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ABSTRACT

The objectives of this research are :(1) to study the effect of active packaging, i.e., MAP 60% CO2

+ 40%N2, N2 100%, and O2-absorber, on the quality changes of Moji cake during storage, and (2) to study

the effect of packaging materials. Moji cake flavored çBai Toeyé was selected to be the sample of this study ;

OPP/PE represented a low barrier film and PET/PE/Al/EMAA a high barrier film. The results showed that

the quality deterioration was mainly caused by mould growth and moisture loss. The shelf-life of all samples

packaged under any gas atmosphere in OPP/PE was only 7 days while the samples packaged under normal

atmosphere could be stored for 5 days. In case of the high barrier film, it was found that O2-absorber was

the most effective method. It could extend the samplesû shelf-life to at least 31 days. The shelf-life of 17 and

7 days were reported in case of MAP and N2100%. So, N2-flushed packaging is not recommended for extending

shelf-life of Moji cake.

Key words : bakery products, MAP, nitrogen-flushed packaging, oxygen absorber
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∫∑§—¥¬àÕ

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

∫√√®ÿ·∫∫·Õ§µ’ø 3 «‘∏’§◊Õ (1) MAP ª√–°Õ∫¥â«¬

CO2 60% + N2 40% (2) N2 100% ·≈– (3) °“√

„™â “√¥Ÿ¥°≈◊πÕÕ°´‘‡®π µàÕ°“√‡ ◊ËÕ¡‡ ’¬§ÿ≥¿“æ¢Õß

¢π¡‚¡®‘√–À«à“ß°“√‡°Á∫√—°…“ ‚¥¬‡ª√’¬∫‡∑’¬∫°—∫

°“√∫√√®ÿ¿“¬„µâ ¿“«–∫√√¬“°“»ª°µ‘·≈–»÷°…“º≈

¢Õß«— ¥ÿ∫√√®ÿµàÕª√– ‘∑∏‘¿“æ¢Õß°“√∫√√®ÿ¥—ß°≈à“«

¢π¡‚¡®‘√ „∫‡µ¬‡ªìπµ—«Õ¬à“ß„π°“√»÷°…“π’È øî≈å¡ OPP/

PE ·≈– PET/PE/Al/EMAA ‡ªìπ«— ¥ÿ∫√√®ÿ º≈°“√

∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“°“√‡ ◊ËÕ¡‡ ’¬§ÿ≥¿“æ¢Õß¢π¡

‚¡®‘‡°‘¥®“°‡™◊ÈÕ√“·≈–°“√ Ÿ≠‡ ’¬§«“¡™◊Èπ‡ªìπ ”§—≠

°“√„™âøî≈å¡ OPP/PE ´÷ËßªÑÕß°—π°“√´÷¡ºà“π¢Õß°ä“´

·≈–‰ÕπÈ”‰¥âµË”‰¡à‡À¡“– ¡°—∫°“√∫√√®ÿ·∫∫·Õ§µ’ø

Õ“¬ÿ°“√‡°Á∫¢Õß¢π¡‚¡®‘¡’§à“‡æ’¬ß 7 «—π ‰¡à«à“®–



„™â°“√∫√√®ÿ·∫∫·Õ§µ’ø·∫∫„¥ °“√∫√√®ÿ„π ¿“«–

∫√√¬“°“»ª°µ‘®–‡°Á∫‰¥â 5 «—π  à«π°“√„™âøî≈å¡ PET/

PE/Al/EMAA ´÷ËßªÑÕß°—π°“√´÷¡ºà“π°ä“´·≈–‰Õ

πÈ”‰¥â¥’¡“°®–™à«¬‡æ‘Ë¡Õ“¬ÿ°“√‡°Á∫¢Õß¢π¡‚¡®‘‰¥â

æ∫«à“°“√„™â “√¥Ÿ¥°≈◊πÕÕ° ‘́ ‡®π®–¡’Õ“¬ÿ°“√

‡°Á∫¡“°°«à“ 31 «—π „™â MAP ‡°Á∫‰¥â 17 «—π ·≈– N2

100% ‡°Á∫‰¥â 7 «—π °“√„™â N2 100% ®÷ß‰¡à

‡À¡“– ¡°—∫°“√∫√√®ÿ¢π¡‚¡®‘∑’ËµâÕß°“√Õ“¬ÿ°“√‡°Á∫

π“πÊ

§”π”

‚¡®‘‡ªìπº≈‘µ¿—≥±å¢π¡Õ∫™π‘¥Àπ÷Ëß∑’Ëπ‘¬¡

∫√‘‚¿§°—πÕ¬à“ß·æ√àÀ≈“¬ ·≈–¡’§«“¡ ”§—≠∑“ß

‡»√…∞°‘®¢Õß®—ßÀ«—¥π§√ «√√§å ·≈–®—ßÀ«—¥„°≈â‡§’¬ß

¢π¡‚¡®‘ª√–°Õ∫¥â«¬·ªÑß‡π◊ÈÕπÿà¡‡ªìπ‡ª≈◊Õ°πÕ° ∂—Ë«

º ¡¡–æ√â“«°«π¡’√ À«“π‡ªìπ‰ â ¡’À≈“¬°≈‘Ëπ

√ ‰¥â·°à „∫‡µ¬ °“·ø ‚°‚°â π¡ ·≈– µ√Õ‡∫Õ√’

¢π¡‚¡®‘‡ªìπº≈‘µ¿—≥±åÕ“À“√°÷Ëß·Àâß (intermediate

moisture food) ¡’Õ“¬ÿ°“√‡°Á∫‡æ’¬ß 5-7 «—π °“√‡ ◊ËÕ¡

‡ ’¬§ÿ≥¿“æ∑’Ëæ∫¡“°∑’Ë ÿ¥§◊Õ °“√‡®√‘≠‡µ‘∫‚µ¢Õß√“

·≈–°“√ Ÿ≠‡ ’¬§«“¡™◊Èπ∑”„Àâ‡π◊ÈÕ·ªÑß·¢Áß°√–¥â“ß

®“°°“√ ”√«®µ≈“¥¢π¡‚¡®‘æ∫«à“°“√∫√√®ÿ à«π

„À≠à„™â°≈àÕß°√–¥“…¢“«¡’™àÕßÀπâ“µà“ß∑’ËΩ“∫π ¿“¬-

„π°≈àÕß®–√Õßæ◊Èπ¥â«¬·ºàπøî≈å¡æ≈“ µ‘°ª√–‡¿∑

æÕ≈‘‡Õ∑‘≈’π§«“¡Àπ“·πàπµË”À√◊ÕæÕ≈‘æ√Õæ‘≈’π

·≈–„™â·ºàπøî≈å¡‡¥’¬«°—πªî¥∫π¢π¡Õ’°™—ÈπÀπ÷Ëß °“√∫-

√√®ÿ¥—ß°≈à“«‰¡à‡æ’¬ßæÕ∑’Ë®–¬—∫¬—Èß°“√‡®√‘≠‡µ‘∫‚µ¢Õß√“

·≈–ªÑÕß°—π°“√ Ÿ≠‡ ’¬§«“¡™◊Èπ¢Õßº≈‘µ¿—≥±å‰¥â ®÷ß

¡—°æ∫¢π¡‚¡®‘‡ ◊ËÕ¡‡ ’¬§ÿ≥¿“æ°àÕπ∂÷ßºŸâ∫√‘‚¿§

„πªí®®ÿ∫—π‰¥â¡’°“√π”‡∑§π‘§¢Õß°“√∫√√®ÿ

·∫∫·Õ§µ’ø¡“„™â‡æ◊ËÕ‡æ‘Ë¡Õ“¬ÿ°“√‡°Á∫¢Õßº≈‘µ¿—≥±å

Õ“À“√ ‚¥¬Õ“»—¬À≈—°°“√ªØ‘ —¡æ—∑∏å√–À«à“ßº≈‘µ¿—≥±å

¿“™π–∫√√®ÿ ∫√√¬“°“»¿“¬„π·≈–¿“¬πÕ°

¿ “ ™π –∫ √ √ ®ÿ ∑’Ë ‡ À ¡ “ –   ¡ µà Õ ° “ √ ‡ °Á ∫ √— ° … “

º≈‘µ¿—≥±åπ—Èπ„Àâ¡’§«“¡§ßµ—« (stability) ·≈–§ÿ≥¿“æ

¥’µ≈Õ¥°“√‡°Á∫√—°…“ (Rooney, 1995)  ”À√—∫º≈‘µ¿—≥±å-

¢π¡Õ∫‚¥¬∑—Ë«‰ªπ‘¬¡„™â°“√∫√√®ÿ·∫∫ª√—∫ ¿“æ-

∫√√¬“°“» (modified atmosphere packaging À√◊Õ

MAP), °“√∫√√®ÿ¿“¬„µâ∫√√¬“°“»¢Õß°ä“´‰π‚µ√‡®π

(nitrogen-flushed packaging) ·≈–°“√∫√√®ÿ‚¥¬„™â

 “√¥Ÿ¥°≈◊πÕÕ°´‘‡®π (oxygen absorber) °“√„™â MAP

µâÕß‡≈◊Õ°™π‘¥·≈– —¥ à«π¢Õß°ä“´„Àâ‡À¡“– ¡°—∫

º≈‘µ¿—≥±å Ooraikul and Stiles (1991) ‰¥â»÷°…“º≈¢Õß

MAP µàÕ°“√™–≈Õ°“√‡ ◊ËÕ¡‡ ’¬§ÿ≥¿“æ¢Õß

º≈‘µ¿—≥±å¢π¡Õ∫™π‘¥µà“ßÊ ·≈–æ∫«à“ª√– ‘∑∏‘¿“æ

¢Õß MAP „π°“√™–≈Õ°“√‡ ◊ËÕ¡‡ ’¬¢Õßº≈‘µ¿—≥±å

π—Èπ·µ°µà“ß°—π¢÷Èπ°—∫Õß§åª√–°Õ∫·≈–§à“ aw ¢Õß

º≈‘µ¿—≥±å‡ªìπ ”§—≠ °“√„™â MAP ®–¡’ª√– ‘∑∏‘¿“æ

¥’‡¡◊ËÕº≈‘µ¿—≥±å∑’Ë¡’§à“ aw ‰¡à Ÿß‡°‘π°«à“ 0.96 ·≈–¡’§à“-

§«“¡‡ªìπ°√¥-‡∫ ‰¡à‡°‘π 6.5

°“√‡°Á∫√—°…“º≈‘µ¿—≥±åÕ“À“√‰«â¿“¬„µâ ¿“æ

‰√âÕÕ°´‘‡®πÀ√◊Õ¡’‰¥â‰¡à‡°‘π 0.4% ®– “¡“√∂¬—∫¬—Èß

°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡™◊ÈÕ√“‰¥â‡ªìπÕ¬à“ß¥’ (Smith, 1993)

®÷ßπ‘¬¡„™â MAP ∑’Ë¡’ CO2 ·≈–N2 „π —¥ à«πµà“ßÊ

À√◊Õ N2100% À√◊Õ„™â “√¥Ÿ¥°≈◊πÕÕ°´‘‡®π„π°“√

∫√√®ÿº≈‘µ¿—≥±å¢π¡Õ∫´÷Ëß¡—°‡ ◊ËÕ¡‡ ’¬‰¥âßà“¬®“°‡™◊ÈÕ√“

‡æ◊ËÕ ‡æ‘Ë¡Õ“¬ÿ°“√‡°Á∫√—°…“‚¥¬‰¡à®”‡ªìπµâÕß„™â

«—µ∂ÿ°—π‡ ’¬ °“√æ‘®“√≥“‡≈◊Õ°°“√∫√√®ÿ¥—ß°≈à“«

´÷Ëß®—¥‡ªìπ°“√∫√√®ÿ·∫∫·Õ§µ’ø„Àâ‡À¡“– ¡°—∫

º≈‘µ¿—≥±å·µà≈–™π‘¥®”‡ªìπµâÕß∑”°“√»÷°…“«‘®—¬

‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫º≈¢Õß·µà≈–«‘∏’°àÕπ‡ ¡Õ

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

∫√√®ÿ·∫∫·Õ§µ’ø 3 «‘∏’ §◊Õ (1) MAP ª√–°Õ∫¥â«¬

CO2 60% + N2 40% (2) N2100% ·≈– (3) „™â “√

¥Ÿ¥°≈◊πÕÕ°´‘‡®π µàÕ°“√‡ ◊ËÕ¡‡ ’¬§ÿ≥¿“æ¢Õß¢π¡‚¡®‘

‚¥¬ ‡ª√’ ¬∫ ‡∑’ ¬∫°— ∫° “√∫√√®ÿ ¿ “ ¬ „µâ  ¿ “«–

∫√√¬“°“»ª°µ‘ ·≈–»÷°…“º≈¢Õß«— ¥ÿ∫√√®ÿµàÕ
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ª√– ‘∑∏‘¿“æ¢Õß°“√∫√√®ÿ¥—ß°≈à“« ∑—Èßπ’È‡æ◊ËÕ„Àâ‰¥â

¢âÕ¡Ÿ≈∑’Ë®–„™â‡ªìπ·π«∑“ß„π°“√æ‘®“√≥“‡≈◊Õ°«‘∏’°“√

∫√√®ÿ ·≈–«— ¥ÿ∫√√®ÿ∑’Ë‡À¡“– ¡°—∫Õ“¬ÿ°“√‡°Á∫

¢Õß¢π¡‚¡®‘µ“¡µâÕß°“√‰¥â∂Ÿ°µâÕß ·≈–„™â‡ªìπ

·π«∑“ß„π°“√°”Àπ¥Õ“¬ÿ°“√‡°Á∫ ÷́ËßµâÕß√–∫ÿ∫π

¿“™π–∫√√®ÿ„Àâ∂Ÿ°µâÕß

Õÿª°√≥å·≈–«‘∏’°“√

1. °“√‡≈◊Õ°¢π¡‚¡®‘‡ªìπµ—«Õ¬à“ß°“√«‘®—¬

1.1 «—¥§à“§«“¡™◊Èπ ·≈– aw ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß

¢Õß¢π¡‚¡®‘ 5 √ ‰¥â·°à „∫‡µ¬ ‚°‚°â °“·ø

 µ√Õ‡∫Õ√’ ·≈–π¡ ´÷Ëßº≈‘µ„π«—π‡¥’¬«°—π·≈–ºŸâº≈‘µ

√“¬‡¥’¬«°—π ‚¥¬«—¥§à“¢Õß·ªÑß·≈–‰ â·¬°°—π

1.2 ‡≈◊Õ°¢π¡‚¡®‘∑’Ë¡’§à“§«“¡™◊Èπ À√◊Õ aw  Ÿß

∑’Ë ÿ¥ ‡ªìπµ—«Õ¬à“ß ”À√—∫¥”‡π‘π°“√«‘®—¬µàÕ‰ª

2. °“√»÷°…“ Desorption Isotherm ¢Õß¢π¡‚¡®‘

µ—«Õ¬à“ß ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß

2.1 π”¢π¡‚¡®‘µ—«Õ¬à“ß‡°Á∫‰«â„π‡¥´‘°-

‡§‡µÕ√å∑’Ë∫√√®ÿ “√≈–≈“¬‡°≈◊ÕÕ‘Ë¡µ—«¢Õß K2SO4 (97%

RH) ®π∂÷ß ¡¥ÿ≈ À√◊Õª√–¡“≥ 2  —ª¥“Àå

2.2 π”µ—«Õ¬à“ß„π¢âÕ 2.1 ‰ª‡°Á∫„π‡¥´‘°-

‡§‡µÕ√å∑’Ë∫√√®ÿ “√≈–≈“¬Õ‘Ë¡µ—«¢Õß‡°≈◊Õ™π‘¥µà“ß Ê

∑’Ë„Àâ§à“§«“¡™◊Èπ —¡æ—∑∏åµ“¡µâÕß°“√ (Shafiur, 1995)

‡°Á∫‰«â„Àâ ¡¥ÿ≈ (ª√–¡“≥ 1 ‡¥◊Õπ)  ”À√—∫‡¥´‘°-

‡§‡µÕ√å∑’Ë¡’§à“§«“¡™◊Èπ —¡æ—∑∏å Ÿß°«à“ 60% ®–„™â

‡Õ∑‘≈·Õ≈°ÕŒÕ≈å‡ªìπ “√¬—∫¬—Èß°“√‡®√‘≠‡µ‘∫‚µ¢Õß

‡™◊ÈÕ√“∫π¢π¡°àÕπ∑’Ë®–∂÷ß ¡¥ÿ≈

2.3 π”µ—«Õ¬à“ß∑’Ë ¡¥ÿ≈°—∫§«“¡™◊Èπ —¡æ—∑∏å

„π‡¥ ‘́°‡§‡µÕ√å·≈â«¡“µ√«®«—¥§à“§«“¡™◊Èπ ¡¥ÿ≈

(equilibrium moisture content, Me) ·≈–§à“ aw
2.4 π”§à“§«“¡™◊Èπ ¡¥ÿ≈ ·≈–§à“ aw ¡“ √â“ß

°√“ø desorption isotherm

3. °“√À“§à“§«“¡™◊Èπ«‘°ƒµ (critical moisture

content, Mc) ¢Õß¢π¡‚¡®‘µ—«Õ¬à“ß

3.1 ‡°Á∫¢π¡‚¡®‘„π ¿“«–§«∫§ÿ¡§«“¡™◊Èπ

 —¡æ—∑∏å 50% ‡æ◊ËÕ„Àâ‡°‘¥°“√ Ÿ≠‡ ’¬§«“¡™◊Èπ

3.2 ª√–‡¡‘π§ÿ≥¿“æ∑“ßª√– “∑ —¡º— ¢Õß

¢π¡‚¡®‘µ—«Õ¬à“ß∑ÿ°«—π ‚¥¬«‘∏’ magnitude estimation

scaling ∑’Ë√–¥—∫§«“¡πà“‡™◊ËÕ∂◊Õ 99% ®π°√–∑—ËßºŸâ

∑¥ Õ∫µ—Èß·µà 1 §π¢÷Èπ‰ª„π 10 §π ‰¡à¬Õ¡√—∫

§ÿ≥¿“æ¢Õßµ—«Õ¬à“ß

3.3 µ√«®«—¥§à“§«“¡™◊Èπ ÿ¥∑â“¬¢Õßµ—«Õ¬à“ß∑’Ë

ºŸâ∑¥ Õ∫¬Õ¡√—∫§ÿ≥¿“æ ·≈–°”Àπ¥„Àâ§à“§«“¡™◊Èπ

π’È‡ªìπ§à“§«“¡™◊Èπ«‘°ƒµ¢Õßµ—«Õ¬à“ß

4. °“√»÷°…“º≈¢Õß°“√∫√√®ÿ ·≈–«— ¥ÿ∫√√®ÿµàÕ°“√

‡ ◊ËÕ¡‡ ’¬§ÿ≥¿“æ¢Õß¢π¡‚¡®‘

4.1 ∫√√®ÿ¢π¡‚¡®‘ 4 ≈Ÿ° „ à∂“¥·≈â«∫√√®ÿ

„π∂ÿßæ≈“ µ‘° 2 ™π‘¥§◊Õ OPP/PE §«“¡Àπ“ 0.046

¡‘≈≈‘‡¡µ√ Õ—µ√“°“√´÷¡ºà“π¢Õß‰ÕπÈ” 1.948 °√—¡/

µ“√“ß‡¡µ√•24 ™—Ë«‚¡ß ∑’Ë 30°C 65%RH ·≈–Õ—µ√“

°“√´÷¡ºà“π¢Õß°ä“´ÕÕ°´‘‡®π 1900 ¡‘≈≈‘≈‘µ√/µ“√“ß

‡¡µ√•24 ™—Ë«‚¡ß•∫√√¬“°“» ∑’Ë 30°C 65%RH ·≈–

PET/PE/Al/EMAA §«“¡Àπ“ 0.080 ¡‘≈≈‘‡¡µ√

Õ—µ√“°“√´÷¡ºà“π¢Õß‰ÕπÈ” 0.3 °√—¡/µ“√“ß‡¡µ√•24

™—Ë«‚¡ß ∑’Ë 30°C 65%RH ·≈–Õ—µ√“°“√´÷¡ºà“π¢Õß

°ä“´ÕÕ°´‘‡®π 0.16 ¡‘≈≈‘≈‘µ√/µ“√“ß‡¡µ√•24 ™—Ë«‚¡ß •

∫√√¬“°“» ∑’Ë 30°C 65%RH

4.2 ∫√√®ÿµ—«Õ¬à“ß¢âÕ 4.1„¥¬„™â‡∑§π‘§°“√

∫√√®ÿ 4 «‘∏’¥—ßπ’È

4.2.1 ∫√√®ÿ¿“¬„µâ ¿“«–∫√√¬“°“»ª°µ‘

4.2.2 ∫√√®ÿ¿“¬„µâ MAP ‚¥¬¡’ CO2 60% +

N2 40%

4.2.3 ∫√√®ÿ¿“¬„µâ N2 100%

4.2.4 ∫√√®ÿ¿“¬„µâ ¿“«–∫√√¬“°“»ª°µ‘

‚¥¬¡’ “√¥Ÿ¥°≈◊πÕÕ° ‘́‡®π (Ageless Z50 , Mitsubishi
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4.3 ‡°Á∫µ—«Õ¬à“ß∑—ÈßÀ¡¥‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß

‡ªìπ‡«≈“ 1 ‡¥◊Õπ

4.4 π”µ—«Õ¬à“ß¡“µ√«®«‘‡§√“–Àå∑ÿ° 2-3 «—π

®π°√–∑—Ëß§ÿ≥¿“æ¢Õßµ—«Õ¬à“ß‰¡à‡ªìπ∑’Ë¬Õ¡√—∫ À√◊Õ

®π°√–∑—Ëß§√∫ 1 ‡¥◊Õπ

4.4.1 «‘‡§√“–ÀåÀ“Õ—µ√“ à«π¢Õß°ä“´¿“¬„π

¿“™π–∫√√®ÿ‚¥¬‡§√◊ËÕß O2 & CO2 Analyser Servomex

1450B

4.4.2 µ√«®«—¥§«“¡™◊Èπ ·≈– aw ∑’ËÕÿ≥À¿Ÿ¡‘

ÀâÕß ¢Õß¢π¡‚¡®‘

4.4.3 µ√«®¥Ÿ≈—°…≥–¿“¬πÕ° ‡™◊ÈÕ√“·≈–

°≈‘Ëπ¢Õß¢π¡‚¡®‘‚¥¬°“√µ√«®æ‘π‘®

º≈·≈–«‘®“√≥å

°“√‡≈◊Õ°¢π¡‚¡®‘µ—«Õ¬à“ß

º≈°“√µ√«®«—¥§à“§«“¡™◊Èπ‡√‘Ë¡µâπ (initial

moisture content, Mi) ·≈– aw ‡√‘Ë¡µâπ¢Õß·ªÑß

·≈–‰ â¢Õß¢π¡‚¡®‘ 5 √  (Table 1) æ∫«à“¢π¡

‚¡®‘√ „∫‡µ¬¡’§à“§«“¡™◊Èπ 27.74% ·≈– aw 0.8807

´÷Ëß Ÿß°«à“µ—«Õ¬à“ßÕ◊Ëπ ®÷ß¡’‚Õ°“ ‡°‘¥°“√‡ ◊ËÕ¡‡ ’¬®“°

‡™◊ÈÕ√“·≈–°“√ Ÿ≠‡ ’¬§«“¡™◊Èπ‰¥âßà“¬∑’Ë ÿ¥ πÕ°®“°π’È§à“

aw ¢Õß à«π·ªÑß·≈–‰ â¬—ß¡’§à“„°≈â‡§’¬ß°—π¡“°

°“√∂à“¬‡∑§«“¡™◊Èπ√–À«à“ß·ªÑß ·≈–‰ â®–µË” ®÷ß‰¡à¡’

º≈∑”„Àâ‡°‘¥§«“¡§≈“¥‡§≈◊ËÕπ„π°“√»÷°…“º≈¢Õß

«— ¥ÿ∫√√®ÿµàÕ°“√‡ ◊ËÕ¡‡ ’¬§ÿ≥¿“æ¢Õßµ—«Õ¬à“ß®“°

°“√ Ÿ≠‡ ’¬§«“¡™◊Èπ ¥—ßπ—Èπ¢π¡‚¡®‘√ „∫‡µ¬®÷ß

‡À¡“– ¡∑’Ë ® –„™â ‡ªìπµ— «Õ¬à “ ß∑¥≈Õß ”À√—∫

¥”‡π‘π°“√«‘®—¬π’ÈµàÕ‰ª

Table 1 Initial moisture content (dry basis) and aw at room temperature of Moji cakes with various

flavors.

Flavors % moisture content1 aw
2

Crust Filling Crust Filling

Bai Toey 27.74 34.40 0.8807 0.8869
 (0.046) 3  (0.348)  (0.014)  (0.013)

Cocoa 26.91 35.32 0.8456 0.8951

 (0.325)  (0.146)  (0.004)  (0.010)
Coffee 26.78 33.42 0.8631 0.8874

 (0.123)  (0.048)  (0.006)  (0.014)

Strawberry 27.73 33.52 0.8615 0.8907
 (0.123)  (0.149)  (0.006)  (0.010)

Milk 26.87 31.85 0.8512 0.8595

 (0.037)  (0.439)  (0.003)  (0.005)

1 Average of 3 replications
2 Average of 2 replications
3 Standard deviation ( )
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°“√»÷°…“ Desorption Isotherm ¢Õß¢π¡‚¡®‘√ „∫

‡µ¬

‡π◊ËÕß®“°§à“ aw ‡√‘Ë¡µâπ¢Õß¢π¡‚¡®‘¡’§à“ Ÿß

∑”„Àâ§«“¡™◊Èπ —¡æ—∑∏å ¡¥ÿ≈¡’§à “ Ÿ ß°«à “§«“¡

™◊Èπ —¡æ—∑∏åª°µ‘¢ÕßÕ“°“» ¥—ßπ—Èπ„π√–À«à“ß°“√

‡°Á∫√—°…“ ¢π¡‚¡®‘®÷ß¡’·π«‚πâ¡ Ÿ≠‡ ’¬§«“¡™◊Èπ‰ª

„πÕ“°“»∑”„Àâ‡π◊ÈÕ·ªÑß·Àâß·≈–·¢Áß°√–¥â“ß®π‰¡à‡ªìπ

∑’Ë¬Õ¡√—∫¢ÕßºŸâ∫√‘‚¿§ °“√»÷°…“§«“¡ —¡æ—π∏å

√–À«à“ß§«“¡™◊Èπ¢Õß¢π¡‚¡®‘ °—∫§«“¡™◊Èπ —¡æ—∑∏å

¢ÕßÕ“°“»∑’Ë ¡¥ÿ≈ ª√“°ØÕ¬Ÿà„π°√“ø Desorption

Isotherm ¢Õß¢π¡‚¡®‘∑—Èß à«π·ªÑß·≈–‰ â ‡æ◊ËÕ„™â„π

°“√ª√–‡¡‘π§«“¡§ÿâ¡§√Õß∑’Ëº≈‘µ¿—≥±åµâÕß°“√®“°

¿“™π–∫√√®ÿ ·≈–„™â„π°“√æ‘®“√≥“‡≈◊Õ°«— ¥ÿ∫√√®ÿ

∑’Ë‡À¡“– ¡

®“° Figure 1-2 æ∫«à“ Desorption Isotherm

¢Õß à«π·ªÑß·≈–‰ â¢Õß¢π¡‚¡®‘¡’√Ÿª√à“ß‡ªìπµ—«‡Õ 

(S-shape) À√◊Õ sigmoid curve ´÷Ëß‡ªìπ≈—°…≥–

°√“ø¢ÕßÕ“À“√®”æ«°·ªÑß∑’Ë¡’§«“¡™◊Èπ Ÿß‚¥¬‡©æ“–

¢π¡Õ∫‡π◊ÈÕ —¡º— ÕàÕππÿà¡ (Paine, 1992) ·≈–‡ âπ

°√“ø¡’§«“¡™—π Ÿß¡“°™à«ß aw ¡’§à“µ—Èß·µà 0.80 ¢÷Èπ‰ª

· ¥ß«à“°“√§«∫§ÿ¡À√◊Õ°“√™–≈Õ°“√‡®√‘≠‡µ‘∫‚µ

¢Õß®ÿ≈‘π∑√’¬å¥â«¬«‘∏’°“√≈¥§«“¡™◊Èπ‡æ◊ËÕ„Àâ aw ≈¥≈ß

¥â«¬π—Èπ‡ªìπ·π«∑“ß∑’Ë‰¡à ‡À¡“– ¡°—∫¢π¡‚¡®‘

‡π◊ËÕß®“°®–¡’º≈‡ ’¬µàÕ‡π◊ÈÕ —¡º— ¢Õßº≈‘µ¿—≥±å

¥—ßπ—Èπ°“√»÷°…“À“·π«∑“ß‡æ◊ËÕ‡æ‘Ë¡Õ“¬ÿ°“√‡°Á∫¢Õß

¢π¡‚¡®‘§«√¡ÿàß‡πâπ°“√„™â°“√∫√√®ÿ·∫∫·Õ§µ’ø∑’Ë

‡À¡“– ¡

°“√À“§à“§«“¡™◊Èπ«‘°ƒµ (critical moisture content,

Mc) ¢Õß¢π¡‚¡®‘µ—«Õ¬à“ß

º≈°“√ª√–‡¡‘π§ÿ≥¿“æ∑“ßª√– “∑ —¡º— 

¢Õß¢π¡‚¡®‘µ—«Õ¬à“ß‡°Á∫„π ¿“«–§«∫§ÿ¡§«“¡™◊Èπ

 —¡æ—∑∏å 50% ‚¥¬«‘∏’ magnitude estimation scaling

∑’Ë√–¥—∫§«“¡πà“‡™◊ËÕ∂◊Õ 99% ª√“°Ø«à“ºŸâ∑¥ Õ∫‡√‘Ë¡

‰¡à¬Õ¡√—∫§ÿ≥¿“æ¢Õßµ—«Õ¬à“ß‡¡◊ËÕ§«“¡™◊Èπ¢Õß

 à«π·ªÑß·≈–‰ â‡∑à“°—∫ 24.35% ·≈– 30.99% µ“¡≈”¥—∫

¥—ßπ—Èπ®÷ß°”Àπ¥§à“§«“¡™◊Èπ«‘°ƒµ (Mc) ¢Õß¢π¡

‚¡®‘√ „∫‡µ¬ ¢Õß à«π·ªÑß‡ªìπ 24.35% ·≈– à«π‰ â

‡ªìπ 30.99%

°“√»÷°…“‡°’Ë¬«°—∫°“√‡ ◊ËÕ¡‡ ’¬§ÿ≥¿“æ¢Õß

Figure 1 Desorption Isotherm curve of Moji

crust.

Figure 2 Desorption Isotherm curve of Moji

filling.

% ERH

E
M

C
 (

%
 d

ry
 b

as
is

)

% ERH

E
M

C
 (

%
 d

ry
 b

as
is

)



457«. ‡°…µ√»“ µ√å («‘∑¬.) ªï∑’Ë 32 ©∫—∫∑’Ë 4

º≈‘µ¿—≥±åÕ“À“√∑’Ë¡’ “‡Àµÿ®“°°“√‡ª≈’Ë¬π·ª≈ß§«“¡™◊Èπ

¡—°°”Àπ¥§à“§«“¡™◊Èπ —¡æ—∑∏å ¡¥ÿ≈ (equilibrium

relative humidity, ERH) ¢Õß ¿“«–∑’Ë„™â‡°Á∫√—°…“

‰«â‡∑à“°—∫ 75% (Robertson , 1993) ‡¡◊ËÕæ‘®“√≥“ Figure

1-2 ®–æ∫«à“§à“ Mi, Mc, ·≈– Me Õ¬Ÿà„π™à«ß∑’Ë°√“ø¡’

§«“¡™—π Ÿß ·≈–§à“ Mc ®–„°≈â‡§’¬ß°—∫§à“ Mi · ¥ß

«à“¢π¡‚¡®‘µâÕß°“√§«“¡§ÿâ¡§√Õß®“°¿“™π–∫√√®ÿ Ÿß

¡“° ‡æ◊ËÕ™–≈Õ°“√ Ÿ≠‡ ’¬§«“¡™◊Èπ ·≈–‡æ◊ËÕ‡æ‘Ë¡

Õ“¬ÿ°“√‡°Á∫√—°…“ ¥—ßπ—Èπ®÷ß§«√‡≈◊Õ°„™â«— ¥ÿ∫√√®ÿ∑’Ë¡’

§à“Õ—µ√“°“√´÷¡ºà“π¢Õß‰ÕπÈ”µË” Õ¬à“ß‰√°Áµ“¡®–

µâÕßæ‘®“√≥“ªí®®—¬Õ◊Ëπ‰¥â·°à°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡™◊ÈÕ

√“¥â«¬ ‡æ◊ËÕÀ≈’°‡≈’Ë¬ß°“√„™â«— ¥ÿ∫√√®ÿ§ÿ≥ ¡∫—µ‘ Ÿß

‡°‘π§«“¡µâÕß°“√ (overpackaging) ´÷Ëß®–∑”„Àâ

µâπ∑ÿπ°“√º≈‘µ Ÿß¢÷Èπ¥â«¬

°“√»÷°…“º≈¢Õß°“√∫√√®ÿ·≈–«— ¥ÿ∫√√®ÿµàÕ°“√

‡ ◊ËÕ¡‡ ’¬§ÿ≥¿“æ¢Õß¢π¡‚¡®‘√ „∫‡µ¬

®“° Table 2 æ∫«à“°“√∫√√®ÿ¢π¡‚¡®‘„π OPP/

PE ‚¥¬„™â “√¥Ÿ¥°≈◊πÕÕ° ‘́‡®π “¡“√∂≈¥ª√‘¡“≥ O2

¿“¬„π¿“™π–∫√√®ÿ‰¥âÕ¬à“ß√«¥‡√Á«®π‡À≈◊Õ‡æ’¬ß 1.6%

·≈– “¡“√∂√—°…“√–¥—∫„°≈â‡§’¬ßπ’È‰«â‰¥â 7 «—π ®“°

°“√ —ß ‡°µæ∫°“√¬ÿ∫µ—«¢Õß¿“™π–∫√√®ÿ¥â«¬

‡π◊ËÕß®“°§«“¡¥—π¿“¬„πµË”°«à“§«“¡¥—π∫√√¬“°“»

À≈—ß®“°π—Èπª√‘¡“≥ O2 ®–‡æ‘Ë¡¢÷ÈπÕ¬à“ß√«¥‡√Á«

‡π◊ËÕß®“°ÕÕ° ‘́‡®π¿“¬πÕ° “¡“√∂ ÷́¡ºà“πøî≈å¡ OPP/

PE ‰¥âßà“¬·≈–‡¡◊ËÕ “√¥Ÿ¥°≈◊πÕÕ°´‘‡®πÕ‘Ë¡µ—«

‰¡à “¡“√∂¥Ÿ¥°≈◊πÕÕ°´‘‡®π‰¥âÕ’° ª√‘¡“≥ O2 ∑’Ë

µ√«®æ∫®÷ß¡’§à“ Ÿß¢÷ÈπÕ¬à“ß√«¥‡√Á«„π«—π∑’Ë 10 æ√âÕ¡

°—∫æ∫°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡™◊ÈÕ√“ ´÷Ëß Õ¥§≈âÕß°—∫

°“√∑’Ëµ√«®æ∫ª√‘¡“≥ CO2 ∑’Ë‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡“°®“°∑’Ë

‡™◊ÈÕ√“ª≈àÕ¬ÕÕ°¡“

 ”À√—∫°“√∫√√®ÿ¥â«¬ CO2 60% + N2 40%

·≈– N2 100% æ∫«à“ª√‘¡“≥ O2 ‡√‘Ë¡µâπµË”¡“°§◊Õ

0.2% ·≈– 0.6% µ“¡≈”¥—∫ ·≈–æ∫«à“ª√‘¡“≥ O2

‡æ‘Ë¡¢÷ÈπÕ¬à“ß√«¥‡√Á«‡π◊ËÕß®“° OPP/PE ‰¡à “¡“√∂

ªÑÕß°—π°“√´÷¡ºà“π¢ÕßÕÕ°´‘ ‡®π‰¥â¥’ ‡æ’¬ßæÕ

πÕ°®“°π’È¬—ßæ∫«à“ª√‘¡“≥ CO2 „π°√≥’°“√∫√√®ÿ¥â«¬

CO2 60% + N2 40% ®–≈¥≈ßÕ¬à“ß√«¥‡√Á«‡π◊ËÕß®“°

CO2  à«πÀπ÷Ëß “¡“√∂ ≈–≈“¬‰¥â¥’„ππÈ”·≈–‰¢

¡—π∑’ËÕ¬Ÿà„πµ—«Õ¬à“ß·≈–Õ’° à«πÀπ÷Ëß´÷¡ºà“πÕÕ°‰ª

¿“¬πÕ° ∑”„Àâ§«“¡¥—π¿“¬„πµË”°«à“§«“¡¥—π

∫√√¬“°“»¡“°·≈–¡“°°«à“°√≥’°“√∫√√®ÿ¥â«¬ N2100%

·≈–‡¡◊ËÕ‡™◊ÈÕ√“‡®√‘≠‡µ‘∫‚µ ª√‘¡“≥ O2 ®–≈¥≈ßÕ¬à“ß

√«¥‡√Á«

Table 2 Changes in headspace O2 and CO2 (% v / v) of Moji cakes packaged under various gas
atmosphere in OPP / PE and stored under ambient conditions.

Storage Time Air Packaging O2 absorber CO2 60 % + N2 40 % N2 100 %

(days) O2 CO2 O2 CO2 O2 CO2 O2 CO2

0 20.3 0.3 20.3 0.3 0.2 52.1 0.6 0.4

3 20.4 0.3 1.6 0.2 15.2 7.4 9.8 0.3
5 20.4 0.1 1.4 0.1 17.9 1.3 14.7 0.1

7 19.2 1.1 1.2 0.3 19.2 0.6 16.5 0.3

10 _ _ 9.6 5.8 2.0 0.2 19.3 0.2

Note: underlined values correspond to visible mould growth
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‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫Õ“¬ÿ°“√‡°Á∫¢Õß¢π¡‚¡®‘∑’Ë

∫√√®ÿ·∫∫·Õ§µ’ø°—∫∑’Ë∫√√®ÿ¿“¬„µâ∫√√¬“°“»ª°µ‘®–

æ∫«à“¡’§à“‡æ‘Ë¡¢÷Èπ‡æ’¬ß‡≈Á°πâÕ¬ °“√∫√√®ÿ·∫∫·Õ§µ’ø

®–¡’Õ“¬ÿ°“√‡°Á∫ 7 «—π ‡∑à“°—π∑ÿ°°√≥’ „π¢≥–∑’Ë°“√

∫√√®ÿ·∫∫ª°µ‘ “¡“√∂‡°Á∫‰¥â 5 «—π (Table 4) ´÷Ëß

 Õ¥§≈âÕß°—∫∑’Ëæ∫„π∑âÕßµ≈“¥∑—Ë«‰ª

°“√„™â PET/PE/Al/EMAA ÷́Ëß‡ªìπøî≈å¡∑’Ë

ªÑÕß°—π°“√´÷¡ºà“π¢ÕßÕÕ°´‘‡®π‰¥â¥’¡“°®–æ∫«à“

(Table 3) °“√„™â “√¥Ÿ¥°≈◊πÕÕ°´‘‡®π “¡“√∂√—°…“

√–¥—∫ O2 „ÀâµË”°«à“ 1% ‰¥âπ“π°«à“ 15 «—π ·≈–

À≈—ß®“°π—Èπ®– Ÿß°«à“ 1% ‡≈Á°πâÕ¬Õ’°¡“°°«à“ 16 «—π

µ≈Õ¥√–¬–‡«≈“√«¡ 31 «—π µ√«®‰¡àæ∫°“√‡®√‘≠

‡µ‘∫‚µ¢Õß‡™◊ÈÕ√“∑’Ëº‘«·≈–ª√‘¡“≥ CO2 ¡’πâÕ¬¡“°

 ”À√—∫°“√∫√√®ÿ¥â«¬ CO2 60% + N2 40% æ∫«à“ O2

®–‡æ‘Ë¡¢÷Èπ ·≈– CO2 ≈¥≈ß ‡™àπ‡¥’¬«°—∫°√≥’°“√

∫√√®ÿ‚¥¬„™â OPP/PE ·µà„πÕ—µ√“∑’Ë™â“°«à“‡π◊ËÕß®“°

Õ—µ√“°“√´÷¡ºà“π¢Õß°ä“´ÕÕ°´‘‡®π¢Õßøî≈å¡¡’§à“µË”

·≈– —ß‡°µæ∫‡™◊ÈÕ√“‡¡◊ËÕ‡°Á∫√—°…“‰«â 19 «—π  à«π„π°√≥’

N2 100% ®–æ∫«à“ O2 ‡æ‘Ë¡¢÷Èπ·µà„πÕ—µ√“∑’Ë™â“°«à“

°“√∫√√®ÿ‡¥’¬«°—ππ’È∑’Ë„™â OPP/PE À≈—ß®“°‡°Á∫‰«â 10

«—π µ√«®æ∫«à“ O2 ≈¥≈ßÕ¬à“ß√«¥‡√Á« (®“° 4.5% ‡ªìπ

0.2%) „π¢≥–∑’Ë CO2 ‡æ‘Ë¡¢÷Èπ Ÿß (®“° 0.3% ‡ªìπ

5.3%) ·≈–æ∫°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡™◊ÈÕ√“

®“°°“√µ√«®À“ª√‘¡“≥ O2 ·≈– CO2 „π

¿“™π–∫√√®ÿ∑ÿ°°√≥’æ∫«à“°“√‡°Á∫√—°…“¢π¡‚¡®‘„π

 ¿“«–∑’Ë ‡™◊ÈÕ√“‰¡à “¡“√∂‡®√‘≠‡µ‘∫‚µ‰¥â µâÕß

√—°…“√–¥—∫ O2 „ÀâµË”°«à“ 2% ·µàÀ“°¡’ CO2 ¡“°

‡æ’¬ßæÕÕ¬Ÿà¥â«¬‡™àπª√–¡“≥ 40% ∑’Ë ¡¥ÿ≈ Õ“®¬Õ¡

„Àâ¡’ª√‘¡“≥ O2  Ÿß¢÷Èπ‰¥â‡ªìπª√–¡“≥ 8% ®“° Table

4 æ∫«à“°“√∫√√®ÿ¿“¬„µâ∫√√¬“°“»ª°µ‘¢Õß¢π¡‚¡®‘

Table 3 Changes in headspace O2 and CO2 (% v/v) of Moji cakes packaged under various gas
atmosphere in PET/PE/Al/EMAA and stored under ambient conditions.

Storage Time Air Packaging O2-absorber CO2 60% + N2 40% N2 100%

(days) O2 CO2 O2 CO2 O2 CO2 O2 CO2

0 20.3 0.3 20.3 0.3 0.3 53.2 0.7 0.4

3 20.3 0.3 0.1 0.2 5.1 39.9 3.8 0.3
5 20.3 0.2 0.4 0.2 3.4 44.1 2.6 0.2

7 18.9 1.1 0.3 0.2 2.8 46.2 4.5 0.5

10 0.2 0.2 5.4 38.6 0.2 5.3
12 0.3 0.3 2.8 44.6

15 0.2 0.1 4.5 44.9

17 2.3 0.1 8 32.1
19 1.4 0.1 7.6 36.9

21 1.7 0.1

24 1.5 0.3
26 1.6 0

29 1.3 0

31 1.4 0

Note: underlined values correspond to visible mould growth
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Table 4 Mould-Free Shelf-life of Moji cakes packaged under various gas atmosphere in different films
and the corresponding moisture content of crust and filling.

Gas Atmosphere OPP/PE PET/PE/Al/EMAA

days1 Crust 2 Filling 2 days1 Crust 2 Filling 2

Air 5 28.1 34.73 5 27.18 31.04

N2 100 % 7 28.97 34.04 7 29.39 34.17
CO2 60 % + N2 40 % 7 27.98 33.82 17 27.35 30.69

O2-absorber 7 29.2 34.61 > 31 27.22 31.32

1 Mould-Free Shelf-life of Moji
2 Average moisture content (%) of 3 replications

¡’Õ“¬ÿ°“√‡°Á∫‡æ’¬ß 5 «—π ·≈–‰¡à®”‡ªìπµâÕß„™â«— ¥ÿ

∫√√®ÿ∑’Ë¡’§à“Õ—µ√“°“√´÷¡ºà“π¢Õß°ä“´ÕÕ°´‘‡®π·≈–
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‰¥âª√–‚¬™πå °“√∫√√®ÿ¿“¬„µâ N2 100% ‰¡à “¡“√∂

™à«¬‡æ‘Ë¡Õ“¬ÿ°“√‡°Á∫¢Õß¢π¡‚¡®‘‰¥â‡æ’¬ßæÕ ·≈–°“√
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«— ¥ÿ∫√√®ÿ∑’Ë¡’§à“Õ—µ√“°“√ ÷́¡ºà“π¢Õß°ä“´ÕÕ° ‘́‡®πµË”
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