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Abstract
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Studies on fibrolytic bacterium Butyrivibrio fibrisolvens isolated from
sheep rumen
Songklanakarin J. Sci. Technol., 2007, 29(2) : 351-361

Fibrolytic Butyrivibrio fibrisolvens was an attractive target for genetic engineering in rumen bacteria.
The experiment was initiated in making culture collection of this species, some of which may be useful as
candidate strain in the future. Hay suspended in sheep rumen was used as the source of isolates. The source
was enriched with filter paper degradation, diluted with an anaerobic solution and used for pure culturing by
a roll tube technique. After colony forming, Gram-negative curved rods bacteria were selected and screened
for further identification with volatile fatty acid (VFA) profiling and 16S rDNA sequencing. Fibrolytic
strains were selected to find fibrolytic enzymes and attachment to and digestion of various fibers. Forty-
seven strains of Gram-negative curved rods were isolated. After determining cellulase, xylanase activities
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and VFA profile, 2 strains were chosen and employed for 16S rDNA sequencing. Both strains producing
butyrate were B. fibrisolvens. Of these 2 strains, most fibrolytic S-28 was selected.  The strain S-28 could
degrade natural fibers but not cellulose and showed strong attachment to them. A strong xylanase activity
was  detected  and  presence  of  cellulase,  β β β β β-glucosidase,  β β β β β-xylosidase,  ααααα-L-arabinofuranosidase  and  β β β β β-
cellobiosidase were also demonstrated.

Key words : rumen bacteria, fiber digestion, Butyrivibrio fibrisolvens
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Butyrivibrio fibrisolvens ‡ªìπ·∫§∑’‡√’¬∑’Ë¡’§«“¡ “¡“√∂„π°“√¬àÕ¬ ≈“¬‡¬◊ËÕ„¬‰¥â¥’™π‘¥Àπ÷Ëß  ·≈–‰¥â√—∫

§«“¡ π„®π”¡“„™â„π°√–∫«π°“√∑“ß¥â“π«‘»«æ—π∏ÿ°√√¡ ¥—ßπ—Èπ„π°“√»÷°…“§√—Èßπ’È®÷ßæ¬“¬“¡§—¥‡≈◊Õ° B. fibrisolvens

∑’Ë¡’§ÿ≥ ¡∫—µ‘¥’ ‡æ◊ËÕπ”¡“„™â„π°√–∫«π°“√¥—ß°≈à“«„πÕπ“§µ  ·À≈àß¢Õß·∫§∑’‡√’¬∑’Ë„™â„π°“√§—¥‡≈◊Õ°§√—Èßπ’È¡“®“°

·∫§∑’‡√’¬„π°√–‡æ“–√Ÿ‡¡π¢Õß·°–∑’Ë¬÷¥‡°“–Õ¬Ÿà∫πÀ≠â“·Àâß ‚¥¬π”·∫§∑’‡√’¬‡À≈à“π’È¡“∑”°“√¬àÕ¬°√–¥“…°√ÕßÕ’°

§√—ÈßÀπ÷Ëß ·≈–∑”°“√‡®◊Õ®“ß‡æ◊ËÕ∑”°“√·¬°‡™◊ÈÕ„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬„™â‡∑§π‘§ roll tube ®“°π—Èπ∑”°“√§—¥‡≈◊Õ°‡Õ“‡©æ“–

·∫§∑’‡√’¬∑’Ë¬âÕ¡µ‘¥ ’·°√¡≈∫·≈–‡´≈≈å¡’√Ÿª√à“ß‡ªìπ·∑àß‚§âß π”·∫§∑’‡√’¬‡À≈à“π’È¡“®—¥®”·π°™π‘¥ ‚¥¬¥Ÿ°“√º≈‘µ

°√¥‰¢¡—π√–‡À¬‰¥âßà“¬·≈–≈”¥—∫‡∫ ¢Õß 16S rDNA ∑”°“√»÷°…“§ÿ≥ ¡∫—µ‘„π°“√¬àÕ¬ ≈“¬‡¬◊ËÕ„¬ ∑—Èß∑“ß¥â“π°“√

º≈‘µ‡Õπ‰´¡å §«“¡ “¡“√∂„π°“√¬÷¥‡°“–·≈–°“√¬àÕ¬ ≈“¬‡¬◊ËÕ„¬™π‘¥µà“ßÊ „π°“√§—¥‡≈◊Õ°·∫§∑’‡√’¬„π§√—Èßπ’È ‰¥â

·∫§∑’‡√’¬ 47  “¬æ—π∏ÿå∑’Ë¬âÕ¡µ‘¥ ’·°√¡≈∫·≈–‡´≈≈å¡’√Ÿª√à“ß‡ªìπ·∑àß‚§âß ‡¡◊ËÕ∑”°“√µ√«® Õ∫°‘®°√√¡¢Õß‡Õπ‰´¡å

‡´≈≈Ÿ‡≈  ‰´·≈π‡π  ·≈–°“√º≈‘µ°√¥‰¢¡—π√–‡À¬‰¥âßà“¬ ¡’ Õß “¬æ—π∏ÿå∑’Ë¡’§ÿ≥ ¡∫—µ‘¥’ ·≈–¡’≈—°…≥–„°≈â‡§’¬ß

°—∫·∫§∑’‡√’¬ B. fibrisolvens  ®“°π—Èππ”·∫§∑’‡√’¬∑—Èß Õß “¬æ—π∏ÿå∑’Ë “¡“√∂º≈‘µ°√¥∫‘«∑’√‘°‰¥â Ÿß¡“À“≈”¥—∫‡∫ 

¢Õß 16S rDNA æ∫«à“∑—Èß§Ÿà §◊Õ·∫§∑’‡√’¬ B. fibrisolvens ·≈–Àπ÷Ëß„π Õß “¬æ—π∏ÿå∑’Ë¡’§ÿ≥ ¡∫—µ‘¥’∑’Ë ÿ¥ ∂Ÿ°§—¥‡≈◊Õ°

¡“»÷°…“§ÿ≥ ¡∫—µ‘„π°“√¬àÕ¬‡¬◊ËÕ„¬ æ∫«à“ B. fibrisolvens S-28  “¡“√∂¬àÕ¬ ≈“¬‡¬◊ËÕ„¬∑’Ë‰¥â®“°∏√√¡™“µ‘‰¥â¥’ ·µà

‰¡à “¡“√∂¬àÕ¬‡´≈≈Ÿ‚≈  ·≈–¡’§«“¡ “¡“√∂¬÷¥‡°“–°—∫‡¬◊ËÕ„¬‰¥â¥’‚¥¬º≈‘µ‡Õπ‰´¡å‰´·≈π‡π ‰¥â Ÿß „π¢≥–‡¥’¬«

°—π°Á “¡“√∂º≈‘µ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ , βββββ-glucosidase, βββββ-xylosidase, ααααα-L-arabinofuranosidase ·≈– βββββ-cellobiosidase
‰¥â¥â«¬

 —µ«å‡§’È¬«‡Õ◊ÈÕß‡ªìπ —µ«å∑’Ë¡’§«“¡ “¡“√∂„π°“√‡ª≈’Ë¬π
Õ“À“√À¬“∫§ÿ≥¿“æµË”‰ª‡ªìπ·À≈àß‚ª√µ’π∑’Ë¡’§ÿ≥¿“æ Ÿß ∑—Èß
‡π◊ÈÕ ·≈–πÈ”π¡ §«“¡ “¡“√∂„π°“√„™âª√–‚¬™πå®“°Õ“À“√
À¬“∫¢Õß —µ«å‡§’È¬«‡Õ◊ÈÕß¢÷ÈπÕ¬Ÿà°—∫°“√∑”ß“π¢Õß®ÿ≈‘π∑√’¬å
¬àÕ¬ ≈“¬‡¬◊ËÕ„¬∑’ËÕ“»—¬Õ¬Ÿà „π°√–‡æ“–√Ÿ‡¡π‡ªìπÀ≈—° ‡π◊ËÕß
®“° —µ«å‡§’È¬«‡Õ◊ÈÕß‰¡à “¡“√∂º≈‘µ‡Õπ‰´¡åÕÕ°¡“¬àÕ¬ ≈“¬
‡¬◊ËÕ„¬‰¥â ‚¥¬µ√ß ®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂¬àÕ¬ ≈“¬‡¬◊ËÕ„¬„π
°√–‡æ“–√Ÿ‡¡π¡’∑—Èß·∫§∑’‡√’¬ ‡™◊ÈÕ√“ ·≈–‚ª√‚µ´—«  ·µà‡ªìπ
∑’Ë¬Õ¡√—∫°—π‚¥¬∑—Ë«‰ª«à“·∫§∑’‡√’¬¡’§«“¡ ”§—≠∑’Ë ÿ¥„π°“√

¬àÕ¬ ≈“¬‡¬◊ËÕ„¬ (Hespell et al., 1997; Stewart et al.,
1997) ·∫§∑’‡√’¬∑’Ë∑”Àπâ“∑’ËÀ≈—°„π°“√¬àÕ¬ ≈“¬‡¬◊ËÕ„¬∑’Ëæ∫
„π°√–‡æ“–√Ÿ‡¡π¡’ 3 ™π‘¥ §◊Õ Fibrobacter succinogenes,
Ruminococcus albus ·≈– Ruminococcus flavefaciens
(Forsberg et al., 1997)

Butyrivibrio fibrisolvens ‡ªìπ·∫§∑’‡√’¬·°√¡≈∫
·µà≈—°…≥–¢Õßºπ—ß‡´≈≈å ·≈–≈”¥—∫‡∫ ¢Õß 16S riboso-
mal DNA (16S rDNA) §≈â“¬°—∫·∫§∑’‡√’¬·°√¡∫«°
¡“°°«à“·°√¡≈∫ ¥—ßπ—Èπ„πªí®®ÿ∫—π®÷ß¡’§«“¡æ¬“¬“¡∑’Ë®–®—¥
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„Àâ B. fibrisolvens ‡ªìπ·∫§∑’‡√’¬·°√¡∫«° (Hespell et
al., 1997; Stewart et al., 1997) B. fibrisolvens ‡ªìπ
·∫§∑’‡√’¬∑’Ëæ∫¡“°„π°√–‡æ“–√Ÿ‡¡π ∑”Àπâ“∑’ËÀ≈—°„π°“√
¬àÕ¬‡Œ¡‰¡‡´≈≈Ÿ‚≈  ·≈–º≈º≈‘µ∑’Ë‰¥â®“°°“√¬àÕ¬‡¬◊ËÕ„¬ ‡™àπ
ÕÕ≈‘‚°·´Á°§“√å‰√¥å (Forsberg et al., 1997) πÕ°®“°π’È
B. fibrisolvens ‡ªìπ·∫§∑’‡√’¬∑’Ë¡’§«“¡ ”§—≠„π°“√º≈‘µ
°√¥∫‘«∑’≈‘°„π°√–‡æ“–√Ÿ‡¡π  B. fibrisolvens ∂◊Õ«à“‡ªìπ
·∫§∑’‡√’¬∑’Ë¡’§«“¡À≈“°À≈“¬∑—Èß∑“ß¥â“πæ—π∏ÿ°√√¡ ·≈–
∫∑∫“∑Àπâ“∑’Ë „π°√–‡æ“–√Ÿ‡¡π πÕ°®“°π’È „π°√–∫«π°“√
«‘»«æ—π∏ÿ°√√¡ B. fibrisolvens ¬—ß‡ªìπ·∫§∑’‡√’¬∑’Ëπ‘¬¡„™â
‡æ◊ËÕ‡ªìπ‡´≈≈å„ÀâÕ“»—¬ (Gregg et al., 1994; Kobayashi
et al., 1995) ¥—ßπ—Èπ„π°“√»÷°…“§√—Èßπ’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ
∑’Ë®–∑”°“√§—¥‡≈◊Õ°·∫§∑’‡√’¬ B. fibrisolvens  “¬æ—π∏ÿå∑’Ë
 “¡“√∂¬àÕ¬ ≈“¬‡¬◊ËÕ„¬‰¥â¥’  ·≈–¬÷¥‡°“–°—∫‡¬◊ËÕ„¬‰¥â Ÿß
‡æ◊ËÕπ”‰ª„™â‡ªìπ‡´≈≈å„ÀâÕ“»—¬„π°√–∫«π°“√«‘»«æ—π∏ÿ°√√¡
µàÕ‰ª„πÕπ“§µ

Õÿª°√≥å·≈–«‘∏’°“√

1.  —µ«å∑¥≈Õß

·°–‚µ‡µÁ¡«—¬∑’Ë∂Ÿ°‡®“–°√–‡æ“–√Ÿ‡¡π®”π«π 3 µ—«
∑’Ë¡’πÈ”Àπ—°µ—«‡©≈’Ë¬ 55.3 °°. „π·µà≈–«—π —µ«å‰¥â√—∫Õ“À“√
¢âπ∑’Ë¡’§à“ CP 12% ·≈– TDN 65% «—π≈– 300 °√—¡
‡æ’¬ß§√—Èß‡¥’¬«‡¡◊ËÕ‡«≈“ 8.30 π. ·µà‰¥â√—∫À≠â“·ÀâßÕÕ™“√å¥
(orchard grass) πÈ” ·≈–·√à∏“µÿ°âÕπÕ¬à“ß‡µÁ¡∑’Ë  ·°–
·µà≈–µ—«∂Ÿ°¢—ß„π§Õ°¢—ß‡¥’¬« „πæ◊Èπ∑’Ë 1x1.5 µ√.‡¡µ√

2. °“√ àß‡ √‘¡°“√‡®√‘≠·≈–·¬°‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï¢Õß·∫§-

∑’‡√’¬¬àÕ¬ ≈“¬‡¬◊ËÕ„¬

2.1 °“√ àß‡ √‘¡°“√‡®√‘≠¢Õß·∫§∑’‡√’¬¬àÕ¬ ≈“¬

‡¬◊ËÕ„¬„π°√–‡æ“–√Ÿ‡¡π¢Õß·°– ‚¥¬π”À≠â“·ÀâßÕÕ™“√å¥
∑’Ë¡’§«“¡¬“« 1.5 ´¡. „ à„π∂ÿß‰π≈Õπ ®“°π—Èππ”‰ª®ÿà¡À¡—°
„π°√–‡æ“–√Ÿ‡¡πµ—Èß·µà‡«≈“ 8.30 ∂÷ß 14.30 π. ‡ªìπ‡«≈“
π“π 6 ™—Ë«‚¡ß ·≈–π”À≠â“·Àâß∑’Ë¡’·∫§∑’‡√’¬¬÷¥‡°“–¡“≈â“ß
1 §√—Èß π“π 1 π“∑’ „π “√≈–≈“¬∑”‡®◊Õ®“ß¿“¬„µâ ¿“«–
ª≈Õ¥ÕÕ°´‘‡®π (Ogimoto and Imai, 1981) ®“°π—Èππ”
À≠â“∑’Ëºà“π°“√≈â“ß„ à„πÕ“À“√‡≈’È¬ß‡™◊ÈÕæ◊Èπ∞“π∑’Ë¡’°√–¥“…°√Õß
(Whatman® No.1)  ¢π“¥ 0.5x1.5 µ√.´¡.  ®”π«π 2

·ºàπ ‡æ◊ËÕ„™â‡ªìπ·À≈àß¢Õß§“√å∫Õπ ·≈â«π”‰ª∫à¡‡æ“–∑’Ë
Õÿ≥À¿Ÿ¡‘ 37oC  ‡ªìπ‡«≈“ 72 ™—Ë«‚¡ß  ®π°√–∑—Ëß°√–¥“…
°√Õß∂Ÿ°¬àÕ¬   ”À√—∫ Ÿµ√Õ“À“√‡≈’È¬ß‡™◊ÈÕæ◊Èπ∞“π¥—¥·ª≈ß
¡“®“°Õ“À“√‡≈’È¬ß‡™◊ÈÕ Ÿµ√ RGCA (Ogimoto and Imai,
1981) ¡’ à«πª√–°Õ∫¥—ßπ’È (pH 6.8)

1) 7.5  ¡≈.  ¢Õß “√≈–≈“¬·√à∏“µÿ™π‘¥∑’Ë  1
(0.6 °√—¡ K

2
HPO

4
 πÈ”°≈—Ëπ 100 ¡≈.)

2) 7.5 ¡≈. ¢Õß “√≈–≈“¬·√à∏“µÿ™π‘¥∑’Ë 2
(1.2 °√—¡  NaCl,  1.2 °√—¡  (NH

4
)
2
SO

4
,  0.6 °√—¡

KH
2
PO

4
, 0.12 °√—¡ CaCl

2
, 0.25 °√—¡ MgSO

4
·7H

2
O

πÈ”°≈—Ëπ 100 ¡≈.)
3) 0.05 °√—¡ ¢Õß L-cysteine-HCl·H

2
O

4) 0.1 ¡≈. ¢Õß 0.1% resazurin
5) 0.2 °√—¡ ¢Õß bactopeptone
6) 0.12 °√—¡ ¢Õß yeast extract
7) 30.0 ¡≈. ¢Õß rumen fluid
8) 50.0 ¡≈. ¢ÕßπÈ”°≈—Ëπ
9) 5 ¡≈. ¢Õß “√≈–≈“¬ 8% Na

2
CO

3

2.2 °“√·¬°‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï  π”‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë‡®√‘≠
„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë¡’°√–¥“…°√Õß‡ªìπ·À≈àß¢Õß§“√å∫Õπ
¡“∑”°“√‡®◊Õ®“ß„π “√≈–≈“¬∑”‡®◊Õ®“ß¿“¬„µâ ¿“«–ª≈Õ¥
ÕÕ°´‘‡®π ·≈â«π”µ—«Õ¬à“ß‡™◊ÈÕ∑’Ë‡®◊Õ®“ß¡“∑”°“√·¬°‡™◊ÈÕ„π
Õ“À“√«ÿâπ „π Ÿµ√Õ“À“√æ◊Èπ∞“π∑’Ë¡’ 0.5% ‰´·≈π‡ªìπ·À≈àß
§“√å∫Õπ ‚¥¬„™â‡∑§π‘§ roll tube (Ogimoto and Imai,
1981)

3. °“√∫àß™◊ËÕ·∫§∑’‡√’¬¬àÕ¬ ≈“¬‡¬◊ËÕ„¬

3.1 °“√∫àß™◊ËÕ‡™◊ÈÕ¥â«¬«‘∏’¥—Èß‡¥‘¡ ‚¥¬»÷°…“°“√µ‘¥
 ’·°√¡ √Ÿª√à“ß °“√‡√’¬ßµ—«¢Õß‡´≈≈å ¥â«¬°“√¬âÕ¡ ’·°√¡
°“√º≈‘µ°√¥∫‘«∑’√‘°„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë¡’°≈Ÿ‚§ ‡ªìπ·À≈àß
§“√å∫Õπ  ‚¥¬„™â‡§√◊ËÕß gas chromatograph (GC-14B,
Shimadzu) (Sawanon et al., 2003)

3.2 °“√∫àß™◊ËÕ‡™◊ÈÕ¥â«¬«‘∏’°“√„™â‡∑§π‘§√–¥—∫

‚¡‡≈°ÿ≈ ‚¥¬°“√À“≈”¥—∫‡∫ ∫“ß à«π¢Õß 16S rDNA
(Sawanon et al., 2003)  ”À√—∫¢—ÈπµÕπ‚¥¬ —ß‡¢ª¡’¥—ßπ’È
°“√ °—¥ DNA ¢Õß·∫§∑’‡√’¬∫√‘ ÿ∑∏‘Ï π”·∫§∑’‡√’¬∑’Ë‡®√‘≠
„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ¡“ªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 10,000 x g π“π
1 π“∑’ ®“°π—Èπ∑”„Àâ‡´≈≈å·µ°‚¥¬°“√µâ¡„π “√≈–≈“¬ lysis
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buffer π“π 5 π“∑’ ·≈â«π”‰ªªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 15,000
x g π“π 5 π“∑’ ·≈â«π” “√≈–≈“¬ DNA ∑’Ë‰¥â¡“∑”°“√
‡æ‘Ë¡™‘Èπ à«π¢Õß 16S rDNA ‚¥¬„™â§Ÿà‰æ√‡¡Õ√å ¥—ßπ’È 530-
Universal forward primer (5′ GTGCCAGCMGCC
GCGG 3′) ·≈– 1392-Universal reverse primer (5′
ACGGGCGGTGTGTRC 3′) „π°√–∫«π°“√∑” PCR
ª√–°Õ∫¥â«¬ DNA template 2 µl ·≈– PCR mixture
18 µl (1 x PCR buffer, 2.5 mM MgCl

2
, 2 mM

dNTP, 10 pmol Forward ·≈– Reverse, 1 U Tag
DNA polymerase (Ampli Taq GotdTM, Roche) ·≈–
Distilled water) ªØ‘°‘√‘¬“ PCR ‡°‘¥„π‡§√◊ËÕß Thermal
cycle (GeneAmp PCR system 2400, USA) ¿“¬„µâ
¢—ÈπµÕπ¢ÕßªØ‘°‘√‘¬“ PCR ¥—ßπ’È  „π√Õ∫∑’Ë 1 ∑”°“√ de-
naturation 94oC, 8 π“∑’; annealing 58oC, 1 π“∑’;
extension 72oC, 1 π“∑’  √Õ∫∑’Ë 2-47 ∑”°“√ denatur-
ation 94oC,  30 «‘π“∑’;  annealing 58oC,  1 π“∑’;
extension 72oC, 1 π“∑’ ·≈–√Õ∫∑’Ë 48 ∑”°“√ denatur-
ation 94oC,  30 «‘π“∑’;  annealing 58oC,  1 π“∑’;
extension 72oC, 6 π“∑’ ∑”°“√«‘‡§√“–Àåº≈º≈‘µ¢Õß PCR
¥â«¬«‘∏’ Agarose Gel Electrophoresis ·≈–∑”°“√ °—¥
‡Õ“™‘Èπ à«π¢Õß DNA ∑’Ë¡’¢π“¥ª√–¡“≥ 900 bp ‚¥¬„™â
QIAEX II Gel Etraction Kit (QIAGEN K.K., Japan)

π”™‘Èπ à«π DNA ∑’Ë‰¥â¡“∑”°“√‚§≈ππ‘Ëß‡¢â“‰ª
„π pCR2.1 vector ·≈â«π”‡¢â“ Ÿà‡´≈≈å„ÀâÕ“»—¬¢Õß E. coli
DH5α µ“¡«‘∏’°“√∑’Ë·π–π”„π Original Cloning Kit
(Invitrogen Corporation, USA) ®“°π—Èππ”‡Õ“ E. coli
∑’Ëºà“π°“√∑√“π åøÕ√å‡¡™—Ëπ¡“‡≈’È¬ß„πÕ“À“√«ÿâπ LB ∑’Ë¡’¬“
ªØ‘™’«π–°“π“¡—¬´‘π ·Õ¡æ‘´‘≈≈‘π ·≈– X-gal ‚¥¬∫à¡
‡æ“–∑’ËÕÿ≥À¿Ÿ¡‘ 37oC ‡ªìπ‡«≈“ 16 ™—Ë«‚¡ß ·≈â«‡≈◊Õ°‡Õ“
‡©æ“–‚§‚≈π’∑’Ë¡’ ’¢“«¡“∑”°“√ °—¥æ≈“ ¡‘§¥â«¬«‘∏’ Alkaline
lysis   ·≈–∑”„Àâ∫√‘ ÿ∑∏‘Ï¥â«¬«‘∏’ phenol/chloroform
(Sambrook and Russell, 2001) π”æ≈“ ¡‘§¥’‡ÕÁπ‡Õ∑’Ë
‰¥â‰ªÀ“≈”¥—∫‡∫ ¢Õß 16S rDNA ‚¥¬„™â PCR Thermo
SequenaseTM Cycle Sequencing Kit (Amersham,
UK) „™â FITC labeled universal forward ·≈– reverse
primer ¿“¬„µâ¢—ÈπµÕπ¢ÕßªØ‘°‘√‘¬“ PCR ¥—ßπ’È „π√Õ∫∑’Ë 1
∑”°“√ denaturation 94oC, 3 π“∑’; annealing 50oC,
45 «‘π“∑’; extension 72oC, 30 «‘π“∑’ √Õ∫∑’Ë 2-24 ∑”

°“√ denaturation 94oC, 1 π“∑’; annealing 50oC, 45
«‘π“∑’; extension 72oC, 30 «‘π“∑’ ·≈–√Õ∫∑’Ë 25 ∑”°“√
denaturation 94oC, 1 π“∑’; annealing 50oC, 45 «‘π“∑’;
extension 72oC, 1 π“∑’ π”º≈º≈‘µ®“°°√–∫«π°“√ PCR
‰ªÀ“≈”¥—∫‡∫  ‚¥¬„™â‡§√◊ËÕß DNA sequencer (DSQ-
2000L, Shimazu)  ·≈–‡¡◊ËÕ‰¥â≈”¥—∫‡∫ ¢Õß forward
·≈– reverse ·≈â«π”¡“∑”°“√‡ª√’¬∫‡∑’¬∫§«“¡∂Ÿ°µâÕß‚¥¬
„™â‚ª√·°√¡ Genetry-Mac (version 11.0)

π”≈”¥—∫‡∫ ¢Õß 16S rDNA ∑’Ë‰¥â‰ª‡ª√’¬∫
‡∑’¬∫°—∫≈”¥—∫‡∫ ¢Õß·∫§∑’‡√’¬∑’Ë∑√“∫™π‘¥„π GenBank
(BLAST, http://www.ncbi.nlm.nih.gov/BLAST) ®–
∑”„Àâ∑√“∫«à“·∫§∑’‡√’¬∑’Ë·¬°‰¥âπ—Èπ¡’≈”¥—∫‡∫ ¢Õß 16S
rDNA „°≈â‡§’¬ß°—∫·∫§∑’‡√’¬™π‘¥„¥¡“°∑’Ë ÿ¥ ®“°π—Èππ”‡Õ“
≈”¥—∫‡∫ ¢Õß 16S rDNA ¢Õß·∫§∑’‡√’¬™π‘¥µà“ßÊ ∑’ËÕ¬Ÿà„π
GenBank ¡“∑”°“√ multialigment ‚¥¬„™â‚ª√·°√¡
Clustal X (version 1.83) ·≈â«π”¡“§”π«≥§«“¡‡À¡◊Õπ
°—π¢Õß≈”¥—∫‡∫ ‚¥¬„™â‚ª√·°√¡ Phylip ·≈–∑”°“√‡¢’¬π
·ºπ¿Ÿ¡‘µâπ‰¡â«ß»å«“π«‘«—≤π“°“√ (phylogenetic tree) ‚¥¬
„™â‚ª√·°√¡ TreeView

4. °“√∑¥ Õ∫°“√‡®√‘≠¢Õß·∫§∑’‡√’¬„π·À≈àß§“√å∫Õπ

™π‘¥µà“ßÊ

·∫§∑’‡√’¬‡®√‘≠„πÕ“À“√ Ÿµ√æ◊Èπ∞“π∑’Ë¡’·À≈àß§“√å∫Õπ
(0.5% w/v) ®“° 6 ·À≈àß §◊Õ °≈Ÿ‚§  ‡´≈‚≈‰∫‚Õ  ‰´·≈π
°√–¥“…°√Õß À≠â“ÕÕ™“√å¥ À√◊Õø“ß¢â“«    ”À√—∫°“√
‡µ√’¬¡°√–¥“…°√Õß À≠â“ÕÕ™“√å¥ ·≈–ø“ß¢â“«  „™â«‘∏’¢Õß
Sawanon ·≈–§≥– (2003) ∑”°“√«—¥°“√‡®√‘≠¢Õß·∫§-
∑’‡√’¬∑’Ë∫à¡‡æ“–„π ¿“«–ª≈Õ¥ÕÕ°´‘‡®π∑’ËÕÿ≥À¿Ÿ¡‘ 37oC
∑ÿ°ÊÀπ÷Ëß™—Ë«‚¡ß ‚¥¬«—¥§«“¡Àπ“·πàπ (OD

660
) ∑’Ë§«“¡¬“«

§≈◊Ëπ 660 π“‚π‡¡µ√ ¥â«¬‡§√◊ËÕß Spectrophotometer
(Hitachi model no. 101, Japan)

5. °“√«‘‡§√“–Àå°‘®°√√¡¢Õß‡Õπ‰´¡å∑’Ë‡°’Ë¬«°—∫°“√¬àÕ¬

 ≈“¬‡¬◊ËÕ„¬·≈–ª√‘¡“≥‚ª√µ’π

·∫§∑’‡√’¬‡®√‘≠„πÕ“À“√ Ÿµ√æ◊Èπ∞“π∑’Ë¡’·À≈àß§“√å∫Õπ
(0.5% w/v) §◊Õ °≈Ÿ‚§  ‡´≈‚≈‰∫‚Õ  À√◊Õ‰´·≈π ‚¥¬∫à¡
‡æ“–∑’ËÕÿ≥À¿Ÿ¡‘ 37oC ‡ªìπ‡«≈“ 16 ™—Ë«‚¡ß (late-expo-
nential growth phase) ®“°π—Èππ”‰ªªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á«
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20,000 x g π“π 10 π“∑’  ‡æ◊ËÕ·¬° à«π∑’Ë‡ªìπ¢Õß‡À≈«
·≈–µ–°Õπ·∫§∑’‡√’¬ÕÕ°®“°°—π   ”À√—∫¢Õß‡À≈«∑’Ë‰¥âπ”
‰ª°”®—¥πÈ”µ“≈¥â«¬«‘∏’  dialyzed  against  „π “¬≈–≈“¬
50 mM phosphate buffer (pH 6.8) ∑’ËÕÿ≥À¿Ÿ¡‘ 4oC
π“π 16 ™—Ë«‚¡ß  ·≈–‡æ‘Ë¡§«“¡‡¢â¡¢âπ¥â«¬ 20% poly-
ethylene glycol (πÈ”Àπ—°‚¡‡≈°ÿ≈ 20,000) ®“°π—Èππ”‰ª
«‘‡§√“–ÀåÀ“°‘®°√√¡¢Õß‡Õπ‰´¡å∑’Ë·∫§∑’‡√’¬ª≈¥ª≈àÕ¬ÕÕ°
¡“ (extracellular activity) (Kobayashi et al., 1998)
 à«πµ–°Õπ·∫§∑’‡√’¬π”‰ª∑”„Àâ‡´≈≈å·µ°¥â«¬‡§√◊ËÕß Ultra-
sonic ¿“¬„µâÕÿ≥À¿Ÿ¡‘ 2oC π“π 10 π“∑’  ®“°π—Èππ”‰ª
ªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 20,000 x g π“π 15 π“∑’ ‡æ◊ËÕ·¬°
‡Õ“ “√≈–≈“¬‰ª«‘‡§√“–ÀåÀ“°‘®°√√¡¢Õß‡Õπ‰´¡å∑’ËÕ¬Ÿà¿“¬„π
‡´≈≈å (intracellular activity) (Sawanon et al., 2003)

°“√«‘‡§√“–Àå°‘®°√√¡¢Õß‡Õπ‰´¡å‡´≈≈Ÿ‡≈   „™â
Carboxymethy-cellulose  (CMC)  (Sigma)  ‡ªìπ “√
µ—Èßµâπ ·≈–„™â 20 mM D-glucose ‡ªìπ “√¡“µ√∞“π „π
¢≥–∑’Ë°‘®°√√¡¢Õß‡Õπ‰´¡å‰´·≈π‡π  „™â oat spelt xylan
(Sigma) ‡ªìπ “√µ—Èßµâπ ·≈–„™â 20 mM D-xylose ‡ªìπ
 “√¡“µ√∞“π  °“√«—¥ªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ·≈–
‰´·≈π‡π   «—¥¿“¬„µâ ¿“«–¥—ßπ’È 0.1 ¡≈. ¢Õß “√≈–≈“¬
‡Õπ‰´¡å ·≈– 0.1 ¡≈. ¢Õß “√≈–≈“¬µ—Èßµâπ„π phosphate
buffer ∑’ËÕÿ≥À¿Ÿ¡‘ 37oC π“π 30 π“∑’ ·≈â««—¥ª√‘¡“≥ D-
glucose À√◊Õ D-xylose ∑’Ë∂Ÿ°ª≈¥ª≈àÕ¬ÕÕ°¡“¥â«¬‡§√◊ËÕß
UV-VIS spectrophotometer (Ultrospec 3000) ∑’Ë
§«“¡¬“«§≈◊Ëπ 550 π“‚π‡¡µ√ µ“¡«‘∏’¢Õß Miller (1959)
 ”À√—∫Àπà«¬¢Õß‡Õπ‰´¡å‡´≈≈Ÿ‡≈  ·≈–‰´·≈π‡π  1 nmol
min-1 ml-1  À¡“¬∂÷ß  „πÀπ÷Ëßπ“∑’‡Õπ‰´¡å∑’ËÕ¬Ÿà„πµ—«Õ¬à“ß
ª√‘¡“µ√ 1 ¡≈.  “¡“√∂ª≈¥ª≈àÕ¬πÈ”µ“≈ D-glucose À√◊Õ
D-xylose ÕÕ°¡“®“° CMC À√◊Õ oat spelt xylan ‰¥â
1 π“‚π‚¡≈ µ“¡≈”¥—∫ ·≈– 1 nmol min-1 mg protein-1

À¡“¬∂÷ß „πÀπ÷Ëßπ“∑’‡Õπ‰´¡å∑’ËÕ¬Ÿà„π√Ÿª¢Õß‚ª√µ’π 1 ¡°.
 “¡“√∂ª≈¥ª≈àÕ¬πÈ”µ“≈ ÕÕ°¡“®“° “√µ—Èßµâπ ‰¥â 1 π“‚π
‚¡≈

°“√«‘‡§√“–Àå°‘®°√√¡¢Õß‡Õπ‰´¡å β-glucosidase
„™â ρ-nitrophenyl-β-D-glucopyranoside ‡ªìπ “√µ—Èßµâπ
‡Õπ‰´¡å β-xylosidase  „™â ρ-nitrophenyl-β-D-xylo-
pyranoside ‡ªìπ “√µ—Èßµâπ ‡Õπ‰´¡å α-L-arabinofurano-
sidase „™â ρ-nitrophenyl-α-D-arabinofuranoside ‡ªìπ

 “√µ—Èßµâπ ‡Õπ‰´¡å β-cellobiosidase „™â ρ-nitrophenyl-
β-D-cellobioside ‡ªìπ “√µ—Èßµâπ ·≈–‡Õπ‰´¡å acetyl-
esterase „™â ρ-nitrophenylacetic acid ‡ªìπ “√µ—Èßµâπ
¢ÕßªØ‘°‘√‘¬“ ·≈–ªØ‘°‘√‘¬“¢Õß∑ÿ°‡Õπ‰´¡å„™â 1.0 mM ρ-
nitrophenol ‡ªìπ “√¡“µ√∞“π °“√«—¥ªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å
µà“ßÊ «—¥¿“¬„µâ ¿“«–¥—ßπ’È 0.1 ¡≈. ¢Õß “√≈–≈“¬‡Õπ‰´¡å
·≈–  0.1  ¡≈.  ¢Õß “√≈–≈“¬ “√µ—Èßµâπ„π  phosphate
buffer ∑’ËÕÿ≥À¿Ÿ¡‘ 37oC π“π 30 π“∑’ ·≈â«À¬ÿ¥ªØ‘°‘√‘¬“
¥â«¬°“√‡µ‘¡ “√≈–≈“¬ 1.0 ¡≈. ¢Õß 0.4 M Na

2
CO

3
 ·≈â«

π”‰ª«—¥ª√‘¡“≥ ρ-nitrophenol ∑’Ë∂Ÿ°ª≈¥ª≈àÕ¬ÕÕ°¡“¥â«¬
‡§√◊ËÕß  UV-VIS  spectrometer  ∑’Ë§«“¡¬“«§≈◊Ëπ  405
π“‚π‡¡µ√

°“√«—¥ª√‘¡“≥‚ª√µ’π„π “√≈–≈“¬ ‚¥¬„™â Bio-Rad
protein assay Kit (Hercules, C.A., USA)  ‚¥¬„™â
Bovine serum albumin ‡ªìπ‚ª√µ’π¡“µ√∞“π  °“√«—¥
ª√‘¡“≥‚ª√µ’π  «—¥¿“¬„µâ ¿“«–¥—ßπ’È 0.1 ¡≈. ¢Õß “√
≈–≈“¬‡Õπ‰´¡å ·≈– 5 ¡≈. ¢Õß “√≈–≈“¬ Dye reagent
·≈â«π”‰ª«—¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß ’¥â«¬‡§√◊ËÕß UV-VIS
spectrometer ∑’Ë§«“¡¬“«§≈◊Ëπ 595 π“‚π‡¡µ√ ‚¥¬‡ª√’¬∫
‡∑’¬∫°—∫ “√≈–≈“¬‚ª√µ’π¡“µ√∞“π

6. °“√«—¥§«“¡ “¡“√∂¢Õß·∫§∑’‡√’¬„π°“√¬÷¥‡°“–°—∫

‡¬◊ËÕ„¬

‡¬◊ËÕ„¬∑’Ë „™â„π°“√∑¥ Õ∫  ª√–°Õ∫¥â«¬  °√–¥“…
°√Õß ø“ß¢â“« À≠â“ÕÕ™“√å¥ ·≈–∂—Ë«Õ—≈øí≈øÉ“ ‚¥¬∫¥ºà“π
µ–·°√ß¢π“¥ 1.0 ¡¡.  ”À√—∫«‘∏’°“√‡µ√’¬¡‡¬◊ËÕ„¬ ·≈–°“√
∑¥ Õ∫§«“¡ “¡“√∂¢Õß·∫§∑’‡√’¬„π°“√¬÷¥‡°“–°—∫‡¬◊ËÕ„¬
„™â«‘∏’¢Õß Sawanon ·≈–§≥– (2003)

7. °“√«—¥§«“¡ “¡“√∂„π°“√¬àÕ¬‡¬◊ËÕ„¬

‡¬◊ËÕ„¬∑’Ë „™â„π°“√∑¥ Õ∫  ª√–°Õ∫¥â«¬  °√–¥“…
°√Õß ø“ß¢â“« À≠â“ÕÕ™“√å¥ ·≈–∂—Ë«Õ—≈øí≈øÉ“ ‚¥¬∫¥ºà“π
µ–·°√ß¢π“¥ 1.5 ¡¡.  ”À√—∫«‘∏’°“√‡µ√’¬¡‡¬◊ËÕ„¬ ·≈–°“√
∑¥ Õ∫§«“¡ “¡“√∂¢Õß·∫§∑’‡√’¬„π°“√¬àÕ¬ ≈“¬‡¬◊ËÕ„¬
„™â«‘∏’¢Õß Sawanon ·≈–§≥– (2006)

8. °“√«‘‡§√“–Àå∑“ß ∂‘µ‘

°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈µà“ßÊ „π°“√∑¥≈Õß§√—Èßπ’È ‰¥â∑”
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Fibrolytic bacterium Butyrivibrio fibrisolvens

Sawanon, S. and Kobayashi, Y.

°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈  ‚¥¬„™â°“√«‘‡§√“–Àå§«“¡·ª√ª√«π
(analysis of variance) ®“°°“√∑¥≈ÕßÕ¬à“ßπâÕ¬ 3 ´È”
·≈–∂â“À“°¢âÕ¡Ÿ≈¡’§«“¡·µ°µà“ß∑“ß ∂‘µ‘·≈â« ∑”°“√‡ª√’¬∫
‡∑’¬∫§«“¡·µ°µà“ß√–À«à“ß°≈ÿà¡ ¥â«¬«‘∏’ Duncan's new
multiple range test (SAS, 1989)

º≈°“√∑¥∑Õß·≈–«‘®“√≥å

1. ≈—°…≥–∑—Ë«‰ª¢Õß·∫§∑’‡√’¬¬àÕ¬ ≈“¬‡¬◊ËÕ„¬

°“√§—¥‡≈◊Õ°·∫§∑’‡√’¬∑’Ë¬àÕ¬ ≈“¬‡¬◊ËÕ„¬„π§√—Èßπ’È ‰¥â
¡“®“°°“√·¬°‡™◊ÈÕ®“°·∫§∑’‡√’¬®”π«π 290 ‰Õ‚´‡≈∑ ‡¡◊ËÕ
»÷°…“°“√µ‘¥ ’·°√¡·≈–√Ÿª√à“ß¢Õß‡´≈≈å æ∫«à“‡ªìπ·∫§∑’‡√’¬
·°√¡≈∫∑’Ë¡’√Ÿª√à“ß‡ªìπ·∑àß‚§âß®”π«π 47 ‰Õ‚´‡≈∑ À√◊Õ
16.2% ¢Õß·∫§∑’‡√’¬∑—ÈßÀ¡¥  ·≈–¡’®”π«π 2 ‰Õ‚´‡≈∑
(S-22 ·≈– S-28) À√◊Õ‡æ’¬ß 2% ¢Õß·∫§∑’‡√’¬·°√¡≈∫
·≈–√Ÿª√à“ß‡ªìπ·∑àß‚§âß∑’Ëº≈‘µ°√¥∫‘«∑’√‘°‰¥â Ÿß ´÷Ëß‡ªìπ
≈—°…≥–¢Õß B. fibrisolvens  ·≈–®“°°“√»÷°…“µ√«®
≈”¥—∫‡∫ ∫π 16S rDNA æ∫«à“∑—Èß Õß‰Õ‚´‡≈∑¡’≈”¥—∫
‡∫ §≈â“¬ B. fibrisolvens ¡“°°«à“ 97% ·≈–‡¡◊ËÕπ”¡“
‡¢’¬π·ºπ¿Ÿ¡‘µâπ‰¡â«ß»å«“π«‘«—≤π“°“√®–‡ÀÁπ‰¥â«à“∑—Èß Õß
 “¬æ—π∏ÿåÕ¬Ÿà „π°≈ÿà¡‡¥’¬«°—∫·∫§∑’‡√’¬ B. fibrisolvens
(Figure 1)

2. °‘®°√√¡¢Õß‡Õπ‰´¡å∑’Ë‡°’Ë¬«°—∫°“√¬àÕ¬ ≈“¬‡¬◊ËÕ„¬

°“√»÷°…“°‘®°√√¡¢Õß‡Õπ‰´¡åÀ≈—°∑’Ë„™â „π°“√¬àÕ¬
 ≈“¬‡¬◊ËÕ„¬  §◊Õ  ‡´≈≈Ÿ‡≈   ·≈–‰´·≈π‡π  ¢Õß B.
fibrisolvens   “¬æ—π∏ÿå  S-28  ·≈–  S-22  ∑’Ë‡®√‘≠„π
‡´≈‚≈‰∫‚Õ  æ∫«à“ B. fibrisolvens S-28 º≈‘µ‡Õπ‰´¡å
‡´≈≈Ÿ‡≈  ·≈–‰´·≈π‡π ‰¥â 12.5 ·≈– 73.1 nmol min-1

mg protein-1 µ“¡≈”¥—∫  Ÿß°«à“ B. fibrisolvens S-22
∑’Ëº≈‘µ‰¥â 1.0 ·≈– 42.8 nmol min-1 mg protein-1 µ“¡
≈”¥—∫  ¥—ßπ—Èπ B. fibrisolvens S-28 ‡ªìπ “¬æ—π∏ÿå∑’Ë¡’
§ÿ≥ ¡∫—µ‘„π°“√º≈‘µ‡Õπ‰´¡å¬àÕ¬ ≈“¬‡¬◊ËÕ„¬‰¥â¥’∑’Ë ÿ¥ ·≈–
∂Ÿ°§—¥‡≈◊Õ°‡æ◊ËÕπ”‰ª»÷°…“§ÿ≥ ¡∫—µ‘„π°“√¬àÕ¬ ≈“¬‡¬◊ËÕ„¬
„π¥â“πÕ◊ËπÊ µàÕ‰ª

°‘®°√√¡¢Õß‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ·≈–‰´·≈π‡π ∑’Ë B.
fibrisolvens S-28 º≈‘µ‰¥â¿“¬„π‡´≈≈å·≈–ª≈¥ª≈àÕ¬
ÕÕ°¡“πÕ°‡´≈≈å‡¡◊ËÕ‡®√‘≠„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë¡’·À≈àß¢Õß
§“√å∫Õπ·µ°µà“ß°—π ¥—ß· ¥ß„π Table 1 ®–‡ÀÁπ‰¥â«à“ B.
fibrisolvens S-28 º≈‘µ‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ·≈–‰´·≈π‡π 
‰¥â Ÿß¡“°‡¡◊ËÕ‡®√‘≠„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë¡’‰´·≈π‡ªìπ·À≈àß
§“√å∫Õπ   πÕ°®“°π’È¬—ßæ∫«à“ B. fibrisolvens S-28
 “¡“√∂ª≈¥ª≈àÕ¬‡Õπ‰´¡å‡À≈à“π’ÈÕÕ°¡“πÕ°‡´≈≈å‡æ◊ËÕ¡“
¬àÕ¬‚ª≈’·´§§“‰√¥å‰¥â Ÿß∂÷ß 45-88% ¢Õßª√‘¡“≥‡Õπ‰´¡å
∑—ÈßÀ¡¥∑’Ëº≈‘µ‰¥â §≈â“¬°—∫·∫§∑’‡√’¬∑’Ë∑”Àπâ“∑’ËÀ≈—°„π°“√

Table 1. Cellulase and xylanase activities of B. fibrisolvens S-28 grown in glucose, cellobiose and xylan
medium.

 Medium Intracellular Extracellular Total Extracellular Total protein Specific activity
activity activity activity portion of (intracellular) (intracellular)

(nmol min-1 (nmol min-1 (nmol min-1 total activity (mg ml-1 (nmol min-1

ml-1 culture) ml-1 culture) ml-1 culture) (%) culture) mg-1 protein)

Cellulase
 Glucose   0.29±0.09c   2.08±0.10c 2.37c 87.8a 0.009±0.00c 32.22b

 Cellobiose   0.89±0.19b   2.49±0.03b 3.38b 73.7b 0.076±0.01a 11.71c

 Xylan   3.47±0.10a   2.81±0.22a 6.28a 44.7c 0.057±0.01b 60.88a

Xylanase
 Glucose   0.71±0.21c   4.61±0.09b 5.32c 86.7a 0.009±0.00c 78.89b

 Cellobiose   1.80±0.40b   4.73±0.38b 6.53b 72.4b 0.076±0.01a 23.68c

 Xylan 10.81±0.47a 12.49±0.16a 23.30a 53.6c 0.057±0.01b 189.65a

Values are means ± standard deviations from three replications of enzyme assay or protein assay
a,b,c Means within the same column followed by different letters are significantly different (P < 0.05).
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Figure 1. The phylogenetic tree showing relationships of 16S rDNA sequences of different
isolates of Butyrivibrio. The tree was constructed using neighbor-joining analysis
of a distance matrix obtained from a multiple-sequence alignment. Eubacterium
rectale  was  used  as  an  out-group  sequence.  The  scale  bar  represents  genetic
distance  (1  substitution  per  1000  nucleotides).  Numbers  given  at  the  nodes
represent bootstrap percentage values (> 95), which show reliability of branching.
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¬àÕ¬ ≈“¬‡¬◊ËÕ„¬„π°√–‡æ“–√Ÿ‡¡π™π‘¥Õ◊Ëπ ‡™àπ F. succino-
genes ·≈– Ruminococcus spp. ∑’Ë “¡“√∂ª≈¥ª≈àÕ¬
‡Õπ‰´¡å‡À≈à“π’ÈÕÕ°¡“πÕ°‡´≈≈å‰¥â Ÿß¡“° (Forsberg et
al., 1997) ¥—ßπ—Èπ®“°°“√»÷°…“°‘®°√√¡¢Õß‡Õπ‰´¡å‡À≈à“π’È
∑”„Àâ‡™◊ËÕ‰¥â«à“ B. fibrisolvens S-28 ‡ªìπ·∫§∑’‡√’¬∑’Ë¡’
»—°¬¿“æ„π°“√¬àÕ¬ ≈“¬‡¬◊ËÕ„¬‰¥â¥’ “¬æ—π∏ÿåÀπ÷Ëß  ·≈–
„π¢≥–‡¥’¬«°—π°Á™’È „Àâ‡ÀÁπ«à“ ∂â“ B. fibrisolvens S-28
‡®√‘≠„πÕ“À“√∑’Ë¡’‰´·≈π‡ªìπ·À≈àß¢Õß§“√å∫Õπ ®–°√–µÿâπ
°‘®°√√¡¢Õß‡Õπ‰´¡å‡À≈à“π’È‰¥â¥’°«à“°≈Ÿ‚§ ·≈–‡´≈‚≈‰∫‚Õ 

°‘®°√√¡¢Õß‡Õπ‰´¡å™π‘¥Õ◊ËπÊ ∑’Ë‡°’Ë¬«¢âÕß°—∫°“√
¬àÕ¬ ≈“¬‡¬◊ËÕ„¬ (Table 2) ®–‡ÀÁπ‰¥â«à“ B. fibrisolvens
S-28 ‡ªìπ·∫§∑’‡√’¬∑’Ëº≈‘µ‡Õπ‰´¡å β-glucosidase, β-

xylosidase, β-cellobiosidase ·≈– α-L-arabinofura-
nosidase ‰¥â Ÿß¡“° ·µà‰¡àº≈‘µ‡Õπ‰´¡å acetylesterase
®“°§«“¡ “¡“√∂„π°“√º≈‘µ‡Õπ‰´¡åµà“ßÊ ‡À≈à“π’È ∑”„Àâ
¬◊π¬—π‰¥â«à“πÕ°®“° B. fibrisolvens S-28 ®– “¡“√∂
º≈‘µ‡Õπ‰´¡åÕÕ°¡“¬àÕ¬ ≈“¬‡´≈≈Ÿ‚≈ ·≈–‡Œ¡‰¡‡´≈≈Ÿ‚≈ 
 “¬¬“«‰¥â·≈â« B. fibrisolvens S-28 ¬—ß “¡“√∂º≈‘µ
‡Õπ‰´¡åÕÕ°¡“¬àÕ¬æ—π∏–Õ◊ËπÊ ¢Õß‡¬◊ËÕ„¬‰¥âÕ’°¥â«¬

3. °“√‡®√‘≠„πÕ“À“√∑’Ë¡’·À≈àß¢Õß§“√å∫Õπ·µ°µà“ß°—π

B. fibrisolvens S-28 ‡®√‘≠‰¥â¥’„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ
∑’Ë¡’‡´≈‚≈‰∫‚Õ ‡ªìπ·À≈àß¢Õß§“√å∫Õπ √Õß≈ß¡“§◊Õ‰´·≈π
·≈–°≈Ÿ‚§  µ“¡≈”¥—∫ (Figure 2a)  à«π°“√‡®√‘≠„πÕ“À“√

Figure 2. Growth curves of B. fibrisolvens S-28 (a) on glucose, cellobiose and xylan medium,
(b) on filter paper, orchard grass and rice straw powder medium.

Table 2. Cellulase, xylanase, βββββ-glucosidase, βββββ-xylosidase, ααααα-L-arabinofuranosidase,
βββββ-cellobiosidase, and acetylesterase activities of B. fibrisolvens S-28 grown
in xylan medium.

     Enzyme activity Intracellular activity Specific intracellular activity
(nmol min-1 ml-1 culture) (nmol min-1 mg-1 protein)

Cellulase 3.47 60.88
Xylanase 10.81 189.65
β-glucosidase 7.31 126.82
β-xylosidase 5.50 95.35
β-cellobiosidase 2.55 44.22
α-L-arabinofuranosidase 7.35 127.47
Acetylesterase 0.00 0.00
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‡≈’È¬ß‡™◊ÈÕ∑’Ë¡’‡¬◊ËÕ„¬‡ªìπ·À≈àß¢Õß§“√å∫Õπ æ∫«à“ “¬æ—π∏ÿå S-
28 ‡®√‘≠„πÕ“À“√∑’Ë¡’‡¬◊ËÕ„¬®“°∏√√¡™“µ‘ ‡™àπ ø“ß¢â“« ·≈–
À≠â“ÕÕ™“√å¥ ‰¥â¥’°«à“°√–¥“…°√Õß (Figure 2b) · ¥ß„Àâ
‡ÀÁπ«à“ “¬æ—π∏ÿå S-28 ‡ªìπ·∫§∑’‡√’¬∑’Ë‡®√‘≠·≈–„™âª√–‚¬™πå
®“°‰¥·´§§“‰√¥å (‡´≈‚≈‰∫‚Õ ) ·≈–‚ª≈’·´§§“‰√¥å
(‰´·≈π) ‰¥â¥’°«à“‚¡‚π·´§§“‰√¥å (°≈Ÿ‚§ ) ´÷Ëß Õ¥§≈âÕß
°—∫ª√‘¡“≥‡´≈≈å‚ª√µ’π¢Õß B. fibrisolvens S-28 ∑’Ë‡®√‘≠
„π‡´≈‚≈‰∫‚Õ  ·≈–‰´‡≈Áπ Ÿß°«à“„π°≈Ÿ‚§  (Table 1) ·≈–
πÕ°®“°π’È “¬æ—π∏ÿå  S-28  ¬—ß‡®√‘≠·≈–„™âª√–‚¬™πå®“°
‡¬◊ËÕ„¬∏√√¡™“µ‘ (ø“ß¢â“«·≈–À≠â“·Àâß) ‰¥â¥’°«à“‡´≈≈Ÿ‚≈ 
∫√‘ ÿ∑∏‘Ï (°√–¥“…°√Õß) ¥—ßπ—Èπ®÷ß™’È„Àâ‡ÀÁπ«à“ B.fibrisolvens
S-28 ‡ªìπ “¬æ—π∏ÿå∑’Ë¡’§«“¡ “¡“√∂„π°“√¬àÕ¬ ≈“¬·≈–„™â
ª√–‚¬™πå®“°‡¬◊ËÕ„¬∏√√¡™“µ‘‰¥â¥’

4. §«“¡ “¡“√∂„π°“√¬÷¥‡°“–°—∫‡¬◊ËÕ„¬

B. fibrisolvens S-28 ¡’§«“¡ “¡“√∂„π°“√¬÷¥
‡°“–°—∫‡¬◊ËÕ„¬‰¥â‡ªìπÕ¬à“ß¥’ µ—Èß·µà 47.6% ∂÷ß 81.0% ¢÷Èπ
°—∫™π‘¥¢Õß‡¬◊ËÕ„¬ (Table 3) „π¢≥–∑’Ë B. fibrisolvens
OB156 ´÷Ëß‡ªìπ “¬æ—π∏ÿå∑’Ëπ‘¬¡π”¡“„™â‡ªìπ‡´≈≈å„ÀâÕ“»—¬
„π°√–∫«π°“√«‘»«æ—π∏ÿ°√√¡  (Gregg  et  al.,  1994;
Kobayashi et al., 1998) ¡’§«“¡ “¡“√∂„π°“√¬÷¥‡°“–
°—∫‡¬◊ËÕ„¬‰¥â‡æ’¬ß 25.1-47.0% §«“¡ “¡“√∂„π°“√¬÷¥‡°“–
°—∫‡¬◊ËÕ„¬π’È ‡ªìπ§ÿ≥ ¡∫—µ‘∑’Ë ”§—≠Õ¬à“ßÀπ÷Ëß¢Õß·∫§∑’‡√’¬∑’Ë
¬àÕ¬ ≈“¬‡¬◊ËÕ„¬ ‡™àπ F. succinogenes S85  “¡“√∂¬÷¥
‡°“–°—∫‡´≈≈Ÿ‚≈ ‰¥â Ÿß∂÷ß 83% À√◊Õ R. flavefaciens 007
 “¡“√∂¬÷¥‡°“–°—∫‡´≈≈Ÿ‚≈ ‰¥â 80% (Roger et al., 1990)

πÕ°®“°π’È¬—ßæ∫«à“ B. fibrisolvens S-28  “¡“√∂‡¢â“‰ª
¬÷¥‡°“–°—∫‡¬◊ËÕ„¬‰¥â‡√Á« (¿“¬„π 10 π“∑’) ·≈–¬÷¥‡°“–‰¥â
 Ÿß ÿ¥¿“¬„π‡«≈“ 1 ™—Ë«‚¡ß ®“°º≈°“√∑¥≈Õßπ’È™’È„Àâ‡ÀÁπ«à“
‡¡◊ËÕ —µ«å°‘πÕ“À“√À¬“∫‡¢â“‰ª  B.  fibrisolvens  S-28
 “¡“√∂‡¢â“‰ª¬÷¥‡°“–°—∫Õ“À“√À¬“∫‰¥â∑—π∑’ ®“°π—Èπ°Á∑”
°“√ª≈¥ª≈àÕ¬‡Õπ‰´¡åÕÕ°¡“¬àÕ¬ ≈“¬‡¬◊ËÕ„¬ „π¢≥–‡¥’¬«
°—π·∫§∑’‡√’¬°Á‡®√‘≠·≈–‡æ‘Ë¡®”π«π¡“°¢÷Èπ∫πÕ“À“√‡¬◊ËÕ„¬
π—Èπ

5. §«“¡ “¡“√∂„π°“√¬àÕ¬ ≈“¬‡¬◊ËÕ„¬

§«“¡ “¡“√∂¢Õß B. fibrisolvens S-28 „π°“√
¬àÕ¬ ≈“¬‡¬◊ËÕ„¬  ‡¡◊ËÕ∫à¡‡æ“–∑’ËÕÿ≥À¿Ÿ¡‘ 37oC π“π 72
™—Ë«‚¡ß ¥—ß· ¥ß„π Table 4 æ∫«à“ B. fibrisolvens S-28
 “¡“√∂¬àÕ¬∂—Ë«Õ—≈øí≈øÉ“ (12.7%) ‰¥â Ÿß∑’Ë ÿ¥ √Õß≈ß¡“§◊Õ
À≠â“ÕÕ™“√å¥ (4.6%) ·≈–ø“ß¢â“« (4.0%)  „π¢≥–∑’Ë
°√–¥“…°√Õß∂Ÿ°¬àÕ¬‰¥âπâÕ¬∑’Ë ÿ¥ (0.5%)  à«π B. fibri-
solvens OB156 ‰¡à “¡“√∂¬àÕ¬ ≈“¬‡¬◊ËÕ„¬∑ÿ°™π‘¥ ¥—ßπ—Èπ
®“°º≈°“√»÷°…“„π§√—Èßπ’È™’È„Àâ‡ÀÁπ«à“ B. fibrisolvens S-28
 “¡“√∂¬àÕ¬ ≈“¬‡¬◊ËÕ„¬®“°∏√√¡™“µ‘‰¥â¥’°«à“‡´≈≈Ÿ‚≈ ∫√‘ ÿ∑∏‘Ï
‡π◊ËÕß®“°  B.  fibrisolvens  S-28  ‡ªìπ·∫§∑’‡√’¬∑’Ëº≈‘µ
‡Õπ‰´¡å‡´≈≈Ÿ‡≈ ‰¥â§àÕπ¢â“ßµË”‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫‡Õπ‰´¡å
‰´·≈π‡π  (Table 1) πÕ°®“°π’È B. fibrisolvens S-28
¬—ß‡®√‘≠„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë¡’°√–¥“…°√Õß‡ªìπ·À≈àß§“√å∫Õπ
‰¥â‰¡à¥’‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ø“ß¢â“« À√◊ÕÀ≠â“ÕÕ™“√å¥ (Fig-
ure 2b) √«¡∑—Èß‡®√‘≠„π°≈Ÿ‚§ ‰¥â‰¡à¥’¥â«¬ (Figure 2a)
´÷Ëß™’È „Àâ«à“ B. fibrisolvens S-28 ‡ªìπ “¬æ—π∏ÿå∑’Ë‰¡à™Õ∫

Table 3. Adhesion of B. fibrisolvens S-28 and OB156 on fiber powder after
incubated at 37oC for 30 min.

        Adhesion (%)
Fiber powder

S-28 OB156†

Filter paper 81.0±2.26a 47.0±3.04a

Alfalfa 47.6±1.78d 43.3±2.96b

Orchard grass 68.5±3.00c 26.8±1.29c

Rice straw 73.1±1.75b 25.1±1.76c

Values are means ± standard deviations from four replications of adhesion assay.
† Butyrivibrio fibrisolvens strain OB156 (Kobayashi et al., 1998)
a,b,c,d  Means within the same column followed by different letters are significantly
        different (P < 0.05).
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‡®√‘≠„π‡´≈≈Ÿ‚≈ √«¡∑—Èß°≈Ÿ‚§  ®÷ß∑”„Àâ§«“¡ “¡“√∂„π°“√
¬àÕ¬ ≈“¬‡´≈≈Ÿ‚≈ ‰¥âµË”‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫‡¬◊ËÕ„¬®“°
∏√√¡™“µ‘ ‡π◊ËÕß®“° B. fibrisolvens S-28  “¡“√∂º≈‘µ
‡Õπ‰´¡å™π‘¥Õ◊ËπÊ ∑’Ë‡°’Ë¬«¢âÕß°—∫°“√¬àÕ¬ ≈“¬‡¬◊ËÕ„¬
∏√√¡™“µ‘‰¥âÕ’°À≈“¬™π‘¥ (Table 2) ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß
‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß°—∫°“√¬àÕ¬ ≈“¬‡Œ¡‰¡‡´≈≈Ÿ‚≈   Õ¥-
§≈âÕß°—∫ß“π∑¥≈ÕßÕ◊ËπÊ ∑’Ë· ¥ß„Àâ‡ÀÁπ«à“ B. fibrisolvens
‡ªìπ·∫§∑’‡√’¬™π‘¥Àπ÷Ëß∑’Ë¡’§«“¡ ”§—≠„π°“√¬àÕ¬ ≈“¬
‡Œ¡‰¡‡´≈≈Ÿ‚≈ „π°√–‡æ“–√Ÿ‡¡π ·µà¬àÕ¬ ≈“¬‡´≈≈Ÿ‚≈ ‰¥â
πâÕ¬¡“° (Dehority, 1967; Dehority and Scott, 1967;
Cotta and Zeltwanger, 1995) ¥—ßπ—Èπ°“√§—¥‡≈◊Õ° B.
fibrisolvens S-28 „π§√—Èßπ’È πÕ°®“°®–‡ªìπ “¬æ—π∏ÿå∑’Ë¡’
§«“¡ “¡“√∂„π°“√¬àÕ¬ ≈“¬‡¬◊ËÕ„¬®“°∏√√¡™“µ‘‰¥â¥’·≈â«
¬—ß¡’§«“¡ “¡“√∂„π°“√‡¢â“‰ª¬÷¥‡°“–∫π‡¬◊ËÕ„¬‰¥â Ÿß¥â«¬
§«“¡ “¡“√∂‡À≈à“π’È¢Õß B. fibrisolvens S-28 ‡À¡“–∑’Ë
®–π”‰ª„™â‡ªìπ‡´≈≈å„ÀâÕ“»—¬„π°√–∫«π°“√«‘»«æ—π∏ÿ°√√¡
µàÕ‰ª

 √ÿªº≈°“√∑¥≈Õß

„π°“√»÷°…“§√—Èßπ’È “¡“√∂§—¥‡≈◊Õ° B. fibrisolvens
S-28 ∑’Ë¡’§«“¡ “¡“√∂„π°“√¬÷¥‡°“–°—∫‡¬◊ËÕ„¬‰¥â¥’ ·≈–„π
¢≥–‡¥’¬«°—π°Á “¡“√∂¬àÕ¬ ≈“¬‡¬◊ËÕ„¬∏√√¡™“µ‘‰¥â¥’ ‡π◊ËÕß
®“° B. fibrisolvens S-28 ¡’§«“¡ “¡“√∂„π°“√º≈‘µ
‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß°—∫°“√¬àÕ¬ ≈“¬‡¬◊ËÕ„¬∏√√¡™“µ‘‰¥â‡°◊Õ∫

∑ÿ°™π‘¥ ¢“¥‡©æ“–‡Õπ‰´¡å acetylesterase ‡∑à“π—Èπ ¥—ßπ—Èπ
®“°§ÿ≥ ¡∫—µ‘µà“ßÊ ∑’Ë¥’‡À≈à“π’È ·∫§∑’‡√’¬ B. fibrisolvens
 “¬æ—π∏ÿå S-28 Õ“®∂Ÿ°π”‰ª„™â‡ªìπ‡´≈≈å„ÀâÕ“»—¬„π°√–∫«π
°“√∑“ß¥â“π«‘»«æ—π∏ÿ°√√¡ ‡æ◊ËÕ„™â„π°“√ª√—∫ª√ÿß°√–∫«π
°“√À¡—°¬àÕ¬„π°√–‡æ“–√Ÿ‡¡πµàÕ‰ª„πÕπ“§µ
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