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B OE ERAAHETERSTRMEARERE(4.73~94.71g/L) THARRERBTE,
BETHIRTEe 5 BREHENBNE - —REETH . FIEE WIRIUER X
HERAEHETRGNERSERN AR AL ROEW, @2 T - ESRFHH T
RIFERE T AR Z BRSNS R BN IE 6.7-6-3 My R M M S M R HIHL, #
HTHBEAMEEBRARSE LML R.

KR AR, KR, A T#HEM S, HaRH, i

FHAIET Q3997

ARREE—MRAEFMHENHRYR, R A NHERS X, 5 RAHHRN BRI
BB, AERECRSEXAUTHMARCEZTHF SRR, B 28 THE EZA.
TEaMmET L.

EEAERNERTEREAESZ2ANEN TR HERFITHERRS KRR
A RBANE, FE A AR BS ET METH A B M 1966 £ Onishi f Suzuki
BT ISR BHEEBHEA DA AERLE, ER EXTXHT N RARERES,
WERRIRT TH, HAABMZBEREAR SRR MSHRATENRET RN
RRARIE

KT REAEREBKE, XGEHATHEMEFNETARVERE FAENR
REHABRTR, DEB L MRS BRETRAT L.

1 ##5F®

1.1 ¥

BB LB B} ( Candida mogii ATCC 18364) 3 H ¥ (Rockville, MD, USA), & 4T
TARTE, FHE IS 35 2 4 % H 0 5 % %3 #8- 5218 ( Difco, Michigan, USA), KB IEFE
R mIEE, & 0],
1.2 F &
1.2.1 AKBPEREEBEAEAEHA3.5L X BE# (Pectec, Muehlacker, FRG) P77, F 8l &

EEHERFZEESEPEEE IR RS F.
W4 B A - 1996-09-16 ;8 [7] H #H :1997-07-06.
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1.5L. KEE%fFH. 30T .pHS, R E lvvm M EFE N 500t/ min,
1.2.2 oMrhdk: KEMAEENSHREAERLANE, %N HPX-87P(Biorad,
Richmond, USA), MBI B TR M E, THRFE S 105C H 24h, BHREKE R pH
H2-B) & 1% (Ingold, FRG) Ml pH T 7E LM & ,

BIEUE AT O Bk AR A A TRHENE ST L,

2 % %

2.1 KAEBEEHHF

HTHRMGAERES AR ARSI RN, F BT REWGEAERE(S, =
4.71.8.90.10.19.31.06.58.01 1 94.71g/L) FAMREBEMI H¥G N, ZRLE2 P
B(a)~ (), AXEETR . EZIBETARENENBREE B XE, MAVGETRE
FXAFRE, ANEROE F AR R R EARE R

ATIREARERE B, T2 —ER VR R A RER LR SR,
#E Rk Barbasa H AREHAEEABVIERDC G R L, WA 1 R,

[‘ Pentosecycie [, Respiratory chain
+ + —l
NADPH NADP NADT NADH Ethanol
Xylose ylitol _ Yylulose { g‘:::m
Xylose reductase Xylitol dehydrogenase

BHi1 HFAEREFHABREXRRERE

Fig.1 Key reactions of D-xylose metabolism for xylitol production

Sirisansaneeyakul ¥ AR T ~EXE THRA/I MR EEAE H2EA0, ZEg
B s chit iR 7T a0 dh KRB BE 0 4.73 1 10.19g/L B AR AR L 1,
B RER R L E N E THARRARAE, AR ERE AT e Mg
X iEi RFTRSAE, 2K B RRITSHRE T E.
2.2 REGSHEE
2.2.1 LZIREE . HEINBEAEE S AR 2 FHFEIRE AR R 8RR
6] (B KR ) B 22 (0.5~ 12h), SR 3OO fxt Lk 6 #ib i S #£( S, =8.90g/L B
BRIMNAERABIZIBTH S MER . AEERE . AEREE. B EREAREEET
HTREG(EAFESR R0, B 25 M ERENT A R4A.,
2.2.2 WEMEWREZINSE. NER S #EEMEF SRR (A F 1h) R 162 AR
ERF DA, BEFERERE IR, HhABEE ¢ BRIKABERE S kK
X AABBRKE P BREKRE(DO)MARW pH HARBHB AL R, ¢ + Ar BTREIH
S X P RELER, FRARMKNHIMNEHAINRE, KRS T HERNE Tt E
B E, 15 R SR K AR sigmoid BB, % S BB 535 5 (BP ), 4 T ik A
H— T EER AN EERE R EERAREGEEN M ABRZmE, W5tk
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B B A T R KA

ZEFVENESE $IEF RENS THEMRENEGER S, H TR T
RS RE, e e A RREN KR, FEYEL SIS FAL
W2 R LgIgM TS, A ATRMN AT mEE 1 8 2~ S PR,

%1 ATHEMENENNETRGSER
Table 1 The uniform design for training of the neural network
and the training results

No. N N, 7 w n SQun A

1 4 5 0.7 0.8 6393 0.305 =

2z 5 7 0.5 0.7 9712 0.438 10°%

3 6 4 0.8 0.6 10000 0.111 0.0038
4 7 6 0.6 0.5 10000 0.095 0.0517
5 8 8 0.9 0.9 820 13.07 1078

F1HF N, N, FHNRRE—BRENBHEITH, y Y ¥IRE, BT MK

EEBERERY TASE:
W., = WIM@Gi-1)+j]

KPP M ATHEWHETH,  fi; 4HEF L. THERS  f1; MHET,

i E N A

A=115Qun""/8Qun™ 1% 100

10728, 5% 1 TR 5 f R (No. 1~5) T M 1155, 4 10000 3K N &k 5 BF 53 R7
HEERLEXLE 683, He »n HRBEMAMEIRY, SQ HEEFTHM, /.

3 162

SQuum = 2 E(tpj - Opi)z

i=1p=1

tuH O BIRAI T2 PAMEESE | Mt A THHE2ENNEHE. 187,04
£ 1,285 MUILBARSRE. BFE4TTHBBRTFHIISRGR. BREFEIY
A b, B 5 45034 0.2.0.22.0.25 F1 0.3(HERAE), k&2 10000 K, EHRY 5=
0.25 Bf, H SQ..EFREHECH 0.065, Mk A % 0.0014), BUZIIGERATAER RS
REHE, B MARRLR 2, AERTR,BRT So=4.71(¢/L)TH S HEESHISHE
Z [EE T AR (9. 80 % ) B K Ah, AWM AT 5%,

2 ARHABRESNTHIERE(%)
Table 2 The average objective errors for state estimation
of the xylitol fermentation( % )

S 4.1 10.19 31.06 58.01 94.71 Note

S 9.80 3.37 2.44 1.98 0.66 >0.655,
X 0.96 1.00 1.87 2.34 1.13

P 3.13 3.07 4.77 4.21 2.76 >0.05P,,
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2.3 SEFIER

TR FRBET MMM EHBIMEES, 2R 64 AFS T UGB T O3
HEMEHREERRE—H So 4 8.9¢/L S, IRSTINEX R FHAHWAERZRE
HERETRYLRESHFAHTTIERMN, FRERNE 2() ~ (DR, dEd 2T
R, ZFEsEA BB BMEE T,
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B2 ARERERGIEGMEHME(MNR)SEMEFS)HER
Fig.2 Comparison of network prediction (lines) and measured data{symbols) for process of xylitol fer-
mentaticn with different initial xylose concentrations
(a)S=4.71 g/L. (b)§,=10.19 g/L {c)5;=131.06 g/L.
(d)S,=58.01 /1. ()S=94.7L g/L  (£)S,=8.90 g/L
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2.4 K&K

ATHEAEEZBENIRERS, RIS EBENEN 4 MRESE
(X.S.DOFI pH)H 19 MAKFEH T 19 AR LR FE, EA LRFEINHE
MR HETRBEL RN, fRLE 3, VERSAEAN SRS RERB R, HE
EWUEN, ABEERS, FHIIEEAERKE P RIFRE; BFREEE DO%
B HTFREAMBERAFEAR ¥V, HH. IEFTERBFREKET, MHAH
NADPH il NADH 5 B¥ &, AF T DAL EMABEHRE, BRNRAHLE
B, RIFHIGRRZ 0.85g/g, X LB e oy A BEREME AL 12.9g/ L, BBIEHFEN X,
=4.5g/L, 8,=93g/L,DO=65%,pH=4.7. HHBRMBE KRN 0.70g/g, BEAE
BN 65.1g/L, il Eid S LB BAHRKAITE 0.61g/g MR B ABEREKE
57.88¢/LEET 12.9% A1 12.5%.

%x3 ATHSSHUREHYOFHTERRLSE
Table 3 Extent of uniform design for optimization of state paramates

and the optimization results

No. Xo/g L7 So/gL 7! DO/ % pH Yo ™ e Pon/g.L 7!
1-18  4.5~5.1 35100 65~ 94 4.7-5.0 0.30—0.85 4.2~65.1
Opt. 4.50 93 65 4.70 0.70 65.1

3 i #

RUERE RSN 1 F R MR S AR, R R AR ANER
FHEERFAMRE. B, RE BN EERTERGLFE L.

FIGERTT XCHBOTRAREIM B RS BAEE M &N G2 T+, FF
FHERE R E M BFREERRN B ELZRAME VST ERE, XA FRMENSGH
EASARABERFERENENH R =ERRARE, HAHRAA LSRN
RN A S TIGHRSTERE L MES T RBH R FREMRE.

B BP ¥ T 90 € AR 2 B, 5T R R a0k 8 R 4 86 40 08 B o,
FXHET G4 BP ST RN RIAZY I EE R RE B & TTHA B 4 9 46 BUE 4
M, 2 TG H B T EE PG BUE R R RS B & TR A L %M % 5§
M, SRS ETERFE RSN RAES I E, W TREFABCR.

B A& AFBR, AU BRI AR T R R RE, H 534 09 T8 HUE R,
RERRBRT iR RME R AR, BRI R F R EE L.

Bl AR AREN ARG F L IHARLNT R, £k, EEHERAT
i M.Reuss £ Z £8P M. Rizzi H F 945 S5 A,
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State Estimation, Process Prediction and
Optimization for Xylitol Fermentation

Fang Baishan
( Depurtment of Chemical and Biochemical Engineering, Hua Qiae University, Quanzhou  362011)
S. Sirisansaneekul
{ Department of Biotechnology, Kasetsart University, Bangkok 10903 Thailand )

Abstract The sirnulation of the process for xylitol fermentation from different xylose concentrations
(4.73~94.71 g/L) was proposed with generalized logistic equation. The effects of the numbers of
1st and 2nd hidden units, the learning rate and the initial weight matrix on the neural network train-
ing and the different initial state parameters on the process of xylitol fermentation were comprehen-
sive surveied by means of uniform design. Based on above research the four layered network model
with 6-7-6-3 opology was constructed, which was accurate enough for state estimation and process
predicticn of xylitol fermentation from different initial xylose concent rations, and the programme of

paramenter optimization for improving xyliwl fermentation was presented.

Key words Xylitol, fermentation, artificial neural network, uniform design, optimization
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