£ ¥ T IF W 1102):184—189.1995
Chinese Journal of  Biotechnology

HREEAtR MR ENEML L
B T ZRE

UEE XS MHE 264005

W ' MEBESOMKINESIEMEHAREVEEMoH S RNHTHR. 2
T IEAE U b0 & B I B0 PGS B GBI AR - RS TR T Ay B A A R A AL Y
BHETMET. RAAAMEEZMN pH ZH R ETH R AR EBAHFHBULHNERE
MpHXAMEHHE, FHEMRE, UBEXEEE SEERERBLURESEEHEG™ &
A EFR R EREN pH 470 T &) pH" (0. LERBIEE T O pH” O TRk, 88
PR 13. 7%,

KRE SEEE. MR TR

BRT R R pH R K B T8 P A MO I AR S R R R A S R ER
BT EAFMRT WEMEHG SRR R R TR R, B TR
Mk HERH I R AL A b T — R 5 4 A & AU e 45 R SR E A pH B9 (h, GRS
A AR R ERN T B IERHETY. S AEE R EEM pH # &R
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1 ARk

1.1 ZIEHHE

1. 1.1 & b MREEE B (Saccharomyces cerevisiae) CY 26, BB 0 & 4 HE,
1.1.2 REHGE. LS 25400 4= B -6 % 6 FHof s R B R . pH H 31 H
RiX,

1. 1.3 AEERARE QO 2, DEREERENE T REHRELE R 2.2,
KH,PO, 0. 1,MgS0, 0. 1, F ¥ 0.5,ZnS0, 0. 16,

1.2 SHE

1201 REEMUE MR B BN oml, FIZKARRE L0 A5, DL 721 B X E R
605nm AL E OD 5. 7

1.2.2 BETE BB Sml, B0 BIEAKRE=IK, 105 CHET REHEFRE,
1.2.3 REHEIE  EMMHE EREY,

1.2.4 FERSPAIEE & R T RBOLEEY.
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ZMERTEMTE.B F.0KH AR, FEE.
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1.3.1 REEWHMERE . RWREKE 100g/L XEEFRN KRB A BEIFR, 5
KB 2950ml FL N R FR 1050ml, R BN 1g/L. KEERFE] 12 /Jvmb. 3 4 1%
(Flow control )T « -)
B 8 () 0—1 1—2 z2—3 a—8 s—¢ 1.3.-2 B pH R LR EEEE M
HOH Gml/min) 0.778 1.167 1.984 2.330 1.95a PHEAFREMEMITRELE. HEEHL
n#E 1.

2 ER5i0#

2.1 BAHFHBEK Gt
P SCRE 548 o B k4 R Do s B I R A
RS g s B M AT Y0 L

d¢
SRAHIT. T L RETHE 7 EFE dVSY oo L vxy — vy
B g K Kago Yo omoan 8. ISR A O
MWGTR A ETE 7 AR TARE SR s pon
B, LA T A T B R O B W MG BT B R w - S
H . RGN e ts FEEEE NS AR, de A K ¥ RSO = 1%

BRI AR XS WA A R R
HERS XS THRMFHE REEEHA
SFAF MR A SR B AR R A i

1

=1

ST SRR B T A SRR, 5 a
S T MRS R 5 b R T S S =
4

RE LB LEETE L. B 1 TR,
T HET P 40 R 1 R RS HL IR IR R R AT AT
B, &1 BB RN T=29C . pH=4.86. ol
2.2 HHEFELESEHEEEMHDIIER

P b RO R pH AR ST X, S B0 s
éﬁﬁ?ﬁﬁi‘éfﬁljﬂﬁfﬁ] hEBNaEE, RHAAR Fig. 1 Curve of state model
AR EM pH T AR SIERFE (W), A Determination data
B pH £ T8 XS b () 30k #9056 35 —  Model caleulation data
#. REE LAY HFSEE T FE#HTERATBFERERRE DI THESEIE -

e 1. B MR L EREEAF A RECBES S EN SRS TERIER S pH
FX A ERER, 2 5H AN ZERBENRKTIMREMALERT,

[6] ) B2 T TS 5

Y =by+b pH+b,-T +b, pH* + by« T+ by, «pH - T )

T2 AR AR F RIED 7 MEISHEAE S E IR E, ik —
T &g R R, BE AT SO T R R IR A pH B9 R B SRR, LA TR R BB L T
LAV B A - v R A B XS B B 8 (b B L T SR S S R Bk
F* 3.
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#1 TRAERE.pH THHARSHLEUHE

Table 1 Kinetic model parameter estimation values at different temparatures and pl

Kinetic model parameter value{ x 10~%)

pH - T(C)
Fon Ks Ku Ye m a B
44 27 26. 0 §2.4 5.3 30. 7 0. 49 © 14.23 1. 51
4.8 27 33. 6 95.8 4.8 28. 2 0.16 . 15. 71 1.12
4. 35 29 18.5 60.1 3.9 21.7 0.58 12. 31 1. 44
4.4 29 28. 8 62,9 4.8 28.7 0.738 12. 92 1.35
4.6 29 35,4 80C. 2 4.9 27.4 0. 82 13.50 1.29
4. 84 29 36. 6 72.6 6.0 25. 4 0. 66 14.55 1.23
5.0 29 35.8 38.5 6.5 23.1 0. 46 14. 60 1. 20
4.4 31 23.5 44.6 4.4 22. 8 0. 10 12. 12 1. 30
4.6 31 26.7 47.6 3.6 23. ¢ 0.14 7.35 3. 87
4.8 31 : ‘19. 7 57.0 2.4 21.5 0. 09 20. 96 1.99
4. 65 30 40. 6 63.2 6.1 24.5 0. 85 18. 80 1.36
4.6 26.5 25. 6 43.5 6.0 23.9 1.02 11-19 G 92
5.0 25 27.5 49.9° 5.9 28. 5 c. 96 12. 0§ 0. 83

*2 HAFEDESHSHSHTERE pH ANEEREERUEESRE
Table 2 Regression models for kinetic paramater with controlling variables T and pH

and significance test of regression models

Regression model coefficent

Y b bz S5e Ry. 12345 F
bo A & B (X10-9) (X107
P —40. 5847 9.1302  1.35113 —0.69005 —16.553 —87.85 1.8xX10"%  0.82 10, 8%
Ks —b56. 2727 25. 2418 000753 —2.68963 —1.229 —6. 88 2.4x107° 0. 85 13.0%*
Ky — 2. 4858 0. 2654 0.13530 —0.00123 —1.755 —B.28 6.2x107* 0.78 7.8
Yg —4.1116  2.3622 —0.05142 —0.27914 —0.024 6.95  4.1x107%  0.87 15.6%*
m 0. 8977 0. 0628 —0.07382 —0.01329 1. 156 2.02 2.3%107%  C0.7% 8.3""
a 3. 3556 1.2481 —0.4398% —0- 24135 4.90 35. 97 8. 0xX107* 0. 94 38. 0+
.,? 1.2806  —0.2637 —0. 04562, 0. 01267 0. 424 5.01  2.1X107% (.89 .91
* Significant at  ¢=0.05 =% Significant at  a=0. 0L,
=3 WEEBENE
Table 3 Model-test data from experiments”

rH T @ & /xX a7 Q:/% Q Q/C1. 8X+0.35)
4. 6 z9 0. 70 0.13 2. 03 0. 096_ 1.45 0. 097
4.9 29 1.11 0.18% 314 0. 12 2.50 0. 14

4.8 31 1.15 0. 30 4.59 0.18 2.93 0.17

4-4 27 1.13 0. 19 5.05 0. 20 3.13 0. 18

£ Q=rf UK ~XDHN, Qe=af 38— 8N, Qz«_/[l.72(X;—X’.-):-i—o.32(5;*5‘;)2]/1\"
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#* 3R, SAHMMEE O 1-0. 2 WHAA. W FIHIRNER . SURE .20
YRR T B ; s R RO TR (LA 0 T8 R B ek W iR 2R 2
ZEFRAZRRMEMANFRE . M —5 RO ES AN WREETEZREERA.
2.3 #hEAREELE

B RALEERA N R B =120  BEARME K 256 C<T<33C,
pH 2934 4. 4<<pH<S. 0 R T AEHE RS HET T O pHO 5 A , F B EIR E h
BRI EHZEAEARASSHARE. RARERECRBZRAEHER. 2
B P B 1 A T 0 40 0 o 3 0 O

J = Maxf’pVXd: (T . pH)

fﬂ

H = VX L A 4VX + A (F + S — Y‘,LyVX — mVX) + Nlap 4 B pX
[

BN BREN .
1—_ 2H (oH _ oH Om.  OH oK,  oH 2Ky  2H oY
- aX ar B 8;.1,,, aT aKs ar 8KM o7 ' 8Y(,- ar
o LOH om  OH 2 _0H 38
’ al om  IT o oT of aT
— o X" ol aH By, 9H 9K, | OH 8K, , 9H oY,

a5 3L~ 3 BpH T 3K, 3pH T 8Ky ' ZpH T 37, GpH
oH L2H Om _OH ba | OH 3
am opH de  OpH of opH
RS
TwW
U =
[pH(r)]

EHSHFEER . TR SHE TR SN0, B8R % EREEEMN pH .
WAE RS RAE . fEE N A FEZ R T TRSRA MENEI TO) =
29°C,pH(0)=4. 7,

RigERITF .,

(DHEEFMRERSR L[ U@ . EENEEEE T°@)=29T ,pH(1)=4.7,

OB U OERARETE N ¢ B EMBRSRETERE X0,

(I E TW,

WU XS RAREFRA. & ¢ F) o RMBSREFBARSE 20,

Al ) =0,

(@HﬁﬂUmﬂﬁﬂ%ﬁE&HWF%%ﬂﬁ

MR} 57| =0 LU =US X" =X5, B 7.

(D E IR >0, @R _
%)AJ =minJ’[UK+t1K %

(8B UK ==K %gjxjﬁmtwc

MK MRAEHAKRERRERME THREREHE A 2.7 3.

i( UK+QK

K
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Fig. 2 Optimal control profiles T° () Fig. 3 State model profiles at T (+)
and pH™ * () and pH" * (2}

2.4 RBLWAT

HEE I ME 3 AU ES RGNS REEEEER (T =20C.pH=46) T N
9. 901g /L, 1 i i 8, YA IR ALFEH (T =T~ (1), pH=pH" (1)) . JER & 11. 4037g/L. %
BIL AT RS R HT T TR R B R pH G LT (of pH (OR
B R R BRI N O i 1] (M BR AR 2 T F pHL 24 ANRTEIXER B T F0 pH i BT
M 4. BASERE RN TI 0 11 2596g/L R [ 13. 7% A fEE HEHIA 5. 8e/L
TRE 3. 1g/L,

T4 ZEEHT 0 pI SEIFA L
Table 4 Practical control of T and pH

Time division 1 2 3 4 5 ] 7 8 g 10 11 12
T 29.2 29. 4 .'29'6 29.8 25. 8 2. 8 28. § 29.3 z8.7 27. 5 26.9 26.2
pH 4.7 4.7 4.7 4.7 4.7 4.7 4. 7 4.7 4.7 4.7 4.7 4.7
Time (livisiog " 13 14 15 16 17 18 19 20 21 22 23 24
T 28,7 25. 4 25.3 25.2 25.1 25.1 25.0 25.0 25.1 25.1 25. 3 25. 3
pH 4.6 4. 6 4.6 4. § 4.6 4.5 4.5 4. 4 4.4 4. 4 4.3 4.3
2.5 HESHEE

LM FEEE P ZREOY 3. 65X 107 —4. 5 X 1077, SEAT B A IR 1k 18 A A X A 10
i S F A TR

¥ 5 ¥ W

F EEFRMEE  (L/h) s ERWE (/1o

H  EmEN S EEMAEE  (2/L)
I - INEEEmE (/L) : t HEEET A (h)

F ERT v _ tr B&EME

K ) 4 42 s T EEEEE (O

Ks EMWHEAMER /L t EHEE CpHIT
m BREE L) v EEREHR (L)
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X WiERE /L, THD 2 HAEKERE (g/lg )
Yo WhEREERY (/@) Fo BAkHEKER (/g-h)
a w|EER ' 4 : B AR e
g R Tr<e),pH" (&) R{LEER pH 345
£ %X X W
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Dynamical State Operation Optimization of the Zinc
- Yeast Fed-batch Fermentation Process

Chen Min Liu Wanhui Wang Jingxin

(Yantai University,Yantai 264005)

Abstract Dynamical state optimization of controlling variables temperature and pH for
zine yeast fed-batch fermentation process was studied. Based on the kinetic model of a
fed-batch baker's veast fermentation with vestraint,the model paremeters were estimat-
ed with Runge-Kutta and Simplex method. The fermentation processes were carried out
at different temperature and pH, the obtained model paremeters were corelated with
temperature and pH by regression. Based on the kinetic and the regression models.the
optimal temperature and pH profiles T (¢) and pH" (¢) were determined using Pantrya-
gin's maximum principle and the constrained gradient method. The productivity of zinc
yeast at 7" (¢) and pH" () up increased by 13. 7% compared with that at the constant
T*(29°C) and pH" (4. 6).

Key words Batch fermentation,dynamical state,optimization,zinc yeast
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