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∫∑§—¥¬àÕ

°“√º≈‘µ‡Õ∑“πÕ≈®“°æ◊™∑’Ë¡’‡´≈≈Ÿ‚≈ ‡ªìπÕß§åª√–°Õ∫ (cellulosic material) ‡ªìπ°√–∫«π°“√º≈‘µ

‡™◊ÈÕ‡æ≈‘ß∑“ß‡≈◊Õ°∑’Ë ”§—≠„πªí®®ÿ∫—π ß“π«‘®—¬π’È‰¥â»÷°…“∂÷ß°√–∫«π°“√æ√’∑√’µ‡¡πµå«—µ∂ÿ¥‘∫´÷Ëß‡ªìπ‡»…‡À≈◊Õ

∑“ß°“√‡°…µ√ 3 ™π‘¥§◊Õ ø“ß¢â“« µâπ¢â“«‚æ¥ ·≈–™“πÕâÕ¬‚¥¬„™âπÈ”°÷Ëß«‘°ƒµ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ (100, 150 ·≈–

200C) „π√–∫∫·∫∫°– ‡ªìπ‡«≈“ 10 π“∑’ º≈°“√∑¥≈Õßæ∫«à“∑’ËÕÿ≥À¿Ÿ¡‘ 200C ª√–¡“≥ 50% ¢Õß«—µ∂ÿ¥‘∫

‡°‘¥°“√ ≈“¬µ—«·≈–„ÀâπÈ”µ“≈√’¥‘«´å„πª√‘¡“≥ Ÿß ‚¥¬µâπ¢â“«‚æ¥„Àâª√‘¡“≥πÈ”µ“≈√’¥‘«´å„π¢—ÈπµÕπæ√’∑√’µ‡¡πµå

 Ÿß∑’Ë ÿ¥ (0.53 g reducing sugar/g dry solid) πÕ°®“°π’È‡¡◊ËÕπ”«—µ∂ÿ¥‘∫∑’Ëºà“π°“√æ√’∑√’µ‡¡πµå‰ª∑¥ Õ∫°“√¬àÕ¬

¥â«¬‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ·≈–‡´≈≈Ÿ‰∫‡Õ æ∫«à“°“√æ√’∑√’µ‡¡πµå¥â«¬πÈ”°÷Ëß«‘°ƒµ∑ÿ°Õÿ≥À¿Ÿ¡‘∑’Ë∑”°“√»÷°…“®–‡æ‘Ë¡

§«“¡ “¡“√∂„π°“√¬àÕ¬‰¥â ‚¥¬‡©æ“–°“√æ√’∑√’µ‡¡πµå∑’ËÕÿ≥À¿Ÿ¡‘ 200C Õ¬à“ß‰√°Áµ“¡„π¢—ÈπµÕπ°“√¬àÕ¬

¥â«¬‡Õπ‰´¡åπ—Èπø“ß¢â“«®–„Àâª√‘¡“≥πÈ”µ“≈√’¥‘«´å Ÿß∑’Ë ÿ¥ (0.21 g reducing sugar/g dry solid)

Abstract

Currently, ethanol production from cellulosic material is an important process for alternative fuel

production. This study focused on the pretreatment step of three agricultural wastes, i.e. rice straw, corn stover

and sugar cane bagasse, using subcritical water at various temperatures (100, 150 and 200C) for 10 min in a

batch-type system. The results showed that at 200C about 50 % of raw material degraded, resulting in a high

level of reducing sugar. Corn stover gave the highest reducing sugar content in the pretreatment step (0.53 g

reducing sugar/ g dry solid). In addition, pretreatment using subcritical water also improved the digestibility of

all agricultural materials tested after digestion test with cellulase and cellubiase, especially at 200C pretreatment.
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However, the pretreatment of rice straw gave the highest reducing sugar content (0.21 g reducing sugar/g dry

solid) after enzymatic digestion.

§” ”§—≠: ‡´≈≈Ÿ‚≈ , πÈ”µ“≈√’¥‘«´å, ‰Œ‚¥√‰≈´‘ 

Keywords: Cellulose, reducing sugar, hydrolysis

∫∑π”

‡π◊ËÕß®“°ªí≠À“§«“¡‰¡à·πàπÕπ¢Õß‡™◊ÈÕ‡æ≈‘ß

®“°øÕ  ‘́≈®÷ß∑”„Àâ°“√º≈‘µ‡™◊ÈÕ‡æ≈‘ß‡Õ∑“πÕ≈

®“°‡´≈≈Ÿ‚≈  (cellulosic ethanol) ‡ªìπ‡∑§‚π‚≈¬’

„π°“√º≈‘µæ≈—ßß“π∑“ß‡≈◊Õ°∑’Ë‰¥â√—∫§«“¡ π„®

Õ¬à“ß¬‘Ëß„πªí®®ÿ∫—π (Wyman, 2007) ‡»…‡À≈◊Õ∑“ß°“√

‡°…µ√ ‡™àπ ø“ß¢â“« µâπ¢â“«‚æ¥ ·≈–™“πÕâÕ¬

‡ªìπ«—µ∂ÿ¥‘∫∑’Ë¡’√“§“∂Ÿ° ”À√—∫°√–∫«π°“√º≈‘µ

‡Õ∑“πÕ≈®“°‡´≈≈Ÿ‚≈  ¢—ÈπµÕπ∑’Ë ”§—≠¢Õß

°√–∫«π°“√π’È§◊Õ°“√¬àÕ¬‚¡‡≈°ÿ≈‡´≈≈Ÿ‚≈ ·≈–

‡Œ¡‘‡´≈≈Ÿ‚≈ „Àâ‰¥â‡ªìππÈ”µ“≈∑’Ë “¡“√∂À¡—°¥â«¬¬’ µå

‡æ◊ËÕº≈‘µ‡Õ∑“πÕ≈µàÕ‰ª ´÷Ëß«‘∏’°“√„π°“√¬àÕ¬ “¡“√∂

∑”‰¥â∑—Èß·∫∫„™â°√¥ ‡™àπ °√¥´—≈øî«√‘° (»‘√‘«—≤π“

·≈– ™¡æŸπÿ™, 2549) ·≈–„™â‡Õπ‰´¡å‡´≈≈Ÿ‡≈ 

°“√„™â ‡Õπ‰´¡å¡’¢âÕ¥’„π°“√™à«¬≈¥ “√‡§¡’·≈–

‡ªìπ¡‘µ√°—∫ ‘Ëß·«¥≈âÕ¡®÷ß‡ªìπ«‘∏’∑’Ë‰¥â√—∫§«“¡ π„®

„πªí®®ÿ∫—π (Wyman, 2007) ·µà°√–∫«π°“√¬àÕ¬

‡´≈≈Ÿ ‚≈ ∑’Ë Õ¬Ÿà „π√Ÿª¥—È ß ‡¥‘ ¡¥â «¬ ‡Õπ‰´¡å¡— °¡’

ª√– ‘∑∏‘¿“æµË”‡π◊ËÕß®“°‚§√ß √â“ß¢Õß‡´≈≈Ÿ‚≈ 

∑’Ë®—¥‡√’¬ß‡ªìπº≈÷°·πàπ·≈–°“√¡’≈‘°π‘π„π‚§√ß √â“ß

¢Õßæ◊™∑”„Àâ¬“°µàÕ°“√∑”ß“π¢Õß‡Õπ‰´¡å ¢—ÈπµÕπ

°“√æ√’∑√’µ‡¡πµå‡æ◊ËÕ„Àâ‡Õπ‰´¡å‡¢â“∑”ß“π‰¥â¥’¢÷Èπ

®÷ß‡ªìπªí®®—¬∑’Ë¡’§«“¡ ”§—≠µàÕ°“√‡æ‘Ë¡ª√‘¡“≥º≈º≈‘µ

πÈ”µ“≈ ÷́ËßÀ¡“¬∂÷ß‡æ‘Ë¡ª√‘¡“≥º≈º≈‘µ¢Õß‡Õ∑“πÕ≈¥â«¬

(Wyman, 2007) °√–∫«π°“√æ√’∑√’µ‡¡πµå¡’Õ¬ŸàÀ≈“¬

«‘∏’ ‡™àπ °“√„™â¥à“ß °“√„™â°√¥ √«¡∂÷ß°“√„™âπÈ”°÷Ëß«‘°ƒµ

(Mosier et al., 2005; Wyman et al., 2005; Hendriks

and Zeeman, 2009)

πÈ”°÷Ëß«‘°ƒµ (subcritical water) À¡“¬∂÷ß

πÈ”∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß°«à“ 100C ¿“¬„µâ§«“¡¥—π Ÿß‡æ’¬ßæÕ

∑’Ë®–√—°…“ ∂“π–¢Õß‡À≈«‰«â‰¥â ‚¥¬πÈ”°÷Ëß«‘°ƒµ

®–¡’§à“§ß∑’Ë°“√·µ°µ—« (Dissociation constant)

 Ÿß°«à“πÈ”∑’ËÕÿ≥À¿Ÿ¡‘ª°µ‘ π—Ëπ§◊Õ¡’§«“¡‡¢â¡¢âπ

¢Õß‰Œ‚¥√‡π’¬¡‰ÕÕÕπ Ÿß¢÷Èπ®÷ß “¡“√∂‡√àß°√–∫«π°“√

‰Œ‚¥√‰≈´‘ ‰¥â (Shaw et al., 1991)‚¥¬¡’ß“π«‘®—¬

æ∫«à“πÈ”°÷Ëß«‘°ƒµ “¡“√∂‡√àß°“√‰Œ‚¥√‰≈ ‘́ ‡´≈≈Ÿ‚≈ 

(Sasaki et al., 1998) ‚ª√µ’π (Rogalinski et al., 2005)

 µ“√™å (Moreschi et al., 2004) ·≈–‰¢¡—π (Alenezi

et al., 2009)  „Àâ‰¥â‡ªìπ “√ª√–°Õ∫∑’Ë¡’¡Ÿ≈§à“ Ÿß¢÷Èπ

‰¥â ‡™àπ πÈ”µ“≈ °√¥Õ–¡‘‚π ·≈–°√¥‰¢¡—π ‡ªìπµâπ

À√◊Õ‰¥â “√ª√–°Õ∫∑’Ë¡’§ÿ≥ ¡∫—µ‘∑’Ë‡À¡“– ¡ ”À√—∫

π”‰ª„™â„πÕÿµ “À°√√¡‰¥â ‡™àπ  “√∑’Ë¡’§ÿ≥ ¡∫—µ‘

°“√‡ªìπ “√Õ‘¡—≈´‘‰ø‡ÕÕ√å®“°°“√‰Œ‚¥√‰≈ ‘́ √”¢â“«

(Khuwijitjaru et al., 2007) ‡ªìπµâπ

Liu and Wyman (2005) æ∫«à“°“√æ√’∑√’µ‡¡πµå

µâπ¢â“«‚æ¥¥â«¬πÈ”°÷Ëß«‘°ƒµ∑’Ë 200C ‰¡à«à“®–‡ªìπ

„π·∫∫°– (batch) À√◊Õ°“√‰À≈ºà“π (flow-through)

 “¡“√∂™à«¬¬àÕ¬πÈ”µ“≈®“° à«π‡Œ¡‘‡´≈≈Ÿ‚≈ ·≈–

‡æ‘Ë¡§«“¡ “¡“√∂„π¬àÕ¬‡´≈≈Ÿ‚≈ ¥â«¬‡Õπ‰´¡å‰¥â

Õ¬à“ß‰√°Áµ“¡¡’ß“π«‘®—¬æ∫«à“ª√– ‘∑∏‘¿“æ¢Õß

°√–∫«π°“√æ√’∑√’µ‡¡πµå¥â«¬πÈ”°÷Ëß«‘°ƒµ®–¡’§«“¡

·µ°µà“ß°—π‰ª„π«—µ∂ÿ¥‘∫™π‘¥µà“ßÊ (Mosier et al.,

2005; Hendriks et al., 2009)

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

º≈¢Õß°√–∫«π°“√æ√’∑√’µ‡¡πµå¥â«¬πÈ”°÷Ëß«‘°ƒµ

∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ µàÕª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬¥â«¬

‡Õπ‰´¡å¢Õß‡»…‡À≈◊Õ∑“ß°“√‡°…µ√∑’Ë ”§—≠ 3 ™π‘¥

§◊Õ ø“ß¢â“« µâπ¢â“«‚æ¥ ·≈–™“πÕâÕ¬ ´÷Ëß¬—ß‰¡à¡’

°“√»÷°…“·≈–‡ª√’¬∫‡∑’¬∫¢âÕ¡Ÿ≈¡“°àÕπ
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Õÿª°√≥å·≈–«‘∏’«‘®—¬

1. «—µ∂ÿ¥‘∫

«—µ∂ÿ¥‘∫„π°“√»÷°…“ª√–°Õ∫¥â«¬ ø“ß¢â“«·Àâß

(æ—π∏ÿå ÿæ√√≥∫ÿ√’ 2) µâπ¢â“«‚æ¥·Àâß (æ—π∏ÿåŒ“«“¬‡Õ’È¬π

™Ÿ°“√å´Ÿ‡ªÕ√å «’∑) ·≈–™“πÕâÕ¬ (‰¡à∑√“∫ “¬æ—π∏ÿå

∑’Ë·πàπÕπ ‡ªìπº≈‘µº≈æ≈Õ¬‰¥â®“°°“√º≈‘µπÈ”µ“≈

∑√“¬·¥ß À®°.Õππ∑åÕÿµ “À°√√¡ Õ.∫â“π‚ªÉß

®.√“™∫ÿ√’) ™“πÕâÕ¬∑’Ë‰¥â√—∫¡’≈—°…≥–‡ªìπ‡ âπªÉπ

¢π“¥°«â“ß 1-2 ¡‘≈≈‘‡¡µ√¬“« 5-10 ¡‘≈≈‘‡¡µ√  ”À√—∫

ø“ß¢â“«·≈–µâπ¢â“«‚æ¥∂Ÿ°π”¡“≈¥¢π“¥¥â«¬°“√µ—¥

·≈–ªíòπ„π‡§√◊ËÕßªíòπº ¡Õ“À“√‰¥â‡ªìπ‡ âπ¢π“¥°«â“ß

1-2 ¡‘≈≈‘‡¡µ√ ¬“« 5-10 ¡‘≈≈‘‡¡µ√ ·≈–Õ∫·Àâß

°àÕππ”‰ª∑¥≈Õßæ∫«à“«—µ∂ÿ¥‘∫¥—ß°≈à“«¡’§«“¡™◊Èπ

 ÿ¥∑â“¬ 10.29, 8.39 ·≈– 3.69 % µ“¡≈”¥—∫

2. °“√æ√’∑√’µ‡¡π∑å¥â«¬πÈ”°÷Ëß«‘°ƒµ

°“√æ√’∑√’µ‡¡π∑å¥â«¬πÈ”°÷Ëß«‘°ƒµ∑”„π¿“™π–ªî¥

(vessel) ´÷Ëß “¡“√∂∑πÕÿ≥À¿Ÿ¡‘·≈–§«“¡¥—π Ÿß‰¥â

‚¥¬¡’ª√‘¡“µ√√«¡ 100 ¡‘≈≈‘≈‘µ√ (Taiatsu Techno

Corporation, Japan) ·≈–§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘®“°Õÿª°√≥å

„Àâ§«“¡√âÕπ (heater) (∫√‘…—∑·Õææ≈“¬¥å ‰´·Õπµ‘øî§

Õ‘π µ√Ÿ‡¡âπ∑å  ®”°—¥) ·≈–¡’À—««—¥Õÿ≥À¿Ÿ¡‘¿“¬„π

·∫∫‡∑Õ√å‚¡§—ª‡ªî≈ (Type-K) ¥—ß√Ÿª∑’Ë 1

¢—ÈπµÕπ°“√æ√’∑√’µ‡¡πµå¡’¥—ßπ’È ∫√√®ÿ«—µ∂ÿ¥‘∫

5 °√—¡·≈–πÈ”°≈—Ëπ 80 °√—¡ ≈ß„π¿“™π–ªî¥

„Àâ§«“¡√âÕπ®π∂÷ßÕÿ≥À¿Ÿ¡‘∑’ËµâÕß°“√∑’Ë 100, 150

·≈– 200C ´÷Ëß„™â‡«≈“ 8, 9 ·≈– 10 π“∑’ µ“¡≈”¥—∫

·≈–√—°…“Õÿ≥À¿Ÿ¡‘„Àâ§ß∑’Ë ‡ªìπ‡«≈“Õ’° 10 π“∑’

®“°π—Èππ”¿“™π–ªî¥¡“≈¥Õÿ≥À¿Ÿ¡‘¥â«¬πÈ”∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß

π”µ—«Õ¬à“ß∑’Ë‰¥â°√Õß¥â«¬°√–¥“…°√Õß (Whatman

‡∫Õ√å 1) π” “√≈–≈“¬‰ªªíòπ‡À«’Ë¬ß∑’Ë 8,500 √Õ∫

µàÕπ“∑’ (7,673 x g) ‡ªìπ‡«≈“ 30 π“∑’ (Universal

16/16R, Hettich, Germany) ‡°Á∫ à«π “√≈–≈“¬„ 

(supernatant) ‡æ◊ËÕ«‘‡§√“–Àåª√‘¡“≥πÈ”µ“≈√’¥‘« ǻ¥â«¬«‘∏’

Dinitrosalicylic acid assay (Chaplin and Kennedy,

1986) π”µ–°Õπ‰ª¬àÕ¬¥â«¬‡Õπ‰´¡å ∑”°“√∑¥≈Õß

æ√’∑√’µ‡¡πµå 3 ´È” ™ÿ¥§«∫§ÿ¡ (control) ‡µ√’¬¡

‚¥¬„™âµ—«Õ¬à“ß«—µ∂ÿ¥‘∫·™à„ππÈ”°≈—Ëπ‡ªìπ‡«≈“ 10 π“∑’

3. °“√∑¥ Õ∫°“√¬àÕ¬«—µ∂ÿ¥‘∫¥â«¬

‡Õπ‰´¡å

¬àÕ¬«—µ∂ÿ¥‘∫‚¥¬„™â‡Õπ‰´¡å Celluclast 1.5L

(Cellulase c2730, ≥ 700 U/g, Novozymes, Denmark)

·≈– Novozyme 188 (Cellobiase c6105,  ≥ 250

U/g, Novozymes, Denmark) µ“¡«‘∏’¢Õß Kristensen

et al. (2007) ‚¥¬º ¡‚´‡¥’¬¡´‘‡µ√µ∫—ø‡øÕ√å (0.05

M, pH 4.8) ª√‘¡“µ√ 10 mL ‡Õπ‰´¡å Celluclast 1.5L

ª√‘¡“µ√ 0.5 mL ·≈– ‡Õπ‰´¡å Novozyme 188

ª√‘¡“µ√ 0.1 mL„π¢«¥ª√‘¡“µ√ (volumetric flask)

¢π“¥ 50 mL ‡µ‘¡«—µ∂ÿ¥‘∫„Àâ‰¥âª√‘¡“≥¢Õß·¢Áß 5%

(πÈ”Àπ—°µàÕª√‘¡“µ√) π”¢«¥‰ª‡¢¬à“∑’Ë 100 √Õ∫µàÕπ“∑’

‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß „πÕà“ß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘∑’Ë 50C

®“°π—Èππ”¢«¥µ—«Õ¬à“ß¡“µâ¡„ππÈ”‡¥◊Õ¥‡ªìπ‡«≈“ 10 π“∑’

‡æ◊ËÕÀ¬ÿ¥ªØ‘°‘√‘¬“ °√Õßµ—«Õ¬à“ß¥â«¬°√–¥“…°√Õß

(Whatman ‡∫Õ√å 1) π” “√≈–≈“¬‰ªªíòπ‡À«’Ë¬ß∑’Ë 8,500

√Õ∫µàÕπ“∑’ (7,673 xg)  ‡ªìπ‡«≈“ 30 π“∑’

‡°Á∫ à«π “√≈–≈“¬„ ‡æ◊ËÕ«‘‡§√“–Àåª√‘¡“≥πÈ”µ“≈

√’¥‘«´å¥â«¬«‘∏’ Dinitrosalicylic acid assay ∑”°“√

∑¥≈Õß 2 ´È”

√Ÿª∑’Ë 1. Õÿª°√≥å„π°“√æ√’∑√’µ‡¡πµå¥â«¬πÈ”°÷Ëß«‘°ƒµ
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4. °“√«‘‡§√“–Àå¢âÕ¡Ÿ≈

»÷°…“º≈¢Õß°“√æ√’∑√’µ‡¡πµå∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ

°—π¥â«¬°“√«‘‡§√“–Àå§«“¡·ª√ª√«π·≈–‡ª√’¬∫‡∑’¬∫

§à“‡©≈’Ë¬‚¥¬«‘∏’ Least Significant Different Test (LSD,

α = 0.05) (Kuehl, 2000)

º≈°“√∑¥≈Õß·≈–Õ¿‘ª√“¬º≈

1. º≈¢Õß°“√æ√’∑√’µ‡¡πµåµàÕª√‘¡“≥

πÈ”µ“≈√’¥‘«´å„π “√≈–≈“¬

°“√æ√’∑√’µ‡¡πµåµ—«Õ¬à“ß«—µ∂ÿ¥‘∫∑—Èß 3 ™π‘¥

¥â«¬πÈ”°÷Ëß«‘°ƒµ àßº≈„Àâ¢Õß·¢Áß∫“ß à«π ≈“¬µ—«‰ª

ª√‘¡“≥¢Õß·¢Áß∑’Ë‡À≈◊ÕÕ¬Ÿà≈¥≈ßµ“¡Õÿ≥¿Ÿ¡‘„π°“√

æ√’∑√’µ‡¡πµå∑’Ë Ÿß¢÷Èπ ‚¥¬∑’Ë 200C ¡’¢Õß·¢Áß‡À≈◊Õ‡æ’¬ß

56 - 67 % (πÈ”Àπ—°µàÕπÈ”Àπ—°) ‡∑à“π—Èπ (µ“√“ß∑’Ë 1)

´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“ ¿“«–¢ÕßπÈ”°÷Ëß«‘°ƒµ “¡“√∂¬àÕ¬

Õß§åª√–°Õ∫¢Õßæ◊™„ÀâÕ¬Ÿà„π√Ÿª∑’Ë≈–≈“¬πÈ”‰¥â

µ“√“ß∑’Ë 1. ª√‘¡“≥¢Õß·¢Áß∑’Ë‡À≈◊Õ (%) À≈—ß®“°°“√æ√’∑√’µ‡¡π∑å¥â«¬πÈ”°÷Ëß«‘°ƒµ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ

1 √“¬ß“π§à“„π√Ÿª§à“‡©≈’Ë¬ ± §à“‡∫’Ë¬ß‡∫π¡“µ√∞“π
a-d µ—«Õ—°…√°”°—∫∑’Ë·µ°µà“ß°—π„π·∂«‡¥’¬«°—πÀ¡“¬∂÷ß§à“‡©≈’Ë¬·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (LSD, α = 0.05)

 “√≈–≈“¬∑’Ë‰¥â®“°°“√∑¥≈Õß„πµ—«Õ¬à“ß

™ÿ¥§«∫§ÿ¡¡’≈—°…≥–„ °«à“™ÿ¥∑¥≈Õß (‰¡à‰¥â· ¥ß

º≈°“√∑¥≈Õß) ·≈–æ∫«à“¡’πÈ”µ“≈√’¥‘«´å Õ¬Ÿà‡æ’¬ß‡≈Á°πâÕ¬

(2 - 4 mg reducing sugar /g dry sol id)

·µà “√≈–≈“¬∑’Ë‰¥âÀ≈—ß°“√æ√’∑√’µ‡¡πµå¡’ ’‡¢â¡¢÷Èπ

µ“¡Õÿ≥À¿Ÿ¡‘∑’Ë Ÿß¢÷Èπ (‰¡à‰¥â· ¥ßº≈°“√∑¥≈Õß)

·≈–®“°°“√«‘‡§√“–Àåª√‘¡“≥πÈ”µ“≈√’¥‘«´åæ∫«à“„π

 “√≈–≈“¬∑’Ë‰¥âÀ≈—ß°“√æ√’∑√’µ‡¡πµå¡’ª√‘¡“≥πÈ”µ“≈

√’¥‘«´å‡æ‘Ë¡¢÷Èπ —¡æ—π∏å°—∫Õÿ≥À¿Ÿ¡‘∑’Ë Ÿß¢÷Èπ ‚¥¬æ∫«à“

∑’ËÕÿ≥À¿Ÿ¡‘ 200C „Àâª√‘¡“≥πÈ”µ“≈√’¥‘« ǻ‡æ‘Ë¡¢÷Èπ Ÿß

°«à“∑’ËÕÿ≥À¿Ÿ¡‘Õ◊Ëπ ·≈– Õ¥§≈âÕß°—∫ª√‘¡“≥¢Õß·¢Áß

∑’Ë‡À≈◊ÕπâÕ¬∑’Ë ÿ¥ (µ“√“ß∑’Ë 1 ·≈– 2) πÈ”µ“≈√’¥‘«´å

∑’Ë‡°‘¥¢÷Èπ„π¢—ÈπµÕπ°“√æ√’∑√’µ‡¡πµå¥â«¬πÈ”°÷Ëß«‘°ƒµπ’È

®–‡ªìππÈ”µ“≈∑’Ë‡°‘¥®“°‡Œ¡‘‡´≈≈Ÿ‚≈  ÷́Ëß¡’‚§√ß √â“ß

‰¡à·¢Áß·√ß‡∑à“°—∫‡´≈≈Ÿ‚≈  ·≈– “¡“√∂≈–≈“¬

ÕÕ°¡“°—∫πÈ”∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß‰¥â (Liu et al., 2005) Mosier

et al. (2005) √“¬ß“π«à“°“√æ√’∑√’µ‡¡πµå¥â«¬πÈ”

°÷Ëß«‘°ƒµ∑’ËÕÿ≥À¿Ÿ¡‘ 200-230C ®–∑”„Àâ«—µ∂ÿ¥‘∫

 ≈“¬‰ªª√–¡“≥ 40-60% (‚¥¬‡´≈≈Ÿ‚≈  4-22%

≈‘°π‘π 35-60% ·≈–‡Œ¡‘‡´≈≈Ÿ‚≈ ‡°◊Õ∫∑—ÈßÀ¡¥

≈–≈“¬Õ¬Ÿà„π√Ÿª¢Õß‡À≈«) ÷́Ëß Õ¥§≈âÕß°—∫º≈

°“√∑¥≈Õß„πß“π«‘®—¬§√—Èßπ’È ‡¡◊ËÕæ‘®“√≥“«—µ∂ÿ¥‘∫

·µà≈–™π‘¥æ∫«à“µâπ¢â“«‚æ¥„Àâª√‘¡“≥πÈ”µ“≈√’¥‘«´å

 Ÿß°«à“ø“ß¢â“«·≈–™“πÕâÕ¬ (µ“√“ß∑’Ë 2) Õ¬à“ß‰√°Áµ“¡

À“°æ‘®“√≥“¢âÕ¡Ÿ≈Õß§åª√–°Õ∫¢Õß«—µ∂ÿ¥‘∫®–æ∫«à“

ø“ß¢â“«¡’‡Œ¡‘‡´≈≈Ÿ‚≈  26% ·≈–¡’≈‘°π‘π 18%

(Sangnark and Noomhorm, 2004) ™“πÕâÕ¬

¡’‡Œ¡‘‡´≈≈Ÿ‚≈  26 % ·≈–¡’≈‘°π‘π 20 % (Boussarsar

et al., 2009) „π¢≥–∑’Ëµâπ¢â“«‚æ¥¡’‡Œ¡‘‡´≈≈Ÿ‚≈  22.4%

·≈–¡’≈‘°π‘π 17.6% (Mosier et al., 2005) ¢Õß
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ª√‘¡“≥æÕ≈’·´§§“√å‰√¥å∑—ÈßÀ¡¥ ÷́Ëß®–‡ÀÁπ‰¥â«à“

ª√‘¡“≥‡Œ¡‘‡´≈≈Ÿ‚≈ ·≈–≈‘°π‘π„π«—µ∂ÿ¥‘∫∑—Èß 3 ™π‘¥

‰¡à·µ°µà“ß°—π¡“°π—° ¥—ßπ—Èπ®“°º≈°“√∑¥≈Õß

∑’Ë‰¥â‡ πÕ«à“‚§√ß √â“ß¢Õß‡Œ¡‘‡´≈≈Ÿ‚≈ „πµâπ¢â“«

‚æ¥¡’°“√®—¥‡√’¬ßµ—«∑’Ë‰¡à·¢Áß·√ß®÷ß∑”„Àâ¬àÕ¬ ≈“¬

‰¥âßà“¬°«à“«—µ∂ÿ¥‘∫Õ’° Õß™π‘¥

µ“√“ß∑’Ë 2. ª√‘¡“≥πÈ”µ“≈√’¥‘«´å„π “√≈–≈“¬À≈—ß°“√æ√’∑√’µ‡¡π∑å

1 √“¬ß“π§à“„π√Ÿª§à“‡©≈’Ë¬ ± §à“‡∫’Ë¬ß‡∫π¡“µ√∞“π
a-d µ—«Õ—°…√°”°—∫∑’Ë·µ°µà“ß„π·∂«‡¥’¬«°—πÀ¡“¬∂÷ß§à“‡©≈’Ë¬·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (LSD, α = 0.05)

2. º≈¢Õß°“√æ√’∑√’µ‡¡πµåµàÕª√– ‘∑∏‘¿“æ

„π°“√¬àÕ¬¥â«¬‡Õπ‰´¡å

µ—«Õ¬à“ß∑’Ëºà“π°“√æ√’∑√’µ‡¡πµå·≈â«®–∂Ÿ°

π”¡“¬àÕ¬¥â«¬‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ·≈–‡´≈≈Ÿ‰∫‡Õ  ÷́Ëß

∑”Àπâ“∑’Ë„π°“√µ—¥ “¬‡´≈≈Ÿ‚≈ ·≈–πÈ”µ“≈‡´≈

≈Ÿ‰∫‚Õ µ“¡≈”¥—∫ º≈‘µ¿—≥±å ÿ¥∑â“¬‡ªìππÈ”µ“≈°≈Ÿ‚§ 

(Kristensen et al., 2007) ´÷Ëß¬’ µå “¡“√∂„™â

„π°√–∫«π°“√À¡—°‡æ◊ËÕº≈‘µ‡Õ∑“πÕ≈‰¥â

®“°µ“√“ß∑’Ë 3 ®–æ∫«à“„πµ—«Õ¬à“ß∑’Ë‰¡à‡µ‘¡

‡Õπ‰´¡åπ—Èπ®–¡’πÈ”µ“≈√’¥‘«´å∫“ß à«π≈–≈“¬ÕÕ°¡“

‰¥â ‡™àπ°—π´÷Ëßπà“®–‡ªìππÈ”µ“≈∑’Ë ‡°‘¥®“°¢—ÈπµÕπ

°“√æ√’∑√’µ‡¡πµå·≈–µ°§â“ßÕ¬Ÿà„π à«π¢Õß·¢Áß

‡π◊ËÕß®“°‰¡à‰¥â¡’¢—ÈπµÕπ°“√≈â“ß

µ“√“ß∑’Ë 3. ª√‘¡“≥πÈ”µ“≈√’¥‘«´å∑’Ë‰¥â®“°°“√¬àÕ¬«—µ∂ÿ¥‘∫¥â«¬‡Õπ‰´¡å‡¡◊ËÕ«—µ∂ÿ¥‘∫ºà“π°“√æ√’∑√’µ‡¡πµå¥â«¬πÈ”

°÷Ëß«‘°ƒµ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ

1 √“¬ß“π§à“„π√Ÿª§à“‡©≈’Ë¬ ± §à“‡∫’Ë¬ß‡∫π¡“µ√∞“π
2 º≈µà“ß√–À«à“ß‡µ‘¡‡Õπ‰´¡å °—∫‰¡à‡µ‘¡‡Õπ‰´¡å
a-d

 
µ—«Õ—°…√°”°—∫∑’Ë·µ°µà“ß°—π„π·∂«‡¥’¬«°—πÀ¡“¬∂÷ß§à“‡©≈’Ë¬·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (LSD, α = 0.05)
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‡¡◊ËÕπ”µ—«Õ¬à“ß¡“¬àÕ¬¥â«¬‡Õπ‰´¡å∑”„Àâ‰¥â

ª√‘¡“≥πÈ”µ“≈√’¥‘«´å‡æ‘Ë¡¢÷Èπ°«à“µ—«Õ¬à“ß∑’Ë‰¡à‡µ‘¡‡Õπ‰´¡å

º≈°“√∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“°“√∑”ß“π¢Õß‡Õπ‰´¡å

„πµ—«Õ¬à“ß∑’Ëºà“π°“√æ√’∑√’µ‡¡πµå∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ

∑”„Àâ¡’°“√‡æ‘Ë¡¢÷Èπ¢ÕßπÈ”µ“≈√’¥‘«´å¡“°¢÷Èπ¥â«¬

(µ“√“ß∑’Ë 3) ¥—ßπ—Èπ· ¥ß„Àâ‡ÀÁπ«à“°“√æ√’∑√’µ‡¡πµå

™à«¬ ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√¬àÕ¬¢Õß‡Õπ‰´¡å‰¥â

‚¥¬‡©æ“–°“√æ√’∑√’µ‡¡πµå∑’ËÕÿ≥À¿Ÿ¡‘ 200C

∑”„Àâª√– ‘∑∏‘¿“æ°“√¬àÕ¬¥â«¬‡Õπ‰´¡å‡æ‘Ë¡¢÷ÈπÕ¬à“ß

™—¥‡®π „π°“√∑¥≈Õßπ’Èæ∫«à“‡Õπ‰´¡å‡´≈≈Ÿ‡≈ 

·≈–‡´≈≈Ÿ‰∫‡Õ  “¡“√∂¬àÕ¬ø“ß¢â“«‰¥â¡“°∑’Ë ÿ¥

®“°º≈°“√«—¥πÈ”µ“≈√’¥‘« ǻ∑—Èß¢—ÈπµÕπ°“√æ√’∑√’µ‡¡πµå

¥â«¬πÈ”°÷Ëß«‘°ƒµ·≈–¢—ÈπµÕπ°“√¬àÕ¬æ∫«à“ª√‘¡“≥

πÈ”µ“≈√’¥‘«´å∑—ÈßÀ¡¥ Ÿß ÿ¥∑’Ë‰¥â®“°ø“ß¢â“« µâπ¢â“«

‚æ¥·≈–™“πÕâÕ¬§◊Õ 381.22, 809.68 ·≈– 648.11 mg

reducing sugar /g dry solid µ“¡≈”¥—∫

„π°“√»÷°…“°“√æ√’∑√’µ‡¡πµåµâπ¢â“«‚æ¥

¥â«¬πÈ”°÷Ëß«‘°ƒµ∑’Ë 200C ¢Õß Liu et al. (2005)

æ∫«à“πÈ”µ“≈∑’Ë‰¥â„π™à«ßæ√’∑√’µ‡¡πµåª√–°Õ∫¥â«¬

πÈ”µ“≈‰´‚≈ ‡ªìπ à«π„À≠à „π¢≥–∑’Ë‡¡◊ËÕπ”µ—«Õ¬à“ß

¡“ºà“π°“√¬àÕ¬¥â«¬‡Õπ‰´¡å‡´≈≈Ÿ‡≈ πÈ”µ“≈∑’Ë‰¥â

®–‡ªìπ°≈Ÿ‚§ ‡ªìπ à«π„À≠à πÈ”°÷Ëß«‘°ƒµ®–∑”Àπâ“∑’Ë

 ”§—≠§◊Õ°“√‡æ‘Ë¡æ◊Èπ∑’Ëº‘«¢Õß‡´≈≈Ÿ‚≈ ∑’Ë‡Õπ‰´¡å

®–‡¢â“∑”ªØ‘°‘√‘¬“‰¥â ·≈–™à«¬≈–≈“¬‡Œ¡‘‡´≈≈Ÿ‚≈ ‰¥â

·µà‰¡à “¡“√∂°”®—¥≈‘°π‘π‰¥â¡“°π—° (Mosier et al.,

2005)

 √ÿª

°“√æ√’∑√’µ‡¡πµå¥â«¬πÈ”°÷Ëß«‘°ƒµ‡ªìπ«‘∏’∑’Ë™à«¬

 °—¥πÈ”µ“≈®“°«—µ∂ÿ¥‘∫‰¥â ·≈–¬—ß‡æ‘Ë¡§«“¡ “¡“√∂

„π°“√¬àÕ¬¥â«¬‡Õπ‰´¡å‰¥â «‘∏’π’È¡’¢âÕ¥’§◊Õ‰¡à¡’°“√‡µ‘¡

 “√‡§¡’Õ◊Ëπ„π°√–∫«π°“√®÷ß‡ªìπ«‘∏’∑’Ë‡ªìπ¡‘µ√µàÕ

 ‘Ëß·«¥≈âÕ¡ Õ¬à“ß‰√°Áµ“¡§«√¡’°“√»÷°…“‡æ‘Ë¡‡µ‘¡

‚¥¬‡©æ“–°“√«‘‡§√“–Àå™π‘¥¢ÕßπÈ”µ“≈∑’Ë‰¥â„π·µà≈–

¢—ÈπµÕπ‡æ◊ËÕÀ“ ¿“«–„π°“√æ√’∑√’µ‡¡πµå∑’Ë¥’∑’Ë ÿ¥

‡Õ° “√Õâ“ßÕ‘ß
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