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Wi, CRERIEL) N 90 g/l Ik IR R4S, LR SIA BIBIB A1) 90%, AP~ SREIk 2.12 g/(L-h).
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%47 (Jerusalem artichoke) i %4 vE22, J&@4§ ) H %%
J&Z A RRREY), YU R R, PRI B
k3, 5T EN 60%~70%. Zky 1 D-SRBEZ-2,1 K
TR K 5T s, KRR 1AMz RO, ndEid
T ik SR e Al oA 2 R R OB RN T AR 54, 5 B
T ] A A0 3l T R A AT R AE M AR B, AN TR ZE R0
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2.1 SEIGMRY
2.1.1 BFp

H 205t ORI % 1} (Saccharomyces cerevisiae flo) /2 5
T 245 8% 1) (Schizosaccharaomyces  pombe) A% S5 A% 1 il
1% £F(Saccharomyces cerevisiae) A% 5 bk i i J5i 4 5 44
RS HORIE B A2 RS AR, AT AT B 2R A
M R LR BEVE RS, H O H TR TR R AR
.
2.1.2 SRR 5G YT

B Fo it RV 6 37 31 380 e o 1 RE S B KA )
BT HAL BOCHT ST BP0, SR MRS 2 640 U/mL,
VTR R 100 /L ATy WA AT AN SEEG
ERWIRARANT, SRR LR BRI
220 g/L.
2.1.3 Kot

PEMAD- R IRIE: A40HE 30 /L, WEEERY 3 glL,
AN 3 g/L, 121°C K 20 min, Ak [ 22 BRI P REFP
T REFRATH.

PR IR IR0k s (R0 R AL A e 95 97 6 L el
B 4G =T IO, SeliA S AT P R IR K B i 4 i
1 250 mL FEJH 49 Ky A 60 C RS 2.

LR ERE IR RV 2 A B e 21 220
olL iy, K JE HESE K IRAE .
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2.2.1 HFErTREL

PR RS 0.22 pum B S8 BR 14 i 14— 2 Ll
INEIEEAT 100 mL 455 HETE R, & T 60 C/KIGHE
IRHEITHEA. 26570146 4R pH o 4.6 747, mT LA
SEHRYBERAL SR, AR 50 min HUREDN 23 TR is
iR RN 5 R 5
2.2.2 FZUEHRE M5 IR AR

H LRI RERR 1 5557 7772 WOCHR[9]. Ki 9% 24 h ),
F1 0.1 mol/L FrisFih i 4att, DMRIERERI R AT %, 4R
Je % 10%FERN AN KR IR B b AT I, A 25
FEIE SR PR AN RIS AR T AP B T i e,
2.2.3 AR

AT OR BEAE 250 mL R AT, REESE
ZESCHR[9], 30°C, HAR pH {H(4.6 Aifi), FRIEH
160 r/min, f#HRAZEE D, 2 5H1KH SHF F1 SSF
Rk, R SHF BRI, 56 58 B 58 A0 44
Fvt, BT RKE KBRS, Bebh B 2RO R, 1
AT G, SSF AR BR LR (1) 55 T N5 40 1 i B
R Rehh B 2UBRE B, UHT CBERIEE, SRR K ARRE AL
W RE S R IR R AT . 8 THRE G007, SHF
1 SSF Ik P4 ¥ BiRAs & AH F). i1 T SSF T2 4ok il
BEAL A 20 OB BE RV BRI, R h AR
FEPERERA 5, BRI JRURI A 0 AT e AN TG KR Ab 3, S50
I 58 T JRURN A T KB RIS KB e
2.2.4 HEHR

AR 2 L RRIPERE PN 1 L KR Ak B
BEAGEV T, BE NGRS IR 24 h S5 RII0 H SOELRR P 19
REFSURLAN 7000 U 14547 BV (22 DB 98, e el rh 44
KB FEZ) 7 UImL). K e B2 3 HI7E 30 °C, pH 454l
7E 4.5, #4150 rimin, SRS 20 g/L BINTEK
PB4 40 20T, FoRIE%Ch 0.02 Y, JEAEN
0.02 L/min. 4% 12 h Il 285, 34 J5UB Ko g,
225 STk

(1) 2Ky BT T7 5 R IR LAY B,
WA R, BOE SFRE B 0.5 mL, A 2%F)
SRYHI 0.5 mL, 5 SCER[LL] 0 7 VR B G S R AR
A L min P74 1 pmol CUBEITR BN 1 MBS AL

(2) LEEME 7k SRR ERIH SBA A4k i 5)
BT AL AR B2 B AR A BT ) DN

(3) LS bE . AN LSBTy R A
DNS 3 M, %58 B SBA-50B A= 4)4% 184 43 Al
SE, MBHERR/KAR )G FH DNS y2:30l 5.

(4) FERETHME J7ik: BURE G & T Ise s TR s

(RIEaR_EIL v, FHAKVEE R 2~3 Ik, SRIAE T 80
CHITE AT T 2 E S PR

3RS
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BT 4G 3T B R S, 103.0 g/, Hrids bl
8.2.g/L, A EHEI 8%, Hi%HE 1.6 g/L, [ iLJEBEY 20%
Jida. AEFH AR BB 4 640 UImL, 8 INAS [FAAR 5
1 AR IS 3 5k 3.2, 6.4,9.6 F1112.8 U/mL, SZie4E 5L
Wil 1 RIS 1 o, R LR SR BRGS0, Ak 2K A
HEEAWHE . H® 1 v F/H, U5mniREL 6.4
UimL i, ZREE48 S 40 iR s, B AR AR,
Ut BB A 0 35 = TR 3 A R B L R . R
Pk R v, B PR A PR A 2 I SR A JEE kv 7% 2 ot
P BRI AR FIAR ™ R3], ok B I IR S A BEE FR A
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Fig.1 Effect of inulinase activity on saccharification of
Jerusalem artichoke juice
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Table 1 Effect of inulinase activity on saccharification of
Jerusalem artichoke juice

Inulnase activity Reducing sugar Saccharification rate

(U/mL) (g/L) [g/(L-min)]
3.2 61.1 0.43
6.4 75.8 0.56
9.6 79.3 0.59
12.8 81.6 0.60

3.2 FIETHY SHF 0 SSF 3t & B

H L BEHURLEARELL SHF R SSF P RIS [F] 7 2k
S EVT B RE . LT AR ORI AR s A KA L ] 2 B
R FRIRTE A, SR R — 8. KWIEY]
G4 TS R 105 g/L I, SR SHF R SSF il T2,
S. cerevisiae flo P4 TR I H AL AR, #fnT R
TR A VT RO L. TERTRIET 18 h, LR
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Fig.2 Ethanol fermentation of Jerusalem artichoke juice with S. cerevisiae flo by SHF and SSF processes

X EL 2 BT 2RI T SR . BERBR .
WEAT RN A P o B 55 T 2R AR(R 2), KW SSF
T3 R R, R R 52 IR A A FH R
55, LEERPFEER—H T SHF; FLi T 450 By b1k
JIFUARE , RIELE RO AKX T SHF, Rk
FEIEF] 50.0 g/, AL 6.4%, LEAERIER 3.7%.
3 2 P SSF 7l SHF R B85 3+ 4 - Z B RS IR SE REL

Table 2 Ethanol fermentation of fresh Jerusalem artichoke with
S. cerevisiae flo by SSF and SHF

Parameter - — SSE - — SHF
Medium sterilized Medium unsterilized

Ethanol (g/L) 50.0 49.3 47.0
Ethanol yield (%) 98.3 95.4 94.8
Residual total sugar (g/L) 35 2.0 6.0
Biomass (g/L) 9.8 10.2 9.9
Limax (7Y 0.067 0.069 0.068
Ethanol productivity [g/(L-h)] 1.9 1.9 1.8

T REELARHAT R I AN S AR 2R TS S, A8 55 JsURl
(RIR} LI A AE Y RE DT T SR 5240 .

1T BT A S IR BRI, P A & il LI
WRE, V48 5 QR IRERAFRERE, D R
XA T RAT AR R, H A2 A B B 3 e 2
180 g/L (Sl 179 g/L). % =R A e ERE, LI
PR R BB R 4G 0 SRR BL, 45 Rk 3 o,

R 3 RERFIT CEEB T ZIBRR LR

Table 3 Ethanol fermentation of concentrated Jerusalem
artichoke juice with S. cerevisiae flo

SSF
Parameter SHF
Medium sterilized Medium unsterilized
Ethanol concentration (g/L) 82.5 725
Ethanol yield (%) 924 88.9 89.2
Residual total sugar (g/L) 43 2.8 20.0
Ethanol productivity [g/(L-h)] 2.75 2.67 2.42

KA SSF 73K, 3 v & AR AT K B Ak B e I gk
FERFARSTARFE A K, KRG KB A BE I3 E INS
MR RS, CRERFES AR TP RS B A5 4 T
HOREXHEWCR ARG, KR AR br 5 40 KR
Aib B PR A T AT B 2

AR H AT ITE N R £ R TR AL AR AN AT
LTI KR AL IR, PR SR A B A T 5 AT TSR A AL
P, MREIEE N 110°C, PR 10 min ety NS
UL PR 21 90~95 °C LALRY Ve A Bl 1754, 4R34k 60
min Zify, SEREFRA S TR T T KR AL B, ARUE
TJREE ORER T ZAI8AT. 594 10 F BRI 56K (1) 2R
HEEARRAR, — A 20, DHIAS T B3k i JsURHIR
FERTRAL AR B, P 45 AR IR A A K 11 A L ) 2

R UL R, A SBEOR R RE R A A
fig, SSFALT SHF. SHF LI K, AN T 1%
BT, H T30 b al R B =, S
FRWTG G, WA RIS YIBEAT KR AL, B0 T e
1M SSF ] A 24 e IRAX Le e i, DLSG 4 IOk P ok &4
it P 28 5 1P P S
3.3 MEHF T EE AR

BRI S, A oA, CAERE TR R
JRUSCRHIARL C R A T AR BN . DA T SR
PEEE AR, BT T W45 - FI &8 R BT 9T, B
IRIESE R KB AT 22 w5 3, 56 1T AT K Ak
o, RS R 3 pos
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Fig.3 Continuous ethanol fermentation of concentrated Jerusalem
artichoke juice with S. cerevisiae flo for SSF

FESEG (VIS AR BE, 5 1 LB IR I\ BT 656 4
FErE P AT R B, BRI 2B KR R A L s g )
VAR A R FR 3, fEEYRH 1.3 g/L T &
5.2 g/L Wi fe, LB smAEIAF] 5.2 g/(L-h), 10 h
P SBERERE 48 22 g/L, IRJRBRBERE A 5 g/l Rk, 765
10 h FFURTRIN 56K B (0 M 45 4 20 T (R P 220
Q/L), FRBHEE A 0.02 ht, M 4 A e Bl v i SR I
JEIRFFAE 3~4 glL, CEHEIR 90 g/L LA L. fE&ESHm

JNIHT 120 h, AP 4EFETE 13~16 /L, BAME IR 5,
SRBEAEREE 10 g/L LLUT, TEAMBER T, KEHAHE
WIRZS, ZEEAE =5 Tk %) 1.82 g/(L-h). 7EK £ 150 h
JE UM T A RR BB i £ 230 g/l I, LR
o208 LTHA 100 g/L 24, LWEIRIE Bl A 106 g/L,
KBS AL R 90%, H ZEEA - amEkE 2.12
gl(L-hy, SRBEERRAE 20 o/l oA, (BT R IREH 2
P PO v T B0 RV I TR, i R n, - A i
ARG, BB R, XS B
TS5 1 TSR P A8 280 1 7 L — 8. 5 Xu
250401 [ SRk B SPSCOL fE 4174 [ N 4% R 4irh . l3i%
R4 R AT DU Y, A SR 2E 7 i L .
WSR2 ORI R N8 R e, Sk—Pukds &
P PRI Y, AT 7 380 B 0 1) 0 T R B K P A
SR B

SLIGSE R S CREESL R T 2R ILER 4.
ALLEH, 5 Galindo 51y szh ok JAEL, 7E 5UR
A EAAMF DL, A2 T m i) SRR
FERRSE, XA DU T ORI T AR S T R A
A, X SRR ERRAT R, TR A HE 460 7K fff B i B m] )
FHT SRR L T 1) PRI D 3R

T4 TRCEABTIZIHERMELE
Table 4 Comparison of different fermentation strategies

Parameter Ref.[15] Ref.[14] This work
Ethanol concentration (g/L) 49.2 90.8 106
Fermentation time (h) 50 50~60 50
Productivity [g/(L-h)] 0.984 1.65 212
Residual total sugar (g/L) Unavailable 5 7.2~13.0
Biomass (g/L) Unavailable 3.0~5.0 10~15
Substrate Jerusalem artichoke juice Glucose Jerusalem artichoke juice

K seit g R ARSI 5 DA H 2RI R LLIE B it
B CREE SR WL 2L, SRR B R A P SR S
AHLRH S HALE SRS T BB, AT
IEIAEARTE RT3 RSB e ) I AL T4 i Py
AT BT 2 1 AR REAS AT A EROBE, T 4 —
S DA BUAT DU B 2 J5URH KT AR) £ B UREAL 5 Jie 52
BIZ YR OB RARR BN 5T, IR
Flhe« ANIE T i I AR PR A 44 1 D JEURE A 1
LI, W FE R WA R, T AL
LUFII AT FFEE R, HATH o B X

4 & i

(1) fE R mad R, TR 2R H B i 5 ik
LIRSV, SRR GG BT N 6.4
UimL FI5a k3 B, 5673 SRR FE 4>l 4 105 F1 179 g/L
N, R R TR 1) dae v SRR FETA 31 50 A1 82 gL,

E oD WAL R I 6.4%0 1 13.8%. K HH R HiL T2
R O, BB LGRS T 00 LK i
T2, HAERAL pH R R AR .

(2) 1£ 220 g/L We4isg YIS R mEd e, Mokt
#H90.02 0, LEIRIELE 90 g/l i A7 B BITHALIRE,
BB HAR ALK 900%, LI A wik A $ 2.12 g/(L-h).
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Ethanol Fermentation from Jerusalem Artichoke Juice with
Self-flocculating Yeast Saccharomyces cerevisiae flo

CHANG Bao-lei, YUAN Wen-jie, ZHAO Xin-ging, REN Jian-gang, BAI Feng-wu

(Department of Bioscience and Bioengineering, Dalian University of Technology, Dalian, Liaoning 116023, China)

Abstract: Batch and continuous processes were studied for ethanol production by fermentation of Jerusalem artichoke juice with
self-flocculating yeast Saccharomyces cerevisiae flo. In the batch fermentation, ethanol production was more efficient with the
simultaneous saccharification and fermentation (SSF), compared with the separate hydrolysis fermentation (SHF). The highest ethanol
concentrations of 50 and 82 g/L were achieved within 26 and 34 h when Jerusalem artichoke juice containing total sugar concentrations
of 105and 179 g/L was used in the batch SSF, 6.4% and 13.8% higher than those achieved in the corresponding SHF. When the
continuous SSF was applied, steady state was observed when the dilution rate of fermentation system was maintained at 0.02 h™*, and 90
g/L ethanol was produced in the effluent, being equivalent to 90% of its theoretical value. The ethanol productivity was further calculated
to be 2.12 g/(L-h). Moreover, the fermentation of unsterilized raw Jerusalem artichoke juice was examined and no contamination was
observed, indicating that such a process could be more competitive in saving energy consumption.

Key words: Jerusalem artichoke juice, self-flocculating yeast, ethanol fermentation



