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Effects of carbon source and concentration on the growth
density, lipid accumulation and fatty acid composition of
Nannochloropis oculata

Xiao Dou, Xianghong Lu, Meizhen Lu, Rong Xue, Rongjun Yan, and Jianbing Ji

Zhejiang Province Key Laboratory of Biofuel, College of Chemical Engineering and Materials Science, Zhejiang University of
Technology, Hangzhou 310014, Zhejiang, China

Abstract:
and lipid contents of Nannochloropsis oculata were studied. N. oculata preferred inorganic carbon to glucose, the growth

Effects of carbon sources (Na,CO3, NaHCOj3 and glucose) and concentration of NaHCOj3 on the growth density

density and lipid content of algae cultured with NaHCO; were higher than that with glucose. The effects of concentration of
NaHCO; on growth density and lipid content were related to inoculation density and nitrogen level. In high nitrogen level,
the concentration of NaHCOj; had little effect on the growth density, but in low nitrogen level, the growth density increased
at first, and then decreased with the increase of concentration of NaHCO;. Based on the results we suggest that an optimum
ratio of carbon to nitrogen was existed. Furthermore, we found the optimum ratio was changed with inoculation density.
The optimum ratio of carbon to nitrogen was 3 when inoculation density was ODgy of 0.10, the optimum ratio increased to
5 with ODg4 of 0.70. Concentration of NaHCOj; and ratio of carbon to nitrogen had significant effects on the lipid content
and productivity. Lipid content reached the highest value when the ratio of carbon to nitrogen was 1 with experimental
range of nitrogen level and inoculation density. The lipid productivity was 56.7 mg/(L-d) , and the EPA productivity was
6.5 mg/(L-d) at optimum cultivation condition with NaHCO; as carbon source, the ratio of carbon to nitrogen at 1, the
concentration of NaNO; at 0.225 g/L, and the inoculation density with OD 4 of 0.70.

Keywords: carbon source, C/N ratio, Nannochloropis oculata, ribulose-1, 5-bisphosphate carboxylase/oxygenase rubisco
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%1 AREIEFEE D NaNO, 1 NaHCO; K E
Table 1 Concentration of NaNO; and NaHCO; in different medium
NaNO; (g/L) C/N NaHCOs; (g/L)
1:1 0.029
3:1 0.086
0.025
5:1 0.140
7:1 0.302
1:1 0.086
3:1 0.259
0.075
5:1 0.420
7:1 0.604
1:1 0.259
3:1 0.777
0.225
5:1 1.295
7:1 1.813

1.3.3  BR R HUSA A BR i e v AR o3 B 40T
B R AL K TS B A B A CHCL,
Vfi, % A 1.5 mL Agillient 3ZESHE T, A 1 mL
1 mol/L (UBRIR P BEA, 78 N, 1100 °C
RN 1Th, HEREH, A 200 pL K&K, iR
5], FH 200 pL IECHREZEE 3 Ik, GIFA LM,
FH 200 puL Z5 8§ ¥ /K R AR S 3 U, HCAHLAH,
B N 1.5 mL Agillient B¢EHF, Ny KT, FRE,
SARETE-FUEBHE 0T R Aglient
ST PR 7890-5973N RIS T AL (GC-MS)
XiF Tl e T B 1 B I e R R 2R AT E
I3HT. GC-MS %44: DB-5MS £ B4IEH 0
A (30 mx250 pmx0.25 pm), HITHEEF: ¥
I 60 °C, LA 10 ‘C/min F+ % 270 C, £f+F 5 min,
LA 8 ‘C/min FF 2 300 'C, {#FF 8 min; FRIESK
PR BERETIRE 270 °C, (Oi%-FRikE 1R E
260 C; A AR BAIHE:
e aC: El; EaERE: 70 eV M Jral:

1.0 mL/min;

AT (SCAN); HAEM: 200~550 amu;
PEHEE . 1 L,

SO E R R Aglient 24 R4
7 7890 BISAHETEAL (GC), X HIBRAL)S e
Ji v A BE R HH WA T8 1 40T o GC T 451
DB-WAX £ 41% @ i%+H (30 mx0.32 mmx
0.50 pm), FEFHREFF: M 50 CH=Z 150 C, f#
£ 2 min; LA 10 °C/min J+Z 200 °C, 1445 6 min;
FELL 10 °C/min FF 2 230 C, F4#5F 5 min, <.
A Wik 3 mL/mine KNSR SCAARIIIEE
AA: 30 mL/min; %<: 300 mL/min, #FEH

M. 280 C; RM#S R 300 C,

2 HER5
2.1 BREHIREZEIK
B8 E

B iR A 2 S5 A HR o5 4EL IR R R v e v, SR FH
SMEGE-FEE (GC-MS) B & M4 0T Rg 105

EEmAE R AN B
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Total ion chromatogram in GC-MS of fatty acid methyl ester of N. oculata.

Fig. 1
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R2 FRBFEMIR SR IKREREENMES 20

Table 2 Effects of different carbon sources on the the growth density and lipid content of N. oculata

Without carbon Na,CO; NaHCO; Glucose
Dry weight (g/L) 3.06 3.44 4.72 3.25
Lipid content (%) 35.60 29.31 29.93 27.84
A 35 rC/N=1 = C/N=3 B 357« C/N=1 = C/N=3 C 357« C/N=1-=CN=3
3.0 F-a-C/N=5 e~ C/N=7 3.0 [ - C/N=5 =~ C/N=7 3.0 - C/N=5-eC/N=7
2 25 225 2 25¢F
3 20 S 20 S 20F
C 15 C 15 C 15¢F
1.0 ey W’“ 1.0 1.0 -
0.5 0.5 0.5 F
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 O 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
1 3 5 7 9 11 13 1 3 5 7 9 11 13 1 3 5 7 9 11 13
£(d) £ (d) 1(d)

B 2 AF CN HREMUBFRBEERZENEI (ZMEZE 0D4=0.70, NaNO; i KE 52 3IH 0.025 g/L(A).
0.075 g/L (B). 0.225 g/L (C))

Fig. 2 Effects of different C/N ratio on the growth density of N. oculata. Inoculation density at OD,4y of 0.70, the
concentration of NaNOj; at 0.025 g/L(A), 0.075 g/L (B), 0.225 g/L (C).

A 201 o o/N=] = C/N=3 B 201 « o/N=1 = cN=3 C 201 o o/N=1-=C/N=3
|5 | = C/IN=5 -~ C/N=7 L5 | - C/N=5 - CN=7 L5 | - C/N=5-—C/N=7
Q1.0 S 1.0 | 3 1.0
S S S
0.5 ; EEE 0.5 0.5
0 Y el NN I Y N T Y Y N Y Y N O A O i | 0 § AN TN N N N N Y N N A 0 ) N TN I N N N Y N v |
1357 91113151719 1357 91113151719 1357 91113151719
£ (d) 1 (d) 1 (d)

B3 AEC/NMNRAIUUBEFKEERZENEZIN (MIREMEZE 0D4y=0.10, NaNO; K E 531 /4 0.025 g/L(A).
0.075 g/L(B). 0.225 g/L (C))
Fig. 3 Effects of different C/N ratio on the growth density of N. oculata. Inoculation density at OD,4o of 0.10, the

concentration of NaNO; at 0.025 g/L(A), 0.075 g/L (B), 0.225 g/L (C).

NaHCO; ¥k JE (C/N) XFHR Sl i af BR i A K 3% i, NaHCOs ¥ BE A3 fin S i 25 3 il e i AR
JEE TR 5 W0 5 00 B B 8 B RS 3R H NaNO5 ¥k (ENiE s NaNog‘Zf&EE’JiJJn,Nchom“EE;ﬁ%wf”ﬂz
JEA O ERMIKAY NaNO; W R, NaHCO; i} S ek A KR AR AR /N, X R N
Xof e A KA BOREE A . NaHCO; Wk BE A7 AE MU £ NaNO; ¥ BERAR A I, B JiR s A= K
A TEAR TR SR, B NaHCOs ¥R EE 38, PRI T, B NaNO; WEZRHE, AR N
R A5 ABL R gt ok s ) A A SR o5 3 A A (E& R E S e W N SE R G
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T, NaHCO; ¥R B M A S AN, Y0 baHeF e
J& OD44=0.70 HYRH , NaHCO; 3¢ i (4R A 15N
C/N=5, ILATHR AU ek BRI A A 1 R i T
b2l 5 MR HEFPHE ODaag=0.10 YIS,
NaHCO; ¥ B IR LG C/N=3, JLETHR S48
SRR RGBS AR EOR X AT RRR K R TE
NaNO; W ERARNT, B Eefp i 3 n, fdosed:
T R ) AT RS

TEARR BIRILG AR A NaNO; W R, C/N
X IR A Ak Bk i A= ) W s e DL 3, AT LU
TEAN R BRI R AP A NaNO; IRIE T, C/N XTHR
RUADL R SR 3K A ) 1 R T HL X e A G TR
(R PR — 3 ZEAE TR Y NaNOs e EEFI C/N R
BB 5 W) b B P R RE AR AT R I A K
X 5 ki AR R 5B A — B
2.4 C/N RS IHGFIKEMIES MR

TEA R R IR A BE AT NaNO; WREE T,
C/N IR s fl st ok s i i 5 i s e DL ] 4
PR BE T ERR I . C/N 1, BR A3
TR MR 2 i e s ZEAHAIAY CO/NCR, Bl
& NaNO; WREE AR, B ie & iz ik
ik, X5 Attilio Converti!' "4 “ & BEA F T
BOMAE R R WA TG TEAHFAY NaNO;
WS, B C/N RSN, R SRR 1 T

*3 BEMEEM CNMRSIMEFKEEY SN

fR & a s R, (BARREAE C/N=1 IfikF]ix
K, X AT AE 5 e [ CO, S g it A i
OB Tl A% P W - 1,5- — W ROR AL/ I A (AT
Rubisco) A ¢, XN GAVE R & DL K
i e A ) TR A, MR U I A
AR A4 & B g B T LU U A ek i
OB RE T, CoIR R EEAN . EEN
—ABRE, OB ALEE 3 AP EL

1) BRALF B (CO, M E M Bt): RuBP (—
BERRAZ BB )+CO,—2 PGA (3-Hile HihiR); fEfL
Jif . Rubisco (1% Mi¥#-1,5- BRI A )

2) IBJERTEE: PGA—GAP(H il -3-BE1R) .

3) FiAERYEE: RuBP R

XA R COy A [ 2 2 PR A R PO
PGA B4 BGHR T LU T 2 thag = kCoo, Crupe 76
/N, Ho k SRR RO HREEL, 5 Rubisco HYIE
PEH X, Ceo,v Crusp 3378 CO, F1 RuBP ik
JE, MR LIE H CO, M E LS
CO, 1 RuBP [ EH &, 5 Rubisco AR
HAH K,

Rubisco MIRLIGTERIMATE TR EESH
CO, B Me™ Wyttt pH FR rpimAp 2122 AR e
WALB F124 09500, Lorimer 252U H LI h 1

A

Table 3 Effects of different inoculation density and C/N ratio to the growth density of V. oculata

A B C
Concentrationof
NaNO; (¢/L) 0.025 0.075 0.225
C/N 1 3 5 7 3 5 7 1 3 5 7
0D 440=0.1 0.27 040 0.11 0.10 0.70  0.75 0.73  0.59 0.70  0.81 0.78 0.64
0D 44p=0.7 1.38 1.14 137 1.36 1.52 1.73 1.59 1.67 222 213 232 224
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E(flifk)+ ACO,——E-*CO,(%lifk);

E-*CO,(4lifk ) +Mg™ ——E-*CO,-Mg™ (i k) ;

E 10# Rubisco fi; *CO, AR AN
f) CO,.

B R B R Mg® % Rubisco 42 103 Pl
IR M T AR SR RIPERT, 24 C/N M 1 1
g 3 A, KEFRE T HCOs il N, i
PERgSR, M® HOUTIE BN, R R Mg” TR,
A Rubisco BFHE AL, M-S 00 A0 AE &
iR 2 C/N O 3 HEINE] 7 IR, AR
Jerp CO, MR EEAZ K, FEATEPEXT PGA YA B
HORAFI AL /N, Y CO, He B A e 3= A
H ., BT LARGEE B A i SO BT

FEWIFIRI IR AN BT, NaNO; WAl C/N
Xof HIR A3 A0 Bl o 3R il Al 5 et ) 149 8 3 M A A
GER WG 4. NERAVTLIEN, HERFORTR R
Fog BN, AR IR S AT R Bk B i T g 7
1 NaNO; ¥ i EH6 (P<0.05), 5 C/NHHM
Kk, ARAHOCHEAE XSS (P>0.05), X BLAAR

>
Lipid content (%)
N R I -
SRR
|

0
C/N 1357 1 357 1357
Concentration of  0.025 0.075 0.225
NaNO; (g/L)

SR ZR R T IR R B2 32 NaNOs 19k i il
C/N 520, {H NaNO; ¥ B (i 520 5k
2.5 C/N 3HER S U R Tk hAs B B BR LA A
B 52 M

&5 R C/N XA s Sl ek s i i i
PR ZH L FR B0 . 3 5 FTLAE Y, el e B
R FE HARHIR (C16 : 0) FIAERIIMMR (C16 : 1)
Mk, C/N XFHEIMAR IR A2 5 NaNOs;
WA G 76 NaNO; VR EE N 0.025 g/L I, BEE
C/N (3NN, FERERR & 5 T RE, ARAimmR & iy
Tins AE NaNO; #FE Ky 0.075 g/L vt , BfiE C/N Ay
B, REAERR E RGN, ARARTMER S iR R

MFE 5 30 AT L 24 NaNO; e B8R il 4
VI I T TR S AR R ) TR AS A TR 7 R
M, BEE NaNO; WREERIEM, Bz
TR TR & s B = 3G . R, NaNOs;
WeEERG M) 0.225 ¢/L i, B EPA (C20 : 5)
S RIFIRE, A% 109% LA I, EPA &—Fh BT
B PO i Y, 4l 999% 1 EPA 7E xR 1

jov]

Lipid content (%)
NN W W N
S L O W O

|

15
10
5 -
0
C/N 1 357 1 357 1357
Concentration of  0.025 0.075 0.225

NaNo; (g/L)

B 4 AEBMEFEMZEM NaNO; iRET C/N WRABMBIKEMESENE N WIREMBZEESH A

OD44=0.70 (A), OD4,=0.10 (B))

Fig. 4 Effects of C/N ratio on the lipid content of N. oculata at different inoculation density and the concentration of
NaNOQO;. The inoculation density with OD440 of 0.70 (A) and 0.10 (B).
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F 4 TEBVAEZEMHZET NaNO; iREF C/N MR SIREEEHESEF MM A E S
Table 4 The ANOVA of the effects of the concentration of NaNO; and C/N ratio on the lipid content of
N. oculata at different inoculation density

Sou.rce of sS df MS F P-value The critical
variance value of F/
A 70.887 2.000 35.443 2.085 0.205 F05(2,6)=5.143
Inoculation density at B 16.563 3.000 5.521 0.325 0.808 Fo05(3,6)=4.757
ODayo 0f 0.7 Error 102007 6.000  17.001
Total 189.457 11.000
A 192.345 2.000 96.173 6.980 0.027 Fo05(2,6)=5.143
Inoculation density at B 19.207 3.000 6.402 0.465 0.717 Fo05(3,6)=4.757
OD4a0 0£0.1 Error 82.668  6.000  13.778
Total 294.220 11.000

A: the effects of the concentration of NaNOjs; B: the effects of the concentration of NaHCO;

%5 C/N 71 NaNO; iR & 3 BR = 43 ek s i AR BA BR £H A HY 52 1

Table 5 Effects of C/N ratio and the concentration of NaNQO; on the fat acid constituents of V. oculata

Concentration

of NaNO; (g/L) 0.025 0.075 0.225

C/N 1 3 5 7 1 3 5 7 1 3 5 7

C14:0 4.60 4.4 3.7 3.9 4.5 4.8 5.5 5.1 5.9 6.65 7.1 6.1
C16:0 45.0 42.9 41.2 40.6 40.2 42.6 42.4 45.0 34.6 32.8 41.1 32.5
Cl6:1 37.9 36.8 43.0 49.4 43.4 37.8 33.5 32.0 34.0 344 32.1 40.9
C18:2 / 0.8 1.2 / 0.5 0.7 0.8 0.93 1.7 2.1 2.6 1.5
C18:1 9.1 9.5 7.6 5.4 7.2 9.3 11.2 10.5 6.4 2.7 7.1 2.4
C18:0 1.3 1.6 1.2 0.8 0.9 1.2 1.5 2.3 1.7 1.3 2.53 1.1
C20:4 0.74 1.5 1.0 / 1.4 1.5 1.9 1.6 4.2 4.7 / 3.9
C20:5 0.96 2.5 1.3 / 2.0 2.3 3.2 2.7 11.5 15.4 7.5 11.6

M T 2R EN T 200 E50/g™), FEARIUMEEA: S UL M2 R 5 S G 7 1R 20 oK 4 14 5 W AN

1y S i 1 P A 4 3 g A0 L 1) R 7 0 BE AR AR K 1Y
R HE L AR ot A Py S ) AR

C/N 1 NaNOs # & Xof IR i #UL ol 2 ki i i 10
H B 22 ARG 7R 5 15 e 14 5
P HTEE R ILER 6. MFE 6 il LI H C/N xR

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

F (P>0.05); HR S ADM ot ok e s B I R ) 2L %,
5j NaNOs; ¥k B AR G BE S 358 IR 107 R AN T R
Y IG T ZEAE 0, e it vh 2 AN A 5 R
&S NaNOs WRFEER B EHC (P<0.01), FT
DLAE 85 37 IR A5 400 B 2 R S 10 BoF % 3 Yl 2
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F 6 C/N #1 NaNO; K & X BR s BRI ER Bk 52 i B RS AR BR 2 RS2 MM BY 75 2 9 4
Table 6 The ANOVA of the effects of the concentration of NaNO; and C/N ratio on the fat acid constituents of
N. oculata

Sou'rce of s af MS F Povalue The critical
variance value of F/
A 70.887 2.000 35.443 2.085 0.205 Fo05(2,6)=5.143
) B 16.563 3.000 5.521 0.325 0.808 Fo05(3,6)=4.757
Staurated fatty acid
Error 102.007 6.000 17.001
Total 189.457  11.000
A 192.345 2.000 96.173 6.980 0.027 Fo05(2,6)=5.143
B 19.207 3.000 6.402 0.465 0.717 Fo05(3,6)=4.757
Monounsaturated fatty acid
Error 82.668 6.000 13.778
Total 294.220  11.000
A 460.893 2.000 230.447 21.961 0.002 Fo05(2,6)=5.143
B 26.873 3.000 8.958 0.854 0.514  Fy5(3,6)=4.757
Polyunsaturated fatty acid
Error 62.962 6.000 10.494
Total 550.728  11.000

A the effects of the concentration of NaNOs; B: the effects of the concentration of C/N.

NaNO; ¥ £ 8 i K b2 i MR A 400wt 1k e
B Z N R AR TR A0 B i, DA 4R v R A
TR IR AR LR 7 BT DR A ™ o B AN (B
2.6 MRAPUNZRECEREREFTFHRITE
T SR Y I 2 H AR AR S R P R
T B 7 % 5 Tl e A 5 R o 1A K
TEWIERAEFI N OD44=0.70 i}, NaNOs; i
FEFT C/N IR SAPL T 3R s e Al 7 25 1 52 i D,
Bl 5. WKL S aT LA, 7E 3 FAS[F]H) NaNO;
WIET, AREIN 24 C/N=1 i, HR St ke
REMSARAF B AR %, X AN G & = 14518
B, £ C/N=1 B, 3 FiA[E NaNO;
(0.025 g/L, 0.075 g/L, 0.225 g/L) ¥ET, g
PR R 53.4 mg/(L-d), 38.4 mg/(L-d),
56.7 mg/(L-d), EPA j=#35l/& 0.5 mg/(L-d),

0.8 mg/(L-d), 6.5 mg/(L-d), % &3] NaNO; He &
BRI (0.025 g/L 1 0.075 g/L), EPA 7=k,
I HAEYEBAR, THECRIRAE, RIBUSA S
I NaNO; ¥ & # 1t 0.225 g/L i}, NaNO; A<

60 r

B W
(=R )
T T

—
o o
T T

Yield of lipid (mg/(L- d))
[9%)
[w]

0
CN 1357
Concentration (.025 g/L
of NaNO,
5 A[FE NaNO;KE T, C/N 3R SRk
BEP= R 8952
Fig. 5 The effects of C/N ratio on the lipid productivity
of N. oculata at diffient concentration of NaNOj;.

1357
0.225 g/L

1357
0.075 g/L
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Hahn, BALIRAY NaNOs BOIE = R I, M
NaNO; ¥ ¥ 0.025 g/L Bff 2135.9 mg/(L-d-g
NaNO;) F [ %] NaNO; ¥ & 0.225 g/L B iy
252.2 mg/(L-d-g NaNOs), Ziy L4 &K,
PL NaHCO; M5, FIIRAEF% A OD440=0.70
(285x10* 4~/mL), C/N=1: 1, Cymo, =0.225 g/L
YEAPEA BB 3R 4510

3 &%

£ NaCOs; ., NaHCO; . HiZj#ix —Fhcii
NaHCO; B T IR s AU T R 3Ra8E 14 A 4 2 1 11 42
A AR & A R . ERR ) NaNOs R LR,
C/N X HR A P Bk B 1) A K R AR Wt 15
WA /1N 5 FERLAR Y NaNOs e FERT, C/N L RHHR 5
OLTRS 2 TR 3 1) A R 3 R A ) e )5 T A7
FE(E, BRAEM ON L SR B A K, TEHR
J¥ OD440=0.10 AYIHEE, FRAEH) C/N 35 Hfha
J& OD440=0.70 By, Feft: C/N i 5, C/N X
TSI B AT KR, AN [R) 42 1
NaNO; ¥ E T, C/N=1 ffl] T HBEmis i £,
ST 10 O 1 TR = B A TR R A ) e R 4 i
NaHCO; ¥ £ X i1 g [ R 41 18 1) 52 1 5 NaNOs;
WA . #F NaNO; VR 0.025 g/L B, Bl
NaHCO; ¥ EERSS I, AR & it N R, FERh
MR SIS 7E NaNOs ¥R R 0.075 g/L i, Bé
% NaHCO; Ve 3N, AR iR & f by, Ao
IR S T M. B NaNO; WeJE B3 hn, 53
H1 EPA (C20 : S)&r st KIS, 24 NaNO; Wk
}0.225 g/L i}, BT EPA S EEAF) 109% L) E.
AT E TR A L) NaHCOs ik, 4]
U 12 T % R OD4gp=0.70 (285x10* /4~ /mL ,

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

C/N=1:1, Cyno,=0.225 g/L, BLEHHAG™ %N
56.7 mg/(L-d), EPA ;%4 6.5 mg/(L-d)
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