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Abstract: Biodiesel, as a new form of bio-fuel, has developed greatly in recent years. The second gen-
eration of bio-energy represented by the lipid from microalgae is one of the long-term strategies to
solve energy crisis in the future. However, improving its productivity is still the hotpot in recent years.
The aim of this work was to improve the biomass and lipid content of autotrophic microalgae. In this
study, we used uniform design to optimize the major culture conditions of autotrophic microalgae in the
air-lift bioreactor. The significant regression equations which showed the effects of these conditions on
biomass and lipid content of Chlorella C2 were concluded, respectively. According to the significant
regression equations, the optimized culture conditions of biomass were: 0.178 g/L the concentration of
N°*, 5 L/min air rate, 3% (V/V) CO, and 6000 Ix light intensity. The biomass and productivity attained
were 2.11 g/L and 0.352 g/(L-d), 12.2% higher than the highest biomass and productivity obtained
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[1.88 g/L and 0.313 g/(L-d)] in those experiments. The optimized culture conditions of lipid content
were: 0.400 L/min air rate and 1.94% (V/V) CO,. Lipid content attained from the optimized culture
condition was 22.4%, 7.7% higher than the highest lipid content (20.7%) obtained in those experiments.
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Table 1 SE culture medium
% e RE i %x R

Composition Concentration (g/L) Composition Volume (mL)

NaNO; 0.250 Fe-EDTA 1
CaCl,-2H,0 0.025 As solution 1
MgS0,7H,0 0.075 Soil extraction 40
FeCl;-6H,0 0.005 Distilled water 958
K,HPO,43H,O 0.075

KH,PO, 0.175

NacCl 0.025
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Table 2 Uniform design matrix of the culture condition

FE RRTWE  ESER AR ey

Trial No. The conﬁentration Air rate a3 3 ; Light
of N°" (g/L) (L/min)  CO, (%, V/v) intensity (Ix)
1 0.041 1.24 1.09 4000
2 0.055 2.49 2.46 2000
3 0.109 3.75 0.27 4000
4 0.164 5.00 1.64 2000
5 0.218 0.82 3.00 6000
6 0.273 2.07 0.82 2000
7 0.327 3.33 2.18 6000
8 0.338 4.58 0.00 2000
9 0.437 0.40 1.36 6000
10 0.491 1.65 2.72 4000
11 0.546 291 0.55 6000
12 0.600 4.16 1.91 4000
2GR

2.1 SIS AEREIHL
211 FTHWHEREEVEAAEMRE SH: RiEHY
RS AT T 12 4505, ST g R LA 1,

25 [ —— Actual
| Predicted

Microbial biomass (g/L)

o1 2 3 4 5 6 7 8 9 10 11 12
Trial number

1 BREFHEHSRTIR/NKEEYENINES

T B B e 3R

Fig. 1 Microbial biomass variation of culture conditions

uniform design experiment
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Y=0.095 + 0.8X; + 0.028X, — 0.044.X; + 0.000091.X,
— 1.1X}7 — 0.084X.X, + 0.0019X5 + 0.03.X; (1)

FHBRAE L 2 B A B )= 7
Y = 0.89X; + 0.25X, — 0.25X; + 0.91.X, — 0.76X7 —
0.37X.X, + 0.093.X3 + 0.55X3 (2)

Horp Yy A BONAE (g/L), Xo ARk
JE(g/L), X A A (L/min), X; A ALRRARA
WEE (%, VIV), Xy FOGHRIRFE (1x)

(D) #E— 25T B 7 2275 1, O IEER
FEXT/NER B0 A= i A 2, R R R )
B, #RHEE . R IR BR B —
Wi, ot AM AU v B S R R A BAE A —
JEFEA

IRV TR T 22 0T R 3, AR N = 12,
B E KT 0 =0.05, KiE{E Fo=9.985, & FHE
F (0.05, 8, 3) = 8.845, F, > F (0.05, 8, 3), [AJH )5 &
B,

x3 BERFHHASRIKBAIESN

Table 3 ANOVA for the regression equation of culture
conditions uniform design experiment

78 S AR I Al FI HiBE Y77 ¥Irie
Source  Sum of squares DF  Mean square  F value
I

F3 0.310 8 0.038 9.985
Model

3l

R 0.011 3 0.038

Error

24

! 0.320 11

Total

R=0.9817 R*=0.9638

M 3 AL, AL R R0 R AR A R
96.38%I A4 B = W)
212 REEHRURERS M @ A5
Br, S ARIb S & F: FURTHE 0.178 g/L, #F
SR 5 Limin, A ARERAIRBIREE 3% (V11), LR
SR 6000 1xo TEMLAAET, KA UL Y) A8 bR
KA R 2.20 g/L, BPAE =330 0.367 g/(L-d). T
A B R L S5 R T B e R AR 1,88 g/L,
BIA: =3 % 0.313 g/(L-d), 427 17%.

PIPRAR S i o5, 4545 1] U9 7 R 43 ) 2% 4
T 2 56 IR 3 Bl P9 4% DR 28 0 A g 1 A R ), 25 4
2-5,

M 2-5 ATLIE H, 78I HUE G A, /hak
1 AR T A R L Ol SR B 1 88 i 4 K
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Fig. 2 The effect of air rate on microbial biomass
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Fig.3 The effect of light intensity on microbial biomass
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Fig. 4 The effect of CO; (%, V/V) on microbial biomass
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Fig. 5 The effect of the concentration of N°* on microbial
biomass

http://journals.im.ac.cn/wswxtbcn

PR 171738 R 36 7 1 5 W DR 28 0 HL A 1 B R R
i ZEABRIETREELE 1% (V/)LVREE, A
Bl — AR RRAR B B AR AN TR, X AR i AL R TG
AR, 4 A AR BIREES T 1% (VAT
Ay BE RS i R R, R IR R E,
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IUFAY-=38

2.1.3 ¥NEMIRIE: A ARAEFIRE .
R TR AR AR R BE O BEGE BEXT €2 /NER
IR R S 351 A 25 S, AR PR 0.178 g/L,
SRR S Limin, A ALERIAFIEEE 3% (V/1), ot
HESRE 6000 Ix Ak r 555 451, H LR g
FEE IR 45005 G 75 S ARt A, T 28 i A )
g ER 4,

x4 BREFHEALIEEYELR

Table 4 Comparison of biomass under initial and
optimized culture conditions

Y YR
Biomass (g/L) Biomass productivity [g/(L-d)]
SRS

*@miﬂﬁ’f‘ﬁi 1.88 0313
Initial condition

ORI
A _ 2.20 0.367
Predicted maximum

R N7 2 A2
P siize et 2.11 0.352

Optimized condition

DAERAA 53053 B 0 47 S 36 0 A0 4% (R 1A T 30 E 51
5, FRESCFRA: P A A Y 95.9%. L34 5) 525
HRRG I 1) %) B v AR A (1,88 /LR T 12.2%0
2.2 LUMBEE AiEwRBIE L
221 ZHWHERRKEVAFEZIREESH: L8
Vit 1347 T 12 4508, He5 R LA 6.

25 r
o 20 [
s
g 15 ¢
k=
8 10 L
=t
B —— Actual
-y L
g --u-- Predicted
O 1 1 1 1 1 1 1 1 1 J
o 1 2 3 4 5 6 7 8 9 10 11 12

Trial number

6 EFRFHWHRUHTHPKRBESENENE
5 il {E B9 L3R

Fig. 6 Cellular lipids content variation of culture condi-
tions uniform design experiment
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Y =0.89X; + 0.25X; — 0.25X; + 0.91.X, — 0.76X7 —
0.37X,X, + 0.093X3 + 0.55X3 (3)

FHARE [N E RN e B H RN

Y = 0.0812X; + 0.992X, + 5.08X; — 0.148X, —
1.53X,X; — 3.67X3 (4)

I S X AR B Y Oy B T 25 47 b, A — T R
DX BEE —=  BR I LX )% 15 %) BTkl s, o LA T
WEE R, TEMNE . ST B SRR B E
T, I AARUERNA RECA, 15322 m )

Y=0.955X, + 4.73X; — 1.39X,X; — 3.46X;  (5)

Hor, v g & s WA (%), X, MR
(L/min), X3 —FABRAR TR FE (%, VIT)o

ML BB T 2503k 5 AT W, HEAR &
N=12, BEMHKF a=0.05 KK(H F, =26.62, Il
FUE F (0.05, 4, 7) = 4.120, F, > F (0.05, 4, 7), A3
TR, BEUSMRE 93.83% MR & .

x5 BERFHEHERITKBAIESH

Table 5 ANOVA for the regression equation of culture
conditions uniform design experiment

AR S5 R IR FJ7 Fl ¥75 Hr e
Source  Sum of squares DF Mean square  F value
)

5 296.0 4 74.10 26.62
Model

3l

R 19.5 7 2.78

Error

24

A 316.0 11

Total

R=0.9687 R>=0.9383

ULy R - OIDVEES @R Cx o 3 R ol
() 4 A~ PR 2E rp ol A o B — SR Al e AR AR o S
FR A S 31 32 B A R I
222 LUHBEESENEFROREESHERLITIEES
B R R A B S8 S A
R A AR AR R BE A 4 34 0.400 L/min 1
1.94% (VIV)BF, FRAS T RS 2t 48w 0 d KAE N
23.2%,

2 S AE S0 L Y A% R 2 A R T R ) (R
USRS, PTRARREL 7 FIE 8,

H1I&E 7 FIEL 8 AT LA H, AR S R 5 g
TR R HEAE I — s 70 [ 4 v — b e (AR FR ik
FEA R TR R MMAR, (H &k B — AR AR Tih g
A,
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Lipids content (%)
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Fig. 7 The effect of CO; (%, V/V) on cellular lipids content

25 1

20'\\\\\\\\\\\\\

15 F

10 r

Lipid content (%)

Air rate (L/min)

8 BREZRM/NIKEMESENFM
Fig. 8 The effect of air rate on cellular lipid content

2.2.3 WIEMIRI: ZEARFARE FIRE . HES
R TR AR A RV BE RO RS BE XN ER R C2
PR R K S R A R, DLRR R
0.327 g/L, #3# % 0.400 L/min, — 4 LA«
& 1.94% (VIV), YEHRSRFE 6000 1x ML A RE 35 45 AF
KL T IN E ThAE RRAL R i s R S S by S dk
ZRETT BT A A A A A LA, S5 R I 6.

Fo6 BHRFHMARNFHEDSEHR

Table 6 Comparison of lipid content under initial and
optimized culture conditions

AW i Wil
Biomass (g/L) Lipids (g/L) Lipid content (%)

ﬂ&.ﬁ_ﬁwiﬁ%%ﬁ 0.947 0.196 20.8
Initial condition

b
ﬁ‘iulﬁ ' 5 5 57
Predicted maximum

- 7
PEALSR AR 1.629 0.365 224

Optimized condition

DLAR A 1153053 B BT 48 52 36 AR Ak 2% 140 3R 47 30 iE
S, A9 20 SRR S A TAE R 96.6%. I
A S By v RS I 3 4 Fee e TR A (20.8%) B2 T
7.7%.
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