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EYITRE

AEIE FEHEXTRE Ankistrodesmus sp. CJ09
A AE TR E RS2

EEW, K, 25, &, R
(BaXF HFIREHRFR,ED 570228)

TEEARMMER RS, ABCI ARMBERE RALREZZRERT ARRZREN
NaNO, .K,HPO, .Na,CO, #= CaCl, - 2H,0 s} ##% i Ankistrodesmus sp. CJ09 & Kk Ao i A2 R 69 %@,
2 £ % 7] :NaNO, .K,HPO, .Na,CO, #= CaCl, - 2H,0 s} 4 38 Ankistrodesmus sp. CJ09 A % il g 4%
foi B = F 0 2 (p <0.05) , & NaNO, . K,HPO, . Na,CO; = CaCl, + 2H,0 8 Jk % % £ 5 51 %
0.75.0.02.0.08.0.018 g/L B, 2] T #3E Ankistrodesmus sp. CJ09 &9 A& K Aeih l5 R &
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Effects of nutritional condition on the growth and lipid accumulation of
microalgae Ankistrodesmus sp. CJ09

PAN Xiaoyan, CHEN Changhong, WANG Xiuhai, CAO Meng, LIU Pinghuai
(School of Chemical Engineering and Technology , Hainan University, Haikou 570228, China)
Abstract: To optimize the culture conditions of microalgae, single factor experiment was performed to re-
veal the effects of different mass concentrations of NaNO, ,K,HPO,,Na,CO; and CaCl, - 2H,0 based on
BG11 medium on the growth and lipid accumulation of microalgae Ankistrodesmus sp. CJ09. The results
showed that all these factors exerted significant effects on the growth, lipid content and yield of microalgae
Ankistrodesmus sp. CJO9 (p <0.05). The highest growth and lipid accumulation of microalgae Ankistro-
desmus sp. CJ09 were achieved when the mass concentrations of NaNO,, K,HPO,, Na,CO,and CaCl, -
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2H,0 were 0.75,0.02,0.08 g/L and 0.018 g/L respectively.
Key words:NaNO, ; K,HPO,; Na,CO,; CaCl, - 2H,0; microalgae; cell growth;lipid accumulation

AT RE TR B4 A 98 B L PR s SR 4 35 ) AR o
MIEFE TF AR5 Y TR A RE TR . A= S LI HC AT 7
ARV B Rz e o SR G R AR

s F#9:2019 - 05 —31;{&[E H#:2019 — 11 —20

E&£TH: BRI 255 B (2011BAD14B01) ; E K
FHE R /il 5 AR A 37 3 4 (13C26244604892) 5 i 7 &4
PR — AT B (CXY20150034 ) ; ¥R & 25 BALFHE
BI(ZY201327) 5 ifg 11 7 65 35 A ) R R B 50 5 0 5 AR A
4 (2017044)

YEE BN IBZEWF(1995) , Lo, AR L, BF 5 M N 25 B )
TRAE Y/ e B AR 7= P BF 5T ( E-mail ) 963582496 @ qq.
com

BIEMEE XTI, #8082, L4 I, 8l 1 (E-mail ) iwlph@
163. com,

KHEYIHE L, OB RA e B 1E IR & PREEE M AE
T FEFR R e R A m R
ANk FIBE st AT R K HEAT B SR S . U,
FI A A 7= A 1 Sk B A TR AN E . 2R
1M, B ARFRBE B ol o A I B R A8 3 iR T R A
%, R ORI S B A K O PR 25 PR X 4R s e AR I
HR LR EEREREREE,
MBIV IR & B B BRI ER 19 245 A
G RREMYAEREAFNEERFZ - MR
BE T R AR RKE T SR R S
YR e, AR RERE T s S B R . TLIF
FUE BRI SR B, A SR R E ARG A M E AR T A
HENBRBEMAE RO R o BROR ROBRE AN AR B 2R R 2



136 CHINA OILS AND FATS

2020 Vol. 45 No. 3

BT E AT (5 M T B AY 50% ), Shakya 27
PR R TEROR IR T BRBR N AT LUER R & JiAkoK
A WESMMIE S . SHEAIANEEYRE
BIRER BB R R EE R oK B
RS HIE BEER M, kRE" Hak
B, B AR 5 Wk B2 AT L AR HE B Desmodesmus sp.
WCO8 A= KA A AR . BhAh, k1 R bR
PRt S X s A K AR S AR R A —
p20

AW TR Ankistrodesmus sp. CJ09 5%
X4, ET BG $55R 5 il A R LI W % 4
N TR) o ViR BE YRR 4 B TR S 4R BRIR SN — K
FALES X Ankistrodesmus sp. CJ09 A K ANyl g FR
SRR, R SR Y R R SR A LR R A
RAIIS S H K
1 #E5F=X
L1 sttt
L1 JER 5]

THEE Ankistrodesmus sp. CJO9, G KFEHE Y
THRGAEmERM, 07 HEE IR BRER N |
BERR S — A K AL , 2 o Hr
1L1.2 {5 EE

FTRE BN T MEAE, RIS E (/5 60 cm,
B 6 cm) ,TU - 1810 4RI WL 430606 1t , LDJ -
25C B2 Uk T ML, SHI2RI = 3008 R &5 0 AL,
SY ~ 1000E 25 F i {8 i 4 A R B o
1.2 ®Bdik
1.2.1 BGII X F

1.5 /L NaNO, ,0. 04 ¢/1. K,HPO, ,0. 075 &/L
MgSO, « 7H,0,0.036 g/L CaCl, - 2H,0,0. 006 g/L
FFRERR 0. 006 o/ L FPEERR 4% ,0. 001 ¢/1 EDTA -
Na,,0.02 /L Na,CO,,2.86 /L H,BO,,1. 18 g/L
MnCl, - 4H,0,0.222 ¢/L ZnSO, + 7 H,0,0.39 /L
NaMoO, « 2H,0,0. 079 g/ CuSO, - H,0,0. 049 4
o/L CO(NO,), - 6H,0.

1.2.2 EFEyw

EHR RIS B TR, KRR EN 0.7
L3R ) 1: 10 (R FR ) B HRJE ) D L =12:12,
JEHASRE 8 000 Ix, pH 7.0 0.2, 355 1EE (27 +
2)C, MALE=, WIEN40 L/h, LA BGLL Ny
Hemb R, R s Wk E 3 5o 0.0. 751,50,
2.25.3.00.3.75 ¢/L f) NaNO; g R IB , Ho Al i 74
A FREWE 54 0.0.02.0.04.0.06.0.08
0.10 g/L ) K,HPO, Ry, HAh il 3 A28, it
EWRE SR8 0.0.02.0.04.0.06.,0.08.0.10 g/L

[ Na, CO, SRR, oA B3 A2, ot & Wk B2 41
#1°4 0.0.009.0.018.0. 036.,0. 054.0. 072 ¢/L HJ
CaCl, - 2H,0 M55, HAt ¥ A%, BARE
VR E A3 AT e FRad AR, AR 24 h R, Tl
i AN E H ODgy, , ¥ FRIF ] 15 d
1.2.3  AYEmiE

B 15 d 45 e IR B, 7E 8 000 1/min &
O3 min, B GER A 25 B8 7k BT 3 IRELZBRTEHL
o RIERWCRIBETRYE VR T4 , (RAFTE - 20 C K
&R £yEE A

P=M/V

KPP EYE, o/ LM TR HMER R,
g; V NEEFRIRAIRTR, L,
1.2.4 g 2 is = &0 E

S8 Luyen 25" {77 1 (WA 1 2k ) %F K ik
FHRBCFIINE . R — & =AY EEA , N AR - H
BE - K (IR 1:2:0.8) , /A SR, 8.0 J5 B |
B, EERREEN KA. &3 BER, AR
KBRS HEE K =FERLA 1:1:0.9, 5.0,
BNZEE T TEyEms, AUk T 2=EE, #
FERRAE & B AR &K T AR

& = MR R/ MEE T E x100%

WiEr R = MIE S & x MEEYE
1.2.5  BlEAb 2 5504

ZERVLPIME = nifE 2" Fon , BARSL I
¥ Fi SPSS Statistics 20. 0 1 ANOVA (p <0.05) #47
S3H, R A Origine Pro 9.0 #R{4:,
2 ZERG55W
2.1 NaNO, x}f# 3 Ankistrodesmus sp. CJ09 % K F=
g AR R 8%

THEE Ankistrodesmus sp. CJ09 TE /A [F] it & Wk
NaNO, FPEJAE R HZILE 1.

12
| = 0g/L
101 5 07501
4 1.50g/L
8 22541

Z <> 3.00 g/L
S O <3751

0 2 4 6 8 10 12 14 16

e E]/d
1 %% Ankistrodesmus sp. CJ09 7EA[E
JREiRE NaNO, iy £ K #i &

HE 1 A LLVE M, Bk - NaNO; R B ¥R N
0.75 g/L B}, {435 Ankistrodesmus sp. CJ09 AR,



2020 4 5 45 & 4 3 1] o

g 137

HRZ 1.50 o/ LRSS EFEWRE) , NaNO, Jii &
VR 1. 50 o/ L i, e AR R BOR S AIN NaNO, Y
Xof REZH Y12

B g7 15 d J5 , ME AR NaNO, Jii 8 i B T e
Ankistrodesmus sp. CJ09 A K Kl g EF M, 45
W1,

F1 %53 15 d JFARE NaNO, RERE TRE

Ankistrodesmus sp. CJ09 &K K ihiEFR E1E R

NaNO, fig  A4#8/ iR &8/ il [ v4

W/ (g/L) (g/L) % (g/L)
0.00 1.15+0.16° 16.99 +1.12° 0.19 +0.005"
0.75 1.67 £0.12"  31.49 £0.55* 0.53 +0.009"
1.50 1.50 £0.24" 29.61 +1.18" 0.44 +0.018"
2.25 1.07 £0.17°  27.01 £0.72° 0.29 +0.008°
3.00 1.21 £0.27"  22.47 +0.43" 0.27 +0.005°
3.75  0.98+0.10° 26.14 £1.05° 0.25£0.01°

i RPEIIAR TR FRRZ7BE(p<0.05) . TR

HELRLIEH, ¥R 15 d )5, 75 Ankistrodes-
mus sp. CJO9 A Y= 1E NaNO, FREWEN0.75
¢/L kBB, A (1.67 £0.12) ¢/L, 25 {5 FR 4
) 1.45 ff, NaNO, R WE N 3.75 ¢/L 0, £
Bk, 0(0.98 £0.10) /L, X4 NaNO, i Bk E
9 0.75 g/L BT, i AE & 2 FM AR T B A B R, 4
A (31.49 £0.55)% #1(0.53 £0.009) /L, & F
JREEFR IR WRE (1.50 ¢/L) #Y. ZJ5FE NaNO,
PR MR EF e & R A T R R, 1R
138 Ankistrodesmus sp. CJ09 TR A MRE R FR &MU T
AR THARAR SR, R E AT RE R B T AW BEH
FRFIZER I 2 B4y, TE R BR G0 554 T, & R
SPrill A UANIPN el NS i =
BAED . AR, AR EA R Tk R R
2 KRBTSR S — 3, B A WL, NaNo,
TREWE N 0.75 o/L 58 F T8 Ankistrodesmus
sp. CJO9 AE K AR & .

2.2 K,HPO, x}## 3 Ankistrodesmus sp. CJ09 4 ¥ #=
W AE R R 6% a

W Ankistrodesmus sp. CJ09 TE A [R] i &= W E
K,HPO, FgA= K 4k A 2,

HE 2 ATLUE W) 7 d iR Rd, &
HAERZRBUN, ¥ T d 5, KHPO, &R E /7
50 0.04 o/ L(JREEFE & WE) #0.02 g/L 1)
THEE Ankistrodesmus sp. CJ09 A K&, K,HPO, i
BIRE /54 0.06.0.08.0. 10 /L B, 147 Ankis-
trodesmus sp. CJ09 A K45 0 %18, v] BE & B T B 1k
JE e R AR LK, SR A K R

FIBEAOPBRA . 2 A RAE 7 d B R A K
18, ATRER B THEIR A , PR T Ros A SR

12
-+ 0g/L
10r  -0-0.02¢/L
-4 0.04 g/L
8 % 0.06g/L
g - 0.08 /L.
Q 6F —<r0.10gL
Q
4 L
2 -
i , , , , , , ,
0 2 4 6 8 10 12 14 16
R FEmtE]/d
B 2 i Ankistrodesmus sp. CJ09 TEARERERE

K,HPO, Fpg 4K £k

B35 15 d J5, @ AR K,HPO, 5 & W T 3t
¥ Ankistrodesmus sp. CJ09 A=K Ky AR FR 215 I, 45
RILE2,
*2 #3515 d FEAE K,HPO, A= iR E THE
Ankistrodesmus sp. CJ09 &K K ihiEFR E1E R

K,HPO, i A48/ e S &/ TR =&/

WE/ (/L) (g/L) % (g/L)
0.00  1.42£0.09° 17.66 +0.48° 0.25 +0.007°
0.02  2.12£0.20" 28.91+0.42" 0.61 +0.009"
0.04  2.14+0.11° 22.64 +0.29° 0.48 +0.006°
0.06  2.04=+0.13" 25.68+0.98" 0.51+0.011"
0.08  2.04+0.25" 22.92+0.37° 0.47 +0.008°
0.10 1.91 £0.16" 20.88 £0.03" 0.40 +0.001°

MFE2 A IER, 2515 d )5, #3E Ankistrodes-
mus sp. CJO9 FyA ¥ 1E K,HPO, JREWRE } 0. 04
/LI HE, H(2.14 +0.11) g/L, 5 0. 02.0. 06,
0.08/LAATREZRR(p>0.05), HEERT
0.10 g/L#H(p <0.05) . A~ [F]J5x & ¥k B2 1 K, HPO,
X ik Ankistrodesmus sp. CJO9 JAR & & FMIMAE= &
2 (p <0.05) . 34 K,HPO, &R N 0. 02
g/LBF, BE 0 Ml s S & AR, (28,91 =
0.42)% , 5&HAZBEFREEZS (p<0.05),
TS N BRAE I B & B Ak, 4 (17.66 £0.48) % .,
VLB —E ERBEA Al TR AR R . K,HPO, &
WREER 0.02 o/L B, EAMME =B &Rm, N
(0.61 £0.009) /L, 7] LIS H , K, HPO, R EWRE N
0.02 /LB AYES0.04 gLATLEEZR,H
A LA RIS s e b s & A AR T &

BT T8 vty i PR 22 ) 5% e [R) SBE T 5, 1F 22 B
PETEWEPR G R T ol LR B B g, nB e R
L AEEM=ABT8E. BF 50 HEETEsE RS
ST AR S B, iR BRI A AL A s
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AHFFEE R R, FEAR K, HPO, 58 e B2 AT LI
T Ankistrodesmus sp. CJO9 JHASAIFR 2, 13 Ank-
istrodesmus sp. CJO9 A F7H A5 TR R v A9 K, HPO,
JRERE N 0.02 ¢/L,
2.3 Na,CO, x}## 3 Ankistrodesmus sp. CJ09 A K Fn
W REAR R 69 %8

THEE Ankistrodesmus sp. CJ09 TEAN[E R E W E R
Na,CO; A KA ZE WA 3

10r
& 0g/L
gl 0 0.02gL
<+ 0.04 g/L
= 0.06 g/L
s 0 - 0.08g/L
Q - 0.10 g/L
3
4+
2 -

o 4 6 8 10 12 14 16
R FERTE)/d
3 {¥E Ankistrodesmus sp. CJ09 7EAN[E]
RERED Na, CO, A K Lk

B 3 AT TERR) 6 d By TR B, & A A
KERAAR,HEF 6 d 5, Na,CO, TR IKE N
0.08 g/L B}, {3 Ankistrodesmus sp. CJ09 A £,
AR BORAINN K ST EV
AT RE/Z Na,CO, & W E i m, 2 pH &, ff
MK e,

F37 15 d J5, M E AR Na, CO, [ & W T Y
T Ankistrodesmus sp. CJ09 A K Kyl fg R B 155,
FRNEK3,

*3 1715 d FARE Na,CO, RERE THE

Ankistrodesmus sp. CJ09 &4 B S TR 215

Na,CO, it YR/ TS &/ TR &/

W/ (/L) (¢/L) % (g/L)
0.00 1.87 £0.15" 21.03 +0.60" 0.39+0.011"
0.02 2.04 +0.20" 21.66 £0.33" 0.44 +0.008"
0.04 2.07 +0. 11" 29.35£0.62" 0.61 +0.008"
0.06 2.05+0.09" 25.87 £0.86° 0.53 =0.007"
0.08 2.29 +0.16" 29.68 £0.45™ 0.68 +0.007"
0.10 1.90 £0.14" 30.31 £0.76* 0.57 +0.006°

M3 AILLE M, 5557 15 d J5, 73 Ankistrodes-
mus sp. CJ09 §JLEY) 8 7E Na,CO, &k E Jy 0. 08
o/LJG EFIRE, }9(2.29 £0.16) /L, KA i &
VREE ) Na, CO, i vt g &5 & A b iR 7 5 1 %2 )
23 (p <0.05), 24 Na,CO; FREWRE S 0. 10 ¢/L
B, iR T A A B A, 0 (30. 31 £0.76) % , Na, CO,
JREVRE N 0. 08 o/ L T, T 20 M3t s 7 4 B 8, 4

(0.68 £0.007) g/L, £ I, i& 2 HIAINGR IR, GEGS
BH B A B L3 Ankistrodesmus sp. CJ09 B4 K ANIHAE
BE, 522755 GE TR INE BT HLRR BE 02
B AERKAMARIR R R . 2 Na,CO, i &g
WE R 0.08 o/L B, f% 3% Ankistrodesmus sp. CJ09 BE
RESRIG L I AR, XOAT AR S o s BT AR 7~ & o
H AT L, Na,CO, JiT & ¥k & 2y 0.08 o/L 2 % 3
Ankistrodesmus sp. CJ09 &K AHISFR BN R EF &
W
2.4 CaCl, - 2H,0 *f# 3 Ankistrodesmus sp. CJO9
A KA IER R 697 a

& Ankistrodesmus sp. CJ09 TE A [F] i & W
CaCl, - 2H,0 YA KL LI 4,

e

12
& () g/L
10 -0-0.009 &/L
- 0.018 g/L.
8F =~ 0.036g/L
2 - 0.054 ¢/L
X 6 — 0.072 ¢/LL
S
4+
2-
0 2 4 6 8 10 12 14 16
K gt lal/d

4 3% Ankistrodesmus sp. CJ09 FEAS[E]
FIEIRE CaCl, - 2H,0 HREK ML

M1 4 FTR0, fERE SR R BEE CaCl, - 2H,0
JREWE RGN, i Ankistrodesmus sp. CJ09 A
Y& 2T &R R ES

Fi3% 15 d J5 , A CaCl, - 2H,0 g ik E T it
¥ Ankistrodesmus sp. CJ09 4= Kl g fR 215 0 W,
4,

F4 ¥F15dFEARE CaCl, - 2H,0 RERE THIE
Ankistrodesmus sp. CJ09 £ K B im g 2151

CaCl, - 2H,0  AYg/ MiEEE, WIETR/
BiERE/ (g/1)  (g/L) % (¢/L)
0.000 1.88 £0.16*" 27.40 +0.18" 0.52 £0.004
0.009 2.09 £0.09™ 28.00 +0.26" 0.59 £0.006"
0.018 2.53+0.18" 30.89 £1.54" 0.78 +0.039"
0.036 2.26+0.14" 23.40 £0.71° 0.53 £0.016°
0.054 2.10 £0.20" 22.95 +0.30° 0.48 =0. 006"
0.072 1.67 £0.07"  20.55+0.29" 0.34 =0.005°

M4 ATH, 855 15 d J5, 2 CaCl, - 2H,0 f&
EWE }0.018 ¢/L B}, ##45 Ankistrodesmus sp. CJ09
A A&, 9(2.53 £0.18) /L, &= EI X HRE
[ 1.35 £%5,0.036 g/L HiRZ , & Z ARG BEM
#Z52(p<0.05),CaCl, - 2H,0 FREWRE 4 0.072 g/L
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i, A=) A iR, 9 (1.67 £0.07) g/L, 1B 3 & 5L
THE B 85 e FE ERAS A T 3038 Ankistrodesmus sp. CJ09
AR AR CaCl, - 2H,0 X s & &
0 i 7= B B R B3 (p <0.05) , 3 CaCl, + 2H,0
TR WE N 0.018 o/L B, & Ankistrodesmus sp.
CJO9 i1 fig &5 & A0 i A5 7 & B , 371k (30. 89 =
1.54)% %1 (0.78 £0.039) o/L, & & = T H b 4H

(p<0.05), CaCl, - 2H,0 R & ¥k E # 0.072 ¢/L,

s & 2 A 7 B &K, 0 o (20055 =

0.29)% #1(0.34 £0.005) g/L, FHI, 5 Ankistro-

desmus sp. CJ0O £ K FIM AR 2 A9 CaCl, -

2H,0 T KERN 0.018 o/L, TEF5FREI T, 7

B Ankistrodesmus sp. CJO9 Jii i & &1 hn, 5 SC#k

(19 ] 4R & A 55 BR ) A ] T Big AR 2 Y 25 ) — 2.

AR R, E5 R B0 i T rY R T BE 2 AR

FERMIA AT A AE KRG, & A BT

b A VR R AE T A g .

3 & ®
ASZEE LA BGIL Dy B i B 57 4 38 ook 8 [ 3K 5K

B, BF 5% T 3G 5 B h SR & VR B 9 NaNo, |

K,HPO, ,Na,CO, #1 CaCl, - 2H,0 X} {# % Ankistro-

desmus sp. CJ09 A= K Fil 5 TR R By mm, i€ T 3%

Fe3k ot b (NaNO, ) R £ (K,HPO, ) | B& G 2

(Na,CO;) 145 £k (CaCl, - 2H,0) i f £ 5T & ¥k

A8 0.75.0.02.0.08 ¢/L 1 0.018 g/L,
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