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PR TRR BESAER, AN S XL R BERE IMU — MVP14 B4R 004 K FIIR 5 24 M m . 45850, 1%
PRV T (20 /L), fHE B & W] WAL R IRy = A i =28, SR REMILL, IFE &=
TR 2 R B T 27% F140% , 433555 102. 8 mg/L #15.9 mg/g; HHEIFRKET (30 /L), 18
LR R, AR IR Z 118, 4 me/L, St REEM LIS T 34% ; R R E T
(60 ¢/L), KIS FIE IR 2750 280. 6 me/L, MR R R 7 FIRE £ R0 3.5 %, HEL
B W S it R AR E, AR IR S R P= A BT,

[KREIR] WEREERE; IMFR; CBE; #hE

[FEHES] TQ 920.6

Promotion Effect of Ethanol on Astaxanthin Synthesis During

Fed-batch by Phaffia rhodozyma
FU Shuang', SHEN Ningyan', NI Hui'*** | LI Lijun"***, YANG Qiuming'***  XIAO Anfeng'*’*

(1. College of Food and Biological Engineering, Jimei University, Xiamen 361021, China;
2. Key Laboratory of Food Microbiology and Enzyme Engineering of Fujian Province, Xiamen 361021, China;
3. Fujian Provincial Engineering Technology Research Center of Marine Functional Food, Xiamen 361021, China;
4. Xiamen Key Laboratory of Marine Functional Food, Xiamen 361021, China)

Abstract: Phaffia rhodozyma strain JMU-MVP14 was cultured in 7 L fermentor to investigate the effect
of ethanol supplementation on cell growth and astaxanthin synthesis under different concentrations of glucose.
The results showed that astaxanthin content and cell yield reached 102. 8 mg/L and 5.9 mg/g at low concen-
tration of glucose (20 g/L) under the condition of constant ethanol concentration. Compared with batch fer-
mentation, astaxanthin content and cell yield were significantly increased by 27% and 40% , respectively.
Under the condition of 30 g/L glucose at constant ethanol concentration, the content of astaxanthin was
118.4 mg/L, which was 34% higher than that of batch fermentation. At high glucose concentration
(60 g/L), the yield of astaxanthin was 280. 6 mg/L, which was 3.5 times of the yield of astaxanthin at low
sugar concentration (20 g/I.). The biomass and the yield of astaxanthin were significantly decreased by con-

stant ethanol-fed fermentation compared with batch fermentation.
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0 3%
HE (astaxanthin) S —FEAE T A AR ) Hig v 1 T = 2R i) f\;zr%, HAREPTEATE . BT
Joiged NGRS E J1 S A A F N RE, I TR L kL Al R R 2 A

EREEEE (Phaffia rhodozyma) Sl AL A PR R AR R A R T B RE S AR
ZRR AR TR, R B AT S R ARER T R BT IR, s R T ATz 6
TR, N TR R ERRIR T R, ATTHRSE T R AR T 2R AR i R B R R AR R
(7K F . Fuente 55 7 10 L & WEHE R EF T R W BRI 2 A AMBHEE 591 64T OB IR ST, O Py AR 75
B AT 4.7 mg/g, BORRED R, it A iy SO0 B AR A A KRR 3R A B B RS A 43
HEAME LB, SRR ECMERA I, XS R R A K AR R AR A H], YRR KN 32.6 ¢/L,
URE R S E A 14,5 mg/L, L, S BBGAMEER] RO RS Bl ROPREE, 32 i 4R I 42K
AR A AT . Gu S WFFE R, LT LU 1 R e B R e R 55 2 4 i = % P
MG AR T BEIROK R AL TR R BB AU R A R b, VRN 6 o/L ZREREW A kIR &
MR, RIZEES DRI, IS ZAEROARB BRI B, fTLSSMIRE £/ 0, RER
B E R 3 o/L,

UL, TR KRR R EEE A, ZRE T LAGE R R RE AN N R R AR . AR S R G IRt
FE, FBEET NGRS R I I B AR A R S I IR SR AR, R AR SR A TS £
AT LMRHFR T R G . BT Ry 22 5, FERRIR R B R R R R, LA M A R R
TR A TPR A AR K2 5, P, AIRIRAE 7 L & ERE b SR KRR MU — MVP14 B
R, FBEAEAFRETTE IR SR AT, IS BEX ik R BERE IMU - MVP14 T& 887 BR 5 R A2 0
TS AR o 1 R R RE AR 2R 7 B E b CREAMRL g, DR v R Bl A I MR R I BE ) o

1 MEERE
1.1 &

B RWERE (P. rhodozyma) IMU — MVP14 BEFE. FRIEFRIEEE IMU - VDL668 T ik 25 H LAt iR . 6175
s TR STEL 0. 5% B RURK 45 & 58 AR IR G 7= A B R R IR Wk R B AR 2], AR s R
7
1.2 #EHE

RHET PR SR SRl 53R 3L L 4°Bx ZHERFREE, pH =6.0,

TR IR (g/L) . KH,PO, 2, (NH,),S0,5, CaCl,0.2, MgS0, 0.5, BEEEE 3, pH=6.0,

7 LERMEIEFREL (g/L): TETChRIEIEFREE TSI a0, Foml iR s 9 5t
1.3 EFHE
1.3. 1 FRIEF il &

1) WAL BC-70 CHIRE RN ER, fERA 4°Bx it REnatm L4k, & 7T
22 CHHIRBE SRR 5 d.

2) KEEFFROEI S PRBURIE BRI BARETE, BEA 250 mL BRI, B3R 2 ~3 d e 1 ARAR T,
B 1 AR T2 R R 3R R T, 158 2 AR, T RREIAL
1.3.2 7 L kPR

SR EE: LA S5% MR S SR A T AR 5 LI 7 L R ERESE SR b, R 78 v A
F 5050 8% B ZUKEE i pH AE R 5.0, KEEREE 21 C, MW &3 L/min, W BIREEE B 6lE A H
H30%~40% .
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CBEANRE R . EFETRIN 2 o/ L M BEZE 7 L R EERERE R IE R, RS F QB IR A8 13 4 h
ELES RN, IFAMNZEER 2 o/L, HARFRAIR A BE,
1.4 SDWFE
1.4.1 AEYarE

U5 mL BT B0, 3500 o/min 2500 5 min, JFRHZEMKYERELR 2 %k, T 105 CHETHE
ATEEUZ] .
1.4.2 WFEFRSENE

T AR R M S mL R BRSO 2 RS RN R W IATE 55 C T 5 min J5,
A2 mL EEFHAZE 75 CHH I, B RGEIMA S mL CFERRE R, L5056 RE
WOk, MOBEEZ 2 10 mL,

AN A [ v B A B AR T AR, R D 474 am AR, & IR
BRI, FEMFEIRT, W KB, BRI R SRS R PR RS &,
1.4.3  REERGRA I e

3, 5 - ZHEHIKHIR (3, 5-dinitrosalicylic acid, DNS) ¥E:U0. 1 mL ()& B b 35 WA B 208 Bk
JE, JA0.6 mL i) DNS, #/K¥# 10 min J5 2 B H, HIZEMKERZE S5 mL, i 0OEEEHHE
P 520 nm Tl5E
1.4. 4 RFER CBER B B

Beil 2 o/ L B CEEFRUER IR, BB IR B2 3 TAR R RAR Y 50 mL 25048, B35 mL, H
T LBEARE L, 7622 CF, OFAEEERPERTTIN 30 min ZEECH 0, A% B BN v & T 55
DB EERE SR 0.5 em AL, FHFPRITET 50 s J5 8, B BN b s T2 30, FFiseich o Je e
T
1.4.5 ZRSEWITHE

1) TFEFRMM=HE (mg/g) =IFFRRERE (mg/L) /EYEFEWRE (o/L), AT
Jarb E AR PR (mg) A,

2) YIMIfER (g/g) =AYEFEEE (/L) /MMM EERE (o/L), DIHFEA ™
TR (g) ML,

3) MFEREE (mg/g) =IFEFRFERWEE (mg/L) /HFERIMERRWE (g/L), LAMNAER b
PR R TE (mg) ML,

2 H#HREITiE
2.1 REREREEFEN KBNS

TETCORUR 7 L R BERESE IR, N 20 o/L #IAIHE, ol i & BeRs 723 . UL SBEAE R AR E
ITAME R TE, B 12 h BURER I A it | W95 27/ MR & i, RIS R 3, B AT,
RIS E 1 iR,

SRS B b R R DL, KB 24 h BTG K218, Ab T i, Bl X3 4 05
FIF, 24 h JEERERIEA TXECERY (K 1a), £108 h KA TRE, £¥WEks THKMHE
20.8 g/L, ULHT, KREERH M MEREEAGIHFESRS, SRMINE = & R Ea K, &4 9
144 h AR KM 80. 6 mg/L, FE 1b A%, ABEZE 84 h 5, BEFRIEvh i A b AP FI e,
W, FEACHERR R T R, 1A REERESAL Taii s = fRAS, MBS B S B fe 8 THRS R 1Y
HH, AR RN R A BRI (K 1e), 5ot MRS T 40% , £%]5.9 mg/L, 55X
ORI AH L, CREAMEVRTET A lE, HAYEISA TR, MAEEFAENLREA -2, HIFEFRE7EH
B A3 (K 1d) .
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AR 1 AT, RREEAGN, IFE R/ EAF 102.8 mg/L, S0 ABEALEES T 27% . Yamane
ARG R B, AEE R K BEd B RN BN L R BT P UM B — E A, INE RS
LA, BIZ AT TR AR 1 0975, Gu %7 BFEA0, 2 BT R HEE X
P BEA R R i £ T i S RN 6 O I R SRR R S A B RS (HMG - CoA IR JEE) Y36 1,
HMG - CoA AR TG ML E I, WA E Z i R Uk AR 2R A Bas e, M fe o i o or

RIHER,

20

M Biomass/(g- L™
=

)
=

RN
Residual sugar content/(g- L

0" .
0 24 48 72 96 120 144 0 24 48 72 96 120 144
t/h t/h
a) a2 b) FEAE A it £
Change curves of biomass Change curves of residual sugar content
—~ 8 r =120 ¢
a0 —
) =
= 4t % E
S v S
¥ = é 40 t
L :
2 z
\% 0 1 1 1 1 1 ] é 0 ™
0 24 48 72 96 120 144 0 24 48 72 96 120 144
t/h t/h
o) 4 SR AR 2 d) #FF =R £
Change curves of cell yield Change curves of astaxanthin production
16 B Notes : -1 43 1t & B Batch fermentation ; —- Z B4 Kl & B% Batch fermentation with ethanol addition

1 REREREE L ZEAMIXEXRES IMU-MVP14 £ B H 0D
Fig.1 The time-course of microbial growth and astaxanthin production ethanol
fed-batch at 20 g/L initial glucose concentration by P.rhodozyma JMU-MVP14

F 1 RHERS (20 g/L) ZEEAMBIXS A R BERE IMU - MVP14 FEiR B RHF M
Tab.1 The effect of fed-batch on astaxanthin production at
20 g/L initial glucose concentration by P. rhodozyma JMU - MVP14

p FER =X . g gy % .
grors OURRRER g g STTRCR ARSI
esidual sugar . . Astaxanthin Astaxanthin L
Fermentation Biomass Cell yield . . Astaxanthin yield
ethod content (g - Lt ) /(g - 5 ) production cell yield /(mg - 5 )
/(g- L") ) g8 /(mg -+ L") /(mg-g™") g8
JEms
ﬁ’ﬂt?j@ 1.24 19.17 1.01 80.63 4.21 4.33
Batch fermentation
CTERMEL A
Ethanol fed-batch 1.16 17.33 0.89 102.78 5.93 5.55
fermentation
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2.2 HEREREEFENKENSN
IF R SRR E 2 —, R Y F oo R, R SORSRMAEYAE KR
HORUE, B C/N AR TR BN PR AL RS OB R Rk B T S B R R B T
BRI — D3R S AR TR R 3 2 30 o/, 0 TR R ol o M B N R BB SR
YENAMNERR AT R BE, B 12 h BURE T A i . 075 R MRS m a2 fL, IFHE IR 4000
FrE A RN 2 R,
HI [ 2 TTHL, KU Z B0 43t R BETE R % 24 h AT, BRI AE KA TR, RKE2%E 84 h
YRR BIRR(E 21,7 o/ L, SEATEIAHEEABINAETE, AR RN 2 5 S A R 2 F e,
Bl AR A1, AR TEFE 72 Ja SRR /N T IR R (1 2a) o fERBEE R 4NN Z
PSR S B T R BRI AR (B 2b) , AR TIFERM A (Kl 2¢), KM 144 h IFH R
FEoN 118, 4 me/L, FUXTRRAHEE T 34% , Yamane SEOTBR Y IR, i C/N A F Tk R REAE i
INERMR, FEHAHT, UFE R R 5% A RS T 48% , 153 6.8 mg/g(K2d)
PR 1 Rl 2, 2% 5% ik vp 4 4 0 0T VR Bl 20 /L $2 7 & 30 /L B, B REERE JMU -
MVP14 Kk EE=IRE R B A IR g 2 - w8 a 8 m, M2, 30 o/L EEEESER&AN T
AN EE, FTLGAE S (R R i, XUl B e o 2 W T A R X R BRI R A A

= 40 30
2 s 30 &
& = =
@ I 120 f
W £ 20 5
‘d-E( = [a=)
i %‘3 o 10 |
&2 10 R
E ki
Qq:/j 0 1 1 O B . . N N N X
0 24 48 72 96 120 144 0 24 48 72 96 120 144
t/h t/h
a) FRAE S ARl 2 b) AW £
Change curves of residual sugar content Change curves of biomass
7_.1 120 ¢ oo 8
= 3
i 5 s 6
P 80 <
i = 4
fr = S
&gZ 40 ¥
= q 2
5 ,
: 2
<"" 0 - . . . . ; Eﬁ 0 1 1 1 1 1 y
0 24 48 72 96 120 144 0 24 48 72 96 120 144
trh t/h
o) BR55 R AR M £k d) A AR 2
Change curves of astaxanthin production Change curves of cell yield

Ui Notes : -3 204l & ¥ Batch fermentation ;—- Z B4 EL & % Batch fermentation with ethanol addition

B2 fiEREREREEZEINERES IMU-MVP14 R B %0

Fig.2 The time-course of microbial growth and astaxanthin production ethanol
fed-batch at 30 g/L initial glucose concentration by P.rhodozyma JMU-MVP14

2.3 BEREREEFENKENZN

RSO R I, R R M R A A B X R BT IMU - MVP14 B Bk 19 R i A A R A
Mo ARSI TR SCn g LR B, SRR 5 Th s A0 0 BT R B, A R R ERE MU -
MVP14 bk & B2 T R, RIAIRIGE TR 7 L L BERER g2 5evp, 0 60 o/L #454E, Fdih
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JG R SO R P Y R R TRk . DL G R ANERR AT AR A, B 12 b RORE ) RSN AE )& BRE
R MRS R, PR E R AR, FER K 3 R,

R WERE R BTV IS T &, |7 12 h AAKBER, AW, 5, FE 72208
W, SRR EY LA L, BRI D A AR SR W B 60 o/L I, VAR BERE A KR,
Iraas TR IEER Y, SRATHEAXTEON (&l 3a),

MERBEE 2 (KI3b) W, BEE ARG, LRI s A A T R T, AEIn e
RS IRAL L e 28 84 h 5 A LA R IS8, AN £ st (03056 ZH 1R T AR SE M Al 19 R 0]
BRWERN 4.7 o/L, HENRTREAE S DT i Wk B2 T, BVEEVS A 0 se /2 iR R RE m AE Kt 25 32 3l
S TE AR AL ( Craburee effect) ', IS X A A REAO R FHER R EERR 40 IR 2577 A LB
AR A A M AR A BT R VR R AN S B, R EERE IMU - MVP14 TR PR AE K D
A FER 3 R P i A BB R (& 3a, K 3c), MM~ RAgihdk (& 3d) nl%n, RAPF
TR R R IMU - MVP14 B4 A a5 — 3%, X U7 ot T fa vk B b S B 1%
X1 B 200 7 M 2R B e VR T o R W B R BT S 4 R T LA R £ T R TR R 7 i R
33% , VW] WO B vk B s FR XA R ERE IMU - MVP14 BERE IR E R A MR,

30 ¢ 60
I o
% 20 H 2 40 |
@
2 g 3
= -
= 10 | = 320 |
< =
0 1 1 1 1 1 J Qq;'j O 1 1 1
0 24 48 72 96 120 144 0 24 48 72 96 120 144
t/h t/h
a) A il 2 b) FRME AR £
Change curves of biomass Change curves of residual sugar content
_.300 18 ¢
= T
i 2 200 3 12
#2100 - S 6
=g -
2 5
g 0 ® N L L L ) % 0 N A L L L )
0 24 48 72 96 120 144 0 24 48 72 96 120 144
t/h t/h
o) BRIE R AR i £k d) 4 A< AR A i 2%
Change curves of astaxanthin production Change curves of cell yield

16 B Notes : -3 73 #lL & ¥ Batch fermentation ; —- Z. [ 4Kl % 8% Batch fermentation with ethanol addition

3 EHEREBIRERLZEARITEXES IMU-MVP14 £ B KT
Fig.3 The time-course of microbial growth and astaxanthin production ethanol fed-batch at
60 g/L initial glucose concentration by P.rhodozyma JMU-MVP14

2.4 AEEEERERE TN ZET EXRBEAMEKRIFEES RN

3 P EIR IR T, CEEMAMINRTE R IERE IMU — MVP14 B REZH A 1 S HR 5 25 A
ML RN 2 Fias, N2 il AFH, BRI 20 ~ 60 g/ L 4 25 W o f2 vk 88 % ik R £ JMU —
MVP14 A A B 500, 60 o/ L (44 o fe vk BE 4 /& 11 RIBERE IMU — MVP14 & i~ iR
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TRIAES, SRR N 280. 6 mg/L, ZMUHEFIEAKIE (20 o/L) HFFR FURTT R A9 3.5 4%,
W1 e W IO o B B R S ) TR R I A N RS R AR

CBEANE R IREE IR W A 1 RIAR A A I, B A B B e AR I, IR R S AR
RANM =R I, (AR T FE . 20 ~30 o/ 1 2 1l It vk SN ¥R 0 & It o K e B R 75 3%
M E A e eV R, A e v R T 38 S AR T SR AN R 2 TS 20 o/ L A4 bl i ok
JEZRMET CWEAMEUR I, ST SR AN, T PR i Ak e 32 0 3 S B2 2% 1R TR IR 3R A R T R
UAIEAR A A B R B AR PE N, B S BRe PR DR PR B DR AR M IR 2R

H[AITE 60 o/ L A % B BT W B2 15 9% B B R BEAR LE , Z T B A IR AR 17 3 R B B JMU -
MVP14 T RRA K5 I A= i AR5 2™ 5, 1T DA A ™ R A b £ mT o, SR T b & I8 T 20 K I ik
KEEEE MU - MVP14 BYZAAE ™ RS —E, BORERINE RK8 TRE T, [HR g irg R
A S I REUE . SR T e B S IR N, Sl TR R A, EEOR M T IE T R A L
K, JERFEANNE N IR R & AR,

R2 AREREREZFF ZEMIXE XS MU - MVP14 iR S RE 00

Tab.2 The effect of different fed-batch on astaxanthin production at different initial
glucose concentration by P. rhodozyma JMU - MVP14

b J L AL = e e =y = 2H
] Residual sugar K X Astaxanthin Astaxanthin cell Astaxanthin
Glucose Fermentation Biomass Cell yield . . .
art thod content /( L_]) /( . ) production yield yield
concentration methoc Lp-l g g g LT -l Lol R
S(g- 1Y) /(g-L7) /(mg - L77) /(mg+g™) /(mg-g™)
N
9y HLSCRE Batch 1.24 19.17 1.01 80.63 4.21 4.33
fermentation
20 RN T
Ethanol fed-batch 1.16 17.33 0.89 102.78 5.93 5.55
fermentation
P .
gl Ealch 0.17 19.41 0.60 88.36 4.55 2.87
fermentation
30 CBERMRL A T
Ethanol fed-batch 1.70 17.43 0. 60 118.42 6.79 4.31
fermentation
/4 > ate
SYRLERE Batch 1.24 19.17 0.32 280. 56 14.64 4.83
fermentation
60 RN A T
Ethanol fed-batch 4.64 17.33 0.31 210.32 12.13 3.88

fermentation

3 4ig

FE7 LOREERE L, TR RRPIEGEE R AT, AN ZBEXH A R EERE MU - MVP14 B FR B K
AR FIRE RGBS, 7520, 30 o/L (0] 1A 0 4 B8 BT i e B2 T B ik RIERE, SR FHH 2 S Bvk
JER AR T AN IR R AOFER, JHR RIS R s~ =, g LRV, 7620 o/L H)
TR R R R AMINZ Il IR R R AT A 102, 8 mg/L, M7 REH 5.9 mg/g; 1630 g/ LA
AP T, SRATEE CREWRE R EE, IFE RN 118.4 me/L, X MRAIER & T 34% 5 £
60 o/ LI e A4 W I vk B T R R e e, MRS R A B0, O 280. 6 mg/L, AN B
TR TR AR KT IR A W TR R
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