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Abstract: Astaxanthin is a useful pigmentation source in fish aquaculture. It has strong antioxidative activity and therefore has
potential application in delaying aging and degenerative diseases in human and animals. In recent years, there is a growing demand
for astaxanthin. The red yeast Xanthophyllomyces dendrorhous (called Phaffia rhodozyma before) is one of the most promising
microorganisms for the commercial production of astaxanthin. During fermentation, X. dendrorhous shows the Crabtree effect.
Higher glucose concentration will cause significant reductions in biomass and astaxanthin production. Therefore, fed-batch processes
are particularly useful. In this paper, effects of glucose-feeding strategies on astaxanthin production by X. dendrorhous were studied.
Based on the substrate inhibition model, an optimized two-stage feeding strategy for astaxanthin production of high-cell-density
fermentation was proposed. Glucose concentration was first controlled at about 25 g/L during the lag phase and the early exponential
phase. In such case, biomass could reach its maximum value in relatively short time. Then the glucose concentration was controlled
at about 5 g/L in the later exponential phase and stationary phase. The synthesis of astaxanthin could be effectively prolonged. The
results showed that the optimized two-stage feeding strategy was the best among all the feeding strategies, and could obtain the
highest biomass (23.8 g/L) and astaxanthin production (29.05 mg/L), which was a significant increase (52.8% and 109% respectively)

compared with a batch process.
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Fig. 1 Time-course of batch fermentation
[J: Glucose; H: Biomass; A : Astaxanthin

22 FREGEHNFTZRIEELNRSHMIT
221 AR 3) T F R
A Py A R A K B ) 2 AT AR 2 R A T4
R, 2 8B A S 50 3R W A ey R R A 2 WX i R T
B KA — @ WHIER, A SCR T IR BEA R T 4
ﬁ[w]:
dX e XS 1)
at Kg+S +SK2i
FEH, fnax FERR AR, K AR AR
B, K S A

222 JEYEIE) T FE R

45

FRTABESE, AT LARI A W R L R T

WA A AR AL . AW IE I Luedeking 1 Piret

e A IR, i iA

H AR RIE RO A, B
P dX

E—aE+ﬁX 2)

Kb oy SR A KA R A R R B, pA
5 TR MR JEE AR S R AR B
2.2.3 W IHFES) T A

JEPIHFE T AR AR B 8l ) s AL ROR, &
BRI AR AR S R A K e
BT

—— = x—4+mxX +Lx— 3)
dt dt Yx/s Yp/s dt

A Y BRUEF TR A KIS REE, g/g
Yos: BRIEH T =904 AR5, o/ me 410
P 4E 7 I AR EL, 1/h.

2.2.4 BRI ENG I ALE T

X EARBR A TG, AR mER 1. K 2.
FEAR ] 0 ot 2 s A5 1T, BB S I I R A2 4L
P, 2 PIREERITON, BR TS B0 5B B AN, Al
AR AR R A A RAF. Ul A B A3
U 1438 FH I

x1 SitAEHNFEESY

Table 1 Parameter values of the kinetics model of batch

culture

Parameter Value Unit
Hmax 0.0767 1/h
K 0.7020 g/L
K; 836.2630 g/L

a 0.3422 mg/g
B 0.5807 mg/(g-h)
Yys 0.7838 g/g
Yors 0.0199 mg/g
My 0.0106 1/h
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Fig. 2 Comparison of calculated values with experimental
data of biomass, astaxanthin concentration and glucose
concentration of batch culture
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Table 2 Comparison of parameters within the different

two-stage fed-batch fermentation

Mode Biomass Astaxanthin ~ AP/AX
(gl (mg/L) (mg/g)
Control 15.58 13.91 0.89
5 g/L between 48 hand 88 h 23.80 29.05 1.22
10 g/L between 48 h and 88 h 23.09 21.05 0.91
15 g/L between 48 h and 88 h 23.21 22.85 0.98
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Fig. 3 Time-course of fed-batch culture under the

two-stage controlled fermentation
0: Glucose; m: Biomass; A: Astaxanthin
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Table 3 Comparison of parameters within the different
fed-batch fermentation

Mode Biomass Astaxanthin APIAX
(g/L) (mg/L) (mg/g)
Batch 15.58 13.91 0.89
pH-stat 21.60 19.98 0.93
DO-stat 15.60 12.98 0.83
Constant 17.24 14.65 0.85
Exponential 20.60 17.45 0.85
Pulse 22.60 24.83 1.10
Two-stage 23.80 29.05 1.22
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