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B E 27 2awBHAHSLABESIHAR EAREROOnL O DAL EHRE A E L%, LT - RBHH &
A, ARBERE LA RGP EOBLRATTREAAPEABAD ST T AERALEET EHE S LB T R,
#F R RAL RAER A A 100g/L, & 47 (NH, ), HPO, # KH, PO, & 2.0g/L, A 0.017h ' R EHB R R AW, FBALEESHE
A B ALk, KB ARW L RMEKE 220g/L, 40 (NH, ), HPO, 1.5g/L #= KH,PO,2.5¢/L, i £ — A K B8 H B % %5
#140.017.0.025,0.033.0.040 % 0.050 h™' . HZEHKBAN X RPEBEAESASGHE IR, A LIRS, AHBEE
0.040h" ' £H T ABAKE —EHERGFTA  ARINAERE TR UGS ARRS. SHBRERLT0033 0" AL
RAEBHG LR P EHRRATRAELE 2% (VIV)AL KERBARZLBSINENEA 035 (W V)RAT, £HB3
F2H003h'H FTHAABEAAEHARELFRAEFEAINEL W), EHEBR S MBEALBHLBE T LI B
1.

X8W aAXRFEME, HHSSAR RETA, SHERAWE LS 5
hESES TQR XEFRIRAE A X E RS 1000-3061(2005)01-0113-05

Abstract A continuous ethanol fermentation system composed of four-stage tank fermentors in series and with a total working
volume of 4000 mL was established. The first fermentor was designated as the seed fermentor and the others for ethanol fermenta-
tion. A self-flocculating yeast strain developed by protoplast fusion of Saccharomyces cerevisiae and Schizosaccharomyces pombe
was applied. Two-stage com powder enzymatic hydrolyzate containing reducing sugar 100 g/L, together with 2.0g/L
(NH,),HPO, and KH, PO,, was used as yeast seed culture medium and fed into the seed fermentor at the dilution rate of
0.017h ™' . Meanwhile, the hydrolyzate containing reducing sugar 220 g/L, added with 1.5g/L (NH, ), HPO, and 2.5g/L
KH, PO, , was used as ethanol fermentation substrate and fed into the second fermentor at the dilution rates of 0.017, 0.025,
0.033, 0.040 and 0.050 h~' (hased on the total working volume of the three fermentors) | respectively. The chemostat states on

which all of the monitoring parameters, including residual sugar, ethanol and yeast cell biomass concentrations, were maintained
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relatively constant were observed for seed cultivation and ethanol fermentations when the fermentation system was operated at the

dilution rates of 0.017, 0.025, 0.033 and 0.050 h™'. Yeast cells were observed being partly immobilized because significant

yeast cell biomass concentration differences between the broth out of and inside the fermentors were detected. Moreover, the os-

cillations of residual sugar, ethanol and yeast cell biomass concentrations were observed when the fermentation system was operat-

ed at the dilution rate of 0.040 h™! . The broth containing more than 12% ( V/ V) ethanol and less than 0.11% ( W/ V) residual

reducing sugar and 0.35% ( W/ V) residual total sugar was produced when the dilution rate was controlled at no more than 0.033

h™!. The ethanol productivity was calculated to be 3.32(g- L-'-h~!') for the dilution rate of 0.033 h -1 which increased near-

ly 100% compared with that for conventional ethanol fermentation technologies using freely suspended yeast cells.
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1.1 By

B £ 5 UK B RF g Bk SPSCOl, Rl A R BEtE
HEfR BB BRI 8% £ ( Saccharomyces cerevisiae ) F1 B H
B % B 6k 7 B9 38 T 24 5 B £F ( Schizosaccharomyces
pombe) A XEM, RRIFAEREKMEHARE, K&
BTRK¥EDRESTRRZARE.
1.2 TEEFHSEH

Bkl TP E EXMABRE T ERES
T

B o-JE N B A AL BB R (S 0 A MU R S R
HE, BRE % BB _SEHWMLERK -
TR,
1.3 BURERERE
1.3.1 BB & - BIERA S E— TIEFR
25L B BEHERE P AT R R R B £ ok 5 60C &
ARRKE 125 MELBIE S BB K, HEE TR
EHKH0.6mL BILLBIIA o-EHE, FHEE 85C ~
95C, RIEHB L 1h, REHREZE 60C ~65C ., & FT
SEE KM 1.2mL B b G0 A B 4L B, fR B 8 4k 10k
~12h &, SRR R B RS,
1.3.2 ERATEAE-FHEERN 30 gL, BEEH
3.85¢/L, AN 3.0g/L, KEJ5 IR mA 75560
M.
1.3.3 FrREEAE(SY REHREMA) 1.3.1
il 4 B0 Ak i, 1 TR B R IR T N 100g/L, %5 0
(NH,),HPO, fll KH, PO, %% 2.0g/L, K i 5 it Fh T S 4
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ol % 2 35 3R RS & B R AR A0 A
1.3.4 REEFHFE 1.3 H &5 0FR . E R
W H A 220g/L, ¥ 0 (NH, ), HPO, 1.5¢/L,
KH,P0,2.5¢/L" .
1.4 SWAE
1.4.1 ZF: il Agilent 6890 < 8 7% 1% P4 b 15 MU
FL ARG BAEL AR AES R 90T, R
HE KGR NES, LETENINRY
1.42 HEH ECEHEREBEHN . GHEEM
SBA-50B A= 1& B 43 M AL AT 20 4, B R H 3 |
ERRBEEME, SEsBR KBS, tHERRE
EEME
1.43 BETERHNGE FRAERTHENREK
E U HFAERKEREE 23K ARG E 85C
PEBRMA TR T EEEGRE.
1.5 XRFEERIZHE

FELEBHGTMLT Y 4 MARAEF1000 mL AR
RBEENHB AR, NERNERAR . BB
N EE (Bl E R AT S21 BU/NRY
FIBRPERE BEFE TN 8 x 10mm, BB EEM A
PEPREHETMALENEINS), LK
BEMNTZRABEWME 1R,

1 AREEFNEDENESE AR ETERE T2 NEA

Fig. 1 Process diagram of continuous ethanol fermentation

using self-flocculating veast cells
1: air compressor; 2: air flow meters; 3: filters; 4: storage tanks for
media and broth; 5: pemstaltic pumps; 6: seed fermentor; 7: fermen-
tors; 8: pH probes and controllers: 9: temperature probe and controllers;

10: thermostat water inlet; 11: thermostat water outlet.
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BRX ALY ELBEEEB ). HALAK
BHEERMT  EREREYRBEAFNES, DHR
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AEMBBEREEE 0.025h "B, LB P KS
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Fig. 2 Ethanol, residual sugar and biomass versus time at
dilution rates of 0.017 (1 ~8d), 0.033 (9 ~18d),
0.05 (19 ~28d), 0.040 (29 ~ 49d) and 0.025 h™' (50 ~ 63d)

P: ethanol, Sg: residual reducing sugar, X: biomass.

—— Tank 1; —{3— Tank 2; —7— Tank 3.

RERTHEBREANERBRESRAAERE,H
REmMREAETBERIFAHBEREN 0.025h ' &
HFR 2.45(g L7 - DYEFEE 3.15(g L' 1),
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%1 TABRBETAEEBRUOLBASERNTHE
Table 1 Average values of fermentation parameters under

different dilution rates

Fermentation P/ % Sel%  Si% X/ of
Dilution ™ (viv)y (wiv) (RIV) (WYY (gL) (gL h™)
0.017 9.50 7.50 0.05 0.15 32  1.29
0.025 1243 9.81 0.10 029 2.9  2.45
0.033 12,11 9.5 0.1 035 2.8 3.5
0.040 11.56 9.12 091 1.10 2.6  3.65
0.050 963 7.61 270 3.00 1.8 3.8

S1. residual total sugar concentration; and q. ethanol productivity.
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g. 3 Comparisons of biomass concentrations in the broth inside and out of fermentors at different dilution rates

(a, b and ¢ indicated for the first, second and third fermentors, respectively )
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2 LBIEAREROLE
Table 2 Comparisons between conventional ethanol
fermentations with those using the self-flocculating

yeast cells (flocs)

Freely Tanks in  Suspended-bed
Process strategies
suspended series system
yeast cell system for
Fermentation results .
system” for flocs flocs®
p (V/V)ee 111.0 ~ 12,0 12.0~13.0 12.0~13.0
(WIVY % 9.08° 9.98" 9.98°
S Reducing 0.25 <0.20 <0.20
1% (WIV) Total 0.50 <0.35 <0.35
X/(g-L™") 30~50 7.0~ 140 40 - 60
t/h 50 ~ 60 25 ~ 35 20 ~ 25
q/(g'L7"-h7") 1.65° 3.3 4.44¢

t: average ethanol fermentation time.

a: data were kindly provided by Huarun Jinyu Group, Heilongjiang, China;
b: data were achieved on a pilot ethanol fermentation plant using self-floceu-
lating yeast cellss

¢: calculated based on average ethanol concentration aud fermentation time

required .
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