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Abstract

Effect of pH and temperature of soaking water on nutritional values of germinated
ùKhao Dowk Mali 105û brown rice was monitored. The seeds were soaked in water at
temperature of 35 ÌC or 45 ÌC and pH 4 or 6. It was found that soaking rice seeds prior
germination resulted in greater contents of protein, lipid, vitamin B1, γ-amino-butyric acid
(GABA), total phenolics and carotenoids in germinated brown rice. Although, soaking rice
seeds at pH 6 and 35(C gave the highest protein and fat contents, carbohydrate content was
the lowest. However, brown rice soaked at temperature 45 ÌC and pH 4, had a higher vitamin
B1 content than the other conditions of soaking. It was also found that γ-amino-butyric acid
(GABA) and total phenolics of germinated brown rice soaking at pH 4 or 6 and temperature
35 ÌC was increased. The γ-amino-butyric acid (GABA) of germinated ùKhao Dowk Mali 105û
brown rice soaking at at pH 4 or 6, and 35 ÌC was 2.3 time higher than the control rice
(non-germinated seed).

Keywords: γ-amino-butyric acid (GABA), protein, vitamin B1

∫∑π”

∏—≠æ◊™ (cereal) ¡’§«“¡ ”§—≠μàÕ°“√¥”√ß™’«‘μ¢Õß¡πÿ…¬å ‡π◊ËÕß®“°¡’§ÿ≥§à“∑“ßÕ“À“√ Ÿß
„Àâæ≈—ßß“π Ÿß ·≈– “¡“√∂‡°Á∫‰¥âπ“π ´÷Ëß∏—≠æ◊™∑’Ë¡’°“√º≈‘μ¡“°∑’Ë ÿ¥„π‚≈° ‰¥â·°à ¢â“« “≈’ (wheat)
√Õß≈ß¡“§◊Õ¢â“«‚æ¥ (maize) ¢â“« (rice) ¢â“«øÉ“ß (sorghum) ¢â“«‚Õäμ (oat) ¢â“«∫“√å‡≈¬å (barley) ·≈–
¢â“«‰√¬å (rye) μ“¡≈”¥—∫ (Food and Agriculture Organization (FAO), 2008) ‡¡≈Á¥∏—≠æ◊™πÕ°®“°
π”¡“‡ªìπÕ“À“√‚¥¬μ√ß·≈â« ¬—ß “¡“√∂π”¡“·ª√√Ÿª‡ªìπº≈‘μ¿—≥±åμà“ßÊ ‡æ◊ËÕ„™âª√–°Õ∫Õ“À“√ ‡™àπ
·ªÑß “≈’ „™â∑”º≈‘μ¿—≥±å‡∫‡°Õ√’Ë ¢π¡Õ∫μà“ßÊ (Hogy & Fangmeier, 2008) ·ªÑß¢â“«‚æ¥ „™â∑”‰ â
¢π¡Õ∫ „™â‡ªìπ à«πº ¡Õ“À“√§“« ·ªÑß buckwheat  “¡“√∂π”¡“º≈‘μ‡ªìπ‡ âπ∫–À¡’Ë (Kim et al., 2008)
¢â“«∫“√å‡≈¬å„™â„πÕÿμ “À°√√¡‡§√◊ËÕß¥◊Ë¡∑’Ë¡’·Õ≈°ÕŒÕ≈å ·≈–Õ“À“√ —μ«å (Yalcin et al., 2007) √«¡∑—Èß
¬—ß¡’°“√π”∏—≠æ◊™¡“æ—≤π“‡ªìπº≈‘μ¿—≥±åÕ“À“√‡æ◊ËÕ ÿ¢¿“æ (Tatala et al., 2007) ÷́ËßÕ“À“√∫”√ÿß
 ÿ¢¿“æ∑’Ë‰¥â®“°∏√√¡™“μ‘°”≈—ß‡ªìπ∑’Ëπ‘¬¡¡“°„π‚≈°μ–«—πμ° ‚¥¬‡©æ“–∏—≠æ◊™ßÕ° ´÷Ëß‡ªìπº≈‘μ¿—≥±å
∑’Ë¡’§ÿ≥§à“∑“ßÕ“À“√‡æ‘Ë¡¢÷Èπ (Mwikya et al., 2001; Lin & Lai, 2006)

°√–∫«π°“√ßÕ°¢Õß‡¡≈Á¥∏—≠æ◊™ ¡’ªí®®—¬∑’Ë ”§—≠À≈“¬ª√–°“√∑’ËÕ“® àßº≈μàÕ§ÿ≥¿“æ∑—Èß°“√
‡æ‘Ë¡À√◊Õ≈¥≈ß¢Õß “√Õ“À“√ ´÷Ëßªí®®—¬‡À≈à“π—Èπ ‰¥â·°à √–¬–‡«≈“∑’Ë„™â„π°“√ßÕ° ™π‘¥¢Õßæ◊™ æ’‡Õ™ (pH)
·≈–Õÿ≥À¿Ÿ¡‘ („π°“√ßÕ°) ‡ªìπμâπ ́ ÷Ëß Khalil et al. (2007) ‰¥â√“¬ß“π«à“ “√Õ“À“√„π‡¡≈Á¥∂—Ë« chickpea
(Cicer arietinum L.) ßÕ° ¡’°“√‡ª≈’Ë¬π·ª≈ß„πª√‘¡“≥ Ÿß¢÷Èπ ‡™àπ ‰¢¡—π ‡ âπ„¬ ‚ª√μ’π °√¥·Õ §Õ√å∫‘°
(ascorbic acid) °√¥‰øμ‘° (phytic acid) ·≈–‡¡◊ËÕπ”∂—Ë«‡À≈◊Õß 6 æ—π∏ÿå ∂—Ë«‡À≈◊Õßº‘«¥” (black
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soybean) 7 æ—π∏ÿå ·≈– ∂—Ë« Azuki 4 æ—π∏ÿå ¡“ºà“π°√–∫«π°“√ßÕ° ¡’º≈„Àâª√‘¡“≥ “√Õ“À“√ Ÿß¢÷Èπ ‰¥â·°à
ø≈“‚«πÕ¬¥å (flavonoids) øïπÕ≈‘° (phenolics) ·≈– “√‰Õ‚´ø≈“‚«π (isoflavones) (Lin & Lai, 2006)
πÕ°®“°π’È¬—ß¡’√“¬ß“π«à“ æ’‡Õ™ Õÿ≥À¿Ÿ¡‘ ·≈–‡«≈“„π°“√ßÕ° ¡’Õ‘∑∏‘æ≈μàÕ§ÿ≥¿“æ∑“ß°“¬¿“æ-‡§¡’ ‡™àπ
 ’ ª√‘¡“≥‰¢¡—π ‚ª√μ’π ‡Œ°´“·π≈ (hexanal) §“√å‚∫‰Œ‡¥√μ Õ–‰¡‚≈  °√¥‰øμ‘° ·≈– 2 Õ–‡´∑μ‘≈-1-
‰æ‚√≈≈’π (2-aceyl-1-pyroline; ACPY) ·°¡¡“ Õ–¡‘‚π ∫‘«∑“√‘° ·Õ´‘¥ (°“∫“) (gamma amino
butyric acid; GABA) ·≈–«‘μ“¡‘π ∫’ 1 (vitamin B1) ¢Õß¢â“«°≈âÕßßÕ° ( ÿæ—μ√“ ‡≈‘»«≥‘™¬å«—≤π“,
2545; «—≤π“ «—™√Õ“¿“‰æ∫Ÿ≈¬å, 2550) Õ¬à“ß‰√°Áμ“¡°√–∫«π°“√ßÕ°¢Õß‡¡≈Á¥æ◊™¬—ß¡’º≈μàÕ°“√‡æ‘Ë¡
 “√μâ“πÕπÿ¡Ÿ≈Õ‘ √– (antioxidant) ´÷Ëß‡ªìπ “√ÕÕ°ƒ∑∏‘Ï∑“ß™’«¿“æ (bioactive compound) ∑’Ë‡¡≈Á¥
 √â“ß¢÷Èπ¡“„π√–À«à“ß°“√ßÕ°„™â ”À√—∫ªÑÕß°—π°“√‡¢â“∑”≈“¬¢Õß»—μ√Ÿæ◊™ (Pei-Yin & His-Mei, 2006)
‚¥¬ “√μâ“πÕÿ¡Ÿ≈Õ‘ √– ‡™àπ  “√øïπÕ≈‘° «‘μ“¡‘π∫’ 1 ·≈–·§‚√∑’πÕ¬¥å ∑’Ë‡¡≈Á¥ √â“ß¢÷Èππ’È ‰¥â√—∫§«“¡π‘¬¡
 ”À√—∫π”¡“∫√‘‚¿§‡æ◊ËÕ ÿ¢¿“æÕπ“¡—¬∑’Ë¥’¢Õß§π„π¬ÿ§ªí®®ÿ∫—π

ª√–‡∑»‰∑¬¡’°“√º≈‘μ‡¡≈Á¥æ◊™ßÕ° ‡æ◊ËÕ°“√æ—≤π“º≈‘μ¿—≥±åπâÕ¬¡“°  à«π„À≠à‡ªìπ°“√π”
∏—≠æ◊™¡“∫√‘‚¿§‚¥¬μ√ß ª√–°Õ∫°—∫ª√–‡∑»‰∑¬‡ªìπ·À≈àßº≈‘μ∏—≠æ◊™∑’Ë ”§—≠¢Õß‚≈° ‚¥¬‡©æ“–¢â“«
¥—ßπ—Èπß“π«‘®—¬π’È®÷ß¡ÿàß‡πâπ»÷°…“º≈¢Õßæ’‡Õ™ (pH) (æ’‡Õ™ 4 ·≈– 6) ·≈–Õÿ≥À¿Ÿ¡‘¢ÕßπÈ”∑’Ë„™â·™à‡¡≈Á¥¢â“«
(35 ·≈– 45 ÌC) μàÕ§ÿ≥§à“∑“ßÕ“À“√¢Õß¢â“«°≈âÕßßÕ° ‡æ◊ËÕ≈¥√–¬–‡«≈“„π°“√·™àπÈ”¢Õß‡¡≈Á¥¢â“«
(≈¥®“° 24 ™—Ë«‚¡ß‡À≈◊Õ‡æ’¬ß 6 ™—Ë«‚¡ß) ·≈–≈¥°≈‘ËπÀ¡—°„π¢â“«°≈âÕßßÕ° (®“°°“√∑’Ë·™à„ππÈ”‡ªìπ‡«≈“
π“π) ·≈–‡ªìπ°“√‡æ‘Ë¡¡Ÿ≈§à“„Àâ°—∫¢â“«¢Õß‰∑¬ √«¡∑—Èß¬—ßμÕ∫ πÕß°√–· μ≈“¥Õ“À“√‡æ◊ËÕ ÿ¢¿“æÕ’°¥â«¬

«—μ∂ÿª√– ß§å

‡æ◊ËÕ»÷°…“Õ‘∑∏‘æ≈¢Õßæ’‡Õ™·≈–Õÿ≥À¿Ÿ¡‘¢ÕßπÈ”∑’Ë„™â·™à‡¡≈Á¥¢â“«∑’Ë àßº≈μàÕ§ÿ≥§à“∑“ßÕ“À“√
¢Õß¢â“«°≈âÕßßÕ°æ—π∏ÿå¢“«¥Õ°¡–≈‘ 105

«‘∏’°“√»÷°…“

1. °“√‡μ√’¬¡«—μ∂ÿ¥‘∫·≈–«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’ - °“¬¿“æ

π”¢â“«°≈âÕß‡®â“æ—π∏ÿå¢“«¥Õ°¡–≈‘ 105 ¡“∑”§«“¡ –Õ“¥·≈â«π”¡“«‘‡§√“–Àå§ÿ≥¿“æ∑“ß‡§¡’-
°“¬¿“æ ‰¥â·°à §«“¡™◊Èπ ‚¥¬‡§√◊ËÕß moisture analyzer (¬’ËÀâÕ Sartorius √ÿàπ MA50C ª√–‡∑»‡¬Õ√¡—π)
‚ª√μ’π‚¥¬„™â Kjeldahlûs method (‡§√◊ËÕß Micro Kjeldahl ¬’ËÀâÕ Buchi √ÿàπ B-324 ª√–‡∑» «‘μ‡´Õ√å
·≈π¥å) ‰¢¡—π ‚¥¬«‘∏’ gravimetric solvent extraction (¬’ËÀâÕ Gerhardt √ÿàπ EV6AII/16 ª√–‡∑»‡¬Õ√¡—π)
(AOAC, 1990) ‡∂â“ ‚¥¬°“√‡º“μ—«Õ¬à“ß®π‡ªìπ ’¢“« (AOAC, 1990) ‡¬◊ËÕ„¬ ‚¥¬ acid detergent
digestion (AOAC, 1990)  à«π§“√å‚∫‰Œ‡¥√μ §”π«≥®“° Ÿμ√

§“√å‚∫‰Œ‡¥√μ (%) = 100 - (§«“¡™◊Èπ + ‚ª√μ’π + ‰¢¡—π + ‡∂â“ + ‡¬◊ËÕ„¬)
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2. °“√«‘‡§√“–Àåª√‘¡“≥ “√æƒ°…‡§¡’ (phytochemical) ‰¥â·°à «‘μ“¡‘π∫’ 1 «‘μ“¡‘π´’ ª√‘¡“≥
øïπÕ≈‘° ª√‘¡“≥°“∫“ (GABA) ·≈–ª√‘¡“≥·§‚√∑’πÕ¬¥å (carotenoids) ¡’√“¬≈–‡Õ’¬¥¥—ßπ’È

2.1 ª√‘¡“≥«‘μ“¡‘π∫’ 1 ¥—¥·ª≈ßμ“¡«‘∏’¢Õß Liu et al. (2002)
™—Ëßμ—«Õ¬à“ß∑’Ë∫¥≈–‡Õ’¬¥ 0.5 °√—¡ ≈–≈“¬„ππÈ”°≈—Ëπª√‘¡“μ√ 50 ¡‘≈≈‘≈‘μ√ ·≈–°√Õßºà“π

°√–¥“…°√Õß π” à«π∑’Ë°√Õß‰¥â 1 ¡‘≈≈‘≈‘μ√ ¡“‡μ‘¡ 1.5 ¡‘≈≈‘≈‘μ√ ‡μ‘¡ 1% Triton X-100 ®”π«π
1 ¡‘≈≈‘≈‘μ√ ª√—∫ª√‘¡“μ√¥â«¬πÈ”°≈—Ëπ‡ªìπ 15 ¡‘≈≈‘≈‘μ√ ‡μ‘¡ 0.05% phenol red ‡¢¬à“ 10 π“∑’
π” “√≈–≈“¬∑’Ë °—¥‰¥â ‰ª«—¥§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë§«“¡¬“«§≈◊Ëπ 427 π“‚π‡¡μ√ ·≈â«π”§à“∑’Ë ‰¥â¡“
§”π«≥À“ª√‘¡“≥«‘μ“¡‘π∫’ 1 ‚¥¬‡∑’¬∫º≈°—∫°√“ø¡“μ√∞“π«‘μ“¡‘π∫’ 1 (vitamin B 1 standard curve)
§«“¡‡¢â¡¢âπ 10, 20, 30 ·≈– 40 ‰¡‚§√°√—¡/¡‘≈≈‘≈‘μ√

2.2 ª√‘¡“≥°√¥·Õ §Õ√å∫‘° (ascorbic acid)
‚¥¬«‘∏’ 2, 6-dicholorophenolindophenol titration method ́ ÷Ëß°“√‡μ√’¬¡ dye solution

‡μ√’¬¡‚¥¬≈–≈“¬ sodium 2, 6-dichlorophenolindophenol 0.25 °√—¡ ≈ß„ππÈ”Õÿàπ (60 ÌC) ·≈–‡μ‘¡
‚´‡¥’¬¡‰∫§“√å∫Õ‡πμ 100 ¡‘≈≈‘°√—¡ °√Õß “√≈–≈“¬„ à„π¢«¥ ’™“ ‡°Á∫„πμŸâ‡¬Áπ®π°√–∑—Ëßπ”‰ª„™â
 à«π acid solution ‡μ√’¬¡‚¥¬≈–≈“¬ meta-phosphoric acid 10 °√—¡ ¥â«¬πÈ”°≈—Ëπ 60 ÌC ª√–¡“≥
20 ¡‘≈≈‘≈‘μ√ „π volumetric flask ¢π“¥ 500 ¡‘≈≈‘≈‘μ√ ª≈àÕ¬„Àâ‡¬Áπ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡μ‘¡ glacial acetic
acid 40 ¡‘≈≈‘≈‘μ√ ·≈–ª√—∫ª√‘¡“μ√¥â«¬πÈ”°≈—Ëπ ‡°Á∫‰«â„πμŸâ‡¬Áπ  “√≈–≈“¬ “¡“√∂„™â ‰¥â 7-10 «—π ·≈–
 “√≈–≈“¬¡“μ√∞“π ascorbic acid ‡μ√’¬¡‚¥¬≈–≈“¬ ascorbic acid ∫√‘ ÿ∑∏‘Ï (m.p. 190-192 ÌC)
0.1 °√—¡ ¥â«¬ acid solution 10 ¡‘≈≈‘≈‘μ√ „π volumetric flask ¢π“¥ 100 ¡‘≈≈‘≈‘μ√  “√≈–≈“¬π’È
¡’°√¥·Õ §Õ√å∫‘° 1 ¡‘≈≈‘°√—¡/¡‘≈≈‘≈‘μ√ ‡μ√’¬¡·≈–„™â ‰¥â∑—π∑’  ”À√—∫°“√ª√—∫ “√≈–≈“¬‡¢â¡¢âπ¡“μ√∞“π
‚¥¬π” dye solution ¡“‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ·≈–ªî‡ªμ “√≈–≈“¬¡“μ√∞“π°√¥·Õ §Õ√å∫‘° 10 ¡‘≈≈‘≈‘μ√
≈ß„π flask ·≈–‡μ‘¡ acid solution 10 ¡‘≈≈‘≈‘μ√ ‰∑‡∑√μ dye solution ∑—π∑’ ®π°√–∑—Ëß‡ªìπ ’™¡æŸ
∂“«√π“πÕ¬à“ßπâÕ¬ 5-10 «‘π“∑’ ·≈â«§”π«≥°√¥·Õ §Õ√å∫‘° (ascorbic; AA) À√◊Õ «‘μ“¡‘π´’ ®“° Ÿμ√

mg AA/100 =
(dry conc.)(ml titrated)(100 ml sample)

 ml sample

2.3 °“√«‘‡§√“–Àåª√‘¡“≥ “√øïπÕ≈‘° ‚¥¬«‘∏’ Folin-Ciocalteau Phenol Test
π”μ—«Õ¬à“ß 1 °√—¡ ∫¥°—∫ 80% ethanol ª√‘¡“μ√ 3 ¡‘≈≈‘≈‘μ√ π”‰ªμ°μ–°Õπ¥â«¬‡§√◊ËÕß

À¡ÿπ‡À«’Ë¬ß (centrifuge) ∑’Ë§«“¡‡√Á«√Õ∫¢Õß‡§√◊ËÕß 12,000 √Õ∫μàÕπ“∑’ (rpm) ‡ªìπ‡«≈“ 20 π“∑’
¥Ÿ¥ “√≈–≈“¬ à«π„ ª√‘¡“μ√ 50 ‰¡‚§√≈‘μ√ ‡μ‘¡πÈ”°≈—Ëπª√‘¡“μ√ 0.95 ¡‘≈≈‘≈‘μ√ „ à≈ß„πÀ≈Õ¥∑¥≈Õß
‡μ‘¡ 10% Folin-Ciocalteau Phenol Reagent ª√‘¡“μ√ 5 ¡‘≈≈‘≈‘μ√ ·≈– ‡μ‘¡ 7.5% sodium carbornate



SDU Res. J. 6 (1): Jan-Apr 2013 Effect of pH and Temperature of Seed Soaking Water on Nutrition Quality
of Germinated ‘Khao Dowk Mali 105’ Rice

175

ª√‘¡“μ√ 4 ¡‘≈≈‘≈‘μ√ º ¡„Àâ‡¢â“°—π μ—Èß∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß 30 π“∑’ π” “√≈–≈“¬∑’Ë °—¥‰¥â ‰ª«—¥§à“°“√
¥Ÿ¥°≈◊π· ß¥â«¬‡§√◊ËÕß spectrophotometer ‡∑’¬∫°—∫ blank ‚¥¬«—¥§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë§«“¡¬“«§≈◊Ëπ
760 π“‚π‡¡μ√ ·≈â«π”§à“∑’Ë‰¥â¡“§”π«≥À“ª√‘¡“≥ “√øïπÕ≈‘°∑—ÈßÀ¡¥ (total phenolics) ‚¥¬‡∑’¬∫º≈
°—∫°√“ø¢Õß “√≈–≈“¬¡“μ√∞“π°√¥·°≈≈‘§ (gallic acid)

2.4 ª√‘¡“≥°“∫“ (GABA) ¥—¥·ª≈ßμ“¡«‘∏’¢Õß Kitaoka & Nakano (1969)
™—Ëßμ—«Õ¬à“ß 1 °√—¡ ≈–≈“¬„π 80% ethanol 30 ¡‘≈≈‘≈‘μ√ ‡¢¬à“„Àâ‡ªìπ‡π◊ÈÕ‡¥’¬«°—π °√Õß

¥â«¬°√–¥“…°√Õß‡∫Õ√å 1 μ—Èß∑‘Èß‰«â®π ethanol √–‡À¬ÕÕ°À¡¥ ®“°π—Èπ‡μ‘¡πÈ”°≈—Ëπ 3 ¡‘≈≈‘≈‘μ√
π” “√≈–≈“¬∑’Ë‰¥â¡“ 0.2 ¡‘≈≈‘≈‘μ√ „ à„πÀ≈Õ¥∑¥≈Õß ‡μ‘¡ borate buffer 0.2 ¡‘≈≈‘≈‘μ√ ·≈– 6%
phenol 1 ¡‘≈≈‘≈‘μ√ ‡¢¬à“„Àâ‡¢â“°—π ·≈–∑”„Àâ‡¬Áπ ®“°π—Èπ‡μ‘¡ 7.5% NaOCl ®”π«π 0.4 ¡‘≈≈‘≈‘μ√ ‡¢¬à“
„Àâ‡¢â“°—π π”‰ªμâ¡„ππÈ”‡¥◊Õ¥ 10 π“∑’ ∑”„Àâ‡¬Áπ∑—π∑’„πÕà“ßπÈ”·¢Áß 5 π“∑’ π”‰ª«—¥§à“°“√¥Ÿ¥°≈◊π· ß
∑’Ë 630 π“‚π‡¡μ√ ‚¥¬‡∑’¬∫º≈°—∫°√“ø¢Õß “√≈–≈“¬¡“μ√∞“π

2.5 °“√«‘‡§√“–Àåª√‘¡“≥·§‚√∑’πÕ¬¥å (carotenoids) ‚¥¬„™â spectrophotometer
(AOAC, 1990)

π”μ—«Õ¬à“ß∑’Ë∫¥≈–‡Õ’¬¥ 1 °√—¡ ¡“‡μ‘¡ 80% acetone ª√‘¡“≥ 20 ¡‘≈≈‘≈‘μ√ À≈—ß®“°π—Èπ
π”‰ª°√Õß‚¥¬„™â°√–¥“…°√Õß Whatman No.1 ·≈–§àÕ¬Ê ‡μ‘¡ acetone ≈ß‰ª®π‰¡à¡’ ’‡¢’¬«μ‘¥Õ¬Ÿà
∑’Ë°√–¥“…°√Õß ª√—∫ª√‘¡“μ√‡ªìπ 25 ¡‘≈≈‘≈‘μ√ π” “√≈–≈“¬∑’Ë °—¥‰¥â ‰ª«—¥§à“°“√¥Ÿ¥°≈◊π· ß
(absorbance) ¥â«¬‡§√◊ËÕß spectrophotometer (√ÿàπ Genesys 10 UV ∫√‘…—∑ Thermo Electron
Corporation, USA) ‡∑’¬∫°—∫ blank ∑’Ë‡ªìπ 80% acetone ‚¥¬«—¥§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë§«“¡¬“«§≈◊Ëπ
470, 645 ·≈– 663 π“‚π‡¡μ√ π”§à“∑’Ë‰¥â¡“§”π«≥À“ª√‘¡“≥·§‚√∑’πÕ¬¥å ®“° ¡°“√

Carotenoids (mg/g of F.W.) = [(1,000A
470 

- 3.27C
a
 - 104C

b
) /229] x [V/1,000 x W]

‡¡◊ËÕ A = §à“°“√¥Ÿ¥°≈◊π· ß∑’ËÕà“π‰¥â®“°§«“¡¬“«™à«ß§≈◊Ëπ Àπà«¬‡ªìπ π“‚π‡¡μ√
V = ª√‘¡“μ√ ÿ¥∑â“¬¢Õß “√‡§¡’∑’Ë„™â °—¥ Àπà«¬‡ªìπ ¡‘≈≈‘≈‘μ√
W = πÈ”Àπ—°¢Õßμ—«Õ¬à“ß∑’Ë„™â„π°“√ °—¥ Àπà«¬‡ªìπ °√—¡
C

a
= ª√‘¡“≥ chlorophyll a

C
b

= ª√‘¡“≥ chlorophyll b
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3. »÷°…“º≈¢Õßæ’‡Õ™ (pH) ·≈–Õÿ≥À¿Ÿ¡‘ „π°“√·™à‡¡≈Á¥¢â“«°≈âÕßμàÕ°“√‡ª≈’Ë¬π·ª≈ß “√
Õ“À“√„π√–À«à“ß°“√ßÕ°¢Õß¢â“«‡®â“

π”‡¡≈Á¥¢â“«°≈âÕß¡“‡≈◊Õ°‡Õ“‡¡≈Á¥∑’Ë ¡∫√Ÿ≥å ‚¥¬§—¥‡¡≈Á¥∑’Ë·μ°À—°∑‘Èß ®“°π—Èπ™—Ëß¡“™π‘¥≈–
200 °√—¡ π”¡“≈â“ßπÈ”„Àâ –Õ“¥ ·≈â«∫√√®ÿ‡¡≈Á¥¢â“«„π∂ÿßμ“¢à“¬æ≈“ μ‘° ºŸ°ª“°∂ÿß„Àâ·πàπ ·≈â«·™à„π
πÈ” 10 ≈‘μ√ ‚¥¬·ª√ ¿“«–°“√·™àπÈ”∑’Ë pH 4 ·≈– 6 Õÿ≥À¿Ÿ¡‘ 35 ·≈–45 ÌC ‡ªìπ‡«≈“ 6 ™—Ë«‚¡ß
(ª√–¬ÿ°μå®“°«—≤π“ «—™√Õ“¿“‰æ∫Ÿ≈¬å, 2550) π”¡“ßÕ°∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß®π∏—≠æ◊™¡’§«“¡¬“«√“° ª√–¡“≥
0.5-1.0 ¡‘≈≈‘‡¡μ√ π”‡¡≈Á¥∑’ËßÕ°‰ªÕ∫·Àâß∑’ËÕÿ≥À¿Ÿ¡‘ 50 ÌC π“π 2 ™—Ë«‚¡ß °àÕππ”¡“μ√«® Õ∫§«“¡™◊Èπ
·≈–§ÿ≥¿“æ∑“ß°“¬¿“æ·≈–‡§¡’ ‡™àπ‡¥’¬«°—∫¢âÕ 1 ·≈– 2

4. «“ß·ºπ°“√∑¥≈Õß·∫∫ 2x2 Factorial in RCBD

®”π«π 4 ´È” À“§à“§«“¡·μ°μà“ß¢Õß§à“‡©≈’Ë¬‚¥¬„™â Duncan New Multiple Range Test
(DMRT) ¥â«¬‚ª√·°√¡ SAS (1991)

5.  ∂“π∑’Ë»÷°…“·≈–√–¬–‡«≈“

ÀâÕßªØ‘∫—μ‘°“√ Plant Science and Analysis ·≈– Flavor Technology §≥–∑√—æ¬“°√
™’«¿“æ·≈–‡∑§‚π‚≈¬’ ¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’ «‘∑¬“‡¢μ∫“ß¢ÿπ‡∑’¬π √–¬–‡«≈“ ‡¥◊Õπ
æƒ…¿“§¡ 2552 - ¡°√“§¡ 2554

º≈°“√»÷°…“

°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß§ÿ≥¿“æ∑“ß‡§¡’ ‰¥â·°à ª√‘¡“≥‚ª√μ’π ‰¢¡—π §“√å‚∫‰Œ‡¥√μ «‘μ“¡‘π
∫’ 1 °√¥·Õ §Õ√å∫‘° (À√◊Õ«‘μ“¡‘π´’) ª√‘¡“≥øïπÕ≈‘°∑—ÈßÀ¡¥ ·≈–ª√‘¡“≥·§‚√∑’πÕ¬¥å¢Õß¢â“«°≈âÕßßÕ°
‡ª√’¬∫‡∑’¬∫°—∫¢â“«°≈âÕß∑’Ë‰¡àºà“π°√–∫«π°“√ßÕ° (control) ∑’Ë·ª√ ¿“«–°“√ßÕ°‚¥¬°“√·™àπÈ”∑’Ëæ’‡Õ™
4 ·≈– 6 ·≈–Õÿ≥À¿Ÿ¡‘¢ÕßπÈ” 35 ·≈– 45 ÌC ¡’¥—ßμàÕ‰ªπ’È

1. ª√‘¡“≥‚ª√μ’π

¢â“«°≈âÕßæ—π∏ÿå¢“«¥Õ°¡–≈‘ 105 (control) ¡’ª√‘¡“≥‚ª√μ’π√âÕ¬≈– 13.29  à«π¢â“«°≈âÕß∑’Ëºà“π
°√–∫«π°“√ßÕ°∑ÿ° ¿“«–π—Èπª√‘¡“≥‚ª√μ’π¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫¢â“«°≈âÕß control ‚¥¬
ª√‘¡“≥‚ª√μ’π„π¢â“«°≈âÕßßÕ°π—ÈπÕ¬Ÿà„π™à«ß√âÕ¬≈– 13.71 ∂÷ß 13.90 (μ“√“ß∑’Ë 1) ·≈–æ∫«à“ ¿“«–°“√
·™àπÈ”∑’Ëæ’‡Õ™ 6 ·≈–Õÿ≥À¿Ÿ¡‘°“√·™à∑’Ë 35 ÌC ¡’ª√‘¡“≥‚ª√μ’π Ÿß ÿ¥ §◊Õ√âÕ¬≈– 13.90 ·μà ¿“«–∑’Ë¡’
ª√‘¡“≥‚ª√μ’πμË” ÿ¥ (√âÕ¬≈– 13.71) §◊Õ æ’‡Õ™ 4 Õÿ≥À¿Ÿ¡‘°“√·™à∑’Ë 45 ÌC (μ“√“ß∑’Ë 1) ´÷Ëß°“√·™àπÈ”
∑”„Àâ°‘®°√√¡∑“ß™’«‚¡‡≈°ÿ≈¢Õß‡¡≈Á¥æ◊™‡°‘¥¢÷Èπ ‚¥¬ hydrolytic enzyme °√–μÿâπ∑”„Àâ‡°‘¥°“√¬àÕ¬
 ≈“¬‚ª√μ’π∑’Ë∫√‘‡«≥™—Èπ√”¢â“«∑”„Àâ‡°‘¥°“√ —ß‡§√“–Àåª√‘¡“≥‚ª√μ’π‡æ‘Ë¡¢÷Èπ °“√·™à¢â“«∑’Ëæ’‡Õ™ 6 Õÿ≥À¿Ÿ¡‘
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35 ÌC  àßº≈„Àâ¡’ª√‘¡“≥‚ª√μ’π‡æ‘Ë¡ Ÿß ‡π◊ËÕß¡“®“°‡ªìπ™à«ßæ’‡Õ™·≈–Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡μàÕ°“√∑”ß“π
¢Õß‡Õπ‰´¡å protease (Shoichi, 2004) ·≈–º≈°“√∑¥≈Õß Õ¥§≈âÕß°—∫ß“π¢Õß«—≤π“ «—™√Õ“¿“‰æ∫Ÿ≈¬å
(2550) ·≈– Sawaddiwong et al. (2008) ∑’Ë√“¬ß“π«à“°“√·™à‡¡≈Á¥¢â“«∑’Ëæ’‡Õ™ 6 Õÿ≥À¿Ÿ¡‘ 35 ÌC ‡«≈“
°“√·™àπÈ” 24 ™—Ë«‚¡ß ¡’º≈∑”„Àâ¢â“«°≈âÕßßÕ°¡’ª√‘¡“≥‚ª√μ’π Ÿß ÿ¥

2. ª√‘¡“≥‰¢¡—π

„π√–À«à“ß°“√ßÕ°∑ÿ° ¿“«–æ∫«à“ª√‘¡“≥‰¢¡—π‡æ‘Ë¡¢÷Èπ‡≈Á°πâÕ¬Õ¬Ÿà„π™à«ß√âÕ¬≈– 3.67 ∂÷ß 4.43
(μ“√“ß∑’Ë 1) ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫‡¡≈Á¥¢â“«°≈âÕß control ∑’Ë¡’ª√‘¡“≥‰¢¡—π√âÕ¬≈– 3.49 (μ“√“ß∑’Ë 1) ´÷Ëß
 ¿“«–∑’Ë¥’∑’Ë ÿ¥∑’Ë∑”„Àâª√‘¡“≥‰¢¡—π Ÿß ÿ¥§◊Õ ¿“«–‡¥’¬«°—∫∑’Ë¡’º≈„Àâª√‘¡“≥‚ª√μ’π Ÿß (æ’‡Õ™ 6 Õÿ≥À¿Ÿ¡‘
35 ÌC) ‡™àπ‡¥’¬«°—∫°“√∑¥≈Õß‚¥¬ «—≤π“ «—™√Õ“¿“‰æ∫Ÿ≈¬å (2550) ∑’Ëæ∫«à“ª√‘¡“≥‰¢¡—π„π¢â“«°≈âÕß
ßÕ°‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫¢â“«∑’Ë‰¡àºà“πßÕ° ‚¥¬°“√‡æ‘Ë¡¢÷Èπ¢Õßª√‘¡“≥‰¢¡—ππ—Èπ‡ªìπº≈¡“®“°„π
°√–∫«π°“√ßÕ° ‡°‘¥°“√°√–μÿâπ°“√∑”ß“π¢Õß‡Õπ‰´¡å fatty acid synthase À√◊Õ‡Õπ‰´¡å„π melvonate
pathway ∑”„Àâ‡°‘¥°“√ —ß‡§√“–Àå‰¢¡—π Ÿß¢÷Èπ ‚¥¬‡©æ“–∫√‘‡«≥™—Èπ√”¢â“« À√◊Õ bran layer (Shoichi,
2004)

3. ª√‘¡“≥‡¬◊ËÕ„¬

®“°°“√∑¥≈Õßæ∫«à“ ª√‘¡“≥‡¬◊ËÕ„¬„π‡¡≈Á¥¢â“«°≈âÕß control ¡’§à“‡∑à“°—∫√âÕ¬≈–1.29 ´÷Ëß¡’§à“
„°≈â‡§’¬ß°“√»÷°…“¢Õß Kent (1983) ∑’Ëæ∫«à“ª√‘¡“≥‡¬◊ËÕ„¬„π‡¡≈Á¥¢â“«°≈âÕß¡’§à“‡∑à“°—∫√âÕ¬≈– 1.20 ·≈–
‡¡◊ËÕºà“π°“√ßÕ°æ∫ª√‘¡“≥‡¬◊ËÕ„¬ Ÿß¢÷Èπ‡≈Á°πâÕ¬ ´÷Ëß ¿“«–°“√·™àπÈ”∑’Ë∑”„Àâª√‘¡“≥‡¬◊ËÕ„¬ Ÿß ÿ¥§◊Õ
 ¿“«–‡¥’¬«°—∫∑’Ë¡’ª√‘¡“≥‚ª√μ’π·≈–‰¢¡—π‡æ‘Ë¡¢÷Èπ (æ’‡Õ™ 6 Õÿ≥À¿Ÿ¡‘ 35 ÌC) √Õß≈ß¡“§◊Õ  ¿“«–°“√
·™à∑’Ëæ’‡Õ™ 4 Õÿ≥À¿Ÿ¡‘ 35 ÌC (μ“√“ß∑’Ë 1) ‡π◊ËÕß®“°‡¡≈Á¥¢≥–ßÕ°‚ª√μ’π·≈–·ªÑß∂Ÿ°¬àÕ¬ ≈“¬‰ª Ÿà
∫√‘‡«≥∑’Ë¡’°“√‡®√‘≠‡ªìπ√“°ÕàÕπ ´÷Ëß àß‡ √‘¡°“√ —ß‡§√“–Àå “√æÕ≈‘·´§§“‰√¥å∑’Ë‰¡à≈–≈“¬πÈ” (insoluble
polysaccharides) ‡™àπ‡´≈≈Ÿ‚≈  ‡Œ¡‘‡´≈≈Ÿ‚≈  „Àâ¡’ª√‘¡“≥ Ÿß¢÷Èπ (Bravo, 1998) ‡ªìπ “‡Àμÿ„Àâ‡¬◊ËÕ
„¬‡æ‘Ë¡¢÷Èπ„π¢â“«°≈âÕßßÕ° ‡™àπ‡¥’¬«°—∫√“¬ß“π‚¥¬ Koehler et al. (2007) ∑’Ëæ∫«à“Õÿ≥À¿Ÿ¡‘„π°“√·™àπÈ”
‡∑à“°—∫ 30 ÌC ¡’º≈„Àâª√‘¡“≥‡¬◊ËÕ„¬‡æ‘Ë¡¢÷Èπ

4. ª√‘¡“≥§“√å‚∫‰Œ‡¥√μ

®“°∑¥≈Õßæ∫«à“À≈—ß®“°°“√ßÕ°ª√‘¡“≥§“√å‚∫‰Œ‡¥√μ≈¥≈ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫¢â“«∑’Ë‰¡àºà“π
°“√ßÕ°´÷Ëß  ¿“«–æ’‡Õ™ 6 Õÿ≥À¿Ÿ¡‘ 45 ÌC ª√‘¡“≥§“√å‚∫‰Œ‡¥√μ≈¥≈ßπâÕ¬∑’Ë ÿ¥ ‚¥¬¬—ß§ß¡’
§“√å‚∫‰Œ‡¥√μ„π‡¡≈Á¥ Ÿß ‡∑à“°—∫ √âÕ¬≈– 78.67  à«πª√‘¡“≥§“√å‚∫‰Œ‡¥√μ∑’Ëæ∫‡À≈◊ÕπâÕ¬∑’Ë ÿ¥„π‡¡≈Á¥
§◊Õ °“√·™à∑’Ëæ’‡Õ™ 6 Õÿ≥À¿Ÿ¡‘ 35 ÌC (μ“√“ß∑’Ë 1) ´÷Ëß°“√‡ª≈’Ë¬π·ª≈ßπ’ÈÕ“®¡“®“°‡Õ¡‰´¡åÕ–‰¡‡≈ ‡æ‘Ë¡
¡“°¢÷Èπ√–À«à“ß°“√ßÕ° ¡’°“√‡ª≈’Ë¬π·ª≈ß‡¡μ“∫Õ≈‘´÷¡¿“¬„π‡¡≈Á¥ §“√å‚∫‰Œ‡¥√μ‡ª≈’Ë¬π√Ÿª‡ªìππÈ”μ“≈
Õ‘ √–·≈–‡¥Á°´å∑√‘π¥â«¬‡Õ¡‰´¡å¬àÕ¬·ªÑß °“√∑’Ëæ’‡Õ™ 6 ¡’ª√‘¡“≥§“√å‚∫‰Œ‡¥√μπâÕ¬ ÿ¥ ‡π◊ËÕß®“°‡ªìπ
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™à«ßæ’‡Õ™∑’Ë‡À¡“– ¡μàÕ°“√∑”ß“π¢Õß‡Õπ‰´¡åÕ–‰¡‡≈   àßº≈∑”„Àâª√‘¡“≥§“√å‚∫‰Œ‡¥√μ≈¥≈ß º≈°“√
∑¥≈Õßπ’È Õ¥§≈âÕß°—∫°“√∑¥≈Õß„π¢â“«‚Õäμ¢Õß Bartlett (1997) ·≈–°“√∑¥≈Õß„π¢â“« buckwheat ¢Õß
Kim et al. (2008) ∑’Ëæ∫«à“°“√ßÕ°∑”„Àâª√‘¡“≥·ªÑß¢Õß∏—≠æ◊™¥—ß°≈à“«¡’ª√‘¡“≥§“√å‚∫‰Œ‡¥√μ≈¥≈ß
®“°√âÕ¬≈– 60 ‡À≈◊Õ√âÕ¬≈– 30

5. ª√‘¡“≥«‘μ“¡‘π∫’ 1

®“°°“√∑¥≈Õß æ∫«à“ æ’‡Õ™·≈–Õÿ≥À¿Ÿ¡‘„π°“√·™àπÈ”¡’º≈√à«¡°—πμàÕ°“√‡æ‘Ë¡¢÷Èπ¢Õß«‘μ“¡‘π∫’ 1
„π‡¡≈Á¥¢â“«°≈âÕßßÕ°‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫¢â“«°≈âÕß control ‚¥¬ ¿“«–∑’Ë¡’ª√‘¡“≥«‘μ“¡‘π∫’1  Ÿß ÿ¥ §◊Õ
°“√·™àπÈ”∑’Ëæ’‡Õ™ 4 Õÿ≥À¿Ÿ¡‘πÈ” 35 ÌC ¡’«‘μ“¡‘π∫’1 ‡∑à“°—∫ 7.62 ¡‘≈≈‘°√—¡/100 °√—¡ √Õß≈ß¡“§◊Õ
 ¿“«–°“√·™àπÈ”æ’‡Õ™ 4 Õÿ≥À¿Ÿ¡‘πÈ” 45 ÌC ‚¥¬ª√‘¡“≥«‘μ“¡‘π∫’1 ‡∑à“°—∫ 3.81 ¡‘≈≈‘°√—¡/100 °√—¡ (μ“√“ß
∑’Ë 2) ‚¥¬°“√‡æ‘Ë¡¢÷Èπ¢Õß«‘μ“¡‘π∫’ 1 „π™à«ß°“√ßÕ° ‡π◊ËÕß®“°‡¡≈Á¥¡’°“√À“¬„® ‰¥âæ≈—ßß“π„π√Ÿª¢Õß ATP
´÷Ëß “¡“∂π”¡“ —ß‡§√“–Àå “√ pyrimidine ·≈– thiazole ÷́Ëß∂Ÿ°‡Õ¡‰´¡å thiamine phosphate
synthase ¬àÕ¬ ≈“¬‡ªìπ thiamine phosphate ·≈–‡°‘¥ªØ‘°‘√‘¬“‡μ‘¡À¡ŸàøÕ ‡øμ‚¥¬‡Õπ‰´¡å thiamine
phosphate kinase ‰¥â‡ªìπ thiamine pyrophosphate ́ ÷Ëß‡ªìπ thiamine ∑’ËÕ¬Ÿà„π√Ÿªæ√âÕ¡∑”ß“π (Begley,
1996) „π¢≥–∑’Ë ¿“«–°“√·™àπÈ”∑’Ëæ’‡Õ™ 6 Õÿ≥À¿Ÿ¡‘πÈ” 35 ÌC ¡’ª√‘¡“≥«‘μ“¡‘π∫’1 μË” ÿ¥‡∑à“°—∫
2.90 ¡‘≈≈‘°√—¡/100 °√—¡ ‡π◊ËÕß¡“®“°æ’‡Õ™ 6 Õ“®‰¡à‡À¡“– ¡μàÕ°“√∑”ß“π¢Õß‡Õπ‰´¡å thiamine
pyrophosphate

6. ª√‘¡“≥«‘μ“¡‘π´’

ª√‘¡“≥«‘μ“¡‘π´’„π‡¡≈Á¥ control ¡’ª√‘¡“≥‡∑à“°—∫ 0.03 ¡‘≈≈‘°√—¡ AA/100 ¡‘≈≈‘≈‘μ√ ·μà‰¡àæ∫
ª√‘¡“≥«‘μ“¡‘π´’„π‡¡≈Á¥¢â“«ßÕ°∑ÿ° ¿“«– (μ“√“ß∑’Ë 2) ‡π◊ËÕß®“°‡ªìπ«‘μ“¡‘π´’‡ªìπ«‘μ“¡‘π∑’Ë≈–≈“¬πÈ”
(water-soluble vitamin) ·≈– ≈“¬μ—«‰¥âßà“¬‡¡◊ËÕ∂Ÿ°§«“¡√âÕπ„π¢≥–Õ∫·Àâß (Õÿ≥À¿Ÿ¡‘ 65 ÌC)
(√—™π’ μ—≥±–æ“π‘™°ÿ≈, 2540)

7. ª√‘¡“≥°“∫“ (GABA)

ª√‘¡“≥°“∫“„π‡¡≈Á¥¢â“« control ¡’ª√‘¡“≥‡∑à“°—∫ 9.13 ¡‘≈≈‘°√—¡/100 °√—¡ ‚¥¬„π√–À«à“ß
°“√ßÕ°ª√‘¡“≥°“∫“‡æ‘Ë¡¢÷Èπ„π∑ÿ° ¿“«–°“√·™à ´÷Ëß ¿“«–°“√·™àπÈ”∑’Ë¡’ª√‘¡“≥°“∫“ Ÿß ÿ¥§◊Õ°“√·™à∑’Ë
æ’‡Õ™ 6 Õÿ≥À¿Ÿ¡‘ 35 ÌC ¡’§à“‡∑à“°—∫ 20.96 ¡‘≈≈‘°√—¡/100 °√—¡ (μ“√“ß∑’Ë 2)  à«π ¿“«–∑’Ë¡’ª√‘¡“≥
°“∫“μË”∑’Ë ÿ¥§◊Õ∑’Ëæ’‡Õ™ 4 Õÿ≥À¿Ÿ¡‘ 45 ÌC ‚¥¬¡’ª√‘¡“≥°“∫“ ‡∑à“°—∫ 13.06 ¡‘≈≈‘°√—¡/100 °√—¡ ‡π◊ËÕß®“°
„π ¿“«–∑’Ë¡’°“√ª√—∫æ’‡Õ™„Àâ‡ªìπ°√¥‡≈Á°πâÕ¬ H+ ‰ª°√–μÿâπ°“√∑”ß“π¢Õß‡Õπ‰´¡å°≈Ÿμ“‡¡μ ¥’§“√å∫Õ°
´’‡≈  (glutamate decarboxylase) ∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π°√¥°≈Ÿμ“¡‘° (glutamic acid) ‰ª‡ªìπ “√°“∫“
(Shelp et al., 1999)
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8. ª√‘¡“≥øïπÕ≈‘°∑—ÈßÀ¡¥ (total phenolics)

ª√‘¡“≥øïπÕ≈‘°∑—ÈßÀ¡¥„π‡¡≈Á¥¢â“«°àÕπßÕ°¡’§à“‡∑à“°—∫ 2.24 ¡‘≈≈‘°√—¡/100 °√—¡ ·μà‡¡≈Á¥¢â“«
∑’Ëºà“π°“√ßÕ°¡’ª√‘¡“≥øïπÕ≈‘°‡æ‘Ë¡¢÷Èπ„π∑ÿ° ¿“«–°“√·™àπÈ” ‚¥¬°“√·™àπÈ”∑’Ëæ’‡Õ™ 4 Õÿ≥À¿Ÿ¡‘ 35 ÌC
¡’ª√‘¡“≥ Ÿß ÿ¥‡∑à“°—∫ 3.98 ¡‘≈≈‘°√—¡/100 °√—¡ √Õß≈ß¡“§◊Õ∑’Ë ¿“«–æ’‡Õ™ 6 Õÿ≥À¿Ÿ¡‘ 35 ÌC ‡∑à“°—∫
3.86 ¡‘≈≈‘°√—¡/100 °√—¡ ‚¥¬ ¿“«–æ’‡Õ™ 4 Õÿ≥À¿Ÿ¡‘ 45 ÌC ‡∑à“°—∫ 3.16 ¡‘≈≈‘°√—¡/100 °√—¡ (μ“√“ß∑’Ë 3)
´÷Ëß Õ¥§≈âÕß°—∫ß“π«‘®—¬¢Õß Jongjareonrak et al. (2009) ∑’Ëπ”¢â“«°≈âÕß¡“ßÕ°∑’ËÕÿ≥À¿Ÿ¡‘ 25 ÌC
ª√‘¡“≥øïπÕ≈‘°∑—ÈßÀ¡¥ Ÿß°«à“‡¡≈Á¥∑’Ë‰¡àºà“π°“√ßÕ°

9. ª√‘¡“≥·§‚√∑’πÕ¬¥å (carotenoids)

ª√‘¡“≥·§‚√∑’πÕ¬¥å„π¢â“«°≈âÕßßÕ°Õ¬Ÿà„π™à«ß 0.25-0.43 ¡‘≈≈‘°√—¡/ °√—¡ πÈ”Àπ—° ¥ (fresh
weight; FW) ‚¥¬°“√ßÕ°∑’Ë∑”„Àâª√‘¡“≥·§‚√∑’πÕ¬¥å Ÿß ÿ¥ §◊Õ °“√·™àπÈ”∑’Ëæ’‡Õ™ 4 Õÿ≥À¿Ÿ¡‘ 35 ÌC
√Õß≈ß¡“§◊Õ∑’Ëæ’‡Õ™ 6 Õÿ≥À¿Ÿ¡‘ 35 ÌC Õ¬à“ß‰√°Áμ“¡°“√·™àπÈ” àßº≈„Àâª√‘¡“≥·§‚√∑’πÕ¬¥å„π‡¡≈Á¥¢â“«
≈¥≈ß‡¡◊ËÕ‡∑’¬∫°—∫¢â“« control (0.343 ¡‘≈≈‘°√—¡/ °√—¡ FW) ¬°‡«âπ‡¡≈Á¥¢â“«ßÕ°∑’Ë ¿“«–°“√·™àπÈ”æ’‡Õ™
4 Õÿ≥À¿Ÿ¡‘ 35 ÌC (μ“√“ß∑’Ë 3) °“√∑’ËÕÿ≥À¿Ÿ¡‘¡’º≈μàÕ ’¢Õß‡¡≈Á¥æ◊™ ‡π◊ËÕß¥â«¬§«“¡√âÕπ∑’Ë‡°‘¥„π
°√–∫«π°“√ßÕ°Õ“® àßº≈„Àâ‡Õπ‰´¡åæÕ≈‘øïπÕ≈ÕÕ°´‘‡¥ ·≈–‡Õπ‰´¡å‡æÕ√åÕÕ°´‘‡¥ ∑”ß“π‰¥â¥’ ∑”
ª√‘¡“≥·§‚√∑’πÕ¬¥å„π‡¡≈Á¥¢â“«‡ª≈’Ë¬π·ª≈ß (Ramesh et al., 2001)
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μ“√“ß∑’Ë 1 ª√‘¡“≥‚ª√μ’π ‰¢¡—π ‡¬◊ËÕ„¬ ‡∂â“ ·≈–§“√å‚∫‰Œ‡¥√μ¢Õß¢â“«°≈âÕßßÕ°æ—π∏ÿå¢“«¥Õ°¡–≈‘ 105

pH
Õÿ≥À¿Ÿ¡‘ ‚ª√μ’π ‰¢¡—π ‡¬◊ËÕ„¬ ‡∂â“ §“√å‚∫‰Œ‡¥√μ
( ÌC) (%) (%) (%) (%) (%)

Control 13.29 3.41a 1.29 1.98 79.94
4 13.71 3.94b 1.48 2.18 78.67
6 13.84 4.37a 1.44 1.93 78.41

F-test ns * ns ns ns

LSD 0.78 0.44 0.27 0.38 1.49

Control 13.29 3.49 1.29 1.98 79.94
35 13.81 4.31 1.52 2.11 78.24
45 13.74 4.00 1.40 2.00 78.84

F-test ns ns ns ns ns
LSD 0.78 0.44 0.27 0.38 0.99

Control 13.29 3.49 1.29 1.98 79.94
4 35 13.72 4.20 1.50 2.24 78.33

45 13.71 3.67 1.46 2.13 78.02
6 35 13.90 3.60 1.54 1.98 78.15

45 13.77 4.43 1.35 1.88 78.67

F-test ns ns ns ns ns

LSD 0.95 0.54 0.33 0.46 1.22

C.V.(%) 3.83 7.46 12.85 12.53 0.85

À¡“¬‡Àμÿ: ns §◊Õ ‰¡à·μ°μà“ß∑“ß ∂‘μ‘·μ°μà“ß°—π∑“ß ∂‘μ‘∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95
§à“‡©≈’Ë¬∑’Ë°”°—∫¥â«¬Õ—°…√∑’Ëμà“ß°—π„π·μà≈–§Õ≈—¡πå·μ°μà“ß°—π∑“ß ∂‘μ‘∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 ®“°°“√‡ª√’¬∫‡∑’¬∫
§à“‡©≈’Ë¬ Least Significant Difference (LSD) μ“¡«‘∏’ Duncanûs New Multiple Range Test (DMRT)
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μ“√“ß∑’Ë 2 ª√‘¡“≥«‘μ“¡‘π∫’ 1 «‘μ“¡‘π´’ ·≈–°“∫“ (GABA) ¢Õß¢â“«°≈âÕßßÕ°æ—π∏ÿå¢“«¥Õ°¡–≈‘ 105

pH
Õÿ≥À¿Ÿ¡‘ «‘μ“¡‘π∫’ 1 «‘μ“¡‘π´’ GABA
( ÌC) (mg/100 g) (mgAA/100 ml) (mg/100 g)

Control 2.11b 0.030 9.13c

4 5.71a 0.000 13.86b

6 2.98b 0.000 18.91a

F-test ** ns **

LSD 1.80 0.0038 1.8676
Control 2.11b 0.033 9.13c

35 5.26a 0.000 17.81a

45 3.44b 0.000 14.96b

F-test * ns **
LSD 1.80 0.0038 1.8676

Control Control 2.11b 0.033 9.13d

4 35 7.62a 0.000 14.66bc

45 3.81b 0.000 13.06c

6 35 2.90b 0.000 20.97a

45 3.07b 0.000 16.87b

F-test * ns **

LSD 2.2065 0.0047 0.2873

C.V.(%) 31.06 38.729 8.4150

À¡“¬‡Àμÿ: ns §◊Õ ‰¡à·μ°μà“ß∑“ß ∂‘μ‘μ‘, *, ** ·μ°μà“ß°—π∑“ß ∂‘μ‘∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 ·≈– 99 μ“¡≈”¥—∫
§à“‡©≈’Ë¬∑’Ë°”°—∫¥â«¬Õ—°…√∑’Ëμà“ß°—π„π·μà≈–§Õ≈—¡πå·μ°μà“ß°—π∑“ß ∂‘μ‘∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 ®“°°“√‡ª√’¬∫‡∑’¬∫
§à“‡©≈’Ë¬ Least Significant Difference (LSD) μ“¡«‘∏’ Duncanûs New Multiple Range Test (DMRT)
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μ“√“ß∑’Ë 3 ª√‘¡“≥øïπÕ≈‘°∑—ÈßÀ¡¥ (total phenolics) ·≈–·§‚√∑’πÕ¬¥å (carotenoids) ¢Õß¢â“«°≈âÕßßÕ°
æ—π∏ÿå¢“«¥Õ°¡–≈‘ 105

pH
Õÿ≥À¿Ÿ¡‘ total phenolics carotenoids
( ÌC) (mg/100 g) (mg/g of F.W)

Control 2.24b 0.34a

4 3.57a 0.34a

6 3.69a 0.27b

F-test ns **

LSD 0.3817 0.0287
Control 2.24c 0.34a

35 3.92a 0.36a

45 3.34b 0.25b

F-test ** **
LSD 0.3817 0.0287

Control Control 2.24c 0.34b

4 35 3.98a 0.43a

45 3.16b 0.25d

6 35 3.86a 0.29c

45 3.51ab 0.26cd

F-test ns **

LSD 0.4675 0.0352

C.V.(%) 7.660 6.114

À¡“¬‡Àμÿ: ns §◊Õ ‰¡à·μ°μà“ß∑“ß ∂‘μ‘μ‘, ** ·μ°μà“ß°—π∑“ß ∂‘μ‘∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 99
§à“‡©≈’Ë¬∑’Ë°”°—∫¥â«¬Õ—°…√∑’Ëμà“ß°—π„π·μà≈–§Õ≈—¡πå·μ°μà“ß°—π∑“ß ∂‘μ‘∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 ®“°°“√‡ª√’¬∫‡∑’¬∫
§à“‡©≈’Ë¬ Least Significant Difference (LSD) μ“¡«‘∏’ Duncanûs New Multiple Range Test (DMRT)
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 √ÿªº≈°“√»÷°…“

°“√§«∫§ÿ¡æ’‡Õ™·≈–Õÿ≥À¿Ÿ¡‘πÈ”  “¡“√∂ª√—∫ª√ÿß§ÿ≥§à“∑“ßÕ“À“√¢Õß‡¡≈Á¥¢â“«°≈âÕßßÕ°
æ—π∏ÿå¢“«¥Õ°¡–≈‘ 105 ‰¥â¥—ßπ’È

1. ‡¡≈Á¥¢â“«°≈âÕßßÕ°∑’Ë·™à„ππÈ”æ’‡Õ™ 6 ·≈–Õÿ≥À¿Ÿ¡‘°“√·™à∑’Ë 35 ÌC ¡’ª√‘¡“≥‚ª√μ’π ‰¢¡—π
·≈–‡¬◊ËÕ„¬‡æ‘Ë¡¢÷Èπ ·≈– àßº≈„Àâ‡¡≈Á¥¢â“«°≈âÕßßÕ°¡’ª√‘¡“≥§“√å‚∫‰Œ‡¥√μ≈¥≈ß

2. ®“°°“√∑¥≈Õßæ∫«à“æ’‡Õ™·≈–Õÿ≥À¿Ÿ¡‘„π°“√·™à‡¡≈Á¥¢â“«°≈âÕß¡’º≈√à«¡°—πμàÕ°“√‡æ‘Ë¡¢÷Èπ
¢Õß«‘μ“¡‘π∫’ 1 ‚¥¬‡©æ“–„π¢â“«°≈âÕßßÕ°∑’Ë·™àπÈ”∑’Ëæ’‡Õ™ 4 Õÿ≥À¿Ÿ¡‘πÈ” 35 ÌC ·≈–°“√·™àπÈ”°àÕπßÕ°
 àßº≈„Àâª√‘¡“≥«‘μ“¡‘π´’ Ÿ≠‡ ’¬À¡¥ (‰¡à “¡“√∂μ√«®æ∫‰¥â)

3. ª√‘¡“≥°“∫“¢Õß‡¡≈Á¥¢â“«°≈âÕßßÕ°æ—π∏ÿå¢“«¥Õ°¡–≈‘ 105 °àÕπßÕ°¡’ª√‘¡“≥‡∑à“°—∫ 9.133
¡‘≈≈‘°√—¡/100 °√—¡ ·≈–¡’ª√‘¡“≥‡æ‘Ë¡¢÷Èπ„π∑ÿ° ¿“«–°“√·™àπÈ” ‚¥¬‡©æ“–°“√·™àπÈ”∑’Ëæ’‡Õ™ 6 Õÿ≥À¿Ÿ¡‘
35 ÌC ¡’ª√‘¡“≥°“∫“ Ÿß ÿ¥ ‡∑à“°—∫ 20.96 ¡‘≈≈‘°√—¡/100 °√—¡

4. ª√‘¡“≥øïπÕ≈‘°∑—ÈßÀ¡¥ ·≈–ª√‘¡“≥·§‚√∑’πÕ¬¥å¢Õß‡¡≈Á¥¢â“«°≈âÕßßÕ°æ—π∏ÿå¢“«¥Õ°¡–≈‘ 105
‡æ‘Ë¡¢÷Èπ ‚¥¬‡©æ“–°“√·™àπÈ”∑’Ëæ’‡Õ™ 4 Õÿ≥À¿Ÿ¡‘ 35 ÌC

®“°°“√∑¥≈Õßπ’È· ¥ß„Àâ‡ÀÁπ«à“ ¢â“«°≈âÕß¢“«¥Õ°¡–≈‘ 105 ∑’Ë‡¡≈Á¥æ—π∏ÿå‡√‘Ë¡μâπ¡’§«“¡ßÕ°
‰¡àμË”°«à“√âÕ¬≈– 95 ‡¡◊ËÕπ”¡“·™àπÈ”∑’ËÕÿ≥À¿Ÿ¡‘ 35 ÌC ·≈–ª√—∫æ’‡Õ™¢ÕßπÈ”„Àâ‡ªìπ°√¥ ¡’§à“æ’‡Õ™ ‡∑à“°—∫
4 À√◊Õ 6 °àÕππ”¡“ºà“π°√–∫«π°“√ßÕ° “¡“√∂  “¡“√∂∑”„Àâ “√Õ“À“√À≈“¬Ê™π‘¥‡æ‘Ë¡¢÷Èπ
‚¥¬‡©æ“–‚ª√μ’π ‰¢¡—π «‘μ“¡‘π ∫’ 1  “√°“∫“ ·≈–ª√‘¡“≥øïπÕ≈‘°∑—ÈßÀ¡¥´÷Ëß‡ªìπ “√μâ“πÕπÿ¡Ÿ≈Õ‘ √–
¥—ßπ—Èπ “¡“√∂π”¢â“«°≈âÕßßÕ°¢“«¥Õ°¡–≈‘ 105 ‡ªìπ∫√‘‚¿§‡ªìπÕ“À“√‡ √‘¡ √à«¡°—∫¢â“«Àÿß ÿ°∑’Ë¡’
§ÿ≥§à“∑“ßÕ“À“√μË”

¢âÕ‡ πÕ·π–

1. §«√ª√—∫ª√ÿß«‘∏’°“√ßÕ°¢â“«°≈âÕß·≈–∏—≠æ◊™ßÕ°¥â«¬«‘∏’Õ◊Ëπ ‡™àπ °“√À¡—° ∑’Ë àßº≈„Àâ§ÿ≥§à“
∑“ßÕ“À“√‡æ‘Ë¡¢÷Èπ Ÿß°«à“°√–∫«π°“√ßÕ°

2. §«√»÷°…“ªí®®—¬Õ◊Ëπ ‡™àπ ª√‘¡“≥°ä“´ÕÕ°´‘‡®π ª√‘¡“≥πÈ”∑’Ë„™â„π°“√·™à ∑’Ë‡æ‘Ë¡°‘®°√√¡
¢Õß‡Õπ‰´¡å„π°√–∫«π°“√ßÕ° ·≈–‡æ‘Ë¡Õ—μ√“°“√À“¬„®∑’Ë “¡“√∂ àß‡ √‘¡°“√ √â“ß·≈– —ß‡§√“–Àå
 “√Õ“À“√„π‡¡≈Á¥¢â“«ßÕ°

3. §«√»÷°…“°“√π”‡¡≈Á¥¢â“«°≈âÕßßÕ°·≈–μâπÕàÕπ®“°¢â“«ßÕ°‰ª‡ªìπÕ“À“√‡ √‘¡ ÿ¢¿“æ
(functional foods)

4. §«√»÷°…“‡æ‘Ë¡‡μ‘¡„π∏—≠æ◊™Õ◊Ëπ ‡æ◊ËÕπ”¡“‡ªìπ¢âÕ¡Ÿ≈ ”À√—∫º≈‘μ functional foods
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