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HEBEBEE SPSCO1 EHSRNBRRATEREEELBPTR
Continuous Ethanol Fermentation Using Self-flocculating
Yeast Strain and Bioreactor System Composed of
Multi-stage Tanks in Series
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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 olhers for ethanol fermenta-
tion. A sell-floceulating yeast strain developed by protoplast fusion of Seccharomyces cerevisiae and Schizosaccharomyces pombe
was applied. Two-stage corn powder enzymatic hydrolyzale containing reducing sugar 100 g/L, together with 2.0g/L
{NH,),HPO, and KH, PO, , was used as veast seed culture medium and fed into the seed fermentor at the dilution rate of
0.017h™ " . Meanwhile, the hydrolyzate containing reducing sugar 220 g/, added with 1.5g/L (NH, ), HPO, and 2.5g/L
KH, PO, , was used as ethanol fermentation substratle and fed inte the second fermentor at the dilution rates of 0.017, 0.025.
0.033, 0.040 and 0.050 h™' (based cn the total working volume of the three fermentors} , respectively. The chemostat states on

which all of the monitoring parameters, including residual sugar, ethanol and veast 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 belween 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 129 ( ¥/ 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™', which increased near-

Iy 1009 compared with that for conventional ethanol fermentation technologies using freely suspended yeast cells.
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1.1 E#

B2 PR BT bk SPSCOL, R BT B A B
Betk B B BR 7 BE £ ( Saccharomyces cerevisiae ) 1 HF
B 2 & AE J1 09 3 2 7 B £ ( Schizosaccharomyces
pormbe ) HAGEYR R AR ARG HEARRT , KE
BIRKELYRESIRARSE.

1.2 FTER#MMSEN

BH . FREREBE ERHAEETEXES
1)1 YA -

Ao BB ARERAFNRE S
A BSRAE g R S M AR R A —
I
1.3 BUBEREFRE
1.3.1 #fbmmbl& BB sEE - THEH
LA T R E RS 60C A
HHRAKE 12, s ML B R R AR e TR
FREY 0.6mL B HFIMA o 3T HBE, FHR 2 85C ~
95C RIREI 1h AEREE % 60C ~65C , HT
FOE K 1. 2mL B EE B M A B (R RS, RIE AL 10k
~i12h R L RBERSUEA
1.3.2 A THEFE.BEER 0 gL .EEY
3.85g/L.HH MR 3.0g/L. KB o (R B B AR
.

1.3.3 Rl (S REHREMRE) 1.3
HE ML, O E R YA 100g/L, B0
{NH, ), HPO, #1 KH. PO, % 2.0g/L, K 5 1L # TR %
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B OELE ISR R BRI A
1.3.4 EBEEFE 3.0 5 &0BLE, L RER
W E I $l A 220g/L, B M (NH, ), HPO, 1.5g/L,
KH,PO,2.5g/L"> .
1.4 SHAHE
1.4.1 ZBE. @ Agilem 6890 S4B & i (X A bR 74 0
FLEEAAEBMEH, B RS TER 0T, K
RS KGRI RS LR TR AN BT .
1.4.2 @EH SEERABONE .- SEEH
SBA-50B 4 7 15 K& Sy 47 (Xt A7 2 47 e IR L HE e
R E, BEEMKES BhEREHE
R E S
1.4.3 BRI TE.EFEE T HUGTH T HRE A R AL
L, 3 A EBKEERER 2~3 K, R E 85T
MiHBM P T EEEGRE.
1.5 XRFRBERIZHE

ALBAFIMTT 4 M EHEFR 1000 mL HEH
RiBEENIEE LR NESEMNER, FELER
AR ( EE A RS ETH S21 R/ AR
kg iR T O 48 < 10mm, B TR EEMFES
ERRRREEREMA L ETEEE) B LEE
EMTZREBEWNE L HR.

M1 HEFUEMGAMESEARINRBETZRER
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: veristaltic pumps; 6: seed fermentor; 7: fermen-
tors; 8: pH probes and contrullerss 9 temperature probe and controllers;

10 thermostat water inlet; 11: thermostal water outlet.

T rREAAERENENEEBEENKEE
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0.5)C. MR TRFHEHMABRETRMERH TR
FREERREAS - REEE. RENRENS
HREEBEENRBERTHENE - REME

ORI EBREAS _RHNE-REEBHE. T
EERETRAERSEOARES - B K.
BT R GE R, REREKE RS =R,
B BRI EASERE, EHE-RK
BB N(33:0.5C, E_HAEBRBAE =R
GREREEE T LR EFTE 30~ 32C, 2 A AW
FEEETREABENREER, &8 pH EEHE
4.2+0.2, FRHEKAT.

2 R 571k

2.1 EEBEEITHREXE

THEGBHTHESEENRBERE(D =
0.017h VBT BRI 00, EWTERNER
BITHE, RS T EAE SRR REFERENRE
BORBREEICHO3 G (WV), BERERE
TE4.6%(V/V) AL TREFBRTHLES
BB ETE 9.2¢/L M 40yl B THEARS
(LBEIFP R THEMNTHRAMRGRE, AARH
MERENELERAE REERHEER), AF
GEBAGHRE T HHENH T RIETESZARR
KMBEET.

SR BELIETT 63, R RER RAW
BEED=0.0400 ' RHETF RHUERREENE
BRI RN EIREA LB
WS, 2% TN MNFER-F M BT LR RS
B, XS R R AR g IR EA LB
FEX RV BERRAME ). HAJLAR
BRASHT, S RERYEHAFURE MR
HRNEE AGA - Bt e g B iR, & KB
BWAERERT BEEETALETRNBREHS
FRE(ERBITHRNTHFLERANRTRE,
MR R BRI E R fr . RARBERIEF —
FHER ERBEREAEREE AR, WE 2
2.2 REGRBERWABTERARETNARN

EIFTHERBEREGF KREBEER
WERBENETEARERNEYE. TR 9584
BB R B BT (D = 0.017h "), F B 4 2 L 3k
WETEFRRNGEEBEAZNHRIEMANE. &
Bk B P T R R T RRAIR L (UK 9.50% (V/V) kiR
R GBS BIH 0.05% F 0.15% (W/V). X
B MHBRERIESD 0.025n 8T, R TP B
W RAEE R 12.43% (V/ V), MR BRI R
Ea RAFRSENRERETH N 0.10%2 W 0.29%
(Wiv), #E— SR ERRFEEREF 0.033h,
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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: cthanol. Sy : residual reducing sugar, X: biomass.

—m— Tank 1; —— Tank 2; —— Tank 3.

BRI R IR AHE R, A
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HTEM2.45(g L7 -h )R EE 3.15(g-L7 " +h7"),
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Table 1 Average values of fermentation parameters under
different dilution rates

S Femewton!  pa sga s x W

Dilation "5 [(yyry (/1) (WIV) (RIV) (@) (gL' h )
G.017 9.50 1.50 0.05 0.15 3.2 1.29
0.025 12.43  9.81 0.10 0.29 2.9 2.45
0.033 12.11 9.56 .11 0.35 2.8 315
0.040 I 11.56 B5.12 0.91 1.10 2.6 3.65
0.050 9.63 7.6l 2.70 3.00 1.8 3.81

St residual total sugar concentration; and q. ethanol productivity.
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TREAERFESARER .
2.4 TREROER
BERSHWLRERSHE TR ZBETZ M
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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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Table 2 Comparisons between conventional ethanol
fermentations with those using the self-flocculating
yeast cells (flocs)

Freely Tanks in  Suspended-bed
Process strategies
suspended SEres system
veast cell svatem for
Fermentation results \
system” for floes Nlocs®
“~ )
P (V)% (1.0 ~ 12.0 12.0~13.0 12.0~130
(WG 9.08° 9.98° 9.98°
) Reducing 0.23 <0.20 <0.20
f% (W) Total | 0.50 <0.35 <0.35
|
Ng ™) | A0 ~50 7.0 - 140 40 ~ 60
t/h | 50 - 6D 25 - 35 20 ~ 25
q/lg-L'-h' ") | 1.65° 3.32° 4.44°

1: average cthanol fermentation time.
a: data were kindly provided by Huarun Jinyu Group. Heilongjiang, China;
b: data were achieved on a vilot ethanol fermeniation plant using self-flocen-

laling veast cells;

c: calrulated based on average ethanol concentration and fermentation time

required .

BE L REXLELREERR MR E. &
—HHAGI R IR 2T % — E R RO H A
ERAHZARMBEE AN AR ERER
HEEREFT. X -AERPRERBREERE
T ABRBERETLEREA LR EARKE.

3 £it5RE

(DEREEMEESIRORE, H LT R
B (00 S B AT L o ph o P MR R B RO R i 4E
MAAGTREGRAE LHT, AT ENABES
HE BARTZERKFRE T R EFAE
(OMAERBAERFREAL  AHTHES

FaERrELRM#E LI - ERENEEL RS
TEERPEESNREEE, SE 7 RERE
CIERENHBERRLHFET(D=0.0400""),
ERARERZTHN BRAIHRFZHARMILESR
FFH—EH5R.
(OBRBRLEERTES P RAT P RE
FHECREN A RRIE.
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