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Effect of Carbon Dioxide and Nitrogen Ratios on Shelf-life of

Fish Balls Packed under Modified Atmosphere Condition

The extension of shelf-life of fish balls by modified atmosphere packaging (MAP) was investigated

by packing fish balls in nylon/PE bags with various gas concentrations (100%CO2, 80%CO2+ 20%N2,

60%CO2+ 40%N2  and 40%CO2+ 60%N2). All samples were kept at 4±2°C and taken for determining

microbiological, chemical, physical and sensory qualities during storage. The results showed that storage

time had significant effects on total bacteria, pH, Aw, drip loss and firmness (p≤0.05). As storage time

increased, total bacteria, drip loss and firmness of fish balls packed under all modified atmosphere condi-

tions increased while pH and Aw of those fish balls decreased. The various packing conditions had signifi-

cant effects on qualities of fish balls as well. Total bacteria number of the fish balls packed under 100%CO2

was lower than that of any other modified atmosphere conditions. In addition, the decrease of pH of fish

balls packed under 100%CO2 was the lowest following by 80%CO2+20%N2, 60%CO2+40%N2 and

40%CO2+60%N2, respectively. The increment of CO2 concentration resulted in significant decrease in Aw

but increase in drip loss and firmness (p≤0.05). However, the results from sensory evaluation indicated that

fish balls packed under 60%CO2+ 40%N2 obtained the highest score and were accepted by the panelists

until 12 days of storage.
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1. ∫∑π”
≈Ÿ°™‘Èπª≈“‡ªìπº≈‘µ¿—≥±å∑’Ëπ‘¬¡∫√‘‚¿§°—π·æ√àÀ≈“¬∑—Èß

¿“¬„π·≈–µà“ßª√–‡∑» ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„πª√–‡∑»≠’ËªÿÉπ
®’π ‡°“À≈’„µâ ·≈–‰µâÀ«—π [1] Õ¬à“ß‰√°Áµ“¡ º≈‘µ¿—≥±å
™π‘¥π’È¡’Õ“¬ÿ°“√‡°Á∫√—°…“ —Èπ  ®‘√“«√√≥ ·¬â¡ª√–¬Ÿ√ ·≈–
§≥– [2] æ∫«à“≈Ÿ°™‘Èπª≈“∑’Ë‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 30°´
(Õÿ≥À¿Ÿ¡‘ÀâÕß) ®–‡°‘¥°“√‡πà“‡ ’¬¿“¬„π 24 ™—Ë«‚¡ß
„π¢≥–∑’Ë≈Ÿ°™‘Èπª≈“∑’Ë‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 4°´ ¡’Õ“¬ÿ°“√
‡°Á∫√—°…“‰¥â‡æ’¬ß 4 «—π  ”À√—∫°“√‡ ◊ËÕ¡‡ ’¬¢Õß≈Ÿ°™‘Èπ
ª≈“¡’ “‡ÀµÿÀ≈—°¡“®“°®ÿ≈‘π∑√’¬å∑’ËµâÕß°“√Õ“°“» ‡™àπ
Pseudomonas spp. [3] ´÷Ëß®ÿ≈‘π∑√’¬å‡À≈à“π’È “¡“√∂ªπ
‡ªóôÕπ≈ß„πº≈‘µ¿—≥±å‰¥â∑—Èß„π¢—ÈπµÕπ°“√º≈‘µ °“√¢π àß
·≈–°“√®—¥®”Àπà“¬ ¥—ßπ—Èπ°“√‡°Á∫º≈‘µ¿—≥±å‚¥¬„™â
Õÿ≥À¿Ÿ¡‘µË”‡æ’¬ßÕ¬à“ß‡¥’¬«Õ“®‰¡à‡æ’¬ßæÕµàÕ°“√√—°…“
§ÿ≥¿“æ ¥â«¬‡Àµÿπ’È®÷ß§«√¡’°“√„™â‡∑§π‘§Õ◊ËπÊ ‡¢â“¡“√à«¡
¥â«¬ ®“°°“√»÷°…“ ‡∫◊ÈÕßµâπæ∫«à“°“√∫√√®ÿ¿“¬„µâ
∫√√¬“°“»¥—¥·ª√„π¿“™π–∫√√®ÿ‡ªìπ‡∑§π‘§∑’Ë¡’°“√„™â
°—πÕ¬à“ß·æ√àÀ≈“¬„πº≈‘µ¿—≥±åÀ≈“¬ª√–‡¿∑ ‡™àπ º—°
·≈–º≈‰¡â [4] º≈‘µ¿—≥±å¢π¡Õ∫ [5] ·≈–º≈‘µ¿—≥±å‡π◊ÈÕ —µ«å
[6, 7] ‚¥¬¢âÕ¥’¢Õß°“√„™â‡∑§π‘§π’È§◊Õ “¡“√∂™–≈Õ°“√
‡ ◊ËÕ¡‡ ’¬∑’Ë‡°‘¥®“°®ÿ≈‘π∑√’¬å‰¥â Erichsen ·≈– Molin [8]
»÷°…“°“√‡°Á∫√—°…“‡π◊ÈÕ«—«∑’ËÕÿ≥À¿Ÿ¡‘ 4°´ æ∫«à“°“√„™â
 ¿“æ∫√√¬“°“»∑’Ë¡’ 100%CO2 ·≈– 78%N2+20%CO2

+2%O2  “¡“√∂‡°Á∫√—°…“‡π◊ÈÕ«—«‰¥â 51 ·≈– 14 «—π µ“¡
≈”¥—∫ ‡¡◊ËÕ‡∑’¬∫°—∫°“√‡°Á∫√—°…“∑’Ë ¿“æ∫√√¬“°“»ª°µ‘
´÷Ëß “¡“√∂‡°Á∫√—°…“‰¥â‡æ’¬ß 7 «—π  à«π Blickstas ·≈–
Molin [9] æ∫«à“°“√‡°Á∫√—°…“‡π◊ÈÕÀ¡Ÿ∑’Ë 0°´ „π ¿“«–∑’Ë¡’
100%CO2 ·≈– ¿“æ∫√√¬“°“»ª°µ‘  “¡“√∂‡°Á∫√—°…“
‡π◊ÈÕÀ¡Ÿ‰¥â 79 ·≈– 15 «—π µ“¡≈”¥—∫ „π¢≥–∑’Ë°“√‡°Á∫
√—°…“∑’Ë 4°´ ‚¥¬„™â 100% CO2  “¡“√∂‡°Á∫√—°…“‡π◊ÈÕ
À¡Ÿ‰¥â 40 «—π ·≈–∑’Ë ¿“æ∫√√¬“°“»ª°µ‘‡°Á∫√—°…“‡π◊ÈÕÀ¡Ÿ‰¥â
8 «—π ®“°ß“π«‘®—¬∑—ÈßÀ¡¥¢â“ßµâπ®÷ßπ”‰ª Ÿà·π«§‘¥«à“°“√
¥—¥·ª√∫√√¬“°“»„π¿“™π–∫√√®ÿπà“®–™à«¬¬◊¥Õ“¬ÿ°“√
‡°Á∫√—°…“¢Õß≈Ÿ°™‘Èπª≈“‰¥â‡™àπ°—π

¥—ßπ—Èπß“π«‘®—¬π’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕÀ“ ¿“«–∑’Ë
‡À¡“– ¡„π°“√‡°Á∫≈Ÿ°™‘Èπª≈“π‘≈¥â«¬‡∑§π‘§°“√∫√√®ÿ
¿“¬„µâ°“√¥—¥·ª√∫√√¬“°“» ‚¥¬¡ÿàßÀ«—ß«à“º≈ß“π«‘®—¬∑’Ë
‰¥â®– “¡“√∂π”‰ªª√–¬ÿ°µå„™â„πÕÿµ “À°√√¡ ∑”„ÀâºŸâ

∫√‘‚¿§‰¥âº≈‘µ¿—≥±å∑’Ëª≈Õ¥¿—¬ ¡’§ÿ≥¿“æ ¡Ë”‡ ¡Õ ·≈–
¬—ß§ß§ÿ≥§à“∑“ß‚¿™π“°“√

2. «—µ∂ÿ¥‘∫·≈–«‘∏’°“√∑¥≈Õß
2.1 ≈—°…≥–«—µ∂ÿ¥‘∫·≈–°“√‡µ√’¬¡≈Ÿ°™‘Èπª≈“π‘≈

ª≈“π‘≈ (Oreochromis nilotica À√◊Õ Nile
tilapia)  ¥¢π“¥πÈ”Àπ—°µ—«‡©≈’Ë¬ 500 °√—¡ ®“°«—ßª≈“
∫â“π·æâ« ®—ßÀ«—¥ ¡ÿ∑√ “§√ §—¥‡≈◊Õ°§«“¡ ¥‚¥¬
æ‘®“√≥“ª≈“∑’Ë¡’≈—°…≥–µ“„  ‡°≈Á¥‰¡àÀ≈ÿ¥ ≈”µ—«‰¡à·¢Áß
·≈–‰¡àπ‘Ë¡®π‡°‘π‰ª ‰¡à¡’°≈‘Ëπ‡πà“‡ ’¬ π”ª≈“π‘≈ ¥¡“
≈â“ß∑”§«“¡ –Õ“¥  ·≈à≈Õ°Àπ—ß·≈–À—Ëπ‡ªìπ™‘Èπ‡≈Á°Ê °àÕπ
®–π”‰ª‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 4±2°´ ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß À≈—ß
®“°π—Èπ®÷ßπ”ª≈“¡“∫¥º ¡°—∫‡°≈◊Õ·°ß√âÕ¬≈– 1.5 ¥â«¬
‡§√◊ËÕß∫¥ —∫‡ªìπ‡«≈“ 5 π“∑’ ‡µ‘¡‡°≈◊Õ·°ßÕ’°√âÕ¬≈– 1.5
·≈–π”‰ª∫¥ 5 π“∑’ ®“°π—Èπ‡µ‘¡πÈ”µ“≈≈ß‰ª√âÕ¬≈– 4 ·≈–
∫¥µàÕ‡ªìπ‡«≈“ 15 π“∑’ ‚¥¬√–À«à“ßπ’È®–¡’°“√‡µ‘¡πÈ”
·¢Áß‡æ◊ËÕª√—∫§«“¡™◊Èπ‡ªìπ√âÕ¬≈– 80 ·≈–§«∫§ÿ¡
Õÿ≥À¿Ÿ¡‘∑’Ë„™â„π√–À«à“ß°“√∫¥„ÀâµË”°«à“ 10°´ π”¡“¢÷Èπ
√Ÿª‡ªìπ≈Ÿ°™‘Èπª≈“¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ßª√–¡“≥ 2 ´¡.
„πÕà“ßπÈ”§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘∑’Ë 40°´ ‡ªìπ‡«≈“ 20 π“∑’ ®“°
π—Èππ”¡“∑”„Àâ ÿ°∑’ËÕÿ≥À¿Ÿ¡‘ 90°´ ‡ªìπ‡«≈“ 20 π“∑’ ·≈–
∑”„Àâ‡¬Áπ„ππÈ”‡¬Áπ∑’ËÕÿ≥À¿Ÿ¡‘µË”°«à“ 10°´

2.2 °“√µ‘¥µ“¡Õ“¬ÿ°“√‡°Á∫√—°…“≈Ÿ°™‘Èπª≈“π‘≈
‚¥¬„™â‡∑§π‘§°“√∫√√®ÿ¿“¬„µâ ¿“æ
∫√√¬“°“»¥—¥·ª√„π¿“™π–∫√√®ÿ
π”µ—«Õ¬à“ß≈Ÿ°™‘Èπª≈“π‘≈∑’Ë‰¥â®“°¢âÕ 1 ¡“∫√√®ÿ

„π∂ÿß‰π≈Õπ/æÕ≈‘‡Õ∑‘≈’π (Nylon/PE) ¢π“¥ 9 x 14 π‘È«
´÷Ëß¡’§à“Õ—µ√“°“√ ÷́¡ºà“π¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å
ÕÕ°´‘‡®π·≈–‰ÕπÈ” ‡∑à“°—∫ 96.6 ́ ¡.3/¡.2/24 ™¡. ∑’Ë ¿“«–
23°´, 0% RH., 127.45 ´¡.3/¡.2/24 ™¡. ∑’Ë ¿“«– 23°´,
0% RH. ·≈– 8.49 °./¡.2/24 ™¡. ∑’Ë ¿“«– 38°´, 90%
RH. µ“¡≈”¥—∫ ∑”°“√∑¥≈Õß‚¥¬·ª√§à“§«“¡‡¢â¡¢âπ
¢Õß°ä“´∑’Ë„™â„π°“√∫√√®ÿ‡ªìπ 100%CO2, 80%CO2

+20%N2, 60%CO2+ 40%N2 ·≈– 40%CO2+60%N2

π”µ—«Õ¬à“ß≈Ÿ°™‘Èπª≈“π‘≈∑—ÈßÀ¡¥¡“‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘
4±2°´ ·≈–µ√«®«‘‡§√“–Àå§ÿ≥¿“æ≈Ÿ°™‘Èπª≈“π‘≈µ≈Õ¥
Õ“¬ÿ°“√‡°Á∫√—°…“ ‚¥¬∑”°“√∑¥≈Õß ¿“«–≈– 2 ´È” ·≈–
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‡ª√’¬∫‡∑’¬∫º≈∑’Ë‰¥â°—∫µ—«Õ¬à“ß∑’Ë‡°Á∫¿“¬„µâ∫√√¬“°“»ª°µ‘

2.3 °“√«‘‡§√“–Àå§ÿ≥¿“æ¢Õß≈Ÿ°™‘Èπª≈“π‘≈
2.3.1 ª√–‡¡‘π§ÿ≥¿“æ∑“ß¥â“π®ÿ≈™’««‘∑¬“ ‚¥¬

«‘‡§√“–Àå·∫§∑’‡√’¬‚§≈‘øÕ√å¡, Escherichia coli, Staphy-
lococcus aureus, Salmonella spp., Clostridium
perfringens ·≈–®”π«π®ÿ≈‘π∑√’¬å∑—ÈßÀ¡¥ [10]

2.3.2 «‘‡§√“–Àå§ÿ≥ ¡∫—µ‘∑“ß‡§¡’ ‚¥¬«—¥§à“
§«“¡‡ªìπ°√¥¥à“ß¥â«¬ pH meter (Metrohm model 713,
Switzerland) ‚¥¬π”≈Ÿ°™‘Èπª≈“π‘≈ 5 °√—¡ ¡“ªíòπ°—∫πÈ”
°≈—Ëπ∑’Ëºà“π°“√µâ¡‰≈à°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å·≈â« 45 ¡≈. ®π
‡ªìπ‡π◊ÈÕ‡¥’¬«°—π ®“°π—Èππ”¡“«—¥§à“ pH

2.3.3 «‘‡§√“–Àå°“√‡ª≈’Ë¬π·ª≈ßÕß§åª√–°Õ∫
¢Õß°ä“´„π∫√√®ÿ¿—≥±å¥â«¬‡§√◊ËÕß Gas analyzer
(Servomex, England)

2.3.4 «‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß¥â“π°“¬¿“æ
‚¥¬«—¥§à“ water activity (Aw) ¥â«¬‡§√◊ËÕß«—¥ Aw
(NOVASINA model TH 500, Switzerland) «—¥°“√ Ÿ≠
‡ ’¬πÈ”¢Õß≈Ÿ°™‘Èπª≈“π‘≈ ‚¥¬°“√™—ËßπÈ”Àπ—°‡√‘Ë¡µâπ·≈–
πÈ”Àπ—° ÿ¥∑â“¬¢Õß≈Ÿ°™‘Èπª≈“π‘≈ ®“°π—Èππ”¡“§”π«≥§à“
°“√ Ÿ≠‡ ’¬πÈ” (%drip loss) µ“¡ ¡°“√∑’Ë (1) «—¥§à“ ’
‚¥¬π”µ—«Õ¬à“ß≈Ÿ°™‘Èπª≈“π‘≈¡“«—¥§à“ L* a * ·≈– b* ¥â«¬
‡§√◊ËÕß«—¥ ’ (Ultrascan XE/IX7, USA) ®“°π—Èππ”¡“
§”π«≥§à“§«“¡¢“« (whiteness) µ“¡ ¡°“√¢Õß Avena-
Bustillos et al., [11] ( ¡°“√∑’Ë 2)  ·≈–«—¥§à“‡π◊ÈÕ —¡º— 
≈Ÿ°™‘Èπª≈“π‘≈¥â«¬‡§√◊ËÕß Texture analyzer (Stable Mi-
cro Systems TA-XT2i, UK) ‚¥¬„™â load cell ¢π“¥ 5
°‘‚≈°√—¡ „™âÀ—««—¥ P36/R ·≈–µ—Èß§à“§«“¡‡√Á«¢ÕßÀ—««—¥
¢≥– —¡º— µ—«Õ¬à“ß‰«â∑’Ë 1.0 ¡¡./«‘π“∑’

§à“°“√ Ÿ≠‡ ’¬πÈ”(%) = (πÈ”Àπ—°µ—«Õ¬à“ß‡√‘Ë¡µâπ - πÈ”Àπ—°µ—«Õ¬à“ß ÿ¥∑â“¬) x 100
πÈ”Àπ—°µ—«Õ¬à“ß‡√‘Ë¡µâπ

§à“§«“¡¢“« =   100-((100 - L*)2+ b*2+ a*2)0.5

(1)

(2)

2.3.5 °“√ª√–‡¡‘π§ÿ≥¿“æ∑“ßª√– “∑ —¡º— 
¥â“π°“√¬Õ¡√—∫√«¡ ∑”‚¥¬π”≈Ÿ°™‘Èπª≈“π‘≈·µà≈–
µ—«Õ¬à“ß¡“≈«°„ππÈ”√âÕπ‡ªìπ‡«≈“ 1 π“∑’ ®“°π—Èππ”¡“
∑¥ Õ∫°“√¬Õ¡√—∫‚¥¬„™âºŸâ∑¥ Õ∫∑’Ë√Ÿâ®—°·≈–∫√‘‚¿§≈Ÿ°
™‘Èπª≈“‡ªìπª√–®”‡ªìπ®”π«π 20 §π ºŸâ∑¥ Õ∫·µà≈–§π
®–‰¥â√—∫µ—«Õ¬à“ß∑’Ë°”Àπ¥√À— µ—«‡≈¢∑“ß ∂‘µ‘·∫∫ ÿà¡
·≈–®–„Àâ§–·ππ§«“¡™Õ∫∑’Ë¡’µàÕµ—«Õ¬à“ß ‚¥¬„™â  5 point
hedonic scale (5 = ™Õ∫¡“°∑’Ë ÿ¥, 1 = ™Õ∫πâÕ¬∑’Ë ÿ¥)

2.4 °“√ª√–‡¡‘πº≈∑“ß ∂‘µ‘
π”¢âÕ¡Ÿ≈∑’Ë‰¥â¡“«‘‡§√“–Àå§à“§«“¡·ª√ª√«π

(Analysis of variance) ·≈–‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬µ“¡
«‘∏’¢Õß Duncanûs multiple range test  [12]

3. º≈°“√∑¥≈Õß·≈–«‘®“√≥å
3.1 º≈¢Õß∫√√¬“°“»¥—¥·ª√µàÕ®”π«π®ÿ≈‘π∑√’¬å

„π≈Ÿ°™‘Èπª≈“π‘≈

®“°√Ÿª∑’Ë 1 æ∫«à“‡¡◊ËÕÕ“¬ÿ°“√‡°Á∫√—°…“π“π¢÷Èπ
≈Ÿ°™‘Èπª≈“π‘≈∑ÿ°µ—«Õ¬à“ß®–¡’®”π«π®ÿ≈‘π∑√’¬å∑—ÈßÀ¡¥‡æ‘Ë¡¢÷Èπ
‚¥¬ ¿“«–∫√√¬“°“»∑’Ë„™â¡’º≈µàÕ√–¬–‡«≈“°“√‡°Á∫√—°…“
Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p≤0.05) °≈à“«§◊Õ„π™à«ß 15 «—π
·√°¢Õß°“√»÷°…“ ≈Ÿ°™‘Èπª≈“π‘≈∑’Ë‡°Á∫√—°…“¿“¬„µâ ¿“æ
∫√√¬“°“»ª°µ‘®–¡’®ÿ≈‘π∑√’¬å∑—ÈßÀ¡¥‡∑à“°—∫ 6.82 log cfu/
°√—¡ ‚¥¬º≈‘µ¿—≥±å®–¡’°≈‘Ëπ§“«®—¥·≈–¡’‡¡◊Õ°Õ¬Ÿà∑’Ëº‘«
≈—°…≥–¢â“ßµâπ∫àß™’È«à“º≈‘µ¿—≥±å ‘Èπ ÿ¥Õ“¬ÿ°“√‡°Á∫√—°…“
·≈â« [13] „π¢≥–∑’Ë≈Ÿ°™‘Èπª≈“π‘≈∑’Ë‡°Á∫„π ¿“æ∫√√¬“°“»
¥—¥·ª√¬—ß§ß¡’ª√‘¡“≥®ÿ≈‘π∑√’¬å∑—ÈßÀ¡¥µË”°«à“ 6 log cfu/
°√—¡ °≈à“«§◊Õ¡’ª√‘¡“≥®ÿ≈‘π∑√’¬åÕ¬Ÿà„π™à«ß 4.25-5.62 log
cfu/°√—¡ (√Ÿª∑’Ë 1) ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫„π·µà≈– ¿“«–∑’Ë
„™â»÷°…“æ∫«à“°“√‡æ‘Ë¡ª√‘¡“≥§“√å∫Õπ‰¥ÕÕ°‰´¥å„π
∫√√®ÿ¿—≥±å®–∑”„Àâ≈Ÿ°™‘Èπª≈“π‘≈¡’Õ“¬ÿ°“√‡°Á∫√—°…“∑’Ë
¬“«π“π¢÷Èπ °≈à“«§◊Õ≈Ÿ°™‘Èπª≈“π‘≈∑’Ë∫√√®ÿ„π ¿“æ
∫√√¬“°“»¥—¥·ª√∑’Ë 100%CO2 ¡’®”π«π®ÿ≈‘π∑√’¬å
∑—ÈßÀ¡¥µË”∑’Ë ÿ¥√–À«à“ß°“√‡°Á∫√—°…“ ·≈– “¡“√∂¬◊¥Õ“¬ÿ
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°“√‡°Á∫√—°…“‰¥âπ“π∂÷ß 24 «—π  à«π ¿“æ∫√√¬“°“»∑’Ë
ª√–°Õ∫‰ª¥â«¬ 80%CO2+20%N2 ·≈– 60%CO2+
40%N2  “¡“√∂¬◊¥Õ“¬ÿ°“√‡°Á∫√—°…“‰¥âπ“π 21 «—π „π
¢≥–∑’Ë ≈Ÿ °™‘È πª≈“π‘ ≈∑’Ë ∫ √√®ÿ „π ¿“æ∫√√¬“°“»
40%CO2+60%N2  “¡“√∂¬◊¥Õ“¬ÿ°“√‡°Á∫√—°…“‰¥â‡ªìπ
‡«≈“‡æ’¬ß 18 «—π (√Ÿª∑’Ë 1) ∑’Ë‡ªìπ‡™àππ’È‡π◊ËÕß®“°°ä“´
§“√å∫Õπ‰¥ÕÕ°‰´¥å ¡’§ÿ≥ ¡∫—µ‘‡ªìπ Bacteriostatic
 “¡“√∂¬—∫¬—Èß°“√‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å [3, 14] ·≈–
‡π◊ËÕß®“°∑’ËÕÿ≥À¿Ÿ¡‘ 4±2°´ §“√å∫Õπ‰¥ÕÕ°‰´¥å “¡“√∂
≈–≈“¬‡¢â“‰ª„π≈Ÿ°™‘Èπª≈“π‘≈‰¥â¥’  [15] ∑”„Àâ
ª√– ‘∑∏‘¿“æ„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å¡’¡“°
°«à“∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß πÕ°®“°π’È¬—ßæ∫«à“ª√‘¡“≥
§“√å∫Õπ‰¥ÕÕ°‰´¥å¡’º≈µàÕª√‘¡“≥®ÿ≈‘π∑√’¬å„π™à«ß·√°
¢Õß°“√‡°Á∫√—°…“¥â«¬ ‚¥¬°“√„™â 100%CO2 ®–∑”„Àâ
ª√‘¡“≥®ÿ≈‘π∑√’¬å∑—ÈßÀ¡¥≈¥≈ß„π™à«ß 6 «—π·√° „π¢≥–∑’Ë
ª√‘¡“≥®ÿ≈‘π∑√’¬å„π≈Ÿ°™‘Èπª≈“π‘≈„π∑’Ë ‡°Á∫„π ¿“«–

80%CO2+ 20%N2 , 60%CO2+40%N2  ·≈– 40%CO2+
60%N2 ¡’ª√‘¡“≥‡°◊Õ∫§ß∑’Ë„π™à«ß 9 «—π·√° ÷́Ëß
 Õ¥§≈âÕß°—∫ß“π«‘®—¬¢Õß Stammen ·≈–§≥– [16] ∑’Ë
æ∫«à“§“√å∫Õπ‰¥ÕÕ°‰´¥å™à«¬™–≈Õ√–¬– lag phase „Àâ
π“π¢÷Èπ  ”À√—∫º≈°“√«‘‡§√“–Àå®”π«π®ÿ≈‘π∑√’¬å™π‘¥Õ◊Ëπ Ê
æ∫«à“‰¡àæ∫°“√‡®√‘≠¢Õß Staphylococcus aureus, Sal-
monella spp.,Clostridium perfringens ·≈– Escheri-
chia coli „πº≈‘µ¿—≥±å∑ÿ°µ—«Õ¬à“ß∑ÿ°√–¬–‡«≈“°“√‡°Á∫
Õ¬à“ß‰√°Áµ“¡  ¿“æ∫√√¬“°“»∑’Ë„™â¡’º≈µàÕª√‘¡“≥
·∫§∑’‡√’¬‚§≈‘øÕ√å¡„π≈Ÿ°™‘ÈπÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘
(p≤0.05) °≈à“«§◊Õ≈Ÿ°™‘Èπª≈“π‘≈∑’Ë∫√√®ÿ„π ¿“æ
∫√√¬“°“»¥—¥·ª√ 100%CO2 ¡’®”π«π·∫§∑’‡√’¬‚§≈‘
øÕ√å¡µË”∑’Ë ÿ¥√–À«à“ß°“√‡°Á∫ ‚¥¬¡’§à“‡∑à“°—∫ 6.65 MPN
/°√—¡ „π¢≥–∑’Ë°“√‡°Á∫∑’Ë ¿“«– 40%CO2+60%N2 ¡’
ª√‘¡“≥·∫§∑’‡√’¬‚§≈‘øÕ√å¡¡“°∑’Ë ÿ¥§◊Õ‡∑à“°—∫ 10.70 MPN/
°√—¡ ‡¡◊ËÕ‡°Á∫√—°…“≈Ÿ°™‘Èπª≈“π‘≈‡ªìπ‡«≈“ 27 «—π

√Ÿª∑’Ë 1  ª√‘¡“≥®ÿ≈‘π∑√’¬å∑—ÈßÀ¡¥¢Õß≈Ÿ°™‘Èπª≈“π‘≈∑’Ë∫√√®ÿ¿“¬„µâ ¿“«–∫√√¬“°“»¥—¥·ª√
·≈–‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 4±2°´
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3.2 º≈¢Õß°“√∫√√®ÿ¿“¬„µâ ¿“æ∫√√¬“°“»
¥—¥·ª√µàÕ§ÿ≥¿“æ∑“ß‡§¡’¢Õß≈Ÿ°™‘Èπª≈“π‘≈
®“°√Ÿª∑’Ë 2 æ∫«à“ pH ¢Õß≈Ÿ°™‘Èπª≈“π‘≈®“°∑ÿ°

 ¿“«–¡’§à“≈¥≈ß‡¡◊ËÕ√–¬–‡«≈“°“√‡°Á∫√—°…“π“π¢÷Èπ ´÷Ëß
‡ªìπº≈¡“®“°°“√‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å [17] ‚¥¬≈Ÿ°™‘Èπª≈“
π‘≈∑’Ë‡°Á∫√—°…“„π ¿“«– 100%CO2 ¡’§à“ pH ≈¥≈ßπâÕ¬
∑’Ë ÿ¥ √Õß≈ß¡“§◊Õ≈Ÿ°™‘Èπ∑’Ë‡°Á∫„π ¿“«– 80%CO2+ 20%N2,
60%CO2+40%N2 ·≈– 40%CO2+60%N2 µ“¡≈”¥—∫
Õ¬à“ß‰√°Áµ“¡≈Ÿ°™‘Èπª≈“π‘≈∑’Ë‡°Á∫„π ¿“æ∫√√¬“°“»¥—¥
·ª√∑—ÈßÀ¡¥¡’°“√≈¥≈ß¢Õß pH πâÕ¬°«à“≈Ÿ°™‘Èπª≈“π‘≈∑’Ë
‡°Á∫√—°…“„π ¿“æ∫√√¬“°“»ª°µ‘ (control) °≈à“«§◊Õ≈Ÿ°
™‘Èπª≈“π‘≈∑’Ë‡°Á∫„π ¿“æ∫√√¬“°“»¥—¥·ª√∑—ÈßÀ¡¥¡’§à“ pH
≈¥≈ßµË”°«à“ 5.9 ‡¡◊ËÕ‡°Á∫√—°…“‡ªìπ‡«≈“ 21-27 «—π „π
¢≥–∑’Ë≈Ÿ°™‘Èπª≈“π‘≈∑’Ë‡°Á∫√—°…“„π ¿“æ∫√√¬“°“»ª°µ‘

‡°Á∫‰«â‰¥â‡ªìπ‡«≈“ 12 «—π ∑’Ë‡ªìπ‡™àππ’È‡π◊ËÕß®“°®ÿ≈‘π∑√’¬å
µâÕß„™âÕÕ° ‘́‡®π„π°“√‡®√‘≠ [18] ¥—ßπ—Èπ ¿“«–
∫√√¬“°“»ª°µ‘ ´÷Ëß‡ªìπ ¿“«–∑’Ë¡’ª√‘¡“≥ÕÕ°´‘‡®π Ÿß ÿ¥
®÷ß¡’ª√‘¡“≥®ÿ≈‘π∑√’¬å Ÿß ÿ¥ ‚¥¬„π®”π«ππ’È®–¡’®ÿ≈‘π∑√’¬å
„π°≈ÿà¡ Lactobacillus spp. ´÷Ëß‡ªìπ®ÿ≈‘π∑√’¬å∑’Ë¡—°æ∫„π
‡π◊ÈÕ —µ«å·≈–º≈‘µ¿—≥±å®“°‡π◊ÈÕ —µ«å∑’Ë‡°Á∫√—°…“∑’ËÕÿ≥¿Ÿ¡‘µË”
Õ¬Ÿà¥â«¬ [19] ‚¥¬®ÿ≈‘π∑√’¬å„π°≈ÿà¡π’È¡’°“√º≈‘µ°√¥·≈§µ‘°
„π√–À«à“ß°“√‡®√‘≠ ¥—ßπ—Èπ®÷ß àßº≈„Àâ≈Ÿ°™‘Èπª≈“π‘≈∑’Ë‡°Á∫
√—°…“„π ¿“æ∫√√¬“°“»ª°µ‘¡’§à“ pH ≈¥≈ß¡“°∑’Ë ÿ¥  à«π
°“√∑’Ë≈Ÿ°™‘Èπ´÷Ëß∫√√®ÿ„π ¿“«– 100%CO2 ¡’§à“ pH ≈¥
≈ßπâÕ¬∑’Ë ÿ¥π—Èπ  “¡“√∂Õ∏‘∫“¬‰¥â«à“ CO2 ∑’Ë„™â¡’
§ÿ≥ ¡∫—µ‘„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å [15] ¥—ßπ—Èπ
°“√„™â CO2 „πª√‘¡“≥ Ÿß¢÷Èπ®–™à«¬™–≈Õ°“√‡æ‘Ë¡®”π«π
¢Õß®ÿ≈‘π∑√’¬å àßº≈„Àâ¡’°“√≈¥≈ß¢Õß pH ™â“≈ß¥â«¬

√Ÿª∑’Ë 2  §à“ pH ¢Õß≈Ÿ°™‘Èπª≈“π‘≈∑’Ë∫√√®ÿ¿“¬„µâ ¿“«–∫√√¬“°“»¥—¥·ª√·≈–‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 4±2°´
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3.3 °“√‡ª≈’Ë¬π·ª≈ßÕß§åª√–°Õ∫¢Õß°ä“´„π
∫√√®ÿ¿—≥±å∑’Ë∫√√®ÿ≈Ÿ°™‘Èπª≈“π‘≈¿“¬„µâ ¿“æ
∫√√¬“°“»¥—¥·ª√„π√–À«à“ß°“√‡°Á∫√—°…“∑’Ë
Õÿ≥À¿Ÿ¡‘ 4±±±±±2°°°°°´
®“°°“√«‘‡§√“–Àåª√‘¡“≥°ä“´„π∫√√®ÿ¿—≥±å æ∫

«à“‡¡◊ËÕ√–¬–‡«≈“°“√‡°Á∫√—°…“π“π¢÷Èπ ∫√√®ÿ¿—≥±å„π
 ¿“«–∫√√¬“°“»ª°µ‘¡’ª√‘¡“≥§“√å∫Õπ‰¥ÕÕ°‰´¥å‡æ‘Ë¡
¢÷Èπ®“° 0.04% ‡ªìπ 8.70% (√Ÿª∑’Ë 3°.) ·≈–¡’ÕÕ°´‘‡®π
≈¥≈ß®“° 20.40% ‡ªìπ 11.80% (√Ÿª∑’Ë 3¢.) ´÷Ëß‡ªìπº≈
¡“®“°°“√‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å ‚¥¬®ÿ≈‘π∑√’¬å¡’°“√„™â
ÕÕ°´‘‡®π·≈–¡’°“√ª≈¥ª≈àÕ¬§“√å∫Õπ‰¥ÕÕ°‰´¥åÕÕ°¡“
„π¢≥–∑’Ë∫√√®ÿ¿—≥±å∑’Ë∫√√®ÿ≈Ÿ°™‘Èπª≈“π‘≈∑’Ë‡°Á∫√—°…“„π
 ¿“«–∫√√¬“°“»¥—¥·ª√¡’ª√‘¡“≥§“√å∫Õπ‰¥ÕÕ°‰´¥å≈¥
≈ß·µà¡’ÕÕ°´‘‡®π‡æ‘Ë¡¢÷Èπ (√Ÿª∑’Ë 3) ∑’Ë‡ªìπ‡™àππ’È‡π◊ËÕß®“°

Nylon/PE ¡’§ÿ≥ ¡∫—µ‘¬Õ¡„ÀâÕÕ°´‘‡®π·≈–§“√å∫Õπ-
‰¥ÕÕ°‰´¥åºà“π‡¢â“ÕÕ°‰¥â ¥—ßπ—Èπ∂÷ß·¡â«à“®ÿ≈‘π∑√’¬å®–¡’°“√
„™âÕÕ°´‘‡®π·≈–ª≈¥ª≈àÕ¬§“√å∫Õπ‰¥ÕÕ°‰´¥åÕÕ°¡“ ·µà
‡π◊ËÕß®“°ª√‘¡“≥ÕÕ°´‘‡®π·≈–§“√å∫Õπ‰¥ÕÕ°‰´¥å¿“¬πÕ°
∫√√®ÿ¿—≥±å¡’§«“¡‡¢â¡¢âπ¡“°°«à“·≈–πâÕ¬°«à“ª√‘¡“≥
ÕÕ° ‘́‡®π·≈–§“√å∫Õπ‰¥ÕÕ°‰´¥å¿“¬„π∫√√®ÿ¿—≥±å µ“¡
≈”¥—∫ ª√–°Õ∫°—∫≈Ÿ°™‘Èπª≈“π‘≈‡ªìπÕ“À“√∑’Ë¡’§«“¡™◊Èπ Ÿß
´÷Ëß‡ªìπ ¿“«–∑’Ë‡Õ◊ÈÕµàÕ°“√ ÷́¡ºà“π¢Õß°ä“´„πæÕ≈‘‡¡Õ√å
‚¥¬§«“¡™◊Èπ®–∑”Àπâ“∑’Ë‡ªìπæ≈“ µ‘‰´‡´Õ√å·≈–‡æ‘Ë¡
ª√‘¡“µ√Õ‘ √–„πæÕ≈‘‡¡Õ√å [20]  àßº≈„Àâ°ä“´¡’§«“¡
 “¡“√∂„π°“√´÷¡ºà“πæÕ≈‘‡¡Õ√å‰¥â¡“°¢÷Èπ ¥â«¬‡Àµÿπ’È®÷ß
∑”„Àâ¡’°“√·æ√à¢ÕßÕÕ° ‘́‡®π‡¢â“ Ÿà¿“¬„π∫√√®ÿ¿—≥±å·≈–
¡’°“√·æ√à¢Õß§“√å∫Õπ‰¥ÕÕ°‰´¥åÕÕ°®“°∫√√®ÿ¿—≥±å

√Ÿª∑’Ë 3  ª√‘¡“≥√âÕ¬≈–¢Õß§“√å∫Õπ‰¥ÕÕ°‰´¥å (°.) ·≈–ÕÕ°´‘‡®π (¢.) ¿“¬„π∫√√®ÿ¿—≥±å∑’Ë∫√√®ÿ

≈Ÿ°™‘Èπª≈“π‘≈¿“¬„µâ ¿“«–∫√√¬“°“»¥—¥·ª√·≈–‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 4±2°´
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3.4 º≈¢Õß∫√√¬“°“»¥—¥·ª√µàÕ§ÿ≥ ¡∫—µ‘∑“ß
°“¬¿“æ¢Õß≈Ÿ°™‘Èπª≈“π‘≈∑’Ë‡°Á∫√—°…“∑’Ë
Õÿ≥À¿Ÿ¡‘ 4±±±±±2°°°°°´
®“°√Ÿª∑’Ë 4 æ∫«à“§à“ Aw ¢Õß≈Ÿ°™‘Èπª≈“π‘≈∑’Ë

∫√√®ÿ¿“¬„µâ ¿“æ∫√√¬“°“»¥—¥·ª√¡’§à“≈¥≈ß‡¡◊ËÕ√–¬–
‡«≈“°“√‡°Á∫√—°…“π“π¢÷Èπ  ‚¥¬≈Ÿ°™‘Èπª≈“∑ÿ°µ—«Õ¬à“ß¡’§à“
Aw Õ¬Ÿà√–À«à“ß 0.935-0.944 ¿“¬À≈—ß°“√‡°Á∫√—°…“‡ªìπ
‡«≈“ 18 «—π ∑—Èßπ’È‡π◊ËÕß®“°§“√å∫Õπ‰¥ÕÕ°‰´¥å ∑’ËÕ¬Ÿà„π
∫√√®ÿ¿—≥±å à«πÀπ÷Ëß®–≈–≈“¬πÈ”·≈–‡°‘¥‡ªìπ°√¥§“√å∫Õπ‘°
´÷Ë ß àßº≈„Àâ‚ª√µ’π‡ ’¬ ¿“æ∏√√¡™“µ‘·≈– Ÿ≠‡ ’¬
§ÿ≥ ¡∫—µ‘„π°“√®—∫πÈ” ¥—ßπ—Èπ®÷ß∑”„Àâ§à“ Aw ¢Õß≈Ÿ°™‘Èπ∑’Ë

∫√√®ÿ¿“¬„µâ ¿“«–∫√√¬“°“»¥—¥·ª√¡’§à“≈¥≈ß  ”À√—∫
„π à«π¢Õß≈Ÿ°™‘Èπª≈“π‘≈∑’Ë‡°Á∫„π ¿“«–∫√√¬“°“»ª°µ‘π—Èπ
æ∫«à“¡’§à“ Aw §àÕπ¢â“ß§ß∑’Ë·¡â«à“®–¡’§à“ pH ≈¥≈ß‡™àπ
°—π (√Ÿª∑’Ë 2) ∑’Ë‡ªìπ‡™àππ’ÈÕ∏‘∫“¬‰¥â«à“°“√≈¥≈ß¢Õß pH „π
°√≥’π’È‡ªìπº≈®“°°“√‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å ´÷ËßπÕ°®“°®–
º≈‘µ°√¥·≈â«¬—ß¡’°“√ √â“ß‡¡◊Õ°¥â«¬ ÷́Ëß‡¡◊Õ°∑’Ë‡°‘¥®–Õ¬Ÿà
∑’Ëº‘«¥â“ππÕ°·≈–ÀàÕÀÿâ¡≈Ÿ°™‘Èπª≈“π‘≈‰«â ¥—ßπ—Èπ∂÷ß·¡â«à“
≈Ÿ°™‘Èπª≈“π‘≈®–¡’°“√ Ÿ≠‡ ’¬§ÿ≥ ¡∫—µ‘„π°“√®—∫πÈ” ·µà
πÈ”‡À≈à“π—Èπ¬—ß§ß∂Ÿ°°—°Õ¬Ÿà„π≈Ÿ°™‘Èπ àßº≈„Àâº≈‘µ¿—≥±å¬—ß
§ß¡’§à“ Aw  Ÿß

√Ÿª∑’Ë 4  §à“ Aw ¢Õß≈Ÿ°™‘Èπª≈“π‘≈∑’Ë∫√√®ÿ¿“¬„µâ ¿“«–∫√√¬“°“»¥—¥·ª√·≈–‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 4±2°´
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 ”À√—∫°“√æ‘®“√≥“º≈¢Õß ¿“«–∫√√¬“°“»∑’Ë
„™âµàÕ°“√ Ÿ≠‡ ’¬πÈ” (drip loss) „πº≈‘µ¿—≥±å æ∫«à“„π
™à«ß‡√‘Ë¡µâπ¢Õß°“√‡°Á∫√—°…“ ≈Ÿ°™‘Èπª≈“π‘≈∑’Ë‡°Á∫√—°…“∑’Ë
 ¿“«– 100%CO2 ¡’°“√ Ÿ≠‡ ’¬πÈ”¡“°∑’Ë ÿ¥ √Õß≈ß¡“
§◊Õ∑’Ë ¿“«– 80%CO2+20%N2, 60%CO2+40%N2,
40%CO2+60%N2 ·≈– ¿“«–∫√√¬“°“»ª°µ‘ µ“¡≈”¥—∫
(√Ÿª∑’Ë 5 ·≈–µ“√“ß∑’Ë 1) ∑’Ë‡ªìπ‡™àππ’È‡æ√“–§“√å∫Õπ-
‰¥ÕÕ°‰´¥å¡’§«“¡ “¡“√∂„π°“√≈–≈“¬πÈ” ¥—ßπ—Èπ®÷ß
≈–≈“¬≈ß‰ª„ππÈ”∑’Ë¡’Õ¬Ÿà„πÕ“À“√ ·≈–‡°‘¥‡ªìπ°√¥
§“√å∫Õπ‘°¢÷Èπ  àßº≈∑”„Àâ‚ª√µ’π„π≈Ÿ°™‘Èπ‡ ’¬ ¿“æ
∏√√¡™“µ‘·≈–‡ ’¬§ÿ≥ ¡∫—µ‘„π°“√®—∫πÈ”‰ª º≈°“√∑¥≈Õß
∑’Ë‰¥â Õ¥§≈âÕß°—∫√“¬ß“π¢Õß Sorheim  ·≈–§≥– [21] ∑’Ë
æ∫«à“°“√‡°Á∫√—°…“‡π◊ÈÕ –‚æ°À¡Ÿ„π ¿“«– 100%CO2 ®–
¡’°“√ Ÿ≠‡ ’¬πÈ”Àπ—°¡“°∑’Ë ÿ¥§◊Õ 4.3% „π¢≥–∑’Ë°“√‡°Á∫

√—°…“∑’Ë ¿“«– 50%CO2+ 50%N2 ¡’°“√ Ÿ≠‡ ’¬πÈ”Àπ—°
‡æ’¬ß 3.8%  ”À√—∫„π à«π¢ÕßÕ‘∑∏‘æ≈¢Õß√–¬–‡«≈“°“√
‡°Á∫√—°…“π—Èπæ∫«à“°“√ Ÿ≠‡ ’¬πÈ”¢Õß≈Ÿ°™‘Èπª≈“π‘≈¡’
 “‡ÀµÿÀ≈—°¡“®“°°“√‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å (√Ÿª∑’Ë 1) ÷́Ëß
∑”„Àâ‡°‘¥°“√¬àÕ¬ ≈“¬‚ª√µ’π·≈– àßº≈„Àâ‡ ’¬§«“¡
 “¡“√∂„π°“√Õÿâ¡πÈ”‰ª Õ¬à“ß‰√°Áµ“¡ ®“°√Ÿª∑’Ë 5 ¬—ßæ∫
«à“≈Ÿ°™‘Èπª≈“π‘≈∑’Ë‡°Á∫√—°…“∑’Ë ¿“«– 40%CO2+60%N2

·≈– ¿“«–∫√√¬“°“»ª°µ‘¡’°“√ Ÿ≠‡ ’¬πÈ”πâÕ¬°«à“≈Ÿ°
™‘Èπª≈“π‘≈∑’Ë‡°Á∫√—°…“∑’Ë ¿“«– 100%CO2, 80%CO2+
20%N2 ·≈– 60%CO2+40%N2 ∑—Èß∑’Ë¡’ª√‘¡“≥®ÿ≈‘π∑√’¬å
 Ÿß°«à“ ∑’Ë‡ªìπ‡™àππ’È‡π◊ËÕß®“°®ÿ≈‘π∑√’¬å¥—ß°≈à“«¡’°“√ √â“ß
‡¡◊Õ°¢÷Èπ¡“ÀàÕÀÿâ¡≈Ÿ°™‘Èπ‰«â ∑”„Àâ¢—¥¢«“ß°“√·æ√à¢ÕßπÈ”
®“°¿“¬„π≈Ÿ°™‘ÈπÕÕ° Ÿà¿“¬πÕ°‡ªìπº≈„Àâ«—¥§à“°“√ Ÿ≠
‡ ’¬πÈ”‰¥âπâÕ¬

√Ÿª∑’Ë 5  §à“°“√ Ÿ≠‡ ’¬πÈ”¢Õß≈Ÿ°™‘Èπª≈“π‘≈∑’Ë∫√√®ÿ¿“¬„µâ ¿“«–∫√√¬“°“»¥—¥·ª√·≈–‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 4±2°´
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 ”À√—∫§ÿ≥ ¡∫—µ‘∑“ß¥â“π ’¢Õß≈Ÿ°™‘Èππ—Èπæ∫«à“
≈Ÿ°™‘Èπª≈“π‘≈®“°∑ÿ° ¿“«–°“√‡°Á∫¡’§à“ L*  ·≈–  white-
ness „°≈â‡§’¬ß°—π §◊ÕÕ¬Ÿà„π™à«ß  70.08-73.32  ·≈– 66.70-
69.89 µ“¡≈”¥—∫ πÕ°®“°π’È¬—ßæ∫«à“√–¬–‡«≈“°“√‡°Á∫
√—°…“¡’º≈∑”„Àâ§à“ L*  ·≈–  whiteness  ¢Õß≈Ÿ°™‘Èπª≈“
π‘≈„π ¿“æ∫√√¬“°“»¥—¥·ª√‡ª≈’Ë¬π·ª≈ßÕ¬Ÿà„π™à«ß·§∫

µ“√“ß∑’Ë 1 Õ‘∑∏‘æ≈¢Õß ¿“«–∫√√¬“°“»¥—¥·ª√µàÕ°“√

 Ÿ≠‡ ’¬πÈ”¢Õß≈Ÿ°™‘Èπª≈“π‘≈∑’Ë‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘

4±2°´

   * «‘‡§√“–Àåº≈‚¥¬„™â§à“°“√ Ÿ≠‡ ’¬πÈ”¢Õß≈Ÿ°™‘Èπª≈“π‘≈„π™à«ß√–¬–

‡«≈“°“√‡°Á∫√—°…“ 12, 24, 21, 21 ·≈– 18 «—π  ”À√—∫≈Ÿ°™‘Èπª≈“π‘≈∑’Ë

‡°Á∫„π ¿“«– Air, 100%CO2, 80%CO2+20%N2, 60%CO2+40%N2  ·≈–

40%CO2+60%N2 µ“¡≈”¥—∫ (™à«ß√–¬–‡«≈“∑’Ë„™â„π°“√§”π«≥ªìπ™à«ß

√–¬–‡«≈“∑’Ëº≈‘µ¿—≥±å¡’ª√‘¡“≥®ÿ≈‘π∑√’¬å∑—ÈßÀ¡¥‰¡à‡°‘π 6 log CFU/°√—¡)

   ** §à“‡©≈’Ë¬∑’Ë¡’Õ—°…√µà“ß°—π (a, b,...)„π§Õ≈—¡πå‡¥’¬«°—π· ¥ß«à“¡’§«“¡

·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p≤0.05 )

Air (Control) 0.075e±0.015

100%CO2 7.704a±1.01

80%CO2+20%N2 4.364b±0.413

60%CO2+40%N2 1.632c±0.522

40%CO2+60%N2 0.746d±0.204

 ¿“«–* °“√ Ÿ≠‡ ’¬πÈ” (%)**

°≈à“«§◊Õ¡’§à“ L* Õ¬Ÿà„π™à«ß 70.08-72.89, 70.49-72.89,
70.93-73.32 ·≈– 71.47-73.12 ·≈–¡’§à“ whiteness Õ¬Ÿà
„π™à«ß 66.70-69.89, 67.42-69.58, 67.67-69.89 ·≈–
68.32-69.80 ∑’Ë ¿“«–100%CO2, 80%CO2+ 20%N2,
60%CO2+ 40%N2 ·≈– 40%CO2+ 60%N2 µ“¡≈”¥—∫
(√Ÿª∑’Ë 6)

‡¡◊ËÕπ”≈Ÿ°™‘Èπª≈“π‘≈¡“»÷°…“§ÿ≥ ¡∫—µ‘∑“ß¥â“π
‡π◊ÈÕ —¡º— æ∫«à“≈Ÿ°™‘Èπª≈“π‘≈∑’Ë ‡°Á∫¿“¬„µâ ¿“«–
∫√√¬“°“»¥—¥·ª√¡’§à“§«“¡·πàπ‡π◊ÈÕÀ√◊Õ§à“ firmness ‡æ‘Ë¡
¢÷Èπ‡¡◊ËÕ√–¬–‡«≈“°“√‡°Á∫√—°…“π“π¢÷Èπ (√Ÿª∑’Ë 7) ‚¥¬º≈
°“√»÷°…“Õ‘∑∏‘æ≈¢Õß ¿“«–∫√√¬“°“»¥—¥·ª√∫àß™’È
«à“°“√‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß§“√å∫Õπ‰¥ÕÕ°‰´¥å®– àßº≈
„Àâ≈Ÿ°™‘Èπª≈“π‘≈¡’§à“§«“¡·πàπ¢Õß‡π◊ÈÕ‡æ‘Ë¡¢÷Èπ (µ“√“ß∑’Ë 2)
∑—Èßπ’È‡π◊ËÕß®“°§“√å∫Õπ‰¥ÕÕ°‰´¥å¡’º≈∑”„Àâ‚ª√µ’π„π≈Ÿ°
™‘Èπª≈“π‘≈‡ ’¬ ¿“æ∏√√¡™“µ‘  àßº≈„Àâ≈Ÿ°™‘Èπ¡’°“√ Ÿ≠
‡ ’¬πÈ”·≈–¡’‡π◊ÈÕ —¡º— ∑’Ë·πàπ¢÷Èπ „π à«π¢Õß≈Ÿ°™‘Èπª≈“
π‘≈∑’Ë‡°Á∫√—°…“„π ¿“æ∫√√¬“°“»ª°µ‘π—Èπæ∫«à“¡’§à“
§«“¡·πàπ‡π◊ÈÕ≈¥≈ß‡¡◊ËÕ‡∑’¬∫°—∫§à“µÕπ‡√‘Ë¡µâπ´÷Ëß¡’§à“‡∑à“°—∫
6034.43+442.17 °√—¡ ∑—Èßπ’È‡π◊ËÕß®“° ¿“«–π’È‡ªìπ ¿“«–
∑’Ë‡Õ◊ÈÕµàÕ°“√‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å¡“°∑’Ë ÿ¥ ®÷ß¡’°“√‡æ‘Ë¡
®”π«π¢÷ÈπÕ¬à“ß¡“° àßº≈„Àâ¡’°“√¬àÕ¬ ≈“¬º≈‘µ¿—≥±å
‡æ◊ËÕ„™â„π°“√‡®√‘≠¡“°¢÷Èπ‰ª¥â«¬ ¥—ßπ—Èπº≈‘µ¿—≥±å®÷ß¡’
§«“¡·πàπ¢Õß‡π◊ÈÕπâÕ¬∑’Ë ÿ¥
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√Ÿª∑’Ë 6  §à“ L* value ·≈–§à“ whiteness ¢Õß≈Ÿ°™‘Èπª≈“π‘≈∑’Ë∫√√®ÿ¿“¬„µâ ¿“«–∫√√¬“°“»¥—¥·ª√

·≈–‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 4±2°´

‡«≈“ («—π) ‡«≈“ («—π)

100%CO2 80%CO2 + 20%N2 60%CO2 + 40%N2

40%CO2 + 60%N2 Control
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√Ÿª∑’Ë 7  §à“§«“¡·πàπ‡π◊ÈÕ¢Õß≈Ÿ°™‘Èπª≈“π‘≈∑’Ë∫√√®ÿ¿“¬„µâ ¿“«–∫√√¬“°“»¥—¥·ª√·≈–‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 4±2°´
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3.5 º≈°“√∫√√®ÿ¿“¬„µâ ¿“æ∫√√¬“°“»¥—¥·ª√
µàÕ§ÿ≥¿“æ∑“ßª√– “∑ —¡º— 
®“°µ“√“ß∑’Ë 3 æ∫«à“√–¬–‡«≈“°“√‡°Á∫√—°…“≈Ÿ°

™‘Èπª≈“π‘≈¡’º≈µàÕ§–·ππ°“√¬Õ¡√—∫Õ¬à“ß¡’π—¬ ”§—≠∑“ß
 ∂‘µ‘ (p≤0.05) Õ¬à“ß‰√°Áµ“¡ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ ¿“«–°“√
∫√√®ÿ∑’Ë „™âæ∫«à“≈Ÿ°™‘Èπª≈“π‘≈∑’Ë ‡°Á∫√—°…“∑’Ë ¿“«–
100%CO2, 80%CO2+20%N2 ·≈– 40%CO2+60%N2

‰¥â√—∫°“√¬Õ¡√—∫®“°ºŸâ∑¥ Õ∫®π∂÷ß«—π∑’Ë 6 ¢Õß°“√‡°Á∫
√—°…“ „π¢≥–∑’Ë≈Ÿ°™‘Èπª≈“π‘≈∑’Ë‡°Á∫√—°…“∑’Ë ¿“«–
60%CO2+40%N2 ‰¥â√—∫°“√¬Õ¡√—∫®“°ºŸâ∑¥ Õ∫®π∂÷ß«—π∑’Ë

µ“√“ß∑’Ë 2 Õ‘∑∏‘æ≈¢Õß ¿“«–∫√√¬“°“»¥—¥·ª√µàÕ§«“¡

·πàπ‡π◊ÈÕ¢Õß≈Ÿ°™‘Èπª≈“π‘≈∑’Ë‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘

4±2°´

* «‘‡§√“–Àåº≈‚¥¬„™â§à“§«“¡·πàπ‡π◊ÈÕ¢Õß≈Ÿ°™‘Èπª≈“π‘≈„π™à«ß√–¬–

‡«≈“°“√‡°Á∫√—°…“ 12, 24, 21, 21 ·≈– 18 «—π  ”À√—∫≈Ÿ°™‘Èπª≈“π‘≈∑’Ë

‡°Á∫„π ¿“«– Air, 100%CO2, 80%CO2+20%N2, 60%CO2+40%N2 ·≈–

40%CO2+60%N2 µ“¡≈”¥—∫ (™à«ß√–¬–‡«≈“∑’Ë„™â„π°“√§”π«≥ªìπ™à«ß

√–¬–‡«≈“∑’Ëº≈‘µ¿—≥±å¡’ª√‘¡“≥®ÿ≈‘π∑√’¬å∑—ÈßÀ¡¥‰¡à‡°‘π 6 log CFU/°√—¡)

** §à“‡©≈’Ë¬∑’Ë¡’Õ—°…√µà“ß°—π (a, b,...) „π§Õ≈—¡πå‡¥’¬«°—π· ¥ß«à“¡’

§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p≤0.05 )

 ¿“«–* §«“¡·πàπ‡π◊ÈÕ (°√—¡)**

Air (Control) 5429.57c±680.19

100%CO2 8715.35a±815.99

80%CO2+20%N2 8543.39a±538.65

60%CO2+40%N2 8042.81a±645.32

40%CO2+60%N2 7284.47b±178.10

12 ¢Õß°“√‡°Á∫√—°…“ ‚¥¬≈Ÿ°™‘Èπª≈“π‘≈¡’‡π◊ÈÕ —¡º— Õ¬Ÿà„π
™à«ß‡π◊ÈÕ·πàπ‡≈Á°πâÕ¬∂÷ß·πàπª“π°≈“ß  ”À√—∫°“√∑’Ë≈Ÿ°
™‘Èπª≈“π‘≈∑’Ë‡°Á∫∑’Ë ¿“«– 100%CO2, 80%CO2+ 20%N2

·≈– 40%CO2+60%N2 ‰¥â√—∫°“√¬Õ¡√—∫®“°ºŸâ∑¥ Õ∫
‡æ’¬ß 6 «—ππ—Èπ Õ∏‘∫“¬‰¥â«à“≈Ÿ°™‘Èπª≈“π‘≈∑’Ë‡°Á∫∑’Ë ¿“«–
100%CO2 ·≈– 80%CO2+20%N2 ¡’‡π◊ÈÕ —¡º— ·¢Áß
·≈–‰¡à©Ë”πÈ” ∑—Èßπ’È‡π◊ËÕß®“°≈Ÿ°™‘Èπª≈“π‘≈¡’°“√ Ÿ≠‡ ’¬πÈ”
√–À«à“ß°“√‡°Á∫√—°…“ (√Ÿª∑’Ë 5)  à«π≈Ÿ°™‘Èπª≈“π‘≈∑’Ë ¿“«–
40%CO2+60%N2 π—Èπ∂÷ß·¡â®–¡’°“√ Ÿ≠‡ ’¬πÈ”πâÕ¬°«à“
„π™à«ß√–À«à“ß°“√‡°Á∫√—°…“·µà¡’‡π◊ÈÕ —¡º— §àÕπ¢â“ßπ‘Ë¡ ́ ÷Ëß
Õ“®‡ªìπº≈®“°°“√¬àÕ¬ ≈“¬¢Õß®ÿ≈‘π∑√’¬å∑’Ë¡’Õ¬Ÿà‡ªìπ
®”π«π¡“°°«à“∑’Ë ¿“«–°“√‡°Á∫√—°…“Õ◊ËπÊ (√Ÿª∑’Ë 1) ¥—ß
π—Èπ®÷ß àßº≈„Àâ≈Ÿ°™‘Èπª≈“π‘≈∑’Ë‡°Á∫„π ¿“«–∑’Ë°≈à“«¡“¢â“ß
µâπ‰¥â§–·ππ°“√¬Õ¡√—∫µË”

®“°º≈°“√∑¥ Õ∫∑“ßª√– “∑ —¡º— ∑”„Àâ‰¥â
 ¿“«–∑’Ë‡À¡“– ¡„π°“√‡°Á∫√—°…“≈Ÿ°™‘Èπª≈“π‘≈ §◊Õ ¿“«–
60%CO2+40%N2 ´÷Ëß ¿“«–¥—ß°≈à“«®–™à«¬√—°…“
§ÿ≥¿“æ¢Õßº≈‘µ¿—≥±å‡Õ“‰«â‰¥â 12 «—π (µ“√“ß∑’Ë 3) ‚¥¬
≈Ÿ°™‘Èπª≈“π‘≈∑’Ë ¿“«–π’È¡’®”π«π¡’®ÿ≈‘π∑√’¬å∑—ÈßÀ¡¥‡∑à“°—∫
3.59 log cfu/°√—¡ (√Ÿª∑’Ë 1) ¡’§à“ pH ‡∑à“°—∫ 6.26 (√Ÿª∑’Ë
2) ·≈–¡’§à“§«“¡·πàπ‡π◊ÈÕ‡∑à“°—∫ 8,731.84 °√—¡ (√Ÿª∑’Ë 7)

4.  √ÿª
 —¥ à«π¢Õß§«“¡‡¢â¡¢âπ¢Õß§“√å∫Õπ‰¥ÕÕ°‰´¥å·≈–

‰π‚µ√‡®π¡’º≈µàÕ§ÿ≥¿“æ·≈–Õ“¬ÿ°“√‡°Á∫¢Õß≈Ÿ°™‘Èπª≈“π‘≈
‚¥¬ ¿“«–∑’Ë‡À¡“– ¡„π°“√‡°Á∫√—°…“≈Ÿ°™‘Èπª≈“π‘≈§◊Õ
 ¿“«– 60%CO2+40%N2

µ“√“ß∑’Ë 3 §–·ππ°“√¬Õ¡√—∫¢Õß≈Ÿ°™‘Èπª≈“π‘≈∑’Ë∫√√®ÿ¿“¬„µâ ¿“«–∫√√¬“°“»¥—¥·ª√·≈–‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 4±2°´

Air (control) 3.23a±0.83 3.29a±0.58 3.15a±0.80 31.83b±0.57 -

100%CO2 3.23a±0.83 3.05a±0.82 3.15a±0.67 122.13b±0.56 -

80%CO2+20%N2 3.23b±0.83 3.50a±0.51 3.00b±0.57 122.31c±0.64 -

60%CO2+40%N2 3.23a±0.83 3.35a±0.86 3.38a±0.50 1 3.25a±0.86 3.06a±0.92

40%CO2+60%N2 3.23ab±0.83 3.17a±0.88 3.36a±0.92 2 2.41b±0.79 -

* §à“‡©≈’Ë¬∑’Ë¡’Õ—°…√µà“ß°—π (a, b,...) „π·∂«‡¥’¬«°—π· ¥ß«à“¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p≤0.05)
§à“‡©≈’Ë¬∑’Ë¡’Õ—°…√µà“ß°—π (1, 2,...) „π§Õ≈—¡πå‡¥’¬«°—π· ¥ß«à“¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p≤0.05)
ns§à“‡©≈’Ë¬∑’Ë¡’Õ—°…√µà“ß°—π (a, b,...) „π§Õ≈—¡πå‡¥’¬«°—π· ¥ß«à“¡’§«“¡·µ°µà“ß°—πÕ¬à“ß‰¡à¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p>0.05)

√–¬–‡«≈“°“√‡°Á∫√—°…“ («—π)
 ¿“«–

0ns  3ns 6ns 9 12
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