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Abstract: [ Objective | With the increasing depletion of fossil energy, biomass energy as an alternative en-
ergy source has become more concerned.Biodiesel is considered to be one of the best alternative energy sources
to solve the problem of limited fossil fuel reserves due to its extremely high similarity to fossil diesel in terms of
energy density and combustion performance.Currently, most biodiesel is produced worldwide from oil crops or
animal oil materials. When the edible oil crops were used as raw materials for the production of biodiesel, it
would compete with the food market, and then lead to food shortages. Microalgae can grow 10-50 folds faster
than terrestrial plants.Nutritional composition such as lipids, carbohydrates and proteins of microalgae is 3 folds
more than those derived from plants and fish.They can be cultivated on non—arable land without seasonal limita-
tion.At the same time, the harvesting could be in a daily basis.Therefore,, microalgae have been widely regarded
as one of the most promising raw materials for biofuels.Nevertheless, one of the main factors hindering the indus-
trialization of microalgae biodiesel is its low production of microalgae lipid.In this study, to enhance the lipid
production, the total lipid production of the microalgae strain Z; was used as the evaluation index, microalgae
heterotrophic medium conditions were further optimized. Specifically, the most significant process parameters
such as glucose , magnesium sulfate, sodium nitrate, calcium chloride, dipotassium hydrogen phosphate and cit-
ric acid were selected for the optimization through using the method of one—variable—at—a time and response
surface methodology.[ Method ] The effects of different ingredient concentrations in the medium, such as glu-
cose, magnesium sulfate, citric acid, dipotassium hydrogen phosphate , sodium nitrate , and calcium chloride, on
the biomass and lipid production were investigated by using the method of single factor experiment. After com-
pleting the above steps, the main influencing factors were found by the Plackett—Burman (P-B) screening test.
Then, the selected significant influencing factors were further optimized through the Central Composite Design
(CCD)test, and then the optimal culture conditions for microalgae were established.[ Result ] Based on the re-
sults of single factor experiment, the biomass and total lipid were firstly enhanced and then remained un-
changed when the concentration of glucose was improved. With the increase of the concentration of magnesium
sulfate , sodium nitrate , dipotassium phosphate and citric acid, the phenomenon that the biomass and total lipid
both increased firstly and then decreased was observed. However, there was no significant change in biomass
and total lipid if the calcium chloride concentration was improved.Four significant factors, such as glucose , mag-
nesium sulfate, citric acid, and dipotassium hydrogen phosphate , were obtained through the P—B screening test.
At the same time, these four significant influencing factors were further analyzed through the Central Composite
Design test, and the optimal culture conditions were as follows : magnesium sulfate 200 mg/L., dipotassium hydro-
gen phosphate 0.07 g/L, glucose 18 g/L, citric acid 9 mg/L, sodium nitrate 1.5 g/LL and calcium chloride 0.04 g/
L.Other conditions were consistent with the heterotrophic BG—=11 medium.Under these conditions, the biomass
of 7.7 g/l and the lipid production of 3.17 g/L. were obtained , respectively , which were 40.77% and 128 % high-
er than those under unoptimized conditions.[ Conclusion | The biomass and total lipid of the microalgae strain
Z are outstandingly improved by the method of response surface methodology.These results indicate that the
step—by—step optimization approach could provide some scientific suggestions for enhancing the lipid produc-
tion of microalgae or improving other similar fermentation processes, which is beneficial to microalgae biodiesel
industrialization and commercialization.

Keywords : microalgae ; total lipid ;biomass energy ; response surface method
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1 #MREF=E
1.1 FEF

B A P 0 S R R B B Z,( Desmodesmus intermedius Z.) , FHAS TR A 2245 B3I 7K 38 43 15
KRG,
1.2 RIWHE
12,1 #BHRFX FIRIGEFR": DL 10% BH R R B0 K AR A0 SR FD 2 BG-11 3R 15 Fe b
(JHA R Na,CO,, i HAE R —B5J5) , T 120 o/min JEBJE (27+1) CEMF FEHDER 376 do
122 FHEZRBZT  PUERZAE MR 4, LIS R 5 95 BG-11 8537 3L 7 R B FR AR Z,, A9 A
) A W FE (0,5, 10, 15,20, 25,30 /L) B2 EE R (0,25,50,75, 150,300,450, 600 mg/L) fiff FR 4h v
J#(0,0.1,0.2,0.3,0.5,1.5,2.5,3 ¢/L) G ALEBH E (0,0.01,0.02,0.04,0.08,0.12,0.25,0.5 ¢/L.) B S —
BV (0,0.01,0.02,0.04,0.08,0.12,0.25,0.5 ¢/L) Fr& R B (0,1,2,4,6,8,10,12 mg/L) X 3 kK 2,4
KRR R, AL B () H e N 2 5 338 BG-11 J R — B & F R, LLeAR 2, 19 A4 i fnBUIg 2
Vo = Rt el D VAT AW oAt AN N
123 e %83t Plackett—-Burman (P-B) K 22 i 6 150" : A4l 2R DA 22 1 0 i A 451> L 2R R K
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M2 \EDTA %5 71 = 347 Bls = 09 B M 48, B R R B 2 /KK UL R R e DL (E o o s B R A
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124 stz PR AINE": B10.0 mL AR 3B, F O i 0.22 wm Y IR IR AT FL 25 Sl U8 Ky
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YT RE FR I U8 M X R 22 LR AR AR

B =100(M - m) (1)
K (DB E Y5 (/L) , M BBl Bt (g) , m IR (g) .

S A G G R TR R E A 1.0 g BT R A 8.0 mL 4 mol/L ) HCL, R %7 245) , i i
35 min, ¥ K 12 min 52 H B F IR, ARG I 16 mL & 05 - B (V/v=1: 1) EBGA, 78038, 2 18
20 min, T4 000 r/min Z50F T #5.0 20 min, BEA7)Z A 8.0 mL & 54 1.5 mg/L NaCLIFH ,4 000 r/min
0 20 min, BUAT 2 T EFRE 1 100 mLHETE I, B HETE HUBCE T-HEAE o T 60~80 C &1 T Mk 22 6 5
L, PR 22 HI 2 1.0 g Sk i AR B i, SR i i AN .

P=L/1xB (2)
KPR RNRE (/L) L RIE R () , B AW (g/L) .
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The error bar represents the standard deviation of three parallel samples.And “a,b,c,d,e,f” in the figure indicates significant.
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Fig.1 Biomass and total lipids under different concentration factors
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F1 P-BIREZITEEERREHKE
Tab.1 Level of factors in P-B test design

= IKF Levels

Factors -1 1
AfHREN/(g- L") Sodium nitrate 1 2
BHiREE/(mg- L") Magnesium sulfate 50 200
CHfLFE/(g- L") Calcium chloride 0.02 0.06
DR A —4/(g- L") Dipotassium hydrogen phosphate 0.03 0.07
E# %4/ (g-L™") Glucose 10 20
FAPER/(mg- L") Citric acid series 3 9

#2 Plackett-Burmani® it 548
Tab.2 Plackett—Burman design and results

1A R L SHAB R EL (T -]
'l‘ilgzibjer A B ¢ b £ ¥ (iﬁ;jﬁ piil(ugcti)n)
1 1 1 -1 -1 -1 1 1.05
2 1 1 1 -1 -1 -1 0.70
3 -1 -1 -1 -1 -1 -1 0.36
4 -1 1 1 -1 1 1 2.10
5 1 -1 1 1 1 -1 1.35
6 -1 -1 1 -1 1 1 1.15
7 1 -1 -1 -1 1 -1 1.16
8 -1 1 -1 1 1 -1 1.70
9 -1 1 1 1 -1 -1 1.09
10 1 -1 1 1 -1 1 0.96
11 -1 -1 -1 1 -1 1 1.20
12 1 1 -1 1 1 1 2.23
FP R LAE R 3 K I 1 Y
The final value in the table is the mean value of three repeated trials.
%3 Plackett-BurmaniX IS8 & 7 £ 5
Tab.3 lackett—Burman model and variance analysis
T5 22K -5 A ¥75 FiH PiH
Source Sum of squares df Mean square F value P value
Model 2.99 7 0.43 10.09 0.020 6
A 0.002 2 1 0.0022 0.052 0.830 6
B 0.60 1 0.60 14.10 0.0199°
C 0.011 1 0.011 0.26 0.639 1
D 0.34 1 0.34 8.11 0.046 5°
E 1.55 1 1.55 36.70 0.003 7°
F 0.46 1 0.46 10.77 0.030 5
G 0.028 1 0.028 0.67 0.458 0
% 2% Residual 0.17 4 0.042
JFN Sum 3.16 11

*RIRES 5% KT E M.

* means significant at 0.05 level.
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Tab.4 Coded values and corresponding actual values of the optimization
parameters used in central composite design(CCD)

K% IR Levels
Factors -1 0 1
AFREEE/ (mg- L) Magnesium sulfate 50 100 150 200 250
B W2 2 —41/(g- L") Dipotassium hydrogen phosphate 0.01 0.03 0.05 0.07 0.09
C #i%i%/(g- L") Glucose 9 12 15 18 21
D ¥R/ (mg- L") Citric acid 0 3 6 9 12

222 vmpEpAl ARYE P-B R E e L A, W O AR E BE i Design expert 8.0 21T N7
T UL RS A A B e T T S o AT, SR B LG, VLB IR & MmN AE , 2547 4 B 5 Ky ma v i1k
KR MG 7K - an e 4 s, et H it 5w W ARLZS S AN 36 5 7, [RS8 Az 22 500 i 35 A 36 UL % 6.

x5 HOEEASREIZITSmME

Tab.5 Design and response value of central rotation combined test

R EE/ (mg- L") WA =/ (g-L") HiEIRE (g- L) MR/ (mg L) SRR/ (g-L7)

N?m?er Magnesium sulfate Dipotassium phosphate Glucose Citric acid series Total lipids
X, X, X, X, Y
1 150 0.01 15 6 0.85
2 150 0.05 15 6 1.83
3 100 0.03 18 3 2.39
4 200 0.07 12 9 1.79
5 100 0.03 12 9 1.44
6 100 0.03 12 3 0.84
7 100 0.07 18 3 2.74
8 150 0.05 15 6 2.17
9 150 0.09 15 6 2.24
10 150 0.05 15 0 0.63
11 150 0.05 15 6 1.73
12 150 0.05 15 12 2.57
13 150 0.05 21 [§ 3.17
14 150 0.05 9 6 0.80
15 150 0.05 15 6 2.24
16 200 0.03 18 3 2.56
17 100 0.07 12 3 1.45
18 150 0.05 15 6 2.24
19 150 0.05 15 6 2.24
20 100 0.07 12 9 1.92
21 200 0.07 12 3 1.77
22 200 0.03 18 9 1.98
23 200 0.07 18 9 2.45
24 250 0.05 15 6 2.49
25 50 0.05 15 6 243
26 100 0.03 18 9 2.61
27 200 0.07 18 3 2.77
28 200 0.03 12 3 1.02
29 200 0.03 12 9 1.74
30 100 0.07 18 9 1.90
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FIHH Design—expert 8.0 FXFXF 25 AT Z 70 MUALA G , Zead 43 #v] LIAS BB IR B (X,) (iR & —
BP(X,) R (X,) PR (X,) 45 44 TR R XA 7 1t 0 Z2 e [l A A

Y=2.08+0.037xX,+0.21xX,+0.51xX +0.17xX,+0.046XX X,~0.034xX X,~0.038xX X,~0.098%X,X,~0.10x
X, X,~0.21xX X, +0.11xX,*~0.12%X,>=0.01 1XX,>~0.11xX, (4)

MR 6 AT ALY FAEN 5.11, P<0.05, /s Ha i 3 200 (FRoR R ), e R4 R'=0.826 6, 1 1E
FEUR,,'=0.664 8, VL] B B g it 5B Y [l )3 {8 HA R 47 09— 0Pk, IRl B 12055 50 e £ T 66.48% 11
NAERAEE . 53 ANAUTI ) F=3.44,P=0.926>0.05, Uit B I FUITAS {3, T LA A S A - b s e S B i
B o PR 2R ] T GsE T g 2t 0 e BT RN . M RIS R, X 6 IR s A L X, X
P K58 B X X, IR RS ) 2, AR ITUR 83 . 15E BH R G PR 2N S R PR R P OC R 5 4 A B R
JE 2 () S A R B TR/ IN G Sl Sy < A TR S B AR R R R EE

2 1 Design expert 8.0 A5 HT , 15 1 bk Z, T R85 F2 0B A T2 400 I A 0 18 o/L Fr i
iz 9 mg/L BSR4 0.07 o/L BREREE 200 mg/L, £ M A5 144 AU B de R EHISAE K 3.17 /L, R AL B 5%
S BNEE 1.39 o/L M L2 FILIE$E T 128% .

SR R ST 3 R AT G, 45 SR A5 SR Z, 1 BIE R 3.17 /L, 5 A AR — 5L
CAb 32 5 BB — ), 8B 0T U9 5 8 5 S B 5 0 ADL A A0, TS 780 W DL A - b S L T 000 3l Al ™

x 6 HLEEASAEIEZITAESHT

Tab.6 Analysis of variance in the design of central rotation combined experiment

=23 05 A B ¥i5 Fii P1H

Source Sum of squares df Mean square F value P value
TEEAY 10.23 14 0.73 5.11 0.001 7'

X, 0.033 1 0.033 0.23 0.639 4
X, 1.04 1 1.04 7.29 0.016 5°
X, 6.17 1 6.17 43.15 <0.000 1"
X, 0.73 1 0.73 5.10 0.0392°

XX, 0.034 1 0.034 0.24 0.6309

XX, 0.019 1 0.019 0.13 0.7227

XX, 0.023 1 0.023 0.16 0.695 5

XX, 0.15 1 0.15 1.07 03170

XX, 0.17 1 0.17 1.15 0.299 6
XX, 0.69 1 0.69 4.86 0.043 6"

X2 0.31 1 0.31 2.20 0.159 1

X, 0.41 1 0.41 2.86 0.1116

X2 0.003 7 1 0.003 6 0.025 0.876 6

X} 0.32 1 0.32 2.25 0.154 1

5%2 Residual 2.14 15 0.14
PAUME Lack of Fit 1.87 10 0.19 3.44 0.092 6
HriR2E Pure error 0.27 5 0.054 3.44 0.926
ST Cor total 184.24 29
R 0.826 6
R’ 0.664 8
#FRW P<0.05 253 0%,

* indicates that the difference of P<0.05 is significant.

3 WieSE
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A R B BAER, FIHX P75 — B a5 BRI Z58R, 120 AR TR THRR R A,
{E TG 6 K P 2 A S DL AELEA T F00 , J9T 5 B4 e I 45 SR AT AN A 10 Pl —F i 7 T 25 RE 7 2
DX 3k 1 8 %81 PR 22 R 1 (B[R] 1) pR A Rk 5, 2 — PR BB 58 LA PRI 2R 0] 28 ELAE FH X6 DX A1 Ay o 17 (L
HEAT T 4 TET U5 S A1 5 20, 0] A SE ARG B 2 50 7 vk i R BRAPER, Rk g 34 Al oy A A B — 2 i
AR ASTRIBS RGP U LR 4 8 5 107 KA LR L A9 2 ok i T i A R 5 S 7= A R T AR B )
SO o AR R AR Z T i A, AR SR e TR B DR 00 AR A AR Z AR A T B SR AR T A
I HE 15 /L BREREE 75 mg/L HEREN 1.5 o/L S ALES 0.04 o/L BERR S 481 0.12 /L KPR 4 mg/L. $&
Ji , 8 LB A Design—expert 8.0 K85 HLPR 50 45 5 , it P-B g0 Ao 4 A3K56 . @ it P-BIKER
5RO IR EE IR A T A T R AR Z, SRR R HAT B H R BE A
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