KFAS #=+uaterx
Korean Journal of Fisheries and Aquatic Sciences

FH4=2] 56(5), 741-748, 2023

Short Communication

Korean J Fish Aquat Sci 56(5),741-748,2023

x10{7| YRR Thunnus thynnus) Al& LY ofotelsel ol8M Trt

RISE' - UES - ARE - o HE

SRAMIISR OfETIANITA RIS SIS, SHEEl R St n

IS

Evaluation of Dietary Supplementation with Linseed Oil for Juvenile
Atlantic Bluefin Tuna Thunnus thynnus

Seung-Cheol Jif, Jongho Lim! ", Jachyeong Shin' and Kyeong-Jun Lee**

Subtropical Fisheries Research Institute, National Institute of Fisheries Science, Jeju 63068, Republic of Korea
'Department of Marine Life Science, Jeju National University, Jeju 63243, Republic of Korea
*Marine Science Institute, Jeju National University, Jeju 63333, Republic of Korea

This study evaluated the supplemental effects of linseed oil (LO) as a substitute for docosahexaenoic acid oil (DHAO)
in the diet of juvenile Atlantic bluefin tuna. A control diet (DHA) was formulated to contain 65% enzyme-treated fish
meal and 3% of DHAO. A LO diet was formulated to contain 1% LO replacing 1% DHAO in DHA diet. In a feeding
trial, 300 juvenile bluefin tuna (initial body weight 1.15 g) were randomly divided into two concrete tanks (70 ton
capacity) and fed one of the experimental diets for 13 days. Weight gain was higher in the LO group (519%) than in
the control (443%) while survival and protein digestibility were similar between groups. The biological assessment
of the tuna digestive organs did not differ between the DHA and LO groups. The fatty acid composition of the carcass
showed that a-linolenic acid was only observed in the LO group, and there was no difference in the composition of
eicosapentaenoic acid and docosapentaenoic acid between the groups. These results indicate that LO could be a di-
etary good oil source for Atlantic bluefin tuna without apparent negative effects.
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N = o] Yolel Aoz oe] A QIth(Takii etal., 2007a). Zrhgo] A
& AR NS flafiile SRR ofES A

A FEFekol(Thunnus thynnus)= 2| 650 kg ©]/3714]
w27 A4Sk i olEolH, ofgtto| A ofdt 2| e o]
2= Qs g of| A A Atk Block et al., 2005). 20214
T AIA Hokegol o] o BlaRe- oF 48, 000= 0| tH(ISSF, 2023). %
thgol= F& o]¥& Sof 35 =l ok &% o] 9] of
Befo Z715HA] 92 A 0 2 o] A= u(Benetti et al., 2016), QF
Qo) Aekrole] BRE SlalME 4714 Aol Wasl
t}. o] (fish meal)> o] A= W 5= SH2 5= ge
AREETHKim et al., 2019). A F Fhrheol et wWrllitieof
(Thunnus maccoyii)= 152 £3}-80| 55-57%= thE o]&F
ol v]&f Yoh(Carter et al., 1999; Shin et al., 2020). 0] = o] &9]
VBB, 1, 24) Tl A WAlSHE The] vl

Sl T hale] Ato] Wasith FeIME A AL
Briegol g WIS Ws] $ig A7k AR E )
o}, @44 2] o] E (enzyme-treated fish meal, EFM)-2 A A &
H25}o] A A 5 papain, pepsin, trypsin 50| &5 A 2|5}
of |2kl (Hsu, 2010), AEA oA S o g3l 9lof
AW o] &-aEo] of ol Hlgl w2 A& HilE St Aguila
et al., 2007). Ji et al. (2019)2 EFMo| A& U] 20
2 AFg7bs et B skl Eah 2l0)7] Zrieol EFM
o thgt ax3hgo] ofREeh o, 4] wet of 9] o]
£880] =olAtial B E¢Jck(Biswas et al., 2016; Shin et
al,, 2020). o5 AR = 5= A- YR o 3(fish oil) & A
gotion], Frisrol 3194 oF0.2 oujx] Ameko] go}
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AR Y Z]A @eFo] oF 18%E &2 Ho|tk(Biswas et al.,
2016). ol alafolfol B4 Aol SRt SBE she
eicosapentaenoic acid (EPA)2} docosahexaenoic acid (DHA)
22 long chain poly unsaturated fatty acid (LC-PUFA)E T}
& okl itk DHA= a4t o] 7o) dexipito & 44
T AEEl AFAoR JFS 7] Yol Brdor 3
ofol FHEHNRC, 2011). Freheol= th& ojF<] Hls DHA
o] gateo] w9 7] wiZoll Ak W A F YR o] {k ARE-
3}t 7% DHA”| 28 " th(Sawada et al., 1993). ujebA] kst
©]9] DHA A5 osh7] lefiAl= YHH4 &= DHASS
= DHAY o] =2 Aoli-a-(salmon egg oil)2} 71}
o]<(bonito oil)7} AREH TH(Ji et al., 2008). DHA 5= 1l
G 7] Am =2 viRkAbE W AEPo R o] & 5= iy
(cod liver oil) =2t} oF 1008 A= vRL7| wj&o|, A5Fe] 7}
2% AR Y| 7HAS T 27k 2= 9lek(i et al,, 2020). T
Kjegzkerrol vISHARR W DHA g0 2.7%0l 4kl -9 A}
20e)E FET ATel A4l SASITa EaE gt
(Jietal., 2019, 2020). 3}t A oFzlctatoi o] A &kst DHA
Qo] Tt A wlg Aol

Linseed oil (LO)& AlEA X202 ofF AlRoAE F
2 o] 92 o1 t3|5}7] <J8)A] ALLEICHLi etal., 2016). LO
+ omega-3 A4 g-linolenic acid (LNA)E 50%°]4F &+
3k th(Popa et al., 2012). B o] F+ fatty acyl-CoA
desaturase (FAD)*|| 2|3t A4S 53l LNAE arachidonic
acid (ARA)E, ARAo| A EPAR, “12]11 EPAoA DHAE #
2A) 7]+ 5 o] QT (Caballero et al., 2002; Bell et al., 2003).
St ofe] A9 AR ojofl A AlFHAo| A7k FADS] elg
LC-PUFA 2] A4 o] 71sachir &l A 9lth(Galindo et al.,
2021; Xie et al., 2021). thA Frereto] o] 79 A A&
53 LC-PUFA Q] H 52 A|gt4 oletal B 1% th(Betancor
etal., 2017,2019).

ARYRE 2348 239 $9) Urel e BrITHLee,
2002). Mol ] Askso] et At HilA HeE A
O 21t A8 =] ) © 1 (Shin et al., 2020), T}k 2|2 2] 7}
of w2 £3Hg A+l nEe Aotk whekA, & A=
thgo] Ak Wf DHA 5579 33% (Ak= W 1%)5 LO= tf
Agell w2 A, of Al AAE A4, 423k, Asta g
02| G BAFSEALAL Y QT

>

iz 3 2
ez

AlFALZ O] vt Ji et al. (2020)2] A1-27E B2 =
A %] 6™, vitamin} mineral premixture= Shin et al. (2020)
o AT ANE B2 AT, AEARE AHITE 5
o AbsaFol A5 DHAL DHA Al W DHA S

¢

Al

fud
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2] 33% (AF= Ul 1%)E LOZ diAIg LOF-2 A=t
(Table 1). A@ALRE 7 ARE Z9% F, SRF(10%)E &
oAt AFEA 2] (SP-50; Gumgang Engineering, Daegu,
Korea)2 o]-83}0] % 3714 27](214 1, 1.5, 2 mm)& 3
=oich ARALRE AZ(24°C, 12 h) Elo] 24°C YEiro] ¥
T 5, Ago) o] =9ich AFAR S AWAE 2442 Table 2
of) ZkzF v ot

02t Atgate

AR e st ol e ) e

Lo

Table 1. Diet formulation and proximate composition of the ex-
perimental diets for juvenile Atlantic bluefin tuna Thunnus thyn-
nus (% of dry matter)

Experimental diets

Ingredients
DHA LO

Enzyme treated fish meal 65.0 65.0
Fish meal, sardine? 10.0 10.0
Soy protein concentrate® 8.00 8.00
DHA oil* 3.00 2.00
Linseed oil® - 1.00
Cod liver oil® 5.00 5.00
Mineral premix’ 1.00 1.00
Vitamin premix® 1.00 1.00
Taurine 1.50 1.50
Wheat flour 4.50 4.50
Lecithin 1.00 1.00
Proximate composition

Crude protein 63.2 62.7

Crude lipid 20.7 19.7

DHA 5.18 3.86

EPA 1.63 1.51

Ash 6.49 7.21

Moisture 5.81 6.47

ICPSP, Sopropeche, France. 2Orizon S.A., Las Condes, Chile.
3Koreaflavor, Corp., Cheongju, Korea. “DHA Concentrate oil,
corp. Chemport, Korea. SAlligga™, Richmond, Canada. °E-wha
oil, Corp., Incheon, Korea. "Mineral premixture (g/kg of mixture):
MgSo4.7H,0, 60; Nah,PO,.2H,0, 600; KCL, 250; ferric citrate,
19.90; ZnSo,.7H,0, 3.00 Ca-lactate, 650; CuCL, 0.350; K1, 0.085;
Na,Se,0,, 0.0265; MnSO,H,0, 1.300; CoCL,, 0.0525. *Vitamin
mixture (g/ kg, mixture): L-ascorbic acid, 222; DL-a tocopheryl
acetate, 114.8; thiamin hy- drochloride, 3.63; riboflavin, 5.1; pyri-
doxine hydrochloride, 4.005; niacin, 28.05; Ca-D-pantothenate,
12.135; myo-inositol, 115.95; D-biotin, 0.391; folic acid, 1.38;
menadione, 1.5; retinyl acetate, 1.704; cholecalficerol, 5; cyano-
cobalamin, 0.011. DHA, Docosahexaenoic acid; LO, Linseed oil.
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SO, ARAYE Al ekl s= A dw el A e 2o &2
T78(2019-0032)& =5k AAE L) oHAS £, 27
A2 1.15+0.03 g (n=50)2] A Fdcttoli= & 279
215 2212 $2(70 ton)o] 2} 1500k214 W2 = 9l}. 5%
) 8=Ak4(dissolved oxygen, DO)& AFAHMAY 7] (aeration)
of Alshiba 3291715 Bl 24 E %o 23 DO+ Pro20
Dissolved Oxygen Instrument (YSI, Yellow Springs, OH,
USA)E o]&5to] 19 13] S UTh ARS717E 59 22
26.8+0.05°C, DO=10.6+0.51 ppm 2 2 5-A =] it} A3 AL
F2E 14 43)(08:00, 11:00, 14:00, 17:00 h)o]] Y=o & 139
b ek sk Qieh o2 v ] o] 52 4 13] siphond A

&3kl A = .

Table 2. Fatty acid composition of the experimental diets, protein
sources and carcass for juvenile Atlantic bluefin tuna Thunnus
thynnus (% of lipid)

Fatty Experimental diets Protein sources Carcass
acids DHA  LO  EFM'Fishmeal DHA LO
14:0 3.51 3.50 3.82 5.71 345 3.29
16:0 13.8 14.0 163 286 276 263
16:1 5.40 5.40 569 6.42 6.04 5.87
18:0 3.41 3.59 458 8.15 104 10.0
18:1n92 222 23.2 274 147 314 304

18:2n6° 8.55 9.42 8.22 3.64 5.17 5.90

18:3n3* 2.65 586 122 547 - 1.32
20:1 4.76 4.82 - - 520 4.99
20:4n6° 0.81 0.77 8.16  2.81 - 052
20:5n3¢ 7.87 765 491 127 149 1.82
22:1n9 0.79 0.79 - - 1.06 1.02
22:6n37  25.0 19.6 727 11.8 6.12 6.60
DHA/EPA  3.18 2.56 148 0.92 411 3.63
>n-38 35.5 33.1 243 299 761 9.74
>n-6° 936 10.2 164 6.45 517 6.42
n-3/n-6 3.16 3.24 148 4.63 147 1.51
Total 100 100 100 100 100 100

"Enzyme treated fish meal. *Oleic acid. *Linoleic acid. *Linolenic
acid. ’Arachidonic acid. °Eicosapentaenoic acid. "Docosahexae-
noic acid. *Omega-3 fatty acid; 18:3n3, 20:5n3, 22:6n3. °Omega-6
fatty acid; 18:2n6, 20n:3n6, 20:4n6. DHA, Docosahexaenoic acid;
LO, Linseed oil.

Sampling™} &AM

ARAS E8 3 2% 7 (final body weight, FBW)E =
Aol AAE(weight gain, WG), Y7HIA-E(specific growth
rate, SGR), Al A2+ E(feed conversion ratio, FCR), THl 2]
018 a E(protein efficiency ratio, PER), AJ&-&(survival) 7|
4t FBW S4& flall 12417 AR Als 3va $
stott. Agol] 437 10ute] 2] FArkgolg TR
Adsto] AEEof uiHAITl & AEE U AEH 72F 23517
AL 9, A2 FAE S7ske] 1SR4 (hepato-somatic
index, HSI), ¥Z3FA]4(stomach-somatic index, SSI), A5
¥4 (intestine-somatic index, IST), H|WHE(condition factor,
CF)E AlAlsl$ o™, 5714 A3}a Ax(pepsin, trypsin, chymo-
trypsin, amylase, lipase) F-4]of| ARE-E| It AEH A7)+ 5
el E &, 247 (tissue grinder)E ©1-8-510] 24
ATk EafE AE2 YR 4C, 10,000 g 15 min)F, 335
oS 12fslo] EAJol M8 HSieF. ZF o) Tl Fatotal
protein)< Bradford (1976)2] Wi o wla} 54 =] 1Tt Pepsin
T} amylase2Hd-2 Worthington (1991)2] ¥ ofl whe}, trypsin
T} chymotrypsinZ43-2 Erlanger et al. (1961)2] ®Ho] uf2}
Ao, lipasel] &4 Borlongan (1990)2] Wi o uk
22 A = A, 48)7] o] A& ofAl(carcass)= URMIEE
A3k bAoA ek,

ARALE, oA(ZF 2 & Suke])el it ARMIEEAS
AOAC (2005)9] W o] whe} -2 A7 a0 29 (125°C,
3 h), 23122 AR (550°C, 4 h), TS =
E47](Kjeltec™2300; FOSS analytical, Hillered, Denmark)
2 £ lem, AR Folch et al. (1957)2] W of w2t &
A= et

AR, A olA|, ol 181 EFM O] AJRbit /g o] 24
At X AR Metcalfe and Schmitz (1961)2] B of] w2}
F2H%oH, Bl AR capillary column (112-88A7,
100 m X 0.25 mm, film thickness 0.20 um; Agilent Technolo-
gies, Santa Clara, CA, USA)o| A2 gas chromatography
(Gas Agilent 6800GC, Agilent Technologies)E &3l &4 =31
t}. Carrier gas= 545 ARSI, oven?] 5= 140°Cof|
A 240°C7HA] 4°C/min 0 & Z7HA ZA T}, Inject} detector?] -2
T=240°C2 A5}ttt Standard sample2- 37 component
FAME Mix (Supelco, Saint Louis, MO, USA)E A3} Tt

AstE Hot

438 248 93 AAJAI= chromium oxide (Cr,0,, Dae-
jung, Siheung-si, Korea)2 AR50, AFALR U 1%7}F
HEE Hrlelct AR 2 YEE St ¥, S
(10%)y5 =3tstoit. AdAtme AF=AIZ7](SP-50; Gum-
gang Engineering)Z 0]-5}0] 2 mm= 4&=|2ict, AHALE
£ 712(24°C, 12 h) E]o] -24°C Y-g-alof Btk 5, AF o o] &
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ook 23ks AdAEE ARSAE FASERREAY 13Y
AL, Fol 9 48Y) 7 F wU AP Frhol(REt &
49)ofl 147t T H ek vhA e Ak 5 = TAILE 5
of A&l Yol 71X Aol HHFRt BollAie A
A 7 Adolo] 2/3 B9l)= Afste] Aol A FElFe R &
2 22 FH8kSieh FE A7 Shin et al. (2020)9] A2
= B2 et & &2 2425 1(-80°C)oll 1
5 Az 5l A AR 2] chromium oxide 3HeF
2 Divakaran et al. (2002)%] HS EU|&2 AR oH, A
AL gt 2] A4S (apparent digestibility coefficient,
ADC) AAHALE ot Aot

ADC of protein (%)=
100-100 x (% of Cr,0, in diet/% of Cr,O, in feces) x
(% of protein in feces/% of protein in diet)

Apparent digestibility coefficient of dry matter (%)=
100-100 x (% of Cr,0O3 in diet/% of Cr,O, in feces)

sA=4

[y |

BAAvH= SPSS (Version 24.0) Z2 1S 0]-835}0] in-
dependent T-test 57 &4 =]o] dlol¥ o] Bt 7H9]
OJ4(P<0.05)= H|wstth. dlolH=  Hatgl+ EFHX
(mean = standard deviation)= UERY 1 0.0, W25 | o] E] &=
arcsine U Lo = Atsto] SAEA =k

-

2 o

o12] AWAF 24(% of lipid)e Table 201 Lebfgict
Oleic acid®} linoleic acid®] 3152 DHA-2}F LO+- Afo] o]l 2}
017} 1515F. LNAZFARA= DHAT o= BH-5j0] 517) 3t
o, LOFNA 2+ 1.32%, 0.52% 3% 218tk DHA
T2} LO2] EPASF2 1.49%, 1.82%, DHA E=-2 6.12%,
6.60%= UebT). AEole] FBWit WG 22} DHA7}
6.25 g, 443%, LOT7} 7.12 g, 519% LFebdc(Table 3).
SGR2 DHAT7} 11.3%, LO#7F 12.2%% LERTE. FCR
I} PER-2 LO-2F DHA- 7Foll Zpo|7} gi3{t. Fli= LO7M7F
DHA-Rt} =34tk 714 ¥ DHA A %2 DHAT7H0.12 g,
LO77} 0.11go. 2 Uepgth BEE-2 DHAT-2F LOTHolA
27} 64.3%, 62.7% UERHT ofA| e, 232, a2
2k DHATL2H LOT Aololl §2]210] Zfol7} 99Ot =
A gFgoll A= LO73.66%)7F DHAH(1.59) X o} 33kt

41301 9] VSI= DHAT(6.5%)7F LOT(5.1%) =0k %9tch
(Table 3). ISI:= DHAT(1.76%)7} LOT(0.92%) 5} 5012
© & %9t} HSI, SSI, CF= DHAT-2} LOT Afoo]| 5014
2 Ao} 131

Al

fud

A7 - ol

1Y

AR whizl 4318 DHAT7} 83.2%, LO+-
7} 80.1%2 Uehdth A% 43h8-S DHAT(68.3%)%
LO(66.1%)- Atolol| 5212181 Zpol= ¢l3ith(Table 4). AF
o] 43}7|39] & A2 (pepsin, trypsin, chymotrypsin, amy-
lase, lipase)-> DHAT2} LOTE AFolof 3-2]# 91 Zlo] 7| §131
TH(Table 4).

Table 3. Growth performance, feed utilization, survival, proximate
composition of fish carcass and biological assessment of digestive
organs of juvenile Atlantic bluefin tuna Thunnus thynnus fed the
experimental diets for 13 days

Dietary treatment DHA LO One-way ANOVA
Growth performance and feed utilization

FBW! (g) 6.25 7.12

WG? (%) 443 519

FI®(g) 249 2.95

DI* (g) 0.12 0.1

FCR® 0.49 0.49

PERS 3.25 3.21

SGR’ (%) 11.3 12.2

Survival (%) 64.3 62.7

Proximate composition of fish carcass (% of wet basis, PC)

Crude protein 14.2+0.32 13.6+2.57 0.064
Crude lipid 1.59+0.47°  3.66x0.802 0.028
Crude ash 1.40x0.40 1.3320.12 0.833
Moisture 80.2£0.24  80.6+1.03 0.649

Biological assessment of digestive organs (BA)

CF® 1.01x0.10 1.00£0.08 0.688
VSl 6.51£#1.53  5.10£1.18 0.072
HSI™ 2.35¢0.99  2.21+0.90 0.779
ssi 2.13+0.74 1.97+0.43 0.590
ISI'2 1.76+£0.78°  0.92+0.60° 0.009

'Final body weight. 2Weight gain (%)=[(final body weight-initial
body weight)/initial body weight]x100. *Feed intake (g)=dry feed
consumed (g)/fish. “Docosahexaenoic acid intake (g)=[feed intake
(g)xlipid content of diet (%)x100]xDHA content of diet (%)x100.
’Feed conversion ratio=dry feed fed/wet weight gain. *Protein ef-
ficiency ratio=fish weight gain (g)/protein. "Specific growth ratio
(%)=[(log, final body weight-log_ initial body weight)/days]x100.
$Condition factor=(fish body weight/fish body length®)x100.
Viscerasomatic index=(viscera weightx100)/fish body weight.
"Hepatosomatic index=(liver weightx100)/fish body weight.
""'Stomachsomatic index=(stomach weightx100)/fish body weight.
PIntestinesomatic index=(intestine weightx100)/fish body weight.
DHA, Docosahexaenoic acid; LO, Linseed oil. Mean values of PC,
BA are presented as meantstandard deviation (n=3). Values with
different superscripts in the same row are significantly different
(P<0.05).
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L.

AR O HERS 62-64% LiEkeh, Zhekepolis WL,
25 59 FA=ol =53] gt ARAR 7 S AEE
o] thE offroll B3 Hrh(Ji et al,, 2020). FrigolE 2
2 2135 A Aol A= AEz27] 3Y ool Adole] 14-
19%7F HALeL =T, ol= Ao E A8 22 &7 &
Qtof| BHst= AEF AV YRR A S & HA1E ¢ rH(Biswas
et al., 2009, 2016). T3 Friafol= Aol et FY&=
7hwEA S| o Zof| o] FE3to] HARF Ayt
11 2 =] ]th(Ishibashi et al.,, 2009). & ALe} FAFSH 27
o] FHTeol(3.18-7.8 g% ol 8T AR ARG E e HE
£(48-71%)°] B 11| qc}(Jiet al., 2008; Biswas et al., 2009).
3 A8 A0 4 Ago] ofk HAks BkEA) slokow, YR
2o] Al 29} FEalo] SIS Feieols] 544
= LS o, 2 ARSA R o A EEoll= EAI7F Sl E A
© & yihE )

Betancor et al. (2019)2 %]0]7] T Azt & tie =
DHA ggFo]| 242 3.2%, 2.3%% WigAIR S 553 A1, 4
7 zpo]7} itk B sk o Ji et al. (2020)2 Ak U
DHA o] 2.7%¢1 HeAI 2.2 B3 49 RS B8
Aot Aol ARSHAL Barsgint. s o 72 dA|
HIARS. 2 Hol & E3)| 335 th(Sargent and Tacon, 1999).
Seoka et al. (2008)<> 3% o1 F-A8 2 2|0 o] /A%l A4
= f18liA= Ab= W DHA/EPA S| H]&-0] 1.0 o)/to] e} Eofof
gioh mastolrh s1 olR 7k F2 AsHe Holel Ake

Table 4. Apparent digestibility coefficients (ADC) of protein and
dry matter in the experimental diets by dissection fecal collection
method (% of ADC) and digestive enzyme activities of juvenile
Atlantic bluefin tuna fed the experimental diets for 13 days (U/
mg protein)

One-way

Dietary treatment DHA LO ANOVA

Apparent digestibility coefficients (% of ADC)

ADC of protein 83.2+0.91 80.1+0.07 0.136
ADC of dry matter ~ 68.3+2.13 66.1+0.52 0.376
Digestive enzyme activities (U/mg protein)
Pepsin 0.78+0.15 0.71£0.09 0.479
Trypsin 1.37+0.14 1.031£0.29 0.081
Chymotrypsin 0.24+0.08 0.28+0.06 0.398
Amylase 1.0610.04 0.85£0.12 0.623
Lipase 8.3341.08 8.9340.91 0.502

DHA, Docosahexaenoic acid; LO, Linseed oil. Mean val-
ues of ADC and digestive enzyme activities are presented as
meanztstandard deviation (n=3). Values with different superscripts
in the same row are significantly different (P<0.05).

©] DHA/EPA B]&-2 2 oJAk¢l Ao 2 R E ¢tk Biswas et
al., 2009). & &119] ALE Y DHA 3k 2% 3%0]4 3h%-

3tk DHA-2F LO-2] DHA/EPA H]-&8-& 717} 3.18, 2.56
o oromn] 7k Ao A DHA Heolse: o]t ¢l
k. 2 AL AT DHAT-] WGE 443%, LOFE= 519%2
DHA Zgefl 23t A sh= UehA] gl o5 Salfl 7
thgol Alm Wl DHARREC] 3%0]4o]al DHA/EPA H|&°]
2.5 0}4% 49 LOE A AUORH 1%S g3kl = 4ol
RAHQ) GaPo] §hE RO WL,

Betancor et al. (2019)2 t 2 Al o] DHASS-5(70%)
2% 7181l A=A A A2l rapeseed oilS A= U] 4.7%7t
A 7K AR S FFstel = Aol S 3ol &
A7 ol o, v zto] vlsf 7+o] 24 gHol 31% S5k
chaL B sk, Zhrhae] of ) o) A4 geke AHsHs ol
o] A4 ghkol S7gtel wet S7kske, AbAE 242 A
SF AP O] AHAF 2/ o] Pk Whethal HalE Q{tk(Biswas
et al., 2009; Betancor et al., 2019). T A Fzletol= A=
LC-PUFAS] gto] &= 78-F- Al LC-PUFA®] 2]5o] 5
745, 1 Zo A= DHAZ Mel# o2 Z23ho] T}2 sjok
of ol Hs o]A| 2] DHA $FFo] ral 2 1% ¢{rk(Ishihara
and Saito, 1996; Betancor et al., 2017, 2019). LNAZ} LO-* ©]
Aol Aut 224 E AL ALR W LO 7}l whel LNA7} 255
7| o = g

Rekpole] AR AEE ARe] Yopa 2A) JHS
HHoTh thetols 24 Reo] S8 AIRE AL A4S
VSIe} HSIZ} 5718t o= 43}7| ko] AL H]sf| 4=3F
£o] W ApRE 434617 18] A3a] vhelen B
%) QITH(Takii et al., 2007a, 2007b, Ji et al., 2008; Biswas et al.,
2009). Takii et al. (2007b)-2 ]2 53-73% gt v AR
2 B Aol o] SSI AR S B Acigelu
thal B akgiTh Shin et al. (2020)2 tfAjekttieto] 2ol &
oz Aol AR S BT A9, AolA 242 Ay
8AIZE, 124171714 2hgtetar Harskqity. DHA-9F LO++
LR AR S FERon Gk 24 BUsC

o] 2shE 43Py Wl Asta 4l el dFs W
CHLi et al., 2014). %|o}7] Z}20](0.68-600 g)y= AAkko]
uhe} A5ta 4 EAJo] Z7hE Tk B E T et al., 2019;
Shin et al., 2020). Ji et al. (2020) AALZ L} HIFAIRE 35
3 e ATt o1 o] Asha 4 T ME Aol 7 oLt 4
AeAE fo 2l 2ol t glglom, ol el Bzt
gho] 4x3ta 4 o] H-FHH Q7] wwoletar Harskyich 3
chgolS 3] S414 offi AsHge] WL AIRES HHY
A9 FEI 23F 95} 23440 Aol F/KTn B
%) QITH(Takii et al., 2007b). x]©17] €} 3H FE o] (1.68 g)=
48] W o} B3 T /3 A% trypsino] Bt £
v gl oha B 1] ¢l H(Takii et al.,, 2007a). 2 Q9] ARS-AIE
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Aip xo)7] A Feidol ALr W DHASS+2] 33% (A
& 1%)5 LOZ thA|S 7-9- DHAT-9F LO+9] T 4
38, AEASHE, 48lE 4 TAL 907 Q) 2}o]7} LFEL}A|
otk SHAITE, LO-2] of A W A1 ekFo] DHAT- thH]
ojF o =7 Y, LOTEE] ISI 42%]7} DHAT-o] H]3]
froldo @ v yepd 22 LO7F DHASE-F-20} 2|97
A Ferol o] Aol Al Asheol B w371 dledl AL
2 A= E

AEA R, YAt Ak= W DHAS 3ol 3% ©]
/go]i DHA/EPA H]&0] 255 $53 29 LOS A5t
DHAES-72] 33% (A= W 1%) tiAlIste = DHA 2]
OfRt A s UEUA] g Al o2 Tk LOY AR
& 23 23k a 4 Bl FofnlRh FRkE HolA] YTh
SEAIRE oA Wf At 1SIof| v] A= G2 Hol LO=
DHA&=-oll Hlsf AUl &8keo] & ACR AlRE, of
A LNAZZA o] 215 2] o & yhofsh= A o= AetEth whepA
LO= tiAIthgo] Akm W A1 Yo 24 o] 87ks/d0] &
B3t Aoz getEc

Ab AL

2 At e Aatakshd(R2023025)0f ofsh A€ = 954
c}.
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