
861º≈¢Õß°√–∫«π°“√„Àâ§«“¡√âÕπµàÕ ’¢ÕßπÈ”°–∑‘KKU Res J 14 (9) :September 2009

º≈¢Õß°√–∫«π°“√„Àâ§«“¡√âÕπµàÕ ’¢ÕßπÈ”°–∑‘
Effect of Thermal Processing on the Color of Coconut Milk

®—π∑‘¡“ ¿Ÿß“¡‡ß‘π (Chanthima Phungamngoen)1*

πß‡¬“«å ™Ÿ ÿ¢ (Nongyao Choosuk)2

∏’√«√√≥  ÿ«√√≥å (Teerawan Suwan)2

∫∑§—¥¬àÕ

ß“π«‘®—¬π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“ ¿“«–„π°“√„Àâ§«“¡√âÕπµàÕ ’¢ÕßπÈ”°–∑‘∑’Ë¡’‰¢¡—π√âÕ¬≈– 20

‚¥¬„™â§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ 100-130 Õß»“‡´≈‡´’¬  √–¬–‡«≈“ 20-100 π“∑’ ‚¥¬«‘‡§√“–Àå§à“ ’ „π√–∫∫ Hunter

L a b §à“ non-enzymatic browning index (NEBI) ·≈–ª√‘¡“≥ 5-hydroxymethyfurfural (HMF) º≈°“√∑¥≈Õß

æ∫«à“‡¡◊ËÕ‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ·≈–√–¬–‡«≈“π“π¢÷Èπ¡’º≈∑”„ÀâπÈ”°–∑‘¡’ ’‡¢â¡¡“°¢÷Èπ °“√„ÀâÕÿ≥À¿Ÿ¡‘ Ÿß (¡“°°«à“

100 Õß»“‡´≈‡ ’́¬ ) ∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“°“√‡°‘¥ ’πÈ”µ“≈·≈–¡’º≈„Àâ§à“§«“¡ «à“ß (L) µË”≈ß  à«π§à“ ’·¥ß (a)

·≈–§à“ ’‡À≈◊Õß (b) ¡’§à“ Ÿß¢÷Èπ ÷́Ëßº≈°“√∑¥≈Õß Õ¥§≈âÕß°—∫§à“ NEBI ·≈–ª√‘¡“≥ HMF °“√À“ ¿“«–∑’Ë‡À¡“–

 ¡„π°“√º≈‘µπÈ”°–∑‘ ”‡√Á®√Ÿª ‚¥¬„™â«‘∏’ Response surface æ∫«à“ „π°√–∫«π°“√º≈‘µπÈ”°–∑‘ “¡“√∂¶à“‡™◊ÈÕ

‰¥â∑’ËÕÿ≥À¿Ÿ¡‘ 100-110 Õß»“‡´≈‡´’¬  π“π 50 π“∑’

Abstract

The aim of this work was to study the effect of sterilization on the color of coconut milk containing

20% fat content at various temperatures (100-130C) and times (20-100 min). The parameters of this study on

color quality of coconut milk were Hunter L a b, non-enzymatic browning index (NEBI) and

5-nydroxymethyfurfural (HMF). The results show that higher temperature and longer time of sterilization result

in higher browning color of coconut milk. The sterilization (>100C) caused non-enzymatic browning reactions

leading to lower lightness value (L) and higher redness (a) and yellowness values (b). These results were accordant

to the change of NEBI and HMF to optimize the thermal processing of coconut milk. The response surface

methodology (RSM) was used and the result showed that the optimum sterilization was 100-105C for 50 min.

§” ”§—≠: πÈ”°–∑‘,  ªØ‘°‘√‘¬“°“√‡°‘¥ ’πÈ”µ“≈∑’Ë‰¡à‡°‘¥®“°‡Õπ‰´¡å,  °√–∫«π°“√„Àâ§«“¡√âÕπ
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∫∑π”

πÈ”°–∑‘‡ªìπ∑’Ëπ‘¬¡∫√‘‚¿§¡“°„π·∂∫‡Õ‡´’¬

·ª´‘øî° „™â‡ªìπ à«πª√–°Õ∫∑’Ë®”‡ªìπ„πÕ“À“√§“«

À«“π °“√∫√‘‚¿§πÈ”°–∑‘πÕ°‡Àπ◊Õ®“°°“√∫√‘‚¿§ ¥

‰¥â¡’°“√π”¡“·ª√√Ÿª‡ªìπº≈‘µ¿—≥±åÀ≈“¬™π‘¥ ‡™àπ

πÈ”°–∑‘∫√√®ÿ°≈àÕß UHT (ultra high temperature)

‡æ◊ËÕ„Àâ “¡“√∂‡°Á∫√—°…“‰¥âπ“π¬‘Ëß¢÷Èπ πÈ”°–∑‘®—¥‡ªìπ

Õ“À“√∑’Ë¡’§«“¡‡ªìπ°√¥µË” (low acid food) ¡’§à“ pH

ª√–¡“≥ 6 ÷́Ëßª√–°Õ∫‰ª¥â«¬πÈ”ª√–¡“≥ 50%

‰¢¡—π 34% ‚ª√µ’π 3.5% ·≈–Õ◊ËπÊ 12.5% (Gonzalez

et al., 1990) ¡’≈—°…≥–‡ªìπÕ‘¡—≈™—π™π‘¥πÈ”¡—π„ππÈ”

(oil-in-water) °√–∫«π°“√º≈‘µπÈ”°–∑‘®÷ßµâÕß„™â

§«“¡√âÕπ„π°“√¶à“‡™◊ÈÕ Ÿß∑”„Àâº≈‘µ¿—≥±å∑’Ë‰¥â¡—°¡’

§ÿ≥¿“æµË” ∑—Èßπ’È‡π◊ËÕß®“°‰¢¡—π¡’º≈∑”„Àâ§à“§«“¡

§ßµ—«¢ÕßÕ“À“√≈¥≈ß (Simuang et al., 2004)

·≈–°“√¶à“‡™◊ÈÕ∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß∑”„Àâº≈‘µ¿—≥±å¡’ ’‡À≈◊Õß

‰¡à‡ªìπ∑’Ë¬Õ¡√—∫

°“√º≈‘µ„π√–¥—∫Õÿµ “À°√√¡¡—°π”‡π◊ÈÕ

¡–æ√â“«¡“§—Èπ Õ“®¡’°“√‡µ‘¡À√◊Õ‰¡à‡µ‘¡πÈ”°Á‰¥â

·≈â«ª√—∫‰¢¡—π„Àâ‰¥âµ“¡¡“µ√∞“π°–∑‘ ”‡√Á®√Ÿª

(¡Õ°. 582, 2528) ‚¥¬°”Àπ¥ —¥ à«π‰¢¡—π„ππÈ”

°–∑‘µâÕß‰¡àπâÕ¬°«à“ 20% ®“°π—Èππ”‰ª„Àâ§«“¡√âÕπ

∑’Ë√–¥—∫æ“ ‡®Õ√å‰√ å∑’ËÕÿ≥À¿Ÿ¡‘ 70-80C π“π 1-2 π“∑’

‡æ◊ËÕ∑”≈“¬®ÿ≈‘π∑√’¬å∑’Ëªπ‡ªóôÕπ¡“°—∫πÈ”°–∑‘∫“ß à«π

·≈–∑”≈“¬‡Õπ‰´¡å‰≈‡ª  ªÑÕß°—π°“√¬àÕ¬ ≈“¬

‰¢¡—π„ππÈ”°–∑‘´÷Ëß‡ªìπ “‡Àµÿ¢Õß°“√‡°‘¥°≈‘ËπÀ◊π

‡µ‘¡ “√‡æ‘Ë¡§«“¡§ßµ—« (stabilizer À√◊Õ emulsifier)

‡™àπ Tween 60 √à«¡°—∫ CMC (Simuang et al., 2004

·≈– Chiewchan et al., 2005) ‡æ◊ËÕªÑÕß°—π°“√·¬°

™—Èπ¢ÕßπÈ”°–∑‘ ·≈â«ºà“π°√–∫«π°“√‚Œ‚¡®‘‰π å

‡æ◊ËÕ≈¥¢π“¥Õπÿ¿“§‰¢¡—π„Àâ¡’¢π“¥ 0.0013-0.04

¡‘≈≈‘‡¡µ√ (Cheiwchan et al., 2005) ·≈–¢—ÈπµÕπ

 ÿ¥∑â“¬§◊Õ °“√¶à“‡™◊ÈÕ¥â«¬§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß

Seow and Gwee (1997) ‰¥â‡ πÕ«à“ °“√¶à“‡™◊ÈÕ

πÈ”°–∑‘∑’Ë¡’‰¢¡—π 30% ·≈–¡’ CMC 0.15% ∫√√®ÿ

„π¢«¥·°â«¢π“¥ 200 ·≈– 500 ¡‘≈≈‘≈‘µ√ §«√„™â

‡«≈“„π°“√¶à“‡™◊ÈÕ∑’Ë 121C π“π 60 ·≈– 70 π“∑’

µ“¡≈”¥—∫ πÕ°®“°π’È ®—π∑‘¡“ ·≈–§≥– (2546) and

Cheiwchan et al. (2005) √“¬ß“π«à“ °“√¶à“‡™◊ÈÕ

πÈ”°–∑‘‰¢¡—π Ÿß 30% ∫√√®ÿ°√–ªÜÕß¢π“¥ 307x409

„Àâ¡’§ÿ≥¿“æ¥’ ·≈–¡’§«“¡ª≈Õ¥¿—¬ §«√„Àâ

°√–∫«π°“√¶à“‡™◊ÈÕ¡’§à“ F
0
=5 π“∑’ ´÷Ëß®–‡ÀÁπ«à“

„π°√–∫«π°“√º≈‘µπÈ”°–∑‘‰¢¡—π Ÿß ”‡√Á®√ŸªµâÕß„™â

§«“¡√âÕπ„π°“√¶à“‡™◊ÈÕ Ÿß·≈–‡ªìπ‡«≈“π“π ÷́Ëß‡ªìπ

 “‡Àµÿ¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“°“√‡°‘¥ ’πÈ”µ“≈ (browning

reaction) „π√–À«à“ß°√–∫«π°“√¶à“‡™◊ÈÕ ∑”„Àâ

º≈‘µ¿—≥±å∑’Ë‰¥â¡’ ’‡À≈◊Õß·≈–‰¡à‡ªìπ∑’Ë¬Õ¡√—∫

 ¿“«–∑’Ë„™â„π°“√¶à“‡™◊ÈÕ‡ªìπªí®®—¬À≈—°∑’Ë¡’

Õ‘∑∏‘æ≈µàÕ ’¢Õßº≈‘µ¿—≥±åπÈ”°–∑‘ (®—π∑‘¡“, 2546)

¥—ßπ—Èπß“π«‘®—¬π’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“Õÿ≥À¿Ÿ¡‘

·≈–‡«≈“∑’Ë¡’º≈µàÕ ’¢ÕßπÈ”°–∑‘ ‡æ◊ËÕ‡ªìπ¢âÕ¡Ÿ≈·≈–

·π«∑“ß„π°“√æ—≤π“·≈–ª√—∫ª√ÿß°√–∫«π°“√º≈‘µ

‡æ◊ËÕ„Àâ‰¥âº≈‘µ¿—≥±åπÈ”°–∑‘‰¢¡—π Ÿß ”‡√Á®√Ÿª∑’Ë¡’

§ÿ≥¿“æ Ÿß

«— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√

°“√‡µ√’¬¡µ—«Õ¬à“ßπÈ”°–∑‘

π” ‡π◊È Õ ¡ –æ√â “ «¡ “§—È π ·∫∫‰¡à ‡ µ‘ ¡πÈ”

¥â«¬‡§√◊ËÕß§—ÈππÈ”°–∑‘·∫∫°÷ËßÕ—µ‚π¡—µ‘ «‘‡§√“–Àå

ª√‘¡“≥‰¢¡—π„ππÈ”°–∑‘‡√‘Ë¡µâπ‚¥¬ Rose-Gottlieb

method (AOAC, 1990) ®“°°“√∑¥ Õ∫æ∫«à“πÈ”

°–∑‘‰¡à‡µ‘¡πÈ”¡’ —¥ à«π‰¢¡—π‡©≈’Ë¬¡“°°«à“ 35%

ª√—∫ —¥ à«π¢Õß‰¢¡—π¥â«¬πÈ”°≈—Ëπ„Àâ‰¥â —¥ à«π‰¢

¡—π∑’Ë√–¥—∫ 20% ‚¥¬πÈ”Àπ—°µàÕª√‘¡“µ√ (¡Õ°. 582,

2528) ®“°π—Èπ‡µ‘¡ “√‡æ‘Ë¡§«“¡§ßµ—«∑’Ë∑”„ÀâπÈ”°–∑‘

¡’§«“¡§ßµ—« Ÿß ‚¥¬„™â CMC : Montanox 60 Õ—µ√“ à«π

0.6:0.4% ‚¥¬πÈ”Àπ—°µàÕª√‘¡“µ√ (Simuang et al.,

2004)  ®“°π—Èππ”‰ª°«π·≈–„Àâ§«“¡√âÕπ¥â«¬ hot plate

stirrer ®πÕÿ≥À¿Ÿ¡‘∂÷ß 70C π“π 1 π“∑’ ‡æ◊ËÕ∑”≈“¬

‡Õπ‰´¡å·≈–®ÿ≈‘π∑√’¬å∫“ß à«π∑’Ëªπ‡ªóôÕπ„ππÈ”°–∑‘

·≈–‚Œ‚¡®‘‰π å∑’Ë Õÿ≥À¿Ÿ¡‘ÀâÕß¥â«¬ ‡§√◊Ë Õßº ¡

§«“¡‡√Á« Ÿß (¬’ËÀâÕ Polytron, √ÿàπ PT-MR 3100, ª√–‡∑»

‡¬Õ√¡—π) ∑’Ë§«“¡‡√Á«√Õ∫ 2,000 √Õ∫µàÕπ“∑’

‡ªìπ‡«≈“π“π 5 π“∑’
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°“√»÷°…“Õÿ≥À¿Ÿ¡‘·≈–‡«≈“∑’Ë„™â„π°“√

¶à“‡™◊ÈÕµàÕ ’¢ÕßπÈ”°–∑‘

∑¥ Õ∫ ¿“«–°“√¶à“‡™◊ÈÕ‚¥¬π”πÈ”°–∑‘

∑’Ë‡µ√’¬¡‰¥â®“°¢âÕ 1. ª√‘¡“µ√ 10 ¡‘≈≈‘≈‘µ√ ∫√√®ÿ

„πÀ≈Õ¥∑¥≈ÕßΩ“‡°≈’¬«¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß

13 ¡‘≈≈‘‡¡µ√ ·≈–¬“« 100 ¡‘≈≈‘‡¡µ√ Õÿ≥À¿Ÿ¡‘

µ—«Õ¬à“ß‡√‘Ë¡µâπ«—¥¥â«¬ thermocouple thermometer

(¬’ËÀâÕ Fluke, √ÿàπ 54 II, ª√–‡∑»®’π) ÷́Ëß¡’§à“‡∑à“°—∫

30±1C ªî¥Ω“À≈Õ¥·≈â«π”µ—«Õ¬à“ß„Àâ§«“¡√âÕπ

„πÕà“ßπÈ”¡—π (oil bath) ∑’ËÕÿ≥À¿Ÿ¡‘ 100, 110, 120 ·≈–

130C ‚¥¬‡∫◊ÈÕßµâπ∑¥ Õ∫‡«≈“∑’Ë„™â„π°“√‡æ‘Ë¡

Õÿ≥À¿Ÿ¡‘µ—«Õ¬à“ß„Àâ∂÷ßÕÿ≥À¿Ÿ¡‘∑’Ëµ—Èß‰«â (come up time)

„™â‡«≈“¿“¬„π 10 π“∑’  ”À√—∫∑ÿ°µ—«Õ¬à“ß ´÷Ëß®—∫

‡«≈“∑’Ë»÷°…“À≈—ß®“°µ—«Õ¬à“ß¡’Õÿ≥À¿Ÿ¡‘‡∑à“°—∫Õÿ≥À¿Ÿ¡‘

∑’Ë°”Àπ¥π“π 20, 40, 60, 80 ·≈– 100 π“∑’

µ“¡≈”¥—∫

°“√«‘‡§√“–Àå ’¢Õßµ—«Õ¬à“ßπÈ”°–∑‘

∑’Ëºà“π°“√¶à“‡™◊ÈÕ

°“√«‘ ‡§√“–Àå§à “ ’¢ÕßπÈ”°–∑‘ „π√–∫∫

Hunter L, a, b

π”πÈ”°–∑‘µ—«Õ¬à“ß∑’Ë‡µ√’¬¡‰¥â‚¥¬ºà“π°“√

„Àâ§«“¡√âÕπ∑’Ë ¿“«–µà“ßÊ π”¡“«—¥§à“ ’¥â«¬‡§√◊ËÕß«—¥ ’

(¬’ËÀâÕ Hunter Lab, √ÿàπ Color Flex, ª√–‡∑»Õ‡¡√‘°“)

‚¥¬∫√√®ÿπÈ”°–∑‘µ—«Õ¬à“ß≈ß„π cuvette ª√‘¡“µ√

3-5 ¡‘≈≈‘≈‘µ√ ‚¥¬√–∫∫ ’∑’Ë«—¥§◊Õ Hunter (L, a, b)

´÷Ëß„π∑’Ëπ’È®–æ‘®“√≥“∑—Èß 3 §à“ ‚¥¬§à“ L (lightness)

§à“ b · ¥ß§«“¡‡ªìπ ’‡À≈◊Õß (+b) ·≈– ’πÈ”‡ß‘π (-b)

§à“ a · ¥ß§«“¡‡ªìπ ’‡¢’¬« (+a) ·≈– ’·¥ß (-a)

‚¥¬„™â§à“ ’¢ÕßπÈ”°–∑‘ ¥‡ªìπµ—«Õ¬à“ßÕâ“ßÕ‘ß„π°“√

‡ª√’¬∫‡∑’¬∫ ’°—∫πÈ”°–∑‘∑’Ë ¿“«–°“√∑¥≈Õßµà“ß Ê

°“√«‘‡§√“–Àå§à“ Non-enzymatic browning

index

π”πÈ”°–∑‘µ—«Õ¬à“ß∑’Ë‡µ√’¬¡‰¥â®“°¢—ÈπµÕπ

°“√‡µ√’¬¡µ—«Õ¬à“ßª√‘¡“µ√ 5 ¡‘≈≈‘≈‘µ√ ‡µ‘¡‡Õ∑∑‘≈

·Õ≈°ÕŒÕ≈å (ethyl alcohol 95%) ª√‘¡“µ√ 5 ¡‘≈≈‘≈‘µ√

·≈â«‡¢¬à“„Àâ‡¢â“°—π ®“°π—Èπ®÷ßπ”‰ª‡À«’Ë¬ß·¬°µ–°Õπ

¥â«¬‡§√◊ËÕß centrifuged (¬’ËÀâÕ Boeco, √ÿàπ Rotana

C-28, ª√–‡∑»‡¬Õ√¡—π) ∑’Ë§«“¡‡√Á«√Õ∫ 1000g  ‡ªìπ

‡«≈“π“π 15 π“∑’ ®“°π—Èππ” à«π„ ∑’Ë‰¥â®“°°“√

‡À«’Ë¬ß·¬°µ–°Õπ∫√√®ÿ„π cuvette ª√‘¡“µ√ 3-5

¡‘≈≈‘≈‘µ√ ·≈â««—¥§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë§«“¡¬“«§≈◊Ëπ

420 π“‚π‡¡µ√ ́ ÷Ëß§à“∑’Ë‰¥â§◊Õ non-enzymatic browning

index (NEBI) (Rattanathanalerk et al., 2005)

°“√«‘‡§√“–Àåª√‘¡“≥ 5-hydroxymethylfurfural

(HMF)

π”πÈ”°–∑‘µ—«Õ¬à“ß∑’Ë‰¥â®“°¢—ÈπµÕπ°“√‡µ√’¬¡

µ—«Õ¬à“ßª√‘¡“µ√ 5 ¡‘≈≈‘≈‘µ√  ‚¥¬„™â à«π„ ∑’Ë‰¥â®“°

°“√‡À«’Ë¬ß·¬°µ–°Õπ®“°¢—ÈπµÕπ°“√«‘‡§√“–Àå§à“

non-enzymatic browning index ¡“ª√‘¡“µ√ 2 ¡‘≈≈‘≈‘µ√

∫√√®ÿ„πÀ≈Õ¥∑¥≈Õß®“°π—Èπ‡µ‘¡ “√ thiobabituric acid

(TBA) 0.025 M ª√‘¡“µ√ 2 ¡‘≈≈‘≈‘µ√ ·≈– “√

trichloroacetic acid (TCA) 12% ‚¥¬πÈ”Àπ—°µàÕª√‘¡“µ√

2 ¡‘≈≈‘≈‘µ√ ·≈–‡¢¬à“„Àâ‡¢â“°—π ·≈â«π”‰ª„Àâ§«“¡

√âÕπ„πÕà“ßπÈ”√âÕπ (water  bath) (¬’ËÀâÕ Memmert,

√ÿàπ WB14,  ª√–‡∑»‡¬Õ√¡—π) ∑’ËÕÿ≥À¿Ÿ¡‘ 40C

π“π 50 π“∑’ ®“°π—Èπ√Õ„Àâµ—«Õ¬à“ß‡¬Áπ®π∂÷ßÕÿ≥À¿Ÿ¡‘

ÀâÕß «—¥§à“¥Ÿ¥°≈◊π· ß∑’Ë§«“¡¬“«§≈◊Ëπ 443 π“‚π‡¡µ√

À“ª√‘¡“≥ 5-hydroxymethylfurfural (HMF)

‚¥¬‡ª√’¬∫‡∑’¬∫°—∫ calibration curve (Sigma-Aldrich,

ª√–‡∑»‡¬Õ√¡—π) ‚¥¬§à“∑’Ë«—¥‰¥âÕ¬Ÿà„π™à«ß 0-3.5 ¡‘≈≈‘°√—¡

µàÕ≈‘µ√ (Rattanathanalerk et al., 2005)

°“√ÕÕ°·∫∫°“√∑¥≈Õß·≈–«‘‡§√“–Àå

º≈°“√∑¥≈Õß

ÕÕ°·∫∫°“√∑¥≈Õß·∫∫·ø§∑Õ‡√’¬≈ 4x5

(general full factorial) ‚¥¬¡’ 2 ªí®®—¬ §◊Õ Õÿ≥À¿Ÿ¡‘

4 √–¥—∫ (100, 110, 120 ·≈– 130C) ·≈–‡«≈“∑’Ë„™â

„π°“√¶à“‡™◊ÈÕ 5 √–¥—∫ (20, 40, 60, 80 ·≈– 100 π“∑’)

«‘‡§√“–Àå§«“¡·ª√ª√«π¢Õß§à“ ’¢Õßµ—«Õ¬à“ß, §à“ NEBI

(non-enzymatic browning index) ·≈–ª√‘¡“≥

5-hydroxymethyfurfural (HMF) ·∫∫ one-way
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ANOVA °”Àπ¥„Àâ¡’§«“¡§≈“¥‡§≈◊ËÕπ„π°“√‡≈◊Õ°

 ¿“«– 5% (α = 0.05) ·≈–«‘‡§√“–Àå§«“¡ —¡æ—π∏å

¢Õßªí®®—¬∑’Ë»÷°…“‚¥¬„™â°“√«‘‡§√“–Àå·∫∫ response

surface „π·µà≈–ªí®®—¬∑’Ë»÷°…“¥”‡π‘π°“√∑¥≈Õß 3 È́”

º≈°“√«‘®—¬·≈–°“√Õ¿‘ª√“¬º≈

º≈¢Õß ¿“«–„π°“√„Àâ§«“¡√âÕπ„π√–¥—∫

 ‡µÕ√‘‰≈ åµàÕ§à“ ’„π√–∫∫ Hunter L, a, b

º≈¢Õß ¿“«–„π°“√„Àâ§«“¡√âÕπ„π√–¥—∫

 ‡µÕ√‘‰≈ åµàÕ§à“ ’ L, a ·≈– b ¢ÕßπÈ”°–∑‘ · ¥ß

„π√Ÿª∑’Ë 1 ®“°º≈°“√∑¥≈Õß®–‡ÀÁπ«à“§à“§«“¡ «à“ß (L)

≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠ (p≤0.05)  “¡“√∂Õ∏‘∫“¬‰¥â

«à“∑’Ë‡«≈“·≈–§«“¡√âÕπ Ÿß¢÷ÈππÈ”°–∑‘¡’ ’∑’Ë§≈È”¡“°¢÷Èπ

´÷Ëß Õ¥§≈âÕß°—∫ß“π«‘®—¬¢Õß Avila and Silva (1999)

·≈– Dolores et al. (2006) ∑’Ë‰¥â»÷°…“ ¿“«–∑’Ë‡À¡“– ¡

·≈–°“√‡ª≈’Ë¬π·ª≈ß ’„π°“√„Àâ§«“¡√âÕπ·°àπÈ”º≈‰¡â

∑’ËÕÿ≥À¿Ÿ¡‘ 110-135C æ∫«à“§à“ L ¡’·π«‚πâ¡µË”≈ß

∑’Ë√–¥—∫Õÿ≥À¿Ÿ¡‘∑’Ë Ÿß¢÷Èπ

 ”À√—∫º≈¢Õß§«“¡√âÕπ„π√–¥—∫ ‡µÕ√‘‰≈ å

µàÕ§à“ ’·¥ß (a)  ·≈–§à“‡À≈◊Õß (b) π—Èπ®– —ß‡°µ‡ÀÁπ

«à“∑’Ë§«“¡√âÕπ Ÿß¢÷Èπ·≈–‡«≈“π“π¢÷Èππ—Èπ§à“ ’ a ·≈– b

¡’·π«‚πâ¡∑’Ë Ÿß¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠ (p≤0.05) ∑—Èßπ’È

‡ªìπ‡æ√“–∑’ËÕÿ≥À¿Ÿ¡‘¢Õß§«“¡√âÕπ∑’Ë Ÿß¢÷Èπ®–∑”„Àâ

 ’¢ÕßπÈ”°–∑‘‡ª≈’Ë¬π‡ªìπ ’·¥ß¡“°¢÷Èπ (Avila and Silva,

1999) πÕ°®“°π’È·≈â«¬—ß‡°’Ë¬«¢âÕß°—∫‡«≈“„π°“√¶à“‡™◊ÈÕ

∑’Ë‡æ‘Ë¡¡“°¢÷Èπ¥â«¬ ‡π◊ËÕß®“°∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß°«à“ 100C

„πº≈‘µ¿—≥±åπÈ”°–∑‘®–‡°‘¥ªØ‘°‘√‘¬“°“√‡°‘¥ ’πÈ”µ“≈

(®—π∑‘¡“, 2546;  ÿ¥“√—µπå ·≈–§≥–, 2551)

¥—ßπ—Èπ‡¡◊ËÕ‡«≈“„π°“√¶à“‡™◊ÈÕ‡æ‘Ë¡¢÷Èπ®–∑”„Àâº≈‘µ¿—≥±å

πÈ”°–∑‘¡’§à“ a ·≈– b ‡æ‘Ë¡¢÷Èπµ“¡‰ª¥â«¬ ‚¥¬°“√‡°‘¥

 ’πÈ”µ“≈„πº≈‘µ¿—≥±åπÈ”°–∑‘‡°‘¥¢÷ÈπÕ¬à“ß™—¥‡®π¡“°¢÷Èπ

‡¡◊ËÕÕÿ≥À¿Ÿ¡‘∑’Ë„Àâ§«“¡√âÕπ¡“°°«à“ 110C ¢÷Èπ‰ª

º≈¢Õß ¿“«–„π°“√„Àâ§«“¡√âÕπ„π

√–¥—∫ ‡µÕ√‘‰≈ åµàÕ§à“ non-enzymatic

browning index (NEBI) ¢ÕßπÈ”°–∑‘

°“√·ª√√ŸªÕ“À“√¥â«¬§«“¡√âÕπ æ∫«à“¡’

 ’πÈ”µ“≈‡°‘¥¢÷Èπ®“°ªØ‘°‘√‘¬“‡§¡’∑’Ë‰¡à‡°’Ë¬«¢âÕß°—∫‡Õπ‰´¡å

(non-enzymatic browning)  ”À√—∫°√–∫«π°“√

·ª√√ŸªπÈ”°–∑‘ ”‡√Á®√Ÿª à«π„À≠à°“√‡ª≈’Ë¬π·ª≈ß ’

®–¡’ “‡Àµÿ®“°ªØ‘°‘√‘¬“∑’Ë‰¡à‡°’Ë¬«°—∫‡Õπ‰´¡å ‡π◊ËÕß®“°

‡Õπ‰´¡å®–∂Ÿ°∑”≈“¬¥â«¬§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ 50C

¢÷Èπ‰ª (Martinez and Whitaker, 1995) ´÷Ëß‡Õπ‰´¡å

¡—°∂Ÿ°∑”≈“¬‰ªµ—Èß·µà¢—ÈπµÕπ°“√‡µ√’¬¡πÈ”°–∑‘

‚¥¬º≈¢ÕßÕÿ≥À¿Ÿ¡‘√–¥—∫ ‡µÕ√‘‰≈ å·≈–‡«≈“µàÕ°“√

‡ª≈’Ë¬π·ª≈ß§à“ non-enzymatic browning index (NEBI)

· ¥ß¥—ß√Ÿª∑’Ë 2

®“°º≈°“√∑¥≈Õß æ∫«à“ ≈—°…≥–¢Õß°“√

‡ª≈’Ë¬π·ª≈ß§à“ NEBI ¢Õßµ—«Õ¬à“ßπÈ”°–∑‘¡’·π«‚πâ¡

‡æ‘Ë¡ Ÿß¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠ (p≤0.05) µ“¡§«“¡√âÕπ

„π√–¥—∫ ‡µÕ√‘‰≈ å∑’Ë 100, 110, 120, ·≈– 130 Õß»“

‡´≈‡´’¬  ·≈–‡«≈“„π°“√¶à“‡™◊ÈÕπ“π 20, 40, 60, 80

·≈– 100 π“∑’ ∑—Èßπ’È‡π◊ËÕß®“°„ππÈ”°–∑‘¡’‰π‚µ√‡®π

·≈–‚ª√µ’π‡ªìπÕß§åª√–°Õ∫ (Gonzalez et al., 1990)

∑”„Àâ°“√‡°‘¥ “√ ’πÈ”µ“≈„πº≈‘µ¿—≥±å‡°‘¥‰¥â ‚¥¬®–

‡°‘¥‡√Á«À“°¡’Õÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ ´÷Ëß Õ¥§≈âÕß°—∫ß“π«‘®—¬

¢Õß Garza et al. (1999), Ibarz et al. (1999) ·≈–

Chutintrasri and Noomhorm (2005) ∑’Ë»÷°…“°“√‡°‘¥

ªØ‘°‘√‘¬“ ’πÈ”µ“≈∑’Ë‰¡à‡°’Ë¬«°—∫‡Õπ‰´¡å (non-enzymatic

browning) „ππÈ”º≈‰¡â  ´÷Ëßº≈∑’Ë‰¥âæ∫«à“∑’ËÕÿ≥À¿Ÿ¡‘

 Ÿß¢÷Èππ—Èπ®–∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“ ’πÈ”µ“≈‡æ‘Ë¡¡“°¢÷Èπ  ‡™àπ

‡¥’¬«°—∫º≈°“√∑¥≈Õß¢Õß Rattanathanalerk et al.

(2005) ∑’Ëæ∫«à“  ¿“«–∑’Ë„™â„π°“√¶à“‡™◊ÈÕπÈ”º—°º≈‰¡â

„π√–¥—∫ ‡µÕ√‘‰≈ å¡’º≈∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“ ’πÈ”µ“≈

„πº≈‘µ¿—≥±å §◊Õ „π ¿“«–°“√¶à“‡™◊ÈÕ∑’Ë„™âÕÿ≥À¿Ÿ¡‘∑’Ë Ÿß

≥  ‡«≈“‡¥’¬«°—π ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ®–‡°‘¥ªØ‘°‘√‘¬“

 ’πÈ”µ“≈‡æ‘Ë¡ Ÿß¢÷Èπ

864 º≈¢Õß°√–∫«π°“√„Àâ§«“¡√âÕπµàÕ ’¢ÕßπÈ”°–∑‘ «“√ “√«‘®—¬ ¡¢. 14 (9) : °—π¬“¬π 2552
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º≈¢Õß ¿“«–„π°“√„Àâ§«“¡√âÕπ„π√–¥—∫

 ‡µÕ√‘‰≈ åµàÕª√‘¡“≥ 5- hydroxymethyfurfural

(HMF)

®“°º≈°“√»÷°…“ æ∫«à“∑’Ë√–¥—∫§«“¡√âÕπ

µà“ßÊ ·≈–‡«≈“„π°“√¶à“‡™◊ÈÕπ“π°«à“ 60 π“∑’ ¢÷Èπ‰ª

ª√‘¡“≥ HMF ¡’°“√‡ª≈’Ë¬π·ª≈ßÕ¬à“ß™—¥‡®π (√Ÿª∑’Ë 3)

∑—Èßπ’È‡π◊ËÕß®“°ª√‘¡“≥§«“¡√âÕπ∑’Ë Ÿß¢÷Èπ‡¡◊ËÕ‡«≈“‡æ‘Ë¡

¢÷Èπ®– àßº≈„Àâ‚¡‡≈°ÿ≈¢ÕßπÈ”µ“≈‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß

∑”„Àâ‡°‘¥°“√ ≈“¬µ—«·≈–√«¡µ—«°—π‡ªìπ‚¡‡≈°ÿ≈„À≠à

¢ÕßπÈ”µ“≈ °√¥Õ–¡‘‚π À√◊Õ ‚ª√µ’π ‡¡◊ËÕπÈ”µ“≈

‰¥â√—∫§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß°«à“®ÿ¥À≈Õ¡‡À≈«

‡ªìπ‡«≈“π“π®–‡°‘¥ªØ‘°‘√‘¬“ pyrolysis ÷́Ëß∑”„Àâ

πÈ”µ“≈‡ª≈’Ë¬π‡ªìπ ’πÈ”µ“≈‰À¡â (Sapers, 1993)

 Õ¥§≈âÕß°—∫ß“π«‘®—¬¢Õß Ibarz et al. (1999)

·≈– Garza et al. (1999) ∑’Ë»÷°…“°“√‡ª≈’Ë¬π·ª≈ß ’

°“√‡°‘¥ªØ‘°‘√‘¬“ ’πÈ”µ“≈ ·≈–°“√‡°‘¥ªØ‘°‘√‘¬“‡¡≈≈“√å¥

(maillard reaction) ¢ÕßπÈ”º≈‰¡â∑’Ëª√‘¡“≥¢Õß·¢Áß

∑’Ë≈–≈“¬‰¥â∑—ÈßÀ¡¥ (total soluble solid) 11Brix

√–À«à“ß°“√„Àâ§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß ∑’ËÕÿ≥À¿Ÿ¡‘

80-98C ́ ÷Ëß√“¬ß“π«à“‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ ª√‘¡“≥ HMF

¡’§à“ Ÿß¢÷Èπ¥â«¬ °“√‡°‘¥ HMF ®–‡æ‘Ë¡¢÷Èπµ“¡ª√‘¡“≥

°“√„Àâ§«“¡√âÕπ ÷́Ëß°“√‡æ‘Ë¡¢÷Èπ¢Õßª√‘¡“≥ HMF

π—Èπ‡°‘¥®“°°“√ Ÿ≠‡ ’¬πÈ”µ“≈ Ÿ́‚§√    ªØ‘°‘√‘¬“ maillard

·≈–ªØ‘°‘√‘¬“ sucrose hydrolysis ‚¥¬ HMF ®–‡æ‘Ë¡

¢÷Èπ‰ªµ“¡ ¿“«–¢ÕßÕÿ≥À¿Ÿ¡‘ (Sapers, 1993)

°“√À“ ¿“«–„π°“√„Àâ§«“¡√âÕπ„π√–¥—∫

 ‡µÕ√‘‰≈ å∑’Ë‡À¡“– ¡

‡æ◊ËÕ„Àâ‰¥âº≈‘µ¿—≥±åπÈ”°–∑‘∑’Ë‡ªìπ∑’Ë¬Õ¡√—∫

¢ÕßºŸâ∫√‘‚¿§§◊Õ µâÕß‡ªìπ¢Õß‡À≈«  ’¢“«π«≈‰¡àµà“ß

®“°πÈ”°–∑‘ ¥ ÷́Ëß®“°°“√»÷°…“§«“¡ —¡æ—π∏å

¢Õß ¿“«–∑’Ë„™â„π°“√¶à“‡™◊ÈÕ §◊ÕÕÿ≥À¿Ÿ¡‘100-130C

‡«≈“π“π 20-100 π“∑’ ¡’§à“∑’Ë∑”°“√«‘‡§√“–Àå§◊Õ

§à“ ’ L a b §à“ non-enzymatic browning index (NEBI)

·≈– ª√‘¡“≥ 5-hydroxymethylfurrural (HMF)

´÷Ë ß ‡ ªì π §à “ ∑’Ë ∫à ß ∫Õ°§ÿ≥¿ “æ¢Õ ßπÈ” ° –∑‘ ∑’Ë ‰ ¥â

°“√«‘‡§√“–Àå§«“¡ —¡æ—π∏å„™â response surface

methodology (RSM) ´÷Ëß‡ªìπ«‘∏’∑“ß ∂‘µ‘∑’Ë¡’«—µ∂ÿª√– ß§å

„π°“√À“§à“Õÿ≥À¿Ÿ¡‘·≈–‡«≈“„π°“√¶à“‡™◊ÈÕ∑’Ë‡À¡“– ¡

L =  -235.16 + 5.91x + 0.20y - 1.99x10-3xy

 -5.35x10-4y2 - 0.03x2 (1)

a = 51.67 - 0.91x - 0.14y + 1.46x10-3xy

-1.15x10-4y2 + 3.89x10-3x2 (2)

b = 240.24 - 4.26x - 0.56y + 6.36x10-3xy

- 7.26x10-4y2 + 0.02x2 (3)

NEBI = 3.12 - 0.05x - 7.02x10-3y + 5.24x10-5xy

+ 1.22x10-5y2 + 2.38x10-4x2 (4)

HMF = -41.02 + 0.68x + 0.09y - 7.68x10-4xy

+ 1.42x10-4y2 - 2.75x10-3x2  (5)

‡¡◊ËÕ x §◊Õ Õÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√¶à“‡™◊ÈÕ (C)

y §◊Õ ‡«≈“∑’Ë„™â„π°“√¶à“‡™◊ÈÕ (π“∑’)

®“°°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß ∂‘µ‘®–‰¥â ¡°“√

(1)-(5) ‡¡◊ËÕæ‘®“√≥“∂÷ß§ÿ≥¿“æ¢ÕßπÈ”°–∑‘µâÕß¡’§à“ ’

L a b §à“ NEBI ·≈– ª√‘¡“≥ HMF ‰¡à·µ°µà“ß®“°

πÈ”°–∑‘ ¥ ·≈–‡ªìπ‰ªµ“¡¡“µ√∞“πÕÿµ “À°√√¡

πÈ”°–∑‘ ”‡√Á®√Ÿª (¡Õ°. 582, 2528) ‚¥¬°”Àπ¥

¢Õ∫‡¢µ§à“ Ÿß ÿ¥-µË” ÿ¥¢Õß§à“§ÿ≥√Ÿª∑’Ë¬Õ¡√—∫‰¥â

„πµ“√“ß∑’Ë 1 ´÷Ëß∑”„Àâ “¡“√∂°”Àπ¥ ¿“«–∑’Ë‡À¡“–

 ¡„π°“√º≈‘µπÈ”°–∑‘ ”‡√Á®√Ÿª‰¢¡—π 20% ‰¥â §◊Õ æ◊Èπ∑’Ë

 ’¢“« (· ¥ß„π√Ÿª∑’Ë 4) ÷́Ëß®–‡ÀÁπ«à“ “¡“√∂„™â

Õÿ≥À¿Ÿ¡‘„π°“√¶à“‡™◊ÈÕ‰¥â„π™à«ß∑’Ë°«â“ß§◊Õ 100-115C

·µà‡¡◊ËÕæ‘®“√≥“‡«≈“„π°“√¶à“‡™◊ÈÕª√–°Õ∫®–‡ÀÁπ«à“

‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß°«à“ 105C ¬‘ËßµâÕß„™â‡«≈“„π°“√¶à“‡™◊ÈÕ

π“π∂÷ß 60-65 π“∑’ ´÷ËßÀ“°æ‘®“√≥“µ“¡À≈—°

‡»√∞»“ µ√å·≈â«®–‡ªìπ°“√ ‘Èπ ‡ª≈◊Õßæ≈—ßß“π

‡°‘π§«“¡®”‡ªìπ ¥—ßπ—Èπ®÷ß·π–π”„Àâ„™âÕÿ≥À¿Ÿ¡‘√–À«à“ß

100-105C π“π 50 π“∑’ „π°“√¶à“‡™◊ÈÕº≈‘µ¿—≥±å

πÈ”°–∑‘ ‡æ◊ËÕ„Àâ‰¥âº≈‘µ¿—≥±å∑’Ë¡’§ÿ≥¿“æ¥’
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 √ÿªº≈°“√∑¥≈Õß

°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“ ’„ππÈ”°–∑‘À≈—ß®“°

°“√¶à“‡™◊ÈÕ∑’Ë ¿“«–§«“¡√âÕπ√–¥—∫ ‡µÕ√‘‰≈ åµà“ßÊ

æ∫«à“§«“¡√âÕπ ·≈–‡«≈“°“√¶à“‡™◊ÈÕ„π√–¥—∫ ‡µÕ√‘‰≈ å

¡’º≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß ’¢ÕßπÈ”°–∑‘ ‡¡◊ËÕ§«“¡√âÕπ

·≈–‡«≈“¶à“‡™◊ÈÕπ“π¢÷Èπ ’¢ÕßπÈ”°–∑‘®–¡’≈—°…≥–

∑’Ë§≈È”¢÷Èπ´÷Ëß Õ¥§≈âÕß°—∫§à“ L ∑’Ë¡’·π«‚πâ¡≈¥≈ß

 à«π§à“ ’„π‡∑Õ¡¢Õß§à“ a ®–¡’·π«‚πâ¡∑’Ë Ÿß¢÷Èπ

‡™àπ‡¥’¬«°—∫ §à“ b  ¿“«–„π°“√¶à“‡™◊ÈÕ∑’Ë√–¥—∫

 ‡µÕ√‘‰≈ å¢ÕßπÈ”°–∑‘ “¡“√∂∫àß∫Õ°‰¥â«à“ °“√‡°‘¥

 ’πÈ”µ“≈„πº≈‘µ¿—≥±å‡°‘¥®“°ªØ‘°‘√‘¬“∑’Ë‰¡à‡°’Ë¬«°—∫

‡Õπ‰´¡å ‚¥¬æ‘®“√≥“®“°°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“ NEBI

·≈–ª√‘¡“≥°“√‡°‘¥ HMF ¢ÕßπÈ”°–∑‘ ¡’·π«‚πâ¡ Ÿß¢÷Èπ

‡¡◊ËÕ‡«≈“·≈–§«“¡√âÕπ Ÿß¢÷Èπ  ”À√—∫°“√«‘‡§√“–Àå

¥â«¬«‘∏’ response surface ́ ÷Ëß¡’§à“ L a b §à“ NEBI ·≈–

ª√‘¡“≥ HMF ¢Õßµ—«Õ¬à“ß‡ªìπªí®®—¬∑’Ë„™â„π°“√

°”Àπ¥§ÿ≥¿“æ æ∫«à“  ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘µ

πÈ”°–∑‘ ”‡√Á®√Ÿª §«√„™âÕÿ≥À¿Ÿ¡‘√–À«à“ß 100-105C

π“π 50 π“∑’ ®÷ß®–¡’§«“¡‡À¡“– ¡¥â“πæ≈—ßß“π

„π°“√º≈‘µ Õ’°∑—Èß¬—ß‰¥âº≈‘µ¿—≥±å∑’Ë¡’§ÿ≥¿“æ¥’

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥¡À“«‘ ∑ ¬ “ ≈— ¬ ‡ ∑§‚π‚≈¬’

æ√–®Õ¡‡°≈â“æ√–π§√‡Àπ◊Õ ∑’Ë π—∫ πÿπ‡ß‘π∑ÿπ

ª√–‡¿∑∑ÿππ—°«‘®—¬∑—Ë«‰ª ·≈–§≥–Õÿµ “À°√√¡‡°…µ√

¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“æ√–π§√‡Àπ◊Õ

∑’ËÕ”π«¬§«“¡ –¥«°„π°“√¥”‡π‘πß“π«‘®—¬

‡Õ° “√Õâ“ßÕ‘ß

®—π∑‘¡“  ¿Ÿß“¡‡ß‘π. 2546. º≈¢Õß§«“¡¥—π„π°“√

‚Œ‚¡®‘‰π å·≈– ¿“«–„π°“√¶à“‡™◊ÈÕµàÕ§«“¡

§ßµ—«¢Õß πÈ”°–∑‘‰¢¡—π Ÿß.«‘∑¬“π‘æπ∏å

ª√‘≠≠“«‘»«°√√¡»“ µ√¡À“∫—≥±‘µ  “¢“

«‘™“«‘»«°√√¡Õ“À“√ §≥–«‘»«°√√¡»“ µ√å

¡À“«‘∑¬“≈—¬ ‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“

‡®â“∏π∫ÿ√’. 109 Àπâ“.

®—π∑‘¡“  ¿Ÿß“¡‡ß‘π, π¿“æ√ ‡™’Ë¬«™“≠ ·≈–  ÿ«‘™

»‘√‘«—≤π‚¬∏‘π. 2546. º≈¢Õß “√‡æ‘Ë¡§«“¡

§ßµ—«∫“ß™π‘¥µàÕ§ÿ≥¿“æπÈ”°–∑‘‰¢¡—π∫√√®ÿ

°√–ªÜÕß.  «“√ “√«‘®—¬·≈–æ—≤π“  ¡À“«‘∑¬“≈—¬

‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’ ©∫—∫∑’Ë 3

(°√°Æ“§¡-°—π¬“¬π): Àπâ“ 375-389.

 ÿ¥“√—µπå æÿ∑∏ƒ°…å¡ß§≈,  ÿ®‘µ√µ√“ ‡À¡§™, ®—π∑‘¡“

¿Ÿß“¡‡ß‘π ·≈– ‡°µ‘π—π∑å °‘µµ‘æß»åæ‘∑¬“. 2551.

º≈¢Õßª√‘¡“≥‰¢¡—π·≈–§«“¡√âÕπ√–¥—∫ 

‡µÕ√‘‰≈ åµàÕ§ÿ≥¿“æ ’¢ÕßπÈ”°–∑‘. «“√ “√

«‘™“°“√æ√–®Õ¡‡°≈â“æ√–π§√‡Àπ◊Õ ©∫—∫∑’Ë

1 (¡°√“§¡-‡¡…“¬π): Àπâ“ 80-88.

 ”π—°ß“π¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡. ¡Õ°. ‡≈¢∑’Ë

582. 2528. ¡“µ√∞“π°–∑‘ ”‡√Á®√Ÿª. 11 Àπâ“.

Association of Official Analytical Chemista (AOAC).

1990. Official method of analysis. 15th ed:

The Association of Official Agricultural

Chemists. Virginia.

Avila, I.M.L.B. and Silva, C.L.M. 1999. Modelling

kinetics  of  thermal  degradation  of  colour

in peach puree. Journal of Food  Engineering

39: pp. 161-166.

Chiewchan, N. , Phungamngoen, C. and

Siriwattanayothin, S. 2005. Effect of

homogenizing pressure and sterilizing

condition on quality of canned high fat

coconut milk. Journal of Food Engineering

73: pp. 38-44.

Chutintrasri, B. and Noomhorm, A. 2005. Color

degradation  kinetics  of  pineapple  puree

during  thermal  processing. Journal  of

Food Engineering 75: pp. 1-7.

Dolores R., Loey A.V. and Hendrickx M. 2006.

Combined  thermal  and  high  pressure

colour  degradation  of  tomato  puree

and  strewberry  juice. Journal of  Food

Engineering 80: pp. 1-7.

07 11/13/09, 2:18 PM866



867º≈¢Õß°√–∫«π°“√„Àâ§«“¡√âÕπµàÕ ’¢ÕßπÈ”°–∑‘KKU Res J 14 (9) :September 2009

Garza, S., Ibarz, A., Pagan, J. and Giner, J. 1999.

Non-enzymatic  browning  in  peach  puree

during  heating. Food Research International

32: pp. 335-343.

Gonzalez, O.N., de Leon, S.Y. and Sanchez, P.C.

1990. Coconut as food. Philippines Coconut

Research and Development Foundation Inc.

pp. 13-40.

Ibarz, A., Pagan, J. and Garza, S. 1999. Kinetic

models for colour changes in pear puree

during heating at relatively  high

temperatures. Journal of Food Engineering

39: pp. 415-422.

Martinez., M. V., and Whitaker, J. R. 1995. The

biochemistry and control of enzymatic

browning. Trends  in  Food  Science and

Technology 6(6): pp. 195-200.

Rattanathanalerk, M., Chiewchan, N. and

Srichumpoung, W. 2005. Effect  of  thermal

processing  on  the  quality  loss  of  pineapple

juice. Journal of Food  Engineering 66:

pp. 259-265.

Sapers, G.M. 1993. Browning of foods: Control by

sulfites, antioxidants, and other means. Food

Technology 47(10): pp. 75-84.

Seow, C.C. and Gwee, C.N. 1997. Review, Coconut

milk: Chemis t ry and technology.

International Journal of Science and

Technology 32 (3): pp. 189-201.

Simuang, J., Chiewchan, N. & Tansakul, A. 2004.

Effect of heat treatment and fat content on

flow properties of coconut milk. Journal

of Food Engineering 64: pp. 193-197.

07 11/13/09, 2:19 PM867



868 º≈¢Õß°√–∫«π°“√„Àâ§«“¡√âÕπµàÕ ’¢ÕßπÈ”°–∑‘ «“√ “√«‘®—¬ ¡¢. 14 (9) : °—π¬“¬π 2552

√Ÿª∑’Ë 1. º≈¢Õß‡«≈“„π°“√„Àâ§«“¡√âÕπ√–¥—∫ ‡µÕ√‘‰≈ å µàÕ§à“ ’∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ 100 ( ), 110 (●), 120 (∆)

·≈– 130C (■) ‚¥¬ (a) §à“§«“¡ «à“ß, (b) §à“ ’ a ·≈– (c) §à“ ’ b
�

07 11/13/09, 2:19 PM868



869º≈¢Õß°√–∫«π°“√„Àâ§«“¡√âÕπµàÕ ’¢ÕßπÈ”°–∑‘KKU Res J 14 (9) :September 2009

√Ÿª∑’Ë 2 . º≈¢Õß§«“¡√âÕπ„π√–¥—∫ ‡µÕ√‘‰≈ åµàÕ§à“ Non-enzymatic browning index (NEBI) ∑’ËÕÿ≥À¿Ÿ¡‘ 100 (   ),

110 (●), 120 (∆) ·≈– 130C (■)
�

√Ÿª∑’Ë 3. º≈¢Õß§«“¡√âÕπ„π√–¥—∫ ‡µÕ√‘‰≈ åµàÕª√‘¡“≥ 5-Hydroxymethyfurfural (HMF) ∑’ËÕÿ≥À¿Ÿ¡‘ 100 (  ),

110 (●), 120 (∆) ·≈– 130C (■)
�

07 11/13/09, 2:19 PM869



870 º≈¢Õß°√–∫«π°“√„Àâ§«“¡√âÕπµàÕ ’¢ÕßπÈ”°–∑‘ «“√ “√«‘®—¬ ¡¢. 14 (9) : °—π¬“¬π 2552

√Ÿª∑’Ë 4.  ¿“«–„π°“√¶à“‡™◊ÈÕ∑’Ë‡À¡“– ¡„π°“√º≈‘µπÈ”°–∑‘ ‚¥¬µâÕß°”Àπ¥¢Õ∫‡¢µ Ÿß ÿ¥¢Õß§à“§ÿ≥¿“æ (     )

·≈–¢Õ∫‡¢µµË” ÿ¥∑’Ë¬Õ¡√—∫‰¥â (      )

µ“√“ß∑’Ë 1. ¢Õ∫‡¢µ Ÿß ÿ¥-µË” ÿ¥¢Õß§à“§ÿ≥√Ÿª∑’Ë¬Õ¡√—∫‰¥â

07 11/13/09, 2:19 PM870


