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BABEHEEBENEmERIEFRET R

& F! B B’' % #? Yoshio Katakura® B# !
(RBBTASEY LESRFREMEARRE £ 214036)
(HERSE FRETERL F# 200233) (RRASISHEWERE KEss BE)?

W OE EERCTEHABSEMERTFAMRERIENRERYG, REEEERRTRN
Eul b, #ET iR RSN, FEET REEE NS L ERERZ F A REK
o RENX —RBAMERA M ER, BT FE RS H A KRR RN 5RO
BREFRFY: RAMEREY 15~30g/L. BRELHIKE Y 3~6s/L KI5 B B F B #
HEDBHEFRAGEEER: CARSMEANERERETEACREER, EFELE
0.432g/g MR R RS HAD 1180ml, TERTARSERLIBN “ENBLBENNELE

o

Xahis) MR, FIMER, TR, REBES

AOBEREFEAB TN BEEARRS, KEREZFEE. RHAK, A
MEHTRETCRERSIBYTRMEFRE, CHRESHERTEMERR
Al-100 0 gpR b, WEBERESEBROKEEHELDRESRE (HEE) MGG~
BRE (BFNEBEIMEIES) BE—FEHEY, ®RRHOR, AL
AEEANESDRZFEANTR, FXERLT P HFROBRAERFHEME, L
EEREFEIHRTER. BETEERTRIERNRESH, FRHTABELISK
hREE FHERR. Fit, FE4ERAMKMERER, AXRYTHHBE
i b A P SR A WIS SRR, SRR ISR AR AT IE M 0Bk E R UE SRR
RESFENGRBEINE—.

1 MHHFF &

1.1 Wi
HEEBER ( Saccharomyces cerevisiae) WSH-J7 2 H A B A s R ey — R
1.2 BEEIERGE
Wocwk [11]
1.3 BB
#M® VIRTIS2. 5L TRAANBWREH, REEE. oH A HEH RS,
1.4 SWHE

A F 1996 5 8 4 14 B,
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1.4.1 HARTEIE:. EEE-20CR% 2L E, EETREEREEKE,
1.4.2 FEEREMNE. 3, 5-TWHEKIGEE.
1.4.3 EBREEEN £« MlE. LB,
1.4.4 BEBEAMNE. G) fFHEFE: R 2.6g SEER, 10.2¢ &I 280g ¥
BEH, fE30C FHAE Lh, WEFH 20 #1 CO,, UHGTRENES EBAHHELE,
LR FED) 650ml WENA RS &%, (i) DFER. FRE0.20g 8BS, M S5g &
30C FIEE 1h (EBHREE, BT 30CKH, MEEFANKKREROHE, 22N
[B]# 15min A AEER &5,
1.5 WSH-J7 Finizsesg=l"

Fi = p" VyXpexp(u " t}/ Y, {55-5) (1)

2 H#RAik
2.1 SHEENERRERGHEL

T 40 B8 Ak iy A 7 33 P2 B0 S A A UG Ao 1] 9 2 L3 5 0 IS A K B R A B N SRR B
B, pHEFRNBENESE, MEBMEEIBEFNEERT. ZEEHN:. (1) &
BEFH SR RER B FERX PG REARERBZ2E; () HHERNBER
EEAHEENBARSHZBNRE., MEMIRNFENE~RERFTRERNE
W, FEi, R HERmBRNRERM:, EEHE I TERSESIEREMERS
ERE TR,
2.1.1 EFEEEMAREFSENLW. N T oE 5 RHE IR B B 089 VIR IR B IR IR
RERENTOBESEIOEN, RARAHDEREHTILER, BELRNEI1
iR AE L FTLUEY, RENEEEASSBCGERY~ETR, MEHTHEFN
B EER, SREMEFREREHEZ TH. SUEERERE 15~30g/LEBNN, TR
B LR RN A RIS D, BN REROM S, Hik, EEHE
BEERGg APt B, M BRI AR B (15~-30g/ L) LAMRIUES0 AR £ 81 A o #HE 5
R BAESESEETMNLEKER, SRR EBES, ARIEFE R R
i H R A&,

=1 FEVRERERN WSH-I7 f-ilLi%sFaRm

Table 1 Effect of various initial sngar concentration on batch-culture of WSH-J7

ISC RSC t DCwW Optimal FA L% #
fgrL? fg-L7! /h fg L7t /ml /grg! /ht
13.8 2.88 5 3.8 950 0.352 0.186
24.6 2.91 7 7.2 1040 0.323 0.224
31.0 2.72 9 7.8 1020 0.276 0.183
43.0 2.62 11 7.9 980 0.198 0.151
67.5 2.87 14 8.0 900 0.125 0.120

RTERSRERTBTEHCEFRFENNERER, B 18T ARNRRE
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T WSH-J7 KB M3 75 oo (8] A9 706 b B 28 LA R R B 0% Y BUA8 5 (BT T X ) B R
B, WLEE, WSHI? WABE IBERFHREMGER. BREREIN T RETAKA
o URBHRELEHEI-62/L HERRBENVEERE 2nin MK, HYERERE
BT 3g/LESRBEIE R F M. BIXMEMX—ASH#TTHIEAGER. B,
ATHEBREBHEAREIRTNRE, ALK EEHE 3~6¢/L.

30

Fermentative activity/min
8 trd
/

1
4

N
=]
~
»n
-]
o«
-
[-]
-
~N
L
~
-
-3

E1 FEWERESSHIESRD WSH7 REE AN EA R
Fig. 1 Time-course of FA of WSH-J7 in batch cultures with differ-
ent initial sugar concentration

The initial sugar concentration {g-L™") was: w24.6 M 31.0 & 43.0 X 67.5
2.1.2 BHEIEMSHEFAROER. CELESHNESIEBS, HENER—#,
RERBEREKAMCKENEZER, FESETTNHNT, REREFETTUARM
Rare@#botasEs, NTREARERARMIIEESMLS. RREBEAEEX
BANERE RS ERY bia REE, HTHEE ko ¥ WSH]7 RO EZEEND
BRI, WARESERESTUE T AABARE TN ko & (I01F 2 FxR),

F2 FEWBEHEAIEN ko B
Table 2 relation between the value of ke and stirring speed

Stirring speed/r” min ! 200 400 600 800 1000 1200
The value of kra/h™! 98. 5 177. 6 275. 4 412. 6 598. 2 825. 7

REELRABIE P EIRERHHEUEHREAY ko, EHERFMARGTLR
T, MET TASAHET WSHI7 WARKMARREE T ML, SRME 24N
2B B,

FRAER: (1) SRHICTEMBAREFREBRBHREBIE L. LRAREY
800r/min (kia Jy 412.6h7") B, REF/EHIEE M ABIENRERE Smin UMER) &
A, BHT 1000ml (FREE). (2) KERTHISHED = SUS B AR R
HISEEE AR, (3) BEEREE (ko WRIK), ARAAGBERBERE, BHY
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RBENMHEZRRBZFREOREE, BB TH, BN, ELRANEFELE
o, BTN R BB BB FER (600r/ min) LAIREEE MR ke B, XERHEHIW4H
MAgEE; EXHAEKIE BV REE O BEEE (BEF 1200r/min), & 2. HEE]
800h 'L L, UMEMBEEEKMBFENESR, 7, EXFRPEATHE
¥EZE 800r/min A4, # b a {HTF 400—500h" 176, RFESEEEBREHR
B, '

11 0
oo iw-
. £
]
'%1- i

5 %mL

E £
Z b o

3 :!mr

1 A

o2 4 s & w1z W %2 1 & 8 w1 1 1

Cultivation time’h Cultivation time/h

H2 TRESEHEEN WHSI7 S5 5k B #
Fig. 2 Effect of different stirring speed on batch cultures of WSH-j7

A. Time-course of cell concentration, B. Time-course of fermentative activity

The value of stirring speed (r*min”!) was; W 600 Il 800 & 1200

2.2 WSH-]7 RERNESENBE

T EFY T OESEFIRARs TR MERE NS, B, Uik
AL F BB R A REE RSN .. EREFMEFRE 2, AR CHREE
BEEHOHHRAGT. UERNARERL KA ERBERESHTR. BRHE™ERE
HEAHNERE L. EEEREAREFSIESHABRANTE. FEFANHHREE
(D) BATESEEHTR, L3I ULEEHABRERELFRE (D=p) &, #
ETREBNARKERRERES HAEKERENXR, SR20E 3 Fr. A51HEE
HTEREREFRESEERKREMXE, FRAEL.HEIHE4TH, SHER
EE (u) =0, 2h 'BEBEIRETE V,,,=0.456g/g, EX—HEKEET, FF
VAR TEARERE DB S 8.35¢/L M 2.03g/L, BEFBREMNEE =0.
27h I A B AR 1.893g/L-he RERELHEEHIBTESEILBEMRERETR
BURBSE—, MREEFNEFERERSHLE,  NEHECV A W
REFWETEKBRERETEE, K « BHE .27 AR,

EEEEAEEPIRA, YEFLTHRAN, BSWERBENLHLRE, WK
HRERBERMTLTNT, EBEASHEKERNCRWE S R, FRALERER
TN EAEENERYRALTRE, BENABEIBTRENELE S KMEN
FHHE. .
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T
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- 8 1, & Eoes 5
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7 = [
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P 5 // £
3 5§ o35} e 2
B 3 3 L 0s 3
]
al 11 a > 03 £
-7
3 - — g 0z 0
0,05 01 a.l1s a2 02 03 035 005 01 015 02 625 03 035
Specific growth rate/b” Specific growth rate/k’
3 MEarEERErTYSHERER a4 PEREEMEAESHERBERNILR
HEE Fig. 4 Relationship between Y, P and
Fig. 3 Relationship between DCW, RSC and o
H W Y., (gdeycell-g Tsugar),
W DCW (g'Lvl), & RSC (g'LA!) AP (gdry cell:L™ 1 h™1)

mE 5 iR, BENRKEEOARMKARERFES WRMRECR, XMRHRTL
HEZEHEZET v (BFHERKER) =0, 178h "WHBELKFBERER, WX (22)
M (2b) B
}/ FA) = [21.567 - 83.461p  p < p(2a)
1— 7.823+79.342p  p > . (26)
MESHER, B p T p=0
178h™ ¢, WSH-J7 AIR B RIEREETE
71 6.7min (#F ¥E & 1220mi). M &K
(2a) #1 (2b) BRI EFE . EE
0.1 0.2 03 04  WSH-J7 MEBEE AT 12min KA, H
Specific growth rete/t" R SR % S H % 0.115~0.25h77
S5 WSHIT RBES (FA) Stakms (o LGN RN, EEABENREN
%5 SR RRe, I O o
Fig. 5 Relationship between the fermentative activity EHBRHEAKRERLT fte it 3T,
(FA) and the specific growth rate (p) MW FEBERMEBEE .
' 2.3 WSH-J7 iR izfi it 5

] > =
T T

Feementative sciivvity/min

F

<

x|

AT RLR AN AR, ELH WSH-J7 KiEH BN B MRMA, EERET
BoARNBER . —REMRBXERME, 56  £0.2h A4 ZREREER
BEENRERER,  BWE 01780 10, HHEEFRA WSHI7? B3 H R MEFM
AT T AR MR MERER, HAppa R S A I o3 SRad Rt R B 6A fIE 6B
Bim. EB A, THEKREN29.2¢/L, RIMERE N 80.4g/L, #f 6h yaftiEsH
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BYBt, MZS 6h FUEMM, 6~12h P i@ H 02071, 12~18h I 4 0.178h7"; &
S B, FAEME N 29.6g/L, FATEEMEE R 55.9¢/L, &7 1.5h Aa#tERG K,
M 1.Sh FFEAWAN, 1.5~ 18h ¥ p Bi% 8 0.2h7 1, LH A BF Y, B8R K 0.456
gle, HPESEMHEHER X 0~ 6h, 600r/min; 6~ 12h, 1200r/min; 12h LA fF,
800r/mine E2 AU THRERTEHESEREEMLE (HPABEAHREERU
TR u AR (22) A (2b) FEBEE). MNPTUEY, p YoM FANEREY
HigEER T B EEFMIE.

)l Ffal” bOwWrpl Al Sl Fimdd® DCwipl” Fasml
0 0 0 r1x0 %0 20 - r

A - aud

] 1000

E. rJ‘ A1 150

30 foo+y

2 4 € 8 18 iz » % 8 vz 4 8 8 % 1z e e
Cultivation timed Cultivgtion timefh
e S WSHY7 N FiIBme
Fig. 6 Typical fed-batch culture time-course of WSH-J7
A: The ISC and Sy was 29. 2g/L and 80. 4g/L respectively,  B: The ISC and 3 was 29. 6g/L and 55. 9 g/L.
respectively .
A Feeding rate {mi*h™',), ¥ Residual Sugar concentration (g*L ™'}, I Dry Cell weight {g'L™"). X Fermen-
tative activity {mi}
#F3I FEAAMERTRIEEHIFEMSEBRESLER"
Table 3 Comparison of the set valne and the experimental data

of various parameters in twice typical fed-batch cultures

Experiment A B

Parameter u/ht Yolg™! FA/min ufb™t |Y/gg™!| FA/min
Culture phase /h 612 12~ 18 0~18 612 12~18 | 1. 5—18 0~18 1. 518

Ser value 0. 201 0. 178 0. 456 7.7 7.4 0. 201 0. 456 8. 4

Experimental data 0. 195 0. 169 0. 432 8. 4 7.1 0. 205 0. 442 9.1

#  The value of fermentative activity (FA) is the average value of successive five-time measurements when the system
is in relative stable state (the residual sugar concertration is constant). FA 7. 1min (little sampte method) equals to 1180ml
{standard method), 8.4min equals to 1085mt, 9. lmin equals to 101 5ml.

Hsrm 6A FIE 6B, fEERA, LB A FHEAATH 4 FHERMKAEHEZE
B, XEEAEY (1) RERERREERRK, STRMEERMK, ReEHe
ERMER; (2) BREERATHAEEEN 120r/min THEE 800r/min FEEAL
B, BEEEE, TH AHPE (0.432¢/¢) MABREN (1170m) #HMEIEE &K,
XSRS RS NG — R, MFLAEEE RN RN SFEEELR, FE
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B ) W A A T SR R D SR PG BE S R R (R AE T AR A (IR ) BRI W AR 4R 7= By
FR (RERKEEA), 4, SR TERENEEBREWRTFOMER, HFERT
R RES R YERNRMERES, HRERETHXRRE. B8, FRREE®R
ARSI MER L, HTUERR, BREEHARROBEEDRAS N ER
B S B SR R T R,

3 % #

EERESLE I BN MERNR, BERRAEERE (15~30g/L) FERE
WEEHEHTE 3—6¢/L; BRIABTLHBRERMBHFEURERMAEIRNG, EEE
BESEERBLEREEMLR REE A EMHRIE.

AEES WSH-J7 WEERREHR AN, & .=0.2b '"HEBEFEILE Y=
0.456g THM/g, X «=0.270 "BIRGBRAETERE 1.893g THR/L-h, & &TF
p=0.178h BRI B RIEREBEE N 6. 7min (FRiEEE 1220ml). HEB L T RER N
HAERERZ mgXEKR.

T E R WSH-J7 REEEIM L E K EE 2 1) kB A X E LR g 5 &
A, RETEONREGRAERRBEMREREE HRENED R KA REZAH
miEFREE. NAX—IERKEE, TETRHCBSEFIRRTENRAREINE
—, WA EREEFRSHRIFER - SNER.

FFE

DCW—Dry eelt weight /g-L7! Se—Sugar concentration in the feed /g* L}
FA—TFermentative activity /ml or min t —Cultivation time /h
Fi—Substrate feed rate /ml-h ™! Vo—Initial volume at feeding sime 0 h /L
JSC-—Initial sugar concentration fg-L ™} Xo—Inirial cell conc. a1 feeding time 0 h /g-L™!
k1.a—Volumtic oxygen transfer coefficient /h™! ¥ ,,,—Cell to sugar yield coefficient /g dry cell-g sugar™!
P—Productivity / g dry cell- L™ *-h"} u—Specific growth rate / b~
RSC—Residual sugar concentration / g*L ™} # " —Operational specific growth rate / h™'
S~—Sugar concentration in the fermentor/ - p—Critical specific growth rate / h™*
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Fed-batch Culture Strategy for High Yield of
Baker’s Yeast with High Fermentative Activity

Li Yin* Chen Jian' Song Q¥ Yoshio Katakura® Lun Shiyi’
(Lab. of Environmenial Biotechnology, School of Biotechnology, Wuxi University of Light Industry, Waxi 214036)
( Shanghai Center of Biotethnology, Academia Sinica, Shanghai 200233)
{ Department of Biotechnology, Osaka University, Osaka 565, Japan)®

Abstract In this paper, the operational conditions of batch culture stage in baker’s yeast production
were optimized at first. Based on the determination of optimal parameters for fed-batch culture from
continuous culture, a correlation, which describes the relationship between fermentative activity
(FA) and specific growth rate (), was obtained. Combining this correlation and the exponential
fed-batch culture equation, a fed-batch culture strategy was developed to get high yield and high fer-
mentative activity by controlling u in different stages. The results showed that: (1) when the initial
and residual sugar concentration was controlled to be 15 ~30g/L and 3 ~6g/L, respectively, and
different stirring speed was applied at different stages to provide optimal oxygen transfer conditions;
{2) the proposed fed-batch culture strategy was used in fed-batch culture, the yield of baker’ s
yeast could reach 0. 432g/g with high fermentative activity (1180ml). Thus, the unitary of high

yield and high fermentative activity was realized.

Key words Baker’s yeast, fed-batch culture, yield, fermentative activity
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