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ABSTRACT

The purpose of this study was to investigate the development of frying process of
pork cracklings by using microwave to reduce oil content in products. Qualities of pork
cracklings fried by microwave oven and traditional method were compared. It was found
that percent width expansion of products fried by traditional method and microwave oven frying
were not significantly different (p > 0.05). However, percent thickness expansion of products
fried by microwave oven frying time of 90 second with oil and by microwave oven frying time
of 105 second with and without oil were significantly different from those from traditional
method and shown significantly different (p ≤ 0.05). Pork cracklings fried by traditional method
had maximum crispness but the value was not significantly different (p>0.05) with those from
microwave oven frying in every condition. Oil content of microwave fried pork cracklings was
about 14.09 - 20.61% which was 44% reduction of the traditional fried ones. Sensory evaluation
showed no significant difference (p > 0.05) in color, crispness, after taste and rancid odor.
Sample with 75 second microwave oven frying time without oil received the highest overall
acceptance scores. However, all samples except the one with 90 second microwave frying time
with oil received non significantly different (p > 0.05) acceptance scores.
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∫∑π”
·§∫À¡Ÿ‡ªìπÕ“À“√æ◊Èπ∫â“π∑’Ë™“«‰∑¬π‘¬¡√—∫ª√–∑“π„π™’«‘μª√–®”«—π °“√∑”·§∫À¡Ÿ®—¥‡ªìπ«‘∏’

°“√·ª√√Ÿª ·≈–∂πÕ¡Õ“À“√Õ¬à“ßÀπ÷Ëß ‚¥¬π”Àπ—ßÀ¡Ÿμ“°·Àâß¡“ºà“π°√√¡«‘∏’°“√∑Õ¥®π‰¥â≈—°…≥–
°“√æÕß°√Õ∫∑—Èß™‘Èπ ¡’√ °≈¡°≈àÕ¡ ·≈–¡’°≈‘ËπÀÕ¡™«π√—∫ª√–∑“π ·§∫À¡Ÿ¡’§ÿ≥§à“∑“ß‚¿™π“°“√ §◊Õ
‚ª√μ’π ‰¢¡—π ·§≈‡´’¬¡ øÕ øÕ√—  ∏“μÿ‡À≈Á° «‘μ“¡‘π∫’Àπ÷Ëß ·≈–«‘μ“¡‘π∫’ Õß πÕ°®“°π’È¬—ßπ‘¬¡π”
·§∫À¡Ÿ¡“ª√–°Õ∫Õ“À“√™π‘¥μà“ßÊ ‡™àπ ¬” μâ¡°√–‡æ“–ª≈“ μâ¡¬” ·°ß§—Ë« μ≈Õ¥®π√—∫ª√–∑“π‡ªìπ
‡§√◊ËÕß‡§’¬ß °—∫πÈ”æ√‘°μà“ßÊ ´÷Ëß°“√√—∫ª√–∑“π·§∫À¡Ÿπ’È πÕ°®“°∑”„ÀâÕ“À“√∑’Ë√—∫ª√–∑“π¡’√ ™“μ‘ ·≈–
‡æ‘Ë¡§«“¡Õ√àÕ¬·≈â« √à“ß°“¬¬—ß‰¥â√—∫ “√Õ“À“√‡æ‘Ë¡ ‚¥¬ª°μ‘∑—Ë«‰ª·≈â«°“√∑”·§∫À¡Ÿ®–„™â°√–∫«π°“√
∑Õ¥„ππÈ”¡—π„Àâ∑à«¡ (deep frying) ‡ªìπ°“√„Àâ§«“¡√âÕπ ·≈–∑”„Àâ ÿ°´÷Ëß®– àßº≈μàÕ≈—°…≥–‡π◊ÈÕ —¡º— 
·≈–°≈‘Ëπ√ „πÕ“À“√„Àâ‡ªìπ∑’ËμâÕß°“√¢ÕßºŸâ∫√‘‚¿§ [1]

„πªí®®ÿ∫—πºŸâ∫√‘‚¿§‡√‘Ë¡μ√–Àπ—°∂÷ß§«“¡ ”§—≠¢ÕßÕ“À“√‡æ◊ËÕ ÿ¢¿“æ (health foods) ¡“°¢÷Èπ
Õÿμ “À°√√¡∑’Ë‡°’Ë¬«°—∫°“√∑Õ¥®÷ß∂Ÿ°°¥¥—π„Àâ≈¥ª√‘¡“≥πÈ”¡—π„πº≈‘μ¿—≥±å ÿ¥∑â“¬ [2] ‡π◊ËÕß®“°°“√∑Õ¥
‚¥¬∑—Ë«Ê ‰ª ®–¡’‰¢¡—π„πª√‘¡“≥∑’Ë¡“° ∫“ß§√—Èßæ∫«à“¡’ª√‘¡“≥‰¢¡—π„πº≈‘μ¿—≥±å Ÿß∂÷ß√âÕ¬≈– 45 ´÷Ëß®–°àÕ
„Àâ‡°‘¥‚√§μà“ßÊ ‡™àπ ‚√§À—«„® ‚√§¡–‡√Áß ®÷ß‰¥â¡’°“√ª√–¬ÿ°μå„™â‡μ“Õ∫‰¡‚§√‡«ø¡“„™â„π°“√∑Õ¥Õ“À“√ [3]
‚¥¬„™âÀ≈—°°“√∑’Ë§≈◊Ëπ‰¡‚§√‡«ø®–∑”„Àâ‡°‘¥°“√ —Ëπ –‡∑◊Õπ¢Õß‚¡‡≈°ÿ≈πÈ”„πÕ“À“√ ∑”„Àâ‡°‘¥§«“¡√âÕπ
·≈–Õ“À“√®– ÿ°¥â«¬μ—«‡Õß ‚¥¬Õ“À“√®–√âÕπ¢÷ÈπÕ¬à“ß ¡Ë”‡ ¡Õ„π√–¬–‡«≈“Õ—π —Èπ ‡ªìπ°“√≈¥ª√‘¡“≥
πÈ”¡—π∑’Ë®–„™â„Àâ§«“¡√âÕπ‡æ◊ËÕ„ÀâÕ“À“√ ÿ° ·≈–∑”„ÀâÕ“À“√¡’°“√ Ÿ≠‡ ’¬§ÿ≥§à“∑“ß‚¿™π“°“√πâÕ¬ [3, 4]
®“°°“√∑’Ë‰¡‚§√‡«ø‡ªìπ§≈◊Ëπ ®÷ß‰¡à¡’°≈‘Ëπ ·≈–‰¡à∑”„Àâ√ ™“μ‘μà“ßÊ ¢ÕßÕ“À“√‡ ’¬‰ª Õ’°∑—Èß§≈◊Ëπ‰¡‚§√‡«ø
π’È‰¡à “¡“√∂°—°‡°Á∫‰«â„πÕ“À“√®÷ß‰¡à¡’ªí≠À“‡√◊ËÕß§≈◊Ëπμ°§â“ß„πÕ“À“√ [5] πÕ°®“°π’È¬—ß¡’§«“¡ –¥«° √«¥‡√Á«
ª√–À¬—¥‡«≈“„π°“√‡μ√’¬¡Õ“À“√ ·≈–§à“„™â®à“¬μË”Õ’°¥â«¬ ≈—°…≥–º≈‘μ¿—≥±åÕ“À“√∑’Ë„Àâ§«“¡√âÕπ¥â«¬‡μ“Õ∫
‰¡‚§√‡«ø®–¢÷ÈπÕ¬Ÿà°—∫Õÿ≥À¿Ÿ¡‘ Õß§åª√–°Õ∫∑“ß‡§¡’ ·≈– ∂“π–∑“ß°“¬¿“æ¢Õßº≈‘μ¿—≥±åÕ“À“√ [6]
¥—ßπ—Èπ°“√»÷°…“§√—Èßπ’È®÷ß¡’®ÿ¥ª√– ß§å‡æ◊ËÕ»÷°…“∂÷ß°√–∫«π°“√∑Õ¥ ·≈– ¿“«–∑’Ë‡À¡“– ¡„π°“√∑Õ¥
·§∫À¡Ÿ¥â«¬‡μ“Õ∫‰¡‚§√‡«ø ‡æ◊ËÕ≈¥ª√‘¡“≥πÈ”¡—π„π·§∫À¡Ÿ ·≈–‡ª√’¬∫‡∑’¬∫§ÿ≥¿“æ°—∫·§∫À¡Ÿ∑’Ë∑Õ¥
¥â«¬«‘∏’¥—Èß‡¥‘¡

Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß
1. «—μ∂ÿ¥‘∫

Àπ—ßÀ¡Ÿμ“°·Àâß ®“°μ≈“¥ÀπÕß¡π ®—ßÀ«—¥™≈∫ÿ√’ ´÷Ëß¡’ª√‘¡“≥§«“¡™◊Èπ¢Õß«—μ∂ÿ¥‘∫‡∑à“°—∫
√âÕ¬≈– 15.81 ‚¥¬π”Àπ—ßÀ¡Ÿμ“°·Àâß¡“À—Ëπ‡ªìπ™‘Èπ„Àâ¡’¢π“¥ °«â“ß 0.5 ‡´πμ‘‡¡μ√ ¬“« 4 ‡´πμ‘‡¡μ√
Àπ“ 0.5 ‡´πμ‘‡¡μ√ πÈ”¡—πª“≈å¡‚Õ‡≈Õ’π μ√“À¬°

2. «‘∏’°“√∑¥≈Õß
2.1 °“√∑Õ¥·§∫À¡Ÿ¥â«¬«‘∏’¥—Èß‡¥‘¡

∑Õ¥Àπ—ßÀ¡Ÿμ“°·Àâß„ππÈ”¡—πÕÿ≥À¿Ÿ¡‘ 180-190 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 30 «‘π“∑’
 –‡¥Á¥πÈ”¡—π‡ªìπ ‡«≈“ 60 «‘π“∑’
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2.2 °“√∑Õ¥·§∫À¡Ÿ¥â«¬‡μ“Õ∫‰¡‚§√‡«ø
‡μ√’¬¡Àπ—ßÀ¡Ÿμ“°·Àâß‡æ◊ËÕ∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø 2 «‘∏’ ‚¥¬«‘∏’·√°®ÿà¡Àπ—ßÀ¡Ÿμ“°

·Àâß≈ß„ππÈ”¡—π„Àâ∑à«¡™‘Èπ  –‡¥Á¥πÈ”¡—π‡ªìπ‡«≈“ 60 «‘π“∑’ (oil) ·≈–«‘∏’∑’Ë Õß‰¡à®ÿà¡Àπ—ßÀ¡Ÿμ“°·Àâß≈ß„π
πÈ”¡—π (no oil) «“ß·ºπ°“√∑¥≈Õß·∫∫ Completely Randomized Design (CRD) π”Àπ—ßÀ¡Ÿμ“°·Àâß
∑’Ëºà“π°“√‡μ√’¬¡∑—Èß Õß«‘∏’®”π«π 5 ™‘Èπ∫√√®ÿ≈ß„π∂ÿß∫√√®ÿ¿—≥±å°√–¥“…∑’Ë¡’§«“¡°«â“ß 15 ‡´πμ‘‡¡μ√
§«“¡¬“« 30 ‡´πμ‘‡¡μ√ ·≈â«‡¬Á∫ªî¥ª“°∂ÿß ®“°π—Èππ”‰ª∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø¬’ËÀâÕ National √ÿàπ
NN-8655 °”≈—ß‰ø 850 «—μμå ‚¥¬Õÿàπ‡μ“Õ∫‰¡‚§√‡«ø‡ªìπ‡«≈“ 60 «‘π“∑’¥â«¬°”≈—ß§«“¡√âÕπ Ÿß ÿ¥ π”∂ÿß
∑’Ë∫√√®ÿÀπ—ßÀ¡Ÿμ“°·Àâß‡¢â“„π‡μ“Õ∫‰¡‚§√‡«ø„Àâ°”≈—ß§«“¡√âÕπ Ÿß ÿ¥ ‚¥¬„™â‡«≈“„π°“√„Àâ§«“¡√âÕπ
3 ™à«ß‡«≈“ §◊Õ 75 90 ·≈– 105 «‘π“∑’ μ“¡≈”¥—∫ ®“°π—Èπ‡°Á∫μ—«Õ¬à“ß„π∂ÿßæÕ≈‘‚æ√æ‘≈’π (PP) ∑’Ëªî¥
ºπ÷° π‘∑·≈–«“ß„π‡¥´‘°‡§‡μÕ√å ‡ªìπ√–¬–‡«≈“ 3 «—π°àÕππ”‰ª„™â„π°“√«‘‡§√“–Àåμ—«Õ¬à“ßμàÕ‰ª

2.3 °“√∑¥ Õ∫§ÿ≥¿“æ¢Õß·§∫À¡Ÿ
2.3.1 §«“¡Àπ“·πàπ (bulk-density)

«‘∏’°“√À“§«“¡Àπ“·πàπ¥—¥·ª≈ß®“°«‘∏’°“√¢Õß ÿ√“ß§å [7] ‚¥¬π”·§∫À¡ŸÀ≈—ß
∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡·≈–«‘∏’‡μ“Õ∫‰¡‚§√‡«ø®”π«π 3 ™‘Èπ∑’Ë™—ËßπÈ”Àπ—°∑’Ë·πàπÕπ·≈â«„ à≈ß„π∂â«¬·°â«ª“°‡√’¬∫
‡μ‘¡ß“≈ß‰ª„π·°â« ·≈–∑”°“√‡§“– 2 §√—Èß ‡μ‘¡ß“μàÕ≈ß‰ª®πæŸπ ®“°π—Èπª“¥ÕÕ°„Àâ‡ ¡Õª“°·°â« ‡∑ß“
„π·°â«„ à°√–∫Õ°μ«ß¢π“¥ 100 ¡‘≈≈‘≈‘μ√ Õà“πª√‘¡“μ√ß“ π”‰ªÀ—°≈∫®“°ª√‘¡“μ√ß“∑’Ë‰¡à¡’·§∫À¡Ÿ®–‰¥â
ª√‘¡“μ√¢Õß·§∫À¡Ÿπ”‰ª§”π«≥§à“§«“¡Àπ“·πàπ

§«“¡Àπ“·πàπ (°√—¡/¡≈.) = πÈ”Àπ—°·§∫À¡ŸÀ≈—ß∑Õ¥ (°√—¡)
ª√‘¡“μ√·§∫À¡ŸÀ≈—ß∑Õ¥ (¡≈.)

2.3.2 Õ—μ√“ à«π°“√æÕßμ—« (expansion ratio)
«‘∏’°“√À“Õ—μ√“ à«π°“√æÕßμ—«¥—¥·ª≈ß®“°«‘∏’°“√¢Õß√ÿàßπ¿“ [8] ‚¥¬«—¥§«“¡

°«â“ß ·≈–Àπ“¢Õß·§∫À¡Ÿ°àÕπ∑Õ¥ ·≈–·§∫À¡ŸÀ≈—ß∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡·≈–«‘∏’∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø
‚¥¬„™â‡«Õ√å‡π’¬√å «—¥§«“¡°«â“ß ·≈–§«“¡Àπ“∑’Ëμ”·Àπàßμà“ßÊ °—π 3 μ”·Àπàß ®“°π—Èππ”¡“À“§à“‡©≈’Ë¬ ‚¥¬
∑”°“√∑¥≈Õßμ—«Õ¬à“ß≈– 7 È́”

√âÕ¬≈–°“√¢¬“¬μ—« =
¢π“¥À≈—ß°“√æÕßμ—«-¢π“¥°àÕπ°“√æÕßμ—« Ó 100

¢π“¥°àÕπ°“√æÕßμ—«

2..3.3 ‡π◊ÈÕ —¡º—  (texture)
§—¥‡≈◊Õ°μ—«Õ¬à“ß¢Õß·§∫À¡Ÿ∑’Ë¡’√Ÿª∑√ß§≈â“¬‡ âπμ√ß·≈–§«“¡¬“«„°≈â‡§’¬ß°—π

«—¥§à“§«“¡°√Õ∫¢Õß·§∫À¡Ÿ¥â«¬‡§√◊ËÕß«‘‡§√“–Àå≈—°…≥–‡π◊ÈÕ —¡º—  (Texture Analyzer, Stable Micro
System √ÿàπ TA-XT plus, UK) „™âÀ—««—¥·∫∫ Blade set with knife (HDP/BSK) ‚¥¬μ—Èß§à“μà“ßÊ
¥—ßπ’È Test mode: compression, Pre-test speed 0.0 mm/sec, Test speed 2.0 mm/sec, Post-test
speed 10.0 mm/sec, Distance 25 mm, Trigger force 20 g ·μà≈–μ—«Õ¬à“ß«—¥ 5 È́”
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2.4 °“√«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’
2.4.1 ª√‘¡“≥§«“¡™◊Èπ (moisture content) μ“¡«‘∏’°“√¢Õß AOAC [9]

√âÕ¬≈–§«“¡™◊Èπ =
πÈ”Àπ—°·§∫À¡Ÿ°àÕπÕ∫-πÈ”Àπ—°·§∫À¡ŸÀ≈—ßÕ∫ Ó 100

πÈ”Àπ—°·§∫À¡Ÿ°àÕπÕ∫

2.4.2 ª√‘¡“≥πÈ”¡—π (oil content) «‘‡§√“–Àå¥â«¬‡§√◊ËÕß °—¥‰¢¡—π (soxlet) μ“¡
«‘∏’°“√¢Õß AOAC [9]

ª√‘¡“≥πÈ”¡—π  = πÈ”Àπ—°∫’°‡°Õ√å∑’Ë¡’πÈ”¡—π-πÈ”Àπ—°∫’°‡°Õ√å∑’Ë‰¡à¡’πÈ”¡—π Ó 100
(√âÕ¬≈–) πÈ”Àπ—°μ—«Õ¬à“ß°àÕπ°“√ °—¥

2.5 °“√ª√–‡¡‘π°“√¬Õ¡√—∫∑“ßª√– “∑ —¡º— 
π”·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡ ·≈–∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø¡“∑¥ Õ∫°“√¬Õ¡√—∫

∑“ßª√– “∑ —¡º— „π§ÿ≥≈—°…≥–¥â“π ’ °≈‘ËπÀ◊π §«“¡°√Õ∫ √ ™“μ‘ §«“¡√Ÿâ ÷°μ°§â“ß §«“¡™Õ∫√«¡
‚¥¬„™âºŸâ™‘¡∑’Ë‰¡à‰¥âºà“π°“√Ωñ°Ωπ®”π«π 30 §π ∑”°“√∑¥ Õ∫·∫∫ Hedonic 9-scales (1 = ‰¡à™Õ∫¡“°
∑’Ë ÿ¥ ·≈– 9 = ™Õ∫¡“°∑’Ë ÿ¥) ‚¥¬„ÀâºŸâ∑¥ Õ∫™‘¡μ—«Õ¬à“ßæ√âÕ¡°—π∑—Èß 6 μ—«Õ¬à“ß ‚¥¬«“ß·ºπ°“√∑¥≈Õß
·∫∫ Randomized Completely Block Design (RCBD)

2.6 «‘‡§√“–Àåº≈∑“ß ∂‘μ‘
π”¢âÕ¡Ÿ≈∑’Ë‰¥â‰ª«‘‡§√“–Àå§«“¡·ª√ª√«π (ANOVA) ·≈–‡ª√’¬∫‡∑’¬∫§«“¡·μ°μà“ß

¢Õß§à“‡©≈’Ë¬‚¥¬«‘∏’ Duncanûs New multiple range test

º≈°“√∑¥≈Õß·≈–«‘®“√≥å
1. º≈°“√»÷°…“≈—°…≥–∑“ß°“¬¿“æ ·≈–∑“ß‡§¡’¢Õß·§∫À¡Ÿ

°“√¢¬“¬μ—«¢Õß™‘Èπ·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡ (control) ·≈–∑’Ë∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø∑—Èß
·∫∫¡’πÈ”¡—π·≈–‰¡à¡’πÈ”¡—π · ¥ß„πμ“√“ß∑’Ë 1

√âÕ¬≈–°“√¢¬“¬μ—«¢Õß™‘Èπ·§∫À¡Ÿ„π¥â“π°«â“ßæ∫«à“ °“√∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡¡’√âÕ¬≈–°“√¢¬“¬
μ—«¡“°∑’Ë ÿ¥§◊Õ √âÕ¬≈– 120.87 ·μà°Á‰¡à¡’§«“¡·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p > 0.05) °—∫∑ÿ°
μ—«Õ¬à“ß∑’Ë∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø ·μà„π à«π¢Õß°“√¢¬“¬μ—«∑“ß¥â“π§«“¡Àπ“°“√∑Õ¥¥â«¬‡μ“Õ∫
‰¡‚§√‡«ø∑’Ë‡«≈“ 90 «‘π“∑’√à«¡°—∫°“√„™âπÈ”¡—π ·≈–°“√∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø∑’Ë‡«≈“ 105 «‘π“∑’√à«¡
°—∫°“√„™âπÈ”¡—π ·≈–‰¡à„™âπÈ”¡—π®–¡’§«“¡·μ°μà“ß°—∫°“√∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p ≤ 0.05)
°“√¢¬“¬μ—«¢Õß™‘Èπ·§∫À¡Ÿ‡°‘¥®“°°“√„Àâ§«“¡√âÕπ°—∫Àπ—ßÀ¡Ÿμ“°·Àâß´÷Ëß¡’‚ª√μ’π à«π„À≠à‡ªìπ§Õ≈≈“‡®π
§«“¡™◊Èπ„π™‘ÈπÀπ—ßÀ¡Ÿμ“°·Àâß‡¡◊ËÕ‰¥â√—∫§«“¡√âÕπ®–‡ª≈’Ë¬π·ª≈ß‡ªìπ‰ÕπÈ”  à«π§Õ≈≈“‡®π‡¡◊ËÕ‰¥â√—∫§«“¡
√âÕπ®–‡ª≈’Ë¬π·ª≈ß‡ªìπ‡®≈“μ‘π [10] ´÷Ëß¡’≈—°…≥–ÕàÕπμ—« ®– àßº≈„Àâ‰ÕπÈ”·≈–°ä“´ “¡“√∂¥—πºà“πÕÕ°
‰ª‰¥â®“°§«“¡·μ°μà“ß√–À«à“ß§«“¡¥—π¿“¬„π ·≈–¿“¬πÕ°¢Õß™‘ÈπÀπ—ßÀ¡Ÿμ“°·Àâß ∑”„Àâ‡°‘¥°“√¢¬“¬
ª√‘¡“μ√‡æ‘Ë¡¢÷Èπ ∑”„Àâ·§∫À¡Ÿ¢¬“¬¢π“¥·≈–‡ª≈’Ë¬π·ª≈ßª√‘¡“μ√‰ªÕ¬à“ß√«¥‡√Á« [11] ´÷Ëß°“√√–‡À¬ÕÕ°
¢Õß‰ÕπÈ”π’È®– àßº≈„Àâº‘«Õ“À“√§àÕ¬Ê ·Àâß ∑”„Àâ‡°‘¥¢Õ∫·¢Áß∑’Ë∫√‘‡«≥º‘«πÕ°¢Õß™‘ÈπÕ“À“√∑”„Àâ·§∫À¡Ÿ
¬—ß§ß‡ªìπ√Ÿª∑√ßÕ¬Ÿà‰¥â „πμ—«Õ¬à“ß∑’Ë∑Õ¥¥â«¬‡μ“Õ∫ ‰¡‚§√‡«ø 90 «‘π“∑’·∫∫¡’πÈ”¡—π·≈–μ—«Õ¬à“ß∑’Ë∑Õ¥¥â«¬
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‡μ“Õ∫‰¡‚§√‡«ø 105 «‘π“∑’·∫∫∑’Ë¡’·≈–‰¡à¡’πÈ”¡—π àßº≈μàÕ°“√¢¬“¬μ—«¥â“π§«“¡Àπ“¡“°°«à“μ—«Õ¬à“ßÕ◊Ëπ
‡π◊ËÕß®“°°“√„™â√–¬–‡«≈“∑Õ¥∑’Ëπ“π¢÷Èπ àßº≈∑”„Àâ¡’·√ß¥—π‰ÕπÈ”„πÀπ—ßÀ¡Ÿμ“°·Àâß Ÿß¢÷Èπ ®÷ß¥—πº≈‘μ¿—≥±å
·§∫À¡Ÿ„Àâ‡°‘¥°“√æÕßμ—«‰¥â¡“°°«à“μ—«Õ¬à“ßÀπ—ßÀ¡Ÿ∑’Ë„™â√–¬–‡«≈“„π°“√∑Õ¥πâÕ¬ ¥—ß√Ÿª∑’Ë 1

μ“√“ß∑’Ë 1 √âÕ¬≈–°“√¢¬“¬μ—«¢Õß·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡ (control) ·≈–∑’Ë∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø

μ—«Õ¬à“ß √âÕ¬≈–°“√¢¬“¬μ—«¢Õß·§∫À¡Ÿ
¥â“π°«â“ßns §«“¡Àπ“

Control 120.87 ± 20.62 69.06ab ± 19.71

75 sec no oil 106.15 ± 9.62 59.61a ± 13.09

75 sec oil 107.52 ± 20.92 65.41a ± 18.32

90 sec no oil 105.79 ± 20.04 76.89abc ± 21.18

90 sec oil 119.96 ± 14.67 89.00c ± 7.43

105 sec no oil 104.92 ± 10.97 84.50bc ± 10.37

105 sec oil 92.60 ± 12.09 76.90c ± 9.73

À¡“¬‡Àμÿ μ—«Õ—°…√∑’Ë·μ°μà“ß°—πÀ¡“¬∂÷ß¡’§à“‡©≈’Ë¬·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p ≤ 0.05)
ns À¡“¬∂÷ß‰¡à¡’§«“¡·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p > 0.05)

μ—«Õ¬à“ß √–¬–‡«≈“∑’Ë∑Õ¥„π‡μ“Õ∫‰¡‚§√‡«ø («‘π“∑’) μ—«Õ¬à“ß§«∫§ÿ¡
75 90 105

·∫∫‰¡à¡’
πÈ”¡—π

(No Oil)

·∫∫¡’πÈ”¡—π
(Oil)

√Ÿª∑’Ë 1 ·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡ (control) ·≈–·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø∑’Ë ¿“«–μà“ßÊ
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μ“√“ß∑’Ë 2  ¡∫—μ‘∑“ß°“¬¿“æ·≈–‡§¡’¢Õß·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡·≈–·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬‡μ“Õ∫
‰¡‚§√‡«ø·≈–·§∫À¡Ÿ∑’Ë¢“¬μ“¡∑âÕßμ≈“¥

μ—«Õ¬à“ß §«“¡™◊Èπ §«“¡Àπ“·πàπ §«“¡°√Õ∫ns ª√‘¡“≥πÈ”¡—π
(√âÕ¬≈–) (°√—¡/¡≈.) (π‘«μ—π/«‘π“∑’) (√âÕ¬≈–)

Control 5.14a ± 0.48 0.25c ± 0.04 5.30 ± 1.93 25.02b ± 4.97

75 sec no oil 6.40bc± 0.77 0.44d ± 0.04 11.31 ± 9.31 15.16a ± 0.01

75 sec oil 6.91c ± 1.30 0.20abc± 0.02 8.34 ± 2.81 14.09a ± 0.55

90 sec no oil 6.16bc± 0.18 0.22bc ± 0.00 8.52 ± 3.94 15.71a ± 0.24

90 sec oil 4.92ab± 1.36 0.18abc± 0.02 8.84 ± 1.02 15.82a ± 2.06

105 sec no oil 5.65bc± 0.29 0.17ab ± 0.02 8.62 ± 4.82 14.82a ± 0.01

105 sec oil 5.50bc± 0.14 0.15a ± 0.02 8.12 ± 1.21 20.61b ± 1.14

Commercial 3.87a ± 0.05 0.23bc ± 0.02 - 32.48c ± 0.60

À¡“¬‡Àμÿ μ—«Õ—°…√∑’Ë·μ°μà“ß°—πÀ¡“¬∂÷ß¡’§à“‡©≈’Ë¬·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p ≤ 0.05)
 ns À¡“¬∂÷ß‰¡à¡’§«“¡·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p > 0.05)

°“√»÷°…“§ÿ≥≈—°…≥–¢Õß·§∫À¡Ÿ„π¥â“π§«“¡™◊Èπ §«“¡Àπ“·πàπ §«“¡°√Õ∫ ·≈–ª√‘¡“≥
πÈ”¡—πÀ≈—ß°“√∑Õ¥·§∫À¡Ÿ¥â«¬«‘∏’¥—Èß‡¥‘¡ ‡ª√’¬∫‡∑’¬∫°—∫°“√∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø∑—Èß·∫∫¡’πÈ”¡—π·≈–
‰¡à¡’πÈ”¡—π ·≈–·§∫À¡Ÿ∑’Ë¢“¬μ“¡∑âÕßμ≈“¥· ¥ßº≈¥—ßμ“√“ß∑’Ë 2 ®“°°“√»÷°…“æ∫«à“§«“¡™◊Èπ‡√‘Ë¡μâπ¢Õß
Àπ—ßÀ¡Ÿμ“°·Àâß¡’§à“√âÕ¬≈– 15.81 ‡¡◊ËÕπ”‰ª∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡ ·≈–∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø ª√‘¡“≥
§«“¡™◊Èπ®–≈¥≈ßÕ¬Ÿà„π™à«ß√âÕ¬≈– 4.92-6.91 ´÷Ëß‡ªìπº≈„Àâ‡°‘¥§«“¡æÕßμ—«¢Õß™‘Èπ·§∫À¡Ÿ∑’Ë‰¥â°≈à“«¡“„π
¢—Èπμâπ ‚¥¬§«“¡™◊Èπ„π·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡ ·§∫À¡Ÿ∑’Ë¢“¬μ“¡∑âÕßμ≈“¥ ·≈–·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬‡μ“Õ∫
‰¡‚§√‡«ø∑’Ë‡«≈“ 90 «‘π“∑’√à«¡°—∫°“√„™âπÈ”¡—πæ∫«à“‰¡à·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p > 0.05)
‚¥¬·§∫À¡Ÿ∑’Ë´◊ÈÕ¡“®“°∑âÕßμ≈“¥®–¡’ª√‘¡“≥§«“¡™◊ÈππâÕ¬∑’Ë ÿ¥ √Õß≈ß¡“§◊Õ ·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬‡μ“Õ∫
‰¡‚§√‡«ø∑’Ë‡«≈“ 90 «‘π“∑’√à«¡°—∫°“√„™âπÈ”¡—π ·≈–·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡ ®“°μ“√“ß∑’Ë 2 ®–‡ÀÁπ‰¥â
«à“°“√∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø à«π„À≠à®–¡’ª√‘¡“≥§«“¡™◊Èπ„πº≈‘μ¿—≥±å¡“°°«à“°“√∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡
·≈– ¡’§«“¡·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p ≤ 0.05) ∑—Èßπ’È‡π◊ËÕß®“°°“√∑Õ¥·∫∫¥—Èß‡¥‘¡ πÈ”¡—π®–
‡ªìπμ—«π”§«“¡√âÕπ¡“ Ÿàº‘«Àπ—ßÀ¡Ÿμ“°·Àâß ∑”„ÀâπÈ”„πÀπ—ßÀ¡Ÿμ“°·Àâß°≈“¬‡ªìπ‰ÕπÈ”‡≈Á°Ê ·≈–‡§≈◊ËÕπ∑’Ë
ÕÕ°¡“√Õ∫º‘«Àπ—ßÀ¡Ÿμ“°·Àâß ·≈–‡°‘¥°“√√–‡À¬ Ÿà∫√√¬“°“» [12] ª√‘¡“≥§«“¡™◊Èπ®÷ß≈¥≈ß  à«π°“√
∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«øπ—Èπ §≈◊Ëπ‰¡‚§√‡«ø®– àßºà“π‡¢â“‰ª„πÕ“À“√ πÈ”„πÕ“À“√‡°‘¥§«“¡√âÕπ¢÷Èπ°≈“¬
‡ªìπ‰ÕπÈ”¢¬“¬μ—«·≈â«¥—πÕÕ°®“°Àπ—ßÀ¡Ÿμ“°·Àâß àßº≈„Àâª√‘¡“≥§«“¡™◊Èπ≈¥≈ß‡™àπ°—π ·μà®“°°“√
∑’Ë∑”°“√∑Õ¥„π∂ÿß∫√√®ÿ¿—≥±å∑’Ëªî¥ π‘∑ ®÷ß∑”„Àâ‰ÕπÈ”∑’Ë‡°‘¥¢÷Èπ¢—ßÕ¬Ÿà„π∂ÿß∫√√®ÿ¿—≥±å ®÷ß¡’°“√¥Ÿ¥§«“¡™◊Èπ
°≈—∫¡“„π·§∫À¡Ÿ‰¥â ∑”„Àâμ—«Õ¬à“ß·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø„π ¿“«–μà“ßÊ ¡’§«“¡™◊Èπ Ÿß°«à“
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º≈°“√»÷°…“§«“¡Àπ“·πàπ¢Õß·§∫À¡Ÿ æ∫«à“°“√∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø∑’Ë‡«≈“ 75 «‘π“∑’
®–¡’§«“¡Àπ“·πàπ„π™‘Èπ¢Õß·§∫À¡Ÿ¡“°∑’Ë ÿ¥§◊Õ 0.44 °√—¡/¡≈. ́ ÷Ëß¡’§«“¡·μ°μà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘
(p ≤ 0.05) °—∫μ—«Õ¬à“ßÕ◊ËπÊ ÷́Ëß®–¡’§«“¡Àπ“·πàπ¢Õß™‘Èπ·§∫À¡ŸÕ¬Ÿà„π™à«ß 0.15-0.25 °√—¡/¡≈. ‡π◊ËÕß®“°
·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø∑’Ë‡«≈“π“π¢÷Èπ ®–∑”„Àâ‡°‘¥°“√æÕßμ—«‰¥â Ÿß §«“¡‡ªìπ√Ÿæ√ÿπ„πº≈‘μ¿—≥±å
¡“°¢÷Èπ  àßº≈∑”„Àâº≈‘μ¿—≥±å∑’Ë„™â√–¬–‡«≈“„π°“√∑Õ¥π“π¢÷Èπ¡’§«“¡Àπ“·πàπ¢Õßº≈‘μ¿—≥±åμË”≈ß

º≈°“√»÷°…“§«“¡°√Õ∫¢Õß·§∫À¡Ÿπ—Èπ§à“¢Õß§«“¡°√Õ∫¢Õß™‘Èπ·§∫À¡Ÿ®–·ª√º≈‰¥â®“°
§«“¡™—π¢Õß‡ âπ°√“ø¢Õß°“√«—¥¥â«¬‡§√◊ËÕß texture analyzer ‚¥¬§à“§«“¡™—π∑’ËπâÕ¬∑’Ë ÿ¥π—Èπ®–· ¥ß∂÷ß
§«“¡°√Õ∫¢Õß™‘Èπ·§∫À¡Ÿ∑’Ë¡“°∑’Ë ÿ¥ ®“°°“√∑¥≈Õßæ∫«à“·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡π—Èπ¡’§«“¡°√Õ∫
¡“°∑’Ë ÿ¥ ·μà∑—Èßπ’È°Á‰¡à·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p > 0.05) °—∫μ—«Õ¬à“ß∑’Ë∑Õ¥¥â«¬‡μ“Õ∫
‰¡‚§√‡«ø„π∑ÿ° ¿“«–

º≈°“√»÷°…“ª√‘¡“≥πÈ”¡—π„πº≈‘μ¿—≥±å·§∫À¡Ÿæ∫«à“ ·§∫À¡Ÿ∑’Ë´◊ÈÕ®“°∑âÕßμ≈“¥®–¡’ª√‘¡“≥
πÈ”¡—π„πº≈‘μ¿—≥±å Ÿß∑’Ë ÿ¥ §◊Õ √âÕ¬≈– 32.48 ·≈–√Õß≈ß¡“§◊Õ·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡´÷Ëß¡’ª√‘¡“≥
πÈ”¡—π√âÕ¬≈– 25.02 ‚¥¬®–¡’§«“¡·μ°μà“ß®“°·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø„π∑ÿ°μ—«Õ¬à“ßÕ¬à“ß¡’
π—¬ ”§—≠∑“ß ∂‘μ‘ (p ≤ 0.05) ¬°‡«âπ∑’Ë°“√∑Õ¥∑’Ë‡«≈“ 105 «‘π“∑’ √à«¡°—∫°“√„™âπÈ”¡—π‡π◊ËÕß®“°‡«≈“∑’Ë„™â„π
°“√„Àâ§«“¡√âÕππ“π¢÷Èπ àßº≈„Àâ°“√¥Ÿ¥´—∫πÈ”¡—π®“°¿“¬πÕ°‡¢â“ Ÿà¿“¬„π™‘Èπ·§∫À¡Ÿ¡“°¢÷Èπ¥â«¬ ‚¥¬
μ—«Õ¬à“ßÕ◊ËπÊ ¢Õß·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«øπ—Èπ®–¡’ª√‘¡“≥πÈ”¡—πÕ¬Ÿà‡æ’¬ß√âÕ¬≈– 14.09-15.82
‡π◊ËÕß®“°°“√∑Õ¥·∫∫¥—Èß‡¥‘¡π—Èπ°“√¥Ÿ¥´—∫πÈ”¡—π‡¢â“ Ÿàº≈‘μ¿—≥±å®–‡°‘¥¢÷Èπ 2 ¢—ÈπμÕπ§◊Õ ‡°‘¥°“√·∑π∑’Ë¢Õß
πÈ”∑’Ë√–‡À¬ÕÕ°‰ª¥â«¬πÈ”¡—π¢≥–∑Õ¥ ·≈–°“√¥Ÿ¥´—∫πÈ”¡—π„π¢—ÈπμÕπ°“√∑”„Àâ‡¬Áπ [3] „π à«π¢Õß°“√
∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«øæ∫«à“¡’ª√‘¡“≥πÈ”¡—π∑’ËπâÕ¬°«à“°“√∑Õ¥·∫∫¥—Èß‡¥‘¡ ‡æ√“–«à“¡’°“√®”°—¥ª√‘¡“≥
¢ÕßπÈ”¡—π∑’Ë„™â„π°“√∑Õ¥‚¥¬°“√™ÿ∫™‘ÈπÀπ—ßÀ¡Ÿμ“°·Àâß°àÕπ∑Õ¥¥â«¬πÈ”¡—π·≈â«∑”„Àâ ÿ°¥â«¬§≈◊Ëπ‰¡‚§√‡«ø
·∑π∑’Ë®–‡‡™à™‘ÈπÀπ—ßÀ¡Ÿμ“°·Àâß„ππÈ”¡—π¢≥–∑Õ¥ ÷́Ëß°“√„™â§≈◊Ëπ‰¡‚§√‡«øπ’È‡ªìπ°“√∑”„ÀâÕ“À“√ ÿ°¥â«¬
μ—«¢ÕßÕ“À“√‡Õß ®÷ß‡ªìπ°“√≈¥°“√¥Ÿ¥´÷¡¢ÕßπÈ”¡—π ‡¡◊ËÕæ‘®“√≥“∂÷ß‡«≈“„π°“√„Àâ§«“¡√âÕπ„π‡μ“Õ∫
‰¡‚§√‡«ø æ∫«à“‡¡◊ËÕ‡«≈“„π°“√„Àâ§«“¡√âÕππ“π¢÷Èπ ª√‘¡“≥πÈ”¡—π„π·§∫À¡Ÿ°Á‡æ‘Ë¡¢÷Èπ¥â«¬ ‡π◊ËÕß®“°
μ—«Õ¬à“ßÀπ—ßÀ¡Ÿ¡’√–¬–‡«≈“„π°“√ —¡º— °—∫πÈ”¡—ππ“π¢÷Èπ ®÷ß¡’°√–∫«π°“√¥Ÿ¥´—∫πÈ”¡—π„π™‘Èπº≈‘μ¿—≥±å Ÿß
¢÷Èπμ“¡√–¬–‡«≈“∑’Ë„Àâ§«“¡√âÕπ ·μàæ∫«à“„πμ—«Õ¬à“ß∑’Ë∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø∑’Ë‡«≈“ 105 «‘π“∑’·μ°μà“ß
‰ª∑—Èßπ’ÈÕ“®‡π◊ËÕß®“°§«“¡‰¡à ¡Ë”‡ ¡Õ¢Õß™‘ÈπÀπ—ßÀ¡Ÿ¥‘∫∑’Ë¡’ª√‘¡“≥¢Õß‰¢¡—π∑’Ëμ‘¥Õ¬Ÿà·μ°μà“ß°—π

2. °“√¬Õ¡√—∫∑“ßª√– “∑ —¡º— 
®“°º≈°“√∑¥ Õ∫¥—ß· ¥ß„πμ“√“ß∑’Ë 3 æ∫«à“ºŸâ∫√‘‚¿§„Àâ§–·ππ§«“¡™Õ∫„π¥â“π ’ §«“¡

°√Õ∫ §«“¡√Ÿâ ÷°μ°§â“ß„πª“° (ª√‘¡“≥πÈ”¡—π) ·≈–°≈‘ËπÀ◊π¢Õßμ—«Õ¬à“ß∑’Ë∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡·≈–∑’Ëμ—«Õ¬à“ß
∑’Ë∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø„π∑ÿ° ¿“«–‰¡à·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p > 0.05) ‚¥¬„π à«π¢Õß
°≈‘ËπÀ◊ππ—ÈπºŸâ∫√‘‚¿§„Àâ§–·ππ§«“¡™Õ∫¢Õßμ—«Õ¬à“ß·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡πâÕ¬∑’Ë ÿ¥§◊Õ 4.83
§–·ππ ´÷Ëß Õ¥§≈âÕß°—∫º≈°“√«‘‡§√“–Àåª√‘¡“≥πÈ”¡—π„πμ—«Õ¬à“ß¥—ß∑’Ë°≈à“«¡“·≈â« ‚¥¬πÈ”¡—ππ’È®–¡’Àπâ“∑’Ë
 àß‡ √‘¡°“√√—∫√Ÿâ¢Õß°≈‘Ëπ√ ¢ÕßÕ“À“√ ´÷Ëß„πμ—«Õ¬à“ßÀπ—ßÀ¡Ÿμ“°·Àâß∑’Ë„™â‡ªìπ«—μ∂ÿ¥‘∫π—Èπ®–¡’ª√‘¡“≥πÈ”¡—π
Õ¬Ÿà¡“° ‡¡◊ËÕ‡°Á∫‰«â‡ªìπ‡«≈“π“π®–∑”„Àâ‡°‘¥°≈‘ËπÀ◊π¢÷Èπ ·≈–„πμ—«Õ¬à“ß·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡π—Èπ®–¡’
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ª√‘¡“≥πÈ”¡—πÕ¬Ÿà¡“°®÷ß àßº≈„ÀâºŸâ∫√‘‚¿§√—∫√Ÿâ∂÷ß°≈‘ËπÀ◊π∑’Ë¡“°°«à“μ—«Õ¬à“ßÕ◊ËπÊ ®÷ß„Àâ§–·ππ§«“¡™Õ∫∑’ËμË”
°«à“μ—«Õ¬à“ßÕ◊Ëπ

μ“√“ß∑’Ë 3 º≈°“√∑¥ Õ∫∑“ß¥â“πª√– “∑ —¡º— ¢Õß·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡·≈–·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬
‡μ“Õ∫‰¡‚§√‡«ø

μ—«Õ¬à“ß  ’ns °≈‘ËπÀ◊πns §«“¡ns √ ™“μ‘ §«“¡√Ÿâ ÷° §«“¡™Õ∫
°√Õ∫ μ°§â“ßns ‚¥¬√«¡

Control 6.60 ± 0.95 4.83 ± 0.97 7.20 ± 0.89 6.77b ±0.84 5.90 ± 1.02 6.43ab
 ± 1.02

75 sec no oil 6.57 ± 0.94 5.43 ± 0.97 7.20 ± 0.96 6.73ab
 ± 0.87 5.97 ± 1.04 6.57b ± 0.98

75 sec oil 6.33 ± 0.97 5.50 ± 0.91 6.70 ± 1.04 6.72ab
 ± 0.96 5.73 ± 1.06 6.33ab

 ± 0.84

90 sec no oil 6.33 ± 0.98 5.20 ± 0.98 6.60 ± 0.87 6.03ab
 ± 0.84 5.70 ± 1.09 6.20ab

 ± 0.85

90 sec oil 6.80 ± 0.99 5.20 ± 1.03 6.53 ± 0.78 6.34ab
 ± 1.04 5.77 ± 1.02 6.27ab

 ± 0.87

105 sec no oil 6.43 ± 1.02 5.40 ± 0.98 6.37 ± 0.98 5.83a ±0.99 5.47 ± 1.08 5.70a ± 0.86

À¡“¬‡Àμÿ μ—«Õ—°…√∑’Ë·μ°μà“ß°—πÀ¡“¬∂÷ß¡’§à“‡©≈’Ë¬·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p ≤ 0.05)
 ns À¡“¬∂÷ß‰¡à¡’§«“¡·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p > 0.05)

„π¥â“π√ ™“μ‘æ∫«à“ μ—«Õ¬à“ß∑’Ë∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡°—∫∑’Ë∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø„π∑ÿ°μ—«Õ¬à“ß
‰¡à·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p > 0.05) ¬°‡«âπ„πμ—«Õ¬à“ß∑’Ë„Àâ§«“¡√âÕπ∑’Ë‡«≈“ 105 «‘π“∑’∑’Ë‰¡à
„™âπÈ”¡—π ‡π◊ËÕß®“°¡’°“√„Àâ§«“¡√âÕπ‡ªìπ‡«≈“π“π∑’Ë ÿ¥®÷ßÕ“®∑”„Àâ‡°‘¥√ ¢¡„πº≈‘μ¿—≥±å∑”„ÀâºŸâ∫√‘‚¿§‰¡à
¬Õ¡√—∫ μ—«Õ¬à“ßπ’È¬—ß‰¥â√—∫§–·ππ§«“¡°√Õ∫μË”°«à“μ—«Õ¬à“ßÕ◊Ëπ´÷ËßÕ“®¡’º≈μàÕ°“√√—∫√Ÿâ¥â“π√ ™“μ‘¥â«¬´÷Ëß
 Õ¥§≈âÕß°—∫ß“π«‘®—¬¢Õß Maisont ·≈– Narkrugsa [13] ‰¥â√“¬ß“π«à“‡¡◊ËÕ„™â‡μ“Õ∫‰¡‚§√‡«ø‡ªìπ‡«≈“
π“π®– àßº≈∑”„Àâ§ÿ≥¿“æ¢Õßº≈‘μ¿—≥±å¢â“«æÕß≈¥≈ß „π¥â“π§«“¡√Ÿâ ÷°μ°§â“ßÀ¡“¬∂÷ß §«“¡¡—π¿“¬„π
ª“°À≈—ß®“°™‘¡·≈–°≈◊πº≈‘μ¿—≥±å ´÷Ëßæ∫«à“§«“¡√Ÿâ ÷°μ°§â“ß¢Õß∑ÿ°μ—«Õ¬à“ß‰¡à·μ°μà“ß°—πÕ¬à“ß¡’π—¬
 ”§—≠∑“ß ∂‘μ‘ (p > 0.05) „π à«π¢Õß§–·ππ§«“¡™Õ∫√«¡π—ÈπºŸâ∫√‘‚¿§„Àâ§–·ππ§«“¡™Õ∫„πμ—«Õ¬à“ß∑’Ë
∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø∑’Ë‡«≈“ 75 «‘π“∑’‚¥¬‰¡à„™âπÈ”¡—π¡“°∑’Ë ÿ¥ ‡π◊ËÕß®“°°“√¡’ª√‘¡“≥πÈ”¡—π„π
º≈‘μ¿—≥±åπâÕ¬®“°°“√„™â‡«≈“„π°“√∑Õ¥πâÕ¬·≈–®“°°“√∑’ËÕ“À“√ ÿ°¥â«¬§≈◊Ëπ‰¡‚§√‡«ø√«¡∂÷ß‰¡à¡’°“√„™â
πÈ”¡—π„π°“√∑Õ¥ ®÷ß∑”„ÀâºŸâ∫√‘‚¿§‰¡à√Ÿâ ÷°‡≈’Ë¬π‡«≈“√—∫ª√–∑“π ·μà∑—Èßπ’È§–·ππ∑’Ëμ—«Õ¬à“ßπ’È‰¥â√—∫°Á‰¡à¡’§«“¡
·μ°μà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p > 0.05) °—∫μ—«Õ¬à“ßÕ◊ËπÊ ¬°‡«âπμ—«Õ¬à“ß∑’Ë„Àâ§«“¡√âÕπ∑’Ë‡«≈“ 105
«‘π“∑’∑’Ë‰¡à„™âπÈ”¡—π
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 √ÿªº≈°“√∑¥≈Õß
°√–∫«π°“√∑Õ¥·§∫À¡Ÿ¥â«¬«‘∏’¥—Èß‡¥‘¡¡’√âÕ¬≈–°“√¢¬“¬μ—«¢Õß™‘Èπ·§∫À¡Ÿ„π¥â“π°«â“ß¡“°

∑’Ë ÿ¥§◊Õ √âÕ¬≈– 120.87 ·μà‰¡à¡’§«“¡·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p > 0.05) °—∫°“√∑Õ¥¥â«¬
‡μ“Õ∫‰¡‚§√‡«ø „π à«π¢Õß°“√¢¬“¬μ—«∑“ß¥â“π§«“¡Àπ“°“√∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø∑’Ë‡«≈“ 90 «‘π“∑’
√à«¡°—∫°“√„™âπÈ”¡—π ·≈–°“√∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø∑’Ë‡«≈“ 105 «‘π“∑’√à«¡°—∫°“√„™âπÈ”¡—π ·≈–‰¡à„™â
πÈ”¡—π®–¡’§«“¡·μ°μà“ß°—∫°“√∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p ≤ 0.05) ª√‘¡“≥§«“¡™◊Èπ
¢Õß·§∫À¡Ÿ∑’Ëºà“π°“√∑Õ¥®–Õ¬Ÿà„π™à«ß√âÕ¬≈– 4.92-6.91 °“√∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø à«π„À≠à®–¡’
ª√‘¡“≥§«“¡™◊Èπ„πº≈‘μ¿—≥±å¡“°°«à“°“√∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡ ·≈–¡’§«“¡·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß
 ∂‘μ‘ (p ≤ 0.05)  à«π§«“¡Àπ“·πàπ¢Õß™‘Èπ·§∫À¡Ÿ¡’§à“Õ¬Ÿà„π™à«ß 0.15-0.25 °√—¡/¡≈. ·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬
«‘∏’¥—Èß‡¥‘¡π—Èπ¡’§«“¡°√Õ∫¡“°∑’Ë ÿ¥ ·μà‰¡à·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p > 0.05) °—∫μ—«Õ¬à“ß∑’Ë
∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø ª√‘¡“≥‰¢¡—π„π·§∫À¡ŸÀ≈—ß°“√∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡·≈–°“√∑Õ¥¥â«¬‡μ“Õ∫
‰¡‚§√‡«ø¡’§«“¡·μ°μà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p ≤ 0.05) ‚¥¬·§∫À¡Ÿ∑’Ë´◊ÈÕ®“°∑âÕßμ≈“¥®–¡’ª√‘¡“≥
πÈ”¡—π„πº≈‘μ¿—≥±å Ÿß∑’Ë ÿ¥ §◊Õ √âÕ¬≈– 32.48 ·≈–√Õß≈ß¡“§◊Õ·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡´÷Ëß¡’ª√‘¡“≥
πÈ”¡—π√âÕ¬≈– 25.02  à«π·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø√à«¡°—∫°“√„™âπÈ”¡—π¡’ª√‘¡“≥‰¢¡—πÕ¬Ÿà„π™à«ß
√âÕ¬≈– 14.09-20.61 ª√‘¡“≥‰¢¡—π≈¥≈ß√âÕ¬≈– 44 ¢Õß°“√∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡ º≈°“√∑¥ Õ∫∑“ß
ª√– “∑ —¡º— ¢Õß·§∫À¡Ÿ∑’Ë∑Õ¥¥â«¬‡μ“Õ∫‰¡‚§√‡«ø·≈–∑Õ¥¥â«¬«‘∏’¥—Èß‡¥‘¡ æ∫«à“ºŸâ∑¥ Õ∫„Àâ§–·ππ§à“
 ’ §«“¡°√Õ∫ §«“¡√Ÿâ ÷°μ°§â“ß„πª“° (ª√‘¡“≥πÈ”¡—π) ·≈–°≈‘ËπÀ◊π‰¡à·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘
(p > 0.05) ·≈–„π à«π¢Õß§«“¡™Õ∫√«¡π—Èπ ºŸâ∫√‘‚¿§„Àâ§–·ππ§«“¡™Õ∫¡“°∑’Ë ÿ¥„πμ—«Õ¬à“ß∑’Ë∑Õ¥¥â«¬
‡μ“Õ∫‰¡‚§√‡«ø∑’Ë‡«≈“ 75 «‘π“∑’‚¥¬‰¡à„™âπÈ”¡—π ·μà∑—Èßπ’È°Á‰¡à¡’§«“¡·μ°μà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘
(p > 0.05) °—∫μ—«Õ¬à“ßÕ◊ËπÊ ¬°‡«âπμ—«Õ¬à“ß∑’Ë„Àâ§«“¡√âÕπ∑’Ë‡«≈“ 90 «‘π“∑’√à«¡°—∫°“√„™âπÈ”¡—π ¥—ßπ—Èπ
®÷ß √ÿª‰¥â«à“°“√ª√–¬ÿ°μåπ”‡μ“Õ∫‰¡‚§√‡«ø¡“„™â„π°“√∑Õ¥·§∫À¡Ÿ∑”„Àâ‰¥âº≈‘μ¿—≥±å∑’Ë‡ªìπ∑’Ë¬Õ¡√—∫¢Õß
ºŸâ∫√‘‚¿§‚¥¬∑’Ë¡’ª√‘¡“≥πÈ”¡—π≈¥≈ß

°‘μμ‘°√√¡ª√–°“»
§≥–ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥ ‡®â“Àπâ“∑’Ë¿“§«‘™“«‘∑¬“»“ μ√å·≈–‡∑§‚π‚≈¬’°“√Õ“À“√ §≥–

Õÿμ “À°√√¡‡°…μ√ ¡À“«‘∑¬“≈—¬‡°…μ√»“ μ√å ·≈–π—°«‘∑¬“»“ μ√å ¿“§«‘™“§À°√√¡»“ μ√å §≥–«‘∑¬“»“ μ√å
¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤ ∑’Ë„Àâ°“√ π—∫ πÿπß“π«‘®—¬π’È·≈–™à«¬‡À≈◊Õ„π°“√„™â‡§√◊ËÕß¡◊Õ ”À√—∫°“√∑”«‘®—¬

‡Õ° “√Õâ“ßÕ‘ß
1. π‘√π“¡. 2540. ™ÿ¥«‘™“ °“√∑”·§∫À¡Ÿ: À¡«¥«‘™“§À°√√¡ »Ÿπ¬å°“√»÷°…“πÕ°‚√ß‡√’¬π¿“§μ–«—π-

ÕÕ°‡©’¬ß‡Àπ◊Õ °√¡°“√»÷°…“πÕ°‚√ß‡√’¬π °√–∑√«ß»÷°…“∏‘°“√.
2. πÿ™ º≈π“§. 2545. ªí®®—¬∑’Ë¡’º≈μàÕ§ÿ≥¿“æÕ“À“√¢∫‡§’È¬«®“°°√–∫«π°“√∑Õ¥, «‘∑¬“π‘æπ∏å

ª√‘≠≠“‚∑, ¡À“«‘∑¬“≈—¬‡°…μ√»“ μ√å, °√ÿß‡∑æœ.
3. °—≥≥‘°“ ∫ÿ≠ ‘√‘æ‘æ—≤πå, π‘≈ÿ∫≈  —æ‚ , »ÿ¿»‘√‘ »‘≈“πâÕ¬, ‚ ¿‘¥“  ◊∫«ß…“ ·≈–  ß«π»√’ ‡®√‘≠‡À√’¬≠.
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