
∫∑§«“¡«‘®—¬

°“√º≈‘µ‰«πå‚¥¬„™â Saccharomyces cerevisiae
‡´≈≈åµ√÷ß√Ÿª„π™‘Èπº≈‰¡â

Õ√Õπß§å æ√‘Èß»ÿ≈°–* ≥—Æ∞‘°“  ÿ«√√≥“»√—¬ ·≈– æ‘™“¿—§  ¡¬Ÿ√∑√—æ¬å

∫∑§—¥¬àÕ

„π°“√∑¥≈Õßπ’È‰¥â∑”°“√»÷°…“°“√º≈‘µ‰«πå‚¥¬„™â Saccharomyces cerevisiae ‡´≈≈åµ√÷ß√Ÿª
„πµ—«æ¬ÿß∑’Ë‡ªìπº≈‰¡â 4 ™π‘¥ §◊Õ ¡–¡à«ß Ω√—Ëß ™¡æŸà ·≈–¡–¬¡ ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ (25, 30 Õß»“‡´≈‡´’¬ 
·≈–Õÿ≥À¿Ÿ¡‘ÀâÕß) °“√µ√«® Õ∫°“√µ√÷ß‡´≈≈å¬’ µå∫π™‘Èπº≈‰¡â∑”¿“¬„µâ°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á§µ√Õπ·∫∫
 àÕß°√“¥ ·≈–»÷°…“°“√À¡—°‰«πå·∫∫ repeated batch fermentation ‚¥¬¡’§«“¡‡¢â¡¢âπ¢ÕßπÈ”µ“≈‡√‘Ë¡µâπ
‡ªìπ 125 °√—¡µàÕ≈‘µ√ ·≈–„™â√–¬–‡«≈“„π°“√À¡—° 24 ·≈– 48 ™—Ë«‚¡ß ®“°°“√∑¥≈Õßæ∫«à“ §«“¡‡¢â¡¢âπ
¢Õß‡Õ∏“πÕ≈‡©≈’Ë¬‡ªìπ 5.5% (v/v) ·≈– 6.1% (v/v) ∑’Ë√–¬–‡«≈“„π°“√À¡—° 24 ·≈– 48 ™—Ë«‚¡ß µ“¡
≈”¥—∫ ‚¥¬°“√µ√÷ß‡´≈≈å∫πº≈‰¡â∑—Èß 4 ™π‘¥ “¡“√∂„™â´È”‰¥âÕ¬à“ßπâÕ¬ 3 §√—Èß‚¥¬º≈º≈‘µ¢Õß‡Õ∏“πÕ≈
¬—ß§ß Ÿß °“√«‘‡§√“–Àå∑“ßª√– “∑ —¡º—  æ∫«à“‰«πå∑’Ëº≈‘µ®“°°“√µ√÷ß‡´≈≈å®–„Àâ°≈‘Ëπº≈‰¡â·≈–√ ™“µ‘∑’Ë¥’

§” ”§—≠: ‰«πå Saccharomyces cerevisiae ‡´≈≈åµ√÷ß√Ÿª ™‘Èπº≈‰¡â

¿“§«‘™“™’««‘∑¬“ §≥–«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤
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Saccharomyces cerevisiae Cell Immobilization
on Fruit Pieces for Wine Production

Onanong Pringsulaka*, Nuttika Suwannasai and Peechapack Somyoonsap

ABSTRACT

A biocatalyst was prepared by immobilizing a Saccharomyces cerevisiae strain on
various fruit pieces including mango, guava, roseapple and otaheite gooseberry (Phyllanthus
acidus (L.) Skeels) for use in wine fermentation at various temperatures (25°C, 30°C and room
temperature). Cell immobilization was confirmed by scanning electron microscopy. Repeated
batch fermentation was carried out for 24 h and 48 h with an initial sugar concentration of 125
g/l. The ethanol concentration was 5.5% (v/v) on average and 6.1% (v/v) at the fermentation
times 24 h and 48 h, respectively. The immobilized cells could be reused in at least 3 repeated-
batches while retaining high ethanol productivity. Preliminary sensory tests established the fruity
aroma and fine taste of the produced wines.
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∫∑π”
‰«πå‡ªìπ‡§√◊ËÕß¥◊Ë¡ª√–‡¿∑·Õ≈°ÕŒÕ≈å∑’Ë¡’°“√º≈‘µ∑’Ë‡ªìπ‡Õ°≈—°…≥å °≈à“«§◊Õ®–„™âπÈ”Õßÿàπ‡ªìπ

«—µ∂ÿ¥‘∫·≈–„™â¬’ µå‡ªìπ‡™◊ÈÕµ—Èßµâπ„π°“√À¡—° Õ¬à“ß‰√°Áµ“¡„π™à«ß°≈“ß»µ«√√…∑’Ë 19 ‰¥â¡’°“√π”‡∑§‚π‚≈¬’
™’«¿“æ¡“„™â„π°“√‡ª≈’Ë¬π·ª≈ß°√–∫«π°“√À¡—°‰«πå·∫∫¥—Èß‡¥‘¡ ‚¥¬«‘∏’Àπ÷Ëß∑’Ëπ‘¬¡„™â§◊Õ°“√µ√÷ß‡´≈≈å ´÷Ëß
‡ªìπ‡∑§π‘§∑’Ë∑”‰¥â‰¡à¬“° ·≈–¡’¢âÕ‰¥â‡ª√’¬∫¡“°°«à“°“√À¡—°‚¥¬„™â‡´≈≈åÕ‘ √– (free cells) §◊Õ  “¡“√∂
À¡—°‰¥âÕ¬à“ßµàÕ‡π◊ËÕß „™â‡«≈“„π°“√∫à¡‡æ◊ËÕ„Àâ‰¥âº≈‘µ¿—≥±å —Èπ°«à“ ≈¥µâπ∑ÿπ„π°“√º≈‘µ ·≈–‰«πå∑’Ë‰¥â¬—ß¡’
°≈‘Ëπ√ ‡ªìπ∑’Ë¬Õ¡√—∫¢ÕßºŸâ∫√‘‚¿§ [1] πÕ°®“°π’È¬—ß¡’°“√„™â‡´≈≈åµ√÷ß√Ÿª„π°“√º≈‘µº≈‘µ¿—≥±åÀ≈“¬ª√–‡¿∑
‰¥â·°à °“√º≈‘µ “√™’«‚¡‡≈°ÿ≈ (biomolecules) µà“ßÊ ‡™àπ ‡Õ∏“πÕ≈ ∫‘«∏“πÕ≈ ·≈–‰Õ‚´‚æ√æ“πÕ≈
°“√º≈‘µ°√¥Õ‘π∑√’¬å ‡™àπ °√¥¡“≈‘§ (malic acid) °√¥´‘µ√‘° (citric acid) °√¥·≈§µ‘° (lactic acid)
·≈–°√¥°≈Ÿ‚§π‘§ (gluconic acid) °“√º≈‘µ‡Õπ‰´¡å ‡™àπ ‡´≈≈Ÿ‡≈  Õ–‰¡‡≈  ·≈–‰≈‡ª  °“√º≈‘µ
ŒÕ√å‚¡π¥â«¬«‘∏’ biotransformation ®“° ‡µÕ√Õ¬¥å ·≈–„™â„π°“√∫”∫—¥πÈ”‡ ’¬ µ≈Õ¥®π„™â„π
Õÿµ “À°√√¡Õ“À“√ ‡™àπ °“√º≈‘µ‡∫’¬√å ·≈–‰«πå [2-4]

„π°“√‡≈◊Õ°„™â«—µ∂ÿ¥‘∫‡æ◊ËÕ‡ªìπµ—«æ¬ÿß‚¥¬∑—Ë«‰ª§«√„™â™π‘¥∑’Ë “¡“√∂„™â°—∫Õ“À“√‰¥â (food grade
quality) À“‰¥âßà“¬„π∏√√¡™“µ‘ ·≈–√“§“‰¡à·æß ‚¥¬„π°“√º≈‘µ‰«πå‚¥¬„™â‡´≈≈å¬’ µåµ√÷ß√Ÿªπ’È‰¥â¡’√“¬ß“π
°“√„™âµ—«æ¬ÿßÀ≈“°À≈“¬™π‘¥ [5, 6] ‚¥¬ à«π„À≠à®–‡ªìπæÕ≈‘·´§§“‰√¥å∑’Ë‡ªìπ “√Õ‘π∑√’¬å·≈– “√Õπ‘π∑√’¬å
∑’Ëæ∫¡“°„π∏√√¡™“µ‘ °“√„™âµ—«æ¬ÿß‡À≈à“π’È “¡“√∂„™â‰¥â∑—π∑’À√◊ÕÕ“®‡ª≈’Ë¬π·ª≈ß≈—°…≥–∫“ßª√–°“√
¢Õß “√¥—ß°≈à“«‡≈Á°πâÕ¬ ‡™àπ °“√‡æ‘Ë¡√Ÿæ√ÿπ °“√‡æ‘Ë¡ª√–®ÿ∑’Ëæ◊Èπº‘« µ—«Õ¬à“ß¢Õß “√Õπ‘π∑√’¬å∑’Ë„™â‡ªìπ
µ—«æ¬ÿß‰¥â·°à mineral kissiris ´÷Ëß‰¥â®“°«— ¥ÿ¿Ÿ‡¢“‰ø„πª√–‡∑»°√’´ [7, 8] γ-alumina [9] ‡ªìπµâπ
 “√Õ‘π∑√’¬å ‡™àπ alginates, cellulose, carrageenan, agar, pectic acid ·≈– chitosan ‡ªìπµâπ
 à«πµ—«æ¬ÿß∑’Ë¡“®“°«—µ∂ÿ¥‘∫∏√√¡™“µ‘ (natural supports) ∑’Ëπ‘¬¡„™â ‡™àπ delignified cellulosic materials
(DCM) [10] ·≈– gluten pellets (GP) [11-13] Õ¬à“ß‰√°Áµ“¡µ—«æ¬ÿß‡À≈à“π’È¡—°¡’√“§“·æß ®÷ß‰¡à
‡À¡“–„π°“√π”¡“„™â„π√–¥—∫Õÿµ “À°√√¡

°“√„™âµ—«æ¬ÿßª√–‡¿∑º≈‰¡â·≈–‡ª≈◊Õ°º≈‰¡â´÷Ëß¡’√“§“∂Ÿ°·≈–À“‰¥âßà“¬„π∑âÕß∂‘Ëπ ®÷ß‡ªìπÕ’°
∑“ß‡≈◊Õ°Àπ÷Ëß„π°“√À¡—°‰«πå ‚¥¬¡’¢âÕ‰¥â‡ª√’¬∫°«à“°“√À¡—°‚¥¬„™â‡´≈≈åÕ‘ √– §◊Õ „Àâª√‘¡“≥·Õ≈°ÕŒÕ≈å Ÿß
√–¬–‡«≈“„π°“√À¡—° —Èπ°«à“  “¡“√∂‡æ‘Ë¡ª√‘¡“≥¢Õß‡Õ∏‘≈Õ– ‘́‡µ∑ (ethyl acetate) ∑”„Àâ°≈‘Ëπ√ „π‰«πå
¥’¢÷Èπ [14, 15] ·≈–‰«πå∑’Ë‰¥â¬—ß¡’°≈‘Ëπ¢Õßº≈‰¡âπ—ÈπÊ [16] πÕ°®“°π’È¬—ß™à«¬≈¥µâπ∑ÿπ„π°“√º≈‘µ
√«¡∑—Èß “¡“√∂ª√–¬ÿ°µå„™â„π°“√À¡—°‰¥âÕ¬à“ßµàÕ‡π◊ËÕß ‚¥¬‰¥â¡’°“√»÷°…“„π™‘Èπ·Õª‡ªîô≈ ‡ª≈◊Õ°Õßÿàπ
§«‘π™å (quince) ·≈–·æ√å (pear) ‡ªìπµ—«æ¬ÿß (solid support) „π°“√À¡—°‰«πå·∫∫ repeated batch
·≈– continuous ∑¥·∑π°“√À¡—°‚¥¬„™â‡´≈≈åÕ‘ √– æ∫«à“„Àâº≈¥’·≈–‡ªìπ∑’Ë¬Õ¡√—∫∑“ß√  —¡º—  [3, 10,
15-17] ®“°§«“¡ ”§—≠¥—ß°≈à“«„πß“π«‘®—¬π’È®÷ß‰¥â‡≈◊Õ°„™âº≈‰¡â∑’ËÀ“‰¥âßà“¬·≈–√“§“‰¡à·æß‡ªìπµ—«æ¬ÿß„π
°“√µ√÷ß‡´≈≈å¬’ µå Saccharomyces cerevisiae „π°“√º≈‘µ‰«πå ‚¥¬ª√–‡∑»‰∑¬‡ªìπª√–‡∑»∑’Ë¡’º≈‰¡â
µ“¡ƒ¥Ÿ°“≈‡ªìπ®”π«π¡“°„π·µà≈–ªï ®÷ß‡À¡“–∑’Ë®–„™â‡ªìπµ—«æ¬ÿß„π°“√º≈‘µ‰«πå∑’Ë¡’°≈‘Ëπ·≈–√ ∑’Ë‡ªìπ
‡Õ°≈—°…≥å ´÷Ëßº≈°“√»÷°…“∑’Ë‰¥â®– “¡“√∂æ—≤π“ª√– ‘∑∏‘¿“æ°“√º≈‘µ‰«πå∑“ßÕÿµ “À°√√¡ ‚¥¬„™â«—µ∂ÿ¥‘∫
„πª√–‡∑» ≈¥µâπ∑ÿπ°“√º≈‘µ ·≈–‡ªìπ°“√‡æ‘Ë¡¡Ÿ≈§à“¢Õßº≈‘µ¿—≥±å
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«‘∏’¥”‡π‘π°“√«‘®—¬
°“√‡µ√’¬¡‡™◊ÈÕ¬’ µå‡√‘Ë¡µâπ

∑”°“√‡æ“–‡≈’È¬ß‡™◊ÈÕ Saccharomyces cerevisiae ´÷Ëß‰¥â®“°ÀâÕßªØ‘∫—µ‘°“√®ÿ≈™’««‘∑¬“
¿“§«‘™“™’««‘∑¬“ ¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤ „πÕ“À“√·¢Áß‡Õ’¬ß MPYD ∑’Ëª√–°Õ∫¥â«¬ maltose 3 °√—¡
peptone 5 °√—¡ yeast extract 3 °√—¡ dextrose 10 °√—¡ ·≈–«ÿâπ 20 °√—¡ µàÕ≈‘µ√ ®“°π—Èπ∂à“¬‡™◊ÈÕ≈ß„π
Õ“À“√‡À≈« MPYD 10 ¡‘≈≈‘≈‘µ√ ∫à¡‰«â§â“ß§◊π∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß π”‡™◊ÈÕ¬’ µå∑’Ë‡µ√’¬¡‰¥â 3% ‡µ‘¡≈ß„π
ø≈“ °å¢π“¥ 250 ¡‘≈≈‘≈‘µ√ ∑’Ë¡’Õ“À“√‡≈’È¬ß‡™◊ÈÕ MPYD 100 ¡‘≈≈‘≈‘µ√ ∫à¡‡™◊ÈÕ∫π‡§√◊ËÕß‡¢¬à“§«“¡‡√Á«√Õ∫
100 rpm ‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß ‡°Á∫‡°’Ë¬«‡´≈≈å‚¥¬π”‰ª centrifuge ∑’Ë 2,000xg π“π 5 π“∑’ ≈â“ß‡´≈≈å 2
§√—Èß¥â«¬ phosphate buffer saline pH 6.0 (ª√–°Õ∫¥â«¬ phosphate 200 mM ·≈– KCl 600 mM)
[18]

°“√‡µ√’¬¡πÈ”Õßÿàπ
„™âÕßÿàπ·¥ßæ—π∏ÿå Cardinal ¡“‡µ√’¬¡‡ªìππÈ”Õßÿàπ ”À√—∫À¡—°‰«πå ‚¥¬π”Õßÿàπ¡“≈â“ß¥â«¬

chlorine solution 20 ppm ®“°π—Èπªíòπ·¬°πÈ”Õßÿàπ ·≈–π”¡“ª√—∫„Àâ¡’§«“¡‡¢â¡¢âπ¢ÕßπÈ”µ“≈‡ªìπ 12
Õß»“∫√‘°´å (°Brix) §‘¥‡ªìπ§«“¡‡¢â¡¢âπ¢ÕßπÈ”µ“≈‡√‘Ë¡µâπ‡ªìπ 125 °√—¡µàÕ≈‘µ√ π”‰ª¶à“‡™◊ÈÕ∑’ËÕÿ≥À¿Ÿ¡‘
121 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 15 π“∑’ ‡æ◊ËÕ‡°Á∫‰«â„™â∑¥≈Õß¢—ÈπµàÕ‰ª

°“√µ√÷ß‡´≈≈å¬’ µå (yeast cell immobilization) „π™‘Èπº≈‰¡â
‚¥¬∑”µ“¡«‘∏’¢Õß Kourkoutas ·≈–§≥– (2001) [4] ‡√‘Ë¡®“°π”µ—«Õ¬à“ßº≈‰¡â∑’Ë¡’§ÿ≥¿“æ¥’

®“°µ≈“¥¡“„™â‡ªìπµ—«æ¬ÿß ”À√—∫°“√µ√÷ß√Ÿª¬’ µå ‰¥â·°à Ω√—Ëß ¡–¡à«ß ¡–¬¡ ·≈–™¡æŸà ®”π«π 200 °√—¡
À—Ëπ„Àâ·µà≈–™‘Èπ¡’¢π“¥ 2-3 ‡´πµ‘‡¡µ√ π”‰ª¶à“‡™◊ÈÕ∑’ËÕÿ≥À¿Ÿ¡‘ 121 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 15 π“∑’ „ à
º≈‰¡â≈ß„πø≈“ °å¢π“¥ 500 ¡‘≈≈‘≈‘µ√ ∑’Ë¡’‡´≈≈å¬’ µå («—¥§«“¡¢ÿàπ∑’Ë OD 590 nm ‡∑à“°—∫ 2) „πÕ“À“√
‡≈’È¬ß‡™◊ÈÕ MPYD broth ∑’Ë pH 5 ª√‘¡“µ√ 200 ¡‘≈≈‘≈‘µ√ ∑‘Èß‰«â„Àâ‡°‘¥°“√À¡—° 8-12 ™—Ë«‚¡ß ®“°π—Èπ·¬°
 à«ππÈ”∑’Ë¡’¬’ µåÕ‘ √–∑’Ë‰¡à∂Ÿ°µ√÷ßÕÕ°„Àâ‡À≈◊Õ·µà™‘Èπº≈‰¡â∑’Ë¡’¬’ µå‡´≈≈åµ√÷ß√Ÿª ≈â“ß¥â«¬πÈ”Õßÿàπ∑’Ë¶à“‡™◊ÈÕ·≈â«
200 ¡‘≈≈‘≈‘µ√ 2 §√—Èß ·≈â«π”‰ª∑”°“√À¡—°°—∫πÈ”Õßÿàπ∑’Ë‡µ√’¬¡‰«â¢â“ßµâπ

°“√À¡—°‰«πå·∫∫ repeated batch fermentation
‚¥¬„™â‡´≈≈å¬’ µå∑’Ëµ√÷ßÕ¬Ÿà∫π™‘Èπº≈‰¡â¢â“ßµâπ ¡“‡µ‘¡πÈ”Õßÿàπ 200 ¡‘≈≈‘≈‘µ√ ∑”°“√À¡—°‡ªìπ

‡«≈“ 48 ™—Ë«‚¡ß «—¥ª√‘¡“≥πÈ”µ“≈∑’Ë‡À≈◊Õ‚¥¬„™â hand refractometer ®“°π—Èπ‡∑ à«ππÈ”Õßÿàπ∑’ËÀ¡—°·≈â«
ÕÕ°‡æ◊ËÕπ”‰ª«‘‡§√“–ÀåÀ“ª√‘¡“≥‡Õ∏“πÕ≈  à«πº≈‰¡â∑’Ë¡’‡´≈≈å¬’ µåµ√÷ß√Ÿª„Àâ∑”°“√≈â“ß¥â«¬πÈ”Õßÿàπ∑’Ë¶à“
‡™◊ÈÕ·≈â« 200 ¡‘≈≈‘≈‘µ√ ®”π«π 2 §√—Èß ∑”°“√À¡—°·∫∫ repeated batch ‡™àππ’È®”π«π 3 √Õ∫ ‚¥¬∑”∑’Ë
Õÿ≥À¿Ÿ¡‘ÀâÕß (30 ± 3 Õß»“‡´≈‡´’¬ ) 25 ·≈– 30 Õß»“‡´≈‡´’¬  ‡ª√’¬∫‡∑’¬∫°—∫‰«πå∑’ËÀ¡—°¥â«¬‡´≈≈å
Õ‘ √– [18]
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°“√«‘‡§√“–Àå®”π«π‡´≈≈å¬’ µå
‚¥¬µ—¥™‘Èπº≈‰¡â∑’Ë¡’‡´≈≈å¬’ µåµ√÷ß√Ÿª∑’Ëºà“π°“√À¡—°∑ÿ°§√—Èß®”π«π 10 °√—¡ π”¡“∑”„Àâ‡ªìπ‡π◊ÈÕ

‡¥’¬«°—π„π Ringer solution 90 ¡‘≈≈‘≈‘µ√ ∑’Ëª√–°Õ∫¥â«¬ NaCl 90 °√—¡ CaCl2 2 °√—¡ ·≈– KCl 2 °√—¡
µàÕ≈‘µ√ π—∫®”π«π‡´≈≈å¬’ µå¥â«¬ haemocytometer ·≈–µ√«® Õ∫°“√‡°“–µ‘¥¢Õß¬’ µå∫π™‘Èπº≈‰¡â¥â«¬
°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á§µ√Õπ·∫∫ àÕß°√“¥ (scanning electron microscopy) ¬’ËÀâÕ Hitachi √ÿàπ S510
(Japan) [15]

°“√«‘‡§√“–Àåª√‘¡“≥‡Õ∏“πÕ≈
π”πÈ”Õßÿàπ∑’Ëºà“π°“√À¡—°¥â«¬‡´≈≈å¬’ µåµ√÷ß√Ÿª∫π™‘Èπº≈‰¡â·≈–‡´≈≈åÕ‘ √–¡“«‘‡§√“–Àå¥â«¬‡§√◊ËÕß

°ä“´‚§√¡“‚µ°√“øøï (Gas Chromatography) ¬’ËÀâÕ Shimadzu √ÿàπ GC-2010 ‚¥¬„™â°ä“´‰π‚µ√‡®π‡ªìπ
µ—«æ“ (carrier gas) ∑’ËÕ—µ√“ 20 ¡‘≈≈‘≈‘µ√µàÕπ“∑’ µ√«® Õ∫‚¥¬„™â FID detector ∑’ËÕÿ≥À¿Ÿ¡‘ 210 Õß»“
‡´≈‡´’¬  [19] ·≈–‡ª√’¬∫‡∑’¬∫ª√‘¡“≥‡Õ∏“πÕ≈∑’Ëº≈‘µ‰¥â°—∫°√“ø¡“µ√∞“π‡Õ∏“πÕ≈∑’Ë§«“¡‡¢â¡¢âπµà“ßÊ

°“√«‘‡§√“–Àå°≈‘Ëπ√ 
∑¥ Õ∫‚¥¬°“√™‘¡·≈–„Àâ§–·ππ 0-10 (0 ‰¡à¬Õ¡√—∫ ·≈– 10 ¥’‡¬’Ë¬¡) ¥â“π√ ™“µ‘ (taste)

·≈–°≈‘Ëπ (aroma) ‚¥¬‡ª√’¬∫‡∑’¬∫√–À«à“ß‰«πå∑’ËÀ¡—°¥â«¬‡´≈≈åÕ‘ √–°—∫‰«πå∑’ËÀ¡—°¥â«¬‡´≈≈å¬’ µåµ√÷ß
√Ÿª∫π™‘Èπº≈‰¡â

º≈°“√∑¥≈Õß·≈–«‘®“√≥åº≈°“√∑¥≈Õß
°“√µ√÷ß‡´≈≈å·≈–°“√À¡—°

°“√À¡—°‰«πå‚¥¬„™â‡´≈≈å¬’ µåµ√÷ß√Ÿª∫π™‘Èπº≈‰¡â™π‘¥µà“ßÊ „Àâº≈°“√∑¥≈Õß· ¥ß¥—ßµ“√“ß∑’Ë 1
‚¥¬æ∫«à“ ª√‘¡“≥‡´≈≈å¬’ µå∑’Ë‡°“–Õ¬Ÿà∑’Ë™‘Èπº≈‰¡â®–¡’ª√–¡“≥ 6.29-7.49 log cell/ml Õ¬à“ß‰√°Áµ“¡
„π°“√À¡—°·∫∫ repeated batch „π√Õ∫∑’Ë 2 ·≈–√Õ∫∑’Ë 3 À≈—ß®“°∑’Ë≈â“ß·≈–‡ª≈’Ë¬ππÈ”Õßÿàπ·≈â«π”¡“
π—∫ª√‘¡“≥¢Õß‡´≈≈å¬’ µå„π«—π∑’Ë 0 æ∫«à“ª√‘¡“≥¢Õß‡´≈≈å¬’ µå®–≈¥≈ß‡≈Á°πâÕ¬ (‰¡à‰¥â· ¥ß¢âÕ¡Ÿ≈)
´÷ËßÕ“®‡π◊ËÕß¡“®“°™‘Èπº≈‰¡â‡°‘¥°“√‡ªóòÕ¬®÷ß∑”„Àâ‡´≈≈å¬’ µåÀ≈ÿ¥®“°°“√¬÷¥‡°“–‰ª„π¢≥–∑’Ë≈â“ß Õ¬à“ß‰√°Áµ“¡
‡¡◊ËÕ∑”°“√À¡—°‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß·≈– 48 ™—Ë«‚¡ß ª√‘¡“≥¬’ µå®–‡æ‘Ë¡¢÷Èπ®π„°≈â‡§’¬ß°—∫„π°“√À¡—°
√Õ∫·√° ‚¥¬°“√∑’Ë‡´≈≈å¬’ µå∂Ÿ°µ√÷ß∫π™‘Èπº≈‰¡âπ—Èπ‡°‘¥®“°æ—π∏–‰Œ‚¥√‡®π ·≈–·√ß·«π‡¥Õ√å«“« å (van
der Waals force) [19] À√◊Õ°“√¥Ÿ¥´—∫√–À«à“ßª√–®ÿ∫πºπ—ß‡´≈≈å¢Õß®ÿ≈‘π∑√’¬å·≈–™‘Èπº≈‰¡â [12]
´÷Ëßº≈°“√∑¥≈Õß∑’Ë‰¥â Õ¥§≈âÕß°—∫°“√»÷°…“°“√µ√÷ß‡´≈≈å¢Õß¬’ µå∫π·Õª‡ªîô≈ [4] ·≈–‡ª≈◊Õ°·µß‚¡ [19]
πÕ°®“°π’È¬—ßæ∫«à“ª√‘¡“≥‡´≈≈å∑’Ë§ß‡À≈◊ÕÕ¬Ÿà∫π™‘Èπº≈‰¡â„π°“√À¡—°·∫∫µ√÷ß‡´≈≈å®–¡“°°«à“°“√À¡—°
·∫∫Õ‘ √– ∑—Èßπ’ÈÕ“®‡°‘¥®“°¬’ µå “¡“√∂„™âπÈ”µ“≈„πº≈‰¡â∑’Ë‡ªìπµ—«æ¬ÿßπÕ°‡Àπ◊Õ®“°°“√„™âπÈ”µ“≈∑’Ë
¡’Õ¬Ÿà„ππÈ”Õßÿàπ∑”„Àâ¡’®”π«π‡´≈≈å‡æ‘Ë¡¡“°¢÷Èπ
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µ“√“ß∑’Ë 1 §à“æ“√“¡‘‡µÕ√åµà“ßÊ ∑’Ë‰¥â®“°°“√À¡—°·∫∫ repeated batch fermentation „πº≈‰¡â™π‘¥µà“ßÊ
·≈–°“√À¡—°¥â«¬‡´≈≈åÕ‘ √– ∑’ËÕÿ≥À¿Ÿ¡‘·µ°µà“ß°—π ‚¥¬„™â‡«≈“„π°“√À¡—° 48 ™—Ë«‚¡ß

Fruit Temp Repeated Ethanol concentration Free cell Residual Conversion
(˚C) batches (% v/v) concentration sugar (%)

24 h 48 h (log cell/ml) (˚Brix)
Free 25 4.1 6.2 6.35 7.2 39.988
celll 30 5.5 6.2 6.47 6.6 44.989

Õÿ≥À¿Ÿ¡‘ÀâÕß 3.0 4.9 6.29 7.6 36.654
¡–¡à«ß 25 1 5.4 5.4 6.79 4 66.66

2 6.4 6.4 6.82 3.4 71.661
3 5.7 5.7 6.86 3.4 71.661

30 1 5.7 5.7 6.89 3 74.995
2 6.5 6.5 6.86 3 74.995
3 6.1 6.1 6.88 3.8 68.327

Õÿ≥À¿Ÿ¡‘ÀâÕß 1 3.7 5.5 6.95 4 66.66
2 5.7 5.7 6.92 3 74.995
3 5.4 6.5 6.88 3.6 69.994

™¡æŸà 25 1 3.5 5.7 6.97 4 66.66
2 5.7 6.3 6.83 3.5 70.8275
3 6.9 7.2 6.80 2.7 77.4955

30 1 4.7 5.6 7.38 3.4 71.661
2 6.2 6.4 6.99 2.8 76.662
3 6.8 7.4 6.94 2.0 83.33

Õÿ≥À¿Ÿ¡‘ÀâÕß 1 3.4 5.6 7.38 3.5 70.8275
2 6.2 6.1 7.13 3.0 74.995
3 6.8 6.6 6.99 2.5 79.1625

Ω√—Ëß 25 1 2.8 4.9 7.10 4 66.66
2 5.6 6.4 6.94 4.6 61.659
3 6.7 6.9 6.89 3.2 73.328

30 1 6.2 5.5 6.98 4 66.66
2 5.2 6.9 6.95 3.6 69.994
3 6.7 7.2 6.89 3 74.995

Õÿ≥À¿Ÿ¡‘ÀâÕß 1 6.5 4.9 7.10 6.4 46.656
2 5.8 6.2 6.85 4.2 64.993
3 6.8 7.2 6.88 3 74.995
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®“°°“√∑¥≈Õß¬—ßæ∫«à“‡¡◊ËÕµ√÷ß‡´≈≈å¬’ µå∫π™‘Èπº≈‰¡â ¬’ µå®–¡’°“√„™âπÈ”µ“≈¡“°¢÷Èπ‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫°—∫‡´≈≈åÕ‘ √– ·≈– “¡“√∂‡ª≈’Ë¬π‡ªìπ‡Õ∏“πÕ≈‰¥â¡“°¢÷Èπ Õ¬à“ß‰√°Áµ“¡‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫‚¥¬
√«¡æ∫«à“º≈‰¡â∑ÿ°™π‘¥„Àâª√‘¡“≥‡Õ∏“πÕ≈Õ¬Ÿà„π™à«ß 2.8-7.3% (v/v) ‚¥¬¡’§à“‡©≈’Ë¬‚¥¬√«¡‡ªìπ 5.5%
(v/v) ‡¡◊ËÕ„™â‡«≈“„π°“√À¡—° 24 ™—Ë«‚¡ß ·≈–Õ¬Ÿà„π™à«ß 4.9-7.4% (v/v) ‚¥¬¡’§à“‡©≈’Ë¬‚¥¬√«¡‡ªìπ 6.1%
(v/v) ‡¡◊ËÕ„™â‡«≈“„π°“√À¡—° 48 ™—Ë«‚¡ß ‚¥¬ª√‘¡“≥‡Õ∏“πÕ≈ Ÿß ÿ¥∑’Ëº≈‘µ‰¥â„πº≈‰¡â·µà≈–™π‘¥ §◊Õ
¡–¡à«ß ™¡æŸà Ω√—Ëß ·≈–¡–¬¡ ‡ªìπ 6.5, 7.4, 7.2 ·≈– 7.3% v/v µ“¡≈”¥—∫ ·≈–®–¡’ª√‘¡“≥¢ÕßπÈ”µ“≈
‡À≈◊Õ‡¡◊ËÕ‡«≈“ºà“π‰ª 48 ™—Ë«‚¡ß Õ¬Ÿà„π™à«ß 2.0-6.4 Õß»“∫√‘°´å ‚¥¬‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫‚¥¬°“√À¡—°‚¥¬
„™â‡´≈≈åÕ‘ √– æ∫«à“ „Àâª√‘¡“≥‡Õ∏“πÕ≈„π™à«ß 3.0-4.1% (v/v) ‡¡◊ËÕ„™â‡«≈“„π°“√À¡—° 24 ™—Ë«‚¡ß ·≈–
4.9-6.2% (v/v) ‡¡◊ËÕ„™â‡«≈“„π°“√À¡—° 48 ™—Ë«‚¡ß ‚¥¬Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡ à«π„À≠àÕ¬Ÿà∑’Ë 30 Õß»“
‡´≈‡ ’́¬  ·≈–Õÿ≥À¿Ÿ¡‘ÀâÕß (30 ± 3 Õß»“‡´≈‡´’¬ ) ·≈–‡¡◊ËÕ∑”°“√À¡—°·∫∫ repeated batch ®”π«π
3 √Õ∫ æ∫«à“ª√‘¡“≥‡Õ∏“πÕ≈∑’Ëº≈‘µ‰¥â¬—ß§ß Ÿß°«à“°“√À¡—°„π√Õ∫·√° Õ¬à“ß‰√°Áµ“¡ª√‘¡“≥‡Õ∏“πÕ≈∑’Ë
24 ·≈– 48 ™—Ë«‚¡ß‰¡àµà“ß°—π¡“°π—° (√Ÿª∑’Ë 1) ¥—ßπ—Èπ„π°“√π”‰ªª√–¬ÿ°µå„™â®÷ß§«√‡≈◊Õ°„™â°“√À¡—°∑’Ë
Õÿ≥À¿Ÿ¡‘ÀâÕß·≈–∑”°“√À¡—°‡ªìπ√–¬–‡«≈“ 24 ™—Ë«‚¡ß πÕ°®“°π’È‡¡◊ËÕ«—¥ª√‘¡“≥‡¡∏“πÕ≈æ∫«à“ ‰¡à¡’‡¡∏“πÕ≈
‡°‘¥¢÷Èπ (‰¡à‰¥â· ¥ß¢âÕ¡Ÿ≈)

µ“√“ß∑’Ë 1 (µàÕ)

Fruit Temp Repeated Ethanol concentration Free cell Residual Conversion
(˚C) batches (% v/v) concentration sugar (%)

24 h 48 h (log cell/ml) (˚Brix)
¡–¬¡ 25 1 5.0 5.3 7.38 4 66.66

2 5.6 6.4 7.33 3.0 74.995
3 6.9 6.8 6.97 2.5 79.1625

30 1 4.6 5.7 7.38 3.5 70.8275
2 5.8 6.6 7.25 2.7 77.4955
3 6.9 7.3 6.92 2.0 83.33

Õÿ≥À¿Ÿ¡‘ÀâÕß 1 5.4 5.7 7.45 3.5 70.8275
2 5.4 6.5 7.00 3.0 74.995
3 7.2 7.3 6.44 2.7 77.4955
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v)

¡–¡à«ß ™¡æŸà Ω√—Ëß ¡–¬¡

ª√–‡¿∑¢Õßº≈‰¡â∑’ËÕÿ≥À¿Ÿ¡‘µà“ß Ê (Õß»“‡´≈‡ ’́¬ )

‡¡◊ËÕ∑”°“√‡ª√’¬∫‡∑’¬∫µ—«æ¬ÿßµà“ßÊ ∑’Ë‰¥â‡§¬¡’√“¬ß“π°àÕπÀπâ“π’È (µ“√“ß∑’Ë 2) æ∫«à“ °“√„™â
º≈‰¡â‡ªìπµ—«æ¬ÿß„π°“√∑¥≈Õßπ’È®– “¡“√∂º≈‘µ‡Õ∏“πÕ≈Õ¬Ÿà„π√–¥—∫ª“π°≈“ß ·≈–„°≈â‡§’¬ß°—∫°“√„™âµ—«
æ¬ÿß∑’Ë‡ªìπ‡ª≈◊Õ° â¡ ·µàπâÕ¬°«à“°“√„™âµ—«æ¬ÿß∑’Ë‡ªìπ delignified cellulosic materials ™‘Èπ§«‘π™å ·Õª‡ªîô≈
·≈–·µß‚¡ Õ“®‡π◊ËÕß¡“®“° “¬æ—π∏ÿå¢Õß¬’ µå·≈–Õßÿàπ∑’Ëπ”¡“„™â «—µ∂ÿ¥‘∫·≈– ¿“«–∑’Ë„™â √–¬–‡«≈“„π
°“√À¡—° °“√‡°“–‡¢â“°—∫æ◊Èπº‘«µ—«æ¬ÿß∑’Ë·µ°µà“ß°—π ∑”„Àâª√‘¡“≥¢Õß‡Õ∏“πÕ≈·µ°µà“ß°—π

√Ÿª∑’Ë 1 °“√‡ª√’¬∫‡∑’¬∫ª√‘¡“≥‡Õ∏“πÕ≈„πº≈‰¡â∑—Èß 4 ™π‘¥∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ
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µ“√“ß∑’Ë 2 °“√‡ª√’¬∫‡∑’¬∫æ“√“¡‘‡µÕ√å∑’Ë„™â„π°“√À¡—°‰«πå‚¥¬„™â‡™◊ÈÕ Saccharomyces cerevisiae ‚¥¬
„™âµ—«æ¬ÿß™π‘¥µà“ßÊ

Initial Ferm. time Residual Ethanol Conversion

µ—«æ¬ÿß (carrier) medium sugar (h) sugar (g/l) (%) Reference

(g/l) (g/l)

mineral kissiris °≈Ÿ‚§  113 16 7.5 48.0 93.4 Kana ·≈–§≥–

(1989) [20]

delignified Molasses/sucrose 172 36 10.2 104.0 94.0 Iconomou ·≈–§≥–

cellulosic (1995) [21]

materials

™‘Èπ§«‘π™å πÈ”Õßÿàπ 185 28 0.1 84.5 99.9 Kourkoutas ·≈–§≥–

 (2003) [15]

™‘Èπ·Õª‡ªîô≈ πÈ”Õßÿàπ 206 80 30.8 85.0 85.0 Kourkoutas ·≈–§≥–

(2001) [4]

‡ª≈◊Õ° â¡ °≈Ÿ‚§  125 9 4.0 51.4 96.8 Plessas ·≈–§≥–

(2007) [22]

‡ª≈◊Õ°·µß‚¡ πÈ”Õßÿàπ 200 22 <0.3 95 99.17 Antony (1984) [19]

™‘Èπ¡–¡à«ß πÈ”Õßÿàπ 125 48 31 51.35 75.2 °“√∑¥≈Õßπ’È

™‘Èπ™¡æŸà πÈ”Õßÿàπ 125 48 20.8 58.46 83.3 °“√∑¥≈Õßπ’È

™‘ÈπΩ√—Ëß πÈ”Õßÿàπ 125 48 31 56.88 75.2 °“√∑¥≈Õßπ’È

™‘Èπ¡–¬¡ πÈ”Õßÿàπ 125 48 28.1 57.67 77.5 °“√∑¥≈Õßπ’È

°“√µ√«® Õ∫°“√‡°“–µ‘¥¢Õß¬’ µå∫π™‘Èπº≈‰¡â¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á§µ√Õπ·∫∫ àÕß°√“¥
®“°°“√µ√«® Õ∫‡´≈≈å¬’ µå∑’Ë‡°“–Õ¬Ÿà∑’Ë™‘Èπº≈‰¡â æ∫«à“¬’ µå “¡“√∂‡æ‘Ë¡®”π«π‰¥â∫π‡π◊ÈÕ‡¬◊ËÕ

º‘«¢Õß™‘Èπº≈‰¡â (√Ÿª∑’Ë 2) ÷́Ëß‡ªìπº≈¡“®“°°“√‡°“–¬÷¥¢Õß¬’ µå°—∫∫√‘‡«≥™àÕß«à“ß„π‡π◊ÈÕº≈‰¡â ‚¥¬Õ“»—¬
æ—π∏–‰Œ‚¥√‡®π ·≈–·√ß·«π‡¥Õ√å«“« å [19] À√◊Õ°“√¥Ÿ¥´—∫√–À«à“ßª√–®ÿ∫πºπ—ß‡´≈≈å¢Õß®ÿ≈‘π∑√’¬å·≈–
™‘Èπº≈‰¡â [12] ®–‡ÀÁπ«à“‡´≈≈å¬’ µå¡’§«“¡ “¡“√∂„π°“√¬÷¥‡°“–„πº≈‰¡â∑’Ë‡ªìπµ—«æ¬ÿß∑—Èß 4 ™π‘¥ ‚¥¬
 à«π„À≠à‰¡à∂Ÿ°™–‰ªÀ≈—ß®“°°“√≈â“ß·≈–‡ª≈’Ë¬ππÈ”Õßÿàπ ∑”„Àâ°“√ √â“ß‡Õ∏“πÕ≈‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ¡’°“√À¡—°´È”·∫∫
repeated batch
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√Ÿª∑’Ë 2 °“√µ√«® Õ∫°“√‡°“–µ‘¥¢Õß¬’ µå∫π™‘Èπº≈‰¡â¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á§µ√Õπ·∫∫ àÕß°√“¥
A: ¡–¡à«ß  B: ™¡æŸà  C: Ω√—Ëß  ·≈– D: ¡–¬¡

°“√«‘‡§√“–Àå°≈‘Ëπ√ 
°“√«‘‡§√“–Àå°≈‘Ëπ√ ®“°Õ“ “ ¡—§√ 10 §π æ∫«à“ „Àâ√  ·≈–°≈‘Ëπ ‰¥â§–·ππ§«“¡æ÷ßæÕ„®

‚¥¬√«¡∑’Ë‰¥â‡©≈’Ë¬‡∑à“°—∫ 7.5 ·≈– 8.5 µ“¡≈”¥—∫ ´÷Ëß‰¡àµà“ß®“°°“√À¡—°‚¥¬„™â‡´≈≈åÕ‘ √– ÷́Ëß„Àâ√  ·≈–
°≈‘Ëπ ‰¥â§–·ππ§«“¡æ÷ßæÕ„®‚¥¬√«¡∑’Ë‰¥â‡©≈’Ë¬‡∑à“°—∫ 8.6 ·≈– 8.0 µ“¡≈”¥—∫ πÕ°®“°π’È°“√À¡—°‚¥¬„™â
‡´≈≈åµ√÷ß√Ÿª„πº≈‰¡â¡’°≈‘Ëπ¢Õßº≈‰¡â´÷Ëß‡ªìπ‡Õ°≈—°…≥å‡©æ“–µ—«¢Õßº≈‰¡â∑’Ë„™âµ√÷ß‡´≈≈å·µà≈–™π‘¥

 √ÿªº≈°“√«‘®—¬
®“°°“√π”™‘Èπº≈‰¡â∑—Èß 4 ™π‘¥ ‰¥â·°à Ω√—Ëß ¡–¡à«ß ¡–¬¡ ·≈–™¡æŸà ¡“‡ªìπµ—«æ¬ÿß„π°“√À¡—°

‰«πå¢Õß‡™◊ÈÕ Saccharomyces cerevisiae æ∫«à“ “¡“√∂„™â‡ªìπ‡´≈≈åµ√÷ß√Ÿª„π°“√º≈‘µ‰«πå‰¥â‡ªìπÕ¬à“ß¥’
·≈– “¡“√∂À¡—°´È”‰¥âÀ≈“¬√Õ∫ „Àâª√‘¡“≥‡Õ∏“πÕ≈ Ÿß°«à“°“√À¡—°‚¥¬„™â‡´≈≈åÕ‘ √– ‡¡◊ËÕ„™â‡«≈“‡∑à“°—π
·≈– “¡“√∂„™âÕÿ≥À¿Ÿ¡‘„π°“√À¡—°‰¥âÀ≈“¬Õÿ≥À¿Ÿ¡‘ πÕ°®“°π’Èº≈‰¡â∑’Ëπ”¡“„™â‡ªìπµ—«æ¬ÿß¬—ßÀ“‰¥âßà“¬
√“§“∂Ÿ° „Àâ°≈‘Ëπº≈‰¡â ·≈–√ ™“µ‘¥’ ´÷Ëß “¡“√∂ª√–¬ÿ°µå„™â∑“ß°“√§â“ ·≈–Õÿµ “À°√√¡„π°“√º≈‘µ‰«πå¢Õß
ª√–‡∑»µàÕ‰ª
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