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B OE: AIAD LN A& fR A (Kluyveromyces marxianus) YXO01 £ H4rBeA 4 L OB R BE M AL RAFR94F .6, A
BEABEANAEARCE, ERATHRTZAMRELHRE, #MAE2SL ABMEYFXRTALTFRYREZYHH.
FHLER A S BAMRIELBIRE A 35°C; £l A F A 50 mL/min A= 100 mL/min 0 B4k £ K Anbe, & B AT 4542, {2
EXRBAELAHTHEANERNIRE, EFHIRE 235 g/L 0, ABALTERELXS 922 oL, LEMEGFENS
0.436, AILALH 85.5%. FEstihal b, 420 ARG ACEBRBGE B X A RY, A XAb s X ABLABH F
TR A 280 /L R, KEFAECBEIREA 84.0 g/L, TEEAIHEAITHE A 0.405, AHIE{E 80.0%. XEHH L
Y, AR F A RAIRA CEBEH AR L LR T Aa.
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One-step Ethanol Fermentation with Kluyveromyces
marxianus Y X01 from Jerusalem artichoke

Wenjie Yuan, Jiangang Ren, Xinqing Zhao, and Fengwu Bai
Department of Bioscience and Bioengineering, Dalian University of Technology, Dalian 116023, China

Abstract: A unique one-step ethanol fermentation process was developed with the inulinase-producing strain Kluyveromyces
marxianus YXO1. Firstly, the impact of temperature on ethanol fermentation was investigated through flask fermentation, and the
temperature of 35°C was observed to be the optimum to coordinate inulinase production, inulin saccharification and ethanol
fermentation. And then, the impact of aeration and substrate concentration was studied through batch fermentation in the 2.5 L
fermentor, and the experimental data indicated that the average ethanol fermentation time was decreased at the aeration rates of
50 mL/min and 100 mL/min, but higher ethanol yield was obtained under non-aeration conditions with more substrate directed to
ethanol production. The ethanol concentration of 92.2 g/L was achieved with the substrate containing 235 g/L inulin, and the ethanol
yield was calculated to be 0.436, equivalent to 85.5% of its theoretical value. Finally, Jerusalem artichoke grown in salina and
irrigated with seawater was fermented without sterilization treatment, 84.0 g/L ethanol was obtained with the substrate containing
280 g/L dry Jerusalem artichoke meal, and the ethanol yield was calculated to be 0.405, indicating the Jerusalem artichoke could be
an alternative feedstock for grain-based fuel ethanol production.
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AHIEFE A T B 380 il AE 77 e 0 B R R e
e b B W 5w M v & 4k Kluyveromyces
marxianus YXO01, B LIk MIRY), 4T X —
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1.1 w8l
111 HA

A S == Y AR DR AE 0 5 v T S 6 4E B B
Kluyveromyces marxianus YXO01,
112 HFH#H

AR T IR M I T 25 %6 /K HE R Y 46 5
H R Al R X R A At

B85 (G PO S YD I8 T N 52 AR A= 9
HARAFWRAE], 255 ME 100 g 5k K nl 153
90 g i JFLHE .
1.1.3 HHEE

(1) Fh7RE3R%E(e/L): 2%y 40, BEEENY 4, A
i 4, FKH 10, 121°C KB 15 min;

(2) KEEEFRHE(g/L): %%y 200, BEbkky 4, &
M5 4, pH 4.6, 115°C FKT# 15 min.

(3) HZEEM R FEE: 60 HUUN A ER
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BLRLREFREE, W/ 3R 250 g/l 225 g/L., 200 /L.,
1.2 EHZE
121 FIFiRIIHIFR ik

YXO01 #R A1 55, 78 38°C 45F T 5%
24 h, H OD ik#| 10 Z£45, % ¥ % J7 3 u/mL.
1.2.2  RiG X BE I &

K IEREFRIE 95 mL FP ARl YXO01 FlF 5 mL,
hn R4 ZE, 150 r/min, 30°C. 32°C. 35°C. 38°C.
41°C IR TP T O REIRH R WE . /30l F 12h, 24 h,
36 h. 48 h HUREIILA i . SOBE . 25 K0 B mETS
CWE, 1 Ho R i K TR B
1.2.3  fRid ¥ THENIE

K ERE(KF-2.5L, #E)H %L 900 mL & [Fhs
FRIE, Ay WA AR 100 mL. 43 BI7E R A A S
i+ 50 mL/min F1 100 mL/min &5 5 #E4 74 2 & s
5. pH ¥EHIAE 4.6~4.7, JRJE 35°C, ¥ 300 r/min,
2 B3 S AR 7 A5 R Tl RN T 5
1.2.4  JEHYHESEX] K T 5 M

K ERE(KE-2.5L, i E)H %% 900 mL A REH:
FEFE A3 BT 100 mL. 43 BIAEAS [R]REvk B 4%
R BESC R pH #EHITE 4.6~4.7, %
35°C, ¥ 300 r/min, 58I YIHR X K TE G BE I
1.2.5  PAEHHKSERT 25% K 5T K
Vg

P60 H i 4314 25 % /K HEWE I T 1R 48 25 B A
2 KW HARAE MR AT IR R B, pH #2678
4.6+0.2, ik 35°C, i 300 r/min,, HZF i H
10%. 2 BEH HiTE M 00 iR £ 1 I8 VG A ke 280K
VEHUAG Ry He Bl 250 g/L. 225 g/L. 200 g/L.

1.2.6 KBTI CHFLL

P60 H i 43 (1) 25 %1 /K HE W IR 36 = 4 0 IS )
AT A KB, pH #5107 4.620.2, JELE 35°C, 4
300 r/min, FEFEA 10%. 288 HFTEN R IR
Pt R R EC Tk B oK, T il Ak s 2 M vk B R 180 /L,
FiF% 24 h JRUSINZE 4 100 g.

13 #HthAZE

(1) B AN JEORE 0 v B2 - RO 8 VR R i /K
fiffs, M 3,5-ZASHEK R (DNS) 2l il s b

(2) 2K WG A 22 kY B SR L
2, FISWAE O RERR, BUE S B EFK 0.5 mL,
TN 2% 35 83 W 0.5 mL, IR SCHR[1177 200 &
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JIT LA S 4 e S 36 R FH DR AR 451«
2.3 JRMIKE X A BRI S0

TR EEXT YXO01 ZBE RS R manEl 3
FiR (LA 235 /L B3R B R ), 200 /L. 222 g/L
M 235 g/l SFAGHIRIESMET, R AR L
. KEEHEATH] 24 h B, A REEFERE, R
W50 5O 2, A D385 3k BA oK
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Fig. 1

Impact of temperature on ethanol fermentation with K. marxianus Y X01

(A) sugar consumption; (B) cell growth; (C) inulinase activity; (D) ethanol production
30°C (#);32°C (m); 35°C (A); 38°C (A); 41°C (o)
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Fig. 2 Impact of aeration rates on ethanol fermentation with K. marxianus Y X01
(A) cell growth; (B) inulinase activity; (C) Cs (empty) and Cg (filled): total sugar and ethanol concentrations (g/L) at different aeration:

without aeration (o, m), 50 mL/min (o, @), 100 mL/min (A, A)

fift, RUIECBERBESMET, %R b5 1L 1177
SRARSE .24 h LU I8 J5ORE DAL LAF-18 22 By 8 >, 2
0N DA R RE RS I, oF A 32 % TR B

1A TARRIEWMHRE XN, RRLSEN
AR CEE. FRERE . BRI R R L REAS R
AL, £ 200 g/L. 222 g/L 1 235 g/L = F Mk i
N, ZEEARRYL 042 LU . AW EY)
WREE R 235 g/L 5500 T, KL CIEMRIE R 92.2 g/L
(11.5%, V/V), LS5 A 0.44, PEELEIL N 86%,
FEA P L TR I Tl A P R
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Fig. 3 Time courses of the ethanol fermentation of 235 g/L
inulin with K. marxianus Y X01
Cst (0); Csr (9); Ce (A); Cx ()
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Table 1 Impact of substrate concentration on ethanol
fermentation performance of K. marxianus Y X01
So(g/L)  X(gL) Sr(g/l) Se(gll) P(gL) Yors*
200 6.1 12 4.0 75.6 0.420
222 4.5 13 3.6 87.2 0.436
235 4.3 18 6.0 92.2 0.436
. P . ..
Y, =————, P: mass of ethanol; X: biomass; Yp: productivity of
S, x90%

ethanol; Sy: mass of inulin; 90%: the total sugar measured in the inulin

24 FFHMHABHAR

S BG e 0 R 1 Tt 2 R A A S R I UK SR,
WA, AR RE TR A ™, I H i T3
A ff SN I, — MR AE OHR R AT DL T,
DARERAR AR, AN e R i T A & 5, B T4 Ah 1L
WL, LS T A E TR SR TR

PL 60 Hfi4r ) 25% K W L 45 2 TR oK
AR 6%~T%, FWEE R 75%2%) NIKRYIIEATIR
AR BRI RE B SR C EE R R AR IR 4
FiR o WNSZIRZE mT LAE i SRR AR, (H
SROWHFFILEORE (%) [T B A 25 R K, H R e 2k
AHT; H 33 BN G e B RN RS vk B LR O, R
WRE R, AR A N B R o A [ R B R I SR A
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BTG N, 2H3ETRREEh 250 g/L i, ZEERE
ikF 66.9 g/L, (AHEERLILRA FTREAL, M 200 g/L
TN L 1) 80%FEARE] 70%, i FAWFIE 8 — 4k
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Fig. 4 Ethanol fermentation from the dry meal of the
Jerusalem artichoke irrigated with 25% seawater
Csr, Cst (empty) and Cg (filled): reductive sugar, total sugar and
ethanol concentrations (g/L) at three initial Jerusalem artichoke dry
meal concentrations: 200 g/L (—, A\, A), 225 g/L (%, o, @) and
250 g/L (+, o, m). The error bars showed the standard deviations of
the two independent experiments
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Fig. 5 Fed-batch fermentation of the dry meal of the

Jerusalem artichoke irrigated with 25% seawater

The initial substrate concentration was 180 g/L and 100 g dry meal

yer

]

i
(1) R E AR, 3 Bl ) 0 2 v i

was supplemented at 24 h
CST (.), CSR (’), CE (A)

Wi 1R IEA 7 B S v W v B AERE R YXO1
OB AR L 35°C; R SRR X R bR — 2 ik
R BB A I T U A

(2) TEAGHYHRIE 235 g/L I, YX01 K EE )i &

Bl 92.2 g/L, LEEAS% N 0.436, AEIBET
85.5%.

(3) 200 g/L 19 25%it K FE BRI 46 -F T AE R TS

TSR i, R KEAPRZEAMT, YX01 17"
Wit HBEAL GHREE, CRELREIRFIN 61.0 g/L, 4

AT

N 0.407, KBS AL 80.0%.
(4) L 25%¥ 7K TR (14 35 25 8 M R W s A T4

FAMBEEEE, 280 g/L A KB B T M & B - O B4k
Bl 84 g/L, ZFEAREN 0.404, KIS HALIERY
80%Lf o
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