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Abstract

Astaxanthin is an oil soluble pigment in group of carotenoid and usually found in
shrimp head in form of carotenoprotein complex. The aim of this research was to investigate
the optimum condition for extraction of astaxanthin from shrimp head using papain
combined with rice bran oil. The face-centered central composite design was used to
evaluate the effects of enzyme concentration (0.25, 0.75, and 1.25% of shrimp head),
hydrolysis time (30, 150, and 270 min), and extraction time (30, 90, and 150 min) on astaxanthin
yield. The results showed that enzymatic hydrolysis of shrimp head with papain followed by
extraction with rice bran oil significantly enhanced astaxanthin yield. The optimum condition
that gave the highest astaxanthin yield (123.09 μg/g) was enzyme concentration at 0.80% of
shrimp head, hydrolysis time of 270 min, and extraction time of 105 min.

Keywords: astaxanthin, shrimp head, papain, rice bran oil

∫∑π”

°ÿâß‡ªìπ —μ«åπÈ”‡»√…∞°‘®∑’Ë ”§—≠¢Õßª√–‡∑»‰∑¬  “¡“√∂∑”√“¬‰¥â‡¢â“ª√–‡∑»ªï≈–°«à“
À≈“¬À¡◊Ëπ≈â“π∫“∑ ‚¥¬„πªï 2555 ¡’¡Ÿ≈§à“°“√ àßÕÕ°¡“°∂÷ß 95,637 ≈â“π∫“∑ ( ”π—°ß“π‡»√…∞°‘®
°“√‡°…μ√, 2556) ÷́Ëß∂◊Õ‡ªìπ ‘π§â“ª√–¡ß∑’Ë¡’¡Ÿ≈§à“°“√ àßÕÕ°¡“°∑’Ë ÿ¥ ‚¥¬º≈º≈‘μ à«π„À≠à¡—°®–
 àßÕÕ°„π√Ÿª¢Õß°ÿâß ¥·™à‡¬Áπ ·™à‡¬◊Õ°·¢Áß °ÿâß·ª√√Ÿª ·≈–°ÿâß°√–ªÜÕß ´÷Ëß¡’·π«‚πâ¡‡æ‘Ë¡¢÷ÈπÕ¬à“ßμàÕ‡π◊ËÕß
‚¥¬‡©æ“–Õ¬à“ß¬‘Ëßμ≈“¥„π‡Õ‡™’¬ ≠’ËªÿÉπ ·≈–®’π ∑”„ÀâÕÿμ “À°√√¡·ª√√Ÿª°ÿâß¡’°“√¢¬“¬μ—«Õ¬à“ß√«¥‡√Á«
 àßº≈„Àâ¡’§«“¡μâÕß°“√„™â«—μ∂ÿ¥‘∫„πª√‘¡“≥∑’Ë‡æ‘Ë¡¢÷Èπ ¢≥–‡¥’¬«°—π°Á¡’‡»…‡À≈◊Õ∑‘Èß®“°°√–∫«π°“√º≈‘μ
‡°‘¥¢÷Èπ‡ªìπ®”π«π¡“° ª√–¡“≥ 40-50% ¢ÕßπÈ”Àπ—°°ÿâß (Simpson & Haard, 1985) ´÷Ëß‡»…‡À≈◊Õ∑‘Èß
‡À≈à“π’È‡ªìπ·À≈àß∑’Ë ”§—≠¢Õß‚ª√μ’π ‰§μ‘π ‡°≈◊Õ·√à ·≈–·§‚√∑’πÕ¬¥å (Sachindra, 2003)

·Õ μ“·´π∑‘π (3,3′-dihydroxy-β-β′-carotene-4-4′-dione) ‡ªìπ “√„Àâ ’∑’Ë®—¥Õ¬Ÿà„π°≈ÿà¡¢Õß
·§‚√∑’πÕ¬¥å æ∫¡“°∫√‘‡«≥ à«πÀ—«¢Õß —μ«å∑’Ë¡’‡ª≈◊Õ°·¢Áß (Crustacean) ‡™àπ °ÿâß °—Èß ·≈–ªŸ (Sachindra
et al., 2005a) πÕ°®“°π’È¬—ß “¡“√∂æ∫‰¥â„πª≈“·´≈¡Õπ ¬’ μå  “À√à“¬¢π“¥‡≈Á° √«¡∑—Èß„πÕ«—¬«–
¢Õßπ°∫“ß™π‘¥ (Hussein et al., 2006; Sachindra et al., 2005b; Higuera-Ciapara et al., 2004)
·Õ μ“·´π∑‘π∑’Ëæ∫¡—°Õ¬Ÿà„π√Ÿª¢Õß “√ª√–°Õ∫‡™‘ß´âÕπ°—∫‚ª√μ’π (Carotenoprotein) ‚¥¬®—∫Õ¬Ÿà°—∫
‚ª√μ’πÀ√◊Õ‰°≈‚§‚ª√μ’π∫√‘‡«≥μ”·Àπàß∑’Ë‡ªìπ‰Œ‚¥√‚ø∫‘° ´÷Ëß™à«¬‡æ‘Ë¡§«“¡‡ ∂’¬√„Àâ°—∫·Õ μ“·´π∑‘π
·≈–∑”„Àâ·Õ μ“·´π∑‘π≈–≈“¬πÈ”‰¥â √«¡∑—Èß‡ª≈’Ë¬π®“° ’ â¡·¥ß‡ªìπ ’πÈ”μ“≈øÑ“ (Higuera-Ciapara
et al., 2006) ªí®®ÿ∫—ππ’È ‰¥â¡’°“√π”·Õ μ“·´π∑‘π¡“„™âª√–‚¬™πåÕ¬à“ß·æ√àÀ≈“¬ ‡™àπ „™âº ¡„πÕ“À“√
 —μ«åπÈ” „™â‡ªìπ “√„Àâ ’„πÕÿμ “À°√√¡Õ“À“√ „™â„πÕÿμ “À°√√¡¬“·≈–‡§√◊ËÕß ”Õ“ß (ZMC, 2009; Hussein



SDU Res. J. 6 (1): Jan-Apr 2013 Optimum Condition for Extraction of Astaxanthin from Shrimp Head
using Papain Combined with Rice Bran Oil

119

et al., 2006; Higuera-Ciapara et al., 2006) ·≈–®“°√“¬ß“π°“√«‘®—¬æ∫«à“·Õ μ“·´π∑‘π¡’ à«π™à«¬
„π°“√∫”∫—¥√—°…“‚√§ ‡™àπ μâ“π°“√Õ—°‡ ∫ ≈¥§«“¡‡ ’Ë¬ß®“°‚√§‡∫“À«“π (Sánchez-Camargo
et al., 2011) ¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß∫“ß™π‘¥ (Jyonouchi et al., 2000) ·≈–≈¥§«“¡‡ ’Ë¬ß
®“°‚√§À≈Õ¥‡≈◊Õ¥À—«„® (Snodderly, 1995) ‡ªìπμâπ πÕ°®“°π’È¬—ß¡’§ÿ≥ ¡∫—μ‘‡ªìπ “√μâ“πÕÕ° ‘́‡¥™—π
(Antioxidant) ∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß°«à“ “√„Àâ ’„π°≈ÿà¡·§‚√∑’πÕ¬¥å™π‘¥Õ◊ËπÊ ‡™àπ ́ ’·´π∑‘π (Zeaxanthin)
≈Ÿ‡μÕ‘π (Lutein) ·§πμ“·´π∑‘π (Canthaxantin) ·≈–∫’μ“-·§‚√∑’π (β-carotene) ∂÷ß 10 ‡∑à“
(Miki, 1991)

πÈ”¡—π√”¢â“«‡ªìππÈ”¡—π∑’Ë¡’§ÿ≥¿“æ¥’ ª√–°Õ∫¥â«¬°√¥‰¢¡—πÕ‘Ë¡μ—« (Saturated fatty acid) 18%
°√¥‰¢¡—π‰¡àÕ‘Ë¡μ—«‡™‘ß‡¥’Ë¬« (Monounsaturated fatty acid) 45% ·≈–°√¥‰¢¡—π‰¡àÕ‘Ë¡μ—«‡™‘ß´âÕπ
(Polyunsaturated fatty acid) 37% πÕ°®“°π’È¬—ßÕÿ¥¡‰ª¥â«¬ “√æƒ°…‡§¡’ (Phytochemical) ∑’Ë
 ”§—≠À≈“¬™π‘¥ ‡™àπ ·Õ≈ø“ ∫’μ“ ·°¡¡“ ·≈–‡¥≈μ“-‚∑‚§‡øÕ√Õ≈ (α, β, γ and δ-tocopherol) À√◊Õ
‡√’¬°√«¡«à“«‘μ“¡‘πÕ’ (Vitamin E) ·Õ≈ø“ ∫’μ“ ·°¡¡“ ·≈–‡¥≈μ“-‚∑‚§‰μ√Õ’πÕ≈ (α, β, γ and
δ-tocotrienol) (Duvernay et al., 2005) √«¡∑—Èß·°¡¡“-‚Õ‰√´“πÕ≈ (γ-oryzanol) ÷́Ëß “√‡À≈à“π’È
¡’§ÿ≥ ¡∫—μ‘‡ªìπ “√μâ“πÕÕ°´‘‡¥™—π∑’Ë¡’ª√– ‘∑∏‘¿“æ (Lloyd et al., 2000)

°“√ °—¥·Õ μ“·´π∑‘π®“°‡»…‡À≈◊Õ∑‘Èß∑’Ë‡°‘¥®“°‚√ßß“π·ª√√Ÿª°ÿâß “¡“√∂∑”‰¥âÀ≈“¬«‘∏’ ‡™àπ
°“√„™â‡Õπ‰´¡å (Holanda & Netto, 2006) °“√„™â°√–∫«π°“√À¡—° (Sachindra et al., 2007) °“√ °—¥
¥â«¬μ—«∑”≈–≈“¬Õ‘π∑√’¬å (Sachindra et al., 2006) ·≈–‡π◊ËÕß®“°·Õ μ“·´π∑‘π‡ªìπ “√„Àâ ’∑’Ë “¡“√∂
≈–≈“¬‰¥â„ππÈ”¡—π®÷ß‰¥â¡’°“√»÷°…“«‘∏’°“√ °—¥ ‚¥¬„™âπÈ”¡—πæ◊™‡ªìπμ—«∑”≈–≈“¬ (Sachindra &
Mahendrakar, 2005) ÷́Ëß«‘∏’π’È∂◊Õ‡ªìπ∑“ß‡≈◊Õ°∑’Ëπà“ π„® ‡π◊ËÕß®“°‰¡à®”‡ªìπμâÕß·¬°μ—«∑”≈–≈“¬ÕÕ°
„π¿“¬À≈—ß ®÷ß™à«¬≈¥¢—ÈπμÕπ°“√ °—¥·≈–≈¥°“√„™âæ≈—ßß“π„π¢—ÈπμÕπ°“√°”®—¥μ—«∑”≈–≈“¬ (Kang &
Sim, 2008) ∂÷ß·¡â«à“«‘∏’π’È®–¡’¢âÕ¥’À≈“¬ª√–°“√ ·μà°“√ °—¥¥â«¬πÈ”¡—πæ◊™‡æ’¬ßÕ¬à“ß‡¥’¬«Õ“®¡’
ª√– ‘∑∏‘¿“æ∑’Ë ‰¡à¥’æÕ‡¡◊ËÕ‡∑’¬∫°—∫°“√ °—¥¥â«¬μ—«∑”≈–≈“¬Õ‘π∑√’¬å ¥—ßπ—Èπ®÷ß‰¥â¡’°“√ª√—∫ª√ÿß
°√–∫«π°“√ °—¥ ‚¥¬π”‡»…‡À≈◊Õ∑‘Èß¡“¬àÕ¬ ≈“¬‚ª√μ’π¥â«¬‡Õπ‰´¡å‚ª√μ‘‡Õ  (Protease) ‡™àπ ∑√‘ª´‘π
(Trypsin) ‡æª´‘π (Pepsin) ª“‡ªπ (Papain) ·≈–Õ—≈§“‡≈  (Alcalase) ·≈â«®÷ßπ”‰ª °—¥¥â«¬πÈ”¡—πæ◊™
(Sachindra & Mahendrakar, 2011) Chakrabarti (2002) ·π–π”«à“§«√„™â‡Õπ‰´¡åª“‡ªπ„π°“√ °—¥
·Õ μ“·´π∑‘π¡“°°«à“‡Õπ‰´¡å∑√‘ª´‘π ‡π◊ËÕß®“°‡Õπ‰´¡å∑—Èß 2 ™π‘¥π’È¡’ª√– ‘∑∏‘¿“æ„π°“√ °—¥
·Õ μ“·´π∑‘π‰¡à·μ°μà“ß°—π¡“°π—° ·μà‡Õπ‰´¡å∑√‘ª´‘π¡’√“§“ Ÿß°«à“‡Õπ‰´¡åª“‡ªπ∂÷ß 20 ‡∑à“ ®“°
‡Àμÿº≈¥—ß°≈à“«¢â“ßμâπ®÷ß¡’·π«§‘¥∑’Ë®–π”À—«°ÿâß¡“ °—¥·Õ μ“·´π∑‘π ‚¥¬π”‰ª¬àÕ¬ ≈“¬‚ª√μ’π¥â«¬
‡Õπ‰´¡åª“‡ªπ·≈â«®÷ßπ”‰ª °—¥¥â«¬πÈ”¡—π√”¢â“«‡æ◊ËÕ‡ªìπ°“√ √â“ß¡Ÿ≈§à“‡æ‘Ë¡„Àâ°—∫‡»…‡À≈◊Õ∑‘Èß®“°
‚√ßß“π·ª√√Ÿª°ÿâß
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«—μ∂ÿª√– ß§å

‡æ◊ËÕ»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√ °—¥·Õ μ“·´π∑‘π®“°À—«°ÿâß ‚¥¬„™â‡Õπ‰´¡åª“‡ªπ√à«¡°—∫
πÈ”¡—π√”¢â“«

Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

1. «—μ∂ÿ¥‘∫·≈– “√‡§¡’

‡»…‡À≈◊Õ∑‘Èß®“°°“√μ—¥·μàß°ÿâß¢“«·«ππ“‰¡ (Litopenaeus vannamei) ́ ÷Ëßª√–°Õ∫¥â«¬ à«πÀ—«
‡ª≈◊Õ° ·≈–À“ß°ÿâß‰¥â®“°√â“π¢“¬Õ“À“√∑–‡≈„πμ≈“¥‡¡◊Õß„À¡à (‡™’¬ß„À¡à, ª√–‡∑»‰∑¬) π”¡“·¬°‡Õ“
‡©æ“– à«πÀ—« ·≈â«‡°Á∫√—°…“„π∂ÿßæ≈“ μ‘°∑’ËÕÿ≥À¿Ÿ¡‘ -18 ÌC ®π°«à“®–π”¡“„™â °—¥·Õ μ“·´π∑‘π ‡Õπ‰´¡å
ª“‡ªπ (30,000 USP-U/mg) ®“°∫√‘…—∑ Merck (Darmstadt, Germany) ‚´‡¥’¬¡‰¥‰Œ‚¥√‡®π
øÕ ‡øμ‚¡‚π‰Œ‡¥√μ (Sodium Dihydrogen Phosphate Monohydrate) ®“°∫√‘…—∑ QRëC
(New Zealand) ‰¥‚´‡¥’¬¡‰Œ‚¥√‡®πøÕ ‡øμ‡Œªμ–‰Œ‡¥√μ (di-Sodium Hydrogen Phosphate
Heptahydrate) ®“°∫√‘…—∑ Panreac (Barcelona, Spain) ·≈–πÈ”¡—π√”¢â“« ®“°∫√‘…—∑πÈ”¡—π∫√‘‚¿§‰∑¬
( ¡ÿ∑√ª√“°“√, ª√–‡∑»‰∑¬)

2. °“√ °—¥·Õ μ“·´π∑‘π®“°À—«°ÿâß

π”À—«°ÿâß¡“≈–≈“¬πÈ”·¢Áß ‚¥¬·™à„πÕà“ßπÈ”‡ªìπ‡«≈“ 30 π“∑’ ·≈â«ªíòπ„Àâ≈–‡Õ’¬¥¥â«¬‡§√◊ËÕßªíòπ
(Moulinex, Model DPA141, France) ®“°π—Èπ‡μ‘¡‡Õπ‰´¡åª“‡ªπ§«“¡‡¢â¡¢âπ 0.25, 0.75 ·≈– 1.25%
¢ÕßπÈ”Àπ—°À—«°ÿâß ·≈– “√≈–≈“¬øÕ ‡øμ∫—ø‡øÕ√å æ’‡Õ™ 7.0 Õ—μ√“ à«π 1 : 1 (À—«°ÿâß : ∫—ø‡øÕ√å) π”‰ª
¬àÕ¬ ≈“¬∑’ËÕÿ≥À¿Ÿ¡‘ 65 ÌC ‡ªìπ‡«≈“ 30, 150 ·≈– 270 π“∑’ ‚¥¬„™âÕà“ß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ (Memmert,
Model WB 10, Germany) ·≈â«„Àâ§«“¡√âÕπμàÕ∑’ËÕÿ≥À¿Ÿ¡‘ 90 ÌC Õ’° 10 π“∑’ ‡æ◊ËÕÀ¬ÿ¥ªØ‘°‘√‘¬“°“√
¬àÕ¬ ≈“¬ ®“°π—Èπ·¬° à«π∑’Ë‡ªìπ¢Õß·¢Áß·≈–¢Õß‡À≈«ÕÕ°®“°°—π ‚¥¬„™â‡§√◊ËÕßªíòπ‡À«’Ë¬ß (HERMLE,
Model Z 206 A, Germany) ∑’Ë§«“¡‡√Á« 6,000 √Õ∫μàÕπ“∑’ ‡ªìπ‡«≈“ 5 π“∑’ º ¡ à«π∑’Ë‡ªìπ¢Õß·¢Áß
°—∫πÈ”¡—π√”¢â“« Õ—μ√“ à«π 1 : 2 (À—«°ÿâß : πÈ”¡—π) ·≈â«„Àâ§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ 70 ÌC ‡ªìπ‡«≈“ 30, 90 ·≈–
150 π“∑’ ‚¥¬„™âÕà“ß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘·∫∫‡¢¬à“ (Memmert, Model WB 22, Germany) ®“°π—Èπ
·¬° à«π∑’Ë‡ªìππÈ”¡—π°—∫ à«π∑’Ë‡ªìπ¢Õß·¢Áß¥â«¬‡§√◊ËÕßªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 6,000 √Õ∫μàÕπ“∑’ ‡°Á∫ à«π
∑’Ë‡ªìππÈ”¡—π‰«â„πÀ≈Õ¥∑’ËÀÿâ¡¥â«¬Õ≈Ÿ¡‘‡π’¬¡øÕ¬¥å‡æ◊ËÕªÑÕß°—πªØ‘°‘√‘¬“ÕÕ° ‘́‡¥™—π∑’Ë‡°‘¥®“°· ß (Photo-
oxidation) ·≈â«‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ -18 ÌC °àÕπ∑’Ë®–π”‰ª«‘‡§√“–ÀåÀ“ª√‘¡“≥·Õ μ“·´π∑‘πμàÕ‰ª
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3. °“√«‘‡§√“–Àåª√‘¡“≥·Õ μ“·´π∑‘π„ππÈ”¡—πæ◊™

«‘‡§√“–Àåª√‘¡“≥¢Õß·Õ μ“·´π∑‘π∑’Ë °—¥‰¥â ‚¥¬ªî‡ªμ “√ °—¥ 0.5 ¡‘≈≈‘≈‘μ√ „ à„π¢«¥ª√—∫
ª√‘¡“μ√¢π“¥ 10 ¡‘≈≈‘≈‘μ√ ·≈â«ª√—∫ª√‘¡“μ√„Àâ§√∫¥â«¬πÈ”¡—π√”¢â“« ®“°π—Èππ”‰ª«—¥§à“°“√¥Ÿ¥°≈◊π· ß
¥â«¬‡§√◊ËÕß Spectrophotometer (Thermo Scientific Genesys, Model Genesys 10 UV Scanning,
USA) ∑’Ë§«“¡¬“«§≈◊Ëπ 485 π“‚π‡¡μ√ §”π«≥À“§«“¡‡¢â¡¢âπ¢Õß·Õ μ“·´π∑‘π ‚¥¬„™â ¡°“√¢Õß
Sachindra & Mahendrakar (2005)

Astaxanthin (μg/g waste) =

‡¡◊ËÕ A §◊Õ §à“°“√¥Ÿ¥°≈◊π· ß∑’Ë§«“¡¬“«§≈◊Ëπ 485 π“‚π‡¡μ√ V §◊Õ ª√‘¡“μ√¢ÕßπÈ”¡—πæ◊™
∑’Ë “¡“√∂π”°≈—∫¡“‰¥â (¡‘≈≈‘≈‘μ√) D §◊Õ ®”π«π‡∑à“¢Õß°“√‡®◊Õ®“ß W §◊Õ πÈ”Àπ—°¢ÕßÀ—«°ÿâß (°√—¡)
·≈– §◊Õ §à“§ß∑’Ë°“√¥Ÿ¥°≈◊π· ß¢Õß·Õ μ“·´π∑‘π∑’Ë≈–≈“¬Õ¬Ÿà„ππÈ”¡—π√”¢â“« ‡∑à“°—∫ 1,800
(Chen and Meyers, 1984)

4. °“√À“ ¿“«–∑’Ë‡À¡“– ¡„π°“√ °—¥·Õ μ“·´π∑‘π®“°À—«°ÿâß

«“ß·ºπ°“√∑¥≈Õß·∫∫ Face-centered central composite design ·≈–∑”´È”∑’Ë®ÿ¥°÷Ëß°≈“ß
(Center point) 3 È́” ¥â«¬‚ª√·°√¡ ”‡√Á®√Ÿª∑“ß ∂‘μ‘ Minitab version 16.1.0 (Minitab Inc.) ‚¥¬
»÷°…“∂÷ßÕ‘∑∏‘æ≈¢Õß§«“¡‡¢â¡¢âπ‡Õπ‰´¡å (X

1
) ‡«≈“„π°“√¬àÕ¬ ≈“¬ (X

2
) ·≈–‡«≈“„π°“√ °—¥ (X

3
) ∑’Ë¡’

μàÕª√‘¡“≥·Õ μ“·´π∑‘π (Y)  ”À√—∫√–¥—∫ªí®®—¬∑’Ë„™â»÷°…“· ¥ß¥—ßμ“√“ß∑’Ë 1

μ“√“ß∑’Ë 1 √–¥—∫ªí®®—¬∑’Ë„™â»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√ °—¥·Õ μ“·´π∑‘π

A x V x D x 106

100 x W x E1%
1cm

E1%
1cm

√À— ªí®®—¬ ªí®®—¬
√–¥—∫μË” √–¥—∫°≈“ß √–¥—∫ Ÿß

(-1) (0) (+1)

X
1

§«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å (% ¢ÕßÀ—«°ÿâß) 0.25 0.75 1.25

X
2

‡«≈“„π°“√¬àÕ¬ ≈“¬ (π“∑’) 30 150 270

X
3

‡«≈“„π°“√ °—¥ (π“∑’) 30 90 150
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5. °“√«‘‡§√“–Àåº≈∑“ß ∂‘μ‘

π”¢âÕ¡Ÿ≈∑’Ë ‰¥â¡“«‘‡§√“–ÀåÕ‘∑∏‘æ≈¢Õßªí®®—¬À≈—°·≈–Õ‘∑∏‘æ≈√à«¡√–À«à“ßªí®®—¬ ‚¥¬„™â°“√
«‘‡§√“–Àå§«“¡·ª√ª√«π (ANOVA) ·≈–«‘‡§√“–Àå§à“ —¡ª√– ‘∑∏‘Ï¢Õß ¡°“√∂¥∂Õ¬¥â«¬‚ª√·°√¡
 ”‡√Á®√Ÿª∑“ß ∂‘μ‘ Minitab version 16.1.0 (Minitab Inc.) ‚¥¬„™â·∫∫Àÿàπ°”≈—ß Õß (Second order
models) „π°“√Õ∏‘∫“¬§«“¡ —¡æ—π∏å√–À«à“ß§à“ —ß‡°μ (Y) ·≈–ªí®®—¬μà“ßÊ (X

1
, X

2
, X

3
) ´÷Ëß ¡°“√

¥—ß°≈à“«¡’≈—°…≥– ¥—ßπ’È

‡¡◊ËÕ Y §◊Õ §à“ —ß‡°μ β
0
 §◊Õ §à“§ß∑’Ë β

i
 §◊Õ §à“ —¡ª√– ‘∑∏‘Ï¢Õßªí®®—¬À≈—°°”≈—ßÀπ÷Ëß β

ii
 §◊Õ

§à“ —¡ª√– ‘∑∏‘Ï¢Õßªí®®—¬À≈—°°”≈—ß Õß ·≈– β
ij
 §◊Õ §à“ —¡ª√– ‘∑∏‘Ï¢ÕßÕ‘∑∏‘æ≈√à«¡

®“°π—Èππ” ¡°“√∂¥∂Õ¬∑’Ë‰¥â¡“À“ ¿“«–∑’Ë‡À¡“– ¡ (Optimization) „π°“√ °—¥·Õ μ“·´π∑‘π
‚¥¬„™â ‚ª√·°√¡ ”‡√Á®√Ÿª∑“ß ∂‘μ‘ Minitab version 16.1.0 (Minitab Inc.) ·≈– √â“ß°√“øº≈
μÕ∫ πÕß·∫∫‚§√ß√à“ßæ◊Èπº‘« 3 ¡‘μ‘ (3D Response surface) ¥â«¬‚ª√·°√¡ ”‡√Á®√Ÿª∑“ß ∂‘μ‘
STATISTICA version 10 (StatSoft Inc.)

º≈·≈–«‘®“√≥åº≈°“√∑¥≈Õß

º≈°“√«‘‡§√“–ÀåÕ‘∑∏‘æ≈¢Õßªí®®—¬À≈—°·≈–Õ‘∑∏‘æ≈√à«¡√–À«à“ßªí®®—¬∑’Ë¡’μàÕª√‘¡“≥·Õ μ“·´π∑‘π
· ¥ß¥—ßμ“√“ß∑’Ë 2 ·≈–º≈°“√«‘‡§√“–Àå§à“ —¡ª√– ‘∑∏‘Ï¢Õß ¡°“√∂¥∂Õ¬ · ¥ß¥—ßμ“√“ß∑’Ë 3

®“°μ“√“ß∑’Ë 2 æ∫«à“ §«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å (X
1
) ·≈–‡«≈“„π°“√ °—¥ (X

3
) √«¡∂÷ßÕ‘∑∏‘æ≈

¢Õßªí®®—¬¥—ß°≈à“«°”≈—ß Õß¡’º≈μàÕª√‘¡“≥·Õ μ“·´π∑‘πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p≤0.05) ́ ÷Ëßß“π«‘®—¬
¢Õß Sachindra & Mahendrakar (2005) ∑’Ë °—¥·Õ μ“·´π∑‘π®“°‡»…‡À≈◊Õ∑‘Èß¢Õß°ÿâß (Penaeus indicus)
‚¥¬„™âπÈ”¡—π‡¡≈Á¥¥Õ°∑“πμ–«—π‡ªìπμ—«∑”≈–≈“¬ æ∫«à“ ‡«≈“„π°“√ °—¥¡’º≈μàÕª√‘¡“≥·Õ μ“·´π∑‘π
Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p≤0.05) ·≈– Sachindra & Mahendrakar (2011) ∑’Ë °—¥·Õ μ“·´π∑‘π
®“°‡»…‡À≈◊Õ∑‘Èß¢Õß°ÿâß™π‘¥‡¥’¬«°—π ‚¥¬„™â‡Õπ‰´¡åÕ—≈§“‡≈ „π°“√¬àÕ¬ ≈“¬‚ª√μ’π°àÕππ”‰ª °—¥¥â«¬
πÈ”¡—π‡¡≈Á¥¥Õ°∑“πμ–«—π æ∫«à“ §«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡åÕ—≈§“‡≈ ¡’º≈μàÕª√‘¡“≥·Õ μ“·´π∑‘π
Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p≤0.05) πÕ°®“°π’ÈÕ‘∑∏‘æ≈√à«¡√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å·≈–‡«≈“
„π°“√ °—¥ (X

1
*X

3
) Õ‘∑∏‘æ≈√à«¡√–À«à“ß‡«≈“„π°“√¬àÕ¬ ≈“¬·≈–‡«≈“„π°“√ °—¥ (X

2
*X

3
) °Á¡’º≈

μàÕª√‘¡“≥·Õ μ“·´π∑‘πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p≤0.05) ‡™àπ‡¥’¬«°—π ¢≥–∑’Ë‡«≈“„π°“√¬àÕ¬ ≈“¬
(X

2
) ‡«≈“„π°“√¬àÕ¬ ≈“¬°”≈—ß Õß (X

2
2) √«¡∑—ÈßÕ‘∑∏‘æ≈√à«¡√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å·≈–‡«≈“

„π°“√¬àÕ¬ ≈“¬ (X
1
*X

2
) ‰¡à¡’º≈μàÕª√‘¡“≥·Õ μ“·´π∑‘π (p>0.05)

3
X

j
j=i+1

3
X

i
i=1

3
X2

i
i=1

2
X

i
i=1

Y = β
0
 +  β

i 
 +  β

ii 
 +   β

ij
•
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®“°μ“√“ß∑’Ë 3  “¡“√∂‡¢’¬π‡ªìπ ¡°“√∂¥∂Õ¬‰¥â ¥—ßπ’È
Y = 23.235 + 101.289X

1
 - 0.010X

2
 + 0.833X

3
 - 47.360X

1
2 - 0.000X

2
2 - 0.004X

3
2 -

0.016X
1
*X

2
 - 0.205X

1
*X

3
 + 0.001X

2
*X

3

‚¥¬¡’§à“ R2 ‡∑à“°—∫ 0.9511 ´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“ ¡°“√π’È “¡“√∂π”¡“„™âÕ∏‘∫“¬§«“¡ —¡æ—π∏å
√–À«à“ß§à“ —ß‡°μ (Y) ·≈–ªí®®—¬μà“ßÊ (X

1
, X

2
, X

3
) ‰¥â‡ªìπÕ¬à“ß¥’

μ“√“ß∑’Ë 2 Õ‘∑∏‘æ≈¢Õßªí®®—¬À≈—°·≈–Õ‘∑∏‘æ≈√à«¡√–À«à“ßªí®®—¬∑’Ë¡’μàÕª√‘¡“≥·Õ μ“·´π∑‘π

Source DF Seq SS Adj SS Adj MS F P

Regression 9 3379.15 3379.15 375.461 15.12 0.001

Linear 3 558.59 1832.56 610.855 24.59 0.000

X
1

1 218.92 651.69 651.687 26.24 0.001

X
2

1 277.20 0.44 0.442 0.02 0.898NS

X
3

1 62.47 634.85 634.847 25.56 0.001

Square 3 2273.00 2273.00 757.666 30.50 0.000

X
1
2 1 1585.95 375.60 375.597 15.12 0.006

X
2
2 1 82.46 0.04 0.036 0.00 0.971NS

X
3
2 1 604.59 604.59 604.590 24.34 0.002

Interaction 3 547.56 547.56 182.518 7.35 0.014

X
1
*X

2
1 7.59 7.59 7.593 0.31 0.598NS

X
1
*X

3
1 302.74 302.74 302.742 12.19 0.010

X
2
*X

3
1 237.22 237.22 237.220 9.55 0.018

Residual Error 7 173.87 173.87 24.839

Lack-of-Fit 5 172.56 172.56 34.512 52.57 0.019

Pure Error 2 1.31 1.31 0.656

Total 16 3553.02

À¡“¬‡Àμÿ : NS = ‰¡à¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p>0.05)
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μ“√“ß∑’Ë 3 §à“ —¡ª√– ‘∑∏‘Ï¢Õß ¡°“√∂¥∂Õ¬∑’Ë‰¥â®“°°“√À“ ¿“«–∑’Ë‡À¡“– ¡„π°“√ °—¥·Õ μ“·´π∑‘π
®“°À—«°ÿâß ‚¥¬„™â‡Õπ‰´¡åª“‡ªπ√à«¡°—∫πÈ”¡—π√”¢â“«

Term Coefficient T P

Constant 23.235 2.660 0.032

X
1

101.289 5.122 0.001

X
2

-0.010 -0.133 0.898NS

X
3

0.833 5.056 0.001

X
1
2 -47.360 -3.889 0.006

X
2
2 -0.000 -0.038 0.971

NS

X
3
2 -0.004 -4.934 0.002

X
1
*X

2
-0.016 -0.553 0.598NS

X
1
*X

3
-0.205 -3.491 0.010

X
2
*X

3
0.001 3.090 0.018

À¡“¬‡Àμÿ : NS = ‰¡à¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p>0.05)

®“° ¡°“√∑’Ë‰¥â “¡“√∂Õ∏‘∫“¬‰¥â«à“§«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å (X
1
) ‡«≈“„π°“√ °—¥ (X

3
) ·≈–

Õ‘∑∏‘æ≈√à«¡√–À«à“ß‡«≈“„π°“√¬àÕ¬ ≈“¬°—∫‡«≈“„π°“√ °—¥ (X
2
*X

3
) ¡’º≈„π∑“ß∫«°μàÕª√‘¡“≥·Õ μ“

·´π∑‘π ‚¥¬∑’Ë§«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å¡’Õ‘∑∏‘æ≈¡“°∑’Ë ÿ¥ ¢≥–∑’Ë§«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å¬°°”≈—ß Õß (X
1
2)

‡«≈“„π°“√ °—¥¬°°”≈—ß Õß (X
3
2) ·≈–Õ‘∑∏‘æ≈√à«¡√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å°—∫‡«≈“„π°“√ °—¥

(X
1
*X

3
) °àÕ„Àâ‡°‘¥º≈„π∑“ß≈∫μàÕª√‘¡“≥·Õ μ“·´π∑‘π ‚¥¬∑’Ë§«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å¬°°”≈—ß Õß¡’

Õ‘∑∏‘æ≈¡“°∑’Ë ÿ¥ πÕ°®“°π’È‡«≈“„π°“√¬àÕ¬ ≈“¬ (X
2
) ‡«≈“„π°“√¬àÕ¬ ≈“¬¬°°”≈—ß Õß (X

2
2) ·≈–

Õ‘∑∏‘æ≈√à«¡√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å°—∫‡«≈“„π°“√¬àÕ¬ ≈“¬ (X
1
*X

2
) °àÕ„Àâ‡°‘¥º≈„π∑“ß≈∫

‡™àπ‡¥’¬«°—π ·μàÕ‘∑∏‘æ≈®“°ªí®®—¬‡À≈à“π’È ‰¡à¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p>0.05)
‡¡◊ËÕπ” ¡°“√¢â“ßμâπ‰ªμ√«® Õ∫§«“¡·¡àπ¬” ‚¥¬π”‰ª„™â∑”π“¬ª√‘¡“≥¢Õß·Õ μ“·´π∑‘π

μ“¡ ¿“«–μà“ßÊ ∑’Ë‰¥â®“°°“√«“ß·ºπ°“√∑¥≈Õß ®”π«π 17  ‘Ëß∑¥≈Õß ‡ª√’¬∫‡∑’¬∫°—∫§à“∑’Ë‰¥â®“°°“√
∑¥≈Õß ‰¥âº≈¥—ßμ“√“ß∑’Ë 4

®“°π—Èππ” ¡°“√∂¥∂Õ¬∑’Ë‰¥â¡“ √â“ß°√“øº≈μÕ∫ πÕß·∫∫‚§√ß√à“ßæ◊Èπº‘« 3 ¡‘μ‘ (3D Response
surface plot) ‰¥â°√“ø ¥—ß¿“æ∑’Ë 1-3
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μ“√“ß∑’Ë 4 ª√‘¡“≥·Õ μ“·´π∑‘π∑’Ë‰¥â®“°°“√∑¥≈Õß·≈–§à“∑’Ë‰¥â®“°°“√∑”π“¬

 ‘Ëß∑¥≈Õß
§«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å ‡«≈“„π°“√¬àÕ¬ ≈“¬ ‡«≈“„π°“√ °—¥ §à“®“°°“√ §à“®“°°“√

(% ¢ÕßÀ—«°ÿâß) (π“∑’) (π“∑’) ∑¥≈Õß ∑”π“¬

1 0.25 30 30 65.20 65.56

2 0.25 30 150 70.95 71.97

3 0.25 150 90 86.01 90.14

4 0.25 270 30 70.89 67.15

5 0.25 270 150 97.12 95.34

6 0.75 30 90 107.35 101.28

7 0.75 150 30 85.70 89.14

8 0.75 150 150 95.93 94.14

9 0.75 150 90 107.96 106.66

10 0.75 150 90 108.47 106.66

11 0.75 150 90 106.88 106.66

12 0.75 270 90 104.08 111.81

13 1.25 30 30 87.81 89.17

14 1.25 30 150 67.65 70.97

15 1.25 150 90 101.98 99.50

16 1.25 270 30 88.29 86.86

17 1.25 270 150 91.22 90.45

‡¡◊ËÕÀ“ ¿“«–∑’Ë‡À¡“– ¡ æ∫«à“  ¿“«–∑’Ë∑”„Àâ ‰¥âª√‘¡“≥·Õ μ“·´π∑‘π¡“°∑’Ë ÿ¥ §◊Õ §«“¡
‡¢â¡¢âπ¢Õß‡Õπ‰´¡å 0.80% ¢ÕßÀ—«°ÿâß ‡«≈“„π°“√¬àÕ¬ ≈“¬¢Õß‡Õπ‰´¡å 270 π“∑’ ·≈–‡«≈“„π°“√ °—¥
105 π“∑’ ´÷Ëß∑”„Àâ ‰¥âª√‘¡“≥·Õ μ“·´π∑‘π 112.96 μg/g ·≈–®“°°“√∑«π Õ∫∑’Ë ¿“«–¥—ß°≈à“«
æ∫«à“ ·Õ μ“·´π∑‘π∑’Ë °—¥‰¥â¡’ª√‘¡“≥¡“°∂÷ß 123.09 μg/g ´÷Ëß§≈“¥‡§≈◊ËÕπ‰ª®“°§à“∑’Ë ¡°“√∑”π“¬
8.96% Õ¬à“ß‰√°Áμ“¡ §à“§«“¡§≈“¥‡§≈◊ËÕπ∑’Ë‡°‘¥¢÷Èππ’È¬—ßÕ¬Ÿà„π√–¥—∫∑’Ë¬Õ¡√—∫‰¥â ‡π◊ËÕß®“°¡’§à“‰¡à‡°‘π
10% (Hu, 1999) ·≈–‡¡◊ËÕæ‘®“√≥“®“°ª√‘¡“≥·Õ μ“·´π∑‘π∑’Ë °—¥‰¥â æ∫«à“ ¡’§à“¡“°°«à“ß“π«‘®—¬¢Õß
Sachindra & Mahendrakar (2005) ∑’Ë °—¥·Õ μ“·´π∑‘π®“°‡»…‡À≈◊Õ∑‘Èß¢Õß°ÿâß (Penaeus indicus)
‚¥¬„™âπÈ”¡—π√”¢â“«‡æ’¬ßÕ¬à“ß‡¥’¬« ´÷Ëß‰¥âº≈º≈‘μ‡æ’¬ß 24.3±1.59 μg/g ·≈–¡’§à“¡“°°«à“ß“π«‘®—¬¢Õß
Pu et al. (2010) ∑’Ë °—¥·Õ μ“·´π∑‘π®“°‡»…‡À≈◊Õ∑‘Èß¢Õß°ÿâß (Litopenaeus setiferus) ¥â«¬πÈ”¡—π‡¡≈Á¥
≈‘π‘π ‚¥¬¡’º≈º≈‘μ‡∑à“°—∫ 48.3 μg/g √«¡∑—Èß¡’§à“¡“°°«à“ Sachindra & Mahendrakar (2011) ∑’Ë °—¥
·Õ μ“·´π∑‘π®“°‡»…‡À≈◊Õ∑‘Èß¢Õß°ÿâß (Penaeus indicus) ‚¥¬„™â‡Õπ‰´¡åÕ—≈§“‡≈  §«“¡‡¢â¡¢âπ 0.75%
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¢Õß‡»…‡À≈◊Õ∑‘Èß ¬àÕ¬ ≈“¬‚ª√μ’π‡ªìπ‡«≈“ 150 π“∑’ ·≈â«®÷ßπ”‰ª °—¥¥â«¬πÈ”¡—π‡¡≈Á¥¥Õ°∑“πμ–«—π
90 π“∑’ ´÷Ëß‰¥âº≈º≈‘μ 29.38 μg/g

®“°º≈°“√∑¥≈Õß∑’Ë‰¥â· ¥ß„Àâ‡ÀÁπ«à“°“√π”À—«°ÿâß‰ª¬àÕ¬ ≈“¬‚ª√μ’π¥â«¬‡Õπ‰´¡åª“‡ªπ°àÕπ
π”‰ª °—¥¥â«¬πÈ”¡—π√”¢â“«™à«¬‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√ °—¥·Õ μ“·´π∑‘π ‡π◊ËÕß®“°‡Õπ‰´¡åª“‡ªπ‰ª
 ≈“¬æ—π∏–∑’Ë‡°‘¥¢÷Èπ√–À«à“ß·Õ μ“·´π∑‘π°—∫‚ª√μ’π∑”„Àâ·Õ μ“·´π∑‘π∂Ÿ°‰Œ‚¥√‰≈´åÕ¬Ÿà„π√Ÿª∑’Ë‡ªìπÕ‘ √–
·≈–‡¡◊ËÕπ”‰ª °—¥¥â«¬πÈ”¡—π√”¢â“«®÷ß∑”„Àâ·Õ μ“·´π∑‘π≈–≈“¬„ππÈ”¡—π√”¢â“«‰¥â¡“°¢÷Èπ (Chen
& Meyers, 1982; Nelis et al., 1989; Higuera-Ciapara et al., 2006) ª√‘¡“≥·Õ μ“·´π∑‘π∑’Ë
‡æ‘Ë¡¢÷Èπ¬—ß‡°‘¥®“°«—μ∂ÿ¥‘∫∑’Ë„™â„π°“√ °—¥ ‚¥¬ Sachindra et al. (2005a) æ∫«à“  à«π¢ÕßÀ—«°ÿâß¡’ª√‘¡“≥
·Õ μ“·´π∑‘π¡“°∑’Ë ÿ¥ ‡∑à“°—∫ 153.1 μg/g ¢≥–∑’Ë à«π‡ª≈◊Õ°·≈–‡π◊ÈÕ°ÿâß ¡’ª√‘¡“≥·Õ μ“·´π∑‘π ‡∑à“°—∫
104.7 ·≈– 17.4 μg/g μ“¡≈”¥—∫ ¥—ßπ—Èπ‡¡◊ËÕπ”¡“ °—¥¥â«¬πÈ”¡—π√”¢â“«®÷ß∑”„Àâ ‰¥âª√‘¡“≥·Õ μ“·´π∑‘π
¡“°°«à“ß“π«‘®—¬Õ◊ËπÊ ∑’Ë„™â∑—Èß à«πÀ—«°ÿâß ‡ª≈◊Õ°°ÿâß ·≈– à«πÕ◊ËπÊ ∑’Ë‡ªìπ‡»…‡À≈◊Õ∑‘Èßº ¡°—π πÕ°®“°π’È
πÈ”¡—π√”¢â“«∑’Ë„™â °—¥°Á¡’ à«π™à«¬™–≈Õ°“√ ≈“¬μ—«¢Õß·Õ μ“·´π∑‘π„π√–À«à“ß°√–∫«π°“√ °—¥‡™àπ°—π
‡π◊ËÕß®“°πÈ”¡—π√”¢â“«¡’ “√μâ“πÕÕ°´‘‡¥™—πÀ≈“¬™π‘¥ ‡™àπ ‚∑‚§‡øÕ√Õ≈ ‚∑‚§‰μ√Õ’πÕ≈ ·≈–·°¡¡“-
‚Õ‰√´“πÕ≈ (Moongngarm et al., 2012)

¿“æ∑’Ë 1  °√“øº≈μÕ∫ πÕß·∫∫‚§√ß√à“ßæ◊Èπº‘« 3 ¡‘μ‘ ∑’Ëæ≈ÁÕμ√–À«à“ßª√‘¡“≥·Õ μ“·´π∑‘π (Y)
§«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å (X

1
) ·≈–‡«≈“„π°“√¬àÕ¬ ≈“¬ (X

2
)
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¿“æ∑’Ë 2  °√“øº≈μÕ∫ πÕß·∫∫‚§√ß√à“ßæ◊Èπº‘« 3 ¡‘μ‘ ∑’Ëæ≈ÁÕμ√–À«à“ßª√‘¡“≥·Õ μ“·´π∑‘π (Y)
§«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å (X

1
) ·≈–‡«≈“„π°“√ °—¥ (X

3
)

¿“æ∑’Ë 3  °√“øº≈μÕ∫ πÕß·∫∫‚§√ß√à“ßæ◊Èπº‘« 3 ¡‘μ‘ ∑’Ëæ≈ÁÕμ√–À«à“ßª√‘¡“≥·Õ μ“·´π∑‘π (Y)
‡«≈“„π°“√¬àÕ¬ ≈“¬ (X

2
) ·≈–‡«≈“„π°“√ °—¥ (X

3
)
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