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B B ETHEEZLYRUENECRSHARER-REHEAETT sRKBERENZR, HHE
e RBP4 T B4 M 47 3 FBC # TARME L D WHE R BE B AT 72 ) . SO0 A T M 7B 1A 3
B T FBC MAEMBEERL EMR/ME, WEERUBEEHBATHERS. 3—F@.
EBASHERGRN, WEREGHR IR REGTRTIR. WX ARy
%7, FBC BIEHRAEURNMES BT,

KR ENRREE, RER, BA-ABKE, ®EEh, RREEH

SHMERESAEL, MBS LI EFCTREN R RE, BRERSHES Y
RBAIREME. ATEHSMENEQBGNHBISFER A, Wk E oS5
BEENABRARERESHRIEES. 2XMENEMEEARHIENE, —8BiAd, &
Wt A SRR TE B R R, FHENES R EBEEMEFENEE. SOENS
BERAMaOERE. BEESEE. EARSEENENTESNCE, RREULS
W MM 3 FBC (Fraction of Budding Cells) RFEEM . RPEEH FBC K, W
FATRERY . WA AESERR A P R RO i — AR B GEERN R . BH R, RBE
B LISEBE A AY B3R B RS T, REILEM R E Y, ERNEISHFE. &
E P B FBC fHN 7—8%, REMEGE 10—30% ., AX{HHEL LIRS
M TRIF- MR S BIRIRY FBC IR /b2 B IR H AT T S BF9s.

1 hiEF LR
1.1 STISHER

PRI B0 AT T 3 W, BB #3920 He20 (ATCC7754), R MEE B a7
FIRBEHRP R —F, E8 1AL BEER 0L AEHE (B Braun), £ 2—3 FNE
SL BEEFE (B. Braus Melsungen AG FRG), ZEABHERETHEESSHENRES 18
EHN 32C), pHHEHIBBHEAL GREHENS. 0 HBREBHEAS (AREEBENBR

BEE 10%, BN 20%, FM. MEKEEREFEMNERBMEFNT g/
L):

BEFHERAERENE S RES SRS W,
FXF 1993 £ 3 A 30 BE).
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ok . "EE 30.0, (NH,),50,5.3, (NH,)),HPO, 1.7, K,HPO, - H,O 2. 6,
MgSO0, » 7H;0 0.5, CaCl, » 2H,O 0. 48, WERCERFEERIBER L Iml, WHEREIE
FIRRICE (4.

(G185 A BEXE 37 2. WE 30.0, (NH),S0, 4.5, KCI 0.98, MgSO, « 7H,0 0. 45,
CaCl, + 2H,0 0. 42, MBTEREERFERE 1ml,

B . BB 250, (NH,),S0, 37. 3, (NH,),HPO, 16, KC! 7. 5, MgSO, - 7H,0
3.7, CaCl, » 2H,0O 3.5, MBITERYEEREWSE 8ml,

1.2 ZRIRE

K1, 2L AROEE 30CHR K EIESE 25 e IS 15 2L RYE K R BRI SR M,
15 /et IS FFEAT IR AR, B4 10 /bR, FPRIERN 461,

£I 2. 0. 4L MIFRMETE 30CHERIE BIEFE 25 /RN 3. 151 B M ER A BERE SR
Wo 1625 /NBHS TSR IINERR, %2 10 A0, 3EiFFME 1340,

ER 3. 0. 4L FRHTE S0C TR XS 25 NI IS HEA 2. 8L &ﬁlﬁ]&iﬁzﬁfﬁ%
W, 16. 3 /NETEF M MMEST, K& 10 e, s L 2L,

1.3 REEIERBIRE

KRB BB EER F () (=0, 1, 2, -0h) RHMASEMESEC "0

Tk E bR RO AT R IR B Y
min  J( =T, =S8+ E*+ FBC* + (45 — X)* (1)

Fmin‘:F(j)‘:‘ Flnlx

R Foinfll FraF PR F G (AL R TR LR, Frod —TB/RUE Y Fo U
SR ME B w=0. 25h AR PL. T MR MR B R, A A TSR TR g
B, 6 S/MEE R T 4, BE (S) MZBKE (E) MiZEET 0, FBC MR
ATREHIAE, AEHC 45 R TSR AAEIRIE X 4R AL 44 ok 5 B B R B RO — SR B ML
(AT I NG B R TR AT, X REM 45e/L, BEHIWE, T ERER
ERAL SN TR R R e R B L AN BB EWE FBC W32
BRI, SMRERL FBC BRI . AR P2, BRI, M LR E iR R
M. MElRE SR, HIFRRMERN IR, ETYH. EENEMANES
O, BT HE RS R RS EF A4, A IR PR LR F 5 L,
W% EEMTHEHEATE FBC RANEE X iZ#4 B CH (7, 8) Fi#mAd, %
WAREER, MREGETFHERARATEREL A KRER o, B » REUERN &S, 8T
B 3 7 SRR 3 L A SCREH Bellgardt 3 R BE AR R B 1AL, B BH
TR GXHEATL EE B F o ing B m i 5 S .

ddf - X — %X @)
‘g=—q,x+%<sa—s> (3)
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Tac o
A = (5)
qoz Mate |.
TEs 0
U, ]
R ANSERRER. .
1 Ky, 0 0 0 Kia
2 — 4K, 5 —2 1 —1—2Kg Kp
= 1 ' 6>
24+R (—r, KBS——Y”P 1 2P/0 0 — 2K
2 , 0 —1 ¢ 1 —1—K.
-2, TR A &R EEGR R R REEN T W HET, 8R
z(S,r, ﬁ.’.‘\c »Qoz s TEz ) —> MAX . (D
8 B AR 1 S Y X T R B B B R B RR i A AR
(1) ZBEf reauKeE (8)
2) 7 4 BEL AR o goe=sKoOr (9
(3) W Crabtree effect 5 E IR 7 AU ST A (10>
(4) PP AR Jo25GOzmax . (11
(5) WIEGHEMM] - gs=gsaS/ (Ks+8) (12>

£ (2) — 12) WRBIFRIE (03, BAFENEXRBALFTEN. KRE
BRI, RBHEE (5) — (12), BN TIAE QR WA NETH . EMRH
BEA (2) — () —if, AR NE RN EA DL o MOTEME, s BEHAAZE
CCM, IMRse BB K E - MR BE 4. BT MM A% BRI
(1) TIHE8 3 R B RIS W 3000 0 B R 21 B DR I, 3% 1, SR Semt (a7 ) 4 h 2
B %GR, BRE—R.
*1 BRERNZRAF R

Table 1 Optimal feeding rate simulated by the model system

Time (h) 1 2 3 4 5 6§ 7 8 -9 10

1 0.350  0.700 C0.400  0.200  1.150  ©0.700  0.200 (350  0.460 (. 150
F (L/h) forexp. 2 0.063 -0.124 - 0.115 0.108 0.224 O.160 O.224 0. 076 0.064 0. ¢80
3 0.063 0.08¢ 0.112 0.098 0.251 0.140 0.216 (.098 0.058 O 072

1.4 FBC, X. #IMEHEHNSNEFZE
EFAR FBC R B T B gt . BB EEIRE 500 % BT
£ 2—5 HERER A b, A B A A0 B NS 5 (B AR A — AT i A1 M 2 3
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N HFMM, BRI EREEE FBC, BARGELTH 1000 41008, X, &
By s BOR A BB <80 THMMH. HEFEERTERERNFHRE, LML
BRI AR N IR A AR 3—8 . BMERA TR, BEIEES X, g R4
M. BF FBCH X, 3% Bl 8um /3, s iriRERA, Hd, FBC M4rHiRE
Wh 102, XoBiREN 5% . FBCH X, MIHHTRENRE , M RBEREKRZE S, 1§
KEERIE T .

T ELRE R A oh 58 SOk BB AR A A HERS , MR REE A TREER . Hik, &
BEAE M BRARE . KB Aty — 2 B8 T 40 A £ 5 R i W) TH B o — 22 Ay e ]
=5 CO; HIRE . R MM & B AR BT AR Burrows ™ 6 &0, B H &
20g WYY, 15ml X3 FK A5 150meg T4 BAH 400 W BE G AR AL, JFH7E 30+
0. 05 CHYR I T 3 /AT B = ) CO, U HY B BB R K BE F M RIE IR B 4 3
BL 0100 ey IR B A AT,

2 ERERBERBE ST

M1 g TREBEAG AT TENSREN LR, AFFL, ZEFFUs. X/
SUALIRAS BT 5 R B O MO A R B p RS THE . 1R UL AP AR R LT O B . A
ERERGNEES SRENLERTE 2 P, Eh Xo BAEEE. SH0E, HEE
SRR RER—HY; HERM, “HLRE-—EMHME. REN--HIBERES
SEREZE, MRS, CREFIENNREDAGHIRE. XEENRIINAN
A0 T SR R R 0 R A W EE A RO B ALE U R . MEBET R, XWEHME
WiEdEz b EELEY, X -AREZENEDARELERFERIENREEM.
RZPHETRBEHEREH™E, BEM FBC AMH.

#2 AERHERO—ERERRE AIAE . 3 BRI S g Ay 3R
Table 2 Characteristic indices in quality fﬂjﬁ,ﬁﬁ]ﬁﬁ#‘fﬁﬁ%‘%;ﬁ?,ﬁﬁ FBC E}{f%
control experiments | Mz 1.7%., o 8%71511 0.3%, O

Exp. No. 1z 3 I EAR/ME 0% . SR BT
(?rozluutivity) g/ (L+h) 2.23 2,79 2.40 ¥b*4ﬂzﬂg’%$ﬂﬁgfgfuﬁﬁ%%%%° ﬂ;

(Yield? g/g 0.54 0.52 0,46

FBC G=T0% .7 0.8 0.3 0 2 WA U 15 0 Tl 3 e SR e Pk
_ %45, FBC{HS N 6.0% . 8.82%, 10%
1 18. 626 (8IE BATH % 4 SR EWEE B FBC HK 7—82%, miEANRIE 10—122.

RAEH— LW ER, £ FBCEZATH/MLE, CHFARESHIESHTUE, X
BER AT SRR 2 B9 7 S H0 0 SHES (P RIRE S 7 M5 o D/ABE WRIETF AR T 4047
AR A FBC IR 2020 1. 8%, HRICTETE 35T @A, 25X, 27X
4l RIgr i ee Ry REEE S, M3 fmTala R,

% S RMTFZE, WARGHAB L ANESR. 7 SHANRELREL
SHERIER Y, B 27 X, ZEMEMNCTTHENE L. FBC RN o SHEMKIEW
BT 7SR, 585 KM, 9 SR &G 6.5%. B 7 9HRBN0 25, i
41 K, XX T RBER, 5% 5 Riatk, o SHRMEM LG 16.3%, H7 SRS
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Fig. 1 Comparison of moded simulation (lines) and measured data (symbols) for metabolic
variables.
(a)—(b) Corrrsponding to experiment 1—3, X, Biomass concentration. E; Ethanol concentra-

tion, §: Spgar concentration, F: Substrate feeding rate

BBk 48%. AT FBC BUMUE, TN XD,

CEEOGE, B B — 350 A0 HE AT R B A RN, TR
TR S AR MR ) L, R B S R M0 7 B R R R e R e B Y
ERSHHRS ., RERESEL, WK LR BEL TR —2%, SRETFKE
S RESET I T B R R A TR B R AR A RSN A RSN ER S —.
3 9t #®

242 3 FE B B0 L TR AR 4 A R T T B R TR I TS R R B . B T
M SRR KR MR G REN, FARAR BRI
HAER, FRBENREEEN R RS ER ST ERRTEXN. B—FE, AL
BT KRR ET Y RGO F R E R AT R FBC HAMLM HIR. XH
WERREB BRSO EAEYSR M DREROSEIALR, £R 1SN
MIBE SCHk C4) i 4 SRR, Wikl BERSHITRMEHER. B
RS LMo E A, R R IR AR Y, BT SR R R B R
PR RE A, - :

TEM 2 o, BRSBTS R, XEM IR B FBC Pott— SR &A1 HIE

© PERFEBEDFRMATIKSHREST http://journals. im. ac. cr



268 £ % I B % # 10 3%

JLETER |
80 o] -
. E
e A

¥

—. 1= =
PRERR I
oS —2{ =
B T
1=

H)Oq
804
';2 (I
i
D g4 ¥
2 0
] "
o = ;
3 4 6 8 w0 0 2 4 6 b ] 10
Fermentation time {h! ! Fermentation 1imelh] .

Mz 4EIGHAER Xaf1 FBCFHME (4D SRAEHFHZRVEE (B
Fig. 2 Comparison of simulated cell cycling variables Xn and FB(C and experiment data {sym-
bols ). ‘

(a) — (¢) Corresponding to experiment 1—3.  X», Cell number concentration, u, Specific growth

rate, FBC; Fraction of budding cells
W H M T, B RIH FBC {1 T IR th 48
W FHEMmL Ein e £ FBC TN,
A W AT A5 e e i B R Rl s . Talkk
8 P, — R T — 2 1 B SR A FBC
| fB. SR A f R TE 5 Bt R i 4 TR
bR, MR B (— A 1--2 /h
[ BP) AR ARAE X\Txt.tiﬁﬁ?é’ﬂﬁﬁ%, i
T e i 2 A (B4 4k S R R BRI T R A
Conservation time {d] By HAfEFBC TR, 88T, AEHBE
M3 RERHERFRmEGRCEAmLy AR SIRERLRAEN K F
Fig. 3 Storage stability of the samples taken from 1B E ,thﬁ%?&ﬁiﬂﬁ’lﬁ FY B —RRL,
e o s, AWBUCOL MRS AR, RIS
© Sample ar 9th hour, FEC (Fraction of budding HEZL 17 AL ILAY i, E & /Loy shRE R
cell) =1.8%, . @ Sample at 7th hour, FBC= s, HT Tﬂﬁkﬁ{’ﬁﬁ&—%ﬁﬁiﬁ%
29, 0% _ BT FBC, HYUKBMW P L ENRHEER
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FE O] BR R T S R BRSSP AR R TR S ER AT e L W

200 -

,_ _.
o2 b3 &
=] (=3 <

T T

o}

Amout of COz {ml)
S
L ]

© PEMZERBEDARAEATIRSIERL http://journals. im

ac.cn



3 HEHS. PREN-HYE OB gH I PR 269

B fi SRE0E TR R A ST MU, AT S S A T 2 e R ek, EPRE YLK
ZU AR EHEN. |

T 7 77 Y B2 B R BRE (R B IR S 1 L R B AR 3 B M A oA 2k R B4 FBC /)
oo BT, WEFHEHALSRTERRHETE GRZEH FHLE,; HERAR
BEREREAT TS, ™R —RERE RN, AR IR —MREEIR. AM3PTR,
TRMEHFRE S X, FBCHE 7 SHERE S SHERBE, X518 27 XA 41 Ky
EREME, EARTRERAR, #—SWERWRES, EANERRE NS FBCH
EFIE AR AR, XRS5 800 30 I PE ARt

7 5 ¥ 9
E WAHIMTE /L ren HZBWHEEE mol/ (g+ L)
FO#BgE L/ o HEREEE mwol/ (grL)
FBC HHERSWEY R(-) FEEY
e EERE 1/h S WEERE gL
matr HERER mol/ g+ h) Sk EWEE /L
Or BEBEKE mg/L T WHERELE &
P/O H BMMILE AN Ve EWEMEmA L
gor WEMEEE mol/ (g-1) X EHEE g (dry maks) /L
o HRHHEHEEE mal/ (g L) Xo WEEHE x107%/ml
rac WZBBHANEER mol/ (z+L) Yars ATPBHEM g/ (mol, ATP)
e HZBEAEE mol/ (g- L) TR amx, min 48 R85 69 Bk

Krts Kpys Kprr Koay Kes Krcy Koy Ks, RBHERSDHEY

Bist. {EEX GBF (5 K. Schaller 464 . A. Afschar [, H. Biebl ffid-. C. Posten
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Application of the Metabolic and Celil Cyclic Model
System in the Control of Storage Stability for S. cerevisiae

Yuan Jinggi
Institute of Auvtomatic Control
East China University of Chemical Technology, Shanghai 200237)

Bellgarde K. H.

(Chemical Engineering Institute of Hannover University, D30167 Hannover. FRG)

Abstract  Three experiments for storage stability control of baker’S yeast were de-
signed and carried out in laboratory scale fermenters. The feeding strategies of the fed-
batch cultivation were determinea by optimal simulation of the metabolic and cyclie
model system {for 8. cerevisiae, which was proposed and well tested earlier, and coupled
with and objective function in which the quality index of storage stability FBC (Fraction
of Buddiing Cells) was included,since the enhanced quality of storage stability is eventu-
ally expected through minimizing of FBC at the harvesting time. The experiments were
realized very successfully. Not only the 6ptimized FBC value have approached the’_théo—

retical minimum, but also the storage stability was greatly improved after minimization
of FBC.

Key wards Compressed baker’s yeast, storage stability, metabolic and cyelic model,

quality control
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