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Influence of different fed-batch fermentation modes on

astaxanthin production with two Phaffia rhodozyma strains
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Abstract: [Objective] Several fed-batch fermentation modes were studied to investigate the
effect on cell growth and astaxanthin synthesis of Phaffia rhodozyma. [Methods] Biomass,
astaxanthin concentration and residual sugar concentration were detected when two Phaffia
rhodozyma strains (JMU-VDL668 and JMU-MVP14) were fermented in 7 L bioreactor by
batch and fed-batch culture. [Results] The highest biomass (64.6 g/L) of Phaffia rhodozyma
JMU-VDL668, which was more than 2.2 times of batch culture, was obtained from DO-stat
feeding culture; and pH-stat feeding culture brought the highest astaxanthin concentration
(20.6 mg/L), which was 1.5 times of batch culture. Differently with the results of Phaffia
rhodozyma JMU-VDL668, the highest astaxanthin concentration (414.1 mg/L) of Phaffia
rhodozyma JMU-MVP14 was obtained by Pulse-fed culture, which increased by 200.2%
compared with batch fermentation. Actually, biomass (38.5 g/L) and astaxanthin concentration
(403.2 mg/L) were also improved significantly when DO-stat feeding culture was used, in-
creased by 133.1% and 192.3% compared with batch fermentation respectively. [Conclusion]
The production of astaxanthin had a significant effect due to different fed-batch fermentation
What’s
JMU-VDL668 was obtained by pH-stat feeding culture while Pulse-fed culture was optimal for
Phaffia rhodozyma JMU-MVP14 to product astaxanthin.

modes. more, the highest astaxanthin concentration of Phaffia rhodozyma

Keywords: Phaffia rhodozyma, Astaxanthin, Fermentation, Fed-batch process
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WRF 2 (Astaxanthin) & —Fh g 1A PE A B 2028
B MR, FEARRAEMIRE, A fetELL
KBihieg . BysmtaE S5, e . Ak 1k
M, BEZGE T HIEAT Z MR AN

1 KW (Phaffia rhodozyma) 2 1] 2k 7= K 4R
INERMN ELMEN Z — . TR KRB Rl 72
Hh, RN O R R R BE, RTLASE I

KB R, EINE R R, BN R
FEBE = R 20 AR R By kAT TR £
(5T : Ho SECHE L AT AR i b Xk ik R
FEL) B2, ZICR A DO-stat 72 [ 15 £l
KA (174 g/L), TN IR R & 2 5L
(307 pg/g); >R FHFE B i Jr U4 210 0 A4 1 i I
fik(14.7 g/L), (HEANERE 2 & i 5(412 pg/g).
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de la Fuente 25°ME 10 L & B gk 4713k R EEREAY
SyHCAMHEE IR RN RS o, M PR R
iKEl 4.7 mg/g, HFH R EIAF] 420 mg/L. JH8T
IREYBIT A, SRS BRI, A
K[k 32.56 g/L, MFH RS wik%E] T 14.52 mg/L,
TE L S Ik e T A S R AR & 8 XA T
TS, G5AEE: SRAME pH AR 20K
BigR, KE MR BSR4 YR HA KA,
435k 54.3 mg/L F1 49.5 g/L, B Ok g
PR 1) J2 e o 1 AR () etk 1, B —FP iy
BAMELREE, IR R A E] 29.05 me/L; B %
WEETE 5 L & e b T R W RE S At
BEEFR, B MK B A MR R AR A E
TR MK, IR T &R,
A P ROR G B

MLL EBFFERT LR, AR A i =
Xof 3 R TR 1 A4 A K AR 2 e I AR K
[, o TR R B R 2 18 0 & T 22 RO,
Jrits AN T St AT R[] AR 5236 %8 26 i
WIREFE R, LA R EEEE IMU-VDL668 A H % Bk
I RS B T — Bk R R Tk O R B R
(IMU-MVP14), H IR 2R 09 4 ifg = 2 7] i85 2|
6 mg/g LA I, 7£7 LR A HEAMEH A 1§ 225 h,
PR AR E] 400 mg/LP, BoRiZ R A RIR Y
NG R, Bk, T mik kR
£} IMU-MVP14 kR 24 758 Al Ab
FIRME, ARWFFRFELEE T IURE MR T 2 (B
PPAMEEEE . 1H pH AMENR . 1H DO #MEHE %)
Xpyk KRR IMU-VDL668 il IMU-MVP14 Btk
R INcEN AN

1 MBS

1.1 EH
PR R IMU-VDL668 Ftk: Liikkizt):
Pst-1 TR FR(EEFEAAMR TOlL K2 Stahl 22 4) N
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R RIRR, SSHMAAE, FHZE LTk 2,
ZPRIT T 2 5 B2 DR 95%.

R BE IMU-MVP14 T bk 1 9k B )
JMU-VDL668 [tk 2 H 3L 1 iR £ BiR 15 748,
0.5% M AR K 45 & 58 AR BR A A A bl 1 R AR
FERMRIE R R,
12 EFE

RHATAFIEFRAE: 4° Bx 21135952, pH 6.0,
Bilg 2%

Fh 7l B R B (g/L): #A9H 20, KH,PO,
2, MgSO,7H,0 1, (NH,),SO, 5; &8 & F. 4k
FH R LR M (mg/L): CaCly2H,0 10, H3BO;
2.67, CuSO45H,0 0.8, KI 0.27, MnCl, 2.67,
Na,;Mo0042H,0 1.07, ZnSO47H,0 12, CoCl, 0.8,
FeSO,7H,0 8, 1ZIRES 2.67, WK 0.13, LA
66.67, MR 2.67, XJ2 AR H R (PABA) 0.53,
FRILE Y 2.67, $hERHi4% 2.67, pH 6.0, Hidh 44

B W EE IMU-VDL668 B 4k & T 1% 55 it
(g/L): ML 80, #MEFRIRE 30), Lk
B 3, (NH,),S04 5, KH,PO, 2, MgSO,7H,0 1,
CaCl,2H,0 0.2, #11f pH {H 6.0,

R EEEE IMU-MVP14 B bk & B2 15 55 it
(g/L): HHEFEOHLREE 60, #MREERE 30), BEEE
H 15, (NH4),S0; 5, KH,PO,4 3, MgSO,-7TH,0 6, ¥
f pH 1 6.0,
1.3 E\HFFHE
1.3.1 fEIRFHTAEIE: KRS A AR
T4 30 mL FF1E R 250 mL #2fH, F
22°C, 190 r/min BYFRIRFIESE 3 d, 155 1 052
SRR~ B 1 mL 1 ARHRIRP - 12 21 fef A b
Rk, FHIRIZME TR 2 d, 133 2 B2
it
1.3.2 7 L REERESLIG: b REE: LA S%M4ERD
FOR A FREAEA S L AR RILM 7T L &
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PR, Kl i pH (R H o 4.0 GFIH 8%
ZUKF1 2 mol/L MR ), <& 3 L/min,
RWEIE 21 °C, 38 2 I8 75 PP i sl 4 o V5 4
{H>30%.

Jok opoRRE R B YA AR RE S, A A (]
FHEF, FFURER— AN F R i, S TR
12 h #Min 10 g/L (s Ag 0, HoAbdz i 5504 5 04t
R AR

6 pH #MEHREE: 4 E B AT BEFEIS,
pH {EH FJH2 4.2 BF, %Ml 10 g/L A5G Z5 0% .

5 DO #MEMARE: M HEREAFESN, 4l
BT, BT R FRE AN 10 g/L AT,
A TR, R RS ] A e R S G
1E 30%—50%2Z ]

14 SRFA*®

141 HMERNE: BS mL KERTEO0E,
3 500 r/min &0 5 min, FHEE FKERFER 2
K, 105 °C Ht T2,

142 IREZESEHRN: RASOEE RN E

90 r ——Biomass 116
—o—Residual sugar concentration

. . n
—5—Astaxsnthin concentration
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0 24 48 72 96
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E1

R R R D,
143 REERFRMERIMGN: R 3,5- 5K
PR I 5 3 S
144 ZXRSHEBE: IFHRHHE ™R
(Specific productivity of astaxanthin)=¥F & & & 12/
A=Wy (mg BR R /g TAIE)

Y0 U452 (Biomass  yield)=4: 4 /11 K& 1) bk
W EE (g T-4Hf/g #% k)

R E Z 15 % (Astaxanthin yield)=1F & % &t/
THAE A BE (mg WR s /g HZTH

2 HRG5400

St E R

R B JMU-MVP14 H % & VU
JMU-VDL668 Btk & Fbk, 1571521/ —Pk
TRFERE . B IR R DERE, X SR EER AR XS
BRI, Ry T R R AR A AR KA B A T
B, A RIAE 7 LR TRERE O PR PR R IEA T o R
I, HREEFRhZmE 1 PR,

2.1
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1 60
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1 30
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Fig. 1 Time-course of batch for Phaffia rhodozyma JMU-VDL668 (A) and Phaffia rhodozyma JMU-MVP14 (B)
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MW 1A Fa] LUE R B IMU-
VDL668 143 5 i -5 T A 1 A 4 2 UTAH OC
(Mo KIERT 24 h &b THEw 0, B RAERE
Row B g, MEEATRBUER, 2w
FIRF 28 & Sl hn, &KEEE 60 h, HAHC
SREAFER, WA RBTRE. IMEFRERNG
S IR AR — 2K, BB K
P PP AR R, EER 72 h, I R REE
BT . B RS A Y RS 28.5 g/L, HFE
EHEEHN 13.5mg/L,

IR IMU-MVP 14 TR RR 204t & T
M2 AR LIRBL (B 1B), Z AR Rl i R
K2, BREYE— B ARG R, JF
H R AMBAERKBE KRG, £ 108h, [
AN KR R E B, IR R A DR I,
KR 144 h, WHRAEYRIAE] 165 g/L, IME &R
TN 1379 mg/L, 1k R AL A A
I

A

60 1 —A—Biomass 118
—e—Residual sugar concentration
| —S—Astaxsnthin concentration_
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0 24 48 72 9 120 144 168
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2
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2.2 BKiREM A B2

ik PR & R AL SR TR R R A
RO —FPRPIANIN T 3, AR RIS T 1k R
JMU-VDL668 #il IMU-MVP14 & ¥k 4014
K IRYIEAERIER G 2 AR BB R A AR e an & 2
Fiis o

B REERE IMU-VDL668 BRIk kRl & 1
W RE, A 36 h B EEAFER (A 24), 1t
BRI TR R RE, 25 RERR 12 h #PR—IK,
i % TR OB MR SR 3] 10 g/L. MK 2A ATLLE
, BEIRAEY RIS 2R 5 A 24 h FF iR
hn, KW 168 h i), £k 52.8 g/L, IFE &R
TR E] 154 mg/L, Lot AR E T
85.1%F0 13.8%. MAMEFSEEE T, TR PG m
Wi, =2 R AT RE R T HE R S T A A A —
BEAERFE U BARAOUR E, A5 R SR P Al A A
fIimA R TR AR, RS KRR RS
LN i e W/ =1

60r _a—Biomass 1 430
—e— Residual sugar concentration
| —B— Astaxsnthin concentration c

{ 360

1 270

180

Biomass (g/L)
Residual sugar concentration (g/L)
Astaxsnthin concentration (mg/L)
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a Y 7. 1 1 1 0
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Fermentiom time (h)
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Fig. 2 Time-course of astaxanthin fermentation in pulse fed-batch for Phaffia rhodozyma
JMU-VDL668 (A) and Phaffia rhodozyma JMU-MVP14 (B)
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Sk EERE IMU-VDL668 ik bRk % 1%
FEOLA G, IMU-MVP14 B RRIEREAS K B F
A KRS (K] 2B). TR R NG TR K TR
WP RREE BONRRE R, KBEE 38 h B,
HEEC AR, MR . G R Tk
B, KEE 96 h )5, WA RGE TR, EERXT
IR THAE R G T EE, A BTG 7 A AR
R, BRBAS, BN 325 gL, IFER A&
h 414.1 /L, YRR 25 5 o B e At &
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2.3 18 pH #h#}

T pH A} & T SR W 2 — g i pH (E 2810 Y
R, RIS RE SR A
WRiR, A BRI BN FRE M pH H 554,
BRMEEE IMU-VDL668 il IMU-MVP14 B#FR{H
pH #MEHR BEZN 124 thZen &l 3 Bs

T RIERE IMU-VDL668 T bk & B ad #5t rh
(1 3A), KEAR pH 7ER TR 48 h B EJ 2R iE
B 4.2, MWHPEZEBECIARFER, 5, HEidthm
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—6—Residual sugar concentration

=) —B— Astaxsnthin concentration =

240} i =10 B

= g
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~E 16 .2
— = =
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8 10 s Z
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0 24 48 72 96 120 144 168
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3

RS (o R 2 W R B A R IR R L . AR
FURE RO AN KR R ARG, =
KL AR RIAT] 467 g/L, IFE R &R
20.6 mg/L, 504t R BEM L BIHE R T 63.8%F1
52.1%.

K HME pH AMELE RS, 12: K WEEE IMU-MVP14
PRIRI A R et BRAUAE 27057 A1 140 h AN T
3 WRAENE., BRIBLS, EYERT 485 g/L,
MRS RS U 17.5 mg/L (F 3B). HTFiEk
FERE IMU-MVP14 22— K08 | IRFENE . =)™

TR, 7K ET R ™ A A LR SRR
IHED= AR WiE pH #MRER IS R T & TR
Hr pH 7S AR e L M REAY s 20 R T e A
FER, BAMRAE IR R R & It A8 b ™= A= i A Pl
MR A, s AR pH s, %
IRBE (R AR NI A0S . R, S RMELR S
T, BRIEAENAS R, B s A A BT
MAEA K, TR R RRE RS R
A

50 f ——Biomass 1 20
—6&—Residual sugar concentration

—8— Astaxsnthin concentration
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30 F8 112
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Fig. 3 Time-course of astaxanthin fermentation in pH-stat fed-batch for Phaffia rhodozyma
JMU-VDL668 (A) and Phaffia rhodozyma JMU-MVP14 (B)
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2.4 18 DO Ml & EE

SR IO X 32 T R B 4 2 K RN 2
BAE AR Y AR E— g AR, A
PER R TC T R TE R IR A KoK TRIRY, 45
KW AN R, SR BIRE R R
K2, e JelERE IMU-VDL668 #1 IMU-MVP14
PRAE DO #MEH AR e 2 an &l 4 s .

X K EERE IMU-VDL668 Ftki &, 1E0EFT
85 DO #MEH T2 kBN, K% 60 h, fi%HEC
SAEI, W AR T, BLE IR 4R R R R
(Kl 4A). & 84 h B R IATE, MIFE RS &
YREEBAN, BRBEL S AV RS 64.6 g/L, UF
HFRGEN 174 mg/L, 508 4532
=T 126.4%F1 28.2%.

B R EE IMU-MVP14 BERRAEIZ AN SR T
RIERS, AW TERT 60 h ENE N, 25 EEA K
e, IME RTEEN KB — B4R PE RN
FUEMA R, BRAS AR N 385 gL,
IR R & 403.2 mg/L (K 4B), 43524t &
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Fi7R o

XK EERE IMU-VDL668 Hbkii =, 16 DO
OBk A R TIER BRI AR, HA YRR
64.6 g/L, BAMIEIRMI 2.2 4%, KAHE pH AME &
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(1 1.5 1. BkopabebR BER ARG TR KA Py i
(52.8 g/L), (HBIME R R A RS, X
FoAE pH #MEHS 1 DO #MRH IR S R A B /&, &
PAE pH #MEIEEE T, R 2R A4 R AR
Z158%(0.44 mg/g, 0.14 mg/g)#FHH & T1E DO
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Fig. 4 Time-course of astaxanthin fermentation in DO-stat fed-batch for Phaffia rhodozyma
JMU-VDLG668 (A) and Phaffia rhodozyma JMU-MVP14 (B)
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Table 1 The effects of different sugar-feeding strategies on astaxanthin by Phaffia rhodozyma JMU-VDL668

‘ ety IFERSR I RAM™E e LIS ENEES

bk ¥ VI Biom Astaxanthin Specific Productive Bi( m ield Astaxanthin
Strain No. Fed-batch ((; /LE;SS concentration of astaxanthin ° (Zj;)y ¢ yield

(mg/L) (mg/g) (mg/g)
S3EHE 3% (Batch) 28.53 13.56 0.48 0.34 0.16
Phaffia fiknlEbERPulse-fed)  52.80 15.43 0.29 0.36 0.10
rhodozyma .

JMU-VDL668 18 pH #MEH(pH-stat)  46.73 20.63 0.44 0.32 0.14
{6 DO £MEHDO-stat) 64.60 17.38 0.27 0.27 0.07

2 AR IEMELES IMU-MVP14 EikEi S =R 00

Table 2 The effects of different sugar-feeding strategies on astaxanthin by Phaffia rhodozyma JMU-MVP14

‘ ey IFERSE IMF RN AR IRERGE

R Y VI Biomass Astaxanthin Specific productive Biomass Astaxanthin
Strain No. Fed-batch (e/L) concentration of astaxanthin yield yield

(mg/L) (mg/g) (g/8) (mg/g)
J34it 5577 (Batch) 16.53 137.96 8.45 0.26 2.61
Phaffia Jik ke (Pulse-fed) 3247 414.12 12.76 0.24 3.54
rhodozyma .

JMU-MVP14 [TH pH #MEH(pH-stat) 48.47 17.54 0.36 0.56 0.21
18 DO #pH(DO-stat) 38.53 403.24 10.46 0.30 3.16

iR Bl o A M QA AR OB . CIREE R
PR, X SRR R R A R A
AIEHEERNT, 45 pH AMEN T Z AR pH {H
(b Thmme R AN, I E X Ol ZERAFAHY
=PRI TR, AR T IR R AR,
15 DO A I 1 A A G oS i 7 2 EA TR Y

K(0.56 mg/g), X Ui WA 2 T RIAEK
PR, B R RIBRIEARE RTINS R A5 .
3 &

TE 7 L Rl b, AR kb
B 1E pH #MEL. 1H DO AMER) XL K R EE

I, SRR PR >, R E R R
AEXT A

Fe ik iRy IMU-MVP14 T ARLEA R #ME}
T R A R AR R G AR GER 2), 7T
DA, SRk bRl B A 1 A RS R AR
REA LA 3G, ixAbRREE T, IFE R
(A2 BEL 212,76 mg/g) FIER TS 2 15%(3.54 mg/g)
BT R A iR . Ak, 15 DO #hELA
[l N N B e i o A S T O |
(403.2 mg/L); KHIE pH #MRISEMS, A4
B3, (BIRE R R ARAMK(17.54 mg/L). MK 2
s, fE pH MRS T, TEAARR A 1S 3

JMU-VDL668 Fl IMU-MVP14 B #E A4 K iR
RO, SCIEE R IR A KA
R AR AH 22 B K, AN ) bRk O R vk 5 B
JMU-VDL668 1 IMU-MVP14 FEkRE A 84 K
RS R BRG] B 225 . XL KRR
JMU-VDL668 F#RUL, 15 DO #MEkEA ] Tk
FKEERE IMU-VDL668 TRk P AR A= 1, LA it
h64.6 g/L; RAVH pH #MNRF AT, HRF 2" Hix
K, M 20.6 mg/L, XEREEEE IMU-MVP14 Gk
e ud, kR R & T SR Je AR TR R T RE
IMU-MVP14 # tk IF & X 9 L &, & 3
414.1 mg/L; Ak, 8 DO FMEEIE T, HFE ZE 1
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