õß

°“√°≈—∫§◊π (µ“√“ß∑’Ë 1) ‡ªÕ√å‡´Áπµå°“√‰¥â°≈—∫

§◊π¢ÕßÕÕ° ’́‡µµ√“´—¬§≈‘π Õ¬Ÿà„π™à«ß 91 - 97

‡µµ√“´—¬§≈‘π Õ¬Ÿà„π™à«ß 75 - 83 ·≈–§≈Õ‡µµ√“-

´—¬§≈‘π Õ¬Ÿà„π™à«ß 72 - 84 ´÷ËßÕ¬Ÿà„π‡°≥±å∑’Ë¬Õ¡√—∫

‰¥â(11)  ”À√—∫º≈∑¥ Õ∫§«“¡‡∑’Ë¬ß (µ“√“ß∑’Ë 2)

„Àâ§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π —¡æ—∑∏å (% RSD) ¢Õß

ÕÕ°´’‡µµ√“ —́¬§≈‘π ‡µµ√“ —́¬§≈‘π ·≈–§≈Õ-

‡µµ√“´—¬§≈‘π Õ¬Ÿà„π™à«ß 1.18 - 3.77 ÷́ËßÕ¬Ÿà„π

‡°≥±å∑’Ë¬Õ¡√—∫‰¥â(11)  · ¥ß«à“«‘∏’«‘‡§√“–Àåπ’È¡’§«“¡

·¡àπ·≈–§«“¡‡∑’Ë¬ß∑’Ëπà“‡™◊ËÕ∂◊Õ ®÷ß “¡“√∂π”‰ª

«‘‡§√“–ÀåÀ“ª√‘¡“≥ÕÕ°´’‡µµ√“´—¬§≈‘π ‡µµ√“-

´—¬§≈‘π ·≈–§≈Õ‡µµ√“´—¬§≈‘π„π°ÿâß‰¥â

®“°¢âÕ¡Ÿ≈ Collaborative Study ¢Õß°“√

«‘‡§√“–Àå§≈Õ‡µµ√“´—¬§≈‘π ÕÕ°´’‡µµ√“´—¬§≈‘π

·≈–‡µµ√“´—¬§≈‘π„π‡π◊ÈÕ —µ«å(12)  ‰¥â§à“ % recovery

·µ°µà“ß°—π  ÷́Ëß§à“ % recovery ¢Õß‡µµ√“ —́¬§≈‘π

·≈–§≈Õ‡µµ√“ —́¬§≈‘πµË”°«à“ÕÕ° ’́‡µµ√“ —́¬§≈‘π

 “‡ÀµÿÀπ÷Ëß¡“®“°°“√„™â  SPE cartridges ‡æ◊ËÕ§«∫§ÿ¡

§ÿ≥¿“æµ√«®«‘‡§√“–Àå §«√∑¥ Õ∫ª√– ‘∑∏‘¿“æ

¢Õß SPE cartridges °àÕππ”‰ª„™â ·≈–∑ÿ°§√—Èß∑’Ë

‡ª≈’Ë¬π√ÿàπ°“√º≈‘µ„À¡à ‡π◊ËÕß®“°§à“ % recovery

®–·µ°µà“ß°—π„π·µà≈–√ÿàπ¢Õß°“√º≈‘µ ∑—Èßπ’È§à“

% recovery ®–µâÕßÕ¬Ÿà„π‡°≥±å §◊Õ ≥ 80% À√◊Õ∂â“

‰¡à‰¥âµ“¡‡°≥±å §à“ % recovery µâÕß‰¥â§à“ RSD

≤10%(9) ·≈–¡’°“√«‘‡§√“–Àå spiked sample „π

∑ÿ°Ê 20 µ—«Õ¬à“ß ‡æ◊ËÕÀ“§à“ % recovery ¢ÕßÕÕ° ’́-

‡µµ√“ —́¬§≈‘π ‡µµ√“ —́¬§≈‘π ·≈–§≈Õ‡µµ√“ —́¬§≈‘π

‚¥¬§à“∑’Ë‰¥â®–µâÕßÕ¬Ÿà„π‡°≥±å§◊Õ 60-115%(11)

°“√¢¬“¬º≈°“√µ√«®«‘‡§√“–Àå™π‘¥¢Õß¬“

 —µ«åµ°§â“ß∑”„Àâ∑√“∫°“√„™â ·≈–·π«‚πâ¡°“√

µ°§â“ß¡“°¢÷Èπ ´÷Ëßæ∫«à“πÕ°®“°ÕÕ°´’‡µµ√“-

´—¬§≈‘πµ°§â“ß„π°ÿâß·≈â«¬—ßæ∫°“√µ°§â“ß¢Õß

‡µµ√“´—¬§≈‘π ·≈–§≈Õ‡µµ√“´—¬§≈‘π ∫àß™’È«à“¡’°“√
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„™â¬“∑—Èß Õß™π‘¥„πª√–‡∑»‰∑¬ ‰¡à„™à¡’°“√„™â

‡©æ“–ÕÕ° ’́‡µµ√“ —́¬§≈‘π‡æ’¬ßÕ¬à“ß‡¥’¬« ¥—ßπ—Èπ

ª√–°“»°√–∑√«ß “∏“√≥ ÿ¢§«√√–∫ÿ§à“ MRL

¢Õß‡µµ√“´—¬§≈‘π ·≈–§≈Õ‡µµ√“´—¬§≈‘π¥â«¬

‡æ◊ËÕºŸâ‡≈’È¬ß°ÿâß®–‰¥â§«∫§ÿ¡°“√„™â‰¥â∂Ÿ°µâÕß ÷́Ëß

®“°°“√»÷°…“√–À«à“ßªï æ.». 2542-2546

(µ“√“ß∑’Ë 3) · ¥ß®”π«π°ÿâß·™à‡¬◊Õ°·¢Áß àßÕÕ°™π‘¥

µà“ß Ê ∑’Ëæ∫¬“ªØ‘™’«π–°≈ÿà¡‡µµ√“ —́¬§≈‘πµ°§â“ß

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫·µà≈–ªï®”π«πµ—«Õ¬à“ß∑’Ëµ√«®æ∫

¬“°≈ÿà¡π’È‰¡à ¡Ë”‡ ¡Õ  ‚¥¬æ∫ÕÕ°´’‡µµ√“´—¬§≈‘π

µ°§â“ß„π°ÿâß°ÿ≈“¥”¡“°∑’Ë ÿ¥ √âÕ¬≈– 1.9 ·≈–

®”π«π∑’Ë‡°‘π§à“ Codex MRL(1)  √âÕ¬≈– 1.2   ‡ª√’¬∫

‡∑’¬∫°—∫√“¬ß“π√–À«à“ßªï æ.». 2537-2541(6)

´÷Ëß‡ªìπº≈°“√µ√«®«‘‡§√“–ÀåÕÕ° ’́‡µµ√“ —́¬§≈‘π

µ°§â“ß„π°ÿâß°ÿ≈“¥”·™à‡¬◊Õ°·¢Áß àßÕÕ° ®”π«π∑’Ë

æ∫∑—ÈßÀ¡¥ §◊Õ √âÕ¬≈– 1.2 ·≈–®”π«π∑’Ë‡°‘π§à“

Codex MRL (1)  √âÕ¬≈– 0.8 · ¥ß«à“·π«‚πâ¡°“√„™â

·≈–°“√µ°§â“ß¢ÕßÕÕ° ’́‡µµ√“ —́¬§≈‘π„π°ÿâß

°ÿ≈“¥”‰¡à≈¥≈ß  πÕ°®“°π’È¬—ßæ∫«à“¡’°“√„™â¬“ Õß

™π‘¥√à«¡°—π‚¥¬æ∫µ—«Õ¬à“ß∑’Ë¡’ ‡µµ√“ —́¬§≈‘π

µ°§â“ß√à«¡°—∫§≈Õ‡µµ√“ —́¬§≈‘π ·≈–ÕÕ° ’́‡µµ√“-

´—¬§≈‘πµ°§â“ß√à«¡°—∫§≈Õ‡µµ√“ —́¬§≈‘π

¡“µ√∞“π§ÿâ¡§√ÕßºŸâ∫√‘‚¿§¿“¬„πª√–‡∑»

µ“¡ª√–°“»°√–∑√«ß “∏“√≥ ÿ¢ ©∫—∫∑’Ë 231(2)

‰¥â°”Àπ¥§à“ MRL ¢ÕßÕÕ°´’‡µµ√“´—¬§≈‘π‰«â∑’Ë

√–¥—∫ 0.1 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡ „π°ÿâß°ÿ≈“¥”

‡∑à“π—Èπ ·≈–¬—ß‰¡à¡’°“√°”Àπ¥ª√‘¡“≥°“√µ°§â“ß

(maximum residual limit) ¢Õß‡µµ√“ —́¬§≈‘π

·≈–§≈Õ‡µµ√“ —́¬§≈‘π„π°ÿâß°ÿ≈“¥” ®÷ß‰¡à “¡“√∂

π”§à“¡“µ√∞“ππ’È„™â°—∫°ÿâß “¬æ—π∏ÿåÕ◊Ëπ‰¥â ‡™àπ °ÿâß

°â“¡°√“¡ ·≈–°ÿâß¢“« ‡ªìπµâπ ¥—ßπ—Èπ ‡æ◊ËÕ§ÿâ¡§√Õß

ºŸâ∫√‘‚¿§¿“¬„πª√–‡∑» ¡“µ√∞“π‡√◊ËÕß¬“ —µ«åµ°§â“ß

§«√°”Àπ¥ª√‘¡“≥°“√µ°§â“ß„Àâ§√Õ∫§≈ÿ¡¡“°¢÷Èπ

·≈–‡°…µ√°√§«√»÷°…“ª√‘¡“≥∑’Ë¡“µ√∞“π°”Àπ¥

„Àâµ°§â“ß‰¥â √«¡∂÷ß»÷°…“«‘∏’°“√„™â¬“ ·≈–√–¬–‡«≈“

°“√À¬ÿ¥¬“∑’Ë‡À¡“– ¡°àÕπ®—∫°ÿâß®”Àπà“¬ Àπà«¬

ß“π∑’Ë‡°’Ë¬«¢âÕß∑—Èß¿“§√—∞·≈–¿“§‡Õ°™π®÷ß§«√

√à«¡°—πæ‘®“√≥“À“«‘∏’‡æ◊ËÕ≈¥°“√„™â “√ªØ‘™’«π–„π

°“√‡æ“–‡≈’È¬ß ·≈–‡°…µ√°√ºŸâ‡æ“–‡≈’È¬ß §«√π”

¡“µ√∞“π GAP (good agricultural practice) ¡“

„™â„π°“√∫√‘À“√·≈–®—¥°“√ø“√å¡‡æ“–‡≈’È¬ß°ÿâß ‡æ◊ËÕ

‡πâπ§ÿ≥¿“æ¢Õß°ÿâß∑’Ë‡≈’È¬ß„Àâª≈Õ¥®“°¬“µ°§â“ß

 √ÿª

º≈°“√µ√«®«‘‡§√“–Àå°ÿâß·™à‡¬◊Õ°·¢Áß àßÕÕ°

√–À«à“ßªï æ.». 2542-2546 ‚¥¬„™â«‘∏’´÷Ëß„™âµ√«®

 Õ∫„π‡π◊ÈÕ —µ«å ·≈–‰¥â∑¥ Õ∫ª√– ‘∑∏‘¿“æ«‘∏’«à“

 “¡“√∂µ√«®¬“µ°§â“ß„π°ÿâß·™à‡¬◊Õ°·¢Áß‰¥â‡∑à“‡∑’¬¡

°—π æ∫«à“πÕ°®“°¡’°“√„™âÕÕ° ’́‡µµ√“ —́¬§≈‘π„π

°“√‡æ“–‡≈’È¬ß·≈â« ¬—ß¡’°“√„™â¬“ªØ‘™’«π–™π‘¥Õ◊Ëπ

„π°≈ÿà¡‡µµ√“ —́¬§≈‘π ·≈–®“°®”π«πµ—«Õ¬à“ß

∑—ÈßÀ¡¥æ∫ÕÕ° ’́‡µµ√“´—¬§≈‘πµ°§â“ß¡“°∑’Ë ÿ¥
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The Analysis of Tetracycline Residues in Frozen Exported Shrimp

Pusaya Sangvirun  and Suthatip Vitchaivutivong

Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000, Thailand.

ABSTRACT Frozen shrimp is an important exported goods of Thailand. But the problem of antibiotic

residues in shrimp tissue is an obstacle to export progress. Tetracycline antibiotics (TCs), such as

oxytetracycline (OTC), tetracycline (TC)  and chlortetracycline (CTC) are widely used to control diseases

and promote growth in black tiger shrimp farms. Therefore, the analysis of tetracyclines antibiotic residues in

frozen exported shrimp were carried on by Bureau of Quality and Safety of Food, Department of Medical

Sciences during 1999 - 2003. High Performance Liquid Chromatography (HPLC) is the method used

to analyse tetracycline residues in animal husbandry tissues. Therefore, the method was validated before analysis

in shrimp. Seventeen hundred and twenty-seven shrimp samples (1,680 samples of black tiger shrimp,

16 samples of fresh water shrimp, and 31 samples of vannamei shrimp) were analysed for TC, OTC and CTC

residues. The results showed that 41 samples (2.4%) of  samples were found tetracyclines residues such

as 37 (2.1%) of OTC,  1 (0.1%) of  TC and 3 (0.2%) of CTC. Both TC and CTC residues were found in

one sample of black tiger shrimp and both OTC and CTC in one sample of fresh water shrimp. The samples

contained OTC and CTC more than 0.2 mg/kg were 1.3% and 0.2% respectively.  In conclusion, samples were

contaminated with OTC more than CTC and  TC respectively. The report is an information for shrimp producers

and manufactures to realize the problem of tetracycline residues in their shrimp for export and use this data

to prevent the problem of antibiotics residues in frozen shrimp. Therefore, exported shrimp from Thailand will

be accepted in international trade and safe for human consumption.

Key words :  tetracycline residues, shrimp, HPLC


