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W OE. RA 2 244, ARBA AR G55 A TR AAE T 5 B) AR £ 3 (Stichococcus  bacillaris
MACC/C19) #= 3 #k /3% 3k (Chlorella sp. MACC/C95 . MACC/C97 F= MACC/C102) = 4 #k 4% 3k 69 B By % A By BR 40
RBEATTHR. EREAW AR BT 4 BREEIE 69 A5 I A2 Fo 5 By B 48 AR5 ’me% Cl9 EREBHMEHAERS
(33.7%) ,C95 H= C97 H MMM & HAK, LG EREZNPAAREENEREK (5 A 16.6% ~ 19.2%F=
27.7% ~32.1%) , C102 A7 W A KIFRE b5 A B 09 % KA (28.1%) . 4 #h&EsEe) —+ 2% 2482 (EPA) M 343 %
,C19 4 17.3%,C95 4 28.1%,C97 4 28.4%,C102 4 14.8%, 2 J& W [ & ¥ o 41 64 3¢ K @ 2 #7 4K. C19.C95.C97
ﬁ\v C102 % & & R tafa s b 8% (highly unsaturated fatty acids, HUFAs) 223 35 MEL B KA, 53 A 25.4%,
37.9%.36.8%F 24.8%. 4 REEEW ERIEHEAR S H 14:0.16: 0,16 : 1<n-7) 16 :4(n-3) .18 : 1(n-9) .18 : 3 (n—
3) .20 : 4(n-6) # 20 : 5(n-3).
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Effects of Growing Phase on Lipid Content and Fatty Acid Composition
of Four Strains of Green Algae
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Abstract: The total lipid content and fatty acid composition of four strains of green algae (Stichococcus bacillarys
MACC/C19, Chlorella sp. MACC/C95, Chlorella sp. MACC/C97 and Chlorella sp. MACC/102) grown in f/2 culture me-
dium at different growing phases were examined. The results showed that the growing phase had significant effects on the
total lipid and fatty acid composition. The total lipid content in C19 reached the highest value (33.7% of the dry weight) at the
late stationary growing phase, while in C102, it was realized at the early stationary growing phase which was 28.1%. In C95
and C97, it reached the lowest values at the exponential growing phase, and then increased slowly in the two coming grow-
ing phases (16.6%-19.2% and 27.7%-32.1% of the dry weight, respectively) . The proportions of EPA (20 : 5 (n-3))in C19,
C95,C97 and C102 all peaked at the exponential growing phase (17.3%,28.1%,28.4% and 14.8% of total fatty acids,
respectively) , and then decreased with the increase of culture time. The subtotals of HUFA (highly unsaturated fatty acids) in
C19,C95,C97 and C102 peaked at the exponential growing phase (25.4%,37.9%,36.8% and 24.8% of total fatty acids,
respectively) . The major fatty acids present in four strains were 14 : 0,16 : 0,16 : 1(n-7) ,16 : 4(n-3),18 : 1(n-9),18
2(n-6),18 : 3(n-3),20 : 4(n-6)and 20 : 5(n-3) at all stages.
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TlCBE FAT AR5 s B AN AR A 1D R (highly
unsaturated fatty acids, HUFAs) BRE ST, RICHAE N
TR RR (EPA) Al " kO SIETR (DHA) 55 (n-
3)HUFAs [RBRIE 32 20 2 El. (el Ve i
Weshy Ge i B 2EEE) W52k  MGE R A
KRN TE K IR rh A B W2
P ShYIRUL, TR A o E AR AR K T T
AINEBR (essential fatty acids, EFA) JLHJE EPA F
DHA , BERS# iR Ho AR K ML A 7775 %8 HUFAs
XA R LA FER, TG 2R i
P, ek LB ) bR E .

TUCHE I B T 5 12 LA S B 7 TR ) st 198 50 i P ot
TSRS SR T G 7 & ¥ < N S b ]
TR AN fE 22 HIAR K, (n-3) HUFAs 177 i A] [A]
TEBESE LR R R IR IS S R A7 ISR T 3K 3 de R AEL. 6
T A I U fe A 77 5 e AN I R 4 ) S e 2
AT Z2AHRAE D, JELFE YA X 2R 22 6 T 5 D A AR
. ARSON 1 RRBELZEEFN 3 MR/NEREESL 4 BREkEELE
AN [ A A IS R 5 SR 5 FLRE 7 5 IR D R 4 2k A 7
TNE , DA S A R D7 R G A e i R
G B AN TR 1D R B R 4 AR AR

1 FRS

1.1 &=

S T FH AR R B vV T R A e o B
%2 (MACC) : /NER 3 Chlorella spp. MACC/C95 .
MACC/C97 ,MACC/C102 FIFFIRZE22 3 Stichococcus
bacillaris MACC/C19.
1.2 EFREH

X4 RREEFMEAS TR A K A (RO | S e i)
ka8 5 1) i BE S sem. Hdh i K 20T 5 I
Fishug, 2R, KT 2 B33k, S2I T 2 L 400
P T, LA, EEOE (4500 1x) , B SR ER
BER 28%0, ZEi (20 + 1) “C. 45K A mskitEobosE it
B LA
1.3 Bk

TEETEFR BV KR 2 R0E T 4 000 t/min 25
INE RS B
1.4 RERAINE

K FZR A3k
1.5 BERRER ST HR

FF it b B R ASORE 8 15 43 B 4 SCRR[1 1] 7 9 1647

I 40 mg FERTFE.OE P, AR 2 0 1 B
5 A H BE W 10mL, #& % 5 I A 2 mol/L 1
NaOH/CH;OH ¥ 1 mL, 78/MR% , 75 ‘CARI IR
15min #4724k, ¥ H J5 M A 2mol/L
HCV/CH;OH &, 17 pH<2,7E 75 ‘C/KIEPm
15 min, fHFERL, SREMA 1 mL HIECEARY
BV A T3 ST

SRS 43 B R 26 ) HPS890 T YA AH €6 3%
1L, EKIGES ALK 28 , Coawax carbowax B4
(30 m x 0.25 mm) , FEAE T FTR I 25 I8 B ¥4 R
280 C, FEIFFHIR , AN EAIA, Jiht 2 mL/min, #F
BERE 1 pL. AT RUE — 3545 2045 16 105 B8 41 43 (4 #E
T BANRIIR A% i HU A LI RE (0 3 1R
BRVERE it (335 P A S 45 M I 1 ) S e P ) R 167 7
1.6 ZIELE

FRifE2E K PR 7 2243 BT i Excel #1FALELS)
Br, G5 HEIIME « brifE2EF0R.

2 HERE5HMH

21 [EREE
ARSI 4 Ahag B a7 7 2 A2 Dl

21 SRR, RIS 4 BRaxBERIARIDI & =5
M g % (P<0.05). \3& 1 AJLAFEH: C19.C95 I
C97 WINBNG & A K A AE (S n#a . C19
AR 7 2 R R AR E e Ik B R R AH (33.7%) 5 €95 FI
C97 KNGS 5 A E 45 BUY IR AE Ay Y] =22 8] Bl A s
SR IE A G0, TTERR E AR E i 1 =2 a1
KM% (3518 16.6% ~ 192%F 27.7% ~ 32.1%) ;
C102 Rl & A ESR BOY A2 BT Z [A] S48 i
B, FHAETEE BT BRAT G 107 5 2 A B R (E (28.1%)
Z i W A A IS B SE AT BT R .

F1 AEEKEHIGZENERSE
Tab.1 Total lipid contents of four green algae at different

growing phases

i Rl %

58 R HTH R JE
C19 14.6+ 1.1 205+13 33.7+03
C95 64+05 16.6+0.7 19.2+2.0
c97 5908 27.7+2.1 32.1+2.5
C102 222x1.1 28.1%1.5 20.3+2.2

2.2 PERRERLARK
AR AR (R8O | oo i AR e I 1) X
4 PRERFENRITERAL L 2 DL 2. 45K .16 : 0
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(19.5% ~ 39.8%) , 16 : 1(n=7) (21.9% ~32.9%) , 18 : 1
(n=9) (3.1% ~ 14.7%) , 20 : 4(n-6) (1.9% ~ 4.8%) F
EPA (6.7% ~ 28.4%) /& 4 FREEBEN FZ AR IR 53,

AEHEAREEE H28% F3W

RN 4 RREEEE A = EAR IR AL A3 & R ) i
2 (P<0.05).

R2 AEEKME 4RGRNEEZARRERE K

Tab.2 Fatty acid compositions in the four strains of green algae at different growing phases %
- C19 C95
=gl " . - o e —
BHUH FRUEHTH FeE 5 RG] FEHT FeE JE
14:0 3.6£0.1 29+1.0 3.1+04 32+0.1 42=+0.1 4.5+0.1
16 : 0 29.4+0.7 36.8£2.6 39.8+0.7 21.5+1.2 25.5+1.0 36.9+0.8
16 : 1(n-7) 329+29 282+1.1 31.2+0.0 31.3+£0.6 21.9+0.7 25.8+0.3
16 : 3(n-4) 04+03 04+0.2 14+0.0 — 0.7+0.0 02+0.1
16 : 4(n-3) 0.6 £0.1 1.6 £2.1 — 1.5+£0.1 12+1.2 1.1£0.1
18:0 — — — 0.3+0.1 0.1£0.0 0.3+0.0
18 : 1(n-9) 43+0.0 6.1£19 7.4+0.3 33+0.1 10.1£2.3 9.6+0.2
18 : 1(n-7) — 03+04 — — 29+13 0.1+£0.2
18 : 2(n-6) 1.0+ 0.0 1.5+£0.2 0.7+0.0 0.1+£0.0 14+£0.1 0.4+0.0
18 : 3(n-3) 04+0.1 — 14+£0.1 3.7+04 45+03 2.2+0.1
20 : 4(n-6) 3.0+£0.0 29+23 33+0.1 4.1+0.1 4.6+0.2 3.0+0.1
20 : 5(n-3) 17.3+0.6 82+19 7.8+0.9 28.1+0.2 18.6 £3.1 11.9+0.1
22 : 6(n-3) 0.2+0.0 0.1+£0.0 0.3+0.0 0.1+£0.1 —
SFA 33.0+0.3 39.7+£0.9 429+0.3 25.0+0.5 29.8 0.2 41.7+0.3
MUFA 37.2+0.8 34.6+0.5 38.6 0.1 34.6+£0.2 349 +0.7 35.5+0.1
HUFA 254+0.2 14.7+1.1 15.0 £ 0.4 37.9+0.1 31.1+0.6 18.7+0.1
R —y - e ~
RN FaE R T 5 FpIel] FaEHT R fE
14:0 4.0x0.1 53+0.1 4.5+0.1 52+0.6 3.8+£0.6 3.7+0.2
16 : 0 19.5+0.6 19.5+0.6 352+24 31.2+1.8 36.9+0.1 38.1+0.4
16 : 1(n-7) 27.8+03 23.7+0.7 272+0.5 256+2.3 258+0.9 26.1+0.3
16 : 3(n-4) 0.6 £ 0.1 0.3+0.1 — 02+0.3 — —
16 : 4(n-3) 0.8 0.1 0.7+04 1.5+0.1 1.2+0.1 0.6 £0.6 1.4+0.0
18:0 0.1 £0.1 0.3+0.1 0.4+0.0 0.2+0.0 0.2+0.0 03+0.3
18 : 1(n-9) 43x0.2 3.1x1.6 14.7+0.4 8.7+04 144 +2.1 14.5+0.1
18 : 1(n-7) — 4.0+0.1 0.1£0.1 — 02+0.3 0.1+0.1
18 : 2(n-6) 0.1 £0.1 0.7+0.1 04+0.0 0.5+0.1 14+1.4 0.5+0.1
18 : 3(n-3) 2.2+0.1 0.3+0.1 1.6+0.2 3.0+£0.3 1.8+1.3 2.7+0.1
20 : 4 (n-6) 4.6 £0.1 44+0.2 1.9+0.2 4.8+0.1 2.8+0.2 22+0.2
20 : 5(n-3) 28.4+0.2 23.2+4.1 79+0.2 14.8£0.1 7.6+£0.5 6.7+0.6
22 : 6(n-3) — — — — — —
SFA 23.6+0.2 251+0.3 40.1+0.5 36.6 0.6 409+0.4 42.1+0.3
MUFA 32.1+0.1 30.8£0.7 42.0+0.2 343+04 40.4+0.3 40.7+0.2
HUFA 36.8 0.1 303x1.3 13.4+0.1 248 +0.2 13.9+0.9 13.5+04

TE: —FoRAMH.

3R 2 WTUAE H - 4 PREESE RIS DT FR AL AN 12
Bl KB AR R, 2223 C19 Al 3 RR/NEKEE
C95.C97 Ml C102 H1¥) EPA i fEF8 50 i,
AAIATSE 17.3%.28.1% . 28.4%F1 14.8%. C19 [ 20 :
4(n-6) T 7EAS KB IR R, 16 - 1 (n-7) 7E
R AT A A, AR FR BOW AR e 5 A
K. 16 : 0 FpA KA, 14 - 0 WIFEA4E
KB HAAS AN i

JNEREE C95 FY) 20 : 4(n-6) .18 : 3(n-3) #ll 16 :

1 (n=7) & Bl A K HH LK s b, 18 ¢ 1 (n-
9) (16 : 0,14 : 0 F it W BEA 4 I I A9 SR TG
FEFR OB A E AT A AR DHA & C97 11
14:0 Fl 16 :+ 1 (n-7) FEAESERKE AR E,
16 : 0 F1 18 : 1 (n-9) S EAEFEEUA A & Jr A Bh
FaE, MEfese o BT B3, 18 + 3 (n-3) T HL7E
oo HHH S AR, T 7E i AO AR E S AR
. 20 = 4 (n-6) & RAEFEBON AR E BT R E
M AERE E J5 W0 AR, 18 : 1 (0-7) TERA E R A



2013 4£ 6 H

RN, . A 4 BREBENEIT S AR R ZE A <13 -

B2t (4.0%) , MERE I IR 0.1%, FREUHIR
i, C102 19 20 = 4 (n-6) S 7EFE B0 A, 7ERR
E T AR 5 A R AR 18 ¢ 3 (n-3) i TERR
E BT RAR , 7RSS BOW Afa e I5 I ER A3 n. 16 ¢
1 (n-7) FEFESAE KRR E, 16 : 0 SEpEA
KB A SR TG AN, 14 0 2 0 Bt A= s 400 1 4B
KM AL

C19 M AMAIE R (MUFA) SR 7ESAEK
BRI, o FIAE 7R (SFA) S g DIt A K B
IFER AT B, HUFAs & B fe e BU s s , wirefa
S HT RIS 5 A B fe R R AsE . €95 €97
) SFA e s AR A A SE K T AT B 3535, C102 1Y
SFA & hfiAE KR T fa#. C95 1Y MUFA &
BEA A KSR E, €97 ) MUFA 7EF8%500
AEE BT AR R e, MBI E 5 A BT m
C102 ) MUFA TEFR BN & 4 fIk, mefssE miy i
e S A W I LR RRRR . 3 BR/NVEREE €95,
C97.C102 ZAFIARIITR & 2 HUFAs Skl
IR ST SiE K T A B B AL

3 it #®

TEASLIR SR, 4 PREREEN) T L RRINITR AL LA
14:0.16:0,16: 1(n-7) .18 : 1(n-9) . 18 : 3(n-
3).20 : 4(n-6) fl EPA, DHA & RRDEA S, 54
LEPEA R IR T, 4 BREEBEA G DT o R 1 b
AR A T N, SRR R E R, 7
Bk A0 UE AR E )R B 3R R R R
B R AT BRI T, A N B T A R R
I, 6B 1E BT R i ik 1 A 2 oK A6 &9 g D5
L BE A A H. Mansour 25U STER 45
F W], Gymnodinium sp. Wi & i fEFR ] (5 43
K) HASE G5 6 R MHEE T 30 5 BRI
Ellipsoidion sp.fll Nannochloropsis oculata WIBF5T4E
SRR TR R R

R AR B850 HUFAs i, X2EH
THRECSE AN A R RS, SCERCER , ek
N RGN, A PE g (A 821 HUFA) 1Eh
KPR F B4 oy, A AR TR Piorreck
LWL ST NERSE Chlorella vulgaris WIRF5E48 43
PRI R IR L RS S B bt AR R B R T el AR, FEAE Kk

G Bk e A K AR PERR I A 16 fik L 18 k%
ARG IR , A S B, i i L5 D548 A

. MUFA FI SFA H) & K. Liang 250 ORiE T
Chaetoceros gracilis(MACC/B13) | Cylindrotheca fusi-
formis MACC/B211) . Phaeodactylum
(MACC/B221) Fll Nitzschia closterium (MACC/B222)
() HUFAs M1 EPA i 7ESs 80 By , BEAE KA i
FER IS T 4 BRFETAESE Cylindrotheca (B156
B164.B196.B200) ) HUFAs ¥J7EdS#0 alife e i
WIkFErE. Fidalgo ZUBITE LS REW Isochrysis
galbana 1] HUFAs & SRR E B HIK B 5 ORME , B
JGTERAE IR, Lin 25925 K0 1 galbana
CCMP 1324 ) SFA.MUFA L)}z HUFA & it ¥7Efa
SR O B A K. AR SRS O i g R R
L galbana , Dunaliella salina 1 Chlorella sp.f/) 82
TR 7R (THUFA) & & 75 48 SO0 B i TR
W, Horp D salina B9 18 : 3(n=3) . Chlorella sp.fJ
EPA Al I galbana ) DHA 8 H7EF8 8008 Bk
i, ARELIEEREIN, 4 BRERSER EPA 1 HUFAs &
IR I IR SE TR B, €19, C95 Al C102
) EPA & REAESREUMIARIIR KA, CO7 TEFEEUHFI
TRERIY EPA & EHGE, FaE MR F K ; C19.
C95.C97 F1 C102 ) HUFAs & s 7EFR B0k iR
KIE, 5 FAREER—F
A AR SRS TR AR 017 TR ) 5 i PRI T 5. T
I Y B b B ARG e EO A A A A T R
Je BT L T HUFA /B2 Fernandez-Reiriz
SECURAE T AR KU MEERY EPA Al DHA S0 A
i 5. Mansour 25045 LB Gymnodinium sp. i)
18 : 5(n=3) Ml EPA BEFFRISHAEIMIN A, i DHA &
TR IR IS 0. Dustan Z5YMRIE T N. oculata T
FeHUH HUFAs MIX & &5k 5 , Paviova lutheri TEf&
JETT HUFAs AHXS & St i, 1M Isochrysis sp.f#)
HUFAs & R K BHIAE LRI 2. Hopley %5
BT C. vulgaris (CCAP211/8 K) Fl (CCAP211/11C)
(R TR 2H A5 K5O A A W St i A2 k.
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