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(Phaeodactylum tricornutum, CCMM 2012)

(Chlorella vulgaris, CCMM 4004)

(Nannochloropsis sp., CCMM 6004),

— (Scenedesmus quadricauda, CCMM 4002),
4

1

1.1
(P. tricornutum,
CCMM 2012), (C. vulgaris, CCMM 4004),
(Nannochloropsis sp., CCMM 6004), (S.
quadricauda, CCMM 4002),

1.2
L1 , BGI11 (Thiansathit
et al, 2015) , 1L /
100mL , 2.2x10°
4x10°  7.1x10° 5x10%ind./mL,
GXZ-280C-CO,-LED ,
12h/12h, 20000lux,
5% CO,, 15 20 25°C ,
1.3
0 3 6 9 12 ,
, TD-700 ,
PHS-3C pH pH ( ,
2010; , 2015), 4°C 6000r/min
10min, 2, , —80°C
s =(my—m)/m*100% ,
m > 85 My > 85 My
> &
(mg/L/d)y=(m<L~myXLy)/tx1000, m; ,
g/L; L, > Mo , g/l Lo

)t

1.4 GC-MS
(Bligh et al, 1959; )
2006; Berndmeyer et al, 2014):

, 10mg(m) , 3mL CH;0OH-CHCI; (v :
v=211) , Smin, 4°C 15min,
, 3mL CH3;0H-CHCI; (v i v =
2:1), , ,

2.5mL CHCl; 3mL
1%NacCl R s 2.5mL
CHCl, )

(my) >
(m2)
w=(my—m1)/m>x100%
( , 2010; ,
2010; , 2013): 10mL
, KOH-CH;0H 2.0mL, 75°C
60min, 10min
; HCI-
CH;OH (v i v=1:9) 2.0mL, , 60°C
20min, 10min ;
3.0mL,
1.0mL, , ,

HP-5MS(30mx 250cmx
0.25um), 280°C, 50°C,
Imin, 20°C/min 190°C, 4°C/min
240°C, 10°C/min 280°C, 2min

, luL (Sigma)
2
2.1
, 25°C
3 6 , 25°C
8.1x10° 1.2x10%nd./mL,

15°C(4.4x10°  7.5x10%nd./mL)  20°C(3.5x10°
5.2x10%nd./mL) , 9
1.3x10%nd./mL, 15°C  25°C
(7.7x10°  6.7x10%nd./mL)
12 , 25°C , 20°C
, 15°C ,
25°C ,
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( 1 , 5—30°C 15°C 3.3x10°  3.6x10%nd./mL,
, 20°C 20°C 25°C
R 6 15 20°C s 12 R
2.8x10%nd./mL; 6 ,20°C R 15°C  20°C (
12 9.3x10°%nd./mL; 15°C 1); 25°C R
9 , 12 2.5%x10%nd./mL ,
6.2x10%nd./mL; 25°C 15°C
( 1) 25°C , 5.9x10%ind./mL 9 1.2x10%nd./mL,
9 4.8x10%nd./mL, ,
15°C(3.3x% 106ind./mL) 20°C(2.7% 106ind./mL) 25°C, 20°C 30°C
.9 6 D
20°C 15°C , 6 ,
15°C R 9 12 25°C, 20°C
—-15°C -@-20°C -4-25°C
10 |
IERE
bR
0 3 6 9 12 0 3 6 9 12
918 (d) 918 (d)
1 (P. tricornutum) (C. vulgaris) (Nannochloropsis sp.) (S. quadricauda)
Fig.1 Effect of temperature on the growth of P. tricornutum, C. vulgaris, Nannochloropsis sp., and S. quadricauda
2.2 579  5.02mg/L/d(  2) 20°C
15°C  25°C s 1.85mg/L/d, 15°C 25°C
2 2.29mg/L/d, 20°C R s 5.43 6.45mg/L/d( 2)
2.94mg/L/d( 2) 15°C , 15°C 2.38mg/L/d, 20 °C s
2.78mg/L/d, 20°C 25 °C , 5.83mg/L/d, 25°C R 544mg/L/d( 2)
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81 DY) 15°C 20°C 25°C , 25°C  Cl4—C18
7L 2.4
I 17 R
(SFA) 6 (MUFA) 4
(PUFA)7
C20:5(EPA) C22:6(DHA)
(SFA)
13.44% 15.24%
15.89%, (MUFA) 15°C
, 38.54%, 20°C 25°C 21.98%
28.52%, (PUFA)
24.94% 22.99% 21.43%
2 (P. tricornutum) (C. 25°C SFA 15°C
vulgaris) (Nannochloropsis sp.) (S. ? ( ) ’
quadricauda) (MUFA)
Fig.2 Effect of temperature on the oil yield per volume of P. (PUFA) « 4 (SFA)
tricornutum, C. Vulgaris, Nannochloropsis sp., and S. 21.25%  20.6%
quadricauda 25% w70
20.01%, (MUFA)
: 20°C 8.05% 9.54%  9.08%,
, 25°C (PUFA) 12.06% 18.46%  22.18%
2.3 C14—C18 , 15°C (SFA) ,
15 20  25°C 20°C (MUFA) , 25°C
C14—C18 44.45%  39.02% (PUFA) ( 5)
46.27%(  3) 15 20 25°C (SFA)
Cl4—CI8 ; 15°C 9.28% 25°C 30.1%, 20°C  15.26%,
22.08% 30.87% 35.12%( 3) 15 (MUFA)
20°C - Cl4—CI8 20.1%  40.26%,  10.69% 24.26%  34.98%, (PUFA)
25°C - Cl4—CI8 ; 71.23%( 3) 14.07% 23.18%  32.55%
15 20 25°C C14—C18 ,25°C (SFA)
15.88% 23.88% 25.36%( 3) (MUFA) (PUFA) ,
80 15°C 20°C 4 25°C )
70 F é7 (SFA) 15°C 9.37%,
60 L 20 25°C 13.18%  15.09%,
E g0 (MUFA) 6.48% 9.21%
3 a0 9.19%, (PUFA)
g 30| 10.25% 12.74% 14.1% , 25°C
207 (SFA) (PUFA) R
107 20°C (MUFA) ()
0 15 20 25°C EPA
14.66% 12.32% 10.2%, DHA
3 (P. tricornutum) (C. , 1.81% 1.79% 1.76%( 8)
vulgaris) (Nannochloropsis sp.) (S. 15 20 25°C EPA DHA ,
quadricauda)C14—C18 EPA 1.11% 1.14% 1.01%, DHA
Fig.3 Effect of temperature on C14—C18 content for P.
tricornutum, C. Vulgaris, Nannochloropsis sp., and S. quadricauda 1.39% 1.45% 1.28%( 8) EPA
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, 6.22% 12.97% (MUFA) (PUFA)Y  DHA
21.29%, DHA 1.37% 1.42%  1.45%( EPA) ; , 15°C
8) 15 20 25°C EPA DHA (SFA) , 20°C
, EPA 1.21% 1.15% 1.20%, (MUFA) , 25°C
DHA 1.51% 1.60% 1.47%( 8) (PUFA) ,EPA DHA
: , 25°C : ,25°C (SFA)
(SFA) . 15°C (MUFA) (PUFA)
[ ] sfFA W) purn 7] wmuFra Hi
23.08% 13.44%
A
%
.;////////”7//,////// 24.94%
T 4
38.54% 21.98% 28.52%
15°C 20°C o5°C
4 (P. tricornutum) (SFA) (MUFA) (PUFA)

Fig.4 Effect of temperature on the percentages of saturated fatty acids(SFA), monounsaturated fatty acids (MUFA), and
polyunsaturated fatty acids (PUFA) in P. tricornutum

[ ] s;FA 7 Pura 7] WMUFA =0

20.6%

21.25%

" w

//% 51.4%

0,
12.06% 18.46%

58.64%% 5
Y % % Z/ 7
772 05% °/
.54%
. 206G 25°C
(MUFA) (PUFA)

5 (C. vulgaris) (SFA)
Fig.5 Effect of temperatures on the percentage of saturated fatty acids(SFA), monounsaturated fatty acids (MUFA), and

polyunsaturated fatty acids (PUFA) in C. vulgaris

[ ] sra 7 Pura MUFA =i

30.1%

y

A 14.07% 3%
: ///{'///% %}7”’% 2184 7 0
% 2/10.69% 7, G~ 2 Z
e 4 2 X 4
24.26% 32.55%
15°C 20°C 25°C
6 (Nannochloropsis sp.) (SFA) (MUFA) (PUFA)

Fig.6 Effect of temperature on the percentages of saturated fatty acids(SFA), monounsaturated fatty acids (MUFA), and
polyunsaturated fatty acids (PUFA) in Nannochloropsis sp.
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[ ] sFa PUFA 7] MUFA ] &

9.37% 13.18%
210.25%

//A 72//;/%3 6.48%

777

15°C 20°C 25°C

7 (S. quadricauda) (SFA) (MUFA) (PUFA)

Fig.7 Effect of temperature on the percentages of saturated fatty acids(SFA), monounsaturated fatty acids (MUFA), and
polyunsaturated fatty acids (PUFA) in S. quadricauda

C20:5 C22:6

B =mmes 210 NI
15 L 18 +
g .l 15| \
] 12} . \
9t %
R 09 %
o 6l
06 |
3r 03}
0 \\Y \! N\ 0.0 - -
15°C 20°C 25°C 15°C 20°C 25°C
27 r 21 -
o4 | IR iiip=d
18 |
s 4 1.5
< 18t ' N
| -
ﬂllﬂﬂ 15 [ 1.2 . /
Qi
& 12t 09 | Z
o et 06 [
6 L
sl 03|
0 N N NN 0.0 . .
15°C 20°C 25°C 15°C 20°C 25°C
RE RE
8 (P. tricornutum) (C. vulgaris) (Nannochloropsis sp.) (S. quadricauda)

C20:5(EPA) C22:6(DHA)
Fig.8 Effect of temperature on C20:5(EPA) and C22:6(DHA) contents in P. tricornutum, Chlorella vulgaris, Nannochloropsis sp., and
S. quadricauda

, DHA  EPA 25°C , s
; , 25°C , (>30°C) (<5°0)
(SFA) (PUFA) ,
, 20°C (MUFA) , -3 , ®-3
EPA DHA ( , 2004) ,

3

( Renaud et al, 2002),

: (2013) (2015) (2010)
20—25°C ,
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20°C , 44.6%(Hu et al, 2006)
15°C , (Chlorophyceae) Cl4:1 C16:0
(MUFA) (PUFA)( Cl6:1 C18:3 Cl18:2 C18:1 Cl18:0 C19:0
EPA  DHA) , 25°C (SFA) C20:5(EPA),
C14—C18 , , Cl6 CI18 ,
(2002) 25.5%,
0—30°C , 25°C , ,
, s ( ) ;
,25°C (SFA) 45.7%(Hu et al, 2006)
(MUFA) (PUFA) , (Eustigmatophyceae)
, C14:0 Cl16:0 Cl6:1 C18:3 C18:1 C20:5(EPA),
, C16:0 Cl16:1  C20:5(EPA)
(2008) (2009) ,
5—30°C , 25°C ) )
25°C
, 25°C , A
, 15°C , ®-3
(SFA) , 20°C ®-6 ,
(MUFA) EPA DHA ,
, 25°C Cl14—C18 Cle:1
(2008) C20:5, 15°C C20:5(EPA) ,
(2011) 20°C 30°C C22:6(DHA) , (2003)
, 20°C
, 25°C AS A6 A9 Al12
25°C , (Domergue et al, 2002, 2003)
(SFA) (PUFA) Cl14—C18 C19:0,25°C Cl14—C138 ,
C20:5(EPA) C22:6(DHA) ,
, , Converti  (2009)
CO, pH s -3 Al2  AlS s ®-3
, (Koushirou et al, 2002)
, , Cl6:1 C20:5,
C20:5(EPA) Cl14—C18 ,
, C22:6(DHA) ,
®-3 R
, , -3 C19:0,
C20:5(EPA) C22:6(DHA) ,
, C14—C18 ,
( , 2011; , ,
2012) (Bacillariophyceae)
C14:0 Cl16:0 Cl6:1 C18:2 C18:1 C20:5(EPA) 4
C22:6(DHA), 7 (1)
, , 25°C, 20°C
22.7%, , (2)
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, 25°C 64—70
25°C  Cl14—CI18 ; > 2012.
,36(1): 108—116
5) 25°C SFA Cl14—CI18 ’ ’ . 2013,
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EFFECT OF TEMPERATURE ON GROWTH AND LIPID PROPERTIES
OF FOUR OIL-PRODUCING MICROALGAE

ZHAO Ting', HAN Xiao-Tian>?,

ZHAN Tian-Rong',

ZHAO Wei-Hong™?

(1. College of Chemistry and Molecular Engineering, Qingdao University of Science and Technology, Qingdao 266042, China; 2. Key
laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071,
China; 3. Qingdao National Laboratory for Marine Science and Technology, Qingdao 266237, China)

Abstract

Growth and lipid change in three marine microalgae (Phaeodactylum tricornutum, Chlorella vulgaris, and

Nannochloropsis sp.) and a freshwater microalga (Scenedesmus quadricauda) under different temperatures(15, 20, and
25°C) were studied by GC-MS. The results show that the lipid production in P. tricornutum, C. vulgaris and S. quadricauda
peaked at 2.94, 5.79, and 5.83mg/L/d respectively, and these three algae shall be suitable for bioenergy preparation. For
Nannochloropsis sp., the peak point of 6.45mg/L/d occurred in 25°C. The contents of EPA and DHA in P. tricornutum were
the highest at 16.47% in 15°C, while for Nannochloropsis sp., they reached maximum at 22.74% in 25°C. Therefore, P.

tricornutum and Nannochloropsis sp. were potential appropriate microalgae for production of polyunsaturated fatty acid.
However, the contents of EPA and DHA of C. vulgaris and S. quadricauda were very low under the three temperatures.

Therefore, using them for polyunsaturated fatty acid would be inappropriate.

Key words temperature; microalgae; lipid;

fatty acid
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