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Effect of Different Dietary Composition of Linoleic Acid,
Eicosapentaenoic Acid and Docosahexaenoic Acid on the Growth and
Fatty Acid Profile of Olive Flounder Paralichthys olivaceus

Esther Kim and Sang-Min Lee*

Department of Marine Biotechnology Gangneung-Wonju National University, Gangneung 25457, Korea

This study was conducted to investigate the effects of different dietary lipid sources on the growth, feed utilization,
body composition and tissue fatty acid profile of olive flounder Paralichthys olivaceus. Five isonitrogenous and
isocaloric diets were formulated by adding various lipid sources including soybean oil (SO), eicosapentaenoic acid
triglyceride (EPATG) and ethyl ester (EPAEE) forms, docosahexaenoic acid triglycerides (DHATG) and a 1:1 blend
of soybean oil and DHATG. Triplicate groups of fish (6.8+0.01 g) were fed one of the experimental diets to apparent
satiation twice daily for 8 weeks. Fish fed the DHATG diet had the highest growth, protein efficiency ratio and feed
efficiency values which were significantly higher than those fed the SO and EPAEE diets. Whole body proximate
composition and somatic parameters were not influenced by the dietary treatments. Muscle of fish fed with SO diets
were rich in 18:1n-9, 18:2n-6 and 18:3n-3, whereas those of fish fed with EPATG, EPAEE and DHATG diets were
rich in n-3 highly unsaturated fatty acids (HUFA). These findings indicated that the inclusion of n-3HUFA oils in
olive flounder feed could be beneficial for the fish while simultaneously increasing the concentration of beneficial n-
3HUFA in fish fillets destined for the human consumer.
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N E o]} ol A 7Hvalue)7 S0t Gl Az Sl e A
A 4= Q1= 523 JoFao]ti(Lee and Kim, 2009; Rahimnejad

Y X|(Paralichthys olivaceus)y= -2 U2}2] T2 Q1 Q4] of etal., 2015). AFE ©7HE 7K 7]7] S8t chald Aok F} 2}
TO R 1980t HE A AAkFo] S7tEo] 2ol = Hof|A] Abm 2] ghegol] gt At} theFeh A P uof uE

BlrolFakA] ARFS] 40% 155 AA]ekaL Q) rH(Kim et al., o) 72 A% 9 A2 HEtol thgt avE AR A7t Al
2012; Jee et al., 2014). =3}, GA|= =] L8|S0 A] 3y 3= 11 Qlth(Mugrditchian et al., 1981; Beamish and Med-
2O 2 7S 7L =obA ofA F4 el et X531 land, 1986; Greene and Selivonchick, 1990; De Silva et al.,

AF7F Bt ofFolch. FA of o AT of A FHL 1991). 0] AFEL 11 0] Fo] Lk A4k FRet
SHEE AR Gt 718 dFaR 2Ho Thed gtepo] Alel FE AN SEH Tl 24E %%E}

Ao 2 W% 3l QJtiAminikhoei et al., 2013; Pham et al., o]F o] AALA o] ARF} S Q| AbE ) IR oz T
2014). & sFofof k= A B4 ]HWOIEP Sh=tl, o1F 9 A4 5
AR QUa T AEZ o7 ouAfozA Fad ol uhet BpApgate] S 9 8ol thE AR U
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A it dubA o 2 g0l 7= AR Y] linoleic acid (18:2n-
6)¢} linolenic acid (18:3n-3)5 & = F 7[IA] 58 2
22 sj, slAako] 7= A2 o) EPA (eicosapentaenoic acid,
20:5n-3) =+ DHA (docosahexaenoc acid, 22:6n-3)2} -2
n-37] 315 E3Z 3FA|94Kn-3 highly unsaturated fatty acids, n-
3HUFA)S €8 2 $ht(Webster and Lovell, 1990; Ruyter et
al., 2000; Lee et al., 2003; Fonseca-Madrigal et al., 2005; Kim
and Lee, 2005; Mourente et al., 2005). '@ %] 2] -9 EPAS}
DHAZ} Abol| 58P of 2 7HA] A 52do] 2=, a5
& o]/4e] EPAS DHA 552 o7+ 4783t o] 7HAIA
7] A] Settha B e vE Qlck(Bell et al., 2003; Kim and Lee,
2004; Piedecausa et al., 2007; Aminikhoei et al., 2013). -0l
£ dfAto] 77t 2 48= EPASF DHASF 22 n-3HUFA7} T}

Table 1. Ingredients and proximate composition of experimental diets

. o]/g)l-u

il

gHE/0f 91& W olUj2} EPA/IDHA Hl7} 45| g0}
Jleu @ 0|78 n-3HUFA 845 S5AIA 7] £18ll 159
A A0 o} 45 o] A5} gltk(Kalogeropoulos
etal., 1992; Lee, 2001).
A2 0] 2 AJHo] A HPAR- 2 ethyl ester (EE) E+= triglyc-
eride (TG) o]0, o]2] 2% 712140 we} A2 o2
Yol 2 ARk ol o] A2 24 F 0L AT S
71 @A ol Wi 9] sl S5-3-4 (distillation process)
olt}, TH5AL Y-fr(crude fish oil) 5 oEH}t BES-A| A
zA o7 WalA|7l z;z #4e st A A5 (molecular distil-
lation)3}to] L FLE A A= FHO R, o] T4 EEF L]
Aol s=E 55 273 AlE2] 785, EES &+dh=
A=2E 2- AESE AL, triglyceride= A ZH(re-esterified

O ol

Diets
SO EPA90TG EPA70EE DHA85TG SO+DHA85TG
Ingredients (%)
Herring meal 50.0 50.0 50.0 50.0 50.0
Soybean meal 5.0 5.0 5.0 5.0 5.0
Wheat flour 19.3 19.3 19.3 19.3 19.3
Corn gluten meal 10.0 10.0 10.0 10.0 10.0
Potato-starch 5.0 5.0 2.7 5.0 50
Soybean oil 8.0 4.0
EPA90OTG! 8.0
EPA70EE? 10.3
DHA85TG® 8.0 4.0
Vitamin premix* 1.0 1.0 1.0 1.0 1.0
Mineral premix® 1.0 1.0 1.0 1.0 1.0
Vitamin C (50%) 0.3 0.3 0.3 0.3 0.3
Vitamin E (25%) 0.2 0.2 0.2 0.2 0.2
Choline (50%) 0.2 0.2 0.2 0.2 0.2
Nutrient content (%, dry matter basis)
Crude protein 495 48.8 49.6 46.5 48.0
Crude lipid 14.7 15.0 16.9 14.3 14.7
Ash 10.2 10.1 10.2 9.6 9.3
Linolenic acid 3.8 0.9 0.8 1.0 21
EPA 0.5 7.2 6.8 0.9 0.0
DHA 0.7 0.7 0.5 5.8 4.1
n-3HUFAS 1.8 8.5 8.4 7.0 44

123EPA90TG, EPA70EE, DHA85TG: provided by Chemport, Seoul, Korea. *Vitamin mix contained the following amount which were
diluted in cellulose (g/kg mix): DL-a-tocopheryl acetate, 20; thiamin hydrochloride, 5; riboflavin, 8; pyridoxine hydrochloride, 2; nicin, 40;
Ca-D-pantothenate, 12; myo-inositol, 200; D-biotin, 0.4; folic acid (98%), 1.5; p-aminobenjoic acid, 20; menadione, 4; retinyl acetate, 1.5;
cholecalciferol, 0.003; cyanocobalamin, 0.003. "Mineral mix contained the following ingredients (g/kg mix): NaCl, 10, MgSO, 7H,0, 150;
NaH,PO, 2H,0, 250; KH,PO,, 320; CaH, (PO,)," H,0, 200; Ferric citrate, 25; ZnSO," 7H,0, 4; Ca-lactate, 38.5; CuCl, 0.3; AICI,- 6H,0,
0.15; KIO,, 0. 03 Na_Se,0,,0.01; MnSO, H,0,2; CoCl,- 6H,0, 0.1. ‘Highly unsaturated fatty acids (C>20).
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triglyceride, rTG)gt Zl o] t}(Jiankang et al., 2010). o] & &
off thgt QIA|9 A & Sp/d Foll TS At wp=H
EE@Hth= TGE o] Aol o f-85tar QHa/d HollA 3
o] QAL 7HA o] vixtth= T o] Qlth(Ame etal., 1991).
2 A= JAH ol ARt uighibs e 1% Fdtet
o A| 9] F4 Fol et ALe] deko 2 A4t 240 ok
AtE AdYo® i 9 w5 em7k3A AgAE 71t

5

Table 2. Major fatty acid composition (% of total fatty acids) of
dietary lipid sources

Lipid sources
Soybean oil EPA90TG' DHA85TG? EPA70EE?®
C16:0 11.9

Fatty acids

C18:0 4.1

C18:1n-9 26.1 5.8
C18:2n-6 48.2 15.4
C18:3n-3 0.8 1.1

C20:0 0.8

C21:0 0.2 0.8

C20:2 26 3.5

C22:0 0.3 0.4

C22:2 1.1 1.1 0.3

C20:4n-6 0.6

C24:0 25 1.7

C20:5n-3 90.1 4.2 70.2
C22:3n-3 0.3

C22:5n-3 1.3 8.1

C22:6n-3 0.4 85.0

123EPA90TG, EPA70EE, DHA85TG. provided by Chemport,
Seoul, Korea.

W) Alojo] 43t A2 W oA YA 2ol wlAE o
& 2ApHTt

2 U e

NENE

AAARS] dm 2AET YYEES Table 10 YeERHSL
oh AEAR S T o 2 ALt Aol ARgsHYl o,
A A 02 FH(S0), triglyceride FEJ2] EPA (EPATG),
ethyl ester & €] ] EPA (EPAEE) X! triglyceride & €]2] DHA
(DHATG)E A}8-513lth TGE 2 EER 9] EPA 2 DHAE= &)
73 E(Seoul, Korea)ol| A &2, HAIgH A& AH-g-ateict. 2t
7+o] 2| A YL 713t vigHAFE(SO, EPA90TG, EPA70EE 2
DHAS85TG)?} DHAS} t+H-E 1:1 Blaz vt vighita
(SO+DHASSTG)E AAISH & 57HA19] AAAt=RE &8]6t3l
t}. o]} Zo] HAlE AuSS AHFHRE AvFsto] & =3
o5, = 1 kg d = 300 g2 H7isto] el Al27| =2 o=
A8 g 5, AollA] 2447 A% 7§ -30C W ale] B
A AR AR Yo T AR E AT o] A HAF RAL
Table 2] Yelfi ¢l o, AAraE AHAF 2702 Table 3] Ut
B ATt

R |
32 APt Ad AFRE 12 23](09:00, 17:00) JHE-© &

Table 3. Fatty acid composition (% of total fatty acids) of the experimental diets

Fatty acids Diets
SO EPA90TG EPA70EE DHA85TG SO+ DHA85TG

C14:0 2.10 1.41 1.04 1.84 2.10
C16:0 20.23 10.25 6.90 13.31 15.88
Cc16:1 3.26 1.87 1.93 2.87 317
C18:.0 3.18 1.78 6.02 1.72 219
C18:1n-9 21.02 10.32 16.38 12.03 14.95
C18:2n-6 29.03 6.60 5.18 8.11 15.76
C18:3n-3 1.94 1.16 2.16 1.55 1.54
C20:4n-6 2.26 4.14 717 1.60 1.57
C20:5n-3 3.97 53.47 44.69 6.82 0.09
C22:5n-3 7.19 0.28 0.17 0.91 0.68
C22:6n-3 0.21 523 3.29 44.96 30.82
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O, ARG 7|7 F9E Fat 22 17.1£2.71C K

oxl =8 H d=2=4

ME

oA ZA-L AL AR AabAoh FR Aol 27 Hel W44
3 tricaine methanesulfonate (MS 222, Sigma, St. Louis, MO,
USA) 100 ppm 4--0lo] o312 A1glofe] 2712
o}, oA R4S flsto] A SEA 24 AgxolAl of
A AR BASOE 1008 AER F5to] WERTH25T)
seich AT W ofAle] AAEE AOAC (1995) W
of whel 2N X 6.25)2 auto Kjeldahl system (Buchi
B-324/435/412, Switzerland)S AF&3}0] BA819 31, 224
2 etherE AREslo] FE5H3ITE =52 105C dry oven©lA|
617 et 2 & S48, SE-2 600C 2|3k oAl 44]
259k the 3 4 shalch

A HPARS- Folch et al. (1957)9] Wy of ulet S22 251} v
B B3tol(2:1) e 2 F XA F£5}9] 14% BF3-methanol
(Sigma, USA) -89 2 Z|"FAHS methylation A|71 &, capil-
lary column (SPTM-2560, 100 m X 0.25 mm 1i.d., film thick-
ness 0.20 um, USA)o| A2 gas chromatography (Perkin
Elmer, Clarus 600, USA)Z A|RARS: 43191t} Carrier gas
= S AHESIY e, oven 254 F| & 140T o4 240C
7HA] 4°C/min 57| Zt}. o], injector 2=+ 2407, detec-
tor (FID) &%= 2407T 2 2H2F AAslg 00, 2 A pato &

It
H\
o

ol
ol

2

o]/g)l-u

il

377) Ak E3HE(PUFA 37 Component FAME Mix, USA)
& g atee.
SAXz

Aite] FA A 2]+ SPSS version 20.0 (SPSS Inc., Chicago,
IL, USA)S ARE-3}o] one-way ANOVA-tests A3t &
Duncan’s multiple range test (Duncan, 1955)2 H+#7F2] §-2]
4 (P<0.05)& A4 skAT

2

g 2 55 2u73AE A A7 eisiiER o
A Aol 853t At 9 A4 Y AlRol8a&E Table
49} Table 59| ZHzF ehoik. ol 72| AEE2 Ata A4
doll F= LA L om(P>0.05), SAIE, d7HIFE, At
208 LIPS A Eohd A SRl IF
& UUTH(P<0.05). SA1& % AIHIFES DHASSTG A3
T7F o AR GO 02 E9hon(P<0.05), AFRE
&2 DHASSTG 9 +"7} SO ! EPA70EE A9l +-50} 33F
S LH(P<0.05), EPA9OTG ¥ SO+DHASSTG A&T-ek= &
A7t LSAEHP>0.05). dArtRAFE B ddehg
&2 AR A o] G WA GTHP>0.05). S aE
= DHASSTG A g7} the A5t o4 0% %9,

Table 4. Growth performance of juvenile flounder Paralichthys olivaceus fed the experimental diets for 8 weeks!

Diets Initial wt (g/fish) Survival (%) WG (%) SGR (%)
SO 6.8+0.03 8945.7m 134£11.9° 1.21£0.07°
EPA90TG 6.9+0.05 90+4.0 152+3.42 1.32+0.02°
EPA70EE 6.8+0.03 8716.7 12545.12 1.16£0.032
DHA85TG 6.8+0.02 87+11.8 203+13.8° 1.58+0.06°
SO+DHA85TG 6.9+0.03 88+6.2 1541952 1.33+0.052

"Values (means+SE of three replications) in the same column not having a common superscript are significantly different (P<0.05). *Weight
gain=(final fish wt.-initial fish wt.)x100/initial fish weight. *Specific growth rate=[(In (final fish wt.)-In (initial fish wt.)]x100/days of feed-

ing. ®Not significant (P>0.05).

Table 5. Feed utilization of juvenile flounder Paralichthys olivaceus fed the experimental diets for 8 weeks'

Diets FE (%) DFI (%)? DPI (%)* PER (%)°
SO 73471 1.5120.06" 0.76£0.03™ 1.4620.14°
EPA90TG 8412 5% 1.430.02 0.70£0.01 1.7240.05°
EPA70EE 744540 1.45+0.09 0.72+0.05 1.49£0.11°
DHA85TG 96+3.9° 1.4540.15 0.68+0.07 2.010.08"
SO+DHA85TG 83+0.3% 1.47+0.07 0.70£0.03 1.7240.01°

"Values (means+SE of three replications) in the same column not having a common superscript are significantly different (P<0.05). >Feed
efficiency=wet weight gainx100/feed intake. *Daily feed intake=feed intakex100/[(initial fish wt.+final fish wt.+dead fish wt.)xdays
reared/2]. “Daily protein intake=protein intakex100/[(initial fish wt.+final fish wt.+dead fish wt.)xdays reared/2]. *Protein efficiency

ratio=(wet weight gain/protein intake)x100. ™ Not significant (P>0.05).
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(P<0.05).
oA 9] H|HtE, 7t FeFA] 4 W WA A5 Table 691 Lt
7 Z

= A AU TRl G WA| fof mE Aol A FA}
7FHERR] §ESETH(P>0.05).

AEAE TR T, 585 2 HolA
Table 70 YERHQIT. 515 2 A oA
A4 9 382 Ak A A o) Pk whA] ghof HE AF AL
A F-27F PR 2E4THP>0.05).

AE TEA A9 535 AHAE 244 Table 8¢ LR
Ack 52 AHAE 2442 AR - Yo IS Wk
t}. 18:2n-6 2 18:3n-3-2 T &8 A7} A3 o] A, 20:5n-3-&
EPA 7} A% Lo] A, 22:6n-32 DHA 37} A g Lo A o2
AR F-95HA] =2 gk UEPH SITH(P<0.05). 552
20:5n-32 EPA90TG 2 EPA70EE A&7} o2 Alg Lt
golxog =0 7k0 FeRL 9 0 H(P<0.05), EPA9OTG A&
7} EPAT70EE A g1 o} §-2]8HA =4th(P<0.05).

T
e,
jug)
T
2
Sh
M
= 1
i)
|
&

& A7 AR 9 ARRol§aE 2ol A DHASSTG A
7k 71 F%=tl, ol= g A AlWoll 52]%E DHA<] o3k A
A 7% Ao w2 Z e & AZFETE Kim and Lee (2004)=

= =0 @ 143t J Tt EPAS DHAS E35}0] ALE
2 u) g2 o)) Aol o mabajolgiekn B sk glo
], TR ofFoll A= HS=3t 3kS H3lrh(Watanabe, 1993;
Bell et al., 1995; Rodriguez et al., 1997; Furuita et al., 1999;
Lee, 2001). DHA = et} o] 29 JLAAdEo |, E35]
0]7] wjol /g7t ALl w9 F a3t Ao ol Y
o]t}(Navarro et al., 1988; Mourente et al., 1991; Mourente
and Tocher, 1992; Bell et al., 1995). Kim and Lee (2004)+=
DHA7} Alzute] A2ghgal 4elahs 292 GAshr)
EPART § £ Q3F 932 stchal =30 9, red seabream
9 striped jacko| A= FARSE A3f7) BalE it (Kanazawa,
1985; Watanabe et al., 1989a; Watanabe et al., 1989b; Takeu-

Table 6. Morphological parameters of juvenile flounder Paralichthys olivaceus fed the experimental diets for 8 weeks!

Diets CF? HSI? VS|

SO 0.9+0.08™ 1.26x0.06" 5.17+0.25™
EPAQOTG 0.9+0.06 1.1520.11 4.50+0.47
EPA70EE 0.9+0.02 1.3120.10 4.86+0.13
DHA85TG 0.9+0.06 1.2420.12 4.68+0.41
SO+DHA85TG 1.0£0.01 1.59+0.07 5.01+0.39

'Values are mean+SE of three replications. *Condition factor=100x[fish weight/fish length (cm)*]. *Hepatosomatic index=100x%(liver weight/
body weight). “Visceralsomatic index=100x%(viscera weight/body weight). "Not significant (P>0.05).

Table 7. Proximate composition (%) of the dorsal muscle and whole body of juvenile flounder Paralichthys olivaceus fed the experimental

diets for 8 weeks!

Proximate composition (%)

Diets

Moisture Crude protein Crude lipid Ash
Dorsal muscle
SO 75.442.11m 21.0£0.54" 1.2£0.24 1.3£0.06 ™
EPA90TG 77.1£1.05 20.5+1.31 1.6£0.28 1.2£0.15
EPA70EE 76.4£0.43 20.5£0.21 1.1£0.14 1.1£0.21
DHA85TG 76.3+1.01 19.6+0.49 1.8+0.47 1.3+0.05
SO+DHA85TG 76.3+0.61 20.9+0.24 0.91£0.15 1.2+0.25
Whole body
SO 72.9+0.86™ 16.6+£0.51 ™ 4.1+0.80™ 4.8+0.54
EPA90TG 72.5+0.78 17.5£0.22 4.1x0.42 4.610.22
EPA70EE 74.7+0.64 16.7+0.73 3.4+0.77 4.510.30
DHA85TG 72.3+0.67 16.40.71 5.5+0.09 4.210.55
SO+DHA85TG 69.9+2.04 17.120.76 4.91£0.17 5.2+0.52

"Values are mean+SE of three replications. ™Not significant (P>0.05).
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chi et al., 1990). 0|23t Z1}-&2 EPAS} DHA7} afj9Fo] 79
Ao A ZH2 ThE 75 7HAI AL Qe o mlstaL qlew,
DHA”} EPAR T} o} 7 0] A4k diehol| o a3t Jahs 9
Sl= A o2 7T

DHASSTG A &--5 Aot the 2= A9 A%
I AbR Ol § R E0] Apol7t gl A AdAtR FHE E4
Aake] FFHEPA, DHA)QF 87-5Fo] H 2|9 gt nhs;
7| o= ek Yo 7| Fo] ARt 2
n-3HUFA 2772 0.8-1.0%2 424 2J=t|(Gatesoupe et
al., 1977; Lee et al., 2003; Kim and Lee, 2004), E} 010 A =
LAk ool R RS HHshE B Ao} ul
S 4% W Aol gl AR 4 0] SRol oS WA
U= o g B EAtk(Bell et al., 2003; Peiedecausa et al.,
2007; Aminikhoei et al., 2013).

HHH n-3HUFAE #HJo=2 Fasasls A5 |9al Ao
o] 7ol AstE| k= a7k ¢l=d|(Kim and Lee, 2004),
olg} u]%:3k FARE ThE Q7oA E BT Stickney and
Andrews, 1972; Takeuchi and Watanabe, 1979; Satoh et al.,
1989; Lochman and Gatlin, 1993; Furuita et al., 2002). 124}
2 A9 o)A n-3HUFA Bsa 2= A2t = Ae=(4.4-
8.5% n-3 HUFA)SIL 4 4% A|3H= L) eloeh. shatol
o] zu|E2h(Lee, 2001)1 7 =th2](Lee et al., 2003)] L
A|HkALo] T ol Lol A = AR 2] n-3HUFA 743 0. & 913} o]
0] kol it Al gl R R B oot B
AupAko 2 n-3HUFA7} 39 0.2 B35l of5olA] 212} ot
2 whgshe 2ol that ol Bakeka e, A A
A FHU 2, A A8 AR B AR B9 Aol

A 7191 4= 9lem, ofof thgt dA+t7t F7pH o' I g sttt
et

olggt AvEE FToto] wWksto] HW, thiolgel s+
B AR O BAAE 8 tEo] WhEE= Aol gk Al
HURSS AR E8dsto] AN 4= A& Ao ® wdE,
o= AAIAQ Ab= Al 2ol 2 ARV E Ao = ek

TS ol A o YRR A A TS A E W, AR A1
Hof| G WA| ghot = Aol A A7 YehbA] oF
oR=tl, AP oR WA Skl S AlnE AT
Agoifo] AR Abmo] Aol ke WA okt
1 &4 A Qi (Aminikhoei et al., 2013). African catfish (Ng
et al., 2003), channel catfish (Gatlin and Stickney, 1982)%} far
eastern catfish (Kim etal., 2010)5 tfA} S 2 Alm A A LS
gjsto] ARSE o] 7] YRR HE AF A Aol B
OfA] ool & AL} frARRE AaE H oAt

2 Aol A oA o] AAF 2408 AbR A E Y] AAE 24
AR B RS Hleh dubA o2 Abw A o] AHHAF 24
= A A= AAE 2400l daFe wzIthar BarEof Qlck
(Geurden et al., 1997, Lee and Lim, 2005). B]g+o] o], Wiz}oq,
A5 = Channel catfish, Atlantic halibut 52] Thefst o2
ol A% Ak A[RPAR 2/d 0] of A AHAF 2ol PRk w|ZIT
3! B 315 v} Qlch(Ibeas et al., 1996; Bae et al., 2004; Bowden
et al., 2004; Piedecausa et al., 2007; Aksoy et al., 2009; Koi-
zumi and Hiratsuka, 2009; Kikuchi et al., 2011; Kim and Lee,
2016). & oo A 5229 oleic acid (18:1n-9) T=F2 o=
T+ A7 AR ohE AR A UEb Oleic acid
= O BxsprRpte 2 A ok A S Al @5 SAAReIY

Table 8. Fatty acid composition (% of total fatty acids) of the dorsal muscle in juvenile flounder Paralichthys olivaceus fed the experimental

diets for 8 weeks!'

Fatty acids Diets
SO EPA90TG EPA70EE DHA85TG SO+ DHA85TG

C14:0 1.1+0.042 1.5+0.04 1.2+0.16% 1.7+£0.10° 1.2+0.082
C16:0 17.4+0.85"™ 15.3+0.90 15.7£1.23 16.0+1.24 17.312.51
C16:1 1.5+£0.04" 2.0+0.44 1.5£0.07 2.5+0.17 1.84£0.50
C18:0 5.4+0.30% 3.6+0.62° 6.3+0.76° 3.5+0.15° 5.4+0.74%
C18:1n-9 15.7+0.56° 9.0+0.122 9.2+0.59° 9.2+0.172 9.7+1.342
C18:2n-6 34.940.32° 6.1+0.25° 5.4+0.252 6.1+0.472 18.5+0.50°
C18:3n-3 4.2+0.30° 2.7+0.132 2.9+0.22% 2.5+0.042 3.31£0.07°
C20:4n-6 1.2+0.042 2.9+0.71° 4.1+0.54°¢ 1.5+0.05° 1.3+0.11°
C20:5n-3 3.340.132 41.3+0.81°¢ 28.0+3.81° 4.6+0.292 3.2+0.28°
C22:5n-3 1.1+0.032 2.140.12° 2.5+0.19° 1.0+0.07¢2 0.7+0.06?
C22:6n-3 14.5+0.26° 12.240.08° 16.5+0.42° 50.4+0.30° 34.0£0.99¢
n-3HUFA? 20.040.352 58.5+1.29¢ 51.1+4.00° 57.4+0.61¢ 39.2+0.90°

'Values (means+SE of three replications) in the same row not having a common superscript are significantly different (P<0.05). *Highly

unsaturated fatty acids (C>20). *Not significant (P>0.05).
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ZY2EHES BE o 2A TS 22 Aol f-2gt
a7} Q= A 0 2 HAE ¢ 0 ™(Grundy, 1986), oleic acid2]
ol oW A150] uhE £ dhrhal H ik o] §lrk(Lunt
and Smith, 1991).

H Ao A 5259] 18:2n-6, 18:3n-3, 20:5n-3 X 22:6n-3
p 2 g 187 o] e] thE A SO 240] Al
O AAF 2/ of A A1 P ek, thE dAtelAE
G AR 3RS B YTHKim et al.,, 2012; Kim and Lee, 2016).
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