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Effects of nitrogen, phosphorus and iron on the growth, total lipid content and fatty acid
composition of Phaeodactylum tricornutum mutant strain. LIANG Jing-jing, JIANG Xia-
min” , YE Li, HAN Qing-xi ( School of Marine Sciences, Ningbo University, Ningbo 315211,
Zhejiang , China).

Abstract: To optimize the cultivation conditions of microalgae, single-factor test was performed
to reveal the effects of different nutritional conditions on Phaeodactylum tricornutum mutant strain
MP-2, including nitrogen (5, 10, 15, 20, 25, 30, 35 mg - L™"), phosphorus (0.5, 1.0, 1.5,
2.0, 2.5, 3.0, 3.5 mg - L"), iron sources (FeCl,, FeC,H,0,, FeSO,) and their concentra-
tions (0, 0.10, 0.25, 0.50, 1.00 mg - L™"). The results showed that all these factors exerted
significant effects on the growth, total lipid content and fatty acid composition of MP-2 ( P
<0.05). The highest growth rate was obtained with the nitrogen concentration of 20 mg - L',
with the growth rate K values and biomass of 0.384+0.004 and (0.25+0.01) g - L™", respective-
ly. The highest total lipid content (26.51+£1.96) % was achieved when the nitrogen concentration
was 30 mg - L', and the highest PUFA content (37.78+0.35) % occurred when it was 25
mg + L”'. MP-2 got the fastest growth and highest lipid content when the phosphorus concentra-
tion was 2.5 mg - L', and the growth rate K value and biomass were 0.305+0.010 and (0.28+
0.02) g - L', respectively. The total lipid content achieved the highest value (21.79+0.89) %
when the phosphorus concentration was 1.0 mg + L', and the highest PUFA content occurred
when it was 2.5 mg - L™". FeSO, was proved to be the optimal iron source, and showed signifi-
cant difference from other iron sources ( P<0.05). The optimal FeSO, concentration was 0.50
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mg - L', with growth rate K value and biomass of (0.495+0.006) and (0.87+0.04) g - L', re-
spectively. The highest total lipid content (28.86+0.50) % was achieved when the FeSO, concen-
tration was 0.25 mg + L', and the highest PUFA content occurred when it was 1.0 mg + L™'. The
highest growth rate and total lipid and PUFA contents were obtained with different concentrations of
nitrogen, phosphorus and iron, so a cultivation strategy should be adopted in mass culture.

Key words; nitrogen ; phosphorus; iron; Phaeodactylum tricornutum mutant strain; growth; total

lipid; fatty acid.
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DGR RBE EREEFN pH SFMBE A R AE TR R (AL
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al., 1997; Chen et al., 2003) ,
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sp.) (BRAEHE A, 2011) 38 /NER 3 ( Chlorella vul-
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MP-2 & —BRA R R ARIDTR & = bk, Je ik
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Table 1 Composition of improved 3# culture medium

RS P (g - L)
KNO, 100
KH,PO, 10

FeSO, - 7H,0 2.5

MnSO, 0.25
EDTANa, 10

Vi 6x107?

Vi 5x1073

VE R SR FRBC T, BRI ACEE 1 1000 (3 2 8
4, 2010) , BT LG TT, AT 75 L8R I AR
ALY KGR, HEFR 550 305 25, pH 8.06, iR EE
(20+1)°C, HAROGIE, TR #7 . BEHCHS B0 K0
(R T TR

1.2 ¥k

1.2.1 AWERE SR KNO,/ER AR, SRA
SHERB B RE FR M, W B AW 5.10,15.,20 .25,
30 f135 mg « L7 7 DH ST RN FIA5, Kot
25480 75 LYBEHAAR, K52 50 L, i s s
ROVHRAL B IS B 11x10% cell - mL7™', 4% 3
AT SR A R R 25 pH o 8.06, T EE M (204
1) C, AL, ARG, B3R 10 d,

1.2.2 #EiRE: R KH, PO AE A #E i , Bk
(1) 3#BEW A BRI IR, R BV 0.5.1.0. 1.5,
2.0.2.5.3.0 #13.5 mg - L™ 7 A6 EE AT 20 A 1R
B, 00 T 2 B LR AL L, B2 R A 22 x 10°
cell + mL™" HAR R FL1.2.1,

1.2.3 #RIEREE  DABRERRY 3#BE Ok SRl 5%
W, BB ERIEN FeCly FeC H,0, FeSO, i i 2k e
¥4 0.25 mg - L7 I AT LR YU AL B $E R
HRE 18x10" cell - mL™" HATKMF1.2.1,

1.2.4 BRIREEIRES  DABER Y 3#BEON SRR 57
W, >R FH FeSO, VE M ERTR , B 2R 0,0.1.,0. 25,
0.5 1.0 mg « L7 5 MEERESEATBA R 50, 055
HI PR URAL B | 3 FP 2 5 20%10% cell - mL™", H:
ARFAFRIL2.1,
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Fig.1 Effect of nitrogen concentration on the growth rate
of Phaeodactylum tricornutum mutant MP-2

AF/NG FRERR 25 7 W3 (P<0.05) AR FRER R 22 5048 B 35
(P>0.05), T,

ANV AR BERT = Fa #a h B A bR MP-2 A=)t
AOSZIE 25 (1 2) | B R BE BT & IR B A= )
RIS R TR R 20 mg - L7
BHAE] T R AE M) (0.25£0.01) ¢ - L7, HiEE &
THAMALL(P<0.05) 5 R AL T 30 mg - L7,
R YR (0.14£0.01) g - L7, R THAK
20 (P<0.05) ,

AR XT = f A8 4 BEA AL R MP-2 KIS
W 2 (& 2) , FE R E R 30 mg - LTI 35
mg « LTI 205 B B B AT IA (26.51+1.96) % il
(24.7920.67) % , H.\. & T HARS 4 (P<0.05) ,

TEIEG B E AW T, LA 19 Fh 32 205 1
iz, L ies FRE 195 R (SFA) 8 Bl | B AS 1R 11 i iy iR
(MUFA)4 Fft Z @M HITR (PUFA) 7 F, =
W15 WA AL B MP-2 19 Z R MR 09 C14: 0,
C16:0,C16:1(n-7) .C16:2(n-4) .C18.0FIEPA (%£2) ,

030r pamRE mEKER a 130
a a
0.25F 1. b be D 125
c c
C|

~o020} I 4 420 _
= 1S
20154 o e 152?
] oo
= 0
# §.10} 110

0.05} 15

0 Ll

5 10 15 20 25 30 35
FIREE (mg * L7)

B2 AREEREN=FBIEZFER MP-2 £MEMN DR
i=72
op=A|
Fig.2 Effect of nitrogen concentration on the biomass and
total lipid of Phaeodactylum tricornutum mutant MP-2
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Table 2 Effect of nitrogen concentration on the composition of fatty acid of Phaeodactylum tricornutum mutant MP-2

[ A3 (CRAE)

5mg- L7! 10 mg - L™! 15 mg - L™! 20 mg - L™ 25 mg - L7 30 mg - L' 35 mg- L
C14:0 7.32+0.15 ¢ 7.45+0.13 be 8.07+0.12a  7.68+0.14 b 6.44+0.16 ¢ 7.07£0.09 d 7.76£0.13 b
C15.0 0.37+0.12 0.38+0.10 0.37+0.11 0.28+0.08 ND 0.38+0.13 0.19+0.12
C16:0 18.6120.23 a  18.26+0.19 a 16.730.20 b 15.2+0.21 d 15.97+0.17 ¢~ 15.8120.19 ¢ 15.26+0.24 d
C16:1(n-7) 26.36+0.22d  27.3x0.21 ¢ 27.91£0.24 b 27.19+0.20 ¢~ 28.32+0.25b  29.1x0.28 a 27.54+0.22 ¢
C16:2(n-4) 6.48+0.16 a 5.78+0.15 b 3.44+0.14d  5.58+0.17 b 6.65+0.17 a 6.38+0.19 a 4.65+0.16 ¢
C18:0 7.38+0.20 a 6.67+0.18 b 4.23+0.14d  5.01+0.17 ¢ 5.09+0.13 ¢ 5.15+0.15 ¢ 6.67+0.19 b
C18:1(n-9) 2.21+0.15 d 3.04+0.14 b 4.9+0.18a  2.92+0.12 b 1.710.11 e 2.56+0.17 ¢ 2.62+0.14 ¢
C18:2(n-6) 2.23+0.11 b 2.38+0.14 b 2.78+0.16a  2.41x0.11 b 2.43£0.10 b 2.13£0.12 ¢ 2.14£0.13 ¢
C18:3(n-6) 0.66+0.09 b 0.75+0.09 b 1£0.12a  0.69£0.07 b 0.73+0.11 b 0.71£0.08 b ND
C18:3(n-3) 0.2£0.10 ab 0.26+0.08 ab 0.17+0.04 b 0.33+0.10 a 0.39+0.12 a 0.27+0.07 ab  0.46+0.14 a
€20:0 0.17£0.07 b 0.16£0.08 b 0.12£0.05b  0.3+0.08 a 0.13£0.04 b 0.24+0.06 a 0.37£0.12 a
€20:4(n-6) 2.74+0.12 e 3.09+0.11 ¢ 3.89+0.16a  3.43x0.14 b 2.82+0.10 d 3.11+0.12 ¢ 2.24+0.11 f
€20:5(n-3) 18.96£0.19 ¢ 19.86+0.19 d 21.940.17 ¢ 22.57+0.19b  24.15+0.26 a  21.14x0.18 d  19.03+0.20 e
€22:0 0.41+0.09 d 0.32+0.07 de 0.23+0.05 ¢ 1.61+0.12 b 0.33£0.11 de  0.89+0.10 ¢ 3.98+0.19 a
€22:1(n-9) 3.06+0.18 a 1.33+0.12 cd 1.12+0.10 d 1.43£0.15 ¢ 1.48+0.14 ¢ 2.01£0.15 b 0.74+0.13 e
(22:6(n-3) 0.51+0.07 b 0.65+0.08 ab 0.78£0.13a  0.65+0.09 ab  0.61£0.08 ab  0.610.10 ab ND
€240 2.01+0.10 ¢ 2.04+0.09 ¢ 2.05+0.12 ¢ 2.47+0.14 b 2.50.13 b 2.17+0.11 ¢ 5.740.16 a
C24:1(n-9) 0.32+0.10 0.28+0.08 0.31=0.11 0.25+0.07 0.25+0.06 0.27+0.04 ND
SFA 36.27+0.40 b 35.28+0.38 ¢ 31.840.32 ¢ 32.55+0.34d  30.46+0.31f  31.71x0.35e  40.58+0.45 a
MUFA 31.95+0.31 b 31.95+0.32 b 34.24+0.37 a  31.79£0.35b  31.7620.29 b 33.94+0.33 a  30.9+0.28 ¢
PUFA 31.78£0.30 e 32.77+0.38 d 33.96£0.36 ¢ 35.66£0.33 b 37.78+0.35a  34.35:0.32 ¢  28.52+0.28 f
n-3PUFA 19.67£0.20 f  20.77+0.23 e 22.85+0.25 ¢ 23.55+0.28 b 25.15+0.30 a  22.02+0.24 d  19.49+0.28 f
n-6PUFA 5.63+0.15 d 6.22+0.24 be 7.67£0.20 a  6.53+0.23 b 5.98+0.18 ¢ 5.95+0.16 ¢ 4.38+0.14 ¢

ND: Rl 1 /NG T Jm P<0.05 KT F I ETE, M 7 R B N g, R,
B 25 R R W, O [ vk BE X % 3 C15: 0 PSR MP-2 KR B 3% (P<0.05)  BEE

C24:1(n-9) M EEICWELN (P>0.05) HXTHA SRR S IZEN A KRR &5 R
NEWTIR & 55 i 2 (P<0.05) , HorpiZ i EPA 1 &% FEBSWE N 2.5 mg - LA 3.0 mg - L'}, 1%

DHA 1195 12 Bl ZUVR B2 A 35 0 22 508 1 45 B AR Y
POEPA SRAEAWE N 25 mg - LA I8 3] K
f, BB #EE THAKH (P<0.05) ,DHA &H7EA
WeRE R 15 mg « LB B KAE (0.78+0.13) %, 5
THRBHES5~30 mg « LT E&WKEFRMET, %8
WY SFA 75 5 Bl % 20k BE 1 L TR FRAIG, (HLAE 35
mg « LRMREESME T %08 SFA SR Em T
4540 (P<0.05) , 4 (40.58+0.45) %, MUFA [/

PR KR AT 5K (0.305+0.010) #1(0.301+0.010) ,
2 T H A 2 (P<0.05) .

ARV B X = A 48 BEIE S Bk MP-2 IE W)
A 0 (K] 4) | B A B EE Y T R A
Py 525G 8 0 5 Wb R R B 2.5
mg + L7'F13.0 mg - LB}, %3 AE 9 & T 3K (0.28 +
002) g- L'A1(0.27£0.01) g- L', @& m THAb

0.4
FELE 15 mg + LI 30 mg - L7 A9 RURBE 4, a
FETHMA A (P<0.05), 4 (34.24+0.37) % Al 03f L b )
(33.9420. 33) % ; A AW SE RYIE I, PUFA % 5 2o
TR, 72 25 mg - LTVRME T PUFA it i
EE T HANAS AL (P<0.05) , 4 (37.78+0.35) % ; AHk o1
B35 mg - L7 44FF, PURA & ik 3545 T H b4 L

2(P<0.05) ,H7(28.52+0.28) % (£ 2) .
2.2 WEUREEXT = MAAE TR IS AR bR MP-2 A KR
KRG SR D R 1) 5 i)

RIS AR (K 3) , AR Bk B X — ff 4 48

05 10 15 20 25 30 35
BRKEE (mg - L7)

3 FEMREMZ=ZABERFER MP-2 ERKEERD
A

Fig.3 Effect of phosphorus concentration on the growth
rate of Phaeodactylum tricornutum mutant MP-2
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Fig.4 Effect of phosphorus concentration on the biomass
and total lipid of Phaeodactylum tricornutum mutant MP-2

£ (P<0.05)

AR BE X i B B i S e (18 4)
BE & vk B i T, B O i W BRI TR R
1.0 mg « L7'B i BIE & 57T 35 (21.79£0.89) %,
SRR AR 3.5.2.0.1.5.2.5 F1 3.0 mg - L' 441
Z 255703 (P<0.05) .

R3 FREBHKET=RBIEEFTHE MP-2 BIAERAERA M

PRI E BRI T SR 17 R =R R
(2 3), HAP AR TR (SFA) 7 P | B 10 A1 7
ik (MUFA)3 Fft  Z R AR IR ( PUFA) 7 Ff, %
B EFEIEN TR N C14:0.C16:0,.C16: 1 (n-7) .
C16:2(n-4) Fl EPA | H b gl B2 XF %8 C15.0 #l
C18:3(n-3) FEWFEMA W E (P>0.05) , X HA4 R
IR & S L (P <0.05) ; M EEHE N 3.0
mg «+ LA, % W 4 i b EPA MK (14.22
0.21) %, i FH T HAK L (P<0.05) , Bk N
2.0 mg - L' F12.5 mg - L'Af, % EPA & A5
H9(25.82+0.34) % F1( 25.85+0.33) % , .35 i T HoAth
41 (P<0.05) ; BN 1.5 mg - LI, 1% DHA
() 2B BRI (0.24£0.06) % , B E K T HAb A4 (P
<0.05) W EHN 0.5 mg - L' - L7'0f, DHA SR
=ik (0.62+0.12) %, 1B & & T HAb4S 41 (P<0.05) .
WK RN 1.0 mg - L' 2.0 mg - L7'.2.5 mg - L',
3.0mg + L' 3.5 mg « L' KU ZEILREES(P
>0.05) ;SFA [ & B AEBERE R 3.0 mg - LB &6
(44.98+0.44) % , b 3 5 T HAWAS 4 (P<0.05) 5 %3
MUFA % i fifi 2 0 vk B A9 1 T 1M B AIG ; PUFA A 75

Table 3 Effect of phosphorus concentration on the composition of fatty acid of Phaeodactylum tricornutum mutant MP-2

TR T TRV

0.5 mg - L™ 1.0 mg - L7} 1.5 mg - L' 2.0 mg - L™ 2.5 mg - L7 3.0 mg - L7! 3.5mg- L™
Cl14:0 7.62+0.13 be 7.89£0.16 b 8.27+0.15 a 7.6+0.14 be 7.39£0.10 ¢ 6.88+0.11 d 7.47+0.17 be
C15:0 0.3+£0.04 0.33+0.10 0.32+0.07 0.3x0.11 0.24+0.05 0.33+0.08 0.26+0.09
C16:0 17.24+0.25 a 16.22+0.21 b 17.03+0.20 a 16.12+0.22 b 14.94£0.18 ¢ 14.34£0.22 ¢ 15.81+0.25 b
C16:1(n-7) 31.21+0.31 a 30.65+0.33 b 29.22+0.28 ¢ 29.31+0.25 ¢ 28.14+0.24 d 26.62+0.20 e 28.4+0.29 d
C16:2(n-4) 4.17+0.12 e 5.09+0.16 d 6.87+0.18 a 5.8+0.15 ¢ 6.24+0.15 b 3.79+0.13 f 6.19+0.19 b
C18:0 2.79+0.18 d 2.43+0.12 e 3.15£0.15 ¢ 3.16+0.12 ¢ 3.96+0.14 b 6.33+0.20 a 4.19+0.18 b
C18:1(n-9) 3.24+0.15 b 3.48+0.13 b 2.08+0.12 d 3.97+0.17 a 2.43£0.10 ¢ 2.16+0.14 d 1.27+0.11 e
C18:2(n-6) 1.31+0.10 ¢ 2.07£0.11 a 1.88+0.10 ab ND 1.94+0.09 ab 1.46+0.08 ¢ 1.78+0.08 b
C18:3(n-6) 0.92+0.08 a 0.86+0.05 a 0.75+0.09 a 0.91+0.08 a 0.9£0.10 a 0.49+0.04 b 0.84+0.06 a
C18:3(n-3) 0.1+0.06 0.2+0.04 ND 0.2+0.06 ND ND ND
C20:0 0.1+0.05 b 0.09+0.03 b ND 0.09+0.04 b 0.09+0.03 b 0.56+0.08 a ND
C20:4(n-6) 3.19+0.11 d 3.32+0.10 ed  3.53+0.15 b 3.59+0.16 ab 3.9+0.17 a 2.45+0.12 e 3.44+0.13 be
C20:5(n-3) 23.62+0.28 ¢ 23.98+0.26 ¢ 19.31+0.26 d 25.82+0.34 a 25.85£0.33 a 14.22+0.21 e 24.91+£0.25 b
C22:0 0.24+0.08 b 0.2+0.05 ¢ 0.42+0.11 b 0.24+0.09 be 0.26+0.08 be 6.61+0.15 a 0.33+0.10 be
C22:1(n-9) 1.59+0.11 ¢ 1.44+0.13 ¢ 2.29+0.13 a 1.94+0.12 b 1.58+0.11 ¢ 2.25+0.14 a 2.08+0.11 ab
(€22:6(n-3) 0.62+0.12 a 0.48+0.09 a 0.24+0.06 ¢ 0.5£0.10 a 0.5£0.09 a 0.41+0.05 b 0.47+0.10 ab
C24.0 1.74£0.17 cd 1.27+0.12 d 4.64+0.16 b 1.45+0.14 d 1.64+0.18 cd 9.93+0.18 a 1.75+0.15 ¢
SFA 30.03+0.30 ¢ 28.43+0.32d  33.83x0.35b 28.96+0.33 d 28.52+0.29 d 44.98+0.44 a  29.81+0.31 ¢
MUFA 36.04+0.42 a 35.57+0.35a  33.59+0.38 b 35.22+0.40 a 32.15+0.31 be  31.03+0.33 d  31.75x0.37 ¢
PUFA 33.93+0.39 d 36£0.34 ¢ 32.58+0.31 e 35.82+0.40 ¢ 39.33+0.38 a 23.99+0.28 38.44+0.32 b
n-3PUFA 24.34+0.30 ¢ 24.66+0.23 ¢ 19.55+0.24 d 26.52+0.28 a 26.35+£0.24 a 14.63£0.20 e 25.38+0.22 b
n-6PUFA 5.42+0.11 ¢ 6.25+0.19 b 6.16+0.12 b 4.5+0.14 d 6.74£0.18 a 4.4+0.10 d 6.06+0.15 b
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2.3 BRUIEXT = fAE FE S AT bR MP-2 A K ORI
A=t

AN = B TE B 75 A AR MP-2 1A Kl
S (B 5) 3 R IE T, FeSO, 5 il A 1% B
AR R AR KR ] 35 (0.363+0.006) |, H. i 2 5
THAAWIFN(P<0.05) ,

ANFERIEXZ B AR B B (B 5), Y
BRI R FeSO, B 3 A e KAE Y & (0.34£0.01)
g L HBE & THARMAM(P<0.05), Ll FeSO,
VERPIRIT = AT BA 2SR MP-2 A B S AR K
FMERA YL, = M Ta A8 bk MP-2 5555 3
PEHL FeSO, 1E AR,
2.4 BRIEN FeSO, B4k B2 X — £l 4 45 i 75 748 bk
MP-2 A= T TS IR 15 1R 1 52

Ph FeSO,/EA BRUE, AN [l 4k ik B2 Xt = #4348 i
VEARRR MP-2 A K BORAZ I B 2 (K 6) , vk
1) FeSO, B A F T8 Y A K, 8K R 0. 50
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Fig.5 Effect of iron source on the growth rate and the bio-
mass of Phaeodactylum tricornutum mutant MP-2
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Fig.6 Effect of iron concentration on the growth rate of
Phaeodactylum tricornutum mutant MP-2

(0.49520.006) F1(0.494+0.003) , i =5 T HAtbh 40
(P<0.05) .

IR KB (B 7) ARV R X = 16 15
BB KR MP-2 AW RS A 2 YRR R
0.50 mg + L' 1 1.00 mg - L™ I, iZ 3 A4 Yy i) 35
(0.87+0.04) g - L' F1(0.87+0.02) g - L', L5
THMA(P<0.05), N 0 mg - LA, HEAH
M RE RAF AR, HAEY 35 (0.79£0.03) ¢ - L7,
W& T 0.10 mg - L' 41(0.69+0.09) g - L™ 1 0.25
mg - L7'41(0.78+0.03) g - L™ {H 3 ZH2 6] I B 3
Z53.(P>0.05),

AN B i i i s e 2 (R 7))
Bl 25 0V BE O TR, e ) SRR i R O TR R
RA S IR E A 2.5 mg - L7 A £ KA,
4(28.86+0.50) % , ‘b 1= T HABAL(P<0.05) .

IR R (R 4) ARV X = 1515
BARASRE MP-2 1Y C22.0 S2MR i3 (P>0.05) ,{H
X H AR AR & = R 3% (P<0.05) , Mk
1.00 mg - L[, %8 EPA & 34 (31.59+0.34) %,
BE®HTHRAMH(P<0.05); 8k E N
0 mg « LB, i 3 o AR A0 3] DHA, 2Rk B 0.10
mg « L7 i%#E DHA & &2 40UF (0.32+0.08) %), it
FMTHREKEH (P<0.05); HE%HKEH 0.10
mg + L7'B, SFA 5 58 (7, 15 (51.60+0.52) %, b
T HA AL (P<0.05) ;%8 MUFA (1) & w bl & 2
e FEE R 188 T T 3B M PR AR, 0 mg - LA, MUFA 75 &
i, M (42.9£0.43)%, W F & T HAMLS 4 (P
<0.05) ; B E A FeSO, A Fl T PUFA BY& BT, Bk
W BERT0.25 mg « L7 ZBEPUFAR & & 5 BlR
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Fig.7 Effect of iron concentration on the biomass and total
lipid of Phaeodactylum tricornutum mutant MP-2
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R4 FREKKEN=RBIEFEE MP-2 KIASRAER AN F M

Table 4 Effect of iron concentration on the composition of fatty acid of Phaeodactylum tricornutum mutant MP-2

JiE iR AP (R )

0.00 mg - L' 0.10 mg - L™ 0.25 mg - L' 0.50 mg - L' 1.00 mg - L7!
Cl14:0 7.46+0.18 b 11.33£0.29 a 5.76+0.16 d 5.91£0.17 cd 6.18+0.20 ¢
C15:0 0.6+£0.07 a 0.75£0.09 a 0.34+0.06 b 0.19+0.04 ¢ 0.35+0.05 b
C16:0 28.02+0.28 b 31.8+0.34 a 16.7+0.21 cd 16.85+0.23 ¢ 16.32+0.18 d
C16:1(n-7) 35.1£0.38 a 28.54+0.30 b 26.08+0.23 d 27.94+0.25 ¢ 25.86+0.20 d
C16:2(n-4) 3.06+0.14 ¢ 4.22+0.13 b 5.6+0.17 a 5.5+0.17 a 5.7£0.18 a
C18:0 2.56£0.11 a 2.5+0.12 a 1.66+0.10 b 1.15+£0.12 ¢ 1.52+0.13 b
C18:1(n-9) 7.8+0.20 a 5.4+0.19 ¢ 5.02+0.15 d 6.41+0.21 b 5.01+0.16 d
C18:2(n-6) ND 1.6£0.11 b 2.53x0.12 a 2.69+0.13 a 2.49£0.12 a
C20:4 ND 0.33+0.03 ¢ 1.05+0.10 a 0.72+0.08 b 0.62+0.07 b
C20:5(n-3) 11.07+0.20 d 7.99+0.18 e 30.5+£0.31 b 28.47+0.28 ¢ 31.59+0.34 a
C22:0 ND 0.38+0.08 a 0.17+0.09 b 0.12+0.05 b ND
€22:6(n-3) ND 0.32+0.05 ¢ 2.06+0.10 a 1.81£0.12 b 1.95+0.11 ab
C24:0 4.33+0.16 b 4.84+0.15 a 2.53£0.13 ¢ 2.24+0.10 d 2.41£0.12 cd
SFA 42.97+0.45 b 51.6+0.52 a 27.16+0.26 ¢ 26.46+0.25 d 26.78+0.27 cd
MUFA 42.9+0.43 a 33.94+0.36 b 31.1+0.30 ¢ 34.35+0.38 b 30.87+0.31 ¢
PUFA 14.13£0.25 d 14.13+0.26 d 40.69+0.40 b 38.47+0.36 ¢ 41.73£0.42 a
n-3PUFA 11.07+0.21 d 8.31+0.19 e 32.56+0.32 b 30.28+0.30 ¢ 33.54+0.36 a
n-6PUFA ND 1.93+0.11 ¢ 3.58+0.14 a 3.41+0.12 a 3.11+0.10 b

B2 Y 40% LA |51 0 mg « L' F10.10 mg - L',
1% PUFA B8 810N (14.13+0.26) %, . Z KT
HAth#H ( P<0.05) .

3 9 i

3.1 SRR BRI S R

Ao e A KA Y R CR 22— fEA i
Z 5 E LR VEVE TN RN S AR B )
A L (Seppidli et al., 1999) | 75 A A KA H
g HEREH (R34, 2009) .

ANTA)BE X B T SR A AN 27 4 ff B
( Chaetoceros gracilis ) | 75 1] 5+ 25 % ( Heterosigma
akashiwo) V. JJ7 111 K ( Alexandrium sp.) 1£ NH, Cl
PRIE B B B E R T CO (NH,), (5K T 4%,
2005) , PIZEHREE R NH,C1 #l CO(NH, ) , A &R
NH,Cl T Adi R B 45 ( Skeletonema costatum ) F15
B A K (AR, 2006) , A S0 30 # (Am-
prhora exigua ) WIXoF 9 20 5 34 REAR - b A1) (i) 4R
¥, 2008)

AN TR Y AR O R R SR AT 25 5% . BRI
Ji LK (Alexandrium catenella) HRE S AT N
221~8830 wmol + L' (Siu et al., 1997) ; f/NV 71l
K ¥ ( Alexandrium minutum ) 4= K& G AW E H
882~2646 wmol - L' (ZEE /%, 2014) , AAF5EE
B, MP2 A RIESRIRE R 5~35 mg - L7 A K

RN 20 mg - L7, 1% 76 3K B o 0l U
T, 1 TR 5 AR MR B S AR G 5 i i vk B Y
R R mlse i B, XaTReEh TAKE
1, BEIRAE S, B IR b ) AL B L 5] K A i
FH(Kolber et al., 1988)

B PE AL 208 A0 ) A= < 3 3 iR )
AL 3 ol 20 L PN o B S IR R A R
M, 38 /NER S 17 7K ZNERBE ( Chlorella emersonii) |
JE R/ INER B ( Chlorella protothecoides) , 7/NER T ( Chlo-
rella sorokiniana ) , $ /N /N EK ¥ ( Chlorella minutis-
sima ) TEARERG I 4508 T (03 A & 127 25 Lo e A
I I I—1% , f s ik 2 T EAY 63% (lman e al.
2000) , KA E T sk ER B BAE T &, B A
VT SR S R S M (BB MESE 2003) , AL
H O RMBEXT MP-2 SRS R I 5 R g5
SEAMI R B, BEE R B9 T R, MP-2 1Y B A
FrAEE W T, TE A 30 mg - L7R K B R K H
(26.511.96) %, U LEXF B M KB Ry A K
AFZEAF TSI R,

R ) Sl 19 B 7 TR 2H A 3 R
(Masaki et al., 2011) . folZr BKEE B i 7 92 Bl 2Rk
JEE (38 i T, PUFA FiL EPA Y958 b Th a3 (i
JRHESE, 2003) , — MR UL, % #Y PUFA A1 EPA
(49 Eb A1) B 2R B % 384 0 1T 2% i ( Yongmanitchai et
al., 1991; 5 F ¥4, 1998) . AHEFERW, 18 Rk
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JEH 5~20 mg - L0}, Bl RO BE RN, PUFA AN
EPA & 8 32 i T 24 55 97 0 ROk R ik F) 25
mg - L', PUFA Fll EPA & it ik 8 ¢ K (37.78 =
0.35) %H1(24.15+0.26) % , FF- W65 B L (1 E— 25
REIT AR . AHIFAE P A 1 S AR X A, —
FpLgi8a ( Parietochloris incisa ) T BRI 2446 B
Z 1 PUFA ( Goldberg et al. , 2002) , 1 W %0 He B Xt ik
TN 7 PR ZH SR 53 Wi BRI S5
3.2 WA A A SR

WA AR A Y B LR Z — XA
KA AR, A [5) (8 e xof i 5 ) 1 P 32
AE( Chae et al., 1996) ., % KT #: ( Chaetoceros
muelleri) 7€ KH, PO, " (1) 5 KB 25 F NaH, PO, (7K
= k&8, 2013), JR B % ( Prorocentrum lima) TF
KH, PO, 1 19 A < R 5 1 B~ H I R B A ATP
(WHEA %5, 2008) , KH,PO, fl NaH, PO, % I 5% %
( Melosira sp.) A M52 22 5 AN K, {H KH, PO, #
T NaH,PO,( F3E%:, 2013)

TACHERT W %) 38 1 0 R PR i e i S, e AR
o i B AR 2 M R OB A0 A K FD G S VR T 52
WO A BTIRE . B F ) 1K (Alexandrium
tamarense ) =K SE G OBE U FEAE 4.0~4.5 pmol - L7,
MR L 5.0 mol « LB, HAE KA 2557 391
il (SR BOVESS, 1999) o BEAR 7 11 R e (AR A% )
( Alexandrium catenella) 7£ 0.60 ~4.5 wmol « L™ A8k
FRERVE YU IR N, TR Fh WAk 2 1% T e 8 W 4 i L
R (ERUWAE, 2009) o HBHET 1.5 pmol - L7
I GCBEAL T BRBRIRAS 5 15 T 600 wmol - LA, 3
[ E K 52 B F A ) 530 ~ 120 pmol « L™ AR 2
RHHE (RWISE, 2004; f1 4 IR, 2003) , ARHFHE
FW MP-2 fEBE W 0.5~3.5 mg + L' HHER IF4:
K AERMRAAEBERE ] 2.5 mg - L', ZEEES
SR VR FBE T, i Tl A S AN, A K S 30 5 W 1
R 5 I Rl Vi B i, VR B T i DR AN B i v A 1
B RG] 7 A AR . X AT RE A T Bk B
SUN=IS X C VA R R S I NTTE (1 IR € Y1 =5 N

TR 2 AN AR TR 1 A A7 2R S ), R e 1Y
AW T B AR R A —E R, AREEA ) T
MP-2 SRR FERE & i 1.0 mg - L' &M T, %
BB G A R (21.79+0.89) %, WXL AR
S 1R S0 2 IR SR AN ) A K e e B2 2 g it g AR 2R
(ZERI54E, 2000) ,

B i W S I M ) PUFA B &, 202

PR A 200 e ) 2 AR RIR T R ( PUFA ) 22 IR MR
Wi B XAETE , AEAR (Qu et al., 2008) , AHHSY
VR X MP-2 IR R R A T B R,
ARG HAR] . AR A KRR (2.5 mg ° L™")
T ,MP-2 () EPA 1 PUFA & & 3% 5 T HAth 41,
B BEXTHZ B EPA FIl PUFA 19 5% 10 25 91 3 T 4E
K w e BEAE3F EPA F1 PUFA 194 1.

3.3 VR R Hv K o A A A R 43 T

BRI AR EERNEZ —, BIFIHEY
M2 2 A A AR I L T O TR R S
EEZEH,

WK H Fe 5 ZFIEZS (Fe’* Fe™ [Fe' -EDTA |
Fe™ -EDTA MK A A L) , BT IE S 2
SRIF SRS . AL A SRS AL
16 A AE M /NBR T ( Chlorella vulgaris ) BRI (B
B4, 2002) , ARG 3 FkUE (FeCl, \FeC,H, 0, |
FeSO, ) 1, FeSO g MP-2 4 U5 53 25006 T Ly 5
FRERIR , X FN FeCl, B A F TERAEHE G B £ K (F
A 2002) A—EL,

B A K T EEE R B R B e e
TR A 272 30 1 8 14 4 K ( Wang, 2006) . =
FEPEIEFRIETRAN 11.64 wmol - L™ FeC H, 0, %
/BT = 35 7 50 N 1 Rt ¢S 2 R S = | 75
FIFIHIEFL R ( EWeE S, 2011) , XUB % (Amprho-
ra exigua) TEERIRE 0~1.5 mg - L' NI HE R &4
KOBIERERHE ] 0.1 ~0.5 mg - L' (4R,
2008) , ANHIFFT M MP-2 754k 35 B4 0~1.00
mg « LT NBRAE K IR ( <0.25 mg - L71) Y%k
AFIF iz s R K, HAE K Bl Bk B 0.50
mg + L' ZEEARAEF R PR 0.25 mg - L7,
TR TR B 3 R I B Uk B R, TR
BRI B B R S B T AN e gk
SRR HE BIRA R, ROm I T R SR I A
U, ERE A RS SR ] R R 5 3R 1 RIVE e i
PR TR IR R R AR Y i 5 e AR Sk
ZMEEE SR A B R RIR, XA Tt — 4

3 I T2 L %) T2 RS2 P 2 T R A A 58 A
JG TR 2SR FNBEAE 7R 3 ANRSE A IR, ES
Fe™ 256 T8 1 19 16 M Pl (BRAR A%, 2000)
b, 15 3R B B A7 A 2 A T RE 4 5 I A e 1) 25 4
ARV PO T6 A | S ) ot %) 2 B AR R, 1 T R i
BN TR ALEL, /NBREEAE — 2 13 L N B 2 Rk
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JE )4 v Mg 1D R 1 T (2R D5 55, 2000) o FE /N

FREE A AR K S IIAMINOR R BE R Fe* X H R I R &

TR W AR Fe¥ ISR &1l 7.8% , #b

B Fe** 0.012 mmol - L' BN R & & T+ &

56.6% ( Liu et al., 2008), A 55 % B, MP-2 [

EPA DHA F1 PUFA & 1 Y5 Bifi 35 2k 16 BE 1) T = 1 2
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5, HEEZR AT PUFA A& SR, {H SFA &
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