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 E: BPR T EFR PRI T ER(0.0. 0039,
0.039F01 0. 39 mg/L) X B A G B BE ( Oocystis solitaria) F1 H 7F
B (Selenastrum sp. ) YT RA R0 . L5 RFH , B IR RERE
N H F B AT BRI &4 0. 039 mg/L 1 0. 39 mg/L
RTEARKMER O HRE a KHE MREE, B4
YR RETERN H F BEITEATERR R I & R 0. 39 mg/L i B B
K BRI & &, 435318 13.76% F1 22.78% , HL A K s b0
BRE A RIS T 318% F1160% , BAAEBREEE & 18:303, A
FHEE18:206, BHRBPEMKE FRERSHAEA
MA RE 2 R R . AH H A BRI, A OF B S 3R
TR AR R BE T 32 0 B A, B SE SR A ) S Y R

B4 GREEBE ( Oocystis solitaria) 3 J& T 4R BN
( Chlorophyceae ) , ¢ Bk # H ( Chlorococcales ) , B
FEHERL (Oocystaceae ) , JIHE B J& ( Oocystis) , J& B
WK IE R LARE . E AT E A SR X B AR B
FERTIITRD, K% I8 T 2k GP e B Xt
R ICHLK (DIC) B A A R Hoxd CaCO, TR
WRIBST . PR S RE TR A U A K
H)3E B EE YO O 35.9 ~40.5 C, & HOLIRIE
3 46 ~70 mmol/(m® -« s) , J2& BB [y i} 55 IR Fh
Ko A 7F B (Selenastrum sp. ) FJ& T 4B A,
LER¥EH , A 88 (Selenastrum) . K B ¥RIKHY
HZF#E(S. capricornutum ) V3 L5 HE W92
FF ML RS . AT B RS
HIREETEE K 29.7 ~32.8 C, & H LR E N
17 ~54 mmol/(m” « s) ™, ZEAE 2538 By b )& T
ERiRASE, R, BADNEEMA T REREEH
RSN HZOCEY R AR KBRS,
BREMEARSIBPLFENEEERR, LS

RS HEf: 2013-10-12 {EE HH: 2013-12-17
E4&WH: HxEHHMH (SHME2011SW02)

MRTR: MEERARET LM EY
HEMAEYRR KRS SREELE
BRI MR EFRR . AU T B
UGN R G SO & P
ST BRI R R A, ST T R R BB
SN B A B 2 R A BRI O PR T
FREERE TS P MEE Ay
SR R IT R T

R PAURENE; AT S ERE T
A LA G I R

PESES: TK6

NHREREED: A

A B WA F ) B, 15 33 308 R R 3k 2 .7
FREh R R BT ER AR  AUE E MR R A B B EA
s R EEEDED . ARKEPETE
MR BE R 2 A B BB K 2 R, LIU
% BRI R IR SRR R YR B AR RE VS /R
( Chlorella vulgaris ) 2 B 3% g W AR R . TEH %
¥ ( Botryococcus )" F1 4} A= Mt 3 ( Scenedesmus
obliquus) *) L TIE S TR Ak S T U A A TR 40
HIRRMI TR B, A CHFSE T 3R P IR K
JEXT LA BB R A 2F B 40 0 4 R e, LA
BRI — 2T &5 AR BRI .

1 MRSTE
L1 Bk

TG B A G PEBE (0. solitaria) FI A F B
(Selenastrum sp. ) BEAR HH _b Vg Vv K 2 AR Wy E Rk
BRI AR M, Bk IR R A S kR £/2 B 5™
BOKIEFRWHATY FhEE SR
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1.2 EIigit

IR 4 MRS INE ., KRR ERS TR K
RER £/2 53R P REFR 7 d PR GE 2 1 B0
WEEBETR , AR5 7 B He b AT IR B R R B R B 4
24 0.0.003 9(£/2 B 4kykE) 0. 039 F10.39
mg/L IEFRBF . SAEHA B 3 P17,
1.3 #REEEsRF

B SRAEE IR O RS SR A N T, IR
AR U 2 1 x 10° cells/mL, Yt B8 & 3
24 L:0 D, HLAEPRREFEIEFRIRAE R (40 £1) C
HREE B 60 mmol/(m’ - s); A F W FRIRE N
(32 £1) °C,EHEEREF 20 mmol/(m® + s), ¥
1) 4 R 2 BRI
1.4 R4 R R ZE AL R

BEFREERIGBEOUERBELINL , 4 - 46 TRk
TR E 4T, 3 T4 MRAB M ath.
ZEHRNERAMOEEE "  EASENER
PR AR 5 RO S B R R R
U BRI A B R A - e, 1R
BRI BE T 22 S A AL B0 - FF BV v B AR - T R VA TR
AbFRJE RIS 17 R FH g /£ HP-6890A AU S AH 6,
WAL B o DL Sigma BEITRRIR A FRES NS

MOE—B BRI RN E 48 &, B R
W 3 47, BOFHIE,
1.5 HELEMSH

GERVOEHME + brfE 2= RN, Sk PASW.
Statistics. 18. 0 #4347 75 240 #r 3£4E Duncan [
ZHEIWE, P<0.05 RrEREE R
PILOTO-RODRIGUEZ 21y 77 g | 4R 48 4% b 38

B 17 R A BT A Fs R P i P B e B M

2 4R

2.1 BEFEHETFRMEXAMRRAMEN
28 B B9 R T

BRI %o B AR B B A 28 A AL A B
W LR 1, ARSI & 0. 039 mg/L B, B
AR BEREE L BN TR E a MBS MRS
BEE BRI MER 0. 39 mg/L &, 41l

B ERm. MM E Db BT

BB TR TR

AT EN B ERAEFGERRBME R
0.039 mg/L B ; EEH BB R & &Y
Bl B TS IR 3G KT R (£ 2) .

F1 RSP ERRINEXT B A U 5 40 AR A L H A RO R

Tab.1 Effect of iron supplementation in medium on the biochemical components of O. solitaria

FeCeHsO; WAL / (mg/L) HEASR/ % BHSR/ % HIRSE/ % WEKa/ % WEEb/ %  KHH PR/ %
0 26.57+0.18% 16.87+0.95* 3.29+0.28°  1.08£0.12  0.21 x0.03 0.39 +0.04*
0.003 9 27.62+0.19° 22.00 +0.40* 5.050.01° 1.04£0.05  0.18 x0.00° 0.37 £0.01*
0.039 30.95£0.24* 23.59+1.76* 10.72+1.53>  1.20£0.02  0.19 £0.02* 0.41 £0.02*
0.39 30.43£0.05" 17.08 +1.90" 13.76 £0.25*  0.93£0.18  0.14 +0.00" 0.30 +0.04"

I W — 1T AR 58 EARRR ZRABE, TR,

®2 BFEPHRFIMENRFEELARNTE

Tab.2 Effect of iron supplementation in medium on biochemical components of Selenastrum sp.

FeCoHs O; WRMEL / (mg/L) TWEASR /% BHSE/ % BIESR/ % MWagEa/ % MHEEb/ % KB PE/ %
0 24.23£0.22° 20.41+0.51¢ 8.740.09°  2.35x0°  0.55x0.01° 0.71 £0.01°
0.003 9 28.06 £0.11° 21.99+0.60° 9.350.45°  2.19£0.07° 0.64 +0.01° 0.69 +0.01°
0.039 32.75+0.37* 39.25+0.24* 18.621.23"  3.41£0.07" 0.92+0.01" 1.28 +0°
0.39 36.37 £4.33*  32.66 +0.00° 22.78 +1.09°  4.10+0.03* 1.17 x0.11° 1.80 +0.03°

2.2 BFREHKEFRMEX WA RGERERRA
54 0p A

2 3 IS TR e BEAT BR PR K H) 3 IR W
B PN BEHE MR IT PR R, AN R
JERiER ) 14:2,16:0,18:1n -9 F118:3n -3, &

16 T I 1l B2 515 e Bk ok JBE #A) P v T 4 o, 720. 039
mg/L BRI R RAE, ZJ5 TR & 18 BRARNIER
SRR INR KN TR RS B &8, 16:0
1 MUFA & B FESRAS I8 9 T T 45 2 1 2% 4
fin, T PUFA & B REERAS I B A T R T 4542 B 3%
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WA o A0l PR 2 AT f e 2 ELE ¥ 0. 39

mg/L FPERBRERAL (50.76) B3& = T HAL

®3 BEFREEFRMEI LA PFEREHERARN (%) REBILREERNZ N
Tab.3 Effect of iron concentration on fatty acid profiles ( %) and predicted CN values of O. solitaria

FeCoH; 0, W/ (mg/L)

Rl 0 0.003 9 0.039 0.39
14:2 16.87 +0.30* 14.40 +0.81" 7.0 +£0.02¢ 10.47 +1.11°¢
16:0 16.89 +0. 12°¢ 15.57 +0.12¢ 20.55 +0. 04" 21.90 +0.28*
16:1n -9 0.97 +0° 1.08 +0.01° 0.71 £0.044 1.42 £0.03*
16:1n-7 2.77 £0.01° 2.91 +£0.04° 3.50 £0.15* 2.73 +0.08°
16:2n -9 0.68 £0° 0.77 £0.01® 1.30 +0* 0.69 +0.01°¢
16:2n -6 2.95 +0.03¢ 3.57 £0.08" 4.28 +0.04* 2.12 +0.114
16:3n -3 4.46 +0.04* 3.85+0.17" 1.90 +0.044 2.82 £0.16°
16:4n -3 3.97 £0.02° 5.73 £0.21* 4.82 +0.04° 3.98 +0.09°¢

316C 32.68 +0.21¢ 33.49 +0.22°¢ 37.06 +0.27* 35.66 +0.77"

17:1 4.28 £0.11* 3.74 £0.04" 3.59 £0.01° 2.21 £0.05°

180 0.56 0" 0.67 £0.02° 0.60 +0.01° 3.35 0. 14*
18:1n-9 7.44 £0.16" 6.28 £0.14¢ 5.04 £0.02¢ 12.10 +£0.45°
18:1n-7 2.65 £0.06° 3.05 £0.07° 3.67 £0.01° 8.49 +0.31°
18:2n-6 5.58 £0.144 6.26 £0.09° 9.69 +0.06° 7.14 £0.24°
18:3n-6 0.84 +0.02" 0.90 +0.01° 0.87 +0.03" 1.00 +0.03*
18:3n-3 19.05 +0. 34" 19.60 +0. 43" 22.97 +0.20* 14.36 £0.56°
18:4n -6 3.49 £0.06° 3.73 £0.07" 4.57 +0.06* 3.29 £0.11°

518C 39.61 +0.82° 40.50 +0. 82" 47.41 £0.39* 49.73 +1.83*

20:0 5.89 £0.54" 7.22 £0.24% 3.81 £0.13¢ 0.20 £0.02¢
20:4n -6 0.19 0 0.21 £0.06 0.18 +0 0.32 +0.01
20:5n -3 0.07 £0.06" 0.08 £0.02" 0.21 £0.19" 0.59 £0.03*

22.0 0.24 £0° 0.23 £0.02° 0.38 £0.03® 0.36 £0.03*
22:6n-3 0.16 £0.13® 0.13 +0.06° 0.28 +0.06a" 0.44 £0.03*

SSFA 23.58 +0.37" 23.69 0. 12° 25.34 +0.08* 25.84 +0.12*

SMUFA 18.11 +0. 13" 17.06 +0.11°¢ 16.51 +0. 15¢ 26.95 +0.59*

S,PUFA 58.31 +0.24° 59.24 +0.23* 58.15 +0. 08" 47.21 £0.47°

BRI SESEAE 48.01 +0.81° 47.74 £0. 64" 47.30 +0.57° 50.76 £0.71°

AW EEIRIR N 14:2,16:0,16:4n -
3,18:1n-9,18:2n -6 #118:3n -3, i3 16 BRjE
0 BR B N B 1 T R S IS T R E
7£0.003 9 mg/L BHARIRAME ., & 18 BRAZIER
o R EGGS I TR SekEJE T, 7E 0. 0039 mg/
L ik 3| 52 /ME. 16:0, 18:2n — 6 i SFA 5 &
Bl VR BE I T TR B3 3 hn, 1 PUFA & &
BERVS I & 1 Tt R T R 2 B R R AR RS B
PR BT F) ot B (E AE S 0 0. 39 mg/L A7 AR R
BREH (51.86) 2 & T H A4

3 g

BEFHHYERNLREERR, S 5HE
A R B REWDE S R AR IRAE . K
PR rh R LA PR BE S A TR AR B A 7R T
PGS RS A Y . WA HITHRA
Ffe R G BB &R IS o g AN ]
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AHTEEN o 3 B Ak U BT R I A B A K
BEAESH/ER" . STORCH fii DUNHAM"! B
T B Sk 2 R ) 98 IS X ke %) A1) R AT 55 il 98
KEK, AEAHEPFREALRZ SR
HEESYERTE R, SEOLRIKSOLE BT
BBIE TR . KB EW, BHRAMT,
BEMZR EOWEHETSEYEEST
BREkSpES 072 R, B SR B AT
AR A E ARG , S R A AR I
M RE a MEAKA R . TEEE L
i3z Fenton 3, 7 b7 7% 45 2 b7 HE 48 (ROS) P T
ROS j# 3 fig i3 A4k \DNA FEE H i At 4
MarEE e E T ARG, BEE B R W P
BEER GRS N & (1) 72 20 15 K, B A O 0 4 ff vh 2R
H e AR a ISR b R & R AR
I, AT R RS & 0. 039 mg/L B 35 F
BAE,.ZERETH MATEARPED. &
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B AR a TR bR B0 8 W AEAT R AR Bk
BN 0. 39 mg/L BB RME . R BIPIFl
TRBERS B IR P AT AR R BRI T 32 RE I AP AE 22 52,

2 e B A B 38 38 3R B o B O A TR 52 1 Bk R
THBERRES

F4 HREIRFEBIEBEARN (%) REiSREEARNN
Tab.4 Effect of iron concentration on fatty acid profiles ( %) and predicted CN values of Selenastrum sp.

FeCoH; 0, W/ (mg/L)

gl

0 0.0039 0.039 0.39
14:2 9.76 +0.14° 14.33 0. 10° 10.25 +0.83P 6.05 +0.03¢
16:0 10.88 +0. 13" 10.56 +0. 03> 12.52 +£2.46" 16.34 +0.13°
16:1n -9 0.78 +0.01° 1.01 +0° 0.81 +0.05" 0.67 +0°
16:1n -7 0.92 +0.17 0.81 +0 0.97 +0.24 0.65 +0
16:2n -9 3.07 +0.02° 2.76 +0.01° 2.95 +0.14% 1.67 +0.01°¢
16:2n-6 2.16 £0.04¢ 2.85+0.01° 2.36 +0.33¢ 3.88 +0.06*
16:3n -3 2.61 £0.04° 3.79 +0.02* 2.65 +0. 09® 1.53 £0.01°¢
16:4n -3 8.71 +0.03* 7.71 +0.04° 8.31 +0.54% 6.66 +0.06°
316C 38.89 +0.58" 43.84 +0.01° 40.82 +3.31% 37.44 £0.24°
17:0 0.93 +0.14° 0.95 +0.01° 0.91 +0.11° 2.43 +0.03*
17:1 2.10 £0.01* 1.73 +0.01° 1.90 +0.26° 1.17 £0.01°¢
18:0 0.23 +0" 0.38 £0.01* 0.27 +0.06" 0.30 0%
18:1n-9 6.18 +0.10 6.91 +0.02 7.02£1.29 7.40 £0.11
18:1n-7 1.99 +0.04 1.95+0 2.12 +0.24 2.25 +0.03
18:2n-6 14.75 £0.17° 14.57 0. 04> 15.36 +1.03" 20.33 +0.31*
18:3n-6 3.15 +0.03" 2.91 +0.01°¢ 3.11 +0.03" 4.48 +0.05°
18:3n-3 12.97 £0.13 10.01 0. 03" 12.11 +1.08° 8.54 +0.34"
18:4n-6 3.46 +0.02* 2.95 +0.02° 3.37 £0.11% 3.20 +0.05"
318C 42.73 +0.48P 39.67 +£0.13°¢ 43.38 +1.40° 46.51 0. 89°
20: 1 8.07 +0.48 7.90 +0. 01 6.00 +3.42 5.44 +0.06
22:0 0.11 +0.01 0.12+0 0.10 +0.02 0.08 +0.05
22:1n-9 0.24 +0.00° 0.24 +0.02° 0.25 +0.01° 0.35 +0.01*
22:6n-3 2.49 +0.05 1.12 +0.05 1.73 £0.29 1.02 £0.03
24:0 0.90 +0.03 0.72 +0.03 0.68 +0.04 0.88 +0.01
24:1 3.53 +0.71 3.71 £0.06 4.28 £0.28 4.68 £1.23
SSFA 13.06 +0.30" 12.76 £0.01® 14.49 +£2.32" 20.03 +0.12*
SMUFA 23.82 +0.86 24.25 +0.03 23.31 +£1.57 22.61 £1.01
SPUFA 63.12 £0.56° 63.00 +0.02° 62.20 £0.75% 57.36 0. 89"
B HESEE 49.17 +0. 11 49,78 +0. 15" 49.70 +0. 08" 51.86 +0.91*

AR RY, BRI DR RS FIRE
AR TR BRE M. LIU 219 prox k0,
WK /NERE R S & BAES 1.2 x107°
mmol/L FeCl, £ 37 ¥ b B 2 i/ T HAEMR BRI B
MREFRBH . 7E8 20 mg/L Fe'* {IEFRI D, A}
A S, obliquus B R KK EIE S &
(28.12% )", B & 414 F % % % Botryococcus
MR & R SR Fe' T SR FE T T
5,2 Fe’t Y L 0. 037 mmol/L, Fe* ¥k B i)
THEATE S R 4R & BRI . A5
B DR A P BN BB T & B ITER B
PREAS IR 0. 39 me/L IR BB RAH , AH HoA
BERRER VS INE A 0 mg/L 4, 7§/ 0. 39 mg/L 451

EREMA FEM BB S B NRE T
318% 1 160% ., I3 75 0 P 5 B B TR
ST 20 M B NG T B R R T BE R 1 O, B
FRV TG Ak S T vk B T A 4 R T A R PR R
LB (PEPC) 3% ™), PEPC R¥K T ZIETE
TR N CO, [FER, 76 HCO, MM &R
BT (Mg’ , Mo®* ) f£76 F PEPC 7 Al 3% 3 fi fk
B-RRILE B E MEBEZ M. EBEZME =R
EFR (TCA) Wy 1 =4, hy L W6 JR e AR 32
HERREER 22 . %9 PEPC 351 B HEA
TCA (BB Z BRI/, BEE 0 T R R AL A2
Jigfi ¥ # 2, COURCHESNE 4 Bf 5% iiF 52 T ¥4
PEPC Jt[F 3k 8k AR PEPC I 7 1 3 2
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JgMi™ o HUK, NADP 3 5 B2 JB 4 B ( NADP-
ME ) /& £ BE B 515k £ BRI ], K i Bt £ PR
%S5 1 NADP-ME 3% #4, NADP-ME {# 4L 3E R
PRI AL AR , 72 NADP ™ fE MBI IR L T , 4
WA AR, CO, F1 NADPH, NADPH 7EJig i B2 /¥
EYEREEYENBRGEE AR EEE
FA™ o ZABRFUE S 40 Ml NADP-ME {7 1 Fi 4
MR BB AL,

B R RS T 2 A (EL S Wi 35 40 D ) g Yy
BRI DT RR AR B A UP AT
BRREIS IR 0. 003 9 mg/L i 2 A F1 g 7
B2 (PUFAs) H 7r & Bk i , Z J5 BE&E SRk B 9 7
R R, H FBE PUFAs BEATBERR B UK B2 1 7
1= TR, R AS Nk PUFAs B r & B . &R
HIRE SR P R R IR 5 S B A & BLE
LA BR. X 5 HUANG % 3 i 4 Bk
¥ ( Nannochrolopsis ouculata) B 458 — 2., #fE
Tk e A BRES T VR B2 5 | B 4 = A= ROS Jf i
RGBT 3k 4 A 2 VR A Rk N 1 26 B 44 L e A
R ER L3 R R o [R] B, 3o W8 R B ik
R RS M 8 25 T N R 19 95 A, S0 4 i Py e A
PSR TR

I FTHCEE A 7 A ) S 1 2 2 I T R AR BT RE
PIF R B . AW 58 A 22 A i 2 K B i
TR TR R o I 5 R F) 7 218 0 4 B i) A )
WM. o 22 BN 1 F IR 5 BRTE B A= ) 5% ik
B BAERD BRA R EME bR E
PR ARG, ToIE A N B R R A T ¥,
HRAE A 7 R 0 ) B be BB X K T 47, BAE
FERRRER TS N & 2 0. 39 mg/L iy B A & KK b
Bl A K E A S ARE . 0.39 mg/L 5
BRI & (9 H 25 3 1 6 1 BR PP Mg ot B (E B 2
Ht T 51, [k E] T RR B AR Y S AR
PR I , 5 i 8 40 B g s 2 2 % B R 4 A, A
TR LE W S SRR A B, O T SR L B A D B B
AIF RS

B2k
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Effect of ferric ion supplementation in medium on the biochemical
components of two microalgae, Qocystis solitaria and Selenastrum sp.

HUANG Xu-xiong'***, YAN Jia-qi' , HUANG Zheng-zheng' , WEI Li-kun'

(1. Key Laboratory of Freshwater Fishery Germplasm Resources, Ministry of Agriculture, Shanghai Ocean University, Shanghai
201306, China; 2. Shanghai Engineering Research Center of Aquaculture, Shanghai 201306, China; 3. Aquatic Animal
Breeding Center, Shanghai Ocean University ,Shanghai 201306, China)

Abstract: The biochemical components of two freshwater microalgae, Oocystis solitaria and Selenastrum sp. ,
which were cultured in the media supplemented with different ferric citrate (0, 0.0039, 0.039 and 0. 39 mg/
L), were studied in this paper. The results indicated that O. solitaria in medium added with 0. 039 mg/L
ferric citrate had the highest protein content, carbohydrate content, chlorophyll a content and carotenoid
content, while Selenastrum sp. in medium with 0. 39 mg/L ferric citrate had the highest protein content,
carbohydrate content, chlorophyll a content and carotenoid content. Both the microalgae in media with 0. 39
mg/L ferric citrate had the highest total lipid contents, which were 13.7% and 22.78% for O. solitaria and
Selenastrum sp. respectively, and increased 318% and 160% of that in media without ferric citrate
supplementation. 18:3n3 and 18:2n6 were the dominant fatty acids in O. solitaria and Selenastrum sp.
respectively. A higher ferric citrate concentration in medium induced higher level of saturated fatty acids in
both the microalgae. It is therefore suggested that compared to O. solitaria, Selenastrum sp. has stronger
tolerance with high ferric ion concentration and is more suitable for production of microalgae biodiesel.

Key words: Oocystis solitaria ; Selenastrum sp. ; ferric ion; biochemical component; fatty acid
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