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Optimization of culture medium for two mixed green algae by
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Abstract: [ Objective] This study optimized the culture medium for Chlorella vulgaris and Scenedesmus obliquus,
which provided reference for improving the growth rate of mixed greenalgae and promoting the application of mixed
culture technology of freshwater beneficial algae. [ Method] The concentration ranges of nutrient salt that suitable for the
proliferation of C. vulgaris and S. obliquus in BG11 medium were screened by single factor test. And the nutrient factors
that significantly affected the growth of the mixed green algae were determined by Plackett-Burman test. By using response
surface methodology, the optimal concentrations of the main nutrient salts in BG11 medium were optimized. Then, con-
firmatory experiment of the mixed green algae culture was performed. [ Result] Relatively suitable concentrations of 7
nutrient salts for the mixed green algae growth were determined by single factor test. Using the Plackett-Burman test,
3 nutrient factors, Na,CO,, K,HPO, and NaNO,, which significantly impacted the growth of mixed green algae most were
determined via Plackett-Burman test. The results of response surface methodology analysis showed that the strong interac-
tion between NaNO, and K,HPO, had a significant effect on the cell density of mixed green algae (P<0.05, the same
below). In the optimized medium, NaNO,, K,HPO, and Na,CO, were 1600.00, 50.85 and 32.39 mg/L, respectively. Maxi-
mum light conversion efficiency in the photosynthesis PSII system of the mixed green algae in the optimized medium was
significantly improved. The cell density of mixed green algae in the optimized medium group peaked at 36.75x10° cells/mL,
which was significantly increased by 24.28% than the control group. Furthermore, the cell density rate of C. vulgaris and
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S. obliquus was basically 1.00: 1.00 throughout the culture cycle. [ Conclusion] The mixed green algae culture medium of

C. vulgaris and S. obliquus optimized by response surface methodology can realize the high density culture of mixed green

algae, which can be used as a reference for the large scale application of mixed culture technology of freshwater benefi-

cial algae; the optimal concentrations of Na,CO,, K,HPO, and NaNO; in the culture medium of two mixed green algae

are 32.39, 50.85 and 1600.00 mg/L respectively.

Key words: Chlorella vulgaris; Scenedesmus obliquus; mixed green algae; response surfaceme thodology; culture

medium
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A R R ISOK A BE B S m A LA
15 Y Py NG K BT (PRIREVTAE,2022) . A IS
R, FIFA t T $g m e A S e o £
FEME DT AR 7K A4 PR AR P 7 V% 4544 (Qiu et all.,
2019; RUAIE S ,2022) . SRR T A #a i 2s, BE AT 1E
KK S B AR AL R FE AR A R
K, 43 4 7S & 5 fa & (Bittencourt-Oliveira et al.,
2015) o &% ) B /N BR ¥ (Chlorella) 71 Hi #
(Scenedesmus) E. ) 1Z N FH T /K F= F258  & db in T
IRPRAT Y | = 24 £ {6 0 A ) R R A5 40 5k (Mujtaba
and Lee,2017; T/N&%E 2022) , Bt , RS0 15
FEFRAMAWY K, (0 H ATSE IS IR0 %
JIN B IR AR AEAR B B 35 AN IE N R B % 45 ]
A, PRI, BRSE —Fh e i Ak RS RE %/ NBR e R
B RE IR  JE R IR A Ry 2l , X 42 TR
B I AR S AR P SR AE A R AR KA
IR A IR A EE R X [ A AT ik
1 AT KB, 38 AR K /INER A K ) fe AR R
NN CEB2 A, 2012) , HEE W E 450.00 g/L
(ZE4FHAF,2012) ARAEMETE/INER S 1) B R s
A B A B 7 23 1T LA NaNO o AR B A= 9
R R R Y R K (R, 2013) . 1F
C4H,,0, FI1NH,Cl i i ¥ £ 43 51 >4 1500.00 1300.00
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L5 3R HA0) U 0 P AU L (NVP) S5 WA O, M L
He i 49247.00 mg/L N/P=25: 14 KR b CR &
45,2015, 5, 2018 i ##4F,2021) . Priyanka
4(2020) ANaNO, B & JE , NaH, PO i B IR AL 4 G
G (Dunaliella tertiolecta) ¥5 3573, 7l G 3Lt 5
o FC A i P ) FOK B 0T 3 i WRGE 8 (Spirulina)
TEATHRAE = R 7.00 g NaNO, 2.00 g . KCI 1.00 g
KH,PO, 1.60 g4 F N5 5%, g R A & i
I FHR £ R 9E,2017) . ARG R EA, A

Bt = 2300 i 4 23 5 22 3 (Microcystis aeruginosa) [
3 SR FE AN IE B A R L (E s P 4 FH B 2 2
Bt = I5F () %) S KT 955 (TKIR RS, 2019) o iR
(2021)BFFEIA R, N/P=5: 135 B 4 e 2B 4G,
R 2 A R, N/PX He e R AR W) B 35 52
AL UL AN [ i 2 ) A G 5 7 SR S R B 2 D) AR
KAHBEFRIEM R R T L B HRGR P EmaiE2E
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FEFRAEA MOU N W e 2R B SR B A T %
AR FRIE AR AR IR IEAS
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Dol (A BEAE , 20125 #H3ESS, 2018) o Wi b7 T 43 B vk
SRS 220 R [R1A T FER AT 52 el A1 2% T 7 1]
1 EREOC R PEA TR, DI 16 B SR AR 0 i 15485 21
AT TN TR T 23800k, B2
Uz T (5 A A 7T, 2018) o [ASBIFFE LI
S B I e 1 TR DL ATR G R G SR Y
fief D0 i 3 o [P D %) G B ) R ] 349 bl Al 3 Nk
(C. vulgaris) FIRVEMFEEL R ATR A B2, 38 15 M iy
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1 MR5FEZE
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JE R 490.00 pmol/(m?-s) , YelE LM 12 h:12 h,
B RPEIRIUK, B LR VLVE o
1.2 REHE
1.2.1 #HR#HFRERE UBGIIREFHFIE AR
AR AT TRE SRR LR R (43 1)K C HFeNO,
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JIHZEA B.C.D.E.FHG) XL, £ FE 3750115
1K) R (CK SRR B SRR ) Fns Nk b 2
R, BHWINTAT. BOECE K BIIR A 2%
PEE (5000 r/min, 5 min, 4 °C), 2 FIHR, BUETR
NI AR ARG R b, S 20 A 4 2 B 35 R 1x10°
AL CERE A1) {5576 dist (i sk -1
BRI BRI, SRAR TR E SRR A Sl vk BV
1.2.2 wp @Kk AKXIE  Plackett-Burman
(P-B)i 0 : M4k B JH R A 45 58 , F1 I Minitab 19.0
BT HEAT 120K P-Bil s, AR B 2K Horb
IR AR 248 , B2 i 34 AT, T B 976 d
IS P P 4 225 B, LA SRSy A, B 0 TR A5 S e 2
Kool A E TR T
Box-Behnken(B-B) {4 : LAP-Bi{ 5 A FEAt , %

SEMA I 35 1) 8 SRR R A R G AN KT,
(+1,0,-1)4ih5 , FE47B-Bik 5 (£ 575, 2018) , I HL
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Design-Expert 8.0/ 0 i [l 73 A A AL RS , AR 20 1%
3AFAT, i 178 A (P S E ST, H TG
TSR 22 ), LIRS 10 25 PR 1Y 0f AR vk B KK
il 1 Design-Expert 8.0%) £k it — 401G 40 Hr , 15 21
KB SRR BB
1.2.3 BiEXie  al Uk fE 35725 (o fk
2H) MR BG 1185 5735 Oof BRAD) K5 SRR A e, T
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Table 1 Single factor test nutrient salt concentration levels
(mg/L)
HIRE CK e Concentration

Nutrient salt 1 2 3 4 5

MgSO, 0 2500 50.00 75.00 100.00  125.00
NaNO;, 0  500.00 1000.00 1500.00 2000.00 2500.00
K,HPO, 0 30.00 40.00 50.00 60.00 70.00
CH,0O, 0 2.00 4.00 6.00 8.00 10.00
CHgFeNO, 0 2.00 4.00 6.00 8.00 10.00
Na,CO, 0 10.00  20.00 30.00 40.00 50.00
CaCl, 0  20.00 30.00 40.00 50.00 60.00

I HHE >R FHSPSS 26.03F 17 B K 28 77 25 43 Hr
(One-way ANOVA ), DA Duncan’ s &2 # 22 ¥ it 17
ZH (W) Z2 i LA, DAL ST AR AR o 30 X6 B b a0 v e 24
M2 B HEA T 4E 58T, LAOrigin 20212 AR ALk
& s >k FHDesign-Expert 8.02 il 45 i £ At o7 il v 4],
TEXT i [ AELAE A AR B A T [T 5 R 25538

2 HERESH

2.1 EFHBEERANER

ME1-AT]F H, NaNO, ¥ & "4 1500.00 mg/LH}
A A A % R 34 B 3 (P<0.05, T [R]) Bk
% (P<0.01, T [A]) f T HoAth v £ 40 ¥, 1500.00 mg/L
NaNO, kb H 3158 /NER v Y 40 i 2 i 347 w8 1 oAt v i
A0FE, HA (Y 51000.00 mg/LAMHE 2% 2% 5 (P>0.05,
IR ) 7 3 /N BRI AR A A S Y 200 L R LR T
1.00: 1.00, 17 CK H ARk A= i 19 A= 4K 32 3] k& 0 o
Ui IS A TR A 38 A K I R NaN O, ¥ BE 24 1500.00
mg/L; NE 1-BFIE 1-Crl & H , K,HPO,FINa,CO, 1
BE435°450.00F120.00 mg/Lit, 2R 445 i A4 B2
0 %5 B A v, G BE 36 KGHPO, 1R B2 A T s, i /)
BRI 40 A B LU AT, A A e ) 4 o L T
150, I B 5 Na,COL VK B 1) T, 2P0 A5 PR A0 AR 1 25
JE L M 38 /N BRE 3  F A2 o —F #11.00: 1,00,
i B T Y ) B 5 R As 5 T A A b AR 0 Ak A O g
K ; WK 1-DA & i, MgSO, ¥ J& 4175.00 mg/LI,
2R BRI S 7 B A v L MR B R Mg S O,k
JE T R 3 /N BR S 1 A R R LT R, R A A
22 185 EERAALR, 10 BHAE LI M g SO R 4 1 st b Al i
e /NER AR K AL L-ERNE L -F ] & Y, C HO, A1l
C,H,FeNO,H¢ & >46.00 mg/LItt, 2R A 45 ) i 41
i 2% 3 e ey, At 2% e J3E Ak 3 A S5 /N Bkl 5 R
U7 %) 240 b %5 B b AR 23 1.00: 1,00, Ui B CH,O,
FCHFeNO,XHE £ &k 5 L A5 A8 Ak 5% ma 458/ 0N 5 A
1-GRI A&t , 24 CaCL k& }740.00 mg/L, 2FhR A 45
(18 A 2R L2 e e, ARHAE A 8 P 2 o o 5 LAt ok
AbPRTC (. 3 22 5, /N BRI 1) 20 i 2% B (N 5 CKAF
TEIE 5 U CaCl X TR A 2R 3 40 it A K A R2 )
BN,
2.2 MNEZERUEBEFEEFELRER
2.2.1 P-BiXBLRSA P-BIAIL R IK2, %
R 2R 1 J7 22 0 B SR B i HE 4% DL 3e3. i3]
R, ST A5 S T A L 288 1) PR 22 HE) 7 N, C O, (
% C)>K,HPO, ([ ZB)>NaNO, ([N £F)>MgS0,(
%D)>CH,0, ([N ZE)>CHFeNO, (A % A)>CaCl,
(HEG), A HEEHRIERN . NE2FH,
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Fig.1 Effects of different nutrient salt concentrations on the growth of mixed green algae
TR/ A AR R A AR /NG 5B 5 27R 22 5 2 (P<0.01) AL 3 (P<0.05)
In the same subplot, dfferent uppercase letters in the same column represented extremely significant difference(P<0.01), and lowercase letters
represented significant difference(P<0.05)
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Na2C03( K2 C) \K,HPO,([H % B) FINaNO, ([ % F)
AR 8 T R 2R
2.2.2 B-BRREZRH5H  XTRMEE B
(X % (NaNO, . K,HPO, #INa,CO,) #:173 [K & 37K
B-Bil K, 45 B R AUK PB4, o AR E
i B 2 R 7 B R (L LS . AR S e A 41 i
9 B R N (Y, K R4 BE AT LA AR R
N E 5 YiE) 0 B 5 72 Y=143.20-1.374+5.94B+
7.19C+9.754B +3.504C + 0.63BC - 8.164*-10.295°~
17.04C*, H."h 4 | BF1 C43 3148 F NaNO, . K,HPO, il

R 2 PBABRER
Table 2 Plackett-Burman result

i ESES AU (x10%4~/mL)

Number Factor Cell density
D FBEATCG (X103 cells/mL)

1 1 1 -1 -1 -1 1 - 107.00

2 S S T T e | 118.00

3 1 -1 -1 1 1 11 94.60

4 S TS T TS T S | 102.00

5 S TS T T S T S | 101.60

6 1111 -1 -l 126.30

7 11 1 1 -1 1 - 136.75

8 1111 11 1 119.30

9 I -1 1 -1 -1 -1 1 123.75

10 I 11 -1 1 -1 134.50

11 1 -1 -1 1 1 -1 -1 104.00

12 -1 -1 -1 -1 -1 -1 -1 82.75

% 3 P-BREERNATER

Table 3 Plackett-Burman test result and analysis

(ES 7K (mg/L) Level t P ¥
Factor MRk K Rank
Low level(-1) High level(+1)
C 15.00 30.00 10.23  0.001 1
B 30.00 60.00 4.03 0.016 2
F 1000.00 2000.00 3.11  0.036 3
D 60.00 120.00 0.94 0.400 4
E 4.00 8.00 046 0.671 5
A 4.00 8.00 0.24 0.820 6
G 30.00 60.00 0.06 0.956 7

Na,CO,.

X RGBT 5 25500, 45 2R (R 6) &
P, BARB R Y F 4772, P=0.0067 , 1 B Z A5 AU b i
3B .C.AB A* B*HICHMEII/INT0.05, % 40 it 28 B 114
SR 2 1A B I ACHI BCIE Y K F0.05, X+ 41 iEg
W FE TG 252, U Na,CO, FIK,HPO, ¢ B2 X R &
SRR B R E RN B2, F3F S FRER R A
I A ) TN E S (B = TR A EA
FHASBA 2 B Y () S UAE M 3.05, P>F=0.1547>0.05,
PR ERNTE N i PEE

WG M2y 250 g R BoR , thoE RER=
0.9084 , K 1E R HUR?,=0.7907 , 1% 11 v Adeq Il H K
& 47.546, 2 %1 %255 (2020) IIIF5E 45 51, 24 Adeq
TS K T4.0008 7], 156 B2 A 78 ] - T
BEVT I 0 5 T2 4R TR B R S i A K B 520 5 Re-
sidual i A H L P>FIE L , a B vk B 5 5 72 5 52 s
PIEPELT .

%134 Na,CO,530.00 mg/LIfNaNO, 5K,HPO,
22 A PR Sk T A0 6 238 5 S i) 1) 45 ¥ 4 AR 7

T, o, S AR R Y B A DL R R
(22 A AR, ELBE % NaNO, FIK, HPO 7 JiF 1) 3
TN IR A SR AN B R T e Rk, H

* 4 B-BiRBEZEKFER(mg/L)
Table 4 Levels of Box-Behnken experimental factors(mg/L)

5 JKSF Level

Factor -1 0 +1
F:NaNO, 1000.00 1500.00 2000.00
B:K,HPO, 30.00 45.00 60.00
C:Na,CO, 20.00 30.00 40.00

% 5 BBHRLAARRKFHBRREAWER
Table 5 Box-Behnken center combination factor level coding
table and results

M )87 (A A% )% ) Response(cell density)
278
L

Q> o O =mwa

0.00  2.00 4.00 6.00 800 10.00
R Standardization effect

B 2 #RENIEFParetoE

Fig.2 Pareto diagram of the standardization effect

PEIAE #2023 (P<0.05) , ** IR LMK . 3% (P<0.01)

* on the bar represented significant effect (P<0.05) , ** represented

extremely significant effect(P<0.01)

i [X % Factor ANAE 2 (x10%~/mL)
Number F B C Cell density (x10° cell/mL)
1 0 -1 1 110.50

2 1 0 -1 101.00

3 0 0 0 147.00

4 1 -1 0 108.00

5 0 0 0 135.00

6 -1 0 1 128.00

7 0 0 0 142.00

8 -1 0 -1 110.00

9 0 1 1 125.00

10 0 1 -1 120.00

11 1 1 0 138.00

12 0 0 0 147.00

13 0 -1 -1 108.00

14 -1 1 0 122.00

15 -1 -1 0 131.00

16 1 0 1 133.00

17 0 0 0 145.00
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Table 6 Analysis of variance of regression model

=3 Rl A ¥io7 F P e
Variance source Sum of squares df Mean squares Significance
7 Model 3288.51 9 365.39 7.72 0.0067 ok
F-NaNO, 15.12 1 15.12 0.32 0.5896

B-K,HPO, 282.03 1 282.03 5.96 0.0447 *
C-Na,CO, 413.28 1 413.28 8.73 0.0213 *

AB 380.25 1 380.25 8.03 0.0253 *

AC 49.00 1 49.00 1.03 0.3429

BC 1.56 1 1.56 0.033 0.8610

A’ 280.53 1 280.53 5.92 0.0452 *

B’ 445.61 1 445.61 9.41 0.0181 *

? 1222.22 1 1222.22 25.81 0.0014 *k

5% 2% Residual 331.49 7 47.36

S0 Lack of fit 230.69 3 76.90 3.05 0.1547

4lii% 2= Pure error 100.80 4 25.20

JSUF Cor total 3620.00 16

*A 3 I F R {2 2 (P<0.05) FIH {2 3% (P<0.01)

* represented significant influence(P<0.05) and ** represented extremely significant influence(P<0.01)

TR R AN 4 P 52 K HPO 738 A 32 M i 7R
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Fig.3 Contour and response surface plot of the effect of NaNO, and K,HPO, interaction on the cell density of mixed green algae
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