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1 #H5F%
1.1 SKIe#r#

ST S L 95 s B AN BT 8 5
BRI 4 R, R R I K B B VL9305 AR
T , 2RI PRI I U A BT 282 R U i
Mo B3 500 mL SZ5GHZKF 5 000 mL = ffi i
H IR 15 mL Y SE 508 SR K. B SRR 7
#7:25 mg + L™' NaNO, 2.5 mg - "' K,HPO, 2.5
mg * L CsHFeO, .8 mg - L™ EDTA, FrFEAX %S
ar LY R S S AS T 8 J5 . 72 S8 50 P ik
SE R E G BRI N AT 1 37, G IR 2
6 000 Ix, SEHEJEI 12 h, bk G e 2R 000E , 1
RILSELIBM 2 ~3 W HEF IR 4 d,

1.2 BREHERXW
1.2.1 BAEMNSHRSFHEEILAEREEYHER

SEE T E S MRS EE 122 .24 26 28 30°C,
a3 HEE , FiRy 22°C R AR G
PR IR L 5 SEHR R O 30, eSS A R Oy 1. 30 x
10° 4~ - mL™", pH 2y 8.7, K5 3% 4 14 S Jy i [l
11, 4 d J5 A skt Bob i 173 8015 31 e 4
PRIV EE IR A A R A I 4 B Y L 2R
K,

1.2.2 #EMSRFHeEILEREEYHER

SCHSE S N ERBERREE 18 .21 .24 27 30, 5
BB 3 HE A R R IR OK 347 0 R O a1
AR EE VTR T LI A A S g K AR B TR BB
22 C LR -M1.30 x10° 4~ - mL™" pH
8.7, KRk Moy fm) 1.1, 4 d J5 R i3kt
BRI TS B B A BERWR E IR 4 A =t
AR BRI A ) AR R
1.2.3 BArZasRkFReEAREEY 0%

R A 1 5 I 4 8 R R R T T S 1 L v
e SRR 5 AR ,0.70 x 10° 100
x 10°.1.30 x 10° 1. 60 x 10° 1. 90 x 10° /> -
mL™" JFRE 3 AER, WEREN 22 C
7930,pH 2y 8.7 SR LR 1.1, 4 d J5
U RO AT 11505 B e A B SR T T
RR A 203 HH BRAEHE 4 e ) e A K B
1.3 ZEEXR

TERRL R ZSC I () S il b, DABR S 4 3 Lh A=

£ & Hy 48 bR, 12 F W N T 35 Box-Benhnken
(BBD) #5584, k4% 3 &R 3 K .odHE T
S8, LU (A) (EhJE (B) FIER S5 4l 5 5 4 b
(C) 2 FEEHEIA R, FEAT e Iy T S5, S 6 A 2R
K-t 2 1, Se50 ke B M Ik 1.1,

F1 EHERAKFER
Tab.1 Design table of factors and levels

7KAF- Level
K% Factors K- Levels
R (A)/C
Temperature (A) 24 26 28
FHEE(B) Salinity(B) 24 27 20
R (C)/( x10°
A ml=h) 1.00 1.30 160

Inoculation level (C)

1.4 EERKERHNE

k45 o S 1 e KR T A5t
e

InC, - InC,

- t
21, Co(10° A4 - mL™") FE WK MR IG U E, C,
(10° A - mL™") F8 B2 AR B AR, 1 (d)
PRSI ], (d ") 5 Bk S B4 30 10 BE A Kk
=,
1.5 #HEHEIt

BN R S BT A5 8 24 Excel 2016 %23
It F Origin 8.0 /EE . iy SPSS 22. 0 47 H A
FRI7 2203 H (one-way ANOVA) , #2257 .35 (P <
0.05) ,f54f LSD i: Z H LA, Z R SK k]
Design-expert 8. 0 - BBD 54 #4752 85 B 11
e 7 T V25 0 BT o SEIR 5 R LU B = bR 22
(means +SD) F/R .

2 H#R5R

2.1 BEEREXR

il B2 1 B8 R R W T 1 A K ) R B2
BEPR AR, 2o — e L 52 W V7 P40 M S S 1 A
1oAY R YN CAIDRER SN VR = R 70 bR
MR AR KR S Y
PRHTEEER BT, B2) o, HiREAE 22 ~
30 CHFaEREEAE 18 ~ 30 M, TR #E 5 8 1Y L AR
RERE TR a Bk . R 7e i
26 °C \ERJE 27 I}, BRAFHEG M AY AR R HR A F]

m
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R, ELIRE AR 3 8 52 BAE PR 35K 56 0 4 35 1)
FoAR R A5 8.2 (P <0.05) o X S [
11 K 3% ( Alexandurium tamarense )"~ /NER #
( Chlorella vulgaris) Bl K, HE AT
ABSE , T hoaed vy B Ao R RT3 2 400 7l 25 S g 1975
P, BRI N TR CO, VA AR, (A3 5 E M
R 8 T ) A ) B G R RE A Y A
i, MR A g 2

0. 40
0. 38 ‘; b

[}

5 0.36 \% b
e 0.34 ab \%
<% 0.

%E . -
WL 0.32 /
oS .

2 0.30
pogs

g 0.28

o

wn

0.26
0. 24

22 24 26 28 30
{5 /°C Temperature
Bl BENKEESEILERKERNIING
Fig.1 Effect of temperature on the specific
growth rate of Isochrysis galbana
T AN E/NE FREFROR IR 2 6] 22 57+ 3 (P <0.05)
Note: Different small letters indicate significant differences

between different groups( P <0.05)

0. 40

0,32 3f *\
0.28 / .

0.24 ;’/§

thAEKHER /4!
Specific growth rate

18 21 24 27 30
B Salinity

B2 HENKEESEILERKERHIIG
Fig.2 Effect of salinity on the specific
growth rate of Isochrysis galbana

T ANRNG PR R I 2 22 7] 22 57 . 2 (P <0.05)
Note: Different small letters indicate significant differences

between different groups( P <0.05)

b i 2 A R R A K B A T B

R EF PR A - o B rp e f i 2 b o Bk
MR FRACR Y L RS AE A (K 3) BoR, Bk
i i PO A A R AR AP B D (0.70 ~1.90)
10° A4~ - mL ™" B 50 1 KGR AR
1.30 x10° A4~ - mL™" i, oA K o 3R Bl K
KAl fE A i FAE BRIy (0.70 ~1.30) x 10°
A - mL7 R BRAEHIE A HEE SR A, AR KR
GWTHR . ML 1.30 x 10° A4~ - mL™ i F
FREPRBEY R R BB 2 BRI EE
Vit L 2 A 4 ) S DA BRI R
HER BTS2 B, B AR X S IR L
27K % ( Nannochloropsis oculata ) . = ffi 18 18§ ¥
( Phaeodactylum tricornutum ) . p fify & & ¥

( Skeletonema sp. ) A KB —2 >,

0.36 a
0.34 3_/2/ *
0.32 b
0. 30

0.28 ;

A KR /4!
Specific growth rate

0.26

0.70 1.00 1.30 1.60 1.90

PR/ (X100 4> » mL™)
Inoculation level

B3 EMENKEESEEKERENZIT
Fig.3 Effect of inoculation level on the specific
growth rate of Isochrysis galbana

T ANRNG FEER R 2 2 0] 22 5 . 3% (P <0.05)
Note: Different small letters indicate significant differences

between different groups( P <0.05)

2.2 WREEERR XK

B s 2 1 5N YA £ L I S
Z ] B A ELAE FER 35k S5 0 46 8 AR R R 5 1) 3 3o
M o, T 25 I P A 380 JoR 5 B < o8 1 o o b AR Gl
B ARSI RS AR 2 R A SR
I, LA LB S A5 R IR 2, ]I il e A Y
FH(F23) ,F (K 30.68,P <0.000 1,17k
SEFEL(r?) A 0.975 3, YLHTIZAR I HAT b 0
Gk, AT AT 3 A BRI 30T 3k S5 i 4 e 1) Lo 2R K
BRI i 22 22 EL (adeq precision) S5 )
FEH0BE , I 22 R AU, SE80 1 A SEPE B, A
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SR 22 2B 14. 9% |, P8 B AR 52 56 ] {5
G703 HT (3 3) , LT 1 B DR 22 4550 7 o TR 25
B AR E R AR 52 (P <0.05) , 3R R
LR AR Yo TR 45 4 38 b A K R A B i A
F(P>0.05) , Bt A0 2 P50 AT BR 45 4 45
FoA: KR AN 3 (P >0..05) IR R
Peiem 3 IR 2R [ A il v 20 17 40 6 08 o Bk 45 HE 4
PR R AR 2 (P <0.01) o X FIHL[
RIS A5 A A R o 38 S e R T
15 H RS 4 P LU AR R BOR T w0 X 3 2% 5
ACEEE) BCEREE) A1 C (42 &) M 4a S {E — Ik
Z IR [ RN -

2.3 REWIE

i BBD AR o 3 BR A HE B B P AR R
MR A o BedElal—Ht g Fl, Bt 3 P47
oA, SR W A R R SE PR SS R R 4. B
TEZE SR, BRI 55 552 P B8 IE 19 LU A R R
HIRFENEZS (P >0.05) , Wi S 145 5 53 A7 75
TEATEE o RS PR ™ i i v m] LA 33 X 45
AR TR HERE ], BEE SR AN K 26 °C
FidT FRPE 27 ZeAT HEFP R 1.30 x 10°4> - mL”!
FeAa, DAPRIERR S8 88 1) LU AR R RN B R fH

x2 ZWEHETHTEER
Tab.2 Box-Benhnken design with the observed responses

u=0.44 +0. 014 - 5. 68 x107°B +3. 11 x SRS A B c HAE KR, d !
_4 3 No. Specific growth rate
107°C - 0. 024B - 0. 01AC - 7. 17 x 107" BC - | 0 5 0 0432001
0.044%> -0. 04B* -0.04C? 2 0 0 0 0.44 +0.01
FRAEHE 4 B8 L A K ST (6 52 B 18 14 3 0 00 036001
. . R 4 1 0 1 0.35+0.02
Akt ALB A C B R ETRE T RN : . L e
o= —13.34 +0.634 +0.31B +0. 02C - 3. 40 x 6 1 -1 0 0.36 +0.01
107 AB - 2.38 x 10*AC - 7.97 x 10 BC - 7 -1 0 -1 0.24 £0.02
9.69 x10 A% =4.03 x 10 °B> =4.25 x 10 °C? ) 0 : obo 036001
o . e ) ) N 9 -1 0 1 0.38 £0.02
T A X B A5 I 4 v AR K A O Ak T 10 -1 -1 0 0.35+0.01
R BRI I LI P 4) 75 LR R B i -1 ! 0 0432001
. N 12 1 0 -1 0.38 £0.01
i 3 NHERWEMMA S 550 5 E26. 38 13 . o _1 0,35 20,01
°C EhEF 26. 61 FIiERE 1.29 x 10°4 - mL™', 14 0 0 0 0.43 +0.02
I R 26 0 4 0 1) e 2 K 3o S T T 3% is 0 -1 1 0s0o
0.44 4" 16 1 1 0 0.34 £0.01
' ° 17 0 0 0 0.43 +0.01
£33 EEARBFTESWT
Tab.3 ANOVA for the regression model
ﬂy‘:#;’eﬁ . %ﬁ%ﬂ H R df )77 Mean squares F{H F value P {H P value E%‘&
Source Sum of squares Significance
1% Model 0.022 9 0.13 30. 68 < 0.000 1 %k
A 7.540 x 10 ~* 1 7.540 x10 ~* 9.62 0.017 3 s
B 2.316 x10~* 1 2.316 x10 4 2.95 0.129 3
c 5.092 x10 77 1 5.092 x1077 6.497 x10 73 0.938 0
AB 1.346 x 10 ™* 1 1.346 x 10 ~* 17.18 0.004 3 -
AC 4.926 x 10 ~* 1 4.926 x10~* 6.28 0.040 6 #
BC 2.175 x10°* 1 2.175x10 4 2.77 0.139 7
A2 5.712x10 73 1 5.712 x10 73 72.87 < 0.000 1 -
B? 4.376 x10 73 1 4.376 x10 73 55.83 0.000 1 .
c? 3.626 x10 73 1 3.626 x10 73 46.25 0.000 3 _—
5% Residual 0.014 1 1.963 x10 73
HeRUIR Lack of fit  3.615 x 10 ~* 3 1.884 x10 3 2.57 0.191 6
4l 2% Pure error 1.872 x10~* 4 1.994 x 10 3
s Cor total 0.022 16

TS R E=0.975 3, BOERE=0.943 5 (i 22 R K =14.928% ; * P <0.05, 2850 3, » = :P <0.01, 2 B3
Note: r? =0.975 3, Adj > =0.943 5, adeq precision = 14.928% ; * ;P <0. 05, indicating significant difference, # #* ;P <0.0l,indicating

extremely significant difference
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Fig.4 Response surface showing interactive effects of factors
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Tab.4 Experimental results verification
JR ST I/ C S Salinity R/ (X104 L7 R AR/
. - & Salinity . .
Experimental condition Temperature Inoculation level Specific growth rate
BATMBERLE 26.38 26.61 1.29 0.4
Model prediction of optimum conditions
SIS 4%
%Bﬂ:gﬁliﬁﬁ%ﬁ: . 26.00 27.00 1.30 0.44 £0.01
Actual verification of optimum conditions
Sk [J]. Chinese Bulletin of Botany,2003 (6):641 -
(L] PNBUAL, EA . BREAFHES B0 A KR 5 B 3f 647.
W BRI RRBWIFE[T]. R ,2006(1) . (3] E&A, B IR D& 12 m
78 - 83. [J]. 554l ,2003,20(11) :6 - 12.
SUN Y Y, WANG C H. Study on relation between WANG Y C, YE X F. Requirement of the reared
the growth rates of Isochrysis galbana and nutrient prawn to the protein, amino acid and carbohydrate
salt concentration[ J ]. Marine Sciences,2006 (1) : [J]. Shandong Fisheries,2003,20(11) :6 —12.
78 -83. (4] EZHE AW HRARKEZR w & LT M
(2] B0 8, ROl AKAEAE YR 15 K Ak RN 5B BB, 1993,8(4) :6 -9.
FFRg R LT ], F Y 2% @ ik, 2003 (6) : 641 — WANG S L. Meaning on specific growth rate of
647. microorganism[ J |. Journal of Zhengzhou Institute of
HE F, WU Z B. Application of aquatic plants in Light Industry,1993,8(4) :6 -9.
sewage treatment and water quality improvement [S] % w9 Gl o 32,45 W s e B
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Optimization of culture conditions of Isochrysis galbana
by response surface method

TIAN Zhen'*, CAO Yi', CHEN Aihua', WU Yangping',
ZHANG Yu', CHEN Suhua', ZHANG Zhidong"*, LI Qiujie'
(1. Jiangsu Institute of Marine Fisheries, Nantong Jiangsu 226007 ,China; 2. National Demonstration

Center for Experinental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract ; Isochrysis galbana has the advantages of small size and fast reproduction. It has become one of the
main micro-algae with great potential for green sewage treatment technology under the new concept. Because
of its high nutritional value, it is often used as bait in the artificial breeding of bivalve shellfish such as
Mereirix meretrix, Solen grandis, Sinonovacula constricca and so on. Response surface method is a
combination of statistics and mathematics. It not only has the interaction in the orthogonal experiment, but
also can use the mathematical model to get the functional relationship between the response and each variable ,
so it is an effective method to further predict the combination of all variable factors and get the optimal
response surface value to solve scientific and production problems. Specific growth rate refers to the increased
biomass of single-celled organisms per unit mass per unit time, which is an important parameter reflecting the
growth rate of single-celled organisms such as microalgae and bacteria. The specific growth rate can not only
accurately reflect the specific growth rate of microalgae in a certain time period, but also can comprehensively
reflect the dynamic changes of the balance between microalgae growth and mortality. In order to optimize the
culture conditions of Isochrysis galbana, using the method of experimental ecology and response surface (Box-
Behnken mode) , different experimental groups with different temperatures, salinities and initial inoculation
levels were set up. Single factor experiment and multifactor experiment ( Box-Benhnken model ) were
constructed to obtain the specific growth rate of Isochrysis galbana. Results showed that: 1) In a certain range
of temperature, salinity and initial inoculation level, the specific growth rate of Isochrysis galbana increased
first and then decreased with the increase of various factors; 2) The optimization of culture conditions of
Isochrysis galbana respectively were; temperature 26. 38 °C, salinity 26. 61, and initial inoculation level
1.29 x 10° cell - mL™",and the maximum specific growth rate of Isochrysis galbana was 0.44 d~'. The model
conclusion data is available and can be applied to the actual production process. Our results could provide
scientific basis for laboratory culture and large-scale propagation of Isochrysis galbana. In this paper, taking
the specific growth rate of Isochrysis galbana as an index, the optimum conditions of suitable temperature,
salinity and initial inoculation level were optimized by response surface method to provide scientific basis for
laboratory culture and large-scale breeding of Isochrysis galbana.
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