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B = 53 2+ Nk 3 Chlorella sp. 2003ZGHO023 i# faAa%\i&/—\%ﬁ%zf\&é\%ﬁﬁmi
Fo F AR IE A KT RR T F KaF DR EA KR e %—?a‘f‘éﬂﬁké B, SREERBZAE
“F’Z‘?'Jﬂiﬁibﬁ/xﬁ TREFRGDHRE éﬁémﬂ@»ﬁﬁni%g,it‘?#i“mzréﬂma»ﬁ*ﬁr:io4 73 X
0°cell/ml. £ 4% 6. 86 g(dw) /L. A& TR F R IR EMBUARER, A@lThiaRt. 5
E]ﬁ‘d‘ﬂai;‘,’%élﬂﬂ@#ﬂkt,#ﬁilﬁéﬁ'J‘ﬁ'ii"““éiﬂﬂ@l}‘]ﬁé/‘\"~'%Tp‘ﬁﬁﬂaﬂ7z’/‘\§m%i‘é‘ﬁmo KA B
WORATRSDHEE RLSEREKBARFRAIKEBRAT OGS E» A A 41.88% +0.14%
24.60% +0.07%.21.93% +0.13% F2 12. 91% +0.35% . FRRAEAF XTI KR EVRAR LT T
HEEMEGLEETO TSI M- . L ORASRETASHA > RA TN > F M,
NEREREHE A ERHU A RS TR G (15.32% £1.58%) Fo F Fdk sk 40 (14. 15% 40. 93%) ,
BESTRAT B 2.35% 0. 2500 F k4 B R 28(10. 04 % 0. 39%) . N2k 3E o9 5 by Bx 40
RAMETHRFRXNEAEMKAE AL BRADRENZZAMHRA 18: 3n3 fr 14 : 1, RAB A
DIRBEG EZ R A 14 1418 In9, FARMBEA T DIREGZTZBBEEA 18: Ind 2 16 : 0
K i R XA B F BA T 57~ £ K B I 4R,
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Effect of different trophic modes on the growth
performance and nutrition of Chlorella sp.
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ABSTRACT A Chlorella strain 2003ZGHO023 was cultured at modes of photoautotrophic
(light, basic nutrient formula), mixotrophic with high carbon level (light, basic nutrient for-
mula, 8 gram organic carbon per liter) , mixotrophic with low carbon level (4 gram organic car-
bon perliter), and heterotrophic with low carbon level (darkness, basic nutrient formula, 4
gram organic carbon per liter) respectively. The effects of different trophic modes on the

growth performance and nutritional composition of the Chlorella were studied. The results indi-
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cated that the addition of organic carbon in culture medium significantly increased the cell densi-
ty and biomass of the Chlorella. The heterotrophic group had a cell density as high as 54. 73X
10° cell/ml, and biomass of 6. 86 g(dw) /L. The sizes of the Chlorella cells in heterotrophic and
mixotrophic groups were larger than that in autotrophic group. The assays on nutrition showed
that the protein content of the Chlorella cell declined significantly while the total fat content in-
creased significantly in the heterotrophic modes. The crude protein contents in the photoau-
totrophic mode, mixotrophic mode with high carbon level, mixotrophic mode with low carbon
level and heterotrophic mode were 41. 88% 40.14%, 24.60% 4+0.07%, 21.93% 40.13% and
12.91% 40. 35% respectively. The variation of amino acid content in cell at different trophic
modes was consistent with that of crude protein. The total lipids in the mixotrophic mode with
high-carbon group (15.32% +1.58%) and the heterotrophic mode with low-carbon group (14.
15% + 0.93%) were significantly higher than those in the mixotrophic mode with low-carbon
group (12.35% =4 0.25%) and the photoautotrophic mode (10. 04% =+ 0.3%). There were
significant differences in fatty acid compositions of cell cultured in different trophic modes. Fat-
ty acids 18 : 3n3 and 14 ¢ 1 were dominant in photoautotrophic Chlorella. Fatty acids 14 ¢ 1 and
18 : 1n9 were the majority in the mixotrophic modes. Fatty acids 18:1n9 and 16:0 were the
most abundant in the heterotrophic mode.
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/NEREE Chlorella sp. EREETT/NERBE R B S A0 BE S AR B 0 A T AR R 5 TG R . /N ER B4
JHLPA AR A R TR AN T AR TR L 4R A R o (0 3 R 2 AR S T L G R A (4 T X
B FAO BI04 21 2 N ae (i B £ IR AR 2005) o /BRI d BT % B T iG55 A9 ol 2 —
ANBREEA T /N BRI TR L /N R At /N ROk B 24 ) L T W F R (Borowitzka 19955 2 il 5 4
1997) o AH T fef i 550 i 5 B A A B /N R R ) 29 /N R L R TR R T2 —

& GE 1 7 Ml AR TICsE 55 3% 2 A T TR 7K, esE LOEE A R A K. A BIBFE R I, e 28 T LA
TETCCEA G 254 T LA S 3R B0R & 8 77 10 7 AR A DL IR 2E1T 2R K (Gladue eral. 1994) . BB IR B
Fr 07 kA 7O B 3R B Rk AR b O R A5 n) R 55 A5 Tl Ak DR RS i % R IR ICEE A T RE (Chen 1996)
Chlorella pyrenoidosa sChlorella vulgaris ,Chlorella zo fingiensis ,Chlorella protothecoides %525 Fh /NEK 5 )
A AE T Z5 T R B 58 i A BIL A A 0 A Sk A8 U5 R B U 2E AT 5 3% 2 K (Samejima er al. 19585 Mayo et
al. 19945 Shietal. 2000;Sun et al. 2008), AMFITLHRIT T 9050 217 T i 1 1 A9 H A7 57 57 B8 1 19/ Bk
TEAN[R)E 7 07 30T B A A 8 8 30 M 8, DA S 2 /0 BROBE 1) i 2 T2 % 3 K 0T 252 v R o AL Q368 7 ) 4 it ik
it S

1 HBSH®

L1 EMHREREFEET

S FH/NEREE i &R (2003ZGHO23) I8 H LRI 7 R 2F A W R R E L JE— > 2003 S0 B R8I & K )
755 Tk A A S IR D /N ER i S R . 85 IR A AL FR R B O 4R AR NaN Oy, 374mg/L; NaH,
PO,,22 mg/L;Fe C;H;0O; « 5H,0,19.5 mg/L;F/2 &0 E (RSB S EKE 20055 ml, &K
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1000 ml,
1.2 K5igit

INERBE RS FRAE 3 FE R T AT OB ARE RN O, ERE R HRE T R EGE RN O,
FEREE IR E T AR MR 3R 3R Oy CB R RS R . AR . PR A E R LR 4
(4 gC/L) Mtk 4 (8 gC/L) , 5 358 37 Iy sl Al 4l (4 ¢C/L), A PR 3 17,

L3 IEKENEFEEREN

TEAR RGBS IR A N 3 000 ml BRI HEAT HE UK 3% 0 /INBRBE 00 1R 45 Tk 20 10, 02X10° cell/ml, B
Frid R RS S IR A LRI 25°C . R H IR MR B E R ESOLIR OU IR 70 pE/m” « s, 1537 JH
7d,

F B2 A A R A SBORE D 8 A0 Ve B B A o 3 O P R R SR T il Bk AR v o AR W I SR R
2. HRWAE I 50. 0 ml #3 .5 000 r/min .0 15 min, 25 BIEW L TIVEY) 60°CHET RIHE . fERFRH 3 K
YBORE I 5 AN ) 5 35 07 2T 19 /0N Rl 200 1 /N I 353 4 i A A

V=4/3ab’n
AP VRIS B AR o RO AN M Bl AR L 0 S B AN L AR AR

1.4 EFRAMSDH

B IR a5 R R B OB e o B DR AR SO P T R TR AL — 46 CUR T TR S B9 RE S
R Ry R 189 20 J R v VR AR A T8 R 20 . LR ] KDIN-04 & S04 5 o B IR s JFH S 0 - TP v U o 38
Ty B iy 22 TR BROK A% i LR F1 320 B A 7 28 FE R 5 4 o IR U PR 25 i ik HHY 1 AL = 72 HP 6890 A B < AH
G 3 Hr . LA Sigma i 7 ARG 8 2 I JF T — ARk T H B IR D5 R 00 7 0 % i (BUTEMESE 2008) . BR
R IETR ARG W7 R AL » R da A il ¥ 3 A EH A .

1.5 HIEFKITEHH

I 25 5% DL B+ bR i 22 (Mean = SD) KR . 2R SPSS 11, 0 # 4 ik 47 83 X 577 22 20 M » 3F F Duncan
Ko g6 0t A1 22 & He i . P<<0. 05 BN A B &£ F .

2 #HXR

2.1 EFFAAMDMKEEKEREHZE

T AR TE 7d BB SRS R RV SR O RN R AE KR R A 2 . B ARERITAT
ANBREEAEAE IS 55 2 RIT U6 BE AR BUE KM B AR RACR XA R EBOBAK . 5 4 RIGA K@% 5 EA
FEI . TESE 7 R/INBRE IR B B R AN M VR BE (27 15X 10° cell/mD) o R A58 37 05 2UF /N BRBETEFE A8 H0H K )
J& A A S AR A i AR R R () AL 5 3 RIF AR K %, BE IR E A IR . IR E IR T IR I R ik 2 9 A
PERETC I 22 5 L /NBRE AR5 5 KA B e A0 I vk JEE (36. 84 X 10 cell/mD) , 7 5 9578 97 7 20 F /R i 0k A 4R
B KR B A RACE S TOUE AFRA AR TR G & IR 41 A0 5 97 78 7 20 D0 36 B0 1 00 4 45 1 |) e 1S, B
FNE 5 RABEAMRS A AT B o a6 09 6] S 55 58 % 07 U /N BROE AR 1K B 14 S R Al ik BE Dy 54. 73X 10° cell/
ml,

A EFE IR /R A Y A B 2R (B 2) . WG 2 K. 6a A 3707 N /b ek s
R R Yt B 25K TR S S R A MR IR ARG E R T /D ERE R AR Y BT R GRS
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ST m i AR AL 22 e AN B3 . IR DL S A FR AL/ BREE A e R AE W 0. 92 g/ L. TR 5 5 597 ik
A R A E AR AUA S R 2 /N BR G B oK AR W 9l Oy 3. 15,2, 78,686 g/ L
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i
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=
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1% F£I5HA] Culture period (days) £ 7204 ] Culture period (days)

1 AREEFETRT/AERE(2003ZGH023)
0 5 B 4 K
Fig.1 Growth performance of the Chlorella sp.

R —RAEYE LR RRFHRRER D E
Notes: Different letters on the columns at the same

day indicate significant difference

(2003ZGHO023) cultured in B 2 REEFEFNT /RS (2003ZGH023) A 9 & 1 A8 {k
different trophic mode Fig. 2 Changes of biomass of the Chlorella sp. (2003ZGH023)

cultured in different trophic mode

TEB A FLER RS /N ERBE R A S e A T AR (3R D). IR G 8 37 4L 57 57 21 19 /D Bk 40 i T
UKL A T S HCRL 20 A 5 M N (5 SR B0 R A (L A B R TOL A A R,

£ 1 RMAEVERX/NIKE (2003ZGH023) 48 i X /N B 3
Table 1 Effect of organic carbon in medium on the cell size of the Chlorella sp. (2003ZGH023)

28 51 i K 4% (um) 41 g A% () i A B Cem®)
Treatment Long axis of cell Short axis of cell Volume of cell
b H IR

5.95+1. 45 4.93+0.920 497.04+314. 89°

Photoautotrophic

RAER/ TR

14.42+1. 212 12.52+0.79% 7 149.77+1 277. 60°
Mixotrophic/Heterotrophic

=8 AR AR 8RR 2 5 B

Notes: Different letters in same column indicate significant difference
2.2 BEFAXNMKEEFRARNZ N

AREEF TR TF/NRBEMIEFRHRA R EER(E 2, HEATERSNELCE AR, HR AR
BB WA TRAE SRR T IR 4L, A L 2 0] 2 25 5 10 25 . TR 05 2 22 o oo 19 A TR A5 7 3 R B AL RN
FARBR AL, 3 8 TR A B SRR A DA A R4

ARFEFR TN F/AREN AR S EN TS HHEAT RN EEM -, LA AR RAE
R 20 TR 5 765 3% Ve Ml 28 R S 73 A0 Btk 20 /N 35K e 1Y) 2 R R A £ 43 3] Ry 346. 5,206 9,181. 6.,96. 8 mg/g #Eky. TF
GRETR I 2R b /NERTE T R I E LR 4 S Glu, Ala, Asp. & 1 85 /0 (9 8 LR 43 W) R His, Met, Ile
(% 3),
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£2 FAEAEFHARTIIKE(2003ZGH23 ) AN EQMEEH S
Table 2 The protein and lipid contents of the Chlorella sp. (2003ZGHO023) cultured in different trophic mode

) RAEFRMmA REHEF A S IR
el e HFRdL
Mixtrophic with low organic ~ Mixtrophic with high Heterotrophicwith
Treatment Photoautotrophic

carbon concentration organic carbon concentration low-carbonconcentration

MU & (0

41.8840. 14 24,6040, 07" 21.9340.13¢ 12.91+0. 354
Crude protein content
KRR (0
10. 04+0. 39¢ 12.3540. 25" 15.32+1.58° 14.15+0.93%

Total lipid content

T« [f] —47 B4R AN ] 75 08 22 5 i 3%

Notes: Different letters in each line indicate significant difference

£3 TREFAXTIREARNESERANRSE

Table 3 Amino acid compositions and contents of the Chlorella sp. (2003ZGHO023) cultured in the different trophic mode

RAEFRMmA RAEFRmEmmA L &
A AR 4 o . . L o
Mixotrophic with low organic Mixotrophic with high Heterotrophic with low
ik Photoautotrophic
- carbon concentration organic carbon concentration organic carbon concentration
Treatment

o R IR it i = IR Y &t i A IR Y it i SRR 1Y

(mg/g #W)D  H/EB%)  (mg/g B EAHRY)  (mg/g#ER)  HAHEM%) (mg/g #HD  HHOHMY%)
R4S R Asp 36 10. 4 20.7 10.0 17.8 9.8 9.4 9.7
JRE R Thr 17.9 5.2 11.9 5.8 10 5.5 6.7 6.9
2255 % Ser 13.9 4.0 9.7 4.7 7.9 4.4 3.9 4.0
BE W Glu 51.8 14.9 28.9 14.0 25.3 13.9 14.1 14.6
H& /% Gly 22.6 6.5 12.2 5.9 11.3 6.2 6.5 6.7
N Ala 30.5 8.8 20. 4 9.9 20. 7 11.4 11.3 11.7
HRR Val 22.2 6.4 13.8 6.7 11.9 6.6 6.3 6.5
HE % Met 12.9 3.7 9.4 4.5 6.1 3.4 2.0 2.1
SEER e 10.8 3.1 6.2 3.0 5.6 3.1 2.8 2.9
240K Leu 28.9 8.3 18.1 8.7 16 8.8 7.9 8.2
ik Tyr 14.7 4.2 9.3 4.5 8.7 4.8 3.3 3.4
X4 R Phe 16.7 4.8 9.2 4.4 7.5 4.1 5.1 5.3
21 &% His 5.5 1.6 3.9 1.9 2.8 1.5 1.6 1.7
WA Lys 23 6.6 14 6.8 12.5 6.9 6.2 6.4
R Arg 21.4 6.2 15.1 7.3 13.1 7.2 8.3 8.6
[ % % Pro 17.7 5.1 4.1 2.0 4.4 2.4 1.4 1.4
S Total 346.5 100.0 206. 9 100.0 181.6 100. 0 96. 8 100

FE O M L 1 K o R

Note: Tryptophan and cysteine were destroyed in the hydrolysis process

F 4 NARTEE IR T /ANER S A0 M (0 IR D R 4L i . ASTA) & 3507 0 R /NERVE IR I R 4L i A W i 22 5. 6
A B FRE/NERBE T T RRER (18 + 3n3) (A AR TR Y 25. 13 %, EEEAS TR K 18 ¢ 3n3™>14 ¢ 1>>16 : 4n3>
16 : 0, IREEFMMMA/NERE RN 14« 1, 5 BB 26. 77%, TEAEHFRRK Kl 14 : 1>18 = 1n9 >
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16+ 0>>18 = 3n3, IRAH 7 = b 20 i 7 R 20 mUFNTR 538 F2 (A 2 AR 0L, FZERR MR KRy 14 + 1>>18 ¢ 1n9>
16 : 0>>18 : 3n3, SEFARMLALH .18 = 1n9 (N /NEREE LR W5 R /Y 33. 3420, Hoyk y 16 = 0(22.67%) .18 + 3n3
(12.64%0) , H ARG 7 2 & BEFAR ., BeAh, 3 Fp s R A 20T, /N ER 3 40 i v 35 A & I 81 EPA (20 = 5n3) fl DHA
(22 : 6n3) . MIRIHERISHNE DA A FRA/NEREE b Z R FS R (PUFA,52. 89 %) /K- i i IR A8

A TR 5 NERE 0 BN AN 17 R K BOE S A R LR AR . S R AL/ Bkl

EEEFREMRERA

AR I T R K - B [ SR RNR & B FR L .

F4 AEEFFH X T/NEKE B KBS B 8 4H A
Table 4 The fatty acid profiles of the Chlorella sp. (2003ZGHO023) cultured in different trophic mode

REE IR R4 RAE SR (IR
451 Jot B IRH
Mixotrophic with low Mixotrophic with high Heterotrophic with low organic
Treatment Photoautotrophic
organic carbon concentration organic carbon concentration carbon concentration

8:0 0. 96 1.65 1. 54 0.33
10: 0 0.69 0.18 0. 20 0.67
11:0 0. 62 1.07 0.99 0. 20
12:0 2.28 0. 34 0. 34 0.15
14:0 0.20 0.22 0.19 0.23
14 : 1 15. 14 26.77 24.26 0.95
16 : 0 12.58 14. 44 14. 89 22.67
16 : 1n9 1. 14 0.99 1.42 3.79
16 = 1n7 0. 88 1.73 0.90 nd
16 ¢ In5 0. 65 1. 16 1.02 3.52
16 : 2n9 1.23 1.58 1.47 0.61
16 : 2n6 4.72 8. 36 7.48 0.98
16 : 2n3 0. 81 1.70 1. 49 2.53
16 : 3n3 0. 81 1.94 2. 30 0.40
16 ¢ 4n3 13.34 2.37 3.22 5.23
18: 0 0. 39 1. 30 1. 20 1. 40
18 ¢ 1n9 5.55 17.02 18.21 33.34
18 ¢ 1n7 3.19 1. 26 1. 14 2.86
18 : 2n 2.72 3.50 2.56 1.45
18 : 3n6 0.17 0.11 0.17 0.09
18 : 3n3 25.13 9.02 10. 58 12. 64
18 ¢ 4n3 2.98 1.28 1.95 0. 06
2030 2.81 0.33 0. 45 1.59
20+ 1 0. 04 0.18 0.24 1. 65
20 ¢ 2n9 0.17 0.13 0. 20 0.17
20 ¢ 2n6 0.10 0.16 0.22 0.24
20 : 4n6 0.16 0.31 0. 49 0.32
22+ 2n6 0.24 0.33 0.33 1. 65
22 % 4n6 0. 32 0.57 0.56 0.21
SFA 20.52 20.48 19. 80 27.24
MUFA 26.59 49.11 47.19 46.12
PUFA 52. 89 31.37 33.01 26.58

7 :nd FR KK M H Note: nd means not detectable
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AINERBE R TT SR T KA LK B 2 PR A TS KA BRI PR B OR A KR B A ) RE IR T A SE 2 A
i, AT W I &N e (BIM$54 1997)., Chlorella pyrenoidosa, Chlorella regularis, Chlorella
vulgaris, Chlorella zofingiensis, Chlorella protothecoides 2 /NFRBE I B IR HEREMAE R T LLE ) Z BB 5T
(Samejima et al. 1958; Mayo et al. 1994; Shi et al. 2000,2008;Cheng et al. 1991; Endo et al.
1997) . 4 BERIA R S /N ER B S5 FR 35 A 0 e A A ML R (Shi ez al. 1999) . AR ME R R & RFHT
i e B /NERBECChL. sp., 2003ZGHO23) 1815 F5 K& th s It 49 W5 /5 40 B A9 A KPR RE AN A= ) 115 31 1 W 25 ) 42
o ARBRIR & SR R IR A I AR ER 5 77 21 09 L K AR /N ER B A 5 CTER B0 23 02 & A SR AL
3.4.3.0.7. 5 M8, RIS /NERBERE IR R B R & 5 5 R AT /AN R A D7 SR AR A G Tt
B HFEMEAT NERBESATA AR E N A ADSRE Rl i Calvin 16 35 [ @& 8 4bik . 7E7 T 50T /N
S5k 35 A1) ] 7 AT A Ttk 15 R T e R DL O 0 e M T A R A L = R R I B R R AR A Ak W R b i AR R AT R B AR
. Yang %5 (2006) AF5E R W N ATP (g 7 /DR BERIS 1Y ATP P RAEFRER TEE TIRGE
R MBEEREE T A AT WAPAEBULL ATP 3 K1 3R B R R HFER G2 RS,
mta AFRE A R RN 1620, AT A PF s R W], 5 98 540 T /N Bk vl LUARAS L A 37 00 (9 2R
Pk, Shi % (199D HIEE F R /NEREE C. protothecoides Tr LA 80 g/ 1 A % Bl A HLAR I5 HE 47 BE i 5 % 15 97
I fR e AT AR TR 31. 2 g/ L /B o OF HY A 49 vk By 10 g/ L JHa 21 80 g/ L, A= Wy fk o B =2 19 m ) 2
WPk 80g/ T, W A= A AZ 4, A7 7K A 1) A= ) e S T R AER o AS T 5 v 3% % 6 b 4 4 W K S #5 Shi 45 (1999)
8 A T AR FAAL AR Y 7 B AR . X FT BE /N BRI R A OC, WAT RE S B SR AR A R R A G
(Shi et al. 20005 Chen eral. 1991) . ARBEFEH IR E FRBT w4 B R & ZAR Tk 240 , £ W]
ok T R A A AR X N IR A A IR AR

INEREEE 3R R AR A 2 | B /DN ER i A R T 25 0 PN R 46 ) 2H B e A AR Ak, SR By - 4 L A ARG Ain L A
PRSI 4 L PR R ) o 1 A o SRR 20 A 5 e A AR 68 R B SR A B OB SR TR A 6 B A R TR
ARt . TR ORITAE (1996) Ay o /NBRBEAE S 7 ak A v 1 DR A 40 J2 — b IE DR 400 JHL 5k o 4 v 5 A v 2
PRI T o 3 T o A PR A 2 M T ik 0 L AR R 3 4T ) 0 0 A BRI A ) ) AT O B R R
T A AR BN W7 28 K (Waalter  1987) . X 53 97 o i o 6 0 201 €0 2% B, A 85 4 (2000) B AL 25
(2007) 7k 5 45 (2007) 4 NTEAATT A BIF 58 i 80 & LRI RE B B4 . Shi 45 (20000 BF 58 & R 57 95 51 R A
ANEREERY T EOR SR IN . ERFFAE(2007) X /NEREE USTBOL AR5 R 5 A B s X & B . Sun
S 00 B /NERBE C. o fingiensis TEA7 Hh IR 1 #4505 IS 0 0% 53 % 15 FR XN B % R AL Z . Ochiaa-
Yanagi (1970)I\H o B 387N BRI 7 1] 5 37 e A b 7 vpy IR S 1208 82, 23 5 A it A e ¢ 3 B0 S R
R o 32 PR DAy 5 1 ik v g ViR R 1 A A R R I 5 R S G R o B S RN IR (ALAD LS /Y B A5 B
55 I [ R P 2R B At bR o el T 3 S T T i R4 DT 5 B SR AR /N ER AR I v SR R A . AN R
ADERYEEE N R ETER L R RN RO AN R v

FEAEAR R 7 T, 5 A FR /N ER A0 AR LG L S5 37 /N BRE A0 N B B R BT R sl RE R B BT R A U
A AT . R &5 RAE SOk b A HiGE . 78 B AR I S (20000 5T /N BRI AR & ST L /D Rk Y
gt — MRy 8 6 ~27 Yo o XF TS FR/NBR AN B v B B AR L V20T AR (2003) A SR AE R R 1 E
Fi 77 AN AT 3 WA R B M i s 2 i 0 35 25 S . SRR AF (1992) I WFFE R WL A T /N R 5% AL R 57 5%
A 20 PN R U R B 5 R T R 7006 Ll 3R NER BN A N B D A R 4.4 A TRORIR SR
(1996) TR R W [ F /NER B A M 5 Al O S T A A T AN B0 1 PR 1R U7 1 55 2 20 R385 m o g EL R 7 6 26 180 i
WA 2257 . X 22 S ol PR35 5 000 A 1) i DR 3 3k ) 0028 il 51 G , R SR A B SR /N B b R R R AR TR I R PR A
S 37 /N BROBE AN L T OC P T A SE T R /N SR A v A 3 A B R DR S RN IR A b A RE I BR R Gk L
AR B A SR R B RO BE . AN AR E R /N RO A TP R s A A B R B RO RE SR Gk L T
T S 7% /N BRE A L rhi] 3 BR M 38 L BHR 7 A — b 5 STR AN A A R RS B AN N M B 1. S S /N R A i
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M550 (Kamiya et al.  1987),

XA ) 8 32 05 2R /N R I I 198 20 B ) 5% & I 78 5% 5 208 /0N BR300 g s e 2 1A T S 1) 2 %21 1)
FIRE TR B AR T I ek 28 . YA A FR/hekdsE PUFA (5 BB R 14 52. 89 % . PUFA ELA [ IfiL B 40 1 1fi /]S
B 5 AR (R i T AT 3 ok oks A A Ak 45 22 5 TG 1 DR AR R0 25 A 1B (Kiyle ez al. 19905 Gill eral.  1997), TEWR
A BUBR IR 171 & 8 SR R sl 7 2 85 98 J5  PUF A (7K BT 18 IR, & s R BB iR 19 1/3, Chen
SE199 1) el L FE/NERBEM S FR Ky F v  PUFA (77 8 5 AR IR I8 A G, i R4 i R IR AL 45, T Lo 3 14
AW Al PUFA SRR G A X5 o PR 3E o 45 /D Bk B i 35 5% 25 AT LU 5 PUFA 7=, A
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