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Abstract: Chromochloris zofingiensis can grow in a variety of vegetative growth modes and synthesize astaxanthin under
inductionconditions, and thus, is regarded as a promising and new alternative producer for microalgae-derived natural astaxanthin. The present
studysystematically investigated the effects of sodium acetate concentration, feeding method, pH, and ethanol concentrations on the
accumulation ofastaxanthin in C. zofingiensis, and the optimized conditions were then applied to an outdoor 300 L tubular photobioreactor for
large-scaleverification. The results demonstrated that when the initial sodium acetate concentration was at 2.5 g/L, sodium acetate at 2.5 g/L was
addedevery 6 days, medium pH was 6.5~8.3 and 2% ethanol was added, the astaxanthin content was the highest (3.71 mg/g), which increased
by 31.71% compared to that achieved before optimization, and the corresponding astaxanthin yield of astaxanthin reached up to 5.37 mg/L. In
the 300 L tubularphotobioreactor, the maximum astaxanthin content and yield were 3.44 mg/g and 1.10 mg/L, respectively. The present
workenabled the enhancement on the accumulation of intracellular astaxanthin in C. zofingiensis using different induction conditions, and
furtherverified the feasibility of cultivating C. zofingiensis in outdoor tubular photobioreactors for astaxanthin production.
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Fig.2 Effects of initial sodium acetate concentrations on

biomass (a) and cell numbers (b) of C. zofingiensis
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Fig.3 Effects of different initial sodium acetate concentrations
on contents (a) and percentages (b) of different pigments in C.
zofingiensis
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Table 1 Effects of different initial sodium acetate concentrations on biomass, yield and productivity of astaxanthin and the percentage of
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astaxanthin in total carotenoids of C. zofingiensis
BAERANIR BI(QIL) A4EIREIQL) SFHEEAE(mgL) FHEEZE[molL-d)] SFFEHEEELAE M EIE %

0.0 1.45+0.06 1.81+0.06 0.10+0.00 33.05+0.10

0.5 1.75+0.05* 2.08+0.03* 0.12+0.01* 37.35+0.10*
1.0 1.80+0.01* 2.21+0.05* 0.12+0.02* 35.32+0.11*
15 1.78+0.10* 2.94+0.08* 0.16+0.01* 40.77+0.09*
20 1.98+0.02* 3.14+0.09* 0.17+0.02* 41.29+0.05*
25 2.15+0.01* 4.07+0.11* 0.27+0.03* 45.06+.0.12*
3.0 2.00+0.08* 2.85+0.07* 0.16+0.01* 40.31+0.15*

Er SRR EMBANIENER, RAERRSTRTRIFEGIENE, AMREEEME (p<0.05),
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BEEREARI R F R . Rl MR R B A= R 5
H9n 2.26 mg/L A10.17 mg/L/d, HFERESH SRS
N 12.01%, N LEIEE (p<0.05).
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KN 1.89 mglg, AWEIREEN 215 g/lL, AR THE
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AN RIS BRI A7 2O e R (S i R ) e 4
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FHEE, PR INES R A SEAG 2 SRAT B AR ViR 3
PEME (p<0.05). Hrr, 4 3d#Min1.25 g/L BER
BNISEIR A, SRRV RIRE N 3.55 g/L, [
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SIS PAF VY EIREE, 758 12 d 1A 35 =1 3.82
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(p<0.05), XUt BH IR MBEFRENA Bh Tt Zasedn A4
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Fig.4 Effects of different substrates feeding strategies on
biomass concentrations (a) and cell number (b) of C.
zofingiensis
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Fig.5 The pigment accumulation (a) and pigment percentage (b)
of C. zofingiensis in the cultures with different substrates
feeding strategies
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Table 2 Biomass concentration, yield, productivity and percentage of astaxanthin in total carotenoids of C.zofingiensis in the culures

with different substrates feeding strategies

ik EIIL) AN ERRNGL)  FEE E B (mylL)

WEEZRmgLd)] FHEEHEELAT FE0T 5%

0.00 3.10 £0.06 5.30+0.36
1.25 3.35+0.05* 7.19+0.27*
2.50 3.80+0.06* 8.93+0.23*

0.22+0.01 42.69+1.20
0.29+0.01* 43.16+1.13
0.38+0.02* 45.94+0.18*

Er SRR LA EENER, RAERRSTARRIFEGIENE, AMREEEME (p<0.05),

23 pHIEEIGEUL

pH A& e 40 i A K AN = DT R ) e S
iz —, 1ERRFERE basum BRI e G E R LUK
BEFRHE G IR R B R £5 55 BB AR AR S . AT
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AR BB, &RwE 6 M7 Fis.
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o H 0w  Jy 2.49x107 cfuimL, LA B E
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1.78 g/L M1 2.12x10" cfu/mL. XFH] HA Gk FHEh
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K, BRI pH E2 20 A RN A0 A
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A DA R AR KT, SR EORIN AR FE
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Table 3 Biomass concentration, yield, productivity and percentage of astaxanthin in total carotenoids of C. zofingiensis in the cultures

with different invariable pH values

Kiftt AHSRENGL) FHEEZE(mgL) FHFEZF[mg/(Ld)] FHEFRELELAL N EE L%
z8 2.5040.10 8.63+0.51 0.43+0.03 60.64+0.68
pH=6.5 2.57+0.04 8.91+0.67 0.45+0.03 61.22+0.24
pH=7.5 2.47+0.05 7.01+0.71 0.35+0.04 63.08+1.41
pH=8.5 2.10+0.08* 6.43+0.54* 0.32+0.03* 58.22+0.27*
pH=9.0 1.78+0.08* 5.48+0.08* 0.27+0.01* 58.36+0.37*

Er RRabERAIEMER, KA URRSITARTRIEN T EE, AHREEENR (p<0.05),

H3R 3 A1, 24 pH EFE N 6.5~7.5 i, KM
IS RIS &R~ 25508 3.47 mg/g 1 8.91 mg/L,
RS MR 63.08%; 124 pH FFE:4ERF(E 85
PAEREATANAR RS IR, 2rid s i AR R T AR
R E R ERK (p<0.05), HIFHE R RHREN 6.43
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WIZIEHE A pH B4R A= K TG S 5EmR T
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PR T 3171%, MRS ERKE St
37 46.87%, (HEHSEE bRIE R 64.86%.
M4 CEERE N 3%, 4 IR E RS &I T
F& 1.32 mglg, AHECTXIHEA, IFERSRBD T
114%, I HEEd i i A R H o S B2 B3
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Fig.9 The pigment accumulation (a) and pigment percentage (b)
of C. zofingiensis in the cultures with different ethanol
concentrations.

E: R TR 2% £ % (p<0.05).
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(p<0.05) o XULHH, X TOspiEafAEKInE, X
CEEREAEE 2%0), AR THMIFERHR, X
TN CREAR SRS 290, 2o R O ar ) A K A
JARE R R R4 AR HGETR . K
H . BE7 S LR KRR R AR R/, MmA 1~2
olL ZBERE, S5 A TR BEAE M A B ER T R A B

IS0, 24k 8480 i 2 234 B DU > 40N 7 AR R T
FERIAZLEREE TR, AR & RAE 0~3%M, HFH&R
ErRBEAE ZIEE I R, G AR g 4
SRAED, ARV R A PR FL A R A AR R 1 0 22
5t WT AR FIRERA A RN, B
B A A R AR R ZE S

R4 TEICEERE MERBERNEYERE, IFH~8, mERNERMLEENET MENBIHLHTLER

Table 4 Changes of biomass, astaxanthin yield and productivity, and the percentage of astaxanthin in total carotenoids of C. zofingiensis

in the cultures with different ethanol concentrations

CELRE  AMSRENL) FHE A E(mglL)

SHEZF[mg/(L-d)] FHEHSERAL N R6H L%

0% 1.83+0.11 5.06+0.27
1% 1.55+0.04* 4.82+0.29
2% 1.45+0.06* 5.37+0.12
3% 1.18+0.04* 1.56+0.32*

0.25+0.01 56.99+0.46

0.24+0.01 60.53+0.17*

0.27+0.01 64.86+0.11*
0.07+0.02* 54.33+0.04*

Er R ERANIENER, KA BRI HEN T EE, AHNEEENE (p<0.05),
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36 h, T4kt T i, ApdKoe, 76 36
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Fig.10 Time courses for the temperature, pH, dissolved oxygen
and the cell number of C. zofingiensis during the outdoor
cultivation
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productivity and percentage of astaxanthin in total carotenoids

of C. zofingiensis during the outdoor cultivation

Zi b, AWTFCR A S IMETE A ROV AR ST
PEREOLERNINT REARZIA R, (HREH T R4
FRRIAE R, IR0 LR A A T SR A
SRR BARE TRV R IR AR, IRA3H0F
HEREEMCN 110 mo/L, B TIA AF=KE,
(EARVFFPAFHIMNE R SR, 5% 3.71 mg/g.
AR FHENERE R &8I, — Il T E TRV
R Z B A SRR, 55— 7R AR
M EAMVEEFOCEN RN, XTI R TR A
W R S M, B RO ST R BT Ak
Ko KUH AR DAY R BN S
REOERRINE R AEEERRS. JFE0R
W E R EPRER SR R N IR R R BTN,
DN SIE==5 i 7 T 1 N SV V & SIS S S B L B
FRAR RINE R IR AL E EA

3 Zhip

ASHIE T LA R B 'R D T I AT e R (B R 0

I, MVIERSIREWRE N 25 g/L, W0 2% ZEHEN
A, [FIREREUEERE 6 d #h—X 2.5 g/L B
FRANHEATIRUINES 7%, FF4ERR pH {E1E 6.5~8.3 A LA =
g R & &, 4% 3.71 mglg, MXFACILRET, R
HEGERS T 3171%. 4, ESEIMEEAED
S PRI A AT IBORSAIE, R
AR GREGHE SR, e n] DLSRAS A0 N R 2
SEAFAES AN 3.44 mglg 11.10 mg/L. AHFFA]
R Tl B R OGRS AR R R
AR NEEREFE T, A JE S e i 2 e
BAIEFRHRBEE T HEfilho

B2 Sk

[1] Ambati Ranga Rao, Phang Siew Moi, Ravi Sarada, et al.
Astaxanthin: ~ Sources, extraction, stability, biological
activities and its commercial applications - a review [J].
Marine Drugs, 2014, 12(1): 128-152

[2] Fraser Paul D, Bramley Peter M. The biosynthesis and
nutritional uses of carotenoids [J]. Progress in Lipid Research,
2004, 43(3): 228-265

[3] Liu Jin, Sun Zheng, Gerken Henri, et al. Chlorella
zofingiensis as an alternative microalgal producer of
astaxanthin: Biology and industrial potential [J]. Marine
Drugs, 2014, 12(6): 3487-3515

[4] F Bregas Jaime, Otero Ana, Maseda Ana, et al. Two-stage
cultures for the production of astaxanthin from
Haematococcus pluvialis [J]. Journal of Biotechnology, 2001,
89(1): 65-71

[5] Ip Po-Fung, Chen Feng. Production of astaxanthin by the
green microalga Chlorella zofingiensis in the dark [J].
Process Biochemistry, 2005, 40(2): 733-738

[6] Orosa M, Franqueira D, Cid A, et al. Carotenoid
accumulation in Haematococcus pluvialis in mixotrophic
growth [J]. Biotechnology Letters, 2001, 23(5): 373-378

(71 FEREmn R R ERER G E IR 5 RS R[],
T 28 #,2000,27(3):198-201
ZHUANG Hui-ru, CHEN Bi-lian. Mixtrophic and
heterotrophic growth of Haematococcus pluvialis [J].
Microbiology China, 2000, 27(3): 198-201

[8] Zhang Chunhui, Zhang Litao, Liu Jianguo. Exogenous
sodium acetate enhances astaxanthin accumulation and
photoprotection in Haematococcus pluvialis at the non-motile
stage [J]. Journal of Applied Phycology, 2018

(V4558 339 71

47



	1  材料与方法
	1.1  实验材料与培养基
	1.2  主要仪器与设备
	1.3  实验方法
	1.4  分析测试
	2  结果与讨论
	2.1  初始醋酸钠浓度优化
	2.2  补料方式优化
	2.3  pH调控方式优化
	2.4  乙醇添加量对佐夫色绿藻积累虾青素的影响
	2.5  室外光生物反应器的培养验证
	3  结论

	参考文献

