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Effects of Culture Methods on the Growth Rates and Fatty Acid Profiles
of Euglena gracilis
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The quality and quantity of live food sources strongly influence the success of fish production in farming operations.
Thus, critical studies of live forage species are a crucial element for progress in fish aquaculture. The fat content of
food is an especially important determinant of growth in marine fish. Omega-3 highly unsaturated fatty acids (HUFA)
are essential components of diet that determine the nutritional value of larval fish. Euglena is a protist that has poten-
tial as a forage species. These single-celled organisms have plant and animal characteristics they are motile, elliptical
in shape and 15-500 pm in diameter. Their nutritional content is excellent, but most studies have focused on cells
raised in autotrophic culture. We therefore examined differences in the lipid and fatty acid contents, and the growth
of Euglena cells grown under autotrophic, heterotrophic, and mixotrophic conditions. Biomass production reached
15.03 g/L, 12.28 g/L, and 3.66 g/L under mixotrophy, heterotrophy, and autotrophy, respectively. The proportional
n-3 HUFA content differed among culture methods: 10.04%, 5.80% and 10.01% in mixotrophic, heterotrophic and
autotrophic cultures, respectively. Mixotrophy was to be the best form of cultivation for improving the growth and

nutritional content of Euglena.
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M B
=8t (euglenoids)«= 217 15-500 pm 7] 2] LrARA] HLOF
0% 1ol AEF WA ul$ <557 WAt Aol
SAE 1A FTHL S HOE Hok 4B ek
SpAgE Also] gl WE 2 FANTS SR YUERO)
HAREH2 FFsH7| = Seh(Rodriguez-Zavala et al., 2010).
2, AEIHEEE) F700 AN AT B 5 v 484E 7
A1 FEHAY S Bl AL Al B E/Ho]\:q Jojvfp =257}
AL AFEA w2 0l= A2 554 54l &3 tH(Ruizetal.,
2004). THEE Gol A An] 2t Aol mafolq B3] &

T A

% QI o] Agelell A 4 glck. A, SIS @
ot 0] Sl §-854 Barel ol Pl 245 At

AA7} F5312 9l 2 (Hayashi et al., 1994; Chisti and Yan,
2011), =4 —L‘ﬂc“.'z%’% O 2 A9 4837} o|m| 8 E| L
242 (Choi et al., 2004), 31-5-4]=0f| H]3}o] A58} A
2,52 79 Y7 5 FEEAS ILEEA YA 5 9
= 592 7HA 2L Qlth(Ishikawa et al., 2008; Lira-Silva et al.,

2011). T3} 4omre.
o] 7|t =L 9

AKX
NE=

R 27 SOl M= o] Hofof| A & OJlﬂ
v FREE Sal div] & olaste
A2 AFE AT AAS HEFE R o] & o] 8

83t s
o] FUdHF AA 4 345 vio] @A F Bio-fuel = AYA4ts}
= AAE AERS 9ot A7) M= a1 Qltk(Navarro et al.,
1997; Ramalho et al., 1998; Tucci et al., 2006; Jasso-Cha ’

vez et al., 2010). FA] G222 vy o R = 7o oF

wjep Rt b0y WP O 2 o] Rol 4T glont, %
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0] v e A7F H(autotrophic) B o] 5 o] F
1! QJtk(Chae et al., 2006). E}F7}49F wjordH2

£ i)l Sk A7lgepokat Bt okiero] B
7hs5E Ao g A th(Dos et al., 2007). EF7 o SFafoFwy
w2 pejopobibial el AP Basky erou], 4
AE0| &=rHe FHo] 9lth(Regnault et al., 1995). F2# U=
ofe] 712 7|58 & Atel= A o2 A A glom, B-1.3
glucan 2 A% T2t 2 (paramylon)2 AAZetAES
WEE= AR 2% AR E o)Xl @It} (Barsanti et al., 2000ab;
Choi et al., 2013). Vitamin E & 2233 GFAr) 7] fj&
off AEH7HERE ARG L glom, A A gHFo] 15-24% (dry
weight) 2 7] tjiZo] o] 2. ¢z AAbe] g A+ o] o
A3l QJtH(Navarro et al., 1997). =28t} AFA Q] vlo] 2w
(Biomass)= QHH2 © 2 A3 (Food), 4]-3(Fiber), AF&(Feed),
H] & (Fertilizer), = (Fuel)?] A2 F71712]7}F &thRoc-
chetta et al., 2006; Courchesne et al., 2009). E. gracilis<= A|
= AzeF0] 20% ool WA 2l B-1,3 glucan, T3HY
A)2(15-24%), T2 14250l B 4= gl EPA, DHA,
52 I 971 el ol Aoj] Bo|RE TS
vty Qlth(Harwood, 1988; Hayashi et al., 1994; James and
Browse, 1999; Choi et al., 2013). T3 of 7 x}x| o] 2] Ho|Ad
=21 ZE| e} dEm|ofo] FFASA R ARE-E o] AL Qlrt
(Hayashi et al., 1992). o] A& AR Ho| T2 A Z45g-& vt
AL = fralW(E. gracilis)7h AHAA S 2 -89 28] §
A= ol AR o7t 8tsk= 715 28-S =7 fAlsHA
A A e v o] o] AAsiet. wheba] o] A
oA L 7|2 dgte 7 ujekio] wE f=ue
KA A Gt ol ks akstiAl s,

)

& A AR =7 AT o=
¥| Euglena gracilis KMMCC-13515 £-9F Hro} Al-8-51%10
], v Fof] ARE-3F 7] u A = Table 1] LUrehd HER} o] Cra-
mer-Myers medium (Cramer and Myers, 1952)S AR5} T,
E}7Fod oFaf oFat &3 oFul -2 Cramer-Myers medium £ 7|
E uj A 2 AR5} Glucose 15 g/L, Sodium glutamate 5 g/L
Z7)5}0] Al zslh.on, Zhzko] uj A & A 23 3121 CollA
1527t a1 E st sk gl

HH

L 3
ISR S,

-2 Zp7Heg Rl (Autotrophic culture), BF7F ol
9F(Heterotrophic culture) 12]31 &g} 9kl oK (Mixotrophic
culture) &2 SHAT}. A7FY Gl FEH 1 L gZEetnao]
500 mL 820 2 HloFslg on], W)= 18L:6D, 7k %

A HRAF 2 A 39

Table 1. Composition of Cramer-Myers (C&M)' medium

Components Concentration

KH,PO, 104
(NH,),S0O, 1.0g
MgSO,-7H,0 0.2g
CaCl,2H,0 0.2g
EDTA-3Na-2H,0 08g
Fe(SO,),"6H,0 3.0mg
MnCl,-4H,0 1.8 mg
CoSO,-7H,0 1.5mg
ZnSO,-7H,0 0.4 mg
Na,MoO,-2H,0 0.2mg
CuS0,-5H,0 0.02 mg
Vitamin B, 0.1mg
Vitamin B,, 0.5 g
Distilled water final volume 1L
Final pH pH 3.5

Cramer-Myers (C&M) medium (Cramer and Myers, 1952).

EE3,000 Ix2 F-A)5FA AL, Aire= 0.20 pm sterilized air filter
(Advantec mfs, Inc., Japan)E 53l 5-33FA . EF7F FulloF
W2 500 mL A& kA E 0] 8610 200 mL 85O 2 Hi
ofslglom, BF7]= 0L:24DE 519 on, wHke Zlehuok)
(KSI-200L, Koencon Co., Ltd)E ©]-&5}o] 120 rpme.Z 35}
ek S GRS 500 mL AHZFERRAAE 0]-8-5)0]
200 mL 820 & wjoFalel.on], W2=7)= 18L:6D, Z7H0] 2
L= 3,000 Ix2 FASHAEE o] o e AT i e
25+0.5C2 FA5FAth 7] FEUEE= 10x10* cells/mL
B2 747 35ME0 & vl Falelar, 23]/ U gt A7) Haema-
cytometer® 38] W, A4-ste] Wit AEmAE 2ASE
o], jofo] 58l HjaFl 48] 314 2141%-2)7](UNION
32R, Hanil Science Industrial Co., Ltd. Korea)®f| 4] 3,000 rpm
O 2 2587 A E et 5, vl Fol& w2 AL Al ant 3]st
52 Azs10] 1Ao] AHEslect,

£x/2

% AA %22 Bligh and Dyer%(1959)0]l Z#3}3it}. 17
o 94 5 g& Fdte] AlEZE27](homogenizer AM-12, Ni-
honseiki Kaisha Co. Ltd., Tokyo, Japan)o4] 15,000 rpm=
SEZF B8 & Chloroform¥} Methanol2 2:1% 3313k ==
= BE Al&2 2 vfwf Yol 5 54k ARk th3 chloro-
form SHH& we]s}7] flsto] S EekiA Qo A& F
a1, 71 91o] Na,SO,E g o] A1 413] chloroform3-7+ S22} A
stk 229 chloroform 52 7133 45%:7](Rotavapor
R-114, BUCHD)E AHg-3to] 40Colato) A gullE 2bd3s] 5
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WA F, 228 % (20 A 24Tk BE Aele
Ak 715 sfell A Asheich
Xl

24 9] classes + TLC/FID2} Iatrorecorder TC-21 intergra-
tor7} A2 Tatroscan New MK-5 (Iatron Laboratory Inc.,
Tokyo, Japan)E ©|-8-5to] EA5F30TE B4 274 57]<]
48 2 L/min®| ™ detector =42 160 mL/min 2.2, scan-
ning speed+= 0.30 cm/s=2 33Tt 24 142 WA Rod S-1I
(0.9x 150 mm, 4G5 714 FE)E SEIF AR E, oA &
T 10 mLE 3o o 2 SEAI717] fl8ke] obAlE 10
mLZ 4131 50T 2 243t Rod-Dryer (TK-5 Tatron Lab. Inc.,
Tokyo, Japan)ol| 4] 587k A%A|7] - Tatroscan o]l A 4244
o] 23 ol A 33] o]4 HHESte] f7]E2 &S] A AAl
Z T} Rodof A& 1 uLE Microdispenser (Drummond Scien-
tific Co., Bromall, PA, USA)Z# #23}o] A7]% (NaCl=
323RARD)oll A 10427 2234 AT, A 7)-8-vl = n-hexane : di-
ethyl ether : acetic acid = 97:3:1 (v/v)& ©]-&3}o] ¢F 10 cm7}k
A A7) XX F-, RodE A7 =0 A 7AW AL Rod-Dryerof| A 5+
7t AZAAA ITatroscan© 2 EAl5to] 22 3EOo] 2AJH|E
Fokal 11 S AFESl el B A4S 3329 cholesterol ester,
free fatty acid, triglyceride, cholesterol & phospholipide] 2]
stof F4 5kt
NI

ZHFAL methyl ester GFEA{LE AR A} YHEFE

Z(C,,,, methyl ester) 1 mL (1 mg)E cap tubeo] F3}1L, 0.5
N NaOH-methanol & 1.5 mLE 7|5t A4S X3 o
<, 100°ColA 827t 7Fdsto] H3lstsict. Wl 5 12% BF,-
methanol 2 mLE 713t 3 tube?] 74 217, 100C oA 11&
7+ 7+E 81 methyl3} sFc). oF 30°C 2 W23t & [so-octane
1 mLE #7}8kar 3027 vortex mixer® 235+t 24 3
mLe| 3 YPE 7IRE v E50] W5k iso-octane:
o] B =5 519t} [so-octaned= A= (4 mL)of %71
%, oA Iso-octane 1 mLE 7}t th& SE50] 5S35t
A& Hof| o1 o] 5 Z|3HA methyl ester Al &2 3FF T A
HRAF B of| AL2-5H= GLC= Omegawax™.-320 fused-silica
capillary column (30 mx0.32 mm x0.25 um, i.d., Supelco
Co., Bellefonte, PA, USA)E %-2}5t Clarus 600 (Perkin Elmer
Co. Ltd., USA)Z o] &3}5ith BA 2 A2 2 Column 185C
o A 8E7F G-AI5HAL 3°C/min® 230°C7HA] A5AIZ] Z, 105
ZFfAISET o] o 9171250, FE7]=270C 12aL
carrier gast= He (1.0 kg/em?)S ARE-8}5 T A|HFARS] BAJ2
FUxoA EART 2FFY] ECLY} Blaste] 7513,
A AF FEE2 14:0, 16:0, 18:1, 18:2, 18:3, 20:0, 22:1, 24:0
(Sigma Chemical Co., St. Louis, MO, USA)¥} GC-MSZ &
A=l menhaden oil& AME-SFI T

SAXNE

= AEe SPSS (16.0) Z2IFE o]gsto] FAhEA
(one-way ANOVA)Z} 3|7 E-4](Regression Analysis)S A1 A]
3}¢] Duncan's multiple range test (Duncan, 1955)=2 H#7+2]
FolA(P<0.05)& AL

=t

7=IJ-_|_|. =1} EE

=
PO E 4F

E. gracilis & ©]-&38to] A7rgFule), El7bd ey e
3 gt oo o) w2 AvH= Fig. 19 YeRH BRe} 7+
o}, v R of w2 M|z o] At A2 Ad et F U5k
10 x 10* cells/mL=Z AZ&3F ). A7Feg oFufjopl 8- E3) vy
oF Avh= 2 7] vljoF W 10.2 X 10% cel/mLZ FHE38t T 124]

—e- Autotrophic
—&— Heterotrophic
-&- Mixotrophic 114

Biomass (x10* cells mL™")
2
Cell concentration (w/w, g/L)

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168
Cultivation time (h)

Fig. 1. The effect of cultivation methods on the cell growth of Eu-
glena gracilis. Data were means£S.D. of triplicate.
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30 Heterotrophic
= Mixotrophic

N
o
T

%, Total fatty acid composition
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Fatty acid
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Fig. 2. Fatty acid profile of Euglena gracilis grown in different cul-
ture conditions. Data were means+S.D. of triplicate.



ZF VA2 S ZAekh T AT A ol 24413 4
1} 19.8 x 10 cell/mL, 48 X)7F 73} 27.3 X 10* cell/mL, 72A| 7+
1} 31.8 X 10* cell/mL, 96417t 735} 49.7 X 10* cell/mL, 120
A2 733} 45.0 % 10* cell/mL, 144A17F 23t 61.3 < 10* cell/
mLE F715140 8 1 o] F Zhashs 4% Uehiir). o] 2
A Ap7redokufobo] olak A HE T 14447H4) 613 x 10°
cell/mL& At A4S kgl o, o] uf ulo] en 2t 4.0 g/
LIk, e7bgaplopa & Fa viof Auke 27] wje A
10.2x 10* celymLZ &S & 12417 7HA 0 2 A =4
sttt Zx HF 5 2447 A3} 42.7 < 10* cell/mL, 4847+
A1} 112.0 x 10* cell/mL, 72A]17F 732} 178.3 X 10* cell/mL, 96
A ZF 1} 204.6 X 10* cell/mL, 120A]7F 73+ 196.4 < 10* cell/
mL, 14447k 73} 186.0 X 10¢ cel/mLg 0.0 ~12] 31 1684 7F
73} 4] 180.8 % 107 cellimLScF. R g afuepo] €18 472
A% 3 96417F AT 2046 X 10° cellmL e o 7H 468 4%
& ugow, of uf vlo| 2 Ak 120 gLALH, 0% HA 7
2al7] AZBHATHP0.05). o]2f3t AT &
7h B A7150] o oAF RS 8 4 gl hopze] B A
o2 wojgo] ufe} eprhejopioke] 4wk A4 F 84417)

=

A Ao At Ech SRSy o2 vt 4
7] \oF U 10.2 X 10* cell/mL= &3 =, 12417F 7114
244 S-S ootk 1 A3 HE 5 24401 14 45.0 % 10
cell/mL, 48A17F AT} 1263x10* cell/mL, 7247k Z1}
203.2x 10* cell/mL, 96A17F 3+ 216.0 X 10* cell/mL, 1204]
7+ A3} 2382 % 10* cell/mL, 144417t 73} 242.4 < 10* cell/
mL%.om 18] 168417k A1} T 248.2 % 10* cell/mL 3t}
Sl o7t 43S HE 5 15641 591 250.6 X 10
cel/mLE o] ufj 7} w2 A4S H 9l 2 w(P<0.05), o] uff v}
ol @ui A= 15.0 g/L ek, ol whE Az 44 H9
2 A tatet HA5HA 10 x 10%cells/mL & HE351c} 27t
G FTolA = FE T MM S| F7Fke AR HolH,
Z 3 14477 AIA A 61.3 X 10%cells/mLE 7H =7
EFAAIRH(P<0.05). BF7FE ot Sk g ol
T43] STt AEFe Hold, Bt B
Z 3 8447 199.8 X 10cells/mL=E A3 2712 &
] o]8 27} &7 Yrolx| ] 96X 71 204.6 % 10cells/
2 7P A WP TH(P<0.05). S 4l ¥ B-= A
B 84471 220.2 X 10°cells/mL7}A] FAZ 2712 Rgl o
o|F 7t K7t WobA|m 16847t i eF $of 250.2 10
cellsymL= 7H & 44785 UER ITH(P<0.05). o] =4 Hl
ol W E. gracilis®] B F A¥f= SdFSudRS 5
ghufeFo] 7M=& A el on, th o 2 Bl b ol

o

22 0 ol T
X

o

-

= o

o
Holl A E. gracilis®] "4te 1% 718 A et e E49Y
Hi R Q1 A o= UERE T

A HFAL 24 41

ol w2 F 22 9] ¥sh= Table 20f Yepd v} 2
o] A7+ T 18.36%, BF7FE i 21.02%, &
oo} 19.16%2.2 E7gepulepio] X7 oplery
Hlslo] % 49| geo] & 202 LeittHP<0.05),
ko] whE E. gracilis®] XA classzAd-2 Table 29 L
bl o} 2k, AR AT ISR A o) 2L mEl 347
Zo] = Aol A 68.15-91.48%= A& 2449 B
st B8] Arhgapepg e Satel jopelae v
91.48%= 717 =7 Urebgtom, 71 thZo] G dil
Foh ufeellAl 83.72% % on, Bt S Fot v
7850l 68.15% = 71 WA e TH(P<0.05). AF7Hg vl &
wlo] B edepulebi ol wlsto] 417 do| Fats) %71
Sz o) B2 f50) ojgh Aol = Az, o] el 7
k2 El-Sheekh and Fathy (2009)%] A-Z2xtol| 4 Chlorella
vulgaris A7tegoplernt eztojepulope] 2ol viofel
9.2 v A7k PRl chlorophyll Bl ek oF
wol lste] 2 9 Z7hatcHs Avkel 7o) ARt ol w
2hA] = Aol A o] S92 9] ARG Afo]+= chlorophyll A
&, AR, W) S710] 71 91% 7R o] o e o of
of] thgt ApAIRE A-E7F LT

HSAA A O] 240l M= 2e AF el A triglycerols (TG)
7714 7 e o) 1 AR ek abilei 2493%,
TS 12.40%, A7FF SIS 5.74%9] =&
2 Uepdth(P<0.05). ol Z4AAT} oAl ekt
TG+ U A AR AGA A=A ef7Fg o o] uiA o] 4
2ol EEgo] AN ARA ] Mg 7F54S Lehiet. Cho-
lesteryl ester (CHOL)®] 9he-2 A}k & &5to] Hi
FoFS Wl 1.91%= 7H @A Uebg & m(P<0.05), 39
bl E ek ol 4 2.79% 1w, 7ol & 5

Table 2. Lipid classes in cells cultivated under different culture

conditions
Lipid class Culture conditions
AC' HC? MC3

Total lipids (%) 18.36£0.08  21.02+0.12  19.16%0.05
FFA* 0.87+0.06 1.99+0.08 1.09£0.12
TGS 5.7410.07 24.9310.06  12.40+0.35
CHOL® 1.9110.04 4.93+0.06 2.7910.02
PL” 91.48+0.09  68.15+0.19  83.72+0.23

'AC: Autotrophic culture, *HC: Heterotrophic culture, *MC:
Mixitrophic culture, *FFA: free fatty acids, *TG: triacylglycer-
ols, ®CHOL: cholesteryl ester, "PL: polar lipids and chlorophylls.
The values are meantS.D. (n=3). Different superscript letters
within rows represent significant differences between treatments
(P<0.05).
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o

A - M3 3

B

gt o] 790l 4.93% & 71k =) e TH(P<0.05). vl
g oll whebal= TG 22 73S LERth. Free fatty acids
(FFA) g2 A7H ol & Sstod v gshaie i 0.87%
2 7P S e 5 (P<0.05), S I g E v
FolA 1.09%om, Bt gl e Sot HleFe] 9ol
1.99% & 7P 7 YERATHP<0.05). #2312 who] 2.
£:0] g5o] F2jo] opueh, Mot S A} L2 7|54 E
de AR A7) ARt i F 24 A ek
AH g FE ol frad A SR et

X4t Hat

r

sl oFg ol w2 E. gracilis®] X|"At 24J2 Table 30 L
W uje} ek, xp7pgapuer, 7bgorer el 3 B
v oS Sl Al v FE AT 3R K(Saturated fatty
acid) | 3% A7bg b, El7bg bl el B

= & A ZIAAEO] 7P Eqte ], A7k ey e L
SHIF G =22 YEPHTH(P<0.05). 223HA 3 4Ho] F-57of
AoV A = A7k il <, BE7F Sl oF e AL Sk Ry
ol A BEA 0 F 16:0, 18:0 7} 8 AHARS 2A| 81 1
2L 71 gholle wil g Wl wheh 2408 Apol7h 2 Aom
el &332 W Hunsaturated fatty acid)®] 733+ 212}
48.46%, 29.91% T12] 31 65.22%% T3t ook & AL &
SRR AO] 7 ke m, A7 Sl oF 12 AL Bk ol
F L2 UERATHP<0.05). 18:3n-39] 7 A7Hg e ef 1
2] 31 ko okl ool A 212 14.92% 18] 3L 12.30% 2 YEbyt
O, Bp7F Al el A= 0.73% = A7k bl gt kg <
ujj o ?F Ak} vl A WA ek 2w (P<0.05). 18:2n-62]
78 A7Fg e el o S5k ol ol A 2+t 8.23% 1
AL 7.06%= UERgo L, Bp7Fg el A= 0.42% = A7}
Gl Gl oF Akt vjawsiA WA vebth
(P<0.05). 20:5n-3(EPA)2] 7-¢- Al7Fg oFall o, EF7Fod oFuloF
a3 gkl A 2z 4.79%, 2.22% 121l 3.88%
2 A7FG gl ol A 7HE ke, Sty 1ear Bt
7F QFufoF 420 & LERE O H(P<0.05), 22:6n-3(DHA)S] 7
= 7}2} 1.74%, 1.56% 12|31 2.47%2 S3Fg gl ofe o
785 7H = (P<0.05), A7 F o ZLe] AL B R el
oF &0 & YERFTH(P<0.05). 18|31 Y'n-3 HUFA (highly un-
saturated fatty acid)2] 73-9- R}7}o4 oFuljoF, El7}od oFulj o 12]
a1 EghoJ okl ool Al ZF2F 10.01%, 5.80% 2|3l 10.04%2
Ap7pegup kit S S & A7 =2 H (P<0.05),
et el A= the 7 gl visiA WA yekte
™(P<0.05), Y'n-6 HUFA 9] 7-9-= 7}7} 8 88%, 8.10% 12| 1L
10.13%= gt gueoll s 7HE =8kom(P<0.05), A7
FaleF e Bp7bg ol =2 &= LERETH(P<0.05).
ool AuE Tl HH fradlvhe] A2 w

ol

IR L RS

B

Table 3. Fatty acid compositions of Euglena gracilis grown in dif-
ferent culture conditions (% of total fatty acids)

Culture Conditions

Fatty acid

AC! HC? MC3
14:0 12.30+0.20 31.1540.18 8.90£0.06
15:0 2.28+0.08 17.78+0.14 8.68+0.03
Is016:0 5.81+0.06 8.93£0.08 0.90£0.01
16:0 27.65+£0.18 6.15+0.06 10.2520.12
16:1n-5 3.08+0.02 3.5410.03 4.26x0.06
16:2n-4 0.47+0.01 2.00+0.04 1.36+0.04
17:0 0.90+0.01 4.09+0.02 4.37+0.02
16:3n-4 1.26+0.03 3.05£0.01 9.00£0.08
16:3n-1 0.00£0.00 0.12£0.01 0.45£0.01
16:4n-1 0.00£0.00 0.35+0.00 1.54+0.01
18:0 2.4510.02 1.44+0.03 1.45+0.00
18:1n-9 1.35+0.01 0.79£0.02 3.334£0.03
18:1n-7 0.00£0.00 0.14£0.00 0.71£0.02
18:2n-6 8.2310.06 0.42+0.01 7.06£0.10
18:2n-4 0.25+0.00 0.1540.00 1.23+0.08
18:3n-3 14.92+0.10 0.7340.00 12.30+0.16
18:4n-1 0.0040.00 1.65+0.03 1.41+0.02
20:0 0.16£0.01 0.5440.00 0.2340.01
20:1n-7 0.00+0.00 2.10£0.06 1.43+0.00
20:2n-6 2.55+0.03 1.1940.02 1.71£0.01
20:3n-6 0.61+0.00 0.69+0.00 0.61+0.00
20:4n-6 3.39£0.03 3.39£0.10 3.64+0.03
20:3n-3 1.38+0.02 0.50£0.00 0.77+0.01
20:4n-3 1.77+0.06 0.74+0.00 1.54+0.02
20:5n-3 4.79+0.08 2.22+0.08 3.8840.05
22:1n-7 0.00+0.00 0.95£0.02 0.9840.00
22:4n-6 0.23£0.01 0.99£0.01 1.31+0.03
22:5n-6 2.11+0.06 1.84+0.06 2.87+0.08
22:4n-3 0.05£0.00 0.18£0.00 0.17£0.00
22:5n-3 0.2810.01 0.61£0.01 1.21+0.03
22:6n-3 1.74+0.02 1.56+0.06 2.47+0.04
SFA* 51.54 70.09 34.78
USFA® 48.46 29.91 65.22
n-3 HUFA® 10.01 5.80 10.04
n-6 HUFA 8.88 8.10 10.13
n-6/n-3 0.89 1.40 1.01

'AC: Autotrophic culture, 2HC: Heterotrophic culture, *MC: Mixi-
trophic culture, “SFA: Saturated fatty acid, SUSFA: Unsaturated
fatty acid, (HUFA: Highly unsaturated fatty acid. The values are
mean£S.D. (n=3). *'Different superscript letters within rows repre-
sent significant differences between treatments (P<0.05).
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