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ARBEFEHL, B 2013065 3. BHEETERS: K= RHE E XL s L, B 201306)

W OE: NIRRT B A TR S AR A AR, A A A S D i A, 3 B PR U i, 3R AR
TR TN AR 2T BRI A K0 5 Y B B | 5% 55 308 B A0 2 2 B 43 R 105 pmol/ (m® = ) (21 C AN 7.5 x 10°
cells/mL, R R F 7 il T 2 (RSM) #54 Box-Behnken %31, @57 T 00 W AF 213k 5 440 1t 285 13 9 3k 22
5, B RO R T TR R s B B — I O TR 2R 2L BRI AN R A B B W . 5 N R
SR 5 PN - PP B > SRS AT > $EIRIR AL o e 7 B T VA A T AR LR B RS 3R AR R B AR B 120
s), ik JE 20 C, PR E 9. 25 x 10* cells/mL, 7F BE 241 & 45 1 T TR AR 21 BR 3 240 i 2% )% v 5k
45.08 x 10* cells/mL, k51K 2 5200 15 21 4 5 voh 356 200 M 435 132 125 14 6. 9%

KRR WALUERE; AR R R E I OGRRSREE  BERIRAE Bl

pmol/ (m’* -

RESHES: S963.21; Q 9433

R £ (3,3- 54 4" - 3-8, -5
R RIS N RELY, AR A
EALRE B Rz MR R I
FATF AW 25 Aot S £ A0 )k 8 in 751 25 41
R HRTRARER T R A R YR A
) L1k R BERE (Phaffia thodozyma) '® FI
0 op BB, WY AR 4 BR ¥ ( Haematococcus
pluvialis) J& F S8 F- o B AR 75 2 & = w10
Yy, a5 T R EE 1.5% ~4.0% ™ M4k
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290 Ao 00 2 A0 L 8 s 7 B A R st B
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1.1 EFRERE

I8 Ak SHOU-F1901 F- 2019 4E 6 H %
H LI FHH T —OMIR K KR, 255 g5 4lifb 5
133, aifb bk EIE S AR Jf 455 18S rRNA
Wy Lo X, i IA S WA 21 3K 38 ( Haematococceus
pluvialis) o VEFETIELTBREE R HIMY SE 1 g5
VER B 3B A 55 I Ja 2l o 1) B il 1 % 2k
BB B e 2 A S 7 6 BR Bk 77 4 v gk
1o BEFMYBE 254 ORI 121 12D IR 25 C,
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1.2 AREE.REREMZEMNERFIRE
any

Ot B iR TR R Ak T4 AR R Y T A 21
BREELL S x 10* cells/mL B4 1A 25 2 FP 5] 1 000
mL HEIE P, B8 35.70.105 140 F1 175 pmol/
(m® « s)5 AJEIEGREE, 46 R B 5 3 A4F
7o FEFRWIMRDGAM 1210 12D, i i 25 C, & H
FE BRI 4 Ko HERIGFE B Er R

T P T < Ak T 8 AR R DT A I A 21 3K s
PL5 x 10 cells/mL (%) 45 %5 BE4:#0 %] 1 000 mL
HORIMH B 17 21,25 .29 #1133 °C 5 MRERS
B2 RN BE G 3 AT SEFR I DG RGE B2 80
pmol/ (m® - s)  JEJEM 121: 12D, 43 H 25 4 1K
R IEFR 2ER

Wb 4 s P2 1R < K Ak 48 A K I T
HELTERFELL 2.5 x 10* 5.0 x 10*,7. 5 x 10*,
10.0 x10* [12.5 x 10* F115.0 x 10* cells/mL [4%]
REEEHEAP R 000 mL FEIE i, 4 A4 % B
B3 AT, B FR DG AR 80 wmol/ (m” -
s),JGRIAI2L: 12D, Ji & 25 °C, & H $8) 4 K

R IR 2w 1R
1.3 SeRROEE.RE KT E R iE A i i
it

% Box-Behnken 1) 3 K& 3 /KFEiX K&
THORE 1.2 9y s R R e 25 R, Dol B
(A) FEFRIE (B) FEEM B (C) B8 i, B
AR EEAEAMANAE R, & PRZRAVKF-anER 1 s,

x1 R HESHHERSKE
Tab.1 Design factors and levels of response

surface methodology for extraction

JKEAE Value
SR & Factors 1% ol =
Low( —1) Center(0) High(1)
JEHE S B Light intensity/ 50 110 170

wmol/ (m? + s)
JRLEE Temperature/°C 16 21 26

% Fh % B Inoculation

4 7.5 11
density/ ( x 10* cells/mL)

1.4 RiEEMENNE
Bl B, B9 K0 iR 5 BT E R L
B 1812 I SR F PR W AR A O 2 I TR
BEANMIE E , B RE RN TR O Uk P
TEREFRES 12 K 5205 E HEIE R Hh Ok 20
mlL, 28 0. 45 pm FHGIEE A EERRET 4E YRR (W, )

TIE , I A2 Rk BRI 5 F g it T B
(W) TR A A= P R (W)
1.5 BAMBRIENINE

I 0 B AT A < 2 RGBT 1 0 0
P BERE ST, BV, mL B, 5 000 o/min B0y S
min 7 1, SR AR HEE  TRIR B O 7
BEPRHNIMA 0.1 g EHAZH S50 wm [ A7 SRPTHCE T
W UK, 78 WHE AV, mL JosK F
45 CHRIEK A 35 min, HEREE 10, R &2
KRB, 5 000 r/min 5.0 5 min, B | 35 $2 B
W PR 0 AR 20 0606 BE TN i 42 RO
1r 480 662 665 nm {1 Y6 EE, 750 nm 1 R G
Bk TR a R b R E PR
2 2R A VR

IR 2 BRI A - 2 T RO S
o BV, mL W ,5 000 r/min B.0 5 min FF L
T, WIeH 22 K B8 YRR B O FEBER
TS mL 5% FAALE (F 551 30% £ F At K i
W) ,65 Tk S min, B0 BR B, DURERI HIZE
TR/K VA L P UE , DUE NV, mL 9 — 1 3%
MEAR(DMSO) |, KK A P AR S B, B i Bk |
i, BRI EEIRZH, Fif5 S 000 r/min &
0 10 min HF¥E, DMSO iz B0 B FH 20060
JE T B 4 BROR AE 490 nm () W G B (i, T4 R
TR MBI P,

P, (mg/L) =(4.5%xA,,xV,)/(V,xL) (1)
T Ao WG BEfEL; Ve o U 9 BE AR B,
mL; V, R ERAAR, mL; L O A IDGAE

FETHR IS B 2% (0 38 Jo o ok B2 oAk LA % 2 3
s, AT AT E % 2H B Jo i v A M Y A R
a M2 b KIS PR IIFE RIS,
1.6 HiEAE

Bl L (8 + bR 22 308 . R geit 8k
IBM SPSS Statistics 25 X} BT 15 B9 £ 9% 17 20 R
Ji 2200 (ANOVA, P <0.05 E/R 2257 W) , 45
B2 57 W& WHAT Duncan [RIEZ EILHK ., M4
K Origin 2018 4 &1, mig Ji7 iy a7 5 36 1)
Design-Expert 12 #£4715%1T57 47

2 AR50

2.1 RAREEEEMVBEMEENREL
KEEFREYENZIT
DGR JEE 3t P A1) i e ol o X L U B 57
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=2 i1 325

(RN AE 2L KB AR K AR ) & R B3 5
(P<0.05), Zit 12 d 5537, A L0 BRE (1) A9
it B ' B BE 1) T S S TS R 8 4, AE 105
) A R AR, B i i ik
39.86 x 10* cells/mL, j& 35 pmol/(m* - s) £ ()
1.98 f%; T Fiis5) 0. 48 o/L, & 35 pmol/
(m® - s)A1.51 fi5 ([ 1a) . FAELEEREEAI &
I, 29 C2H ke 33 CHABEAMMIR K shae 1 H T
UG BARRG &, o MEmf T 8. 78 17 ~25 CHiE
FEL A, 21 C 41 J5 K 11 98 400 ff 2% 3 (34. 37 x 10°

pmol/ (m” -

[ 1# %% Density of algae
TR Dry biomass

== DN N W W
o o o g1 o O

T¥IFE Dry biomass/(g/L)

WEE
Density of algae/(X10%cells/mL)
o

[=]

35 70 105 140 175

JEIEERE Light intensity/[umol/ (m? « s)]
(a)

B

cells/mL) , BZEF 25 C4H (P <0.05), &4
T o e Bl AR G R R I T ST S BRI,
21 CHFEA(0.30 ¢/L ), 525 CHTLEEE
S, IE Y T AR A (B 1b) . 7EK
FERN R LI, TR A2 213K e L s 77 1Y) 40 i 285 3 A
A )t A BN % FE ) T e TG K, XY 45 % B
IKF 7.5 x 10% cells/mL Ji5, F A= 21 BR 3 1) 4 4
TR 225 349 S ol 2 e 28 B A 42 v T A S 35
(Bl 1),

[ J# %% Density of algae

- 40 - Z2FWR Dry biomass 0.35

2 ,

235 0.30 3
© %
S5 307 0.25 <
= 1]
T 25¢f | 9
%20. % 0. 20 E
,iqb% / 0.15 »
< 156} / A
8 / 0.10 4
° 10} / 2
g s| % 0.05 I
g, _,

w
w

[ 1#% ¥ Density of algae

50

[N w S
[=] (=] o

—
(=]

BT
Density of algae/(X10!cells/mL)

T -

0_

2.5 5.0
Befhd

i

AR/NG F B R A AT V2R (P <0.05) .

2 F¥E Dry biomass

7.5 10.0 12.5 15.0
Inculation density/(X10*cells/mL)

(©

b

2= 0

Different small letters mean significant differences among the treatments( P <0.05).
1 HRSEE (a) GRE (b) MANAREEMEE (o) WA LKEMREE EMTYRAZMm
Fig.1 Effects of light intensity(a), temperature(b) and inoculation density( c)

on the biomass of microalgae H. plivialis under batch culture

22 ABEECREMVIGEMZENTELD
HRAmEESENEN

RS S . 55 e T 2 2 BR e AN R A
BB i, 35 wmol/ (m® - ) 4L a 2
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B NR RMSR & R T A R
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2a) . BEAMAEARTE RIS BIAREE GRS EE K, A (5. 97 £0.28) mg/g, 175 pumol/
FIHETFRG ETF,70 pmol/(m® -« s) 41 HFH & (m* - s) 4 H5 7w (FE 2b) .

[ 35 pmol/(m*s) —~
30 70 pmol/(m*s) b g 10.0 ‘1
105 pmol/(m?s) % E T
25t KX 140 pmol/(m*s) a } .
= 1175 umol/(m*s) ;{5 § Tk b ¢
S b NE = I b T
B 20} 8 T o 7
) adaa 5 I
=} T% =
g 157 £ 5.0f
8 2
10t i
Eﬂ beb . kb = 2.5}
Res Fegds U
st | [T | E
: N N o
0 \%02 4| biig .
HiKa HEEd KHI¥ ME BHEER = 35 70 105 140 175

Chl. a Chl.b  Carotenoid Total
chlorophyll JEHESREE Light intensity/[pmoL/ (m* « s)]

3K Pigments (b) HFFHE Astaxanthin
(a) HSHEMAKHAE MK Chlorophyll, carotenoid

ARING RO A AR B 22 5 (P <0.05) ¢

Different small letters mean significant differences among the treatments( P <0.05).

B2 REEEWNWEIKEMMAITEE . LPE MR (a) ISR (b) KM
Fig.2 Effects of light intensity on the contents of chlorophyll,carotenoid (a)

and astaxanthin(b) in microalga H. plivialis

MR R T 21 CHb, AEZIBREA MR 133 CHAIYIRIRg 28820 (E2b)
a MPERE b KRS N R RE MR S E iR WGP A T AR ZLBRBE AN 4 K a
BT R (B 2a) s IR E R & EAE R b B MR BHSE Mg RS EY
17.21 f125 CHZMEAE BRFERZER,29 CH  LRREMEH(KE4) .,

[ irec C)
401 ZZ21c %
Ky c 2 6
B29 °C > 1 c c
Eii3sec = 1 I T b
® wflg g s I
2 (A 8 [
~ @E 5 4t a
5 20 = I
£ b § 3
] e
o «©
1 . 2 g}
%1 10} i
i o
Hig&a = 17 21 25 29 33
Chl.a Chl.b Carotenoid Total .
chlorophyll #RE Temperature/C
142 Pigments (b) HFEZE Astaxanthin

(a) HEEMKHE PE Chlorophyll, carotenoid

RRNG FREFIR AR B E 225 (P <0.05) ¢

Different small letters mean significant differences among the treatments( P <0.05).

3 BHRBENWAELKEMABMEE LXADT MR (a) MIFSER(b) B2
Fig.3 Effects of culture temperature on the contents of chlorophyll,

carotenoid (a) and astaxanthin(b) in microalga H. plivialis
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7 BEEEEEN 2 %
2.3 MRy EEK R A BGRRE SR E G BT ol A9 5 2 3 R AL

2.3.1 BERV; 223 hr

T 2.1 FH94E | R F Box-Benhnken M i
T AR BTS2 56 1 JR TR A 21 3K 988 5% 57 0l I i -
LR B A SR DAk 323 et
T RMEERNIE2,

W FH Design-expert 12 S8 3155044 %) o 1 187 12X

50 [[)2.5%100 cells/ul

5.0X10" cells/mL

7.5X10" cells/mL {_ii

401 BZZ310. 0X 10¢ cells/mL L
[]12.5X10* cells/nL o

EE15. 0% 10% cells/nL

30F -1—7%

20

& Content/ (mg/g)

10}

NN

WD KW MK RTeE
Chl.b Carotenoid Total
chlorophyll

e
Chl.a

& Pigments
(a) MEFEMAEHE MK Chlorophyll, carotenoid

15 AR .

R=43.5+2.67A -2.56B +2.86C +0. 097 5AB -
0.002 5AC - 1.45BC -8. 024> -8.05B” -3.16C’
TR BN M 107 cells/mL; A o B i
JE , pmol/(m* « s); B HIEFRIRIE,C; C Ry Fp
BERE 10* cells/mL,

o

Pog

£ 8

=

] L
§ 6 : !

5 5}

=

=)

5 4

5

£ st

<

W2}

4

& 1r

i 0

=

= 2.5 5,0 7.5 10.0 12.5 15.0

FM#EE Inoculation density/(X10* cells/mL)
(b) #FHZE Astaxanthin

El4 VREMZEENEELKEMHSZER . EHE MR (a) FIFER(b) B9ZM
Fig.4 Effects of inoculation density on the contents of chlorophyll,

carotenoid (a) and astaxanthin(b) in microalga H. plivialis

K2 WELAKEEFFHEMULRIHARRER
Tab.2 Extraction conditions and results
of response surface methodology for

optimizationon growth of microalga H. plivialis

g JCEEIEAS L ERREIE ANREE

”kl\'?;’ﬁ [ pmol/ uf/%g C/(x10*  R/( x10*
: m- *s cels/ m cells/ m

(m? +s)] 1ls/mlL) 1ls/mL)
1 170 16 7.5 31.60
2 50 26 7.5 23.24
3 110 16 11.0 39.70
4 170 26 7.5 28.58
5 110 21 7.5 42.88
6 110 21 7.5 44.00
7 110 26 11.0 29.78
8 50 16 7.5 26.65
9 110 16 4.0 32.10
10 50 21 4.0 26.27
1 170 21 4.0 31.83
12 50 21 11.0 33.00
13 110 21 7.5 44.46
14 110 21 7.5 44.23
15 110 26 4.0 27.96
16 110 21 7.5 42.40
17 170 21 11.0 38.55
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XHZENE 5 REREAT 7 22 53, [l VA Rr A
WIE3E (P <0.000 1) , M FRZB R =0.984 9,2k
T (P =0.113 0 >0.05) , KB JAUTI AR X T 44
MHRZEARE 28 P ZE R 520 R 4 R A
RIS (£3) .

HUEBIIE I P, A B.C IR A* B
C* 1y P <0.05, 32 b 3A A fil 25 5 W) 1 2E £ B
BRER AR M (C) M ER 1570 B2 TR 1
ROEIESRIE (A) IRZ, W FRIR L (B) R #5559 o
AP (8RN R Wi IS5 Wi HE P, 45 D)2 - 4
FEERE(C) > JEREGRIE (A) > W FRIRIEZ (B) ,AB
AC BC KA BFHIER(FK3) .

ARSI LI EL 152 PR AR A XS EE B AN T S
AR AT DU S P A = B
2.3.2 ) i g B

A Design-Expert 12 B {F i 288 1) =
2 [ T [ AR 25 g 2 T L2 s RO R i B8 1 R i
JEFER L 3 NRNRMMZE AR R =
2 7 18 PR 1T P i e i AR AT IR R 2 [ A
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PR 3 AT A S et A R 3 22 1) 1 2 T A
JH BR8P 2 T ) 5 ELAE P A
S5 LRI 3D [ 4 T A R, AT LS
FOUHLA R R Z (8 S 5AE A, e AR
DM e R] AW P Z T S BAE T, A R A
SN =R, 45 R el SRR
Z IR A R B

AB.C 3 AT HIZZHAR R 3D [ S5

ZRIEIILIE 6, JEHESEBE (A) FIEIRIRE (B) 1945 =
LR RIE , HAF R BB g 2 W] — 3858
HAERAEE (F 6a,6d) o SEAEGRIE (A) FIEF
FHE(C) 155 fi P ] i 2 1A R AR A B {HL458 e
RN K 3D BRI AC S, R
LHAFAALE (& 6b,6e) . [F 2, 1E (B) Al
BRI (C) M BAE A B3 (1K 6¢,6f) . 5
T7 20T R E AT

R3I FENWMEREK
Tab.3 ANOVA of regression analysis

77 235 Source SEJ5 M1 Sum of Squares HE df 477 Mean Square F P
5% Model 827.31 9 91.92 50.88 < 0.000 1
A 57.25 1 57.25 31.69 0.000 8
B 52.48 1 52.48 29.05 0.001 0
C 65.38 1 65.38 36.19 0.000 5
AB 0.038 0 1 0.038 0 0.021 0 0.888 7
AC 0 1 0 0 0.997 1
BC 8.35 1 8.35 4.62 0. 0686
A? 271.13 1 271.13 150.08 < 0.000 1
B? 272.99 1 272.99 151. 11 < 0.000 1
c* 41.96 1 41.96 23.23 0.001 9
7% Residual 12.65 7 1.81

JAUI Lack of fit 9.39 3 3.13 3.85 0.1130

#li1% 7% Pure error 3.25 4 0.8137

2% Cor total 839.96 16

R*>=0.9849 R =0.965 6

% Density 2.4 IHIEIKIS

23.24 44. 46

45

40

35

30

Fidli{ Predicted value

25

20

20 25 30 35 40 45
SEfnE Actual value

5 HEEFNMESKFRER XL #h 2k
Fig.5 Comparison curve between model

predicted value and actual value

j#i i Design-Expert 12 2 f4}: Box-Behnken %
AT AR LUK RG F5 55 0, Y B A M % R 25
1353 B K, TR AE Z1BRBE 0 S U1 97 45 - O IR
SREE 119.89 pmol/ (m® - s) R 19.99 °C ,$Fh
BREE 9 25 x 10° cells/mL, 7E I3 35 55440 W F
A LT BR R 5% A0 % T A 3k 4479 x 10* cells/
mL, BUESCEG T TR K A SR 1
PERE R BRI 120 pwmol/ (m? - s) L IELEE 20 °C,
BEFh 5 RE 9. 25 x 10* cells/mL, H#E bR S5
173 WOEATIRES, Zead 12 d (3535, AL 4 Bk e
I 20 L 25 5 A7 (45.08 £0.26) x 10 cells/mL, 5
R FFONE AR T , 26 WA A] LAAE FR A 213K
BEFRI T 00 35 FRR0OR

3 it

A i 2 ) TR A 2 R A PR IR 2 3L
Tl 2 4 B T A LT R B P R A
PN TR AR LT R A M A T 4 i A
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HH T BB REAE A M N AR IR R T DUARAE R AR PR ARAS Je R 40 0 A 1 1 X 34
A AR T B Be A M R 3 S CR ARG et BRI T G BT R O N AR ZLER
e SR A e 70 T 3G SR P 2R A S R BE R A A AR I R AR

T4 BT 5 2 () PR 2 e R L IR, 2l

77755 ,
27755058 SIS

PRI
O 0O OO

R Density/ (X 10* cells/mL)

BXPF Density/ (X 10t cells/mL)
[N~}
[$)]

= 140
110
O AR CBERA S 80 AEIEE
Temperature/C 16 50 Light . Inoculation 450 Light
intelnﬁsity/ [pmol/ @ » s)]  density/(X10* cells/mL) intensity/ [pmol/ @ « s)]
(a) SGHESREEAIIE R i ) (b) YeHEERBERIEER B i T
Response surface of light intensity and temperature Response surface of light intensity and inoculation density
—~ 15 26
2
@40
8 S
()
2 E
% 5 22
3 :
o [}
g = 20
= ‘M
i =
& 2% — 18
C: 4 B 16
Inoculation 5 4716 B: IR 50 80 110 140 170
density/ (X 10* cells/mL) Temperature/‘C A:BHBEERE Light intensity/[umol/ (u « s)]
(o) RBERBEA A . (d) JeHEGREEAIR SRR E
Response surface of temperature and inoculation density Contour lines of light intensity and temperature

11

10

C:E:ME

Inoculation density/(X10*cells/mL)

C:HFhE

Inoculation density/(X10!cells/mL)
o]

4 = 4 -
50 80 110 140 170 16 18 20 22 24 26
A:DRIBIERE Light intensity/[pmol/ (2 « s)] B:i2J¥ Temperature/C
(e) e EREA BRI E S REE (f) R LR
Contour lines of light intensity and inoculation density Contour linesof temperature and inoculation density

6 SERBE,REMBEMBEMTALLREREN 3D BNEHL
Fig. 6 Response surface and contour lines of light intensity, temperature and
inoculation density for cultured biomass of microalga H. plivialis
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Optimization of culture conditions for a newly isolated microalga
Haematococcus pluvialis

DAI Ying', MU Liangliang' , HUANG Xuxiong'*”

(1. Key Laboratory of Freshwater Aquatic Germplasm Resources, Ministry of Agriculture and Rural Affairs, Shanghai Ocean
University, Shanghai 201306, China; 2. Shanghai Aquaculture Engineering Technology Research Center, Shanghai Ocean
University, Shanghat 201306, China; 3. National Experimental Teaching Demonstration Center of Fishery Science, Shanghai
Ocean University, Shanghat 201306, China)

Abstract; The suitable culture conditions for the growth of a newly isolated microalga Haematococcus pluvialis
were investigated. The light intensity, culture temperature and inoculation density for optimal growth of the
microalga were obtained as 105 wmol/(m” « s), 21 Cand 7.5 x 10* cells/mL respectively based on cell
density as the indicator via single factor test. The growth performance ( cell density) of the microalga could be
predicted with the quadratic polynomial equation established by response surface method (RSM) coupled with
Box -Behnken design. Light intensity, culture temperature and inoculation density as well as their binomial
had significant effects on the cell density of H. pluvialis in cultivation. The weight of influence from the factors
was as follows: inoculation density > light intensity > culture temperature. The combined culture conditions
for optimal growth of H. pluvialis predicted by RSM were light intensity 120 pmol/(m’ « s) , temperature 20
°C and inoculation density 9.25 x 10" cells/mL. Confirmatory test showed a cell density of 45.08 x 10* cells/
mL in culture was obtained under the predicted optimal combined culture conditions, which was 6.9% higher
than the highest cell density of the culture under optimal culture conditions based on single factor test.

Key words: Haematococcus pluvialis; growth; response surface methodology; light intensity; culture

temperature ; inoculation density
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