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Effects of Eicosapentaenoic Acid (EPA)-Enriched Artemia Nauplii on
Survival, Growth, Fatty Acid Composition, Antioxidant Status and
Growth-Related Hormone Levels of Walleye Pollock Gadus chalcogrammus
Larvae
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This study evaluated the effects of eicosapentaenoic acid (EPA)-enriched Artemianauplii on the survival, growth, fat-
ty acid composition, antioxidant capacity and growth-related hormone level of walleye pollock Gadus chalcogram-
mus larvae. Fifty days after hatching, pollock larvae (average total length: 17.8 mm) were fed Artemia enriched with
four different levels of EPA, with total fatty acid content of 10.48% (D1), 12.28% (D2), 23.20% (D3), and 31.20%
(D4), for 4 weeks. At the end of the feeding trial, survival of the fish in the D4 group was significantly higher (P<0.05)
than that in the D1 group. However, EPA-enriched Artemia did not significantly affect larval survival. The activity
of superoxide dismutase, growth hormone, and insulin-like growth factor-1 in the whole body was not significantly
affected by EPA levels in Artemia. Our findings suggest that EPA-enriched Artemia with a total fatty acid content of
31.20% enhances the survival of walleye pollock larvae.
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S — = g o3} 70 2483k ol thgt A5(Choi et al., 2020c;
Leeetal., 2021) @ 2w o3}, Gofa @7tk FH7 2

e(Gadus chalcogrammus)= Y+ 55 AQtat @ 5=5 & 9JoFstA] ¢ L(Park et al., 2018; Choi et al., 2020a, 2020b;

foll A vl ahok ot 27lto] o) 2 Hejmar] 4 slal
A AA5H= o]F 0 Z(Fissel et al., 2016; Orlov et al., 2020),
S99 g} chopt AE.2 ASHE = Qo] HAA HEA
& Ao A F43F o]Fo]ti(Sinclair et al., 2008; Hirota et
al., 2014). AA $-2jyeh= Hel Q] o&=F 7F4y(Kooka et al.,
2007; Kim et al., 2020; Jeon et al., 2022)E ¥3l517] $J5t &
HE ARt ofu ey, QH A 9l A AL 7] TS Qg 2

Lee et al.,, 2021) Fo] o]Fo]F o1, o] x5] FAAYAbe] 9lo]
HIARE 2SS A S FAAZ 5 Qe AT 214
o2 R}, sjato] FAAAI] Qo] AL it o4
a8, B ARFY] A a4 9 A EA10] M 2 A
5038t 92 skh(Sargent et al., 1999a; Tocher, 2003). &
3], sficto] &pol o] kARl A S flsliAle Hol &
Y =325k " K highly unsaturated fatty acids, HUFA)
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o Fat AR 85}ol FAME AT M S Healet
(Izquierdo, 1996; Takeuchi et al., 1996; Sargent et al., 1999a,
1999b; Izquierdo et al., 2000; Holt et al., 2011; Hamre et al.,
2013). dRt oz sfito] FAAYAR] Qlo] ZE|w e} Hm|
o}+= eicosapentaenoic acid (EPA, 20:5n-3), docosahexaenoic
acid (DHA, 22:6n-3)%2} 22 A5 n-3 polyunsaturated fatty
acids (PUFA)E &J 3 4= 91 o1 (Lubzens et al., 1985), 4]
YA PRE FEAD 5 S BE B =7t wkan]
orol EPA, DHA 59| 99743171 & 251 (Seychelles et al.,
2009), P AHBHE Bk AR 8 AVEE AL e o] A 9 Al
W3 ol £ FOHE A3} the] 478 B9 e
v} QIth(Narciso et al., 1999; Villata et al., 2008). EPA= o] &
O] 7] W I ol A gt Aol 52t ek kAl oF
2 A ¢l o™ (Reitan et al., 1994; Furuita et al., 1996), ©]5F2] A}
A9t 4543 a4 Ao 54 dlth(Sargent et al., 1999a).
53], sfatol= gepolel @2 Al &8 a Ax(desaturase)
oF A%5 A (elongase) 2] S0 Wol EPAS} 2> HUFAE 3t
Aahet] Ago|n2 o m R EPAC] Fo] Barolth
(Sargent et al., 1999b).

2744 EPA, DHA 5-¢] HUFAR % %F743}st de|ujolrt

5 APl vl A= At gk ohefst A7t HalE o
71 v} Qlth(Rainuzzo et al., 1997; Sargent et al., 1999a, 1999b;
Harel and Place, 2003; Villata et al., 2008). e 2} 22 s3]
4 o1F% A S H-HG. morhua) Atofol]l HUFA=R 745}
gk dHm|obe] -2 BEST A ol avpoletar B
31%] 91 © H(Garcia et al., 2008), Choi et al. (2021)2] ¢15Lof| A]
= €38 F o)X G. macrocephalus) A1l HUFA &=Fo] &5
oF FA7SE dHm|ore] TS AEET A Aol AatA
QI Ao Wy v qlek v e FAYAR] ¢lo] EPA 3
DHA % %7}3} 2 E|uof 3t A-H(Park et al., 2018)= =34
v} QLo Lt EPA G 733HE 53 dHm|oF W EPA gl g H]
O FAYAbol| vl A= A o] et A= 420 B glet. whet
A 2 Atoll A= theFRt F =] EPA 743t Lol v
Bl Kpof o MEE, A, At 24 B A T S E o] 1]
A gape 2tk

ERTETE
atefolo} Y o Pyt

Ao glo] LElulof nauplius] B2 $13 Great Salt
Lake (Salt Lake City, UT, USA)ollA A3 st LH|a]o} cysts
(INVE Aquaculture, Dendermonde, Belgium)E ©]-85}%©.
1, cystsE 50 L E2|7}EY[0|E 99 =2 Y& 30 psu,
£25°C0] o]} 8400 4] 24X\ 7HERF REA| LT, 17 SEP-
Art Magnetic Harvestors (INVE, Dendermonde, Belgium)&
o]-g3to] A| A5t - % nauplius:= 100 um sieve® 2

0 3 5
SN R I

2] o3t siE A & JIEIFE flaf =2 25°C, A= 30
psu B2 -85 Eef7HE Y0 E 10 L v e20f] 5< 10°
nauplii/L Y= = HF5to] 24A17H5< Y7t shalet. 4
73| 2+ EPA-RICH MEGAPEX™ (EPA97DO00EE/TG,
97% purity; Chemport)E 014519} Wje: 71 10, 20, 50 &
100 mg/L 5%=(D1, D2, D3 ¥ D4)Z #7}sto] FoF 73} s)
pisg

N3lof o Alg £

ARo olgH Aol FHAbeY FafaeAbd A
(Gangneung, Korea)ol| 4] AR5 #He] 5¢1 £3} £ 50 k3
g Zrol(AAF 17.8 mm, AAZE 48.0 mg, n=1,200)5 12742
300 L (7%, 200 L) 74 9 fiber-reinforced plastic <=
Z0| Z¥2} 100v2) 4 2AF =-8-5F3inh. 2 783t de|u|of
(D1-D4) Fa= ko= Fulsielom, 1Y 33 09:00,
13:00 % 17:000] #o|E Sgst3ith denlof g+ H 2
AR U dEujol A E S5k Ak 1A
DZEATIA = 7k 222U W=7} 2,000 nauplii/L, 37 2HLE] 4%
27 3,000 nauplii/L W=7} 44 B =2 24 FFakch
E3F dEu]obe] Z]ofe} Aks QS fl5ke] A4} Chlorella
spp. (Aquanet Co. Ltd., Tongyoung, Korea)E 1 23](09:00
11 17:00)0] mL % 3,000-5,00071 4] ©] W= 120 mLA T
SEATE A 2| Bl vpo| A28 o sj4=5 ARg-5Ho]
2k Sz $9S 0.6 Limin© 2 §755ck o} A4
7} 33=7]+ light emitting diode & ©]-8-5}4] 10 L (light): 14 D
(dark) 2705 FAIBFAL, A7 FQt Bt A 2, HE
o g2k 7F7F 10.3°C, 33.0 psu D 8.67 mg/Lgitt.

O 58 & ME 8
A FRA 2 AR W AES W Afojo] 5
5 ARROIA] AET Aol 30ne]2 29l AEjslo]
AR 9 A2 28k o v, M2 digital caliper (Mitutoyo
Co., Kawasaki, Japan)S AR50 0.01 mm TH|7HA] A4
SA3F3L, A5 E-41 A& (AL104; Mettler Toledo, Colum-
bus, OH, USA)& ©]-8-5121 0.01 mg 1714 S45}3ict. o]
T EATGHEARESHSR AL T EEAA T E
A A7RA] -80°Cell 5 Hkskgich AEE&(survival), SA T
(weight gain, WG) 2 A7HdA-E(specific growth rate, SGR)
& 247} v 2ol Al 4bsh ).

Ho
o3

i
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Survival (%) = (number of fish at the end of the trial/number
of fish at the beginning of the trial) X 100

Weight gain (WG, g/fish) = (final body weight - initial body
weight)

Specific growth rate (SGR, %/day) = [(In final weight of fish
- In initial weight of fish)/days of feeding] X 100
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0] FS7EEt dEmlol, FatE FGEE dERoF 9 A
STRA 2 Aol o] Ak BA4S Qe s2127I(Ly-
ovapor™ 1.-300, Buchi, Flawil, Switzerland)& A3l 54
Az3FL) o] % ZF A7 o] AHMAF 42 Folch et al. (1957)
o w2} chloroform¥} methanol &&-H(2:1 v/v)& AME-d1o] &
A A& #&3 5 BF,-MeOH (Sigma, St. Louis, MO, USA)
£ ARE-519] methylation A]7] 3= capillary column (100 m X
0.25 mm i.d., 0.2 um film thickness; Supelco, Bellefonte, PA,
USA)©] A2 gas chromatograph (PerkinElmer Clarus 600;
Shelton, CT, USA)E ARE-5Fo] AJRbike: #A416}HGITt
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A 2] B2 vt o] =askitt. HAl, Aol g
A A A ez AR st 219 EeES AIASHIAL, o)%
58T} 100:1 HE&EZ S7toto] 2] A 7|(TissueLyser
IT, QIAGEN, Netherlands) & ©]-8-5}0] H& 3} s3It 43}
S AES 4TI 10,000 g2 1557 U4 Helsto] 45012
wefotoinh. = ASdE o]-8-59] superoxide dismutase
(SOD) 242 SOD assay kits (Cayman Chemical Company
Ann Arbor, MI, USA)E AMS-510] 243519l om, A2 525
(growth hormone, GH)¥}- 213 F-AF A% 21 ZKinsulin-like

Table 1. Fatty acid composition (% of total fatty acids) of initial Artemia nauplii and Artemia nauplii after enrichment with eicosapentaenoic

acid (EPA)
. . . Experimental diets
Fatty acids Initial Artemia
D1 D2 D3 D4 P-value

% of total fatty acids
C14:.0 0.67+0.034 0.65+0.011 0.62+0.023 0.5940.025 0.60£0.034 0.487
C16:0 12.30+0.265 10.60£0.388 10.81£0.122 10.01£0.279 9.74+0.342 0.183
C17:0 0.53+0.051 0.65+0.031 0.66+0.064 0.58+0.011 0.52+0.017 0.167
C18:0 5.91+0.186 5.60£0.068° 5.4010.096° 4.85+0.097° 4.62+0.045° 0.001
C20:0 0.22+0.017 0.20+0.012 0.25+0.027 0.18+0.023 0.22+0.032 0.413
C22:0 0.59+0.058 0.57+0.019 0.57+0.010 0.54+0.035 0.47+0.036 0.159
C23:0 1.96+0.100 1.29+0.039 1.54+0.244 1.20+0.058 1.16+0.021 0.326
C16:1n-7 1.68+0.155 1.93+0.140 1.87+0.103 1.78+0.132 1.68+0.132 0.679
C18:1n-9 31.15+1.401 27.51+0.249° 26.95+0.229° 23.22+0.032° 19.38+0.316° 0.001
C20:1n-9 0.72+0.028 0.77+0.006 0.77+0.014 0.71+0.030 0.73+0.038 0.420
C18:2n-6 7.87+0.171 6.96+0.023° 6.74+0.098 6.15+0.135% 5.99+0.215% 0.007
C20:2n-6 0.27+0.048 0.28+0.003 0.28+0.010 0.26+0.042 0.23+0.015 0.481
C22:2n-6 0.54+0.016 0.71+0.025 0.73+0.058 0.75£0.114 0.7840.075 0.955
C18:3n-3 31.11+£1.064 29.60+0.272¢ 29.04+0.159¢ 24.58+0.466° 21.28+0.546° 0.001
C18:3n-6 0.32+0.012 0.37+0.005 0.38+0.007 0.34+0.015 0.34£0.018 0.214
C20:4n-6 0.73+0.033 0.86+0.013 0.87+0.015 0.80+0.039 0.76+0.021 0.076
C20:5n-3 (EPA) 3.150.163 10.48+0.5572 12.28+0.0822 23.20+0.459° 31.204£0.995° 0.001
C22:6n-3 (DHA) 0.28+0.015 0.30+0.028 0.25+0.045 0.25+0.035 0.26+0.029 0.763
SFA 22.17+0.607 19.77+0.290° 19.85+0.029° 17.96+0.5882 17.33£0.3532 0.003
MUFA 33.56+1.716 30.45+0.170¢ 29.58+0.189° 25.71+0.186° 21.8040.539° 0.001
n-3HUFA 4.17£0.177 11.34+0.4342 13.3940.0582 24.25+0.460° 32.25+1.132¢ 0.001
n-3/n-6 4.32+0.249 5.57+0.0432 5.96+0.1012 7.54+0.345° 8.49+0.463° 0.018
DHA/EPA 0.09+0.011 0.02+0.004 0.01+0.002 0.01£0.001 0.03+0.002 -

Values (means of triplicate+SE) with different superscript letters within a row are significantly different (P<0.05). EPA, Eicosapentaenoic
acid; DHA, Docosahexaenoic acid; SFA, Saturated fatty acid; MUFA, Monounsaturated fatty acid; HUFA, Highly unsaturated acid; n-3 FA,
n-3 fatty acid; n-6 FA, n-6 fatty acid; D1, EPA enrichment accounts for 10.48% of the total fatty acid content; D2, EPA enrichment accounts
for 12.28% of the total fatty acid content; D3, EPA enrichment accounts for 23.20% of the total fatty acid content; D4, EPA enrichment ac-
counts for 31.20% of the total fatty acid content.
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growth facor-1, IGF-1)9] %=+ ZZ} GH ELISA Kit (My-
Biosource Co., San Diego, CA, USA)%} IGF-1 ELISA Kit
(MyBiosource Co., San Diego, CA, USA)E AR&slo] =4
steich

%7|blkl

[ |

E A B0 SPSS program (version 27.0; SPSS Michi-
gan Avenue, Chicago, IL, USA)< ©]-8-5]-%1 11, d| o] E+= Kol-
mogorov-Smirnov test ARE-510] | o] H3E Q| A1AlL Shol
31931, Levene's testS 0]4-3}0] A8 7L7k0] Halo] EA AL
A58t B4 of| hA = whE-E t|o|E| = arcsine FEHS
AA| 5+ 2.1, One-way ANOVAS} Tukey's HSD testS A&
sto] 2t A BT 49 (P<0.05) AABHIL

1 7 o} ejote] BPA ol e Ajol(ial
= mike 2l 2 33 4%
o] A4k /8-S Table 1] Vb Slch. 5+
T L dEm|oke] EPAL] oF2 EPA 37} = 571

of w2k F-oJ8HAl S7FsFATH(P<0.05). ©|9} &2 stearic acid
(C18:0), oleic acid (C18:1n-9), linoleic acid (C18:2n-6) ¥ lin-
olenic acid (C18:3n-3) §H=F2 EPA &7} &=fo] ule} %9,]*8}
Al 2+45FATHP<0.05). E3FA A saturated fatty acid) 2
o232 A" Hmonounsaturated fatty acid)= EPA %% @}
ghegoll met f-ola] fHashe AR YERG S LH(P<0.05),
n-3 HUFA 9 n-3/n-6% $-2JakA) Z7k51 o2 Lrehyeh
(P<0.05).

QUukA 0 7 FAAALA] Hol )
o A 24 oo 2

o
o
_9. o
e
)
)

O

2 e il ]
ol wek(Koven et al.,
1990; Czesny et al., 1999; Copeman et al., 2002) 34t 9]

AR AR =2 AEES M HoldEe] Y%

Al

SN R I

SP7F Bl Zlow g A
O] EPA 743t dEnlotE 457 st
&, AH SEA A, 4%, WG 9 SGR A= Table 291
B it &5 DI gkl Hlsl D4 357 242
2 =7 urawc}(lko 05). EPA 9 DHA®} -2 n-3 HUFA=
FAHEES] WY 5o 5a%t 92 5lal(Trichet, 2010; Ji et
al., 2011) £3], EPA*= eicosanoids®| ALA| = -85}, cy-
clooxygenase ¥ lipoxygenase” 204 g% HkS-& AA51=
3-series prostanoids®} 5-series leukotrienes= dgkE] o] WY
RS 2 AEH A T EE 2™ Tofdls Ao R dEA e
™ (Tocher, 2003; Wang and DuBois, 2010; Tian et al., 2017),
Hol Y= W EPAS] A o= Aol & Y Hbg- = A EE
A A A a3E 2 tH(Dey et al., 2022; Pham et al.,
2023) AL A W%, AE A T EE SHYL 50| KA
T Y A] QQLAIRE, drEn]oF W) EPA §FFO S7H7F
@.% = JNAdsto] BEE F7Hel SAAR FFS v AL
2 g 1;} B ofrel fAlsiA AHkol(Seriola dumerili) A}
ol2] E8E 1] Pyt Aeolols B AETol vl
EPA P95t Qrelolot® 33 BTl 71 e
(Roo et al., 2023). Senegal sole Solea senegalensis®l| 2101 &
A 2FEH(10.7-20.3% of total fatty acid)®] EPAZ & %F7d3}st
Qgu]of} ZgA| AEgo] 218l oL, AA dhaF o)A A
£(29.5% of total fatty acid) Zr4~3F th(Villalta et al., 2008).
E3Hn-3 HUFA=R 9 7)slet g u|olE palmetto bass (Mo-
rone saxatilis X M. chrysops)°ll 3-5+92 w] AE8 FAbo]
el S (Tuncer et al., 1993), EjH Y L zJojof| A 24
O] AEE2 5.88% of total fatty acid &S] DHAZ JA47
313t den]obs Tt Aol A Uelstou o 2 3
(9.28% of total fatty acid)©. & % 47}3l5t de|u|oS FF3t
MBI Tof = 7h28= A © & UEPTH(Choi et al., 2022). 1
Bjub 2 1ol ] 4173 oemlof U] EPA B we) joje]

ik, £ citolA] Thokt
e olo]

Table 2. Survival and growth results of walleye pollock Gadus chalcogrammus larvae fed on experimental Artemia nauplii enriched with

eicosapentaenoic acid (EPA) for 4 weeks

Experimental diets D1 D2 D3 D4 P-value
IBW (gffish) 0.048+0.00 0.048+0.00 0.048+0.00 0.048+0.00 -
ITL (mm) 17.8+1.36 17.8+0.24 17.840.83 17.840.58 -
Survival (%) 62.3+3.842 71.0+1.15% 71.311.76% 76.3+2.91° 0.032
FBW (gffish) 0.35+0.028 0.33+0.010 0.33£0.014 0.31+0.022 0.497
FTL (mm) 34.5+1.65 34.6+1.79 33.9+1.25 35.5+0.74 0.887
WG (gffish) 0.31+0.028 0.29+0.01 0.28+0.014 0.26+0.022 0.497
SGR (%/day) 7.1£0.27 6.9+0.11 6.9+ 0.0.15 6.7+0.26 0.540

Values (means of triplicate+SE) with different superscript letters within a row are significantly different (P<0.05). IBW, Initial body weight;
ITL, Initial total length; FTL, Final total length; FBW, Final body weight; WG, Weight gain; SGR, Specific growth rate; D1, EPA enrich-
ment accounts for 10.48% of the total fatty acid content; D2, EPA enrichment accounts for 12.28% of the total fatty acid content; D3, EPA
enrichment accounts for 23.20% of the total fatty acid content; D4, EPA enrichment accounts for 31.20% of the total fatty acid content.
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7t wat ek

2 Aol A AR FRA BE Aol A, A, WG 2
SGRE EPA 9743 s wo] e 33729 Golet Aol 7}
UFEPLER] QEkeHP>0.05). w0l 1) DHA/EPA | 8-S ¢
o]0 FALE HIIol= Hl ARSE= A 3o, Aol A &}
ofo] wjojel ofzk, 27t 59) DHA/EPAHI &S o 291 7o
2 H 1% v} Qlok(Sargent et al., 1997; Sorgeloos et al., 2001;
Bell etal., 2003). "§ e 2} 22 3Hall4d o] F2 e & th+- At

+= DHA/EPA H|-&°] 28] 2E ¥ 37} o2 Fg-oll vl sf
AT 7 Aol Akl A o= Ykl (Choi et al.,
2020b), Park et al. (2006)0]| -2 H DHA/EPA H]|-& Z7}o] ut
£ A i Apol o] g A ol Hard v Qo
%3F, DHA/EPA H|-&0] 3 79 tiAISF t+F Akoj o] 44 2
28-S W AIAFH 3(Garcia et al., 2008), B} ok T z}olo]]
Lol Y73t dEn]obe] X2 DHA/EPA H|-&-2 4.391 Z1&
2 YePgtH(Choi et al., 2021).

e & Aqtoll A o8 st dH|ujote] DHA/EPA
£ 0.01-0.039] HL|Z oA A tzof vlaf v F2 HERE

Table 3. Fatty acid composition (% of total fatty acids) of walleye pollock Gadus chalcogrammus larvae fed the enriched Artemia nauplii

with eicosapentaenoic acid (EPA)

Diets D1 D2 D3 D4 P-value
C14:0 0.8+0.03 0.7+0.01 0.7+0.01 0.7+0.01 0.919
C15:.0 0.21£0.01 0.2+0.00 0.21£0.01 0.2+0.00 0.875
C16:0 20.0+1.55 20.9+1.37 20.4+0.59 22.1£1.06 0.964
C17:0 1.0+0.08 0.940.08 0.94£0.09 1.0+0.10 0.555
C18:0 9.0£0.48 8.910.46 9.0£0.09 9.840.11 0.399
C20:0 0.24£0.01 0.20.00 0.24£0.00 0.2+0.01 0.637
C22:0 0.5£0.05 0.6%0.02 0.5£0.05 0.7£0.03 0.580
C23:0 4.0+0.60 4.4+0.46 4.1+0.27 4.8+0.37 0.997
C24:0 0.1£0.02 0.1£0.01 0.1£0.02 0.1£0.01 0.726
C16:1n-7 2.0+£0.22 1.8+0.09 1.8+0.07 1.6+0.14 0.694
C18:1n-9 46.4+1.96 45.6+1.83 45.84£0.18 43.9+0.80 0.773
C20:1n-9 1.6+0.03 1.6+0.01 1.6+0.02 1.6+0.04 0.894
C22:1n-9 0.3£0.03 0.3£0.04 0.31£0.02 0.3£0.02 0.748
C24:1n-9 0.70.11 0.940.11 1.1+0.31 1.0+0.11 0.879
C18:2n-6 10.1+0.16 10.4+0.11 10.4+0.22 10.0£0.27 0.687
C20:2 3.240.46 2.610.44 2.9+0.26 2.2+0.29 0.963
C18:3n-3 34.842.16 32.5+1.48 33.8+£1.25 31.442.74 0.787
C18:3n-6 0.5£0.02 0.5+0.02 0.5£0.01 0.5+0.04 0.618
C20:3n-3 2.2+0.02 2.1+0.04 2.1+0.00 2.2+0.06 0.447
C20:4n-6 0.4£0.03 0.4%0.03 0.4£0.03 0.4+0.02 0.639
C20:5n-3 (EPA) 30.0+2.83 29.5+3.02 30.2+1.69 33.2+0.70 0.656
C22:6n-3 (DHA) 3.7+0.28 3.840.72 3.2+0.29 4.1+0.67 0.576
SFA 35.8+3.07 36.9+2.68 36.3+0.95 39.5+1.60 0.929
MUFA 50.9+2.40 50.2+2.06 50.6+0.59 48.3+0.97 0.954
n-3HUFA 35.7+3.43 35.5+4.15 35.5+1.62 39.5+1.47 0.619
n-3/n-6 6.4+0.19 6.0£0.28 6.2+0.23 6.5+0.05 0.614
DHA/EPA 1.3£0.20 1.310.24 1.3+0.06 1.12+0.07 -

Values (means of triplicate+SE) in the same row without any superscript are not different (P>0.05). EPA, Eicosapentaenoic acid; DHA,
Docosahexaenoic acid; SFA, Saturated fatty acid; MUFA, Monounsaturated fatty acid; HUFA, Highly unsaturated acid; n-3 FA, n-3 fatty
acid; n-6 FA, n-6 fatty acid; D1, EPA enrichment accounts for 10.48% of the total fatty acid content; D2, EPA enrichment accounts for
12.28% of the total fatty acid content; D3, EPA enrichment accounts for 23.20% of the total fatty acid content; D4, EPA enrichment accounts

for 31.20% of the total fatty acid content.
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Table 4. Superoxide dismutase (SOD), growth hormone (GH) and Insulin-like growth factor-1 (IGF-1) in whole-body of walleye pollock
Gadus chalcogrammus larvae fed on experimental Artemia nauplii enriched with eicosapentaenoic acid (EPA) for 4 weeks

Experimental diets D1 D2 D3 D4 P-value
SOD (ng/mL) 14.1+1.15 13.7£0.56 13.80.1 14.0+1.27 0.970
GH (ng/mL) 22.6+0.77 22.2+0.47 22.0+0.07 22.8+0.33 0.225
IGF-1 (pg/mL) 170.5+9.41 172.5+14.91 154.6+7.77 182.0+20.69 0.201

Values (means of triplicate+SE) in the same row without any superscript are not different (P>0.05). SOD, Superoxide dismutase; GH,
Growth hormone; IGF-1, Insulin-like growth factor-1; D1, EPA enrichment accounts for 10.48% of the total fatty acid content; D2, EPA
enrichment accounts for 12.28% of the total fatty acid content; D3, EPA enrichment accounts for 23.20% of the total fatty acid content; D4,
EPA enrichment accounts for 31.20% of the total fatty acid content.
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