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Application of multidisciplinary biotechnology for
bioenergy production from rice straw and
Napiergrass-—-Screening and application of
thermophilic anaerobic cellulolytic and hydrogen-
producing bacteria for bioenergy production
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R AT R R B S FE T SR EN  TRRRLRERENE
HEMAMEFLEEEN  WHHAESSBNFTREERERESZ— - WD
BRI A B B ) BN s AR SR HE K AR T PRI E (T AR K R RE T ) 2 IR
v LUGTAT E B A R R o S5 TR M 1 TRRIK SABHE AR » P
Strain TCW1A3 42 BRGAHE KRR b - (CREARITIER IR B RSP
IS RN R ME » B2 AED B ]5£2.39 0K 1.75 g/L > #7mstrain TCW1RfEE
KR AR ELE ZBES) - SO AT TR B 4 e B — PREEWE EE S B Clostridium
sp * TIFIFE - G FIRARAE S - SURAELSE1.3 mol H2/mol glucose 1.0 mol H2/mol
sucrose ° AWFITEVEERRR YA TRIT E —RaE i s AR R B 23 rh /0 i i
SE4T 1L 61k Clostridum butyricum (strain CGS 1-6) » 2#kClostridium pasteurianum (strain
CHI1 and CH6) » B 1#kKlebsiella sp » TEOfRAERZEE G - HC. butyricum (strain
CGS5) &S EES22.78 mol H2/mol sucrose * A H AT ZEREMB BEERE < BLEER
T T FI| FR B HE K AR B strain TCW 1 2 E K FEADELT E SUBER? - HPBURR&C.
butyricum CGS5EE F 25> 2 mmol H2/g reducing sugar (Llalpha-##E SRk R AEE
} > < 2 mmol H2/g reducing sugar (LR RUKRILHEE) -



T RIRE -
Bioenergy has gained much attention worldwide because of fossil fuel depletion. Due to their
abundance of cellulosic material, rice straw and Napiergrass have been considered as great
bioenergy crops in Taiwan since bioenergy can be produced from cellulose bioconversion.
Hydrogen is the cleanest energy during its combustion among all bioenergy and has regained
attention in the last decade. The work of this study was to isolate thermopbhilic anaerobic
cellulolytic bacteria from herbivorous animals (cattle and horse) manure and investigate the
cellulolytic capability of the isolates in order to assess biohydrogen production potential from
nature cellulosic materials. 17 thermophilic ceflulolytic anaerobes are isolated from these
animal manure in this study. One of the isolates, Clostridium thermosaccharolyticum strain
TCW1 isolated from cow manure possesses the highest cellulolytic capability among all
isolates, it can hydrolyze Napiergrass and rice straw powder completely in 5 days and 2.39
and 1.75g/L of total sugar are produced respectively. The results show that strain TCW1
can hydrolysis nature cellulosic materials. A thermophilic non-cellulolytic H2-producing
Clostridium is also isolated from cow manure. It can utilize mono- and disaccharides for
biohydrogenation, the hydrogen yield is 1.3 mol H2/mol glucose and 1.0 mol H2/mol
sucrose. The cooperated team of Chemical engineering department in Natinal Cheng-Kung
university also isolates 9 strains of H2-producing bacteria [6 strains of Clostridum
butyricum (strain CGS 1~6) » 2 strains of Clostridium pasteurianum (strain CH1 and CH6)
and 1 strain of Klebsiellasp} from a carrier-induced granular sludge bioreactor. The H2
yield of C. butyricum can reach 2.78 mol H2/mol sucrose which is the highest H2
production yield currently known in the world. All these isolated H2-producing bacteria are
found to be able to produce H2 from the cellulose hydrolysate of strain TCW1. The H2
production yield of C. butyricum CGS5 is greater than 2 mmol H2/g reducing sugar (alpha-
cellulose as cellulosic substrate) and lower than 2 mmol H2/g reducing sugar (Napier grass as
cellulosic substrate).
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oG TS R R B L AR AR AER235 B AN - TR IRE R4 E
EAEAEROAN > kT FHAEERERLCBEEREY - BERRERIFR
SEHSBEY IR - ALY A RN AR BERREY » A ILER RV
H~ B - ERERARRCED -

AFETE 2 £ EHTRTT A AT ERAL PR ERR Sl R D SR ESR AR bR - LIRS
FAERIRR o TR B R R R RINRE - LR S E AR e IR 73 B PR A
KA R SRR BOREM R BB AR KRS R EE RS

s SE—25 LR B TR2 A7 20N LAsEA L - DIRIRIGETTH M EENGE <R BRE
SEEYEKEEERRAEERR - BRI - B4 EEZREEE:
1. S ARBE AR EUHRHE 35 8 I FEAE 7 Bl R S E IR SABRE SR T R TR

2. RESAEEE G TR 0 AT B E S A K A EE | AR -

3. FTER T RE B bR RIS E -

4. FERFT S RE IR FUBHE SR 0 R TR B EE R AR/ E U -
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TYEEHE

L SR ST S R BB E e SRR e A | G LI K EE AR R T e
BOKEEYES R EREE

2.1 Hungate BR AR MR & SRS B AE ST ETHEHE K AR B E SR BF I 2 S Bzt o

3. KA S FEWBMTHI16S rRNA genedE1 Tl 2 RS E LA RIAIR L IR EMER
SR INERES R BERRE -

A LIRS R S A R S T AR K AR B M E SR < FE R 1
i/t

= 9iWReA

LIRS FE ALY

R SRR TASE R E (TA medium) LA Hungate X 77 TE R EIRIF P ETER AN 41R
LIBEZETBEER « TA mediumZ fX M40 (per liter): cellulose » 5 g (carbon
source) ¢ Trace element solution » 10.0 m] ; Vitamin solution > 10 ml : KZHPO4 - 0.40

g + Resazurin » 0.0005 g : CaCl2 2H20 - 0.05g : MgCl2 6H20 - 0.10

g i (NH4)Cl» 1.00 g ; L-Cysteine > 0.50 g - NaHCO3 » 3.90 g : Na2S 9H20 - 0.25

g (FEBHTIA) ° Trace element solution 5% 73 2y A T EBEF K& H conc. HC1 1.0
mL ~ NiCI2 0.05 g ~ EDTA 0.50 g ~ H3BO3 0.05 g ~ FeCl2 4H20 2.00 g ~ CuCl2 0.03
g ~ ZnCl2 0.05 g ~ (NH4) 6Mo7024 4H20 0.05g ~ MnCI2 0.05 g ~ CoCI2 6H20 0.05
g ~ AICI3 0.05 g ~ Na2SeO3 5H200.10 g ° Vitamin solutionf 53 B8 AT KB ok
5 fBiotin » 2.0 mg ; Thiamine-HCI > 5.0 mg ; Pyridoxine-HCI » 10.0 mg : Nicotinic
acid * 5.0 mg : Riboflavin » 5.0 mg ; Vitamin B12 » 0.1 mg : DL-Ca-pantothenate » 5.0
mg ; Lipoic acid » 5.0 mg : o -Aminobenzoic acid * 5.0 mg : Folic acid > 2.0 mg ©

G E R EEEE R 2 2% E Y (Endo medium)B 7780 (per liter): TR FHEEHE
Sucrose * 15g i (NH4)2504 » 3g : Na2HPO4 > 5g : KH2PO4 » 1g + NaCl » 2g : MgSO4
» 0.1g + Na2S.9H20 - 0.5g = BFHFHE - M AEEE T KR ETHE » 8.2
1t WHET EEFERRES) - ZEAEENASHEOKRRAERZIH -

2. MEMERAE

A g 2 cellulose 2 [E 1897 » RILMAEY 2 £ R LUEHR NI B Optical
Densitylfil i - FMELEE AE B EBETEIEAEMERCER - EHE BB
AR EALS » AR S Bl F AE T ERHNE - FTRERAR SRR S
EBEZEREEFMEMERSEN - AFRITEUNEEBESMESET SN - It
77 %R ¥ A Coomassie Brilliant Blue G-250 8 8188 AR A RVFEF I » TEG-2508 R A EK
B1% > G250 I MBS BEE (T - HEFE595 nmiE R T & A B AR L
fE{Efl « LIF-MiEE AfF ek » BNt ERESPERENRE -

3Bt TR KRR < I E

FEHEER RS B - R YRR K R AR A N RREENE - TR E R RR AR AN
FHBMEFRIE L ERZERE < BIRAFRERT R ER2F| HDNSEMiller » 1859) - H iz
FERFE A& AREECHOWMESE (&) BRERY] » EEREC35-THE-
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7K B3 (3,5-dinitrosalicyclic acid)i® R AL 2 3-25-5-THE- /KBl (3-amino-5-
nitrosalicyclic acid) ° ¥EEEKARATE AR FUES ARE - SR - DNSHI#J3,5-
TR KSR B BURIRRES 2 A AUE - AR ETREHIENR RIS 5F
AT LIBS- B (phenol-sulfuric acidiifll AR iR 2 SENRRAL » MR M DRI
R RERREE 2B 0 A% B RS 0 WEFE —/ N FHERmElE 0 L
AP EFEHER R 490 nmill E R E » BERISATE 2 ER AR RIERESHTE Dubois
et al., 1956) ©

4 YRR D T e

| 4HE 16S rRNAEEF T B GenbanksE T I - A FEEEREERRZEME -
5.8

5. 18RRI A R 3 434

FE AR 17 8173 LISHIMADZU GC-14B Gas Chromatograph with flame ionization
detector (FID) » & +£ ADB-WAXEMEHE(30m X 0.319mm X 0.50 £ m) » LAAr &
88 W ABSAEREA 1L B 2B LRSI REEY  BHHRRRE
1200C » #£3%0.557 8 » BE{%LUZ 38820 o CTHEE 200 oC - #ERF20 8 » ST DRE R
T #5230 oC » 1RSI E R E 25210 oC »

5. 28 IR AT

RBINERIEE LISHIMADZU GC-14B Gas Chromatograph with thermal conductivity
detector (TCD) » B AWIBREEEE2.1 m » N{%3.2 mm) » HFEY)FMolecular Sieve
5A 60/80 mesh * LIArREEIAME - HEA A R0.2 mL » Fiid25 mL/min > &
2% Finjection temperature 1200C ~ TCD temperature 140 oC ~ E+ER/E50 oC



B iSRG
1B YEEhPIRG E R EAE K ERE D

MBS A2 - BE R KENE BRI RO 2 EEERFFH TSR
REFEREMBEREERNE - W=EEREFLIEE «- cellulose 5 g/LISEEEERE
pEggEch > BRI R55°C - TEE BN LIERE A MM E RS - ERREIHNL
RRF - BEAEBREEEDETHRER -

HEEMEEEVHECEMAELUAR  EERERGERIRE  AEENERER
MBI HREHETHE T LIESEB0% N2 + 20% CO2) » LA EEFEIEAIRE
4 ARSI EERE - {FR(EFE R » WEREEPHE « = HiER KR
BHER B P A BB E ] - R KERERE MRS BB LB - KEE
2 Bt A A E T — T E RS ER R AR E - RN
B3 > 4+ HEFEBE R ANEREESMAEL0.986 g/L ISR - BFERFEHANEX
BESERMRERT1.70 g/LAUHEMES: - ERBH R A KAESERARE)1.013 g/L AUHGER
» itk R n] BB IFLEET R K ERE D BIENTHE -

E EE S AEY ERRARE T » I ZEERE A FRBHERRME KRR R
NMEZFEE > SRR AR AR SRR rh s A & - FEE R An(E
4> BIRTEILEIEMRE - WD S ARSREZHIBER (#9190~210 mg/L) - Hif
#EFE B autoclave S BRE AT K BREEHL S HEAE - RSB 12 RSB HUETE - B
% EH B > Al A HHERIRE 28l WTE Y BRI T E IR FI

» 1% BEEHESE 2 KRR B R < SERE S B A LMK R AL
it (ZHSRER) BHaEE  BREBAEIRLCEEEFREERE > HELR
EFFADNSHE - SHEEAEERTRFED » OIS, - HE- KBESRR3-|
B-5-FEEL KBS - HZFADNSHEE AY3,5- ZiHE- KB SR R 2 ME 2 6 K E

- LIEBHIEREUES EriZ%E » HiERaES - aiMNEEEFEATIEET A

» nfEE A =HEINEE T » BRI KEES 2REELAREMWH R ZE
B HIE -

¥ Z BEHIERREIE o HMFARABEHTREE - SRR 2ER A BREE
BB HERNES - AEERBF T =XREIEELEN23mMe 21F - BEEER
H# A REMREAE A #24mM 2 218 ~ BEBEF PR = RIREEEF22mM 28 -
TEERSM - AR IR E SRR IR L - FOREEREE (AR 2=
4257% » EEPEFEVET529.28% - BEBHEEHEKANES » EEHR
£3.36% » HHERMET - B EREGH  B=FEPEFRFANEFELEBSESR

 EEARERT > HMFAEEDESEEE - TR KRR N85S - ReEL
Fe RS AR AL AR » M EAERE A LRI 2 4 -

2 FEHE K AR & B SH R TE

A EELFEES S KERN » BB 4H - BEREEEAREAMKER
BEAPERE - BATEESILE 30MBHEK RS - 7R B4 Strain TCWL, 3, 4, 9,
10, 11, 12 s R EfE#: Strain D2, 3,4,5,6,7,8,9, 11,13, 14, 15,17, 18 : KEE#E

: Strain H1, 2, 3, 4,5,6,7,8,9 - KB4 HETFZMHEETRLI10g/L @ - cellulose A LF
HEERESSCTNES » i LR RS A 4 5 B IEEHE Histrain TCW 1 A 1EAEEF A
T EN  HBFEREEAERTHEPREREE » 7#ET72.87mg/L -

Strain TCW1iE FADNAZERY » 3 LIPCR¥LHir#15 H 16SIDNA Bt AR R 751 047 R0

-6-



HERRE T HSROE - B3 HABLUE R 2 E 8 5 Clostridium sp. » 7] #Efistrain
TCW1 %5Clostridium sp. > #8H A AR{LUEE & 5 2 R PRClostridium thermosaccharolyticum
SN T AR > Tstrain TCW1Z BERESUEEFEE A FF A RIER -

Strain TCW1:2 B #H /7 T LA 7 REGY S5 (AN B0 10) LA R 5238 70 B REIASR BR (4N 1 11)8%
< » Bl10a"h Al $ B strain TCW 1A —IRE - AL AT R I AN B2 o B » #
B B A H TR 0 i 10bH A R AR 10 S K INZA R B 1 2 TR AR AR ] RLEIR
TS M > MR FEE B - B strain TCW1RE E B Clostridium sp.#3{{
M5 IhiERth L TR E ZER - BN AREMR A R - B
22551 > TR EE RS e IR -

HEEE O ERERRFMZBE RpHBNFEEH » strain TCWHIESEpH S
6. 7IREL (I 12) - MpH AR S.0LL EFRHEMERZIRG » nlHESstrain TCWIA AR
R RE TS Bk - B eSS RANE 13 > fR HRE A R 560°C - MIRAL
KA T0°C R NS CREA: RAB MBS -

BT KBERURESHEESER - FERALZLISHEMETRRED LK
fERE (LR IER BN - U haRESRFABERENERLESHEY - Hikik
JEE 58 DUAT X Histrain TCWIRIBSERELEF - FIEBRERBEL T » FLUERARE
FFE R EEEARIE BB R R EEERE 565°C » F5RNE 14 - HIFRE
E A RIAERFE AR 70°CaU A4 CRET SR MEEE 1 AREERMEESR
FE65°CANRE AR EAE BT 60°C » HERTAEYIE AR » BAE KRR L T A
HAREZEEEML - EEHSEERERAERAES » RikEEELE B
LA6S CHETT -

HEEREAEY DRERREEELEE » HEHEEE L a- cellulose A ZRMELS
FE5 > TREEGRE R E7g/L R R RREEERE R KETPIRARE - [/
B R DAFEL B KR E 43 EE LAB 2 B2R T (J1RA16) » strain TCW1 E AR 3g/LAIRAESR
BBREDLTRKE - — BRI Ty/ LR Rk R EHEFTE/740% » T E BRI
B LATg/LYHEAE R B {E > TI3EFI$90.6g sugar/g substrate °

A EHE R A A M KRR A SR MR K IR R A - SR L PR s B 1
thPE o] HEFR IR A IR (VAR 3 B R AR SCHE L E5REF BT PMBHE K BB B RTRERY
£ (Mackenzie et al., 1985; Johnson, 1982) » ¥ A FER S EERR SIS &P 858 1 2R
CaCl2iti AR H B H0g/LEN0.2g/L » HESRME177] SR P58 IR EE0g/LEY
0.02g/L2 S8 R EE AT IAERM IE MR M2 B 7 - n it B{EsE FiRE R
0.02g/L *

Strain TCW1SHE AR HiE » FIRIRERURSEEXAEMERDEBRITAR
PR - FEELUHA20meshiB IR RE BRID RIF R E AR AR R IE18 - HER
n[3%0.13g/g Napiergrass L }20.076g/g rice straw * AEEIRRH LUR GRS R EBHENT
A PERRHE IR ELE -

3.7 R 7 B SRE

LIS ES— Bk R 2 (R AR AR - B — &P ERIRE U fERS (Carrier-
induced granular sludgebioreactor > fEfHCIGSB) > HERZUR n]3E50% H2/50%
CO2 » & RUEAET 3L/h/L » FEZR/54.3 mol H2/mol sucrose < {E 17 SHRRITIE
rPETE AL AL OMEBRBY AR EUET - #716S (DNAFHI7H4T » HA A 68k Clostridum
butyricum (CGS1 * CGS2 » CGS3 + CGS4 » CGS5 » RCGS6) 21k A Clostridium
pasteurianum (CHI » CH4) - K 1¥Klebsiellasp ([&19) - HAPH7ERZETREIE

_7-



B o R LU EARE I ST o bR S - AR B BRI R HTI LA
PESTEF FAACHE BB AT R 2 R > LIRSt A BT R IR A ]
TRIE B (A HE5~40 g COD/L ¢ BEES~40 g COD/L)SERCE - LIAKEAE W
W2 ERET - BRI R A+ » EC. butyricum CGS2HICGS55E
KlebsiellaB 8¢ HAMRAMEE T, » H SR A IRIEC BIFT 20 HaLiC.
butyricum CGSSER M RRE » BEAKBEEARMDCCEZFER—I - EAWRER
20000 mg COD/LEE » C. butyricum CGS5Z B AFE G #AE212.5 mL/h/L » HERES
0.73 mol H2/mol xylose » AASEFE G2 AR EYISLL THAE » ZEBRZ - I
s TEEE I A M — R 2SS B8R » C. butyricum CGS2FICGSS ~ C. pasteurianum

CH1 ~ CH4 ~ CH5fICH7%2Klebsiella sp. &5 81/ AR HENE » H DR IR REkE
ZRESR > HhLAC. pasteurianum CHAE SR BAE > WIMFSRBETRI
DGGEZ #& 8  C. pasteurianum CHA{ERE#EIR 4 %540000 mg COD/LEFAI SR AES,
5#17%5(568.4 mL/h/L) 1S 25 (4.14 mol H2/mol sucrose) » FitE BV R LU T B R
y ZEEIR T o TEILEEFE G S A Ll Clostridum butyricum CGS5ERTEZESRES)
CGS5#ifft e BiE4 E&EEpH6.0—6.5 - (HEREMERE RAEGPEAL

pH5.5 {Chen et al., 2005)

A S RO R E S BER T

4.1.lalpha-cellulose 7K A i A2 S8 #1125 IR

81202 ¥ alpha-celluloseZ Clostridum strain TCW 17K fRHR A BRITEA T HEMRE 2E T2
MRS R - AT R L3ToCHFEILE - YIiApHERT. A4 » FIRRIFNE
PEIER0.9 g/1 > S TIARIRIR - BIFI AL 4B TRRAE SRR P 2 3P (Clostridium
butyricum CGS2, Clostridium pasteurianum CH482KlebsiellaE{T E B E T I - 5
HPES > lClostridium butyricum CGS2 K2 G RE ] » RIHE(F < H20RAT £y14% ~
H2 yield £0.011 mmol H2/g reducing sugarfd1.43 ml H2/1 = SEfEREIT-AME - HERIRR
B E RS IEI S LR FTEEL - AN IEEE B LA T SR TR R -

4.2 L2 T RBR R 2 2-cellulose /K R T TERIEE &

&217" L alpha-cellulose K AR (#0AR R I 22,1 g/ D R IFET EGHIRLZ G R

o BRI LIBToCEFBEREE » YItApHERT.5 » LUBE TS - WM HEERND
B TRRESMEETEEER N - BRER - THREGMEEFEG R H
th Y/ Clostridium butyricum CGS55#R{E < EE@REMREE » r[1FH2IRA 536% ~ H2
yield %42.23 mmol H2/g reducing sugar£280.7 ml H2/1

Bl22:5 L) alpha-cellulose 7K BR7R (F0A3R FURE R 4 5 1.3 g/) ARREIT E TSR

- AHELI3ToCER BIER » ¥itApH{ERT.5 » LUBE T NEE - WA LETHRET
EEITARNE - £5RET > 12 T CL pasteurainum CH5LSh - i ETHBEEHES
ZHES) » HALICL butyricum CGS582CL pasteurianum CHAE A NEE G AL » H
C1. butyricum CGS5R#{E2 FERE K » AT H2RE A37% ~ H2 yield%2.65 mmol
H2/g reducing sugarf255.60 ml H2/1 »

& 235 [ alpha-cellulose 7K B (H14A5R R MR IR 0.9 g/) AIIRET ESRIBZ KR

o KA LI3ToCHEER » ¥)ikpHIERT7.5 » LUBIAZEE - M A _ LR 7ERE &M
T AR - 4 R - AEKEEMEAERZIES - AL lostridium
butyricum CGS5A#EZ EHE K - FEFH2RAE 515% - H2 yield /34.99 mmol
H2/g reducing sugar£d4.39 ml H2/1

(1 BL 7 B 2K 2 alpha-cellulose ik ik 2E SN AERI » F5REET > C. butyricum
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CGS5BIEZ ERHR » (BELEC. butyricum CGS5LA [Halpha-cellulose /K AFHE FE &
WER » W RIHLEBEE KR YR FNRER 2R - fREERbE e ETHuEE » (HH2
vieldAA BE < FREADBSY ([E24) - ISR TTRER R REE —FEEKWEGRREN » R
B2k RERE T » A LIIHFEE AR - SR R KR E B BN <12
FHeTt - HEEFH2 yieldq T2 #5 -

5. LUIR B2 ¥ (Napiergrass) K iF G E T TR E &

2555 LUR R B Napiergrassi& f i 7k S #fi istrain TCW 1B 2 KRR (F) 4038 IR AR IR
B 5518 g/ )V BBEE TEGAGER - AR LI3ToCEFE RS » ¥inpH{ERTS - LL
B RBE - WA TR ESREETE SR o ¥ RETR - {25 Clostridium
butyricum 3 FE R BEF] » H LA Clostridium butyricum CGS2:Z BIPR R FE SRR

» AT H2IRE 529% ~ H2 yield%1.31 mmol H2/g reducing sugar221.1 ml H2/1 °



. [ =T
/N noaf

AHFFE LI B T I HE R E R B AR YR - LA BE AKX (Whatman No. D)1E At 23
» TES5° CIREME T HIE - RRBEESHI T AHERTE oW - BEEPTERE
FHE R 2 B2 FEH: > SBIAER KA R Z BB - <RIBS LIAEIR
Fr B Bl TES R » B R R IEAESS C Tl T — 2 1% - SNBL LRl B diE RS
HAFREE A SRS RS BT - B AT (R IR AR FPEREH Lt SOPRPE A AR AU
KARE > H K R R RT < A4 B B D B BTk RS Astrain TCW
1°3>4>9510> 11512 » #816S rRNA gene sequence/l:F 7€ » HEERERBRARERS
Clostridium thermosaccharolyticum TCW1 ~ C. thermosaccharolyticum TCW3 ~ C.
thermosaccharolyticum TCW4 ~ C. thermosaccharolyticum TCW$ ~ C.
thermosaccharolyticum TCW10 ~ C. thermosaccharolyticum TCW11 ~ & C.
thermosaccharolyticum TCW12 = TEMEITHEHE/K BRI, Lhalpha-cellulose B EEH » L7ER
B #A] #falpha-cellulose SE 2 7Kg + & i HRAEKAEHAE240.2 g/hr R R MEEZR KT2
mg/L o i 48 LI & AR E strain TCW 11T CMC-zymogram A B HERER » &
Avicelase assay?50.166 « mol/min.mg H B ZIE M SRR BEH ST B MBHER Y R SMITK
FRREE o T TREABAME KR IR LL10g/ LIR B RIKE R R IR T2 B R0 450mg/ L& JR N AR R
» LA 10g/LIRE R BRI TER A 550mg/ LERRE R AR - RIBYVI D HEGIE
F - EYHEHOKRORFEEY - WA SRR H 2 IR S Tl AT T
LGSR, - TR SR G 2 AR T T » 30 E A (R RE A 5 T FP R Tt o B
LB ESHE » HlClostridium butyricum CGS2 ~ C. butyricum CGS5 ~ Clostridium
pasteurianum CH1 ~ C. pasteurianum CH4 ~ C. pasteurianum CH5 ~ C. pasteurianum
CH7E2Klebsiella sp. © AR FLFI B b AR EE SR - 433 LARE#EHE K i & Clostridium
thermosaccharolyticum TCW17K &< &4 32 B IR FE T K R0 R SR T 2 JUBUR AT

- B {EA C butyricum B KR E R > SV FOKMELSHEE (F5R) XAMTHE -

-10-
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