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Studies on Requirements of Optimum Dietary Essential Fatty
Acids in Juvenile Eel, Anguilla japonica

Jun-young Bae, Kyung-min Han, Gun-jun Park and Sungchul C. Bai*
Feeds & Foods Nutrition Research Center, Pukyong National University, Busan 708-737, Korea

The present study was conducted to evaluate dietary requirements for essential fatty acids (EFAs) such as
linoleic acid (LA, 18:2n-6), -lenolenic acid (LNA, 18:3n-3), or docosahexaenoic acid (DHA, 22:6n-3), eicos-
apentaenoic acid (EPA, 20:5n-3) and arachidonic acid (ARA, 20:4n-6) in juvenile eel Anguilla japonica cultured
in a recirculating system for 16 weeks. The experimental diets contained 50% crude protein, 10% crude lipid and
3800 kcal/kg energy.Brown fish meal and blood meal were used as the main protein sources, while coconut oil,
corn oil and linseed oil were used as the lipid source to yield target fatty acids ratios. At the end of the trial, the
effects of essential fatty acids supplementation on weight gain (WQ), specific growth rate (SGR), feeding effi-
ciency (FE), proximate composition andwhole body fatty acids contents were examined. WG, SGR, and FEof eels
fed diet D2, D3, was significantly higher (P<0.05) than those of fish fed the other diets. Whole body HUFA con-
centration of eels fed D1 was significantly lower (P<0.05) than those fed the other diets. HUFA/SFA (saturated
fatty acids) ratio of whole body in eels fed diets D2, D3 and D6 were significantly higher than that of eels fed
diet D1 (P<0.05).DHA/EPA ratio of whole body in eels fed diet D7was significantly higher than those fed the other
diets; and eels fed diet D5 showed the lowest DHA/EPA ratio among all the dietary treatments (P<0.05).Based on
the experimental results, we concluded that LNA (n-3) and LA (n-6) were necessary for optimum growth of juvenile
eel, and the dietary requirement of LNA and LA were 0.35~0.5% and 0.5~0.65%, respectively.
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et al., 1975), E1&(Gatesoupe et al., 1977)3%} W] (Deshimaru
& Kuroki, 1983y 71zt 0.8%%} 29%2] eicosapentaenoic acid,
EPA®} docosahexaenoic acid, DHAZ 8-7$H),

wo], Anguilla japonica®l ZFA WA HA7AEAHE=
Takeuchi et al. (19801 2|3] ¢|v] X% v} 9127, European
eel, Anguilla anguilla®] A=} A 7Fgol] H3l| Degani et al.
(19861 3], De Silva et al., (1997)2- Australian eel, Anguilla
australis®] 47 TAE 2 249 W8, a8y XA
257} Australian eel, Anguilla australis®] 374l vlA=
aFoll thslAE= Gunasekerfa et al. (2002)0)] 2j8] W IE ).
et Waolo] ojx o7 7R L= EFESEA 4 Hhighly
unsaturated fatty acid, HUFA)Y] Wit AA d5xbite] 25
oF 7 g ol #ek Bk Ate o

mEba] B ApoAE W] X|oje] ekl Qe
< AA3)7] 93k n-39 224 o-lenolenic acid (LNA, 18:3n-
3), docosahexaenoic acid (DHA, 22:6n-3), eicosapentaenoic
acid (EPA, 20:5n-3)9} n-69 224 linoleic acid (LA, 18:2n-
6), arachidonic acid (ARA, 20:4n-6Y2 ALSY =5H2 A7}
st At Az L AN Ae FEE APsn
£ 43455 T3 Wge] Xojo AR At FF9)
I 87%E Wrketaat gt

Aol & AECIXII

ol o] & W] Xojx WMEAIRE ARSE A
o] 7§91 ofubgo g HE] 20033 109 27Y0) RATiSkw %
108 2AE Fxo| F8315eH, A8 2
457F 23]1S BIAEE FFMEA Fdiise A3 TE
AuALS-S A EAT EALS £, B oAF 15043 g
(meanESD)2] WAe] X & A2 ARGA| | 7 A
P60 L ARPrR)d 200ty 3WtEo s 72ke] ujx|st
Bom, FFE 45 Limin, AT 251 1°CE A8
AU AR FFFL o AF9] 2~3% (AEHE ¥ 23(9:00,
18:00r3 73t e olnf, fr= FEA.

A 7|17He 20049 2¥ 64FE 20049 62 SUTRAIE 16
FASAE S AAEALL, 80 WS Ejlsh] 9
3led Ehylene glycol phenyl ether 90% (200ppm)°l A& &
A A 2B AE HAsl 7F 220 A8 ASIHA
o AlRFFEE AA] olol wet B3It

2 %5

B AFEALE ] ZAL Table 19] VERNGITH A
Arlg s DAY 0 2 Ao (brownfish meal)?} ¥ (blood
mealyS AREEFE Y, A Y0 E oA -(coconut o0il), SFFH

(corn oil) ¥ olmRIH-(linseed oi)E, 28] e©rilEgdor

- HbZE . EjeR

Table 1. Composition of the experimental diets (% of dry matter
basis)'

. Diets

Ingredients D, D, D. D, D: D. D
DFBFM* 59.0 59.0 59.0 59.0 59.0 59.0 59.0
Blood meal® 50 50 50 50 50 50 50
Corn starch* 10.4 10.5 10.6 10.5 10.5 105 114
Wheat meal® 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Coconut oil® 96 79 79 80 81 80 7.0
Corn oil’ - 07 03 01 - - -
Linseed oil® - 09 12 14 - - -
ARA’ - - - - 04 09 13
EPA™ - - - - 05 03 02
DHA" - - - 05 03 02
Vitamin mixture'? 30 3.0 3.0 30 30 30 30
Mineral mixture'? 30 30 30 30 30 3.0 30

Proximate analysis
Moisture (%) 83 78 73 75 175 175 176
Crude protein (%, DM)  51.6 52.8 523 52.2 52.5 52.6 52.1

Crude lipid (%, DM) 94 94 92 93 94 93 93
Crude ash (%, DM) 93 92 93 91 92 92 92

'Ingredients information and formulation method are explained in
Kim and Bai (1997).

>*Su Hyup Feed Co., Uiryeong, Korea.; *De-fatted brown fish meal
*Il Shin feed Co., Hampyeong, Korea

*Young Nam Flour Mills Co., Busan, Korea

6'7'8D0ng Suh Oil & Fats Co., Changwon, Korea

°ARA: arachidonic acid triacylglycerol (40% purity). Martek, USA.
"EPA: eicosa-pentaenoic acid ethyl ester (95% purity). Itochu Techno-
Chemical Inc, Japan.

""DHA: docosahexaenoic acid ethyl ester (95% purity). Itochu
Techno-Chemical Inc, Japan.

Contains (as mg/kg in diets): Ascorbic acid, 300; dl-Calcium
pantothenate, 150; Choline bitatrate, 3000; Inositol, 150; Mena-
dione, 6; Niacin, 150; Pyridoxine-HCIl, 15; Riboflavin, 30; Thia-
mine mononitrate, 15; dl-o-Tocopherol acetate, 201; Retinyl
acetate, 6; Biotin, 1.5; Folic acid, 5.4; B, 0.06.

"Contains (as mg/kg in diets): NaCl, 437.4; MgS0,-7H,0, 1379.8;
NaH,P;-2H;0, 877.8; Ca(H.POy),-2H,0, 1366.7; KH,PO,, 2414,
ZnS0,7H,0, 226.4; Fe-Citrate, 299; Ca-lactate, 3004; MnSO..
0.016; FeSO4, 0.0378; CuS0O,, 0.00033; Calcium iodate, 0.0006;
MgO, 0.00135; NaSeOs, 0.0002

SFFAE(comn starch)? B7H-(wheat meal)E ARE-SFATE
A o)7) Wgele] AlgW Bt 2 A a7 9ot
171 figte] 5714 BEAEEE AR Frlste] Az
1A ALR ] b ke 529, =AY TS 9.3%% RF
Az, AR 48 S F WAAZT R
4gste] BEAE R 20000 YR AT AHESIAT

ool gl e AR 8719 &vll (ethanol)E 2
I water batholA] 75-80°C7HA] 7123k ThS, o} 5-2 A7hol %
F ollghg o] B2 12, (W/V)Et] AZPEE 53034
3] Wk 0] 8-S fish meal:ethanol=1:2, (W/V)°ll §-7]9)] ethanol
& B olF, Friedo] dge A {71 8mivt xlE]
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(Kosutarak et al., 1995).

A8 1) thx7(Basal diet), 2) LNA 0.5%+LA 0.5% &
7, 3) LNA 0.33%+LA 0.66% 3-77-, 4) LNA 0.25%+LA
0.75% T8, 5) AA 0.25% + EPA 0.375%+DHA 0.375% %
FF, 6) AA 0.5%+EPA 0.25%+DHA 0.25% ST, 7) AA
0.75%+EPA 0.125%+DHA 0.125% 3572 & 71 23+

2 g3

oN&H

HAEERE F, dFolE 2447 AAA 7§ ehylene glycol
phenyl ether 90% (200ppm)E "HHAIA oA F-& g5t 5
A& (weight gain, WG), AFE. 4 & (feed efficiency, FE), Y7+
A E(specific growth rate, SGR) ¥ T 22 F S(protein
gAsnoen oAl e 4 A

2 ol

efficiency ratio, PER)&
WAk 24E& ZARSHATH

-Weigth gain (%): [(final wt.-initial wt.)/initial wt.]x100.

-Feed efficiency (%): (wet wt. gain/dry feed intake)x100.

-Specific growth rate (%): [(loge final wt.-loge initial wt.)/
days]x100.

-Protein efficiency ratio (%): wet wt. gain/protein intake.

she] st Xdﬂiﬂe 431901, AOAC (1995)°l «laﬂ 5

A H(125°C, 3A17h), =M A2 Kjeldahl HA
3 32 AHs|shEor AT =AW
L AES 1247} BAAZE 5 Soxtec system 1046 (Tacator

AB, Swedeny2 ALE-51¢] soxhlet FEHOZ

Attt
X|at &
AYrlae} g dojHol A 53 A2l methylation
Metcalfe et al. (1966)2] ¥#ol 2]s)] £-2351940), A%t methylation

& feries silica capillary column2 A23 gas chromatography
(Trace GC)°l| &J3] 43159} g 7|Ae A4S AM-s
S, detectione FID X =8 ALR8Q0on EA21L a3
7t} Instrument: Trace GC gas chromatograph, column:
quadrex, 30 M, bonded carbowax 0.25 mm LDx0.25 um film,
cat. No.: 007-CW-30-0.25F, injector temperature: 250°C, Detector
temperature: 250°C, flow (gas press): 65 psi. helium, splite: 1:50 &=
29 AzvlEaHe ¥4 2339 peak sampleol] 28] &

At @ 277
& 7t 29 4vield B2 FEE] d3lE FAP|E 9]
23] HAYole] mjRpAdulofA] -2 X3 & micro-hematocrit

H(Micro Hematocrit Reader, Hawksley)oll 2J3] dntE=Z]E
(hematocrit, PCVYE 431510 | sl 2ZF=24] gh(Hb, g/dl)
2 cyan-methemoglobin H(Yokoyama, 1960)°l &3t =43}
St ol P2 g A2ox 102 WAES LI i
(12,000 rpm, 5 min)dt] B& FH L FA A7lA] -76°Coll B
A3l @Y SFI 2 (mg/dl), 83 FH 2H 2 (mg/dl), AST
(IU/L), ALT (JU/L), total protein (TP, g/dl)2] ZHoll=
EA47] (Vtros DT 60 II, Korea)S ARE-319]t},

SAEN

2 E AF9 FAAEE Computer Program Statistix 3.1
(Analytical Software, St. Paul MN. USA)& £4H-4 (ANOVA
testyS AA)S1] 2221717 (LSD: Least Significant Difference)
o2 Bk o4 (P<0.05r% HA st

B AdoMe WAoo 14 Fexutat o 973 o
A3k7] SslA, 557/ I=EXAWAHHUFRA S A3AE
o A7iste] AxAAE, B ARE FFEe) AFUAS 4

Astith 2 A3 LAY LNAE 2H2t 0.35-0.5%, 0.5-0.65% §t
F AL VA AEE) HlE] A 2 AR E0] felFe
RHo= urﬁ}k}n}

477re] A F 165778 AR A3E Table 29)
YERISITH 53-8 %7 FIAE] A0JAT Ds: LAgss-LNAggs
A 77 vE AE7E3 v)2ste 7 54 veldon, D,
LAos-LNAgs A2k FF <0 zbol7h WAl &3kth(P<0.05).

Table 2. Effects of feeding experimental diets on growth performance of
juvenile Japanese eel fed seven different experimental diet for 16
weeks'

WG* SGR® FE' PER’

(%)
D;: control 3034"  031F  2350° 047
Dy: LAgs-LNAgs 4472 0.43* 3340 0.67°
Ds: LAo3s-LNAss 47.14* 045 3567" 0.71°
Da: LAg2s-LNAg7s 42.40% 042 32.19® 0.64®
Ds: AAgss-EPAgss-DHAgzms  38.62°  0.38°  26.82° (.54
Dg: AAos-EPAg25-DHA s 39.24%  (0.39% 28.16° 0.56°
Ds: AAg75-EPAg12s-DHAG 15 41.28% 041 29.43% (.59
Pooled SEM® 1.12 0.01 0.86 0.02

'Means of single groups; Values in the same row with different
superscripts are not significantly different (P<0.05)

*Weigth gain (%)

*Feed efficiency (%)

“Specific growth rate (%)

*Protein efficiency ratio (%)

®Pooled standard error of mean: SD/vn
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Table 3. Serological characteristics of juvenile Japanese eel fed
seven different experimental diet for 16 weeks'

Diets Pooled’

Db D, Dy D, Ds D, D, SEM

PCV (%) 25¢ 26 27°% 28% 322 259 30® 0.53
Hb (g/100 ml)* 9.9 10.1 105 11.6 107 9.5 104 0.14
AST (IU/L) 90™ 84 49° 71* 91® 90™ 106° 3.76
ALT (IU/L)® 12 10 8 10 10 10 10 025
TP (g/dly’ 29 33 34 34 32 37 31 005
Glocuse (mg/dl) 107* 70° 58> 63° 1200 79 78° 477

'Means of single groups; Values in the same row with different
superscripts are not significantly different (P<0.05)

*Pooled standard error of mean: SD/vn

SHematocrit (%)

‘Hemoglobin (g/100 ml)

SAST: aspartate amino-transferase (IU/L)

SALT: alanine amino-transferase (IU/L)

"TP: total protein (g/dl)

gHA, g)2(Dy: LA-LNA Z8AIS e o A5 13|
o) oz Bth(P<0.05). AR &L} SEdT TS 4]
Ao AR S HA=E Dy LAgs-LNAgs A8+
9} Di: LAgss-LNAggs AFF7F T2 A3 vjs) fo2i50e
2 =, ol At 194 A gileH, gzt

ARE FEE AP OE HYTES) Vs feez

SITHP<0.05).
ol et 7lel B3 AAE Table 30 eERRZIT. 3

vl E =2 E (Hematocrit)e HETIA F23 o2 7173 #A4 o
Ele ™, Dy LAgs-LNAgs 28T #9922 Ao|& Kol
A eFkeh(P<0.05). 4 Wl 3| ZF 2% (Hemoglobin)& 9.5-
11.6 (/100 m)E VeR o A A7 {23l 2ol ¢l
ATHP<0.05). B W ASTE Dy AAyss-EPAg1s-DHA 155 A
dt7h & A@Eel vl 7H &kt Dy, Dy, Ds, Dg
Aok FolHd Aolrt HATHP<0.05). 4 W ALTS}
Total proteing REE Aol §232 2olg Holx| &%
tH(P<0.05). @3 Ul Glucoser: UhE AEFE9 Y3 Ds: AAgos-
EPAg375-DHA s 28771 78 329, Dy, Ds, Ds, D4, Dy,

D; d3@7eh= felA<d Aol7t }IUTh(P<0.05). B4 W Z#
2-H| E(Cholesterol}> Dy: LAg2s-LNA ;s A8 77F thE A3+
Eoll vls) 71 #A Jelte™ Dy, D, D; A8 7o 9
Q1 AolE HolA] YT P<0.05).

Mo} x)oje] HojA| AFAFEAdS Table 49 LFERNSITE
HoJAW HUFA el slojA tizts yuA] A
Hlg) frejF oz v vehdew, D, D, A8 DD, 48
TFZF AtelellXe 21z §-ol A3l Zpol& HolA] Ut HUFA/
SFA H| &<l 21oiA Dy, Ds, Dol Dioll vl fold o2 =4 v
Ebetth(P<0.05). 3HA1%+ Dy, Dy, Ds, D; A8#2F 222 Dy-Dy
ARFZE Aol M bz} 214”1 2tel 7t YRttt DHA/EPA
o] ¥lgo gloiM Dol U AP TS0 v felFez 71

ubAz . uled

= vERtew, Do S oz R v UERGTHP<0.05).

Wztojo] of X)) o A4k kel W3l 2lojA] DHA, EPA,
AAE glass eelollA juvenile eel® AAFsPAA A 7448k,
HHE LAY LNAE 33 F7tske o] Ati(De Silva et
al., 1997). o|&13} B &3} zlol= JAsHA Giel g Ao
o2 o)Fshe FFA olFY AR EHeR By HUG
(Borlongan & Benitez, 1992; De Silva et al., 1997). #i=ojol]
AolA AR LAS LNA ¥&-2 1% A3 ==, 1%
oo 2 Feol® 9Jo}(Watanabe et al., 1975; Takeuchi et al
and Watanabe, 1977a)¢} oj(Yu and Sinhhuber, 1979) 5]
oh2 gepolol] HisiA tha WE FES HRlth IA AR
W LNAY] 3 Zb Al SR Algago] gidke A
< BSledl, ¥R Fofe] Aot A AR eIt
(Watanabe, 1974). 38, oA W it 249 xjol7} AR
(Watanabe et al., 1983; Olsen & Skjervold, 1995), Hole] A
HA(Dave et al., 1976; Jezierska et al., 1982; De Silva el al,,
1997), 2283 MAe2S TS v9Yd 8<1(Satoh et al,
1984; Bell et al., 1986) 5| WS We=tie B} ch

B A o] g;} A A3} x—]o}iﬂq] A ubALZ A o} olopq up A}
o] x)0je] ALEU EPAS} DHAS H7tase gle Aoz 2

GEr) 282 AR EW LNA (n-3)9F LA (n-6) HUFAS Z}Hz}t
0.35%, 0.65% A7t¥-= o WG, SGR, FE, PER®] 7} =%k
o, o]xl o] A¥ (Takeuchi, 1980)3} 5L 8 4521 n-39} n-6
S 72t 0.5%Y A7k Ao f98d } 1§ BelA] &
it} ulgpA], WAge] Xjoje] WA WHARS LNA (n-3), LA (n-
62, 7L ARGEL 217t 111~-128 Hoqzlu} FF ok
g Wgoj o] A uhikel] gk Aol el A T AE W
gojo] Apak z/Adwsiel WAold] oigh xH el o] 87
Ashgol tigh A E£3 b E oo & Holr.

(=} (]3
el =

Ngolel Akl BoA RIS 1 5 8
H7}5}7) -?]5}04 550 A= BT YAS FRE, ¢

2 Aol BlAlE FPE dsle
"Z}‘ﬂ o1& ALEsIGl o, 48
AMAHLA, LNA, AA, DHA,
d7lalod & 7714 AETE WEoR AMH 165
AR E S FdskE Tt WG SGRel 3lelA] Dy A7t
7V A JERTHP<0.05). FEZ PERYA] A37dA et fA}
& 7S DAY D,, D, AT b2 29T 8 49
Hog ggket], ol Adle o)A A7 AATHP<0.05).
YAt F srtEAE E(Hematocritys W27oA 7 =
Al R TH(P<0.05). Hemoglobine 9.5-11.6 (g/100mD)= A
AEF {930 Aol UATHP<0.05). ASTE D, A8+
7y 78 Egkew, ALTS} TPE 28 dg-7olr] o<l A
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Table 4. Whole body proximate fatty acid composition of juvenile Japanese eel fed seven different experimental diet for 16 weeks'

Diets (% fatty acid)'

Pooled SEM
D D; D; D. Ds Ds D

C10:0 0.15* 0.07%® 0.11%® 0.08® 0.03%® nd 0.12* 0.02
C11:.0 nd? nd nd nd nd nd nd 0.16
C12:0 3.25¢ 2.10° 2.69% 2.65® 2.12° 0.61° 3.16* 0.30
C13:0 nd nd nd nd nd nd nd 0.00
C14:0 6.54* 5.04% 6.08* 5.56" 5.41b 4.52¢ 5.91%¢ 0.43
C15:0 0.29% 0.27% 0.32° 0.28° 0.31° 0.29* 0.27° 0.02
C16:0 19.6% 18.9¢ 20.6* 19.8%* 20.2% 19.82¢ 19.3% 0.89
C17:.0 0.19 0.21 0.12 0.11 0.14 0.1 0.19 0.02
C18:0 3.45° 3.86" 3.87° 3.79* 3.50° 3.92* 3.52° 2.89
C20:0 0.09 0.13 0.06 0.09 0.11 0.06 0.11 0.17
C21:0 0.73* 0.71%® 0.69* 0.63* 0.70® 0.59% 0.71%® 0.05
C22:0 nd nd nd nd nd nd 0.01 0.02
C23:0 0.20 0.14 0.13 0.25 0.21 0.14 0.13 0.13
C24:0 1.89 1.99 1.78 1.74 1.99 2.02 1.88 0.16
SFA 38.38 33.42% 36.45 34.98 34.72 32.06 35.31

Cl4:1 0.19* 0.15% 0.17° 0.16° 0.17%® 0.13¢ 0.18%® 0.01
C15:1 0.11 0.04 0.02 0.04 0.05 0.05 0.05 1.47
Ci6:1 7.19 6.59 7.06 6.89 7.38 6.95 7.03 0.49
C17:1 0.24 0.29 0.25 0.20 0.21 0.25 0.25 0.23
C18:1 43.6° 44 9° 42.1° 442° 44.2° 46.6° 43.6° 2.92
C20:1 2.71%® 2.94* 2.43° 2.61%® 2.53° 2.61% 2.51° 0.18
C22:1 0.17 0.18 0.14 0.20 0.19 0.21 0.15 0.02
Monoene 54.2°¢ 55.1° 52.2¢ 54.3 54.73 56.8% 53.77

C18:2n9¢ 3.19° 4.08° 4.18° 3.47° 3.62° 3.69° 3.64° 0.28
C18:2n5t nd nd nd nd nd 0.02 nd 0.00
C18:3n6, 9, 12¢ 0.05 0.03 0.11 043 0.05 0.03 0.04 0.06
C18:3n9, 12, 15¢ 0.33%¢ 0.51* 0.46% 0.45%® 0.41% 0.31¢ 0.28¢ 0.03
C20:2 0.29 0.33 0.31 0.28 0.24 0.29 0.27 0.01
C20:3 0.21% 0.26 0.24* 0.20° 0.19° 0.18¢ 0.25* 0.03
C20:4 nd 0.08 0.04 nd 0.04 0.03 0.03 0.10
C20:5 1.25¢ 1.51% 1.47%® 1.37% 1.58 1.56 1.45%® 0.11
C22:2 0.04 0.07 nd nd nd nd 0.07 0.02
C22:6 4.05° 4.67* 4.56%° 4.49% 4.38% 4.99* 4.90® 0.34
Polyene 941 11.54 11.37 10.69 10.51 11.12 10.93

PUFA/SFA 0.26° 0.35* 0.31° 0.31% 0.30%* 0.35* 0.31%

DHA/EPA 3.24° 3.09¢ 3.11° 3.28° 2.77¢ 3.21° 3.38¢

'Means of single groups: Values in the same row with different superscripts are not significantly different (P<0.05)

nd: not detected

o7} 91T (P<0.05). Glucoser D217} 74 wgkom,
Cholesterole DAE 7L th2 AT E vls)] 7P =t
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