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H E: xRk S & A Thermoanaerobacterium saccharolyticum B ¥ 69 £ K &4 #) A 1 5L
JE R A BB AR AT T AR, AREA, ZRAAEEE. AHBRAEARREHAK
BT, B AE BB AR R R Fe RE A, RERMARIEA 15 g/L; R & FH A5 KB
A KR F A AT SRR R SR BRI A 3% (VIV). £ 5 gL MIRENE. KAEfe
ABERHBRAT AR 60 h/s, FHERA LB, LB L8R, LB 2454 0.824. 0.867 A=
0.916 /L.
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Abstract: This paper studied on the growth, fermentation characteristics and ethanol tolerance of the
strain identified as Thermoanaerobacterium saccharolyticum. The result showed that mannose, glucose
and xylose were preferable to other carbon sources for its growth, while xylan and cassava starch could be
consumed by the strain. Optimum concentration of substrate was 15 g/L. The ratio of glucose: xylose did
not show significant influence on the growth. The highest tolerance on ethanol was 3% (¥7/V). Cultured on
the medium of 5 g/L xylan, xylose and cassava starch for 60 h separately, lactic acid, ethanol and acetic
acid were detected, and the ethanol concentration was 0.824, 0.867, 0.916 g/L, respectively.
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YR KRB E CBEDY, X R aE N T
Az 7=, o KK BRARZE 4 R R 2B AR B0,

K 4 % KT B (Thermoanaerobacterium  sac-
charolyticum)fERETE 30°C—66°C, pH 3.85-6.35 [l 2%
AR, GBU BRI R AR . KRR
B W UL ST A R AW B BT AL B 2R R B L
ST TR P foe A 04 ) o A TR 2T A R AR A h
W JEVERE, 27 A K B TR R B . BRI 8)
FSHRAECRIZIE . LU TR, HrhoSmiEsy
i 2/3, TS 173 A 2F 4R R K g =
AKEL 5 90% L IR, AW % T S R 2 M) 7 2 ¢
TR A P 0RE 26 B I AT I SR B R 38 22— 10 AR Soxd
T. saccharolyticum =A< JOR BEREMEEAT TS S

1 HRETHE

1.1 LWEH

AERE T R Ok T TR 93 2 (R A7 1 PR SR g R
FF & Thermoanaerobacterium saccharolyticum .
1.2 EHFE
121 EFEHS: B35 A B, C, D, EH45:2:1:1: 1
VIV HEBIR A - A7 pH, IR2)5 pH A 6.4, Fi 1
WA 5 g/L BARRERE =5
1.2.2 EFE A B9 AR R, R8T
B 43 45 mL T 100 mL L yE D, HhEEs I
FEARA, 115°C K 20 min,
1.2.3  E5FE B Ba®: MR =R 50 gL, —
JKFTRERR 31.25 g/L, Na,S0, 25 g/L, KH,PO,425 g/L,
NaHCO; 31 g/L. 73%F 100 mL Iy, fEss
IFFEAA, 115°C K 20 min,
1.2.4 $Z5FE C 2% NH,C1 75 g/L, JRE 250 g/L,
FEREAMEEY) 50 ¢/Lo 2335 T 100 mL I35, JhE
25 IFFERR, 115°C K 20 min,, 7E B 380 & B 5
FRIERT, KR C AR A BRI L7 -
1.2.5 $EHFED mo®: S/AKEEE 50 g/L, MUK
AW L 5 @/L, —/KEES 10 gL, —KFEBEEm
ERR 50 g/L. 33T 100 mL MLy, ESIFR
AR, 115°C K# 20 min,
1.2.6 EFEE XS "B 1 g/L, &R
FARHR 0.2 g/L, D-AEY R 0.1 g/L, 44K By,
0.1 g/L, 4E/E2 B, 0.2 g/, FIEKKEE, H¥ETE
Iz . RAAIF K H 100 mL I E R
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1.3 MEFHE

1.3.1 AL KBINE: fH%E Thermo Scien-
tific A 7 2E 721 Genesys 10 VIS 4366 1178
600 nm &bl 7 2 A TR A VS MO o PE RO EL A R
2 cm,

1.3.2 pH BOMZE: A L5 8 ERA FRA 7
A 7= PHS-3C K% pH 12 pH (. & 15[
0-14, 73#E%4 0.01 pH,

133 ABFYRABESEHOMNE: FH
Waters2695 & AH /&5 &% 0 3% AL, 3% A o 3%
Bio-Rad 2y @l 4272 1) HPX-87H *E, WishHl-m %
BT OKECHIAG 0.0025 mol/L HIBRFRIA W, N
0.6 mL/min,

2 SRE5H®

2.1 AKZHINE

FRLL 10% RYHERREFER T 50 mL Ff 1557
b, RAGHTCEFE S A HEL S mL T 10 mL 74
M, s T 55°C, 150 r/min FEREEFE 72 h,
% 2 h M E ODgoo, 155 T, saccharolyticum B4 K
M2 g5 5%, wmiE 1 s, BT A K ih4n]
VIE N, Wi, 2-16 h & T saccharolyticum
AN B A R, HE AR R IRE] 0.18 /h; 18 h R H#EA
FaE
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El1 REEATEMEKEZ

Fig. 1 Growth curve of T. saccharolyticum

22 AEBE—HREMERRIZNE

SrAE 15 o/L Wysidahl . A, RaeE . HEE
Wi R4 R R . BTRAARE . M. RETER
REFRIEHRESR T saccharolyticum . 570 J7 =X S 15 3%
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ZAF 2.1, KigR 16 h, &G 2 h E ODeo fH, LA
I TH] B AR AR, OD AN ARARAE R, 25 R a8 2 s .
M 2 TN, P TE LA R MR R AR A Ry ik
VR A R Al o 7 LA B R 7 A I PR oA i V5
FRIF, 16 h AR ILAE K 78 DA e by e — B IR
HTAEEMAFTE ODgy AbA—EMWILIE, FF
PITERE FE RIS ODegoo (HHE; B T m K
1L AR AR S WA VE R B, BB AR R R A, B
EARBEFEM PR IEFI ] ODgoo IV F (4 h WM
0.7 FREH] 0.3), U6H1IZ1E AE S AR 41 1Y) /K fift A E 3
¥y, BEJE, MBI GEE ODgoo (EREZ TR o

RERS BRI AKE | A E 8 R B (B 1%
A R YA R, HATRRE M A

1.8 - —= Glucose
—o— Xylose
1.6 |- —— Galactose
~¥~ Mannose
1.4 F —< Cellobiose
12 L > Sucrose

) —o— Arabinose
1.0 F—* Fructose

Q“g’ —e— Cassava Starch
Q 0.8'
0.6
0.4
0.2 3
0.0 L 1 L 1 L L 1 L 1 L 1 1 1 1 1 i ]
0 2 4 6 8 10 12 14 16 18
t(h)

2 FREW®IEX T. saccharolyticum £ K B2
Fig. 2 Effects of different carbon sources on the growth of
T. saccharolyticum

23 AREIEWIRE TRYEREFE

SRAIFE S, 10, 15, 20, 25, 30, 35, 40, 45,
50 g/L AR SR IL P B R T saccharolyticum 16 h,
HEB% 2 h M E ODgoo, VAR E] A AR R, ODgoo TH A
AFRPEREL, SR E 3 Bios. BB 3 AT, T sac-
charolyticum TE VI AN FpME —BRIF A KB, 0-15 g/L
WREIE R, BEE YR EE B e, AR A R
B, IRk e EIAE 15-35 g/L B, Bl IS
Yy BE B T, TR A AR R B TR YRR VR
JERT 35 g/L i, A A2 20 W] 5k iy ifil .
24 FEME. KERSEFTHEKEY

I3AE 30 /L MR A HE . AORERE IR DL R A
Wi KRB/ 31,021, 1:1,1:2,1:3,
SR 30 g/L ISR EETP IR SR T saccharo-
Iyticum 72 h, EWM ODgyo L ODgoo [H NN FR,

WFI) ¢ R AR BRI, A2 40 NI 4 W LI H,
A 1G] 4 4 2 B - AW L9 R 0 B AR A K A

FR

2.0
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1.0 |
0.8 [
0.6 |
04 |
02 |
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t(h)

OD, 600

3 ANEKRMREM T saccharolyticum B N
Fig. 3 Effects of different carbon concentrations on the
growth of 7. saccharolyticum

20 ¢
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4
0.0

ODgoo

‘ylose (30 g/L)
lucose (30 g/L)

1 L 1 L 1 1 1 1 1 n 1
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1 (h)

4 ATEHEWE: KELLGIXF T saccharolyticum E 1<
ok-AD)

Fig. 4 Effects of different ratios of glucose : xylose on the
growth of T. saccharolyticum

2.5 A EANEEIEREN T. saccharolyticum 5 1<
B 52 )

I BTEA TR LU E AT 0.5% ., 1.0%. 1.5%,
2.0%. 2.5%. 3.0%. 3.5%. 4.0%F1 4.5% (V/V)iFiks
MEARIEARKKRE 15 o/L AR R ESR T
saccharolyticum, TEMITFEF WM ODgoo, VA ODggo
BN A AR, A R A R AR AR B R 5. I 5
ATLLVE th, FE 3G 95 00 RS e BE 4 =, TR
AR AZ B A ] P 2.0% 80 2. 5% TR VR BE T
FARE R 36 h ATTFIRA K, 3% E T, Hik
B 48 h AFFERAK, 1M 3.5%. 4.0%F1 4.5%P5 K
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W NS EIR, HE 72 hRA K, W rhE
1 52 1) fo i T AS VR 2R 3%, DR AT a0 S %8 HL P K
Miff 52 Pk BEAT it — 2 W .

2.0 Concentration of ethanol

1.8 E - - - - 0.0%

r —— 0.5%

1.6 —4— 1.0%

[ - 1.5%

14 —+2.0%

[ = 2.5%

s 1.2 I - g.(s)zé,
3 —o— 3,

8 1.0 L —o— 4.0%
0.8 —*— 4.5%
0.6 T
0.4 T
0.2
0.0 |
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t(h)

5 ARVBBEREN T. saccharolyticum £

=

A

Fig. 5 [Effects of initial ethanol concentrations on the
growth of T. saccharolyticum

2.6 T. saccharolyticum % EEF=4)HI 5
¥ T. saccharolyticum FhFIRAEFI B 244 50 mL |

5 g/L MIAREME . AR TE M SR, e
10%. HLEEFE 60 h, & 12 h BUREN E RE 5 b g
MR . LR EER &L ODgy, S5FMWE 6. 7
M8 F7R, JCIAARTNE . AR A EE R R
Yk, FLRRAY = s, 60 h a2 AAE] T 0.920,
1.841 Fl 1.267 g/L. LBEM 5 HAR, 43518 0.824
0.867 f10.916 g/L, ZFRI = d/b, 430K 0.606
0.492 1 0.461 g/L. i TIZ W AE KA =8 2 i #L
BRI 2R, R BERAY pH R A . & AR ) 4R
pH #I°8 6.4, Z3d 60 h KEIEATME . AR FIAE
TEM BRI pH 235 FRER 5.1, 4.6 F1 4.9, iR
pH P2 B 1 A K AR, AR F IR 0 — 22 F H
AR =R R . [, BT RKENIKRY LN
FLR TR, WAFF LB R,

AL, HTFARRIESTEMA ST ODgoy AbH —
FEWROCAE, S IR P B SR, ¥R OD
EA R, FEREARRNE, R8T 1,774, (HiZEAERK
AR 25 53 0 0 A Bl 5 V8 B iy, X PR RIS K
R . Xt = A LLX B AR B G SR, —
FFih OD HE A BT F e TiX — i A i, [
8 HARB/ARE X —iI ), MG, HE pE AR
o, oD {EH ik B, B AR WEAEAE KRR E .
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Fig. 6 Fermentation with 5 g/L xylan
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Fig. 7 Fermentation with 5 g/L xylose
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Fig. 8 Fermentation with 5 g/L cassava starch
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TE A A ZR M Sy W — B 5 110 3 3 i A K R
GHERES S

(2) T saccharolyticum ¥£ IANE R K A= 4 19 i
WWEN 15 g/L, WAEEMANR S HIRm, W4
W55 AR P L A5 X2 7T ) A I R 3 R

(3) T saccharolyticum K5 ZVE R 3% (VIV);

(4) T. saccharolyticum VAR ZENE, ABEFAEJE
¥y MR, REEPY) EEN OB, R OIR,
60 h J5 Z W= 830 0.824, 0.867 1 0.916 g/L.

(5) M TZEAERELE P AILRS R,
BOAE— 7 A K B R vh B pH S TR A,
75— 5 R E AR T FLIRS CR . TEASKRY
A rpoa] 25 e e R DA R R R I A R AR DL R
AL B R

(6) LB RS SZ PR, 1 3%, 32 R
HAE R TR B i — D EER R, 758
0 5 TN i 2 R A B T i, R e T A TR
Z 1
Bigt: £FA. BOR. BALF AW T H0MA
TAEAT it

2 % XM
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