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[HBE] NIRE/NERE (Chlorella sp. ) WAEYIR, W00 /2 Bl 35 3R SL0E A5 B A4k, 1 e 0000 e /N
BRUEBE SR 0 Fe A pH (EAIEREE . FEULEERE [, UM Plackett — Burman #5377 Z8 07 0k 5 /N ek g Ak K iy 3
A FEFERE A NaHCO, . KNO, Flge/E % B,, #AJ5i#13 Box — Behnken iR HIE X 3 P~ FEH KM
BAERBEWRESE, SRERW, HEFILLA N, NaHCO, 0.93 ¢/L, MgS0, 0.40 ¢/L, KNO, 0.46 ¢/L,
K,HPO, 0.020 g/L. 442 B, 0.60 mg/L, 44K B, 1.8 wg/L. AWE 2.0 pg/L B, /INEREZ LI E 1
3272 h G R AR AT 4.5 x 107 D/mL, BAALHTHES T 32.5%
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Optimization of Culture Condition for High Density of Chlorella sp.
PENG Ai-hong, GAO Shuang, CHEN Jun, ZHUANG Mei-zhen, WANG Fan,
CHEN Xiao-mei, LIN Zheng-zhong, HUNG Zhi-yong
(College of Food and Biological Engineering, Jimei University, Xiamen 361021, China)

Abstract: In order to increase the biomass yield of Chlorella sp. , the culture conditions of £/2 medium
were optimized by the response surface method. It was found that pH 5 and salinity 40 of the medium were suit-
able for the algal growth. Three important substrates in the culture medium screened via Plackett — Burman were
sodium bicarbonate, potassium nitrated and Vitamin B,,, and their concentrations were further optimized by
Box-Behnken. The optimized culture conditions were as follows: 0.93 g/L of sodium bicarbonate, 0.40 g/L of
magnesium sulphate, 0.46 g/L. of potassium nitrate, 0. 020 g/L of potassium phosphate dibasic, 0.60 mg/L of
Vitamin B, 1.8 pg/L of Vitamin B,,, and 2.0 pg/L of biotin. After optimization, the cell density of the al-
gae cultured for 72 hours was 4. 5 x 10" cell/mL, which was 32. 5% more than that in the original culture medi-
um.
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HHBGE, B5 TRME S B ER IR A AR, RIEFE, BRI S AR RmEN
( metallothioneins-like, f&jFK MTs-like) =% SZBER], ZE 4R (5. W% B S A0M /MBS ™
A= 19 MTs-like 25 09 2E BRE PR DI RE S5 IR FLAN W 2 B R MTs A — & BARIME, B RTH T MTs J5ER RHE
W, T28%%, i MTs BAE = AR m o B, FIH/ZNERBETT A2 7 MTs X it — 259 i MTs (1)
FHEEA T L,

KM/ R B IR A E A R RARE ' AR b, B IR R A AR S R A RN
BRI AR K R B, R £/2 BT R T TR s i AR G, (R T/ RO R Bk &
25, AT, R, ASSCIIESE pH (E . R EEXHE A /NEKEE (Chlorella sp. ) K AYRM
I P W 1 T N B R L AT T A, DA i B /N B RY A KR MTs-like £ A4 IBOT % 42
E27)re 2N

1 #MRAEE
L1 #R5{=E

HEEE/NBREE (Chlorella sp. ) BEFD (4’5 CCMA410) i E TR S ek AR L FERk B
By 12 BrFRIE

PGX ZBOLIRIEFRM (TUSREFHA AT ) 5 UV-2100 5500] Wt (Jbaiskia 2t
IERABRATFD) .

1.2 Ak
1.2.1 /NERBEf G

FHRFEHE KBRS FREL, JFE T RIESR, WG FRAEA . NaHCO, 1.0 g/L, MgS0, 0.5 ¢/L,
KNO, 0. 50 g/L. K,HPO,0.020 ¢/L, 4% B, (VB,) 0.60 mg/L, 44K B, (VB,) 2.0 pe/L, 4
WE 2.0 pg/L, FEFRFE pHAER 7, R8N 30, fEZBOCIREE M NI TY KGR, WE MR &M
He WREE (25 +£1)°C, JGHREREE 2500 1x, JGRELE 20 hi4 h,

12,2 /NEREAE Pyt ()l

ANEREEAN A SR DGR BRI 2, RS /INBR R VRO B 5 /N BRI 0 5 B A A A X I 56 R T
)20 5 /N Bk e A A i
1.2.3 AEERGE

1) pHEIRE: PO ENHE R, 530 HUKESERFI 2 mol/L ) NaOH 1875 K5 #2544 pH
fH5r#%E 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, H V (8FH) :V (EK) =50 mL:50 mL, FF4LEE 3 4
AT, BT NI TY KRR TR, 72 h e A CEEE, IR R R A B AE pH E

2) EREERE  JEIRSREAYEREE I E 25, 30, 35, 40, 45, H V(IEFREE): V(EEW) =50 mL:
50 mL, R4 3 AFAT, B TGRSR NEATY RIEFE, 72 h J5 W ARG E, JEfe i
FRILI AR,

3) BHFERE  FEftE pH ([EMERE IR L, FRAN p (NaHCO,) . p (MgSO,) . p (KNO,) .
p(K,HPO,) , p(VB,), p (VB,) . p (VE¥IE) X/NEREARKAREI, VORISR V(ERE) =50 mL:
50 mL, B3 44T, B TOCRIEFRAANHETY KGR, 72 h 5@ KOG,

K FH SPSS 17. 0 8%t pH A |, $h B0 M o R R IR0 E 0 AT 0 = 5 22701 (one-way ANO-
VA), RH ¢ KEEEH T2 E LK, P<0.01 FRABMNZEFAESESIFE X, P<0.05 g
S ARIFE L,

1.2.4 gAMbt

1) Plackett-Burman (P-B) Fiiiikgeicit e REAEEL B A pH (EBCHI 15 75 3, MR HE R K525

459 FIFH Minitab 17. 0 #0053 P-BiRE (n = 12) , MEMIRAE N 72 h J5 BBEROCREM, M
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A b I S IR RN/ INK A K RS

2) Box-Behnken (B-B) iRXE:itit 7E P-B iR W3EAL [, F Deign-Expert 8. 0. 6 #XFX P-B i 5
i et B Y 25 P R 1T Box-Behnken B3, JFXF g4 RBE AT MU /- B AR 22504, DAARAGHE R ik
A IR A

2 #R5iTiE
2.1 INERBREYEMNE

RIGAE LR . /NEREEPEEETE 683 nm ACATHEAIMI E Y i (Q) SMOCE(E (A) BEMEXR, 4tk
TR Q =3.264 +0.0755 , FIXEE r }70.9988, i, AXH6 8 1 7E 683 nm AL AE BEHK 19O
JEMH, RA/DskiEny A,
2.2 EFE pH EFEEI/NKEREE KA

KR 50 pH (E AR B R e 2 A KA L2 K, R[] pH (B AEh BE A 35 52 560 /N ek e A=
KA 1 i, B alEn, Bigedkk pH 8 4 ~6, R 35 ~40 B, /KB K R4F, pH
fH 5 FFREEA 40 B /NERBEAYAE K IR B EROK

1.4000
12000 - bA aA
cB
- aAB
1.2000 B A Loooo dc
bB L
g 1.0000F é 0.8000 D
g c 2 0.6000
< L ¢ <
0.8000 dc
0.4000 |
0.6000
0.2000 +
0.4000 0.0000
4 5 6 7 8 9 25 30 35 40 45
a) pH b) #L 7 Salinity

YL An A A R R PRk R R 4L 22 5 A B GE 127 7 U(P<0.01), b A A [l /N 7 i 3 e s A1) 25 e A 4 3
R (P<0.05), b A AR ] /NG 7 035 R 21 ) 22 S To 48 127 7 L (P>0.05).

Notes:Different captial letters indicated high statistical significant difference among groups (P<0.01),different lowercase letters indicat-
ed statistical significant difference among groups(P<0.05),same lowercase letters indicated no statistical significant difference(P>0.05).

1 pHEMBEEFEI/MKEERKNZI
Fig.1 Effect of different pH and salinity medium on algal growth

2.3 EFZEMNBEERRKBERRSH

FEBGH Y £/2 By BEil I, @ BE R A OR R B SR R BT vk i, B 4 /N R B A K 5
Wi, B DA BRI A5 R AN 2 fivz, 7 M 3 R i e AR B i e 20 01 Dl . NaHCO, 0. 80 g/L, KNO,
0.50 ¢/L. K,HPO, 0.015 g/L, MgSO, 0.40 ¢/L. 4% B, 0.60 mg/L. 4E2EZ B, 2.0 pg/L FI4Y)
2.0 pyl,
2.4 Plackett-Burman (P-B) iRIGIZITRERSHT

P-B XIS L NaHCO, . KNO, S5 m/ Nk AW 000 7 NIRRT 55, BARE S KA
K, @ ACE ARK T 2 5, MR 1 ATLES, S/NREEYRMNEERNE (BEFE >
95% ) A NaHCO, ., KNO, fil VB,,, HH NaHCO, F1 VB, () FR0H B& (P =0.002 < 0.01) , Wik
AR S . ik, K NaHCO; . KNO, . VB,,iX 3 N IRIEL 701 32 2 PR A0 — A0 r i
N A

http : //xuebaobangong. jmu. edu. cn/zkb



* 250 - ERRZAM (ARBIARD) %21 %
1.2000
1.2000 1.1000
1.1000 1.0000
£
_ 110000 2 09000
E <
Z 09000
E 0.8000
0.8000
0.7000
0.7000
0.6000
06000 0.0 0.4 0.5 0.6 0.7
00 06 08 1.0 1.2 1.4 ’ ) T ’
p (KNOs)/(gL )
p (NaHCOs)/ (gL'
a) NaHCO; b) KNO;
1.2000 1.2000
1.1000 1.1000
1.0000 1.0000
£
< 0.9000 H
3 £ 0.9000
0.8000 <
0.8000
0.7000
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a1
p (MgSOY/ (gel. ) p (K2HPO4)/ (gL
¢) MgS0, d) K,;HPO,
1.2000
1.2000 [
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Z g
z 1.0000 £ 09000 < 0.9000
g 0.9000 0.8000 - 0.8000
0.8000
0.7000 0.7000 + 0.7000
0.6000 0.6000 0.6000
00 02 04 06 08 1.0 0.0 1.0 1.5 2.0 2.5 3.0 0.0 L0 1.5 2.0 2.5 3.0
P (VB)/ (mgeL™) p (VBa) (ugel™) p (biotin)/ (pgeL’)
e)VB, f) VB, 2) =W Biotin
VLT AR A AR KRS b3 378 41 W) 22 5 A 1 BE 48374 B L (P<0.01), b A A [6) /N5 = ) 35 367K 20 0] 22 57 A 458
T2 58 L (P<0.05) , b A AR [l /N5 5 B 5 2 7 4L 1R) 22 52 T4 127 78 L (P>0.05).
Notes:Different captial letters indicated high statistical significant difference among groups (P<0.01),different lowercase letters indi-
cated statistical significant difference among groups (P<0.05),same lowercase letters indicated no statistical significant difference a-
mong groups(P>0.05).
2 AERERENE-—ERIINNKEERIZN
Fig.2 Effect of different nutrient concentrations on algal growth
2.5 INEKEIEFE ST BL A B Box-Behnken it & 5 R4

FH Deign-Expert 8. 0. 6 #/4:%F 525 77 283547 Box-Behnken 1311, 455 IL3 2 Mk 3, DL/INBERME R
(T SEBE(E M R fH A, 383 Design-Expert 8. 0. 6 34X HA L 24

RAE A A

R X ZERWEIATTRER A =

0.350X, X, + 0.482X,X, — 1.270X,” - 10. 08X,> — 0.404X,> ,
PLE =R IR R J7 2200 B R E A B0 45 SR Wk 4, i3k 4 T, [l R AY vy i W 2%
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(P =0.0043 <0.01) , RPTAEE (P =0.0740 > 0.05) , EIHKMIHNRIELE, H Adjusted R* =
0.8979 . Adep precision = 12. 065 >4, R HI[m] )5 )5 #48LG BE A o] {5 BE 3w, BRI okl I [l 031 5 AR
Bl B AL A X ZS AT 40 B, F E 5 R R A PR IR A R T, R kT X2 X
FI X, X /INER R O B 5 ) 8 2, 4% TR R R /N ER B RO B A s e RN B R X, > X, > X, D
p (KNO;) >p (NaHCO;) > p (VBy),

#x1 PBRARIZHRER

Tab.1 Design and results of Plackett-Burman experiments

S o Lol T P TE A
Factors Low level High level t — Values Prob > |1 | Rank
(-1 (+1)
p(NaHCO,)/(g-L™") 0.60 1.2 -7.50 0.002** 1
p(KNO;)/(g- L") 0.30 0.60 -2.71 0.054 3
p(MgS0,)/(g- L") 0.30 0.60 -0.73 0.507 6
p(K,HPO,)/(g- L") 0.015 0.030 -0.65 0.553 7
p(VB,)/(mg- L") 0.40 0.80 -2.39 0.075 4
p(VB,)/(pg- L™ 1.2 2.4 6.98 0.002** 1
p(Biotion)/(pg » L") 1.2 2.4 -2.15 0.098 5
VL. o« FORAES % W REFEMKTETRR; « « FIRTE 1 % MR E MK TE SRR,
Notes: * significant at 5% level; #* * very significant at 1% level,
% 2 Box-Behnken it EZE 5Kk
Tab.2 Factors and levels in Box-Behnken design
?ﬁ% Factors 7J(EIZ Levels
-1 0 1
X,  p(NaHCO,)/(g-L™") 0.60 0.90 1.2
X, p(KNOy)/(g-L™") 0.30 0.45 0.60
X, p(VB,)/(pg-L™") 1.2 1.8 2.4
£3 BBD BRI RER
Tab.3 Design and results of Box-Behnken experiments
g5 X, p(NaHCO,) X, p(KNO;) X, p(VB,) Response value
Run /(gL /(gL /(pg- L) A
1 0.60 0.30 1.8 0. 9603
2 1.2 0.30 1.8 0.9421
3 0.60 0.60 1.8 1.0205
4 1.2 0. 60 1.8 1.0480
5 0.60 0.45 1.2 0.9709
6 1.2 0.45 1.2 1. 1280
7 0. 60 0.45 2.4 1.1251
8 1.2 0.45 2.4 1.0723
9 0.90 0.30 1.2 0.9741
10 0.90 0.60 1.2 0.9674
11 0.90 0.30 2.4 0.7987
12 0.90 0. 60 2.4 0.9654
13 0.90 0.45 1.8 1.3136
14 0.90 0.45 1.8 1.3021
15 0.90 0.45 1.8 1.2806
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x4 DAFBHAZESWRERYEZERE

Tab.4 Variance analysis of regression equation and significance test of the regression coefficients

ESS HHEE A ¥ F P
Sources of variation DF Sum of squares Mean square F -Values P-Values
FEEHY Model 9 0.2960 0.0329 14.677 0.0043" "
X, 1 0. 0016 0. 0016 0. 720 0. 4349
X, 1 0.0133 0.0133 5.931 0. 0590
X, 1 0. 0008 0. 0008 0. 346 0.5821
X, X, 1 0. 0005 0. 0005 0.234 0. 6493
X, X, 1 0.0110 0.0110 4.916 0. 0774
X, X, 1 0. 0075 0. 0075 3.356 0. 1265
X’ 1 0. 0232 0. 0232 10.332 0.0236"
X,’ 1 0. 1900 0. 1900 84. 806 0. 0003 "~
X’ 1 0. 0782 0. 0782 34. 886 0.0020" "
5% 7% Frror 5 0.0112 0.0022
ST Lack of fit 3 0.0106 0.0035 12.682 0. 0740
PRZTH Pure error 2 0.0006 0. 0003
S0 Total 14 0.3072

R® =0. 9635, Adjusted R> =0.8979, Adep precision = 12. 065
VAL = FORTE 5 % W) REVEARCP AR« o« FORTE 1 % RN E MK i K%

Notes: * significant at 5% level; # * very significant at 1% level,

JH] Design Expert 8. 0. 6 F/EARIE 01577 F BEAT 2 B0 Ar, 4530 = 4 mig 17 i 1vd [T F0 25 e 2k P (an sl
3815 F7R) o e b H T PR AR A I e X e 7 ) ) U S R R T L, o 7 P e R
(AL TR R L, SR EIBRBEPIAS A AR 9SS B AR ) el 3—F&l 5 AT, X X oo B
MR LR BRI, RITXPIA AAR R A —E RSCHRON, X, X, X, X B S HAE IS

0.60-%=
052+
- Q
K
= 045
=]
Z.
)
QU
0.37+
%
| O.E*\/ o T s ~mm
p(KNOy)/(g-L™") 0.37 0.70 {géc* 0.60 0.70 0.80 0.90 1.00 1.10 1.20
0.30 0.60 9® p(NaHCO,)/(g-L™)
a) M) )37 17 121 The three—dimensional image b)%%?ﬁrg Contour plot

B3 y=f(X, X)) MEEERESL%E
Fig.3 The three—dimensional image and contour plot of y=f,( X;, Xz)

XHENETTHEH SAS 8.2 BT rsreg 78 4] AU I 70 AR H S AR (B, AR (EL AT AR AR &, =0.93, w, =
0.46, x, =1.78 BFHAR PRI B %R AE 43 949 : NaHCO, 0.93 g/L. KNO, 0.46g/L. 442 B, 1.8 ug/L,
MW RAE (72 h /NBREEROGRE ) 1,301, FHUCAC Y 25 PR 1E SR /N BR S , 72h /N BRIV A RO BE
1.308 (‘SIMEZE 0.57% ), BARALHTEE FREER IR M0/ N RSO L BE (B 555 1 32.5% , A IEAY /IR
WA (AMEE) 5345 x10"/mL, T 3CHk [16 — 18] FHRIERY A IR IR 44F T /R
L7/
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p(VBp)/(pg L)

1.0000
1 T -
0.30 0.37 0.45 0.52 0.60
p(KNO,)/(g-L7)
a) M N [ €] The three—dimensional image b) &4 & Contour plot
B4 y=5(X,X;) MR E R & L%E

Fig.4 The three—dimensional image and contour plot of y=£,( X;, Xs)
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1.3000
1.2000
1.1000 2.10 7|
= 1.0000 T
: =
0.9000 E‘ﬁ‘f
0.8000 < 1.80 7
0.7000 =
z
Q
120 1.50
1.80
p(VBp)/(pg-L) 1.50 . 1.20
1200.60 " ! : !
‘)K 060 070 080 090 1.00 1.10 1.20
p(NaHCO3)/(g- L)
a) M i 1A 8] The three—dimensional image b) 45 B2 E Contour plot
B5 y=f(X,X)HEEERESZE
Fig.5 The three-dimensional image and contour plot of y=£;( X;, X5)
3 4Eig

ASCESHE, TEOCMIEIRFAT RS/ NERBE, BEREn it pH (Eh 5 PR B 40, PR
BATRIZRAE0 R I/ R E IR R Th 7 R — B SRR DR A ) A — e R, JF e T 7 b
BIR R0 B AR B R R 4> W) . NaHCO, 0.80 g/L. MgSO, 0.40 g/L. KNO, 0.50 g/L. K, HPO,
0.020 g/L., 442 B, 0.60 mg/L, 44K B, 1.8 we/L FIAEYIZE 2.0 ug/L,

FIF Plackett-Burman 53R4T NaHCO, 25520/ NEREE AW R 7 NIRRT HEL, 1552/ N
FEEROCEENEERN T (BEE >95% ) 4 NaHCO, . KNO, M4 B,,, A5 it Box — Behnken
B HAE /N RS R AN R (245 NaHCO, . KNO, MZiA: % B,) #Hf7 ik ik,
ARG B35 FE5L R NaHCO, 0. 93 g/L, KNO, 0.46 g/L FI4i/: % By, 1.8 pg/L, T HAM A5 B it i 45
FEAAE R RIAALIS R SRR LI S 450 T i T8, /NI A ik 8 T 4.5 x 1074/mL,
BAACHTE R T 32.5% o
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