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ABSTRACT

The effects of temperature and relative humidity in storage chambers on yellowing rate of paddy were

investigated and then an empirical equation for predicting the yellowing rate was developed.  Paddy was

conditioned using saturated salt solutions at relative humidities from 80 to 95 %  and temperatures 35, 45,

55, 60, and 65°C.  The yellowing rate was found to follow the zero order kinetics. The yellowing constant

values (k) increased exponentially with temperature while increased linearly with water activity. The magnitude

of activation energy varied from 130-145 kJ/mol.  A predictive equation for determining yellowing rate was

ln k = α - δaw - ε/T + (γaw)/T where aw is water activity (valid from 0.80 to 0.95), T is absolute temperature

(valid from 308 to 338 K) and α, δ, ε and γ are constants.  The results of variance analysis showed that

temperature, water activity and their interaction significantly influenced the yellowing rate of paddy.
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∫∑§—¥¬àÕ

ß“π«‘®—¬π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ »÷°…“ªí®®—¬¢Õß

Õÿ≥À¿Ÿ¡‘ ·≈–§«“¡™◊È π —¡æ—∑∏å∑’Ë  à ßº≈µà Õ°“√

‡ª≈’Ë¬π·ª≈ßÕ—µ√“°“√‡À≈◊Õß¢Õß¢â“«‡ª≈◊Õ° æ√âÕ¡

∑—È ß √â“ß ¡°“√·∫∫®”≈Õß· ¥ß§«“¡ —¡æ—π∏å

√–À«à“ßµ—«·ª√µà“ß Ê ‚¥¬∑”°“√∑¥≈Õß„π√–∫∫ªî¥

∑’ËÕÿ≥À¿Ÿ¡‘ 35, 45, 55, 60, ·≈– 65°C ·≈–
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§«“¡™◊Èπ —¡æ—∑∏å 80 - 95 % (§«∫§ÿ¡‚¥¬ “√≈–≈“¬

‡°≈◊ÕÕ‘Ë¡µ—«) ®“°°“√»÷°…“æ∫«à“Õ—µ√“°“√‡À≈◊Õß¢Õß

¢â“«‡ª≈◊Õ°‡ªìπªØ‘°‘√‘¬“Õ—π¥—∫»Ÿπ¬å §à“æ≈—ßß“π

°√–µÿâπÕ¬Ÿà„π™à«ß 130-145 kJ/mol §à“§ß∑’ËÕ—µ√“°“√

‡À≈◊Õß‡æ‘Ë¡¢÷Èπµ“¡Õÿ≥À¿Ÿ¡‘·∫∫‡Õ°´‚ª‡ππ‡™’¬≈

·≈–‡æ‘Ë¡¢÷Èπµ“¡ water activity ·∫∫‡™‘ß‡ âπ  “¡“√∂

‡¢’¬π ¡°“√∑”π“¬Õ—µ√“°“√‡À≈◊Õß‰¥â«à“ ln k = α -

δaw - ε/T + (γaw)/T ‡¡◊ËÕ k §◊Õ §à“§ß∑’ËÕ—µ√“°“√‡À≈◊Õß

(b unit/day) aw §◊Õ water activity T §◊Õ Õÿ≥À¿Ÿ¡‘

 —¡∫Ÿ√≥å  à«π α, δ, ε ·≈– γ §◊Õ§à“§ß∑’Ë  ¡°“√π’È

„™â‰¥â∑’ËÕÿ≥À¿Ÿ¡‘ 308-338 K ·≈– aw 0.80-0.95 ®“°

°“√«‘‡§√“–Àå§«“¡·ª√ª√«π¢Õß§à“§ß∑’ËÕ—µ√“°“√‡À≈◊Õß

æ∫«à“ Õÿ≥À¿Ÿ¡‘ aw ·≈– ªØ‘ —¡æ—π∏å√à«¡¢Õß∑—Èß Õß

ªí®®—¬¡’Õ‘∑∏‘æ≈µàÕÕ—µ√“°“√‡À≈◊Õß¢Õß¢â“«Õ¬à“ß¡’π—¬

 ”§—≠∑“ß ∂‘µ‘

§”π”

 ’¢Õß¢â “« ‡ª≈◊Õ° ‡ªìπ§ÿ≥≈—°…≥– ”§—≠

ª√–°“√Àπ÷Ëß∑’Ë„™â°”Àπ¥§ÿ≥¿“æ·≈–√“§“¢Õß¢â“«

∑—Èßπ’È√“§“¢Õß¢â“«¢÷Èπ°—∫√ π‘¬¡¢ÕßºŸâ∫√‘‚¿§„π·µà≈–

∑âÕß∑’Ë ‚¥¬∑—Ë«‰ª·≈â«¢â“«‡ª≈◊Õ°®–‡À≈◊Õß¢÷Èπ„π¢—Èπ

µÕπµà“ßÊ À≈—ß®“°°“√‡°Á∫‡°’Ë¬«‰ª®π∂÷ß°“√‡°Á∫√—°…“

‚¥¬µ—«·ª√∑’Ë¡’º≈µàÕÕ—µ√“°“√‡À≈◊Õß¢Õß¢â“«‡ª≈◊Õ° §◊Õ

Õÿ≥À¿Ÿ¡‘ §«“¡™◊Èπ¢Õß¢â“« ·≈–§«“¡™◊Èπ —¡æ—∑∏å¢Õß

Õ“°“»·«¥≈âÕ¡

Gras et al. (1989) »÷°…“°“√‡ª≈’Ë¬π·ª≈ß

§«“¡‡À≈◊Õß¢Õß¢â“« “√ Õß “¬æ—π∏ÿå‡π◊ËÕß®“°º≈¢Õß

Õÿ≥À¿Ÿ¡‘ aw ·≈–Õß§åª√–°Õ∫¢ÕßÕ“°“»„π°“√‡°Á∫

√—°…“ ·≈–æ∫«à“ ªí®®—¬À≈—°∑’Ë¡’Õ‘∑∏‘æ≈µàÕÕ—µ√“°“√

‡À≈◊Õß§◊Õ Õÿ≥À¿Ÿ¡‘ ·≈– aw O2¡’º≈µàÕ§«“¡‡À≈◊Õß

¢Õß¢â“«‡≈Á°πâÕ¬  à«π CO2‰¡à¡’º≈µàÕÕ—µ√“°“√

‡À≈◊Õß¢Õß¢â“« “√ ·≈–‡ πÕ ¡°“√∑”π“¬Õ—µ√“°“√

‡À≈◊Õß §◊Õ k = α.eβ/T(aw)γ[O2]δ ‡¡◊ËÕ k = Õ—µ√“°“√

‡À≈◊Õß (Hunter b unit/day) T = Õÿ≥À¿Ÿ¡‘ —¡∫Ÿ√≥å (K)

aw = water activity O2 = ª√‘¡“≥ÕÕ°´‘‡®π (mol/ m3)

 à«π α, β, γ ·≈– δ §◊Õ§à“§ß∑’Ë  ¡°“√π’È„™â‰¥â„π

™à«ßÕÿ≥À¿Ÿ¡‘ 35-60°C ·≈– aw = 0.4-0.8

Bason et al. (1990) æ∫«à“ Õÿ≥À¿Ÿ¡‘·≈– aw
¡’Õ‘∑∏‘æ≈µàÕ°“√‡À≈◊Õß¢Õß¢â“«‡ª≈◊Õ° O2 ¡’º≈‡≈Á°πâÕ¬

 à«π CO2 ‰¡à¡’º≈ ·≈– “¡“√∂„™â ¡°“√¢Õß Gras et

al. (1989) ∑”π“¬Õ—µ√“°“√‡À≈◊Õß¢Õß¢â“«‡ª≈◊Õ°‰¥â

„π™à«ßÕÿ≥À¿Ÿ¡‘·≈– aw ‡™àπ‡¥’¬«°—π

Phillip et al. (1988) »÷°…“°“√‡À≈◊Õß¢Õß

¢â“«‡ª≈◊Õ°√–À«à“ß°“√∑”·Àâß‚¥¬°“√√–∫“¬Õ“°“»

·≈–‡°Á∫√—°…“¢â“«‡ª≈◊Õ°√–¬–‡«≈“Àπ÷Ëßªï ∑”°“√

√–∫“¬Õ“°“»¥â“π≈à“ß°Õß¢â“«‡ª≈◊Õ° §«“¡™◊Èπ‡√‘Ë¡µâπ

22.4% §«“¡™◊Èπ —¡æ—∑∏å‡©≈’Ë¬¢ÕßÕ“°“» 75% Õ—µ√“

°“√‰À≈¢ÕßÕ“°“» 1.5 m3/min-ton paddy æ∫«à“

 “¡“√∂≈¥§«“¡™◊Èπ„Àâ‡À≈◊Õ 14%wb. ‚¥¬„™â‡«≈“

¡“°°«à“ 8  —ª¥“Àå ·≈– —ß‡°µ‡ÀÁπ§«“¡‡À≈◊Õß‡¡◊ËÕ

‡«≈“ºà“π‰ª 5  —ª¥“Àå ‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß§«“¡

‡À≈◊Õß‡∑à“°—∫ 4.5-5.5% ·≈–æ∫‡™◊ÈÕ√“‡®√‘≠‰¥â¥’∑’Ë™—Èπ

∫π ÿ¥¢Õß°Õß¢â“«  “‡Àµÿ∑’Ë·∑â®√‘ß¢Õß°“√‡À≈◊Õß¬—ß

‰¡à∑√“∫·πà™—¥ ·µàÕ“® —¡æ—π∏å°—∫ ¿“æ§«“¡™◊Èπ Ÿß

·≈–°“√‡®√‘≠¢Õß‡™◊ÈÕ√“°àÕπÀ√◊Õ√–À«à“ß°“√Õ∫·Àâß

Phillips et al. (1989) »÷°…“°“√‡À≈◊Õß¢Õß

¢â“«‡ª≈◊Õ°√–À«à“ß√Õ°“√Õ∫·Àâß ‚¥¬·∫àß°“√

∑¥≈Õß‡ªìπ 4 ·∫∫ §◊Õ ¢â“«‡ª≈◊Õ°™◊Èπ°Õßº÷Ëß„π

Õ“°“»·«¥≈âÕ¡„π∑’Ë‚≈àß·≈–„π‚°¥—ß ¢â“«‡ª≈◊Õ°™◊Èπ

∫√√®ÿ„π°√– Õ∫°Õßº÷Ëß„πÕ“°“»·«¥≈âÕ¡„π∑’Ë‚≈àß

·≈–„π‚°¥—ß ¢â“«‡ª≈◊Õ°Õ∫·Àâß°Õßº÷Ëß„πÕ“°“»

·«¥≈âÕ¡„π∑’Ë‚≈àß·≈–‚°¥—ß ·≈–¢â“«‡ª≈◊Õ°Õ∫·Àâß

∫√√®ÿ„π°√– Õ∫°Õßº÷Ëß„πÕ“°“»·«¥≈âÕ¡ „π∑’Ë‚≈àß

·≈–‚°¥—ß ¢â“«‡ª≈◊Õ°¡’§«“¡™◊Èπ¡“°°«à“ 20% wb

§«“¡™◊Èπ —¡æ—∑∏åÕ“°“»„π™à«ß 44-84% º≈°“√

∑¥≈Õßæ∫«à“ °Õß¢â“«‡ª≈◊Õ°™◊Èπæ∫§«“¡‡À≈◊Õß 100%

∑’Ë°÷Ëß°≈“ß°Õß¿“¬„π 5 «—π ‡°‘¥‡™◊ÈÕ√“Õ¬à“ß√ÿπ·√ß„π
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‡«≈“ 2 «—π Õÿ≥À¿Ÿ¡‘«—¥‰¥â 65°C „π‡«≈“ 6 «—π  à«π

„π°Õß¢â“«‡ª≈◊Õ°Õ∫·Àâß∫√√®ÿ°√– Õ∫ «—¥Õÿ≥À¿Ÿ¡‘‰¥â

40°C ‡¡◊ËÕ‡«≈“ºà“π‰ª 30 «—π §«“¡‡À≈◊Õß‡ª≈’Ë¬π·ª≈ß

1-3%

Yap et al. (1988) »÷°…“º≈¢Õß§«“¡™◊Èπ  “¬

æ—π∏ÿå ·≈–°“√∫à¡ (aging) ∑’Ë¡’µàÕ°“√‡À≈◊Õß¢Õß¢â“«

§«“¡™◊Èπ‡√‘Ë¡µâπ¢Õß¢â“« 12-20% ∑¥≈Õß∑’Ë 60°C

‡ªìπ‡«≈“ 4 «—π ·≈–¶à“‡™◊ÈÕ√“∑’Ëº‘«¢â“«°àÕπ‡√‘Ë¡°“√∑¥≈Õß

∑—Èß¢â“«‡ª≈◊Õ° ¢â“«°≈âÕß ·≈–¢â“« “√ ®“°°“√

∑¥≈Õßæ∫«à“ °“√‡°Á∫¢â“«∑’Ë 60°C ‡ªìπ‡«≈“ 4 «—π ¡’

π—¬ ”§—≠∑“ß ∂‘µ‘µàÕ°“√‡ª≈’Ë¬π·ª≈ß§à“ L*,a* ·≈–

b* µ“¡√–∫∫°“√«—¥ ’¢Õß Hunter ¢Õß¢â“«°≈âÕß

·≈–¢â“« “√ §à“ b* ¢Õß¢â“«‡æ‘Ë¡¢÷Èπµ“¡ª√‘¡“≥§«“¡

™◊Èπ¢Õß¢â“« ´÷Ëß§à“ b* ¢Õß¢â“«‡ª≈◊Õ° Ÿß°«à“¢â“«

°≈âÕßÀ√◊Õ¢â“« “√ ·≈–§à“ b* „π¢â“«‡°à“¡’§à“ Ÿß°«à“

„π¢â“«„À¡à πÕ°®“°π’È¬—ßæ∫«à“ ¢â“«°≈âÕß “¬æ—π∏ÿåµà“ß Ê

¡’Õ—µ√“°“√‡À≈◊Õß‰¡à·µ°µà“ß°—π

®“°ß“π«‘®—¬∑’Ëºà“π¡“æ∫«à“ ·∫∫®”≈Õß∑”π“¬

Õ—µ√“°“√‡À≈◊Õß¢Õß Gras et al.(1989) ∑’Ë‡ πÕ‰«â ¡’

¢âÕ®”°—¥°“√„™â§◊Õ  “¡“√∂„™â§”π«≥∑”π“¬„π™à«ß

§«“¡™◊Èπ¢â“«µË” (aw = 0.4-0.8) ‡∑à“π—Èπ ´÷Ëß‡ªìπ¢â“«∑’Ë

ºà“π°√–∫«π°“√≈¥§«“¡™◊Èπ·≈â«  à«π„π™à«ßÀ≈—ß

°“√‡°Á∫‡°’Ë¬«·≈–√Õ°“√≈¥§«“¡™◊Èπ¬—ß‰¡à¡’°“√»÷°…“‰«â

ß“π«‘®—¬π’È®÷ß π„®∑’Ë®–»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘·≈–

§«“¡™◊Èπ —¡æ—∑∏å¢Õß ¿“«–·«¥≈âÕ¡ ∑’Ë¡’µàÕÕ—µ√“

°“√‡À≈◊Õß¢Õß¢â“«‡ª≈◊Õ°™◊Èπ ‚¥¬‡πâπ»÷°…“„π

 ¿“«–∑’ËÕÿ≥À¿Ÿ¡‘·≈–§«“¡™◊Èπ —¡æ—∑∏å Ÿß æ√âÕ¡∑—Èß

À“ ¡°“√· ¥ß§«“¡ —¡æ—π∏å√–À«à“ßªí®®—¬¥—ß°≈à“«

Õÿª°√≥å·≈–«‘∏’°“√

°“√ÕÕ°·∫∫°“√∑¥≈Õß

‡≈◊Õ°„™â·ºπ°“√∑¥≈Õß·∫∫ 5×3 factorial

design (fixed effect model) ∑”°“√∑¥≈Õß´È” Õß§√—Èß

·≈–„™â«‘∏’«‘‡§√“–Àå§«“¡·ª√ª√«π (analysis of

variance) „π°“√»÷°…“∂÷ßº≈¢ÕßÕÿ≥À¿Ÿ¡‘ aw ·≈–

ªØ‘ —¡æ—π∏å√à«¡¢Õßªí®®—¬∑—Èß Õß∑’Ë¡’µàÕÕ—µ√“°“√

‡À≈◊Õß¢Õß¢â“«

°“√‡µ√’¬¡µ—«Õ¬à“ß¢â“«‡ª≈◊Õ°

π”¢â“«‡ª≈◊Õ°®“°°“√‡°Á∫‡°’Ë¬«„À¡à Ê ¡“∑”

§«“¡ –Õ“¥§—¥·¬°‡»…ø“ß À≠â“ ·≈–¥‘πÕÕ° ·≈–

π”¡“ª√—∫§«“¡™◊Èπ„Àâ‰¥âª√–¡“≥ 24% dry-basis

®“°π—Èπ‡°Á∫„π∂ÿßæ≈“ µ‘° ∑’ËÕÿ≥À¿ÿ¡‘ 5°C ∑‘Èß‰«â

Õ¬à“ßπâÕ¬ 24 ™—Ë«‚¡ß °àÕππ”¡“„™âß“π‡æ◊ËÕ„Àâ‡°‘¥

§«“¡ ¡¥ÿ≈ ‚¥¬°“√∑¥≈Õßπ’È‰¥â‡µ√’¬¡µ—«Õ¬à“ß

¢â“«‡ª≈◊Õ° ”À√—∫°“√∑¥≈Õß∑—ÈßÀ¡¥‰«â ‚¥¬‡°Á∫„π

∂ÿßæ≈“ µ‘°ªî¥ π‘∑∑’Ë 5°C ·≈–°àÕπ‡√‘Ë¡°“√∑¥≈Õß

∑ÿ°§√—Èß µâÕß∑”°“√∑¥ Õ∫§ÿ≥ ¡∫—µ‘µà“ß Ê ¢Õß

µ—«Õ¬à“ß‡√‘Ë¡µâπ

°“√∑¥≈Õß

™ÿ¥∑¥≈Õßª√–°Õ∫¥â«¬°≈àÕßæ≈“ µ‘°„ 

æ√âÕ¡Ω“¢π“¥ 17×24.5×8 cm ¿“¬„π¡’∂“¥·°â«¢π“¥

15×22×4 cm  ”À√—∫∫√√®ÿ “√≈–≈“¬‡°≈◊ÕÕ‘Ë¡µ—«

™π‘¥µà“ßÊ ‡Àπ◊Õ∂“¥·°â«¡’µ–·°√ßæ≈“ µ‘°¢π“¥ 15×

24×2 cm «“ßÕ¬Ÿà ‡√‘Ë¡°“√∑¥≈Õß‚¥¬™—ËßπÈ”Àπ—°¢â“«

‡ª≈◊Õ° 160 g ‡°≈’Ë¬„Àâ ¡Ë”‡ ¡Õ∑—Ë«µ–·°√ß ´÷Ëß«“ß

Õ¬Ÿà∫π∂“¥·°â«∫√√®ÿ “√≈–≈“¬‡°≈◊ÕÕ‘Ë¡µ—«™π‘¥µà“ßÊ

´÷Ëß„Àâ§à“§«“¡™◊Èπ —¡æ—∑∏å¢ÕßÕ“°“»‡Àπ◊Õ “√≈–≈“¬

‡∑à“°—∫ 80, 85 ·≈– 95% ∑’ËÕÿ≥À¿Ÿ¡‘ 35, 45, 55, 60 ·≈–

65°C ‡°≈◊Õ∑’Ë„™â‰¥â·°à (NH4)2SO4, KCl, BaCl2.H2O

·≈– K2SO4 ( ¡™“µ‘, 2537 ; ASTM, 1991) ®“°

π—Èπªî¥Ω“°≈àÕß„Àâ π‘∑ ·≈–ªî¥∑—∫¥â«¬‡∑ª°“«„ 

¢π“¥§«“¡°«â“ß 2.5 π‘È«µ“¡√Õ¬ºπ÷° ·≈–§«∫§ÿ¡

Õÿ≥À¿Ÿ¡‘‚¥¬«“ß°≈àÕß∑¥≈Õß„πµŸâÕ∫‰øøÑ“ ‡¡◊ËÕ§√∫

µ“¡‡«≈“µà“ßÊ®÷ß‡°Á∫µ—«Õ¬à“ß¢â“«‡ª≈◊Õ°¡“«‘‡§√“–Àå

§«“¡™◊Èπ ·≈–§ÿ≥¿“æ°“√ ’ ®“°π—Èππ”¢â“« “√¡“«—¥
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§à“§«“¡¢“« ‚¥¬„™â Kett digital whiteness meter for

rice (model C-300) ·≈–«—¥§«“¡‡À≈◊Õß (§à“ b µ“¡

√–∫∫°“√«—¥ ’¢Õß Hunter) ‚¥¬„™â‡§√◊ËÕß«—¥ ’ Juki √ÿàπ

JP 7100

º≈·≈–«‘®“√≥å

Õ—µ√“°“√‡ª≈’Ë¬π·ª≈ß§«“¡‡À≈◊Õß»÷°…“‰¥â

®“°°“√‡ª≈’Ë¬π·ª≈ß§à“ ’‡À≈◊Õßµ“¡√–∫∫¢Õß Hunter

‡¡◊ËÕ‡∑’¬∫°—∫‡«≈“ ´÷Ëßº≈®“°°“√∑¥≈Õß‡ÀÁπ‰¥â«à“ ∑’Ë

Õÿ≥À¿Ÿ¡‘·≈–§«“¡™◊Èπ —¡æ—∑∏å¢ÕßÕ“°“»§ß∑’Ë °“√

‡ª≈’Ë¬π·ª≈ß§à“ b π—Èπ¡’§«“¡ —¡æ—π∏å‡™‘ß‡ âπ°—∫‡«≈“

(Figure 1) ≈—°…≥–°“√‡ª≈’Ë¬π·ª≈ß‡™àππ’È‡ªìπ

ªØ‘°‘√‘¬“Õ—π¥—∫»Ÿπ¬å ́ ÷Ëß‡°‘¥¥â«¬Õ—µ√“§ß∑’Ë‡¡◊ËÕªí®®—¬Õ◊Ëπ Ê

§ß∑’Ë ‡¢’¬π‡ªìπ ¡°“√‰¥â«à“

db

dt
k= ........................ (1)

k §◊Õ§à“§ß∑’ËÕ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“Õ—π¥—∫»Ÿπ¬å

‡¡◊ËÕÕ‘π∑‘‡°√µ ¡°“√∑’Ë (1) „π™à«ß b = bo ∑’Ë t = 0 ·≈–

b = b ∑’Ë t = t ®–‰¥â

b = b0 + kt ........................ (2)

§«“¡™—π¢Õß°√“ø„π Figure 1 §◊Õ k ´÷Ëß∑’Ë

Õÿ≥À¿Ÿ¡‘ ·≈– water activity (aw) §à“µà“ßÊ  “¡“√∂

À“§à“ k ‰¥â®“°§«“¡™—π¢Õß°√“ø∑’Ë ¿“«–π—ÈπÊ‰¥â ¥—ß

Table 1

‡¡◊ËÕπ”§à“ k ∑’Ë‰¥â¡“æ≈Õµ°—∫ aw ‡ª√’¬∫‡∑’¬∫

√–À«à“ßÕÿ≥À¿Ÿ¡‘µà“ß Ê æ∫«à“ §«“¡ —¡æ—π∏å√–À«à“ß k

·≈– aw ‡ªìπ‡ âπµ√ß∑’Ë¡’ r2  Ÿß∂÷ß 0.9 „π∑ÿ° Ê Õÿ≥À¿Ÿ¡‘

(Figure 2) ‚¥¬§«“¡™—π‡ âπ°√“ø‡æ‘Ë¡¡“°¢÷Èπµ“¡

Õÿ≥À¿Ÿ¡‘∑’Ë‡æ‘Ë¡ Ÿß¢÷Èπ ∂â“‡¢’¬π°√“ø§«“¡ —¡æ—π∏å

√–À«à“ß§à“ k °—∫Õÿ≥À¿Ÿ¡‘ ®–‰¥â§«“¡ —¡æ—π∏å·∫∫

‡Õ°´‚ª‡ππ‡™’¬≈ (Figure 3) ´÷Ëß “¡“√∂‡¢’¬π ¡°“√

§«“¡ —¡æ—π∏å‰¥â„π√Ÿª·∫∫¢Õß ¡°“√Õ“√å√’‡π’¬  §◊Õ

k = k0.e
Ea/RT ........................ (3)

ln lnk k
Ea

RT
= −0 ........................ (4)

‡¡◊ËÕ Ea = æ≈—ßß“π°√–µÿâπ, kJ/mole

T = Õÿ≥À¿Ÿ¡‘, K

R = gas constant

®“° ¡°“√∑’Ë (4) ‡¡◊ËÕæ≈Õµ°√“ø√–À«à“ß ln k

°—∫ 1/T ®–‰¥â°√“ø‡ªìπ‡ âπµ√ß¥—ß Figure 4 ‡¡◊ËÕ∑”

Figure 1 Relationship between yellowness and time at 60°C at different relative humidities.

Time (day)

Y
el

lo
w

ne
ss

 (
H

un
te

r 
b 

va
lu

e)

�

�

��

��

��

��

��

� � � � � � � �

5+ ���

5+ ���

5+ �����



313«. ‡°…µ√»“ µ√å («‘∑¬.) ªï∑’Ë 32 ©∫—∫∑’Ë 2

Table 1 Experimental results of rate of yellowing at different temperatures and water activities.

Temperature Salt solution aw Calculated 1 Actual k r2

(°C) emc (%db.) emc (%db.) (b unit/day)

35 (NH4)2SO4 0.798 16.91 16.94 7.20*10-3 0.93

45 (NH4)2SO4 0.793 16.53 14.88 4.81*10-2 0.96

55 KCl 0.806 16.60 14.03 3.07*10-1 0.98

60 KCl 0.800 16.34 14.21 5.84*10-1 0.95

65 KCl 0.793 16.05 13.47 1.01 0.99

35 KCl 0.830 17.75 17.93 1.88*10-2 0.99

45 BaCl2.H2O 0.860 18.38 18.65 5.14*10-2 0.91

55 BaCl2.H2O 0.840 17.51 18.39 4.57*10-1 0.99

60 BaCl2.H2O 0.830 17.11 19.48 9.79*10-1 0.98

65 BaCl2.H2O 0.820 16.72 18.20 2.08 0.99

35 K2SO4 0.967 24.29 30.97 5.19*10-2 0.97

45 K2SO4 0.961 23.36 30.60 1.15*10-1 0.99

55 K2SO4 0.955 22.53 27.90 7.92*10-1 0.93

60 K2SO4 0.952 22.14 29.40 2.16 0.99

65 K2SO4 0.949 21.78 26.83 3.87 1.00

1 Calculated from Henderson’s equation

Figure 2 Relationship between rate of yellowing and water activity at different temperatures.
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ln k0 = 71.87-25.32aw ............................. (6)

‡¡◊ËÕ·∑π§à“ ¡°“√∑’Ë (5) ·≈–(6) ≈ß„π ¡°“√∑’Ë

(4) ®–‰¥â§«“¡ —¡æ—π∏å√–À«à“ß k, T ·≈– aw ¥—ßπ’È

ln . .
. .

k a
T

a

Tw
w= − − +71 87 25 32

25919 13 10712 78

........................ (7)

À√◊Õ· ¥ß¥â«¬ ¡°“√¬àÕ‡ªìπ

√’‡°√´™—π  “¡“√∂À“§à“ Ea ·≈– ln k0 ‰¥â®“°§«“¡

™—π·≈–®ÿ¥µ—¥·°πµ—Èß¢Õß°√“ø µ“¡≈”¥—∫ ‚¥¬§à“µà“ß Ê

· ¥ß‰«â„π Table 2 ·≈–‡¡◊ËÕπ”§à“ Ea ·≈– ln k0 ¡“

æ≈Õµ°√“ø —¡æ—π∏å°—∫ aw ®–‰¥â§«“¡ —¡æ—π∏å‡™‘ß

‡ âπµ√ß¥—ß Figures 5 ·≈– 6 µ“¡≈”¥—∫ ‚¥¬

‰¥â§«“¡ —¡æ—π∏å¥—ß ¡°“√∑’Ë (5) ·≈– (6)

Ea = 215499.5-89069.28aw ................... (5)
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Figure 3 Relationship between rate of yellowing and temperature at different water activities.

Figure 4 Relationship between ln k and 1/T.
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ln k = α - δaw - ε/T + (γaw)/T ...... (8)

‡¡◊ËÕ k = Õ—µ√“°“√‡À≈◊Õß, b unit/day

aw = water activity, decimal

T = Õÿ≥À¿Ÿ¡‘ —¡∫Ÿ√≥å, K

α = 71.87 δ = 25.32

ε = 25919.13 γ = 10712.78

 ¡°“√π’È„™â‰¥â∑’ËÕÿ≥À¿Ÿ¡‘ 308-338 K ·≈– water

activity 0.80-0.95

º≈°“√«‘‡§√“–Àå∑“ß ∂‘µ‘¥â«¬«‘∏’ analysis of

variance · ¥ß„π Table 3 ‡ÀÁπ‰¥â«à“§à“ Fo ¢Õß

Õÿ≥À¿Ÿ¡‘ water activity ·≈–ªØ‘ —¡æ—π∏å√à«¡ ∑’Ë‰¥â

®“°°“√§”π«≥ ¡’§à“¡“°°«à“§à“ Fo ®“°µ“√“ß F-

distribution ́ ÷Ëß· ¥ß„Àâ‡ÀÁπ«à“ ∑—ÈßÕÿ≥À¿Ÿ¡‘ water activity

·≈–ªØ‘ —¡æ—π∏å√à«¡√–À«à“ß Õßªí®®—¬¥—ß°≈à“« ¡’

Õ‘∑∏‘æ≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß§à“§«“¡‡À≈◊Õß¢Õß

¢â“«‡ª≈◊Õ°Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘

„π°“√µ√«® Õ∫§«“¡∂Ÿ°µâÕß¢Õß·∫∫®”≈Õß

‡™‘ß‡ âπµ√ß∑’Ë‡≈◊Õ°„™âæ∫«à“ ·∫∫®”≈Õß∑’Ë‡≈◊Õ°„™â

‡À¡“– ¡°—∫¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√∑¥≈Õß ·≈–

 ¡¡ÿµ‘∞“π∑’Ëµ—Èß‰«âπ—Èπ∂Ÿ°µâÕß π—Ëπ§◊Õªí®®—¬∑—Èß Õß·≈–

ªØ‘ —¡æ—π∏å√à«¡¡’º≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß§«“¡‡À≈◊Õß

¢Õß¢â“«‡ª≈◊Õ° ´÷Ëß∑√“∫®“° normal probability plot

∑’Ë¡’°“√°√–®“¬‡ªìπª°µ‘¡’·π«‚πâ¡‡ªìπ‡ âπµ√ß (Figure

7) ·≈–®“° residuals plot (Figure 8) ´÷Ëß‰¥â°√“ø∑’Ë

‰¡à¡’√Ÿª·∫∫‡©æ“–„¥ Ê (structureless) ·≈–¢âÕ¡Ÿ≈

 à«π„À≠àµ°Õ¬Ÿà„π™à«ß°≈“ß Ê

Figure 5 Relationship between activation energy (Ea) and water activity.

Table 2 Activation energy and ln k0 at different water activities.

Range of water activity Activation energy (J/mole) ln k0 r2

0.793-0.806 144,740 51.68 0.99

0.820-0.86 140,620 50.69 0.97

0.949-0.967 130,360 47.65 0.96
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Figure 6 Relationship between ln ko and water activity.

 √ÿª

Õ—µ√“°“√‡À≈◊Õß¢Õß¢â“«‡ª≈◊Õ°‡ªìπªØ‘°‘√‘¬“

Õ—π¥—∫»Ÿπ¬å ¡’§à“æ≈—ßß“π°√–µÿâπÕ¬Ÿà„π™à«ß 130-145 kJ/

mol ‚¥¬∑’Ë§à“§ß∑’ËÕ—µ√“°“√‡À≈◊Õß¡’§«“¡ —¡æ—π∏å‡™‘ß

‡ âπµ√ß°—∫ water activity ·≈–¡’§«“¡ —¡æ—π∏å·∫∫

exponential °—∫Õÿ≥À¿Ÿ¡‘  “¡“√∂‡¢’¬π ¡°“√· ¥ß

§«“¡ —¡æ—π∏å√–À«à“ßµ—«·ª√µà“ß Ê ‰¥â§◊Õ

ln k = α - δaw - ε/T + (γaw)/T

‡¡◊ËÕ k = Õ—µ√“°“√‡À≈◊Õß b unit/day

Table 3 Variance analysis of rate of yellowing.

Source of variation Sum of square Degree of freedom Mean square F0

Temperature 22.20 4 5.55 21788.14

Water activity 5.31 2 2.66 10432.82

Interaction  5.94 8 0.74  2913.31

Error  3.82*10-3 15  2.55*10-4

Total  33.45 29

aw = water activity, decimal

T = Õÿ≥À¿Ÿ¡‘ —¡∫Ÿ√≥å, K

α = 71.87 δ = 25.32

ε = 25919.13 γ = 10712.78

 ¡°“√π’È„™â‰¥â∑’Ë™à«ßÕÿ≥À¿Ÿ¡‘ 308-338 K ·≈–

water activity „π™à«ß 0.80-0.95

º≈°“√«‘‡§√“–Àå∑“ß ∂‘µ‘æ∫«à“Õÿ≥À¿Ÿ¡‘ water

activity ·≈–ªØ‘ —¡æ—π∏å√à«¡√–À«à“ß Õßªí®®—¬

¥—ß°≈à“« àßº≈µàÕ°“√‡ª≈’Ë¬π·ª≈ßÕ—µ√“°“√‡À≈◊Õß
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°“√µ√«® Õ∫§«“¡∂Ÿ°µâÕß¢Õß·∫∫®”≈Õß‡™‘ß‡ âπ

µ√ß∑’Ë‡≈◊Õ°„™âæ∫«à“ ‡À¡“– ¡°—∫¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√

∑¥≈Õß·≈– ¡¡µ‘∞“π∑’Ëµ—Èß‰«â«à“ ªí®®—¬∑—Èß Õß·≈–ªØ‘

 —¡æ—π∏å√à«¡¢Õß∑—Èß Õßªí®®—¬¡’Õ‘∑∏‘æ≈µàÕ°“√‡À≈◊Õß

¢Õß¢â“«‡ª≈◊Õ° π—Èπ∂Ÿ°µâÕß

§”¢Õ∫§ÿ≥

¢Õ¢Õ∫§ÿ≥ ”π—°ß“π°Õß∑ÿπ π—∫ πÿπ°“√

«‘®—¬·≈– ”π—°ß“πæ—≤π“«‘∑¬“»“ µ√å‡∑§‚π‚≈¬’·Ààß

™“µ‘ ∑’Ë„Àâ°“√ π—∫ πÿπ„π°“√¥”‡π‘πß“π«‘®—¬ ·≈–

¢Õ∫§ÿ≥»Ÿπ¬å«‘®—¬¢â“«ª∑ÿ¡∏“π’∑’Ë„Àâ§«“¡Õπÿ‡§√“–Àå
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Figure 7 Normal probability plot.
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