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∫∑§—¥¬àÕ

ªí®®ÿ∫—ππ’È‡Õ∑“πÕ≈‡ªìπ·À≈àßæ≈—ßß“π∑’Ë ”§—≠·≈–¡’°“√π”‰ª„™â°—πÕ¬à“ß·æ√àÀ≈“¬ °“√»÷°…“
‡æ◊ËÕ≈¥μâπ∑ÿπ°“√º≈‘μ®÷ß¡’§«“¡ ”§—≠‚¥¬‡©æ“–°√–∫«π°“√º≈‘μ·≈–«—μ∂ÿ¥‘∫∑’Ë„™â§«√¡’√“§“∂Ÿ° ¡’ª√‘¡“≥¡“°
´÷Ëß«—™æ◊™πÈ”‡ªìπ “√ª√–°Õ∫®”æ«°≈‘°‚π‡´≈≈Ÿ‚≈ ™π‘¥Àπ÷Ëß´÷Ëß¡’ª√‘¡“≥¡“°„π·À≈àßπÈ”μà“ßÊ ∑—Ë«ª√–‡∑»‰∑¬
 “¡“√∂π”¡“‡æ‘Ë¡¡Ÿ≈§à“‰¥â·∑π°“√π”‰ª∑‘ÈßÀ√◊Õ‡º“‡æ◊ËÕ°”®—¥ ¥—ßπ—Èπß“π«‘®—¬π’È®÷ß π„®∑’Ë®–π”«—™æ◊™πÈ”¡“„™â
„π°“√º≈‘μ‡Õ∑“πÕ≈‚¥¬‰¥â∑”°“√§—¥·¬°‡™◊ÈÕ·∫§∑’‡√’¬‰Õ‚´‡≈∑ OK1103 ®“°μ—«Õ¬à“ß¥‘π´÷Ëß “¡“√∂
º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ‰¥â Ÿß∑’Ë ÿ¥∫πÕ“À“√ CMC congo red agar ·≈–„πÕ“À“√‡À≈«∑’Ë¡’«—™æ◊™πÈ”‡ªìπ
 —∫ ‡μ√∑ ·≈–‡¡◊ËÕ∑”°“√®—¥®”·π°·∫§∑’‡√’¬‰Õ‚´‡≈∑¥—ß°≈à“«‚¥¬„™â°“√À“≈”¥—∫‡∫ ¢Õß¬’π∫√‘‡«≥ 16S
rRNA ·≈–°“√»÷°…“≈—°…≥– —≥∞“π«‘∑¬“æ∫«à“¡’§«“¡§≈â“¬§≈÷ß°—∫ Bacillus subtilis ®“°°“√»÷°…“
 ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ®“°‰Õ‚´‡≈∑ OK1103 æ∫«à“‡¡◊ËÕ∑”°“√‡≈’È¬ß‡™◊ÈÕ„πÕ“À“√
CMC broth ∑’Ë¡’«—™æ◊™πÈ”∑’Ë‰¡àºà“π°“√ª√—∫ ¿“æ‡ªìπ —∫‡ μ√∑ „™â‡§ ’́π∑’Ë§«“¡‡¢â¡¢âπ 1% (w/v) ·≈–
∑”°“√‡≈’È¬ß∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 3 «—π  “¡“√∂º≈‘μ‡Õπ‰´¡å‰¥â Ÿß∑’Ë ÿ¥§◊Õ 540 U/mL ‡¡◊ËÕ∑”°“√»÷°…“
°√–∫«π°“√À¡—°‡æ◊ËÕº≈‘μ‡Õ∑“πÕ≈ ‚¥¬„™â‡™◊ÈÕ‰Õ‚´‡≈∑ OK1103 ·≈– Saccharomyces cerevisiae
¿“¬„μâ°√–∫«π°“√À¡—°·∫∫ Simultaneous saccharification and fermentation (SSF) ·≈– Separate
hydrolysis and fermentation (SHF) æ∫«à“‡¡◊ËÕ„™â°“√À¡—°·∫∫ SSF  “¡“√∂º≈‘μ‡Õ∑“πÕ≈‰¥â‡∑à“°—∫
14 g/L ‡¡◊ËÕ∑”°“√À¡—°‡ªìπ‡«≈“ 36 ™—Ë«‚¡ß ´÷Ëß¡“°°«à“°√–∫«π°“√À¡—°·∫∫ SHF ∑’Ëº≈‘μ‰¥â 10 g/L
¥—ßπ—Èπ®–‡ÀÁπ‰¥â«à“°√–∫«π°“√ SSF ‡À¡“– ¡∑’Ë®–π”¡“„™â„π°“√º≈‘μ‡Õ∑“πÕ≈‰¥â·≈– “¡“√∂≈¥√–¬–
‡«≈“„π°“√À¡—°„Àâ —Èπ≈ß‡À≈◊Õ 36 ™—Ë«‚¡ß √«¡∑—Èß≈¥°“√„™â‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ∑“ß°“√§â“„π¢—ÈπμÕπ°“√
‰Œ‚¥√‰≈´å«— ¥ÿ®”æ«°≈‘‚π‡´≈≈Ÿ‚≈ ‰¥â

§” ”§—≠: ‡Õ∑“πÕ≈ «—™æ◊™πÈ” °√–∫«π°“√À¡—°·∫∫ Simultaneous saccharification and fermentation
(SSF) ·≈– Separate hydrolysis and fermentation (SHF)
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ABSTRACT

Nowadays, ethanol is an important energy source and has been used in various
applications. The study of ethanol production is mainly focused on reducing costs of production
and material. Aquatic weed is lignocellulosic compound which could be collected from various
water sources in Thailand. It can be utilized to value added product such as ethanol instead of
burning or disposal to the environment. This present work, we aimed to utilize aquatic weed as
substrate for ethanol production. Strain OK1103 was isolated from soil and showed the highest
cellulase activity on CMC congo red agar plate and broth. This strain was identified as Bacillus
subtilis based on 16S rRNA gene sequencing and morphological studies. The optimization of
cellulase production was investigated. The maximum activity was achieved with 540 U/mL
when using aquatic weed as substrate in CMC broth, casein as nitrogen source with 1% (w/v)
and incubated at room temperature for 3 days. After that the fermentation process for ethanol
production was studied by using strain OK1103 and Saccharomyces cerevisiae under simulta-
neous saccharification and fermentation (SSF) and separate hydrolysis and fermentation (SHF).
The SSF could achieve ethanol concentration of 14 g/L by using aquatic weed as substrate for
36 h which higher than the SHF process of 10 g/L. This report demonstrates SSF is suitable for
ethanol production because of it can reduce fermentation time to 36 h and decrease the utilization
of commercial cellulase in hydrolysis step of lignocellulosic material.

Keywords: ethanol, aquatic weed, SSF, SHF

aDepartment of Biology, Faculty of Science, Srinakharinwirot University, Watthana, Bangkok, 10110, Thailand
bDepartment of Microbiology, Faculty of Science, Kasetsart University, Jatujak, Bangkok, 10900, Thailand
*Corresponding author, e-mail: sukhumaporn@g.swu.ac.th



«“√ “√«‘∑¬“»“ μ√å ¡»« ªï∑’Ë 31 ©∫—∫∑’Ë 2 (2558) 29

∫∑π”
 “√≈‘°‚π‡´≈≈Ÿ‚≈  (Lignocellulose) ‡ªìπ™’«¡«≈∑’Ëæ∫¡“°∑’Ë ÿ¥„π‚≈° ÷́Ëß‡ªìπÕß§åª√–°Õ∫

¢Õßºπ—ß‡´≈≈åæ◊™ ‚§√ß √â“ß¢Õß “√™π‘¥π’Èª√–°Õ∫¥â«¬ ‡´≈≈Ÿ‚≈  ‡Œ¡‘‡´≈≈Ÿ‚≈ ·≈–≈‘°π‘π „π à«π¢Õß
‡´≈≈Ÿ‚≈ ·≈–‡Œ¡‘‡´≈≈Ÿ‚≈ π—Èπ‡ªìπæÕ≈‘‡¡Õ√å¢ÕßπÈ”μ“≈ ‡¡◊ËÕºà“π°“√‰Œ‚¥√‰≈´å·≈â« “¡“√∂π”πÈ”μ“≈
‡À≈à“π’È‰ª„™â„π°√–∫«π°“√À¡—°‡æ◊ËÕ‡ª≈’Ë¬π‡ªìπ “√μà“ßÊ ∑’Ë‡æ‘Ë¡¡Ÿ≈§à“‰¥â ‡™àπ ‡Õ∑“πÕ≈ ·≈–°√¥·≈°μ‘°
‡ªìπμâπ [1] „π¢—ÈπμÕπ°“√º≈‘μπÈ”μ“≈ ”À√—∫„™â„π°“√À¡—° “√™’«¡«≈ à«π„À≠à¡’ 2 ¢—ÈπμÕπ §◊Õ °√–∫«π°“√
ª√—∫ ¿“æ (pre-treatment)  “√≈‘°‚π‡´≈≈Ÿ‚≈ ‡æ◊ËÕ°”®—¥≈‘°π‘πÀ√◊Õ∑”≈“¬‚§√ß √â“ß¿“¬„π∑”„Àâ‡Õπ‰´¡å
¬àÕ¬ ≈“¬‰¥âßà“¬¢÷Èπ ·≈–°√–∫«π°“√¬àÕ¬ ≈“¬‡´≈≈Ÿ‚≈ ·≈–‡Œ¡‘‡´≈≈Ÿ‚≈ ¥â«¬‡Õπ‰´¡å ‡æ◊ËÕ„Àâ‰¥âπÈ”μ“≈
™π‘¥μà“ßÊ ·≈â«π”‰ª„™â„π°√–∫«π°“√À¡—°‰¥â °√–∫«π°“√ pretreatment  “√≈‘°‚π‡´≈≈Ÿ‚≈ π—Èπ∑”‰¥âÀ≈“¬«‘∏’
‡™àπ °√–∫«π°“√∑“ß°“¬¿“æ‚¥¬„™â°“√∫¥ °“√©“¬√—ß ’ °“√„™â·√ß¥—π Ÿß‡æ◊ËÕ‡æ‘Ë¡æ◊Èπ∑’Ë·≈–¢π“¥√Ÿæ√ÿπ≈¥
ª√‘¡“≥°“√‡°‘¥æÕ≈‘‡¡Õ√å‰√‡´™—Ëπ ‡æ◊ËÕ„Àâ‡Õπ‰´¡å∑”ß“π‰¥â¥’¢÷Èπ [2-4] °√–∫«π°“√∑“ß‡§¡’ ‡™àπ „™â°√¥
‡∫  ·°ä  oxidizing agent À√◊Õ°“√ °—¥¥â«¬μ—«∑”≈–≈“¬ [5] ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ‡ªìπ‡Õπ‰´¡å∑’Ë “¡“√∂
‰Œ‚¥√‰≈´å‡´≈≈Ÿ‚≈ „Àâ‡ªìππÈ”μ“≈ ‚¥¬‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ®“°‡™◊ÈÕ®ÿ≈‘π∑√’¬å‡ªìπ·À≈àß∑’Ë ”§—≠´÷Ëßªí®®ÿ∫—π
 “¡“√∂π”¡“„™â„Àâ‡°‘¥ª√–‚¬™πå∑“ßÕÿμ “À°√√¡ ‡™àπ ∑“ß¥â“πÕ“À“√ ‡ âπ„¬  “√´—°øÕ° Õ“À“√ —μ«å
°√–¥“… ¬“ °“√°”®—¥¢Õß‡ ’¬ ·≈–∑’Ë ”§—≠§◊Õ„™â„π°“√º≈‘μæ≈—ßß“π™’«¿“æ [6] °“√»÷°…“°“√„™â “√
≈‘°‚π‡´≈≈Ÿ‚≈ ·≈–‡Õπ‰´¡å®“°®ÿ≈‘π∑√’¬å‡æ◊ËÕ°“√º≈‘μæ≈—ßß“π™’«¿“æπ—Èπ‰¥â¡’ºŸâ»÷°…“°—πÕ¬à“ß°«â“ß¢«“ß
‡™àπ Kurakake ·≈–§≥– [7] π”ø“ß¢â“«¡“ºà“π°“√‰Œ‚¥√‰≈´å¥â«¬°√¥·≈â«π”‰ªÀ¡—°¥â«¬¬’ μå
Saccharomyces cerevisiae ‡æ◊ËÕº≈‘μ‡Õ∑“πÕ≈ ´÷Ëß®“°ß“π«‘®—¬π’Èæ∫«à“ “¡“√∂º≈‘μ‡Õ∑“πÕ≈‰¥âº≈º≈‘μ
ª√–¡“≥ 80% ¥â«¬«‘∏’°“√À¡—°·∫∫ simultaneous saccharification and fermentation (SSF)
μàÕ¡“ Laver ·≈–§≥– [8] √“¬ß“π«à“  “¡“√∂º≈‘μ‡Õ∑“πÕ≈ ®“°«— ¥ÿ®”æ«°≈‘°‚π‡´≈≈Ÿ‚≈  (ø“ß¢â“« “≈’)
‚¥¬„™â‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ®“°‡™◊ÈÕ Trichoderma reesei ºà“π°√–∫«π°“√À¡—°·∫∫·Àâß ·≈–π” crude
enzyme ∑’Ë‰¥â‰ª∑”°“√¬àÕ¬·≈–º≈‘μ‡Õ∑“πÕ≈·∫∫¢—ÈπμÕπ‡¥’¬« ∑”„Àâ “¡“√∂ª√–À¬—¥°“√„™â‡Õπ‰´¡å
‡´≈≈Ÿ‡≈ ∑“ß°“√§â“·≈–‡Õπ‰´¡å∑’Ë‰™â‰¡àμâÕß°“√°√–∫«π°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï°àÕππ”¡“„™â ·≈–„πªï 2011 [9]
‰¥â¡’ºŸâ»÷°…“°“√º≈‘μ‡Õ∑“πÕ≈®“°ø“ß¢â“«¥â«¬°“√À¡—°·∫∫ co-culture ‚¥¬°“√„™â¬’ μå S. cerevisiae
·≈– Pichia stipitis ´÷Ëß “¡“√∂À¡—°πÈ”μ“≈ hexose ·≈– pentose ‰¥â∑”„Àâ “¡“√∂º≈‘μ‡Õ∑“πÕ≈‰¥â
12 g/L ·≈–¡’º≈º≈‘μ 95% „πªï‡¥’¬«°—π Delgenes ·≈–§≥– [10] ª√– ∫§«“¡ ”‡√Á®„π°“√º≈‘μ
‡Õ∑“πÕ≈®“°‡™◊ÈÕ¬’ μå 4 ™π‘¥ §◊Õ S. cerevisiae, P. stipitis, Zymomonas mobilis ·≈– Candida
shehatae ‚¥¬„™â “√≈‘°‚π‡´≈≈Ÿ‚≈ ‡ªìπ —∫ ‡μ√∑ „πªí®®ÿ∫—π‰¥â¡’°“√π” “√≈‘°‚π‡´≈≈Ÿ‚≈ ¡“„™âº≈‘μ‡ªìπ
‡Õ∑“πÕ≈°—πÕ¬à“ß°«â“ß¢«“ß√«¡∑—Èß¡’°“√‡æ‘Ë¡°”≈—ß°“√º≈‘μ¡“°¢÷Èπ ‡™àπ ª√–‡∑»·§π“¥“¡’°“√º≈‘μ
‡Õ∑“πÕ≈®“° ø“ß¢â“« “≈’ ¢â“«∫“√å‡≈à¬å ·≈–¢â“«‚Õäμ„π√–¥—∫Õÿμ “À°√√¡‚¥¬¡’º≈º≈‘μ Ÿß∂÷ß 70,000 μ—π
‡Õ∑“πÕ≈μàÕ‡Õ‡§Õ√å πÕ°®“°π’È„πª√–‡∑»Õ◊ËπÊ ‡™àπ  ‡ªπ ‡¥π¡“√å°  À√—∞Õ‡¡√‘°“ ·≈– «’‡¥π‰¥â¡’
·π«§‘¥°àÕμ—Èß‚√ßß“πº≈‘μ‡Õ∑“πÕ≈ ®“° “√®”æ«°≈‘°‚π‡´≈≈Ÿ‚≈ ¥â«¬‡™àπ°—π ´÷Ëß®“°º≈ß“π«‘®—¬∑’Ëºà“π¡“
®–‡ÀÁπ‰¥â«à“ à«π„À≠à·≈â«°“√º≈‘μ‡Õ∑“πÕ≈®–„™â≈‘°‚π‡´≈≈Ÿ‚≈ ®“°¢Õß‡À≈◊Õ∑‘Èß∑“ß°“√‡°…μ√ ‡™àπ
ø“ß¢â“« ·°≈∫ √”¢â“« ‡ªìπμâπ ·μà‡¡◊ËÕæ‘®“√≥“ “√≈‘°‚π‡´≈≈Ÿ‚≈ ™π‘¥Õ◊Ëπ®”æ«°«—™æ◊™πÈ” ‡™àπ ®Õ° ·Àπ
À√◊Õº—°μ∫™«“π—Èπ  “¡“√∂π”¡“„™â„Àâ‡°‘¥ª√–‚¬™πå‰¥âÕ’°¡“°¡“¬ «—™æ◊™πÈ”‡À≈à“π’È¡’Õß§åª√–°Õ∫∑’Ë‡ªìπ
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‡´≈≈Ÿ‚≈ ª√–¡“≥ 30% πÕ°®“°π’È¬—ßæ∫«à“¡’ª√‘¡“≥‚ª√μ’πª√–¡“≥ 10-20% ´÷Ëß®”‡ªìπμàÕ°“√‡®√‘≠
¢Õß‡™◊ÈÕ®ÿ≈‘π∑√’¬å‡æ◊ËÕ„™â„π°“√º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈  ·≈–¬—ß “¡“√∂π”‰ª„™â„π°“√º≈‘μ‡Õ∑“πÕ≈‰¥âÕ’°¥â«¬
‚¥¬„πß“π«‘®—¬π’È¡’«—μ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“°“√„™âª√–‚¬™πå®“°«—™æ◊™πÈ” ®“°‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë “¡“√∂º≈‘μ
‡Õπ‰´¡å‡´≈≈Ÿ‡≈  √à«¡°—∫¬’ μå‡æ◊ËÕº≈‘μ‡Õ∑“πÕ≈

«‘∏’¥”‡π‘π°“√«‘®—¬
1. °“√§—¥·¬°·≈–®—¥®”·π°‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ 

π”μ—«Õ¬à“ß¥‘π∑’Ë‡°Á∫®“°∫√‘‡«≥∑’Ë¡’°“√∑—∫∂¡¢Õß‡»…´“°æ◊™ „π®—ßÀ«—¥ π§√π“¬° ª√“®’π∫ÿ√’
‡æ™√∫ÿ√’ ª√–®«∫§’√’¢—π∏å ®”π«π∑—Èß ‘Èπ 50 μ—«Õ¬à“ß μ—«Õ¬à“ß≈– 1 °√—¡ ¡“∑”°“√‡®◊Õ®“ß„Àâ‰¥âª√‘¡“≥‡™◊ÈÕ
∑’Ë‡À¡“– ¡®“°π—Èππ”‰ª spread plate ∫πÕ“À“√ carboxymethyl cellulose congo red agar ´÷Ëßª√—∫ª√ÿß
®“° Shaikh ·≈–§≥– [11] (K2HPO4, 0.5 g/L; MgSO4, 0.25 g/L; CMC Sodium salt, 1.88 g/L;
Congo red, 0.001 g/L; Gelatin, 2 g/L; Soil extract, 66.7 g/L; Agar; 15 g/L) ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß
‡ªìπ‡«≈“ 3 «—π ‡≈◊Õ°‚§‚≈π’∑’Ë “¡“√∂ √â“ß∫√‘‡«≥„ √Õ∫‚§‚≈π’¡“∑”„Àâ∫√‘ ÿ∑∏‘Ï·≈–‡°Á∫‡™◊ÈÕ‰«â„™â»÷°…“
μàÕ‰ª ‡¡◊ËÕ‰¥â‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë¡’§«“¡ “¡“√∂„π°“√º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈  Ÿß∑’Ë ÿ¥·≈â«π”‰ª∑”°“√®—¥®”·π°
‚¥¬°“√»÷°…“≈—°…≥– —≥∞“π«‘∑¬“ °“√¬âÕ¡ ’·°√¡ ·≈–°“√À“≈”¥—∫‡∫ ∫√‘‡«≥ 16S rRNA gene
‚¥¬„™â Universal primer 27F ·≈– 1492R (5′ AGAGTTTGATCMTGGCTCAG 3′ ·≈– 5′

TACGGYTACCTTGTTACGACTT 3′) μ“¡≈”¥—∫ π”≈”¥—∫‡∫ ∑’Ë‰¥â¡“ Blast ‚¥¬„™â∞“π¢âÕ¡Ÿ≈®“°
National Center of Biotechnology Information (NCBI)

2. »÷°…“°“√º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ®“°‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë·¬°‰¥â„πÕ“À“√ CMC broth
π”‡™◊ÈÕ∑’Ë·¬°‰¥â·μà≈–‰Õ‚´‡≈∑¡“»÷°…“ª√– ‘∑∏‘¿“æ„π°“√º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ∫πÕ“À“√

carboxymethyl cellulose congo red agar ‚¥¬ —ß‡°μ®“°°“√ √â“ß∫√‘‡«≥„ √Õ∫‚§‚≈π’ ∑”‰¥â‚¥¬π”
·μà≈–‰Õ‚´‡≈∑¡“®ÿ¥≈ß∫πÕ“À“√¥—ß°≈à“«®“°π—Èπ∑”°“√∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‡ªìπ‡«≈“ 2 «—π®“°π—Èπ
 —ß‡°μ∫√‘‡«≥„ ∑’Ë‡°‘¥¢÷Èπ√Õ∫Ê ‚§‚≈π’ «—¥¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß §—¥‡≈◊Õ°‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂ √â“ß
∫√‘‡«≥„ ∫πÕ“À“√ Ÿß∑’Ë ÿ¥ ®”π«π 6 ‰Õ‚´‡≈∑¡“»÷°…“°“√º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ „πÕ“À“√‡À≈« ‚¥¬π”
‡™◊ÈÕ·μà≈–‰Õ‚´‡≈∑‡≈’È¬ß„πÕ“À“√ CMC broth (Carboxymethyl cellulose CMC, 10 g/L; Yeast
extract, 2.40 g/L; Peptone, 5.10 g/L; NaCl, 5.10 g/L; CaCl2, 1.50 g/L) ª√‘¡“μ√ 50 mL „π
ø≈“ °å¢π“¥ 250 mL ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‚¥¬‡¢¬à“∑’Ë 150 rpm ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß μ“¡«‘∏’¢Õß Sethi
·≈–§≥– [12] π”πÈ”‡≈’È¬ß‡™◊ÈÕ‰ªªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 8000 rpm ‡ªìπ‡«≈“ 10 π“∑’ Õÿ≥À¿Ÿ¡‘ 4°C ‡°Á∫
¢Õß‡À≈«∑’ËÕÿ≥À¿Ÿ¡‘ 44°C ‡æ◊ËÕπ”‰ª«—¥°‘®°√√¡‡Õπ‰´¡å‡´≈≈Ÿ‡≈ 
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3. °“√«‘‡§√“–Àå°‘®°√√¡¢Õß‡Õπ‰´¡å‡´≈≈Ÿ‡≈ 
 “√μ—Èßμâπ∑’Ë„™â§◊Õ 1% (w/v) CMC „π Sodium acetate buffer pH 4.6 ª√‘¡“μ√ 0.5 mL

®“°π—Èπº ¡°—∫‡Õπ‰´¡å 0.5 mL „πÀ≈Õ¥∑¥≈Õß ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 40°C ‡ªìπ‡«≈“ 30 π“∑’ ‡μ‘¡ “√≈–≈“¬
Dinitrosalisalicylic acid (DNS) ª√‘¡“μ√ 0.5 mL π”‰ªμâ¡„ππÈ”‡¥◊Õ¥‡ªìπ‡«≈“ 5 π“∑’ ∑”„Àâ‡¬Áπ∑—π∑’
‡μ‘¡πÈ”°≈—Ëπ 2.5 mL ·≈–π” “√≈–≈“¬‰ª«—¥§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë§«“¡¬“«§≈◊Ëπ 550 nm μ“¡«‘∏’¢Õß
Sethi ·≈–§≥– [12] ‚¥¬∑”°√“ø¡“μ√∞“π°≈Ÿ‚§ ∑’Ë§«“¡‡¢âπ¢âπ 100-2000 μg/mL ÷́Ëß 1 Àπà«¬¢Õß
‡Õπ‰´¡å§◊Õª√‘¡“≥¢Õß‡Õπ‰´¡å∑’Ë„™â„π°“√¬àÕ¬ ≈“¬ CMC ·≈–ª≈¥ª≈àÕ¬πÈ”μ“≈°≈Ÿ‚§  1 μg/mL
μàÕπ“∑’¿“¬„μâ ¿“«–∑’Ë∑¥ Õ∫

4. °“√»÷°…“°√–∫«π°“√ª√—∫ ¿“æ«—™æ◊™πÈ”‡æ◊ËÕ„™â‡ªìπ —∫ ‡μ√∑„π°“√º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ 
π”«—™æ◊™πÈ”§◊Õ ®Õ° ·Àπ ∑’Ëºà“π°“√Õ∫·Àâß·≈â«¡“ºà“π°“√ª√—∫ ¿“æ¥â«¬«‘∏’°“√μà“ßÊ ‚¥¬

ª√—∫®“°«‘∏’°“√¢Õß Taherzadeh ·≈–§≥– [5] ¥—ßπ’È «‘∏’∑’Ë 1 π”«—™æ◊™πÈ”∑’ËÕ∫·Àâßª√‘¡“≥ 100 °√—¡‡μ‘¡
1% (v/v) H2SO4 100 mL π”‰ª‰Œ‚¥√‰≈ ǻ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß «‘∏’∑’Ë 2 π”«—™æ◊™πÈ”∑’Ë
Õ∫·Àâß¡“‡μ‘¡ 1% (v/v) H2SO4 π”‰ª‰Œ‚¥√‰≈ ǻ∑’Ë 121°C ‡ªìπ‡«≈“ 15 π“∑’ «‘∏’∑’Ë 3 π”«—™æ◊™πÈ”∑’Ë
Õ∫·Àâß¡“‡μ‘¡ 1% (w/v) NaOH π”‰ª‰Œ‚¥√‰≈ ǻ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß «‘∏’∑’Ë 4 π”«—™æ◊™πÈ”∑’Ë
Õ∫·Àâß¡“‡μ‘¡ 1% (w/v) NaOH π”‰ª‰Œ‚¥√‰≈ ǻ∑’Ë 121°C ‡ªìπ‡«≈“ 15 π“∑’ «‘∏’∑’Ë 5 π”«—™æ◊™πÈ”∑’Ë
Õ∫·Àâßº ¡πÈ”„πÕ—μ√“ à«π 1:4 π”‰ª‰Œ‚¥√‰≈ ǻ∑’Ë 121°C ‡ªìπ‡«≈“ 15 π“∑’ ®“°°√–∫«π°“√∑—Èß 5 π—Èπ
·¬° à«π∑’Ë‡ªìπ¢Õß‡À≈«ÕÕ° ·≈â«ª√—∫ pH ¢Õß à«π∑’Ë‡ªìπμ–°Õπ„Àâ‡ªìπ°≈“ß Õ∫„Àâ·Àâß·≈â«π”‰ª„™â‡ªìπ
 —∫ ‡μ√∑‚¥¬„™â·∑π carboxymethyl cellulose „πÕ“À“√ CMC broth ‡μ√’¬¡‡™◊ÈÕμ—Èßμâπ‚¥¬°“√‡≈’È¬ß‰Õ‚´‡≈∑
OK1103 „πÕ“À“√ NB ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‚¥¬‡¢¬à“∑’Ë 150 rpm ®“°π—Èπ‡μ‘¡‡™◊ÈÕμ—Èßμâπ
≈ß„πÕ“À“√∑’Ë¡’ —∫‡ μ√∑·μ°μà“ß°—πª√‘¡“≥ 5% (v/v) π”‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‚¥¬‡¢¬à“∑’Ë 150 rpm ∑”
°“√‡°Á∫μ—«Õ¬à“ß∑ÿ°Ê 24 ™—Ë«‚¡ß‡ªìπ‡«≈“ 5 «—π ®“°π—Èπ‡°Á∫‡Õπ‰´¡åπ”‰ª«—¥°‘®°√√¡¢Õß‡Õπ‰´¡å¥â«¬«‘∏’¢â“ßμâπ
„π°“√∑¥≈Õßπ’È‰¥â„™â CMC ·≈–«—™æ◊™πÈ”∑’Ë‰¡àºà“π°“√ª√—∫ ¿“æ‡ªìπ —∫‡ μ√∑‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ
„π°“√º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ 

5. °“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ 
∑”°“√»÷°…“Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ‚¥¬π”ø≈“ °å∑’Ë∫√√®ÿÕ“À“√

CMC broth ´÷Ëß¡’«—™æ◊™πÈ”‡ªìπ —∫‡ μ√∑ª√‘¡“μ√ 50 mL ‡μ‘¡‡™◊ÈÕμ—Èßμâπ∑’Ë‡μ√’¬¡‰«âª√‘¡“≥ 5% (v/v) ∫à¡
∑’ËÕÿ≥À¿Ÿ¡‘μà“ßÊ §◊Õ Õÿ≥À¿Ÿ¡‘ÀâÕß (32°C), 35, 40 ·≈– 45°C ®“°π—Èπ∑”°“√»÷°…“·À≈àß‰π‚μ√‡®π·≈–
§«“¡‡¢âπ¢âπ∑’Ë‡À¡“– ¡μàÕ°“√º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ‚¥¬·À≈àß‰π‚μ√‡®π¥—ßπ’È §◊Õ °“√∑¥≈Õß§«∫§ÿ¡
( “√ °—¥®“°¬’ μå·≈–‡ªª‚μπ√à«¡°—π∑’Ë§«“¡‡¢â¡¢âπ 0.75%, w/v) ‡®≈“μ‘π  “√ °—¥®“°¬’ μå  “√ °—¥®“°
‡π◊ÈÕ ‡ªª‚μπ ‡§ ’́π ·≈–√–¥—∫§«“¡‡¢â¡¢âπ∑’Ë»÷°…“ §◊Õ 0, 0.25, 0.5, 0.75 ·≈– 1.0% (w/v) ∑”°“√‡°Á∫
μ—«Õ¬à“ßÀ≈—ß®“°‡≈’È¬ß‡™◊ÈÕ‡ªìπ‡«≈“ 3 «—π ‡°Á∫‡Õπ‰´¡å·≈–π”‰ª«—¥°‘®°√√¡¢Õß‡Õπ‰´¡å ¥â«¬«‘∏’¢â“ßμâπ
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6. °“√º≈‘μ‡Õ∑“πÕ≈®“°«—™æ◊™πÈ”
6.1 °“√º≈‘μ‡Õ∑“πÕ≈‚¥¬«‘∏’ Simutaltaneous Saccharification and Fermentation (SSF)
¬’ μå∑’Ë„™â„π°“√º≈‘μ‡Õ∑“πÕ≈§◊Õ Saccharomyces cerevisiae  “¬æ—π∏ÿå B1-1:1 ´÷Ëß·¬°‰¥â

®“°μ—«Õ¬à“ß¥‘π ·≈– “¡“√∂‡®√‘≠‰¥â∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß «‘∏’°“√‡μ√’¬¡À—«‡™◊ÈÕ¬’ μå‚¥¬‡¢’Ë¬ S. cerevisiae ∑’Ë‡®√‘≠
∫πÕ“À“√ PDA ≈ß„πÕ“À“√ YM broth ‡≈’È¬ß∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß „π¢≥–‡¥’¬«°—π
∑”°“√‡μ√’¬¡À—«‡™◊ÈÕ‰Õ‚´‡≈∑ OK1103 ‚¥¬‡¢’Ë¬‡™◊ÈÕ∑’Ë‡®√‘≠∫πÕ“À“√ NA ≈ß„π NB broth ‡≈’È¬ß∑’Ë
Õÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ®“°π—Èππ”‡™◊ÈÕ¬’ μå S. cerevisiae ·≈–·∫§∑’‡√’¬ ‰Õ‚´‡≈∑ OK1103
¡“‡≈’È¬ß√à«¡°—π„πÕ“À“√ CMC broth ·≈– basal medium ∑’Ë¡’«—™æ◊™πÈ”∑’Ë‰¡àºà“π°“√ª√—∫ ¿“æ‡ªìπ
 —∫‡ μ√∑ ‚¥¬·∫àß‡ªìπ 2  ¿“«–§◊Õ‡¢¬à“∑’Ë§«“¡‡√Á«√Õ∫ 150 rpm ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ·≈–‰¡à∑”°“√‡¢¬à“
∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‡°Á∫μ—«Õ¬à“ß∑ÿ°Ê 12 ™—Ë«‚¡ß ®“°π—Èππ”¡“«—¥ª√‘¡“≥‡Õ∑“πÕ≈∑’Ëº≈‘μ‰¥â‡ª√’¬∫‡∑’¬∫
·μà≈– ¿“«–∑’Ë∑”°“√∑¥≈Õß

6.2 °“√º≈‘μ‡Õ∑“πÕ≈‚¥¬«‘∏’ Separate Hydrolysis and Fermentation (SHF)
‡μ√’¬¡À—«‡™◊ÈÕ‰Õ‚´‡≈∑ OK1103 ‚¥¬‡¢’Ë¬‡™◊ÈÕ∑’Ë‡®√‘≠∫πÕ“À“√ NA ≈ß„π NB broth ‡≈’È¬ß∑’Ë

Õÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß®“°π—Èπ≈ßÀ—«‡™◊ÈÕ 10% ≈ß„πÕ“À“√ CMC broth ·≈– basal medium
∑’Ë¡’«—™æ◊™πÈ”‡ªìπ —∫‡ μ√∑ ‡¢¬à“∑’Ë 150 rpm ‡ªìπ‡«≈“ 2 «—π∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‡°Á∫πÈ”‡≈’È¬ß‡™◊ÈÕ‚¥¬°“√
ªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á«√Õ∫ 8000 rpm ‡ªìπ‡«≈“ 10 π“∑’ ®“°π—Èππ” supernatant ∑’Ë‰¥â‰ª∑”°“√‡≈’È¬ß¬’ μå
‡æ◊ËÕº≈‘μ‡Õ∑“πÕ≈μàÕ‰ª ‚¥¬·∫àß‡ªìπ 2  ¿“«–§◊Õ ‡¢¬à“∑’Ë§«“¡‡√Á«√Õ∫ 150 rpm ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß
·≈–‰¡à∑”°“√‡¢¬à“ ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‡°Á∫μ—«Õ¬à“ß∑ÿ°Ê 12 ™—Ë«‚¡ß ®“°π—Èππ”¡“«—¥ª√‘¡“≥‡Õ∑“πÕ≈
∑’Ëº≈‘μ‰¥â‡ª√’¬∫‡∑’¬∫·μà≈– ¿“«–∑’Ë∑”°“√∑¥≈Õß

7. °“√«—¥ª√‘¡“≥‡Õ∑“πÕ≈‚¥¬«‘∏’ Flash distillation
∑”°“√«—¥ª√‘¡“≥‡Õ∑“πÕ≈¥â«¬«‘∏’ Flash distillation μ“¡«‘∏’¢Õß Pavia ·≈–§≥– [13]

π”μ—«Õ¬à“ß 1 ¡≈. „ à„πÀ≈Õ¥Ω“‡°≈’¬« ‡μ‘¡ “√≈–≈“¬ 0.1 M K2Cr2O7 ´÷Ëß≈–≈“¬„π 0.5N HCl
ª√‘¡“μ√ 2 ¡≈. ‡μ‘¡πÈ” 2 ¡≈. º ¡ “√≈–≈“¬„Àâ‡¢â“°—π π”‰ªμâ¡„ππÈ”‡¥◊Õ¥π“π 5 π“∑’ ∑”„Àâ‡¬Áπ
∑—π∑’‡æ◊ËÕÀ¬ÿ¥ªØ‘°‘√‘¬“ «—¥§à“ OD. 600 nm ‡∑’¬∫º≈∑’Ë‰¥â°—∫°√“ø¡“μ√∞“π ‡Õ∑“πÕ≈ (0-100 g/L)

8. °“√«‘‡§√“–Àåº≈∑“ß ∂‘μ‘
∑”°“√«‘‡§√“–Àåº≈∑“ß ∂‘μ‘ one way ANOVA ‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬¥â«¬«‘∏’ Tukey ‚¥¬„™â

‚ª√·°√¡ PASW Statistic 18, SPSS Inc. ·≈–„™â t-test ‡ª√’¬∫‡∑’¬∫§«“¡·μ°μà“ß¢Õß 2 °“√∑¥≈Õß
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º≈°“√«‘®—¬
1. °“√§—¥‡≈◊Õ°·≈–®—¥®”·π°‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ 

®“°®”π«πμ—«Õ¬à“ß¥‘π 50 μ—«Õ¬à“ß “¡“√∂·¬°‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂ √â“ß‡Õπ‰´¡å‡´≈≈Ÿ‡≈ 
‰¥â Ÿß ÿ¥∫πÕ“À“√ CMC congo red agar ∑—Èß ‘Èπ 6 ‰Õ‚´‡≈∑§◊Õ KJ3204, LB8102, LB4101,
OK1103, OK1101, LB7302 ‡¡◊ËÕπ”·∫§∑’‡√’¬∑—Èß 6 ‰Õ‚´‡≈∑‰ª»÷°…“°“√º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ „π
Õ“À“√ CMC broth ·≈–„™â CMC ‡ªìπ —∫‡ μ√∑ ·≈–π”‰ª«—¥°‘®°√√¡¢Õß‡Õπ‰´¡åæ∫«à“ ‰Õ‚´‡≈∑
OK1103  “¡“√∂º≈‘μ‡Õπ‰´¡å‰¥â Ÿß∑’Ë ÿ¥§◊Õ 565 U/mL √Õß≈ß¡“§◊Õ‰Õ‚´‡≈∑ OK1101 ‡∑à“°—∫
395 U/mL ·≈–‰Õ‚´‡≈∑ KJ3204  “¡“√∂º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ‰¥â 360 U/mL ®“°π—Èπ∑”°“√®—¥
®”·π°‰Õ‚´‡≈∑ OK1103 æ∫«à“‡ªìπ·∫§∑’‡√’¬·°√¡∫«° √Ÿª∑àÕπ  √â“ß‡Õπ‚¥ ªÕ√å ·≈–‡¡◊ËÕÀ“≈”¥—∫
‡∫ ∫√‘‡«≥ 16S rRNA gene æ∫«à“¡’§«“¡§≈â“¬§≈÷ß°—∫ Bacillus subtilis ‡∑à“°—∫ 100% similarity
¥—ßπ—Èπ®÷ß√–∫ÿ‰¥â«à“‡ªìπ‡™◊ÈÕ B. subtilis  “¬æ—π∏ÿå OK1103

2. °“√º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ®“°‰Õ‚´‡≈∑ OK 1103 ‚¥¬„™âÕ“À“√ CMC broth ∑’Ë¡’«—™æ◊™πÈ”∑’Ëºà“π
·≈–‰¡àºà“π°“√ª√—∫ ¿“æ‡ªìπ —∫ ‡μ√∑

°“√»÷°…“°“√º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ‚¥¬„™â —∫ ‡μ√∑‡ªìπ«—™æ◊™πÈ”∑’Ë‰¡àºà“π°“√ª√—∫ ¿“æ ·≈–
ºà“π°“√ª√—∫ ¿“æ¥â«¬«‘∏’°“√μà“ßÊ ®“°√Ÿª∑’Ë 1 æ∫«à“‡¡◊ËÕ‡≈’È¬ß‰Õ‚´‡≈∑ OK1103 ‡ªìπ‡«≈“ 3 «—π„π
Õ“À“√∑’Ë¡’«—™æ◊™πÈ”∑’Ë‰¡àºà“π°“√ª√—∫ ¿“æ‡ªìπ —∫‡ μ√∑ ‰Õ‚´‡≈∑ OK1103  “¡“√∂º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ‰¥â
466 U/mL ÷́Ëß®“°º≈°“√∑¥≈Õß®–‡ÀÁπ‰¥â«à“°“√º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ®“°«—™æ◊™πÈ”π—Èπ‰¡à®”‡ªìπμâÕßπ”
«—™æ◊™πÈ”¡“∑”°“√ª√—∫ ¿“æ°àÕπ°“√π”‰ª‡≈’È¬ß‡™◊ÈÕ®ÿ≈‘π∑√’¬å ´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“°“√π”«—™æ◊™πÈ”‰ª„™â
ª√–‚¬™πåπ—Èπ –¥«° √«¥‡√Á« ‰¡à®”‡ªìπμâÕß‡æ‘Ë¡¢—ÈπμÕπ°“√ª√—∫ ¿“æ ·μà‡™◊ÈÕ®ÿ≈‘π∑√’¬å°Á “¡“√∂π”‰ª„™â„π
°“√º≈‘μ‡Õπ‰´¡å‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ ·≈–°“√ª√—∫ ¿“æÕ“®®– àßº≈„Àâ‡°‘¥ “√ª√–°Õ∫∑’Ë ‰¡à
‡À¡“– ¡μàÕ°“√‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å‡™àπ °“√ª√—∫ ¿“æ¥â«¬°√¥®–∑”„Àâ‡°‘¥ “√ª√–°Õ∫ Furfural ·≈–
hydroxymethyl furfural (HMF) [11]
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3.  °“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ‚¥¬„™â«—™æ◊™πÈ”∑’Ë‰¡àºà“π°“√ª√—∫ ¿“æ‡ªìπ
 —∫‡ μ√∑

®“°°“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ‚¥¬‰Õ‚´‡≈∑ OK1103 (√Ÿª∑’Ë 2)
æ∫«à“‡¡◊ËÕ∑”°“√‡≈’È¬ß‡™◊ÈÕ„πÕ“À“√ CMC broth ∑’Ë¡’«—™æ◊™πÈ”∑’Ë‰¡àºà“π°“√ª√—∫ ¿“æ‡ªìπ —∫‡ μ√∑ ∑’Ë
Õÿ≥À¿Ÿ¡‘ÀâÕß (32°C) ‰Õ‚´‡≈∑ OK1103  “¡“√∂º≈‘μ‡Õπ‰´¡å‰¥â Ÿß∑’Ë ÿ¥§◊Õ 465 U/mL ´÷Ëß·μ°μà“ß
Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘‡¡◊ËÕ‡∑’¬∫°—∫°“√„™âÕÿ≥À¿Ÿ¡‘ 35 40 ·≈– 45°C ́ ÷Ëß‡™◊ÈÕ “¡“√∂º≈‘μ‡Õπ‰´¡å‰¥âπâÕ¬°«à“
(√Ÿª∑’Ë 2°) ®“°π—Èπ∑”°“√»÷°…“·À≈àß‰π‚μ√‡®π∑’Ë‡À¡“– ¡æ∫«à“‡¡◊ËÕ„™â‡§´’π‡ªìπ·À≈àßÕ‘π∑√’¬å‰π‚μ√‡®π
‰Õ‚´‡≈∑ OK1103  “¡“√∂º≈‘μ‡Õπ‰´¡å‰¥â Ÿß∑’Ë ÿ¥§◊Õ 512 U/mL √Õß≈ß¡“‡ªìπ °“√∑¥≈Õß§«∫§ÿ¡
(„ à∑—Èß “√ °—¥®“°¬’ μå·≈–‡ªª‚μπ√à«¡°—π∑’Ë§«“¡‡¢â¡¢âπ 0.75%, w/v)  “√ °—¥®“°¬’ μå‡æ’¬ßÕ¬à“ß‡¥’¬«
·≈–‡ªª‚μπ‡æ’¬ßÕ¬à“ß‡¥’¬« ÷́Ëß “¡“√∂º≈‘μ‡Õπ‰´¡å‰¥â‰¡à·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘·≈–°“√
∑¥≈Õß ÿ¥∑â“¬‰¥â∑”°“√»÷°…“§«“¡‡¢â¡¢âπ¢Õß‡§´’π∑’Ë‡À¡“– ¡ æ∫«à“∑’Ë§«“¡‡¢â¡¢âπ 1% (w/v) ‡™◊ÈÕ
 “¡“√∂º≈‘μ‡Õπ‰´¡å‰¥â Ÿß∑’Ë ÿ¥§◊Õ 540 U/mL ´÷Ëß®“°ß“π«‘®—¬∑’Ëºà“π¡“‰¥â¡’°“√»÷°…“°“√º≈‘μ‡Õπ‰´¡å
‡´≈≈Ÿ‡≈  ‚¥¬¡’ ¿“«–∑’Ë‡À¡“– ¡·μ°μà“ß°—πÕÕ°‰ª¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß®ÿ≈‘π∑√’¬å Õ“∑‘‡™àπ ß“π«‘®—¬¢Õß Banoa
·≈–§≥– [14] ‰¥â√“¬ß“π ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ®“°‡™◊ÈÕ B. subtilis KIBGE
HAS ‚¥¬„™â™“πÕâÕ¬‡ªìπ —∫‡ μ√∑ æ∫«à“‡¡◊ËÕ‡≈’È¬ß‡™◊ÈÕ„πÕ“À“√∑’Ë¡’™“πÕâÕ¬∑’Ë‰¡àºà“π°“√ª√—∫ ¿“æ
‡ªìπ·À≈àß§“√å∫Õπ§«“¡‡¢â¡¢âπ 2.0% (w/v) „™â·Õ¡‚¡‡π’¬¡´—≈‡øμ ‡ªìπ·À≈àß‰π‚μ√‡®π ·≈–∫à¡∑’Ë 40°C
B. subtilis ®– “¡“√∂ √â“ß‡Õπ‰´¡å‰¥â Ÿß∑’Ë ÿ¥§◊Õ 290 U/mL πÕ°®“°π’È Sethi ·≈–§≥– [12] æ∫«à“
 ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ §◊Õ „™â°≈Ÿ‚§ ‡ªìπ·À≈àß§“√å∫Õπ ·Õ¡‚¡‡π’¬¡´—≈‡øμ‡ªìπ
·À≈àß‰π‚μ√‡®π ·≈–∑”°“√∫à¡∑’Ë 40°C pH 10  “¡“√∂º≈‘μ‡Õπ‰´¡å‰¥â Ÿß∑’Ë ÿ¥§◊Õ 0.9 U/mL
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4. °“√º≈‘μ‡Õ∑“πÕ≈‚¥¬«‘∏’ Simutaltaneous Saccharification and Fermentation (SSF)
®“°°“√‡ª√’¬∫‡∑’¬∫ ¿“«–„π°“√º≈‘μ‡Õ∑“πÕ≈¥â«¬«‘∏’ SSF (√Ÿª∑’Ë 3) æ∫«à“‡¡◊ËÕ∑”°“√À¡—°

‚¥¬„™â¬’ μå S. cerevisiae  “¬æ—π∏ÿå B1-1:1 æ√âÕ¡°—∫ B. subtilis  “¬æ—π∏ÿå OK1103 „πÕ“À“√ CMC
broth ‚¥¬°“√‡¢¬à“∑’Ë 150 rpm ‡ªìπ‡«≈“ 36 ™—Ë«‚¡ß  “¡“√∂º≈‘μ‡Õ∑“πÕ≈‰¥â Ÿß ÿ¥‡∑à“°—∫ 14 g/L
§‘¥‡ªìπ productivity ‰¥â‡∑à“°—∫ 0.39 g/L.h ·≈–§‘¥‡ªìπ‡ªÕ√å‡´Áπμå‡∑’¬∫°—∫∑ƒ…Æ’‰¥â‡∑à“°—∫ 70%
√Õß≈ß¡“§◊ÕÕ“À“√ CMC broth ·μà‰¡à∑”°“√‡¢¬à“ “¡“√∂º≈‘μ‡Õ∑“πÕ≈‰¥â 12.5 g/L ‡¡◊ËÕ∑”°“√À¡—°
‡ªìπ‡«≈“ 72 ™—Ë«‚¡ß ´÷Ëß§‘¥‡ªìπ productivity ‰¥â‡∑à“°—∫ 0.17 g/L.h ·≈–®“°√Ÿª∑’Ë 3 æ∫«à“‡¡◊ËÕ∑”°“√
‡≈’È¬ß„πÕ“À“√ basal medium  “¡“√∂º≈‘μ‡Õ∑“πÕ≈‰¥âπâÕ¬°«à“·μà∑—Èß 2  ¿“«–§◊Õ‡¢¬à“·≈–‰¡à‡¢¬à“π—Èπ
‰¥âª√‘¡“≥ ‡Õ∑“πÕ≈„°≈â‡§’¬ß°—π ·≈–‡¡◊ËÕ«—¥°“√‡®√‘≠æ∫«à“ B. subtilis  “¬æ—π∏ÿå OK1103 ®–‡®√‘≠‡æ‘Ë¡
®”π«π„πÕ“À“√ CMC broth °àÕπ¬’ μå∑’Ë„™â„π°“√º≈‘μ‡Õ∑“πÕ≈ ‡π◊ËÕß¡“®“°·∫§∑’‡√’¬®–º≈‘μ‡Õπ‰´¡å
‡´≈≈Ÿ‡≈ ‡æ◊ËÕ¬àÕ¬ ≈“¬«—™æ◊™πÈ”„Àâ‡ªìππÈ”μ“≈®“°π—Èπ¬’ μå®÷ß‡æ‘Ë¡®”π«π¡“°¢÷Èπ·≈–„™âπÈ”μ“≈∑’Ë‡°‘¥¢÷Èπ„π
°“√º≈‘μ‡Õ∑“πÕ≈„π≈”¥—∫μàÕ‰ª

√Ÿª∑’Ë 3 · ¥ß°“√‡ª√’¬∫‡∑’¬∫°“√º≈‘μ‡Õ∑“πÕ≈®“°Õ“À“√·≈– ¿“«–∑’Ë·μ°μà“ß°—π , Basal medium
·≈–∑”°“√‡¢¬à“: , Basal medium ·≈–‰¡à‡¢¬à“; , CMC broth ·≈–∑”°“√‡¢¬à“; , CMC
broth ·≈–‰¡à‡¢¬à“ ‚¥¬∑ÿ°°“√∑¥≈Õß„™â°√–∫«π°“√À¡—°·∫∫ SSF
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5. °“√º≈‘μ‡Õ∑“πÕ≈‚¥¬«‘∏’ Separate Hydrolysis and Fermentation (SHF)
®“°°“√»÷°…“°“√º≈‘μ‡Õ∑“πÕ≈¥â«¬«‘∏’ SHF (√Ÿª∑’Ë 4) æ∫«à“‡¡◊ËÕ∑”°“√‡≈’È¬ß B. subtilis

 “¬æ—π∏ÿå OK1103 „πÕ“À“√ CMC broth ‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß®“°π—Èπ∑”°“√·¬°πÈ”‡≈’È¬ß‡™◊ÈÕÕÕ°‡æ◊ËÕ
π”‰ªÀ¡—°‡Õ∑“πÕ≈¥â«¬¬’ μå æ∫«à“ “¡“√∂º≈‘μ‡Õ∑“πÕ≈‰¥â Ÿß∑’Ë ÿ¥§◊Õ 10 g/L §‘¥‡ªìπ 0.14 g/L.h
‡ªÕ√å‡´Áπμå‡∑’¬∫°—∫∑ƒ…Æ’‰¥â‡∑à“°—∫ 50% ‡¡◊ËÕ∑”°“√À¡—°¥â«¬¬’ μå‡ªìπ‡«≈“ 72 ™—Ë«‚¡ß ·≈–∑”°“√‡¢¬à“∑’Ë
150 rpm ´÷Ëß ¿“«–Õ◊ËπÊ π—Èπæ∫«à“‰¥âª√‘¡“≥‡Õ∑“πÕ≈μË”°«à“

√Ÿª∑’Ë 4 · ¥ß°“√‡ª√’¬∫‡∑’¬∫°“√º≈‘μ‡Õ∑“πÕ≈®“°Õ“À“√·≈– ¿“«–∑’Ë·μ°μà“ß°—π , Basal medium
·≈–∑”°“√‡¢¬à“: , Basal medium ·≈–‰¡à‡¢¬à“; , CMC broth ·≈–∑”°“√‡¢¬à“; , CMC
broth ·≈–‰¡à‡¢¬à“ ‚¥¬∑ÿ°°“√∑¥≈Õß„™â°√–∫«π°“√À¡—°·∫∫ SHF
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√Ÿª∑’Ë 5 · ¥ß°“√‡ª√’¬∫‡∑’¬∫°“√º≈‘μ‡Õ∑“πÕ≈¥â«¬°√–∫«π°“√À¡—° SSF;  ·≈– SHF;  ®“°
S. cerevisiae  “¬æ—π∏ÿå B1-1:1 ·≈– B. subtilis  “¬æ—π∏ÿå OK1103 ‡¡◊ËÕ„™â CMC broth
‡ªìπÕ“À“√·≈–∑”°“√‡¢¬à“∑’Ë 150 rpm

®“°√Ÿª∑’Ë 5  “¡“√∂ √ÿª‰¥â«à“ ‡¡◊ËÕ∑”°“√À¡—°‡æ◊ËÕº≈‘μ‡Õ∑“πÕ≈¥â«¬«‘∏’ SSF π—Èπ “¡“√∂º≈‘μ
‡Õ∑“πÕ≈‰¥â¡“°°«à“°“√À¡—°·∫∫ SHF Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p ≤ 0.05) ‡π◊ËÕß®“°°“√À¡—°·∫∫ SSF
π—Èπ‡ªìπ°√–∫«π°“√¬àÕ¬ ≈“¬§«∫§Ÿà°—∫°“√À¡—° ´÷Ëß “¡“√∂≈¥√–¬–‡«≈“„π°“√º≈‘μ‡Õ∑“πÕ≈„ÀâπâÕ¬≈ß
‡À≈◊Õ‡æ’¬ß·§à 36 ™—Ë«‚¡ß ·≈–‡æ‘Ë¡§à“ productivity ‰¥â‡ªìπ 0.39 g/L.h √«¡∑—Èß¬—ß “¡“√∂≈¥°“√„™â
‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ∑“ß°“√§â“„π°“√‰Œ‚¥√‰≈´å«— ¥ÿ®”æ«° “√ª√–°Õ∫≈‘°‚π‡´≈≈Ÿ‚≈ ‰¥â „π¢≥–∑’Ë°“√À¡—°·∫∫
SHF ÷́Ëß‡ªìπ°“√À¡—°·¬°°—∫°“√‡ª≈’Ë¬π “√ª√–°Õ∫≈‘°‚π‡´≈≈Ÿ‚≈ „Àâ‡ªìππÈ”μ“≈ ∑”„Àâ„™â√–¬–‡«≈“„π
°“√À¡—°¡“°°«à“ ‚¥¬„πß“π«‘®—¬∑’Ëºà“π¡“ Sovorawet ·≈–§≥– [15] ‰¥â∑”°“√»÷°…“‡ª√’¬∫‡∑’¬∫
°√–∫«π°“√À¡—°‡Õ∑“πÕ≈ ¥â«¬«‘∏’ SSF ·≈– SHF ‚¥¬„™âμâπ¡—π ”ª–À≈—ß‡ªìπ«—μ∂ÿ¥‘∫æ∫«à“ ‡¡◊ËÕ„™â
°√–∫«π°“√À¡—°·∫∫ SSF ®–∑”„Àâ≈¥√–¬–‡«≈“°“√À¡—°≈ß‡À≈◊Õ‡æ’¬ß 24-32 ™—Ë«‚¡ß ·≈– “¡“√∂º≈‘μ
‡Õ∑“πÕ≈‰¥â 5.42-6.22 g/L ·≈–μàÕ¡“ Rocha ·≈–§≥– [16] æ∫«à“  “¡“√∂º≈‘μ‡Õ∑“πÕ≈ ºà“π
°√–∫«π°“√À¡—°·∫∫ SSF ·≈– SHF ‚¥¬„™â Aspergillus niger º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ®“°À“ßπ¡´÷Ëß
‡ªìπº≈‘μ¿—≥±å∑’Ë‡À≈◊Õ∑‘Èß®“°‚√ßß“πÕÿμ “À°√√¡º≈‘μ™’  ·≈–®“°°√–∫«π°“√ SSF π’È “¡“√∂º≈‘μ‡Õ∑“πÕ≈
‰¥â Ÿß ÿ¥ 11.7 g/L
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 √ÿªº≈°“√∑¥≈Õß
ß“π«‘®—¬π’È “¡“√∂§—¥·¬°‡™◊ÈÕ·∫§∑’‡√’¬‰Õ‚´‡≈∑ OK1103 ‰¥â®“°μ—«Õ¬à“ß¥‘π´÷Ëß “¡“√∂º≈‘μ

‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ‰¥â Ÿß∑’Ë ÿ¥∫πÕ“À“√·¢Áß·≈–„πÕ“À“√‡À≈« ·≈–‡¡◊ËÕ∑”°“√®—¥®”·π°·∫§∑’‡√’¬‰Õ‚´‡≈∑
¥—ß°≈à“«æ∫«à“¡’§«“¡§≈â“¬§≈÷ß°—∫ B. subtilis ®“°°“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡Õπ‰´¡å
‡´≈≈Ÿ‡≈ ®“°‰Õ‚´‡≈∑ OK1103 æ∫«à“‡¡◊ËÕ∑”°“√‡≈’È¬ß‡™◊ÈÕ„πÕ“À“√ CMC broth ∑’Ë¡’«—™æ◊™πÈ”∑’Ë‰¡àºà“π
°“√ª√—∫ ¿“æ‡ªìπ —∫‡ μ√∑ ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß „™â‡§ ’́π‡ªìπ·À≈àß‰π‚μ√‡®π ∑’Ë§«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡§◊Õ
1% (w/v)  “¡“√∂º≈‘μ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ‰¥â Ÿß ÿ¥ 540 U/mL ®“°π—Èπ∑”°“√»÷°…“°√–∫«π°“√À¡—°‡æ◊ËÕ
º≈‘μ‡Õ∑“πÕ≈ æ∫«à“‡¡◊ËÕ∑”°“√À¡—°¥â«¬«‘∏’ SSF  “¡“√∂º≈‘μ‡Õ∑“πÕ≈‰¥â Ÿß ÿ¥‡∑à“°—∫ 14 g/L §‘¥‡ªìπ
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