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Repeated batch and fed-batch process for astaxanthin
production by Phaffia rhodozyma
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Abstract: A comparative study of batch and repeated batch process was carried out for astaxanthin fermentation of Phaffia
rhodozyma to develop a more economical method for astaxanthin industrial production. In shaking flask fermentation, the change of
biomass and astaxanthin production was studied to compare the five-day cycle with four-day cycle of repeated batch culture of
P. rhodozyma. Astaxanthin production increased at first and then decreased subsequently in seven cycles, yet the yield of astaxanthin
in the next six cycles remains higher than that of the first cycle. Comparing the average production of astaxanthin in the seven
cycles, four-day cycle performed even better than five-day cycle. Subsequently, a repeated fed-batch process was used in a 5-1
bioreactor. The experimental data showed that biomass and astaxanthin production of the second batch could reach the level of the
first batch, no matter that the carbon source was glucose or hydrolysis sugar of starch. This result showed that this strain had good
stability, and thus repeated batch and fed-batch process could be applied in astaxanthin fermentation for economical purpose.

Received: August 18, 2010; Accepted: November 16, 2010

Supported by: National Natural Science Foundation of China (No. 20702019), Fujian Provincial Key Technique Foundation (No. 2010N5009), Innofound
for Talented Youth of Fujian Province (No. 2007F3072), Jimei University Middle-aged and Youngth Creative Team Special Fund (No. 2010A006).
Corresponding author: Huinong Cai. Tel: +86-592-6183832; Fax: +86-592-6180470; E-mail: huinongcai@163.com

| K BRI 4 (No. 20702019), #4072 KE T (No. 2010N5009), A FHFHEANABIFBH (No. 2007F3072), SEF K& HE
BT A & T4 (No. 2010A006) % ).



2R BRI U 22 1 S A T S A AR

599

Keywords:

IFERZE R AR A R hE, B
APl UE . BiEE . e RS LR
W Thee, ek Bah . B2y, ki S Tk
HATZWFR, Hiigdew) mth,

YE R IR T R WA W, % R BERE Phaffia
rhodozyma A LT A L ER B Haematococcus pluvialis
HAVFZAHE: w2 Fof g7 Pk 5 57438
Frgemflaer . WA LR AR . RS T
RAED2 B, AT R R NS 42, X B
Ik H . KBRS T TIRA . RENIIT,
ARG T —E AR . W Sun ZEULR AT v BHERAAR
HLREERE, Lewis SFPURM NTG 15728 FIE 2 2 [ i
PR, REERERZEIE MRS RIA BER
55, Chun Z5E ] P55 3 1 5 35 Bl BU B RRAE
AT A BUARLG , BRRE P RERES
T4 A5 AR . X TR R, AR
J b AR R R R, HEFRIRE . pH FNAE %
PN BRI AT R AL A X vk
I B S T R R Y 7 SR PR RS AR
Ramirez %R F S5 BE NG 3 V5 R B 160 4347, P4k
pH. IR Hefpid | IR 2 AR 5 MR,

BHRMN R Elk 8.1 mg/L, BALILATIES T
92% ; K T AR K WERLA, Haard""> R FH B f 1) 2
Ve RBERCH) , WFE 2R A9 7 5 L A 4 W IR P 4
w3 A SRS AT RS 0 p 07 X, dar LR
FIRE R R Calo FFIPERFRILPR 1 o/L
R, 25 RIFE XA PR RS
T 300% LA I ; Flores-Cotera Z5U'VE B 7E £ 55 3L
ST EIR AT LA 25 i o AR 28 A 7 e o

TEWMAE Y R SRt fe v, SRR it kBT 22,
T HE 1 REME LT, S LT 2
ARG KT, KRR T A WERTR], AT LA R,
AR, Wik, XM TZEETZ TR RS2
HER AR TR B, AATTXE R R AR
HEMAKM L AT TRZAHWN TE, ik

astaxanthin, Phaffia rhodozyma, repeated batch, repeated fed-batch, stability

W TEAAE = RRET A, Ak, T
MR FPIE AL . PP RIS R T R K WEE, JCIE
R BRI, A ROR BN Z TR, ARSI
APAAERE AN 5 L HE L, XFHBFIE it R B A2
SR BEPIRN T 2R R RN ZM 2R, %
TR R T2 N FH BNE e e R R R AR = 1Y
AT, DA SCa e m A ke, R —Fh &%
THMIFE R LT 2.

1 HHE7 %

1.1 EMEEFRE

D REERE Pst-1 BERE, HIAIAR Tl K# 8 Ak
% UIf Stahl ZUEZ S, ALK E AT

AR R LY AR 10 /L, AREEN
i3 g/L, Zit3g/L, Wbk 3 g/L, 35 20 g/L.

i 7R 7 3090, A 4G 20 @/L, (NH,),S0, 5 g/L,
KH,PO, 1 g/L, MgSO,7H,0 0.5 g/L, CaCl,-H,O
0.1 g/L, MR 3 g/L, pH 6.0,

K WG IR, HATHE 35 g/L, (NH,),S0,
5 g/L,KH,PO, 1 g/L, MgSO,7H,0 0.5 g/L, CaCl,-H,0
0.1 g/L, FEEFE 3 g/L, pH 6.0,

FRHEFR I+ 309% I 2 W Bl U8 B 7K M VAR o
1.2 MFI KIEFRAE
1.2.1 A A

WA 7 L Y BRI AR 2 5 30 mL K g
Rl EFRIEAY 250 mL #2)H, 22 °C . 180 r/min $E5f
gt 4d, B mL — R 3R T 26 M i 30 mL Y
250 mL $EHH, 22 °C. 180 r/min FEHIEIE 2 d20,
1.2.2 R R 4L

W AT LS S R (10%) A%
AT 30 mL A REIERIRT SR I 250 mL #EHiH,22 C .
180 r/min $EIRIG R — BBt E 5, DARRI & BERE A
Fl 5, 4% 10% IR A5 — %A & 30 mL &
FERREEFRIEN 250 mL FE P HE TR SR, Nt e =
11K

Journals.im.ac.cn



600 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

April 25, 2011 Vol.27 No.4

1.2.3 5 L #RE 3 IHFL B

B R R PE A AL 4 L KRR 57
B R FERE (35E NBS /AH], BioFlo 110 %) Py,
22 °C. pH4.0. %5 40% P41 AR . 76Kk EELRE
o BERR 4 /N 3,5- A A KR YA (DNS i) £
I 2 TR 3 SO VR B, o 9 RS SR A
R EHIBRETE 15~25 o/L i, EEFE 8 /Nt
IORERT I AE Wi, YA TR 24 h PO FRRS AT,
Wi AR Wy R B (E, e, PR AROr R, %
10%HR & (29 400 mL) 5 AMTEF 4 L R FR3E,
AT R
1.3 ShA*
1.3.1 LR B I E

K 1 DNS 3P B & W 3 500 r/min 5.0
5 min, ¥ FIERFE—EMEUEI 1 mL, 5 3 mL DNS
RANRA, WK 15 min, RHG 2K ER
% 25mL, £ 520 nm AR . mbRifEM &I
RV AT A5 380 K TR R R B
132 AW lE

HU 5 mL B 3 500 r/min 2.0 5 min 525 [ 7,
AR VE R, B0k B, 105 CTRMLEMEE,
1.3.3 AR F AN N iE

B 1 mL & FEWRE S 3 500 r/min &0 5 min, 23
BV, HZEBKERDUE, WIEMA 2 mL iR
75 ‘CHJ DMSO, S HIEIZIRG: , 50 CHEEE 5 min,
A 5 mL B JC/K OBE, JRFHFEST, 3 500 r/min 2
O 5 min, ¥ LIEHATKOFSEAZE 10 mL, FZ50
SIEGEETTAE 474 nm I OBEPY,
134 ZKZHFE

MRS B0 A YRR BE | MR 3R R B SR IR
AR e, THEAR R AR SRR R G
F, HEAKXIT

IR R = =UF T R/ YRR E (mg I
/g T4HL);

A = Y R B T R ORRRE (g T A
Jitd/g B¥);

Journals.im.ac.cn

WRTE RAFR=IRE R EHAERRKRE (mg IF
T R/g ).

2 BRGH

2.1 EERESHEABEIKESR

REFPTESRIMS RIS 4 RIEAFEW], Mt
R T T I AR ) R 2K R R T mk B R R
6, Wi 2 d WAEYREMIFERSEEANE, W
Ub, 7ERE L, SEFE 4 d S d REET E itk
T, A A R A SR B 45 T B ORE R A= kL MR
R ERRR L, IR A I R IR R 7
2 A SRR 5 R AR

B2k 4 d Fil s d R BT S S Ak e e, e
AR R BRI % [ Bl A 0 T MR 28 7= i AR Ak i) 6
REL LL4 d R R E SR, T3 AL
WY O RET, 1 4 g/L oy, 4~7 B
ARG, 7 6 g/L B9IEH; MLL 5 d kAT s
o RBE, AT 4 DR RN, 8 47
AL, YR B EARTRETE 6 o/L it NIFE
R mAMERE, 4 d AR E I AR NS
REUu, 7RSS 2 DMHUGE I EEE 3.59 mg/L, M
52 MUOF IR RS GEHE, 25 7 #fikkEz
1.99 mg/L, 5% 1 MUK 1.95 mg/L FEAME; 5d
R R BRI UR T 20, T 2 DRI R S
295 2 mg/L, 55 3 HLIREEA TR, S 1.77 mg/L, 2
ALK E 3.17 mg/L, SRJEE#EER, 28 710
U8 E 2.13 mg/L,

M=, 4d N 1 JEIR IR R, AL
Ee Rk, 55 2 FsE 3 HLk 451355 0.96 mg
IR /g T 4001 0.90 mg MR £ /g T 400, )5
HEIR AR R, HAPEE 4. 5 S RS R TS
THEYR, 5 6. % 7 HIRIEMIR T4 1 #tik; 5428
— JEI R B R KAESS 1 bk, IR E R R
1.25 mg 85 /g T4, 55 2~6 HLIRAZETE 0.5 mg
UG R/g THMIA AT . WEATH, 5 d a5
SR BT 4 d AW,



ERLE I SN 25 N NN -0k WS R Vo ¥od 601
o 8] DFourdaycycle B Five-day cyele FE R AT G AR (L, SEAT 7 . 40245 5 P
z6r FEBRIE, PSR mE 2 B,

g 4l NI 2 ATLLAR I, eSS AR A R, 8
Bl HT AR I R A 2 AR — B, A R B TR
A, ST LD S, (A BRI, Y
st mamber 6 RFIR M, 403 47.0 /L (55 1 #EK) 1 49.5 g/L
. O Four-day cyele DFivedaycyele (5 2 HIEUC) . 7EREAMHEYC R BERYTT 26 h, ATATRE 4E

B BTN 0, B LB B AGEAT, AR HE 9 3

£ BT AE R R ITRN, (R85 2 AU BAE SR

'k BT T AR IORIRE . 43U T % v R R
5 RIS, B 1 ORI T E A

alll
il
i

5 L6 r O Four-day cycle O Five-day cycle

£s

=)

s E

55

N

5 5 ﬂE r‘ t

=8 F‘E

.8

> 0.0 1 L L L |
3 4 5 6 7

Passage number

E1 TREAHEMRESHEABREER

Fig. 1 Change of cell growth and astaxanthin formation in
repeated batch culture of P. rhodozyma in shaking flask
fermentation.
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Fig. 3 Profiles of cell growth, astaxanthin formation and
quandratic parameters in repeated fed-batch with 30%
hydrolysis sugar of starch in 5-1 bioreactor. A: dry cell weight;
e: astaxanthin concentration; +: consumed sugar; A: yield of
astaxanthin on biomass; o: yield of astaxanthin on consumed
sugar; x: yield of biomass on consumed sugar.
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