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Simultaneous saccharification and fermentation of Jerusalem
artichoke tubers to ethanol with an inulinase-hyperproducing
yeast Kluyveromyces cicerisporus
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Abstract: Jerusalem artichoke tubers with inulin as major component are potential feedstock for fuel ethanol production, and
Kluyveromyces cicerisporus Y179 expressing high level of inulinase is suitable for ethanol production with this feedstock by
simultaneous saccharification and fermentation approach. In this article, the impact of inoculum, aeration and temperature on ethanol
production by the yeast was studied. The experimental results illustrated that inoculum with different levels and seed collected at
different cultivation times had negligible effect, while anaerobic conditions enhanced ethanol production, and more ethanol was
produced by the yeast at 30°C than at 37°C or 42°C. The medium using Jerusalem artichoke tuber meal as sole component with 22%
(W/V) total sugars was inoculated with 36 h-precultured seed at 10% (V/V), and the batch fermentation was conducted in a 5 L
fermentor at 30°C with a stirring speed of 300 r/min under anaerobic conditions. After 144 h, 12.3% (V/V) ethanol was produced and

the yield of ethanol from sugars was 86.9% of its theoretical one, with 93.6% sugars consumed. These results indicate that K.
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cicerisporus Y179 is a promising candidate for industrial ethanol production using Jerusalem artichoke tuber feedstock.
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ethanol fermentation
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Fig. 1 Expression of inulinase by Y179 was detected by
SDS-PAGE. 30 pL supernatant sample of Y179 cultured in
YEPD medium after 0, 24, 48, 60, 72, 84 and 96 h incubation
was subjected to electrophoresis at lanes 1, 2, 3, 4, 5, 6 and 7,
respectively; M: protein marker.
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Fig. 2 Time course of inulinase production by Y179 with YEPD
and Jerusalem artichoke tuber juice medium. YEPD medium (e)
and Jerusalem artichoke tuber juice medium containing 10%
(WIV) total sugars (A) were inoculated with 2% (V/V) inoculum
of 17 h-precultured Y179 seed. The batch fermentation was
conducted at 30°C with a stirring speed of 230 r/min under
aerobic conditions. Inulinase activities in the fermentation broth
were assayed.
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Fig. 3 Growth and ethanol production of Y179 with Jerusalem artichoke tuber juice medium under aerobic conditions. 50 mL Jerusalem
artichoke tuber juice medium containing 11% (W/V) total sugars in 250 mL Erlenmeyer flask was inoculated with 6% (V/V)
inoculum of 17 h-precultured Y179 seed. The batch fermentation was conducted at 30°C with a stirring speed of 230 r/min under
aerobic conditions. Biomass (a), pH (b), inulinase activity (c), total sugars (d), reducing sugars (e) and ethanol (f) in the fermentation
broth of Y179 strain were assayed. All data are expressed as X + s. of three independent experiments.
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Fig. 4 Growth and ethanol production of Y179 with Jerusalem artichoke tuber juice medium under anaerobic conditions. 50 mL
Jerusalem artichoke juice medium containing 10% (W/V) total sugar in 250 mL Erlenmeyer flask was inoculated with 6% (V/V)
inoculum of 17 h-precultured Y179 seed. The batch fermentation was conducted at 30°C with a stirring speed of 230 r/min under
aerobic condition for 4 h (m), 8 h (<), 12 h (A) and then switched to stationary conditions. Biomass (a), pH (b), inulinase activity (c),
total sugars (d), reducing sugars(e) and ethanol (f) in the fermentation broth of Y179 strain were assayed.
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Fig. 5 The effect of Y179 seed age on ethanol production.

50 mL Jerusalem artichoke juice medium containing 10% (W/V)
total sugars was inoculated with 6% (V/V) inoculum of 17 h
(A), 24 h (©) and 36 h (m) precultured Y179 seeds. The batch
fermentation was conducted at 30°C with a stirring speed of
230 r/min in 250 mL Erlenmeyer flasks under aerobic
conditions for 8 h and then switched to stationary conditions.
Total sugars (a), reducing sugars (b) and ethanol (c) in the
fermentation broth were assayed.
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Fig. 6 The effect of initial total sugars on ethanol production by
Y 179. 50 mL Jerusalem artichoke juice medium containing 10%
(WIV) total sugars supplemented with Jerusalem artichoke meal
at 2.5 g (square), 5 g (triangle) and 10 g (circle) was inoculated
with 6% (V/V) inoculum of the 24 h (solid icon) and 36 h
(empty icon) precultured Y179 seeds. The batch fermentation
was conducted at 30°C in Erlenmeyer flasks with a stirring
speed of 230 r/min under aerobic conditions for 8 h and
switched to stationary conditions. Total sugars (a), reducing
sugars (b) and ethanol (c) in the fermentation broth were
assayed.
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Fig. 7 The effect of temperature and inoculation levels on ethanol production by Y179. 50 mL Jerusalem artichoke juice medium
supplemented with 10 g Jerusalem artichoke meal was inoculated with 6% (V/V) (empty) and 12% (V/V) (solid) inoculum of
36 h-precultured Y179 seeds, respectively. The batch fermentation was conducted in 250 mL Erlenmeyer flask at 30°C (square), 37°C
(triangle) and 42°C (circle), with a stirring speed of 230 r/min under aerobic condition for 8 h and then switched to stationary
conditions. Total sugars (a), reducing sugars (b) and ethanol (c) in the fermentation broth were assayed.
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Fig. 8 Ethanol production by Y179 using raw Jerusalem
artichoke tuber meal as sole medium component. Medium using
raw Jerusalem artichoke meal as sole component with 22%
(W/V) total sugars was inoculated with 10% (V/V) inoculum of
36 h-precultured Y179 seed. The batch fermentation was
conducted at 30°C in a 5 L fermenter with a stirring speed of
300 rpm under anaerobic conditions. Total sugars (a), ethanol
(b) and conversion efficiency (c) in the fermentation broth were
assayed.

3 Wi
I 42 BRIV} 2, B4R P BT 3 000 J7 ¢, T3k

FERRL I FERE TN 100 T5 t 224, EELRLEK
INZEERRE AR D JEORE o T A X R A AR AR W T 2R

. S, AR SEENZ R, 2
WHEIT A B AR AR B B 227 O, A 20 1

éam@ﬁi.ﬁﬁ%?ﬂ%%?i?z@%ﬁ%ﬁ
T A T AR Y179 B — WA KR

[N R p i A D] A e g R S TR
Aszaha skl BT Y179 R E R A
AR, ORGP 4 A R R 8 LAY g

BT TR . AN A R B, Y179
T B 8% 16 LLAG -5 T 5028 = 0 Ry M — il 43 10 1 7 ik
RGP, SRR AR, R TR
Pl FI00 75 0 o) S Pt Y179 e RERIH 4535 %
Wy CRESE AL/, U K A B X 1Y 4 46
53 Tt 490 s Tl o AR AN i T 4 S TR o T
SR AR TR o o B 2 P B — b LARE IR AR
EREERE, REH DT Y179 BeRE 0 & BRI E T
T 5% 285 SRAIE S 45 i G U AR b A] , Ae b E A DR&0HR
AR DL —E R = SR i o AR Y179 BERERT LA
TE 42 CAEFAXT RRAIE N IER A4, iy ELaT DL
TS R 28 OB, (HERME K, BRI TR
B, KRB OB B AR, XA TRES 42°C
T Y179 BERRRE S AACHTA OC, AR T OB R B
A 2 T UL 3 I ) S A3 Y179 B RRWE A I BE S B 2.
By i, BOR 30°C R TR E NRHHAFE I S W™ 1Y)
HORAX AN, (AL OBESH i, RO AE, E
T 8 4G A R S OBV B RT LU AR R R
S, BMEAERR T R I, SRk B d ] Lk
F 11%~12% (VIV). FRilEe &7 f i s w4 )
PEPERE R I AR, 45 R A ) 2 AR X IR AR
RASHEATHY, HTEAFE DB I3 2 T8 LA g
B R, #ERS SR A AT
fETHEAEFIS BN, R 52 5 = 48 2 OB BRI

ROR, Bt THE 5 L RIBERESD Y179 BER:RI T4 -E 4
JEOR} 2 B o AR 5 205 SR R Y 179 RS ] LA s s8R
FHAGAERL, WEALFN & BER D AT A4 7 OB, L
VRBE WS AL SR AR AR R 1A A B el
Ho XM CBE RS T RV EA R
I FH 36 %53 B8 7 04 B — I TR RO T R A T [) 20 1A 7

Ol TEARBARESIR, AMTEESH
Pl iy EL A B A AR O, AN S A

© HEIRHE B M S T TIR S Al Ohine S TE G

Journals. im. ac. cn



990 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

July 25,2010 Vol.26 No.7

TR &SR T, wl s O WA 7 i As , AR T Tl
Az . BIFSE IR TE 2 ik T 6 A ERE RE S R FH 44 8
KW= O, 25~29 h NOBRER S 6%~7%
(VIV), BEBEEAL S 79.0%~87.4% (V/V)'), H &
(A SCHIF ST 22 R TR &5 TR R T2, A DASE 0 sk
R P S 2 A RS R R A R e E e s s
TOBTRIETE O, e A R AL B A S E AR U
TR P RS e OB AR A0 48 2 B BORh & B R
FE N

BORVIE DI R Y179 EERR0T DL B HE R 145
SR R PR T 129% (V1Y) B, Bk
PR A, R AL O3 A X A% SR P 1 TR
BERGAI, PR OGN A 77 T2 T Bt — P e 5 4
B, A SR R AR — AR AR

REFERENCES

[1] Tian YS, Zhao LX, Meng HB, et al. Estimation of un-used
land potential for biofuels development in (the) People's
Republic of China. App! Energ, 2009, 86(Suppl 1): 77-85.

[2] Kosaric N, Cosentino A, Wieczorek A, et al. The
Jerusalem artichoke as an agricultural crop. Biomass,
1984, 5(1): 1-36.

[3] Hua CW, Wang JH, Teng D, et al. A progress of studies on
inulin chemistry and microorganism endo-inulinase. J
Chin Inst Food Sci Technol, 2004, 4(4): 103—108.
feoRfh, LEAE, Bk, G SRk EARUE YA R N
VIBGHEsE . v E | 2R, 2004, 4(4): 103-108.

[4] Jiang SQ. Development of Helianthus tuberosus L.
resources by biological technique. J Nanning Voc Uni,
2000, 5(3): 53-56.

B m. N HAYHARIT R HFERIE. BT BULEARE
B4R, 2000, 5(3): 53—56.

[5] Margaritis A, Bajpai P, Cannell E. Optimization studies for
the bioconversion of Jerusalem artichoke tubers to ethanol
and microbial biomass. Biotechnol Lett, 1981, 3(10):
595-599.

Journals.im.ac.cn

[6] Li YG, Ma JJ, Gu TC. The study of ethanol fermentation
by immobilized inulinase and yeast cell using as raw
material. Food Ferment Ind, 2003, 29(5): 66—68.

R, EhgK, IR . AR I RE 1 A A T R I £ 2
JHL L2 3 0 SRR R B A 7 SRR R SE . Bk S R L
Ak, 2003, 29(5): 66-68.

[71 Ge XY, Zhang WG. A Shortcut to the production of high
ethanol concentration from Jerusalem artichoke tubers.
Food Technol Biotechnol, 2005, 43(3): 241-246.

[8] Miller GL. Use of dinitrosalicylic acid reagent for
determination of reducing sugar. Anal Chem, 1959, 31(3):
426-428.

[91 Yu J, Jiang JX, Fang ZA, et al. Enhanced expression of

heterologous inulinase in Kluyveromyces lactis by
disruption of hapl gene. Biotech lett, 2010, 32(4):
507-512.

[10] Gonchar MV, Maidan MM, Pavlishko HM, et al. A new
oxidase-peroxidase kit for ethanol assays in alcoholic
beverages. Food Technol Biotechnol, 2001, 39(1): 37—42.

[11] Duvnjak Z, Kosaric N, Hayes RD. Kinetics of ethanol
production from Jerusalem artichoke juice with some
kluyveromyces Biotech lett, 1981, 3(10):

589-594.

[12] Wen TQ, Liu F, Huo KK, et al. Cloning and analysis of the

species.

inulinase gene from Kluyveromyces cicerisporus
CBS4857. World J Microbiol Biotechnol, 2003, 19(4):
423-426.

[13] Ohta K, Hamada S, Nakamura T. Production of high
concentrations of ethanol from inulin by simultaneous
saccharification and fermentation using Aspergillus niger
and Saccharomyces cerevisiae. Appl Environ Microbiol,
1993, 59(3): 729-733.

[14] MalJ, Li YG. Study on ethanol two steps fermentation by
immobilized inulinase and yeast cell using inulin as
raw material. J Beijing Technol Bus Uni, 2004, 22(6):
8-10, 17.

Thogit, VBRI, LAAGE S JRUREA) PR fh Mt A0 200 P
Hk kB AR OWE. JUE TR R, 2004, 22(6):
8-10, 17.

© PERFERMEDA AT SHESE http://journals. im. ac. cn



