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Abstract: In this study, an optimal medium for cell proliferation of Haematococcus pluvialis HP1 during the green cell growth stage was
selected from five media. Furthermore, the organic and inorganic carbon and their concentrations in the selected medium were also optimized
respectively. Based on this, the single factor experiment and central composite design (CCD) response surface analysis were utilized to optimize
the stress condition of astaxanthin accumulation with light intensity, initial pH value and inducement time as experimental factors. The results
indicated that the biomass of HP1 could reach a higher level in medium A and OHM, and the optimal concentration of organic carbon source
and inorganic carbon source was 0.5 g/L. The optimal stress conditions for HP1 astaxanthin accumulation were: light 145 pmol/m®s, initial pH
7.0, and induction time 9 d. Under the conditions described above, the maximum yield of astaxanthin reached 5.74 mg/L in NaAC culture
system and 4.25 mg/L in NaHCO; culture system, respectively. This study can provide a scientific basis for further increasing the astaxanthin
yield of Haematococcus pluvialis.
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Table 1 Factors and levels of response surface analysis
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Fig.1 Effect of different media on the growth of Haematococcus
Ppluvialis HP1
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Fig.2 The effect of different carbon sources and their

concentrations on the growth of Haematococcus pluvialis HP1
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Fig.3 Effect of light intensity on astaxanthin accumulation
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Fig.5 Effect of induction time on astaxanthin accumulation
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ORI, 19BISETT R, Wik 2 AL
TR R 2 .

FI|H Design-Expert #4555 26 2 £t 2847 [F 545
Hr, 1530 B A5,

UG ZIREETTE CENURIRES 7758 ):

Y, =+5.71+0.23A+0.23B+0.62C—0.314B+0.22AC +0.26BC—

1264 —0.678° —0.96C*(p <0.0001, 7> =0.9222)
A ZIRENEHFE CeHURIRR 7RE )

Y, =+4.23+0.91A+0.61B+0.57C-0.27AB+0.13AC+0.18BC-

0.81A2-0.29B%-0.59C*(p < 0.0001,7* =0.9192)

I ZARE AL AT 7 22 53 A AR W AE FE 534,
SiRNE 3, K4,

R 2 mEeEPLHESIERIT S RN ESRE

Table 2 Rotating center combination experiment design scheme and response value result table

FEE A B C  HWKBRITHETE Yi/(mg/l) RIERITHEZE Y,/(mg/L)
1 0 0 0 572 423
2 0 0 0 572 423
3 1 -1 1 2.53 2.13
4 1 1 1 2.29 2.07
5 0 0 0 572 423
6 1 1 1 3.59 3.13
7 -168 0 0 1.70 1.54
8 -1 1 1 2.11 1.89
9 -1 -1 1 1.98 1.95
10 -1 1 1 3.99 3.67
11 0 0 -1.68 1.66 1.46
12 -1 -1 -1 2.57 2.12
13 1 -1 1 426 372
14 0 0 0 572 423
15 0 0 168 4.09 3.56
16 0 168 0 4.44 373
17 168 0 0 235 223
18 0 0 0 572 423
19 0 0 0 572 423
20 0 -168 0 2.94 2.95

H B drar s, AR p AN T
0.001, FBIREARLLS) 2% . 1 ML AT B A B2,
Vi B TGIINE 5 SRSl 2 (A AR, $ERENS
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P, SCUORE R Ay BN 13.226. 12.406 35 KT
4, ZATHUL, BB MAE— kB b, P
MRS R AT, SRR IRZE/N, ] FH LBk /bt
RV
TEANBRIEES TR AR A h— I A N3, B A
BE, C AWBEE. 3 FHaEEX WAL IRKER R
IR R BB A C>A>B. 0 A%, B C
YImER, WA HT AB. AC. BC 50, H
AEE, Bk, "TACKEE IR (NaAC) Ak

PRSI 3 ol PR B 7 257 A A8 H 3RS
No TETHUBRIEES FRILMAR h— R0 A N3, B
ANEE, C AWEE. 3 Pl 20 N AL BREA
BN RS EIHSUE AN C>A>B. I A, B
C s R, MAZHIAB B%, AC. BC HHK
Wi, (HANEZE, PR, ATACZE LA LERIE (NaHCO;)
NBRIRETEIL R 3 Flban R = xR = A A B
M /IN

* 3 MNEEFEE Y, WA ESTR (BIBRRERE)

Table 3 ANOVA table of response surface regression model Y1 (organic carbon source medium)

7 E R F 75 Fa AW F¥F £ F P 2 EH
ARA 44.46 9 4.94 27.78 <0.0001 * ok
A 0.71 1 0.71 3.99 0.0437 *
0.73 1 0.73 4.12 0.0499
C 5.17 1 5.17 29.10 0.0003 *
AB 0.76 1 0.76 425 0.0661
AC 0.38 1 0.38 2.13 0.1753
BC 0.52 1 0.52 292 0.1180
A? 22.84 1 22.84 128.42 <0.0001 *
B’ 6.47 1 6.47 36.40 0.0001 *
c? 13.24 1 13.24 74.42 <0.0001 *
HE 1.78 10 0.18
KR 1.78 5 0.36
Wiz £ 0.000 5 0.000
BAL 46.24 19

E R TR ERMEE (p<0.01), *RFTEFBE (p<0.05).

* 4 MNEEFER Y, A ESTR (TIBRRERE)

Table 4 ANOVA table of response surface regression model Y2 (inorganic carbon source medium)

7 2RI F 7 Fa B ¥ £ F p 2EM
ARA 19.73 9 2.19 24.66 <0.0001 o
A 0.49 1 0.49 5.48 0.0412 *
B 0.34 1 0.34 3.81 0.0794
C 4.45 1 445 50.00 <0.0001 Ho
AB 0.57 1 0.57 6.44 0.0295 *
AC 0.14 1 0.14 1.52 0.2457
BC 0.25 1 0.25 2.83 0.1231
A? 9.37 1 9.37 105.44 <0.0001 Ho
B’ 123 1 1.23 13.84 0.0040 o
c? 4.49 1 4.49 55.58 <0.0001 i
KRE 0.89 10 0.089
PP 0.89 5 0.18
HhiR £ 0.000 5 0.000
Bl 20.62 19

**EFEFMEE (p<0.01), *RTFEFRE (p<0.05).
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Fig.4 The influence of light intensity and pH on astaxanthin

content
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Fig.5 The effect of light intensity and conversion time on

astaxanthin content
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Fig.6 Effect of pH and conversion time on astaxanthin content
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