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Abstract:

high-yielding fermentation process. We analyzed several fermentation parameters, i.e., biomass, astaxanthin and total carotenoids

We evaluated an astaxanthin overproducing Phaffia rhodozyma JMU-MVPI14, and developed astaxanthin

content to compare the characteristics of P. rhodozyma JMU-MVP14 and the original strain through flask fermentation
experiments. We conducted batch and fed-batch fermentation experiments in 7 L fermentor to investigate the effects of pH
controlling models and feeding medium compositions on the production of astaxanthin. We further evaluated the capability and
practical value of P rhodozyma IMU-MVP14 by fed-batch cultivation in the 1 m® fermentor. Flask fermentation experiments
revealed that P. rhodozyma JMU-MVP14 produced high yield of astaxanthin and carotenoids with specific productivity of
astaxanthin and specific productivity of total carotenoids of 6.01 mg/g and 10.38 mg/g. Results of batch culture experiments in
the 7 L fermentor showed that controlling the pH by ammonia auto-feeding was better than discontinuously adjusting pH value
at 6.0 with regard to the high productivities of biomasses and astaxanthin. This P. rhodozyma strain synthesized astaxanthin
partially linked to the growth with the K and gma, of 0.20 h™' and 21.73 g/L, respectively. Results of batch-fed fermentations in
7 L fermentor indicated that the complex feeding medium consisted of 50% glucose, 0.5% yeast extract and 0.3% corn steep
syrup had lower astaxanthin productivity than the simple feeding medium containing only 50% glucose, which produced
biomass, volumetric productivity of astaxanthin, volumetric productivity of total carotenoids, specific productivity of
astaxanthin and total carotenoids at 32.81 g/L, 155.99 mg/L, 4.94 mg/g, 399.99 mg/L and 12.19 mg/g, respectively. As
fed-batch cultured in 1 m® fermentor, P. rhodozyma JMU-MVP14 yielded 85.11 g/L of biomass, 279.96 mg/L of volumetric
productivity of astaxanthin, 618.01 mg/L of volumetric productivity of total carotenoids, 3.29 mg/g of specific productivity of
astaxanthin and 7.26 mg/g of specific productivity of total carotenoids. Additionally, P. rhodozyma IMU-MVP14 cell contained
21.54% of protein, 41.34% of carbohydrate and 34.31% of lipid. These comprehensive results suggest that P. rhodozyma
JMU-MVP14 has great practical prosperity related to its strong ability to produce astaxanthin and good value byproducts.

Keywords: Phaffia rhodozyma, astaxanthin, over-producing strain, kinetic models, batch-fed fermentation
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Table 1 Fermentation parameters and their calculations
Pamameter Symbol Detective or calculative method Unit
Biomass X Dry weight g/L
Volumetric productivity P Detected by HPLC or photometric method mg/L
Residual sugar S Detected by DNS method g/L
Specific productivity Yo P/X mg/g
Growth speed Iy L. g/(L-h)
(1)

Syntheses speed Tp % mg/(L-h)

, X, - X, »
Specific growth rate n m h
Specific synthesis rate ap k- mg/(g-h)

t,-t)X

Monod constant Ks Modulated by monod equation g/L
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) BEEAK PRBUE A RIS N R AN A A
PR 28.45 mg/L, 16.53 mg/L. 10.38 mg/L
2.1 MRS T 6.01 melg, #bEEET K Hbk
W 2 PR, WERER (P rhodozyma JMU- 95 7, EE4 ML % B
MVP14) 4P B E KT A EK (P rhodozyma wmE 1 R, A S e Jr 8 ik R

IMU-668), TIEKHE PRIER™ R M5 R pH, KREE IMU-MVP14 RUBHEFE . AW X
K2 SrFEARSHAERERABRAEER

Table 2 Comparison of astaxanthin high producing strain and original strain by flask experiments

Strain No Biomass Volumetric productivity of Volumetric productivity = Specific productivity of = Specific productivity of
’ (g/L) total carotenoids (mg/L) of astaxanthin (mg/L)  total carotenoids (mg/g) astaxanthin (mg/g)
P. rhodozyma b a a a a
IMU-MVP14 2.75+0.13 28.45+0.58 16.53+0.25 10.38+0.29 6.01+0.19
P. rhodozyma a b b b b
TMU-668 4.15+0.13 2.92+0.04 2.42+0.04 0.70+0.02 0.59+0.02

The numbers marked by different superscript letter in the same column were significant different at the significant level of 5%, i.e., the value
marked with “a” in superscript was significant more than the counterpart followed by “b” in superscript.
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Fig. 1 Effects of the pH value controlling style on the growth and sugar utilization of P. rhodozyma IMU-MVP14. (A) Comparison
of the sugar utilization. (B) Comparison of the biomass. (C) Comparison of the growth speed. (D) Comparison of the specific growth rate.
The fermented sample by auto-controlling pH value at 6.0 (m). The fermented sample by discontinuously adjusting pH value at 6.0 (o).
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Fig. 2 Effects of the pH value controlling style on the astaxanthin syntheses of P. rhodozyma JMU-MVP14. (A) The volumetric
productivity of astaxanthin. (B) The specific productivity of astaxanthin. (C) The synthesis speed of astaxanthin. (D) The specific
productive rate of astaxanthin. The fermented samples by auto-controlling pH value at 6.0 (m); the fermented samples by
discontinuously adjusting pH value at 6.0 (O).
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Fig. 3 Kinetic analysis of the growth and astaxanthin production of P. rhodozyma JIMU-MVP14. (A) The kinetic model of growth.

(B) The kinetic model of astaxanthin synthesis.
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Fig. 4 Effects of the feeding medium on the growth of
comparison of the growth of P. rhodozyma JIMU-MVP14. The
feeding medium containing glucose only (m). The feeding
medium containing glucose as well as yeast extract and corn
syrup 6.0 (O).
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Fig. 5 Effect of the feed medium on the production of total carotenoids and astaxanthin by batch-fed culture. (A) The volumetric
productivity of total carotenoids. (B) The specific productivity of total carotenoids. (C) The volumetric productivity of astaxanthin.
(D) The specific productivity of astaxanthin. The feeding medium containing glucose only (m); The feeding medium containing
glucose as well as yeast extract and corn syrup 6.0 (0).
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Fig. 6 Results of the batch-fed cultivation of P. rhodozyma IMU-MVP14 in 1 m® fermentor. Volumetric productivity of astaxanthin
(m).Volumetric productivity of total carotenoids (/\). Biomass (e). Residual sugar (x).
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Fig. 7 Main composition of P. rhodozyma JMU-MVP14.
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P 7 L REAMHE R BEMI L, /67 L8R 1 m’ fEH
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279.96 mg/L.
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