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{(PEHEFRMEMHTN MEMERFERESLEZE JLa 100080)

B B AHAEEOASFREY b E 3 e 2 5 R et e | it 2 5 ere) B e
B e SR RN EFER N R B E SR BAE. AEH B X
BEHEEUETNS TRENBWHT TR BET TS MM AR &
KB EAE 70% L L, PS4 TEE 0T E.

XA L& AN ELR R, KR

SHE Q939.97 XEIFAE A XELHS 1000-3061(1999)02-0183-88

L& 2 (Pullulan) RS &6 B L EIR] B F RS 55 Lok B4R D9 ict 7= S v e,
BEEAKT, REFREFRAVFUS S FHEZRZEE. FEERNERRE
WRGEYFE ALY RBHNE KA SEHEERT T E2HR! ), X8
SCRRSE (9 LA 5% BB R BER Y, Bl a3 (L B AL 50 %, T LA RE KR 5 K B¢
RARI BB, BTE 1972 F K. Kato B A LTH, MARRABY AR EBERS
UL 76%, EY a0 TEMK, MEEHESHTRENFRIERES Kao &
FIARTFET HAOTAA 10% RN AKBDHETLEZHRNLEE, ERERGT, HibER
HH 52%, BARGE AIKFE, (HEREEEE Kato THIKF, RESEZMEBMYE
RS0 R B AR EEAT TR R, RIS Tl EES R

1 MRS

1.1 WRfgEE

1.1.1 Hitk: T2 STE MY FEEE(Aurcbasidium pullulans) No.325 HA 3L
EFfkBE,

1.1.2 #mEEFHE. TE-FETHEERE,

1.1.3 WP FIEFE(%): FEES.0, ZEO0K 1.0, BEAH 0.5, (NI, ),S0, 0. 02,
K,HPO, 0.5, MgS0,+7H,0 0.02, NaCl 0.1, pH6. 5, 3 0.05MPa T X & 30min.

1.1.4 KEFEMKIEFE(%): BRT H DE X% 4060 Mg /K@U s, He
BRERS SR FERAMF,

1.1.5 HE(%): HE\ETERHSH 15% ~40% 3 DE {EH 40~ 60 BIEHRKBEEA
— EWE A (NH,),S0, W, T 0.05MPa T X B 30min, 2| 28C#%H.

1.2 #E&5ER

1.2.1 %ABei. NBSH 6L £ HEI AR,

WA H 30 1998-07-17, #[E H 3. 1998-12-02,
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1.2.2 /. @¥hdbaresnT R, HEE EEEE T TS g,

1.3 A&

1.3.1 FEMFFER: AERER L RARZEMEHTEREL, T 28C THF 5d.
1.3.2 FrFIEMES3E. S00mL AIEMRITA SOmL Fh 75555, KE . £ 25mL A E #
FREPIWA 10mL ZEK, FHARERF, G EHEEA 1.OnL EEW, T 28C T, &%
P % 200r/min BITESS IR IR EIE 3% 24 ~48h,

1.3.3 #LAX®. FIL2ERABBRNNASL ABREMESRENBRBAHIEN, T
0.06MPa FK 8 30min, 2 #1 5] 28T, A 250mL EMFHF T HTEE, @SB 0.5~
1.0V/V, BEHHE % 500 ~900r/ min, # E 4 0.025MPa, KB RE N 28+ 1T, KEF
— BB EFREERGF RN KE ERHE 28CHF R0, SRS, gk A B —
TR, R EE R PR ST A I .

1.3.4 £MENE. EERARR, MARBKEHR S M, T 4000/ min T &0 20min,
i EERATHENSE, AZEAREEE 2K, 5T 100C FTHEZHEE, rEEN
THEE,

1.3.5 RENE. BONLERSEELYHE HEAFEAENE 00, Lwse
BT R R bRrE R £

1.3.6 LTHZHMME. R—EBNELCLEER WA SENHRESENR, ELFE
B, REAEYEEE, ARRERED . UATEST vinER R R iR 2.,

1.3.7 REEWFENE. H Broockfield BEH(LVI)#Y 1 & 2 SH3LMIE,

1.3.8 L &2HTFEME. FEPEENED,

2 ZR51#®

2.1 EHFIMERBAKRIE

ERAREFEFER THZRREHERNINE T LB, KB 0h SHEE
HRKELRE, BEEE=NaHEEELR AT, KD UKERE R, 1200 5, B
R RS &= &M d AN, 4RI, EABRBEARAAT, XFHER
U REGE MG RRHEY, MEMARMR G R TN & 08 &2, KA M

®1 FEERIHEENEROE A J7 2 AT RE T 5T AR Al i e
Table 1 Effect of feed time on fermentation of pullulan %’E’%ﬁiﬁ‘éﬁ , 52 %%%"_—J‘_E{]f‘:
Fed time /h 36 48 60 72 E\ﬁﬂ(’.$ﬁ$}m3&$o
Cone. of starch hydrolyste 7.1 7.7 7.6 7.1 2.2 iRV
in the medium /% NP
Conc. of starch hydralyste 31.0 0.2 29.3 30.1 u = ﬁ‘ 7%2?_#']&*5}*%
in the feed solution/ % %ﬁ*}gﬁﬂiiﬁﬁﬁi&ﬁﬁﬁ, ﬁ)l;:ll[]
Fermentation time /h 132 144 156 168 TR BE 36, 48, 60 F 72h B FF 45

Cone. of pullulan in the 36.8 42.5 68.8 55.2 T

Fermentation broth{ mg/mL} 31.0 35.1 57.6 47.3 ﬁﬁrﬁj&mﬁu *l\ﬂ’ ﬁﬁ 12h m
Conversion yield/ % JH 500mL, 3 A0 4 ?’)Uﬁ, i g4
Residual sugar/ (mg/ml.) 58.3  50.8 6.6 3.0 KBE48h, KB EHITHIE,

HER(WFE 1), RPARE 60k
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BT RGBS B L H e R R TR AR E R F, TR B R R R
£ 60h AT, KRR P A EEE, TS NS ARAER, SHYTREM RELZ
FEEEA X R,
2.3 #ELEP (NH,),S0, BER

FEREOTRP(NH,),S0, ERREWEME R A, ER50 T 5k a2 E &
2O EE, BREEAGANRENFRAAE, AHRNMEEFTMASRREY
(NH,),S0, TR B, E R (W F ) REEF AR PE T B K @B LS, A
(NH),S0, TUE RS F LN BEMEAEHAE BEHE X 0.125% ~ 0. 150%,
(NH,),S0, EARERANMAEYMENAR, EEIREHBEYRETAHTRE, &
R Y MENEXMEE M EREFTH®.

®2 #HHBEP(NH),S0, SEHEBHER

Table 2 Effect of concentration of (NH,),50, in feed solution on fermentation

Cone. of (NH,),50,

in the feed solution/ % 0 0.05 0.10 0.125 0.150 0.175
Conc. of starch hydrolyste 6.6 6.46 6.97 6.83 7.43 7.06
in the basic medium/ %

Conc. of starch hydralyste 29.3 30.2 30.5 29.8 32.0 30.3
in the feed solution/ %

Conc. of pullulan in the 64.17 72.85 77.53 80.54 83.61 66.74
fermentation broth/{mg/mL)

Conversion yield/ % 57.6 63.0 66.4 70.5 70.0 57.0
Residual sugar /(mg/mlL) 6.6 9.2 6.2 0.5 7.0 14.3
Biomass/ (g/L) 24.9 26.8 28.5 27.2 27.7 25.4
Final pH 3.4 3.6 3.5 3.5 3.8 3.5

2.4 ERMAKRDN DE EXEBIEm
ESEHE KBS %A DE M ERKED, i TRIH K BEEM EREM

AR, TR MR B R BEA R R0 T AT AR, R RINEK 3.
®3 EBARSD DE XL NSEE
Table 3 Effect of DE value of starch hydrolyste on fermentation of pullulan

DE of starch hydralyste

in the basic mediutm 30.3 34.8 41.3 45.7 50.4 59.4 41.3 41.3

DE of starch hydralyste 57.1 57.1 57.1 59.4 59.4 50.4 50_4 41.3
in the feed solution

Fermentation time/h 144 144 144 144 168 168 168 168
Conc. of pullulan 81.0 87.6 86.6 81.4 84.7 77.5 91.1 73.5
in the fermentation broth /{mg/mL)

Coversion yield /% 70.4 76.0 73.0 67.6 71.5 65.2 75.2 63.0
Residual sugar/(mg/mL) 7.0 9.8 9.2 6.6 0.1 4.6 5.2 9.2
Biomass/ (g/L) 277 24.7 26.7 24.9 26.9 27.3 25.4 25.0
Fimal pH 3.8 38 3.6 3.4 3.5 3.8 3.8 3.0
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HERFIIR B BT R AN EBK @Y DE Hi38 (b sk B B ma sk /), £ 30~
50 35 Bl R ET, UM A IE MK Y DE BEM E L, 1L S0~60 HE. EREBEER
BEREDIER K Y DE (H4 35~ 40, H0FEE 81K #49) DE {5 50 ~ 60 At % K55
PEAREL S, ATIE 76 % ; 10 HL B R 3% 75 22 U004 BHE P 80 E 9 K R DE B AR R, $8 4k
K. ERKEYE DE BRI ZBEA T iR pH HIFREE B B 4,
2.5 JmiEIARtEE

R E KB R FPEARSEEAHAE N R T, R AR 0w L0174 8
KB, AR RAULTFHERmMyFR:

6] Bk BLIf i : 2 BEFI 60h, FF 458 FR 12h 00 500mL MR, 33 h0 4 15,

V) 3 i K S - & B 3] 60h,

) mﬁariﬂnzﬂiwﬁimﬂ%ﬁ - o &R 12h F 4B, K
abled Fffect of feed model on fermentation of pullulan oy 4 200600400 Fl 200mL.

Feed model FBF SBF CCF . .
Gone. of starch hydralyste 6.73 6.94 6.33 HESEAR O« A5 X R
in the basic medium/ % J:TIE%EP, ?ﬁﬂf%ﬁ@f%%?ﬁﬁiﬁ$ﬁ
Cone. of starch hydralyste 28.8 29.3 27.2 708. 3mg/(L- h) e Ez—iﬁgu 60h
in- l.he feed so]u‘tion/% H‘Tﬁ#ﬁ&ﬂgﬁmﬁﬂ *I\ *“‘l' iﬁ; é‘E
Finished feed time/h 96.0 96.0 120.0 \ i .
Cone. of pullulan 70.5 66.7 60.0 T#j{i L ﬁ I:P #J E % %ﬁ E EE) j:]'
in the {ermentation broth/(mg/ml.) SOmg/mL B{fﬂ(i'z‘, i i I F| 120h,
Conversion vield/ % 63.3 61.2 60.3 E%%§U$ﬁ 4,
Residual sugar {mg/ml.) 0 5.1 5.6 5 N .
Biomass/ (g/L) 2.7 27.1 24.3 £ 3 R Iy ST, T8 8k
Final pH 3.5 3.6 3.7 %bﬁtuﬁﬁ%ﬁﬁ%ﬁ; EE 2
FBF: Fixed batch feed, SEF;Succesive batch feed, CCF:Continuous 1 UIL 11 77 X 22 T W) 2% 496 22 45 A
constant feed ﬁ:iﬁ.ﬂﬂﬁﬁiigﬁﬁﬁfﬁﬁ+
SPER i b, A L 2 TR BKE
I g g} g
SR 4 M 25 o 5 AR KB

Table 5 Effect of feed interval on fermentation of puliulan

ﬁx#ﬁﬁﬂﬁmﬂz%ﬂﬁ pH x Feed interval/h 4 8 12 16
Hﬂﬁ%u[ﬁ]" )}Mﬁiﬂﬂﬁ%‘[’ﬁﬁ’]ﬁ%’sﬁ Cone. of starch hydralyste 6.64 6.79 6.93 6.25
E%H:K; Iﬁjﬁkﬁﬁbﬁﬂﬂﬂ‘ﬂ% in the basic medium/ %

R, Bk, Conc. of starch hydralyste 28.6 264  27.8 29.5
2.6 iﬁ'j}ul‘ﬂﬁwrﬁl E?i?ﬂﬁl in the feed solution/ %

El'ﬂﬁi’ﬁﬁﬁﬂﬁﬁiﬁ%ﬂ Volume of feed solution 0.20 0.33 0.5 0.67
E%‘J bﬁhﬂ*bﬂf}(} 'm Fﬁgi Eﬂ' |ET]’ ﬁ‘:% for every time/L.

Finished feed time/h 96 100 96 108
Rk 5. Conc. of pullulan in the 62.29 67.27 0.5 63.98
%}\ *_'I- H i][] ]Eﬂ ﬁ HTj' [E] {-E 4 ~~  fermentation broth/ (mg/mL)
12h ?E @ Ijq , i-g t”] *f. *4 IE,] F‘% qu- EE_} Conversion yield/ % 61.50 62.80 64.15 58.70
EnSammwsmAN, e 3 L0 b b
o X - iomass/ (g . . . .
(&) b BF [R] B A 12k, 3 N E 16h Final pH 3.5 3.7 35 35

i, §e b8 T e, FRfE L & 180,
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i 493 R e (R Ao A 0 S B 4k v RO 0, R B P R B R R B R, S B AR
Ptk BEA — R A, MR S AR, ARPHER U ATLAE S, S
L B B TE AR B A S00mL, 0 R A SR, B3 8 < A0l [ R it 8], 8 U F 2 BB
KB, BRT TEIERK Y DE (fU4 & BE Y ) BT 78 o, 75 R B BE Ak 3% 77 SR 0 0+ R H
S T DE B4R 0 kK igy s, REFRFEE A T MIE ) DE HEYIE K EH.
LS R R UK B, 1E & B R 5 57 A0 R AR R R AR TR DE (&Y 3 H K
it G 2 R R LR, EMA R PR X RS, HHEREERME
RIS B DE 0 ER KRy, mREERTHZE, EAY G U, T %

DE (&3 &1 .
2.7 ;ﬁ.)’ﬂ*l‘ﬁﬁgﬂﬁ 120 — 1‘:’iSCOSi[-)’/Cp-. 16

U ETRREARERREER | Srn 1
T, IR MM A e SR B, s B HRE # Residual sugac/(mesL)
AR, R 1, e YL :
R B RS, A2 BTH 60h 2 0
PR H AR, MEEEER
0.923g/(L-h), E BN EEELRE 3
SECHR S H, 60h 2 JF, R wmar y

v ;

*SI" ﬁs%ﬁiﬁtuﬁﬁ%:}:g@’ ﬁﬁg% 06 12 24 36 48 60 72 84 96 108 120132 144 156 168
& R A4 1 n, #bBHR 5 EE, t/h

KEEF 120h, TR AL, BHEE M H1 RimisERLE

A AR R, ZE,E%W& Fig.1 Course of feed -batch

£ 25mg/mL LT, S8 & BERR

PR, TP ES AR ENAR SRR, g ERMEY
AL S R, IR TR R A AR IR, FERBEAITT 24h P9, REBEMEA pH
MR TR, S ERE TEELE pH3. 5, X A EHRBHR MR L5 3H — 2 i ib.

fermentation of pullulan

& % X M
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Sduties on Feed Batch Fermentation of Pullulan

Sun Wanru  Zhou Tiesuo Xie Haoxu Jiang Ning Ren Yonge
( State Key Laboratory of Microbial Resouce, Intitute of Microbiology, The Chinese Academy
of Sciences, Beijing 100080)

Abstract Inverstigation for effect of feed model, start feed time, feed intervaland composition of
feed solution on paraments of fermentation process such as concentration of pullulan in the fermenta-
tion broth, conversion yield, biomass, dissolved oxygen, pH and viscosity of the fermentation
broth, as well as molecular weight of produced pullulan were carried out by optimazation of batch
fermentation. Optimum condition for batch feed fermentation of pullufan were determented. It fund
that the fixed batch feed was the best model which 30 % DE 50~ 60 starch hydrolysate solution con-
tained 0. 125% ~ 0. 15% (NH, ),S0, was feed in the interval time 12h after 60h of fermentation.
70% of conversion yield and 100kD of average molecular weight of produced pullulan were acheved.

Key words Pullulan, feed batch fermentation , starch hydrolysate
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