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Optimization of tropical Chlorella vulgaris culture method and
its medium formulation
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Abstract: [Background] A strain of microalgae was isolated from the tropical sea of Hainan province,
and it has a high growth rate and strong adaptability. The microalga was identified as Chlorella
vulgaris. [Objective] To improve the growth rate of C. vulgaris. [Methods] Based on the formulation
of “Ningbo University 3#” medium, organic carbon of C¢H;,0 and CH3COONa were added for the
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autotrophic culture, mixed culture and heterotrophic culture, respectively, and also, the mixotrophy
medium of C. vulgaris was further optimized. [Results] The mixed culture method with 6 g/L
CH3COONa showed the highest growth rate of C. vulgaris, comparing with heterotrophic and
autotrophic culture method. The optimal formulation of mixotrophy medium was as followed as
6 g/L CH3COONa, 20 mg/L (NH4)>SO4-N, 5 mg/L NaH,PO,4-P, 3 mg/L FeSO,4-Fe, 1 mg/L Vitamin
B; and 0.000 5 mg/L Vitamin By,. The biomass (cell density) of the “mixotrophy medium” was up
to 4.20x10" cells/mL by the end of the sixth day, being 2.30 times higher than the cell density of
“Ningbo University 3#” medium. [Conclusion] The mixotrophic mode is optimal to the cultivation of
C. vulgaris as compared with other two cultivation modes, and the optimized mixotrophic medium

significantly enhanced the biomass (P<0.01).
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Py 18 /N ER 35 (Chlorella vulgaris) & T 4%
I"] (Chlorphyta) £k ¥ 24 (Chlorophyceae) g Bk #% H
(Chlorococcales) B3 %2 3 #} (Oocystaceae) /Iy Bk 7 J&
(Chlorella), J&—283% A= Ve spam g™ . Hoam
MrhSHEFENEAR. B, 2. 44K,
4R MO TT R — e A, e
HATHCROCEVEN, S, i/ ek g ]
VERIK 7 FRFH A A B PERL, I BAT ¥t K ot S 2
BUEY S SR RE . Il 4 m N LR SR/ Nk e Y
A= J5 7 s RO A LR R AL AR 2 H A 25
fER B RIRE, FAE 40 4R, [EAMIA AHSCHIESEIED]
INERBEFT LA A BUBRIEE 75 % . e KB,
K S e TR SR AT ATE— o B B AL
R e/ INER T 1 0 200 e AN B SR 1) B, 4R
M, SRRSO BT R (MR B BTy
HRAR), BT R - RO S R R
B SR PR B 32 /AN ERBE AT DU D i /)N 3K e
(Chlorella vulgaris) fil £ H #% /]y R % (Chlorella
pyrenoidosa)F FEHE IR A B T BRI, L A] SEE N
BRI R R AR R, ANER
#(Chloralla sp. HNO8)A| FH A Zg 4 vEA T3 37 AR KAk
ROLT AFRAEK, (HARER R w0 AT S 72k
R D R A A3/ N R RO PO AR KA
PR AN B OGN 2R —2D . BRIZAN, TR
ARG EFRBEC ) B UIAE,  [F—Fh A w5
BRI AERIORA—H, il R UL BN TR0
TR A N & RS S s . R A EE

Fr RATHC )T, RS B IR AR

FRATTHE e P P e 0 B AR AR — R A R
P BT Y HE 7 R Y T e T AT 3 )N BR e
(Chlorella vulgaris HN2016)., 4z HEs %,
PAFR = Y B 5, AR T ASRE . B
53R 3R IR S URBIRN S | i X/ s
BRIEME RN, SRR AR AR,
IRk, BFES PRI Al E AT AN R FP S A
PR R AER . BEER . BEh . 4EAEE B (VBY). 4E
HEK By (VB)MIiER H (VH)S FEEFE0ENT
T 38 /N ER B A KON o BRI AR A e TR 1
FREEIC Ty, W N CHR SR Rl ke e 1t
FERHPETERE
1 #E5ETE
11wy
111 SR

SR FHRAHT 0 / NBR IR 1 Y e R A B
fFpaE, AT 2016 4F 3 HHUA R A I S SO AL
AR, IR 28 I S Ak A5 BT
Bk, HEAi, N, AR ERIE SEDE, H
B 36 um, g REE R A R A, R K
14>, [mlAE, MRRERR, SRRy i Nk
P TAEAbY 5, BER R KISR0
112 FERAFALF

RS . £ VU R AN L HERAN . BRREL |
WEIR — 8N . W — U . AR I 2k
R IR bl CIRIAFIR R,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



TR BT T N ER B R R AR i e SO SR R Al 983

UL HEE . MERMRIER, R
YL I 25 RAF]; i K By, 484K Boo
AR H, T ARG 48 TR FHsh P 25 A BRA F

HL ARG KT, VAR R E R A R
ONrly JCHRRRIRAE, I BRI A AR A R
Al ATLAMERRETE, FIEBRECHARE R AE; B
MRET A B, BARE TR A PR ] o
113 &M

S FH I K B D R R X . &
UE . EURNETE, ARREEMH. K pH 8.04,
EhFE 30.5. 250 mL =AMV PEY, 130 °C
TEVRIETE 2 ho SEHOTRLEE (RIFAE 2521 °C, Stiadiil
7E 120 pmol/(m?s), 53:miaI A 4 d 88 6d, AERFEH
3K, FHBENACHISEFHRAINI S, WS, 5
B A RS TR IR H R TR 3R R SR
[ A
12 ®WRAZE
121 XEWigit

(1) P 3 /N ask e 3 TR B R BILA DAL 1)
Ve BRI . AR SIRAEEE 3R
Bl SEIRTE TR SHIMRERE TR IC 1Y
FEmlt B, 2SI CeHi206 FI CH3COONa 1 A HL
el , WE CeH1p0s HYBTHVEERE Hy: 0. 15,
20, 25, 30 g/L; CH3COONa Y Jii 5 ¥ & #6 i
H: 0. 3. 6. 9. 12 g/, FFEFMICETERRET
FTHEER, FORBIHME TR 120 pmol/(mPs)
MR b, RN A4l AR, BiRE
PIAEA AL, B5gF 4 d JEIIEOBRE o ik
M AT M 38 /N R i P AR K i R R X R A L
T R Jo MR

(2) A . W RPN A SO VR R 1 O
BE: SR R B 3 /N BR R IR A R A ML
TR BE S IR AE L . Ve iad s R, s
LIS A HLRR IR A I EA T Bl . BRIERI SN
RIS R B (TR SE 0 . DA T IR Sufiks
B (T B - S iD= s [ 7 = N 7
b BRERER R BRI o AR S AR O o v
W) i % . 4 9 BE B (NHg),S0s . NaNOz il

NH,CONH, N%&#, HAMF KRR 0.
20, 35, 50, 70 mg/L. WEhRhAAIIE TR
BT EH NaH.POs. KH.PO, SR, H#kny
JREWREERSEE N, 0. 1, 2, 3, 4. 5. 6 mg/L. &
£ Bl 2 SR 3 o R B B 0 A . e FeSOs .
CeHsO7Fe Jikdh, AR MM E N 0.
05.1.2.3. 4.5, 6 mg/L, Hi%E 2 PMPArsz
¥, (EREFE 4 d 5L

(3) VB1. VB Fll VH HIIEAZ L5 - ARYEIAH I
W/NEREEXT VBy. VB 1 VH BB IR, %
Lio(4%) 311 3 R 4 K- I IEAS S0 (3 1), ¥k
B2 AT, 7ERR 4 d SR IHOBREE

(4) FEFRHEARESLS . PEEHAE 3 /N Bk e
AR B B R AR R . IEA S g
PAFRACKEESRIERC Ty, I 5T PR Sl
TRBC T R Rt i/ NEREE , WA K
KR MR, ESEEE3E 6 d, R B Emtit
B, WiRE 2 BT
122 RMBRZEERINE

SEFH ML ER TIN5 66 BT T e 2 M 2%
U ODpo (AL R, Wi ph PR T -

H3%: v,=0.822 0x;+0.015 2 (R?=0.999 8) (1)

75 y,=0.731 8x,+0.077 2 (R*=0.991 2)  (2)

Ko, oy ye O HRGHT  SE /)N BRI %
(x10" cells/mL), Xy, X 3/NEK3E ODygo fH o

D5 SERBEL ) ODago {H, ARTHEEAN L
PR ODrao MR OC R H0 IR H B A0 MU 25 2
1.2.3  EAERKERERNE

ALY H AR KA (K) . K=(InB—InBo)/t

Bo: WIMABEANMEEEE; B &ad t WHAKIRIG
IFEN A s t2 R 3RmtE](d).

F1 EXFTHERKTER
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KT [K Z{H Factor value
oo WAEB,  WARB,  WEAH
VB VB, VH
1 0.0000 0.0000 0.0000
2 0.0100 0.000 5 0.000 5
3 0.1000 0.0050 0.0050
4 1.0000 0.1000 0.1000
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Figure 1 Effects of different initial CH;COONa and CsH;,04 concentrations on the growth of tropical Chlorella vulgaris
cultured using autotrophic, heterotrophic and mixotrophic modes

B2 BHRSHRFEFFHTHORTLENIKRMEMRAI)N

Figure 2 Cell sizes of tropical Chlorella vulgaris cultured under autotrophic and mixotrophic conditions

W A SR B: AFRMBAING.
Note: A: Mixotrophic cell; B: Autotrophic cell.
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Figure 3 Effects of different N sources and concentrations
on the growth of tropical Chlorella vulgaris
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Figure 4 Effects of different P sources and concentrations
on the growth of tropical Chlorella vulgaris
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Figure 5 Effects of different Fe sources and concentrations
on the growth of tropical Chlorella vulgaris
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Table 2 Results of vitamins orthogonal experiments

JHT LR B HAER B, HAERH K{H

Test No. Vitamin B; Vitamin By, Vitamin H K value
1 K1 K1 K31 0.638+0.002
(0.0000)  (0.0000)  (0.0000)
2 K1 K2 Jk3F-2  0.6810.003%
(0.0005)  (0.000 5)
3 K1 K 3 k33 0.709£0.001*
(0.0050)  (0.0050)
4 K1 K 4 k-4  0.708+0.001*
(0.1000)  (0.100 0)
5 IKF- 2 K1 K32 0.6910.002%
(0.0100)
6 IKF- 2 K2 k33  0.713+0.003*
7 IKF- 2 K3 k-4 0.712+0.001°
8 K 2 K 4 k-1 0.709£0.006™
9 K- 3 K1 k-3  0.6830.005”
(0.100 0)
10 K3 K 2 KP4 0.71120.002*
11 K3 K 3 K1 0.717+0.004*
12 K3 K 4 k32 0.709£0.001*
13 K- 4 K1 k-4  0.689£0.001%
(1.000 0)
14 K- 4 ) K31 0.718+0.003°
15 K 4 K- 3 K2  0.71120.004*
16 K- 4 IKF- 4 k-3 0.712+0.001°

TE: 355 B R8O A R KPR AR R 48 A 3R A i (AL
mg/L); FARFRAHRIZR K (ERJC R &M% 57 (P>0.05), kiR
FEAHEIRR K HA B2 (P<0.05), FAiriRfmR
AR 2 25 5 (P<0.01).

Note: Data in parenthesis are contents of vitamins (unit: mg/L);
The same superscript letters represents no significant difference
between K value (P>0.05), connected superscript letters represent

significant differences (P<0.05), interval superscript letters
represent extremer significant differences (P<0.01).
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Figure 6 Growth of tropical Chlorella vulgaris in different
culture media
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(1) FeFFREMS S BT M0 /N K BE 0 1 25 B b
7%, LLCTREN A MUK I e 75 15 952 B8R F i
PR FEREFERCR s L 6 o/l SRR NA LKk, I
FAE K WA R 2 A SRR K S 5 e A K an i
WA 2 £

(2) HATHe B/ N R SR B IR AR R
6 g/L CH;COONa, 20 mg/L (NH4),SO.N, 5 mg/L
NaH,PO4,-P, 3 mg/L FeSO4-Fe, 1 mg/L VB; I
0.000 5 mg/L VB12.

(3) Frly el /R 20 A 1 S Pt BRAE B 3%
5 4 RIY“OUAHRTRRE TR, B 2 B T i
K¢ SIS IRRC )5 2.64 1%
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