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This study was conducted to investigate the nutritional characteristics of the following Korean-distributed fish spe-
cies commonly consumed as sliced raw fish (CC-SRF): olive flounder Paralichthys olivaceus (OF), red sea bream
Pagrus major (RS), Atlantic salmon (AS), coho salmon (CS) and sockeye salmon (SS). The crude protein and lipid
contents of OF, RS, AS, CS and SS were 20.2% and 5.5%, 21.2% and 6.8%, 17.7% and 18.5%, 18.3% and 16.1%, and
20.4% and 5.7%, respectively. Regardless of the type and weight of fish species, the major amino acids were leucine,
lysine, aspartic acid, and glutamic acid, whereas histidine was identified as a limiting amino acid. The major minerals
in all CC-SRF were P, K and Se based on the recommended daily intake or sufficient intake for Korean males aged
between 19-49 years. Among the different types of all CC-SRF, the intake of OF and SS lipids is predicted to be as-
sociated with a lower n-6/n-3 fatty acid ratio, whereas among the free amino acids, which are expected to have health
functionality, we identified taurine in OF and RS, and anserine in salmons. The digestibility of OF, RS, AS, CS and
SS were 60.7%, 54.9%, 48.5%, 49.6%, and 53.4%, respectively.
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Salmo salar), v} ¢](cherry salmon Oncorhynchus masou), Sesto] 717k 35S, 18] a1 Aol E % T A aFelol(S. salar)
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Table 1. Produced area, sampled condition (weight, length, state, area and period) and sample code of commonly consumed fish species
[olive flounder Paralichthys olivaceus, red sea bream Pagrus major and salmons (Atlantic salmon Salmo salar, coho salmon Oncorhynchus
kisutch, and sockeye salmon Oncorhynchus nerka)] distributing as sliced raw fishes

Sampled condition

Fish species Produced area ) Length (cm) . . Code
Weight(g) Unit State Area Period
Total Body
) . . 1,026+25 40.7#1.5 35.7¢1.4 9 ) OF-1
O|IV8 ﬂounder JejulwandO/GBOJe PP lee Tongyeong 21 9_1 0 ....................
2,051+44 52.1+1.2 452+1.9 9 OF-2
1,508+107 44.0+1.8 37.2+1.6 3 ) RS-1.5
Red Sea bream Japan PP lee Tongyeong 21 10_12 ....................
2,630+130 48.1+1.9 40.4%1.0 3 RS-2.5
Attantic  Norway 4116164 644£10 59.1%14 3  Fresh pi101n DS
Salmon Coho  Chile 4,186£190 63.3t1.1 594415 Busan ' oS

3
Sockeye Russia 4,033+252 60.7+1.2 55.7+1.2 3 2112 SS




) k] 31

AP EAE 7l ES S oF 10 mg S 7hE o8- Al o]l
g3 AFH sk ¥aL, of 7] 0.05% (w/v) 2-H| 24 E ol eh&
(2-mercapto- ethanol) (C,H SO)Z 2H3t 6 N ¢4k °F 10 mL
£ 7 g, ol8 et 105£1°CE 2AH 2719 s
(heating block, HF21; Yamato Scienific Co., Tokyo, Japan)of
A 24A17F 7HEB AL A Al 2RI obn| At A8 A A 2
AlE= G4t 7hEEallES 40°CollA YaEste] ik AlA
8L, 0.2 N AL ER H5-H(pH 2.2) 0. 2 4825 mL)
51901, 0] 5 membrane syringe filter (pore size 0.2 um, 13
mm, PN6054567; Pall Co., Seoul, Korea)= 22| A|Z3}% ).
oAl B4 H% A A0 ARFE o] §3te] of
=AM 5541 7| (Pharmacia Biotech Biochrom 30; Biochrom
Ltd., London, UK)= A A| 514t}

271

oflA] 150+ 5¢F RES-A]
ZE 23715 dH A7
7FEE 3 LTS = B2 goo] F uj7hA] EeAA A=
SEQAT. oo A HIZE #al|7] 9] 25 dof Y= AlA sk,
4L do 100+ 5°ColA] AAto] | mL A E 7} 558 FA
71 the of7]0] ThA] 5712 BAE S A4 10 mLE 7Fet
&, B 22 2el7]9] W, 7FE80+5°C, 4001)5hs S
3kl oy st 771 S48 AE 8O IR Hal)
o] Ato] | mL %7k H9E u) BohS Fasha 2% At &
o0 2 A gaHa TS, of 2 B H§(100 mLysle] A|Ehsict.
7120 B ke R A2, 9, 28, Tdle)2) 7
£ ICP-OES (ELAN DRC II; PerkinElmer, Santa Clara, CA,
USA)el, o5 F714(E, As)e] 49 ICP-MS (Nexion
350D; Perkin Elmer)ol] A 2] €H(50 uL)S FU3F tF2 4]
E5(MFDS, 2022)0f AAEe] Q= 27 (carrier gas, ar-
gon; RF power, 1,300 W; plasma gas flow, 10 L/min; auxiliary
gas flow, 0.2 L/min; pump flow, 1.0 mL/min; pump speed,
100 rpm; nebulizer gas flow, 0.55 L/min)o]| w2l A A 814 T}

R

ohe AR 9 BolZ lstol
2 80+ 5°CojlA] 4007t

At 48 ARSE A4S Ao oL, FE8us
chloroform-methanol (2:1, v/v) &84S A8-31+= Bligh
and Dyer (1959)8] 0.2 F=Z3to] ARESFGITE A AE 242
& A YA S o83kl AOCS (1998)H ol whet
A A v o AH| 23)5F Sof| capillary column [Supelcow-
aArial Unicode MSx-10 fused silica wall-coated open tubular
column, 30 m X 0.25 mm L.d. (Supelco Japan Ltd., Tokyo, Ja-
pan)]©] Z2He gas chromatography (GC-2010 Pro; Shimadzu

9] oF 54 779

Seisakusho Co. Ltd., Kyoto, Japan)& ©]-8-3}o] £4]5}%ct.
oluf F2|4 2] Apal H"ol| AH 2+= 14% BF,-Methanol §-
oS o] g5ty ZABFFTE 273 A7 ¢ E(injector) 2 FI
(flame ionization) 7Z7](detector) &=+ 250°C2 3}
o, A9 9 B (column oven) 2T 180°Co| 4] 857 97t
5 3°C/min & 230°C7}A] 2247 the 1558.7F 97|54t}
Carrier gas+= He (54.0 mL/min)= AR8-3}17, split ratiox= 1:50
o2 5kt

S AL A2 90k FAT oA BAT B
Z2(Supelco 37 Component FAME Mix.; Sigma-Aldrich
Korea, Seoul, Korea)e] ™i-& Al7Hretention time)} H|ul
skof sASHL, FEFO] fle A 9= A (Ack-
man, 1989)2] ECL (equivalent chain length)¥} v]n.5}o] 5%
SFATE YF 22 2= methyl tricosanoate (99%; Sigma-
Aldrich Korea, Seoul, Korea)E A5}t
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HleRl De) TR} o] 2 FEe BAS AETTAMEDS,
2022)0]| 4 9gsF HPLC-MS (high performance liquid chro-
matography-mass spectrometry)]| 2|gF A =Fs] of| wha} A AJs}
et o]fl, +41-2 Shiseido Capcell Pak C,, SG 80 (4.6 X 250
mm, 5 pm)o| A2 HPLC-MS (Nanospace SI-2 system; Hi-
tachi Co., Kyoto, Japan)E AE-5}0] o] 54N HERE-oEHE
(9:1, viv)&E skaL, 52 300 uL/min, SIS 254 nm=
sto AlxIstiek

2 weloto|At 3 HE|E

Aol A 0] §elotuliedl B glefo] 25 B4 o}
L FQ fglohu] =Aktaurine, alanine Y glycine) U HEfo| =
(carnosine Y anserine)°]| T 5}o] 3H45}o] Aba 1 12} 51T}
SelofulieAt 9 etol=o] AL Sfat AAlels 37 15 ¢
ol 20% (w/v) trichloroacetic acid (TCA) 20 mLE- 7}s}aL, 10
E7F ak gl A418-2](9,400 g, 20+8) 3 T2, 10% (w/v) TCA
2 ofo] TS W T 100 mLE A8k S0t
A9 flEbol = ZA48 AP Alme 8T e 2z
of FfskaL, FF2 ol 25 ARg-st] TCA A A 378= 43] vt
H3l 5 =2l [ithium citrate buffer (pH 2.2)= 4825 mL)
3to] A 2351421, o]& membrane syringe filter (pore size
0.2 um, 13 mm, PN6054567; Pall Co., Seoul, Korea)= 2
Az

Selobu]ate] AL 2] A5o] QS o] g3fe] of
0| .= AR E-E4] 7] (Biochrome  30; Pharmacia Biotech, Lon-
don, UK)= AA| 814t



ST vk HA| 5 g& FaL, of7]of oju] 2ARE ¢l
3 ElH(saliva) 6 mLo} v} 1Y E]HK(magnetic stirrer bar)E 2}
g2 92 ohs webd S(parafilm) 0 &2 EetAA Q4L E U
Sto] A 23Tt o] ol A, 17 A23HE- e 9] 43HE237°C
2 N8 shaking water bath (SWB-10 Shaking Water Bath;
Jeio Tech. Inc., Daejeon, Korea)ol|A] &3] 5571 shakingA|
A A x5tk 9 423k EE-S 7 23HE0l| 99 (gastric
juice) 12 mLE o] & &asta Ugsto] AlxskqlaL, 423t
52 37°CE A" = shaking water batho]| A 24|17} F-¢F A%
5] shaking A7 HA] 223FA[Zi T} o|uff pH7} 3 o] 5-7F6HH 6
N HCI& o]-8-5to] pHE 3 ofstz 2-sqIth &4 23k &
a2 T, SlolA A5A 0= AstA gt ko] A%l
(duodenal juice) 12 mLe} ©5(bile juice) 6 mLE Yo &
35lal Waslo] A 2511, 43HE-2 37°CE A& H shaking
water bathol| 4] 2417} 59t %1%13] shaking Al7|HA] £3HA]
Zick oluff pH7} 5 ofsto] At 8 o] 4ol W 6 N HCIZF 6 N
NaOHE: o|-g:}0f Opih iz of o17e] o] H 4 3
s,

a7}k SRS QAERI(12,000 g 158)5H0] 45
< WP, - U ES x| 28k 4RSS floto] AR
sholnh. asha2 AP AEaoll tieh 43 At 9] A5
Zfo] o] Al ulE(%) & shlrh.
SAH *z2

2 Q17 Aso] et dlofele] TR L oA HH(S%
Fol4==2)2 SPSS FA 7] X|(SPSS for window, release 18)
of| 2]3F ANOVA testE ©]-§-5F0] #4REA1 g 5 Duncan®| tf
THA8e AAlsto] YepSich

U Bt o ofLx]

ThAH] 31710 o] B (s WA o], A b, ti A o], &
dof 9l 3o, FHCEolo] B9 1 kg E 2 kg, F59] 7
9-1.5kg 9 2.5kg)d UHHIE T @ o1 Z]3= Table 29} 2+
ok o] FE SIZF 5 100 g GO 5 S A 07 Fof
ol Zol7} 242 72.6 g L 72.8 g0 & 7P =9k, TS o g
H(69.9 g), =¥0l(64.4 g) B thAF0(62.4 2)¢] =012
THP<0.05). 314 15 100 g o] T 4= o2 1994
0 o]Fof WAGlo] FFo] F2 Alo] w2 Ao vlate] #9k
THP<0.05). o1 313 15 100 g T2 24 FF2 72
07 A g0 7F18.5 g0 & TP = kAL, thy o & ¢l o]
(16.1 g), &=(6.8 g)2 <=0] 2™ (P<0.05), Fol(5.5 2)2 &
(5.7 g)7F A &l 7} §lo] 7 H3kth(P>0.05). o]
100 g Fo] SEE AW TR fo2 0 R ool A
glo] FaFo] A& Aol 7hH & Zlof| H]ste] 1= 4THP<0.05).
3+, Hamilton et al. (2005)2 AF1AF 9104(454) [El 35 ¥l of
(0], T, 20, Wdo] W FAafAol)], A thAeF
Ao(1537) B A A= (1370) 9] A1 248 S4dh= A+
of| A doje] A5 k2 AL Aol 2] - 6.44+3.27%,
FAAE dojo] AL 16.59+291%, FA AbR 2 H L] ¢
33.20+2.67%C131 1L, o5 FAJAL AAofo] 2] Sk A
(F7Fek A )ol| what ko] 7} 14.0-20.0% 1= %131, o= A
5 3H7 wto] oh et Abm o] 52| Afo|of ot ggFo] 714
ZIThaL B a1gk vp7) Qlet. o] & w|Fto] £ ufj 2 AF ol A2 of
AMeke], &-qlo] Wl glof 7he] A ghaFo] ato|= A4l
I} 2pIAL 7] Zpo] Binto] ofuf et QFAIAE A of 7he] A9 AbR

Table 2. Proximate composition and energy of commonly consumed fish species [olive flounder (OF) Paralichthys olivaceus, red sea bream
(RS) Pagrus major, Atlantic salmon (AS) Salmo salar, coho salmon (CS) Oncorhynchus kisutch and sockeye salmon (SS) Oncorhynchus

nerkal) as sliced raw fishes

Proximate component (g/100 g) Energy
Sample code' X ) —

Moisture Crude protein Crude lipid? Ash Carbohydrate? (kcal/100 g)
7BOHOM 193140 5.0:05° 16:03 02:0.1%  1283:64%
71.3+0.6° 21.0+0.5¢ 6.1+0.6° 1.4+0.27 0.2+0.1% 145.5+4.38
72.6+1.6" 20.2+1.2" 5.5+0.8' 1.5£0.2"" 0.2+0.1" 136.91£10.6'
TLOELE 20707 628048 185044 03:0.1% 1453168
68.8+1.4* 21.7+0.8¢ 7.5£0.4°¢ 1.6£0.2* 0.4+0.2* 161.516.8¢
69.9+1.7" 21.2+0.8" 6.8+0.8" 1.7£0.2" 0.4+0.2" 153.4£10.8"
624:05 177:04  185:06" 12:02" 02:0.1"  2434:39Y
644203 183:08 164304 14202 01201 | 2236410"
72.8+0.6" 20.4+0.3" 5.7+0.3" 0.9+0.1' 0.2+0.0" 139.244 4'

ISample codes (OF-1, -2, RS-1.5, -2.5) are the same as explained in Table 1. *The data were quoted from Park et al. (2022). *Carbohydrate
(%)=100-(moisture+crude proteintcrude lipid+ash). “The different letters (capital letter in each olive flounders and red sea breams, and
Roman alphabet in mean of olive flounder, red sea bream and salmons) on the data in the column indicate significant differences at P<0.05.



5 Aol wizole} Tt )Tk Z12]at, Park et al. (1995) = FES ofFol BARIC] 0.1-0.4 g 9| & v]Fo] AL, ofF
E oY A7t EE R Y A4S WAL, =AM e Tt = S gl Aol 7} QiAW o n| gt A I o] Ao
785 Eoh i A =AY o ol A wAITE Sl 7F ASATE o/ Fe] o T S 5 100 g T LR 23
AL gk HprE ik ofFHE S 5 100 g GO kA g 2 n]Rof Hol 317k 15 100 g B2 Bt T ok A
T oo o, s W Ao 424202 g,212g B FAoAE ATt o T FFoll WAQlo] B o7 &
20.4 g0 & o]50| 74 =9}11(P<0.05), TH&- 0. & 2-¢0](18.3 Z= chil A S1ER(20 +2%) 8 9)(Kim and Kang, 2021)0] %1 2.1,
g), A FAI(17.7 )2 ol ot S of ot A dof 1t Bt A oS g0l 1 kg AlQlehd B 3 A gk
Of 7% A Q1 Aol 7} AAUTHP>0.05). ©1F 100 g Bol 5 (3£2%)2] ¥ ¢|(Kim and Kang, 2021) 2t} 33}t
FE 2okl o Fol o] B FoAem Sl ZhHE o}FH 3 5 100 g Fo] oA = oA o= A Fd
ol FAE Aol vlste &’kﬂb}(P<0 05), F=9] 45 fe 017} 243 4 keal 2 7} oF 11 A7 SlolRlaL, o2 &

2 0 7 Zako| wp2 xjo] o] Ao Q1w %] GFITHP>0.05). o] 10](223.6 keal), 2-5(153.4 keal)2] 4:0]21.0.0(P<0.05), 2
3 58 100 g FO] 812 A Poloh FEI AT LS ©1(136.9 keal) W FAY(139.2 keal)7t 5212191 Zfol7 glo
g% 17 g0 7V B9, TR0 tiAoRAol(12 g), & 7FA SOk 71 A SI7H0 R vhepstrhP>0.05). ]9 2
ol(L1 ) X FAN0I gl oI PO, FoIok thAFA ol FH 51 2% 100 g FO oLl Fol Aepo] gl 8
o1, Y95 sio]s} 2ctol 2191 A9 foliel Aol/} Rt e ol e A B Aol hitoleh sl
(P>0.05). 22 % 100 g G0 8 8l e §0142l o 5, Kim etal. 018)2 32 Bo] Bl o] % 2.8 100 g
Aol7k GITHP-0.05), o1 A7 1% 100 g He] Wes o] o i10] A3 Eetel 78 keal, 23 H2o] 121 keal, ¥

Table 3. Total amino acid contents of commonly consumed fish species [olive flounder (OF) Paralichthys olivaceus, red sea bream (RS)
Pagrus major, Atlantic salmon (AS) Salmo salar, coho salmon (CoS) Oncorhynchus kisutch and sockeye salmon (SS) Oncorhynchus nerka)
as sliced raw fishes

Olive flounder (OF) (g/100 g)'

Amino acid
-1 -2 Mean
Thr 0.89+0.04%° (4.8) 0.9840.02¢ (4.9) 0.94+0.06" (4.9+0.1)
(2.
(4.
(8.
EAA? (5.
(4.
(2.
(
Arg 1.16+£0.08* (6.3) 1.2310.04" (6.2) 1.20£0.04" (6.2+0.1)
Sub-total 9.12+0.42% (49.2) 9.87+0.25% (49.9) 9.5240.53" (49.6+0.3)
ASP .. N 9820090 (10.7) 21740.05° (109) ... 2.0840.13" (10.840.1)
Ser 0.8110.05" (44) .o 0.88+0.01° (44) oo 0.85:0.04' (4.410.0)
G 3.0740.15" (166) .. 3.2840.10° (165) .. 3,.,1?tQ,J?T',.',"'..(JG.@.*,99). .......
Nomgare PO 071:006* (38) 072:001* (36) 072:001 (38:0.1)
Gy 0.96:0.09* (5.2) .. 0.96:0.02" (4.8) .. 0.96:0.00' (5.0¢0.2)
Ma .....1158009% (62) . 1.22£0.02%° (6.1) o 11820050 (6.1£0.0)
Cys ... 0.12:0.02* (06) . .. 012001 (0.7) ... 0.12:0.00' (0.6:0.0)
Tyr 0.60£0.06* (3.2) 0.6210.05%® (3.1) 0.61£0.02" (3.2+0.1)
Sub-total 9.40+0.55* (50.7) 9.9740.22%8 (50.1) 9.70£0.40" (50.5£0.3)
Total 18.52+0.97* (99.9) 19.84+0.47% (100.0) 19.22+0.93" (100.1+0.1)

ISample codes (OF-1, -2, RS-1.5, -2.5) are the same as explained in Table 1. 2EAA, Essential amino acid; Non-EAA, Non essential amino
acid. 3The different letters (capital letter in each olive flounders and red sea breams, and Roman alphabet in mean of olive flounder, red sea
bream and salmons) on the data in the row indicate significant differences at P<0.05.



782 2142 - ol - BAE - 014 - gl - A%
Table 3. Continued
Red sea bream (RS)[g/100 g (Area %)) Salmon [g/100 g (Area %))
-15 -25 Mean AS CoS SS
Thr 094:003%(48) = 097:004° (47) 09610021 = (48:01) 082:001 (48) 0831005 (48) 09410027 (48)
Met 051:003 (26) 062:004 (30) 057:008  (26:03) 050:012 (30) 050:007 (29) 062:007 (32)
lle 098003 (50) 009:004° (48) 0991001 ~ (49:01) 084002 (50) 085:004 (49) 094003 (48)
Leu 168:005° (86) 1721007 (84) 170:003' = (85:0.1) 140:003 (83) 145:009 (84) 162:004' (83)
EAA® Val 104:003° (63) 108:00 (63) 106:003  (63:00) 0950002 (56) 095:004 (55) 107:005 (55)
Phe 089:003 (45) 090:006" (44) 090:001  (45:01) 085:000 (50) 088:005 (51) 100s004' (1)
His 052002 (26) 054:002° (26) 0531001 (26:00) 0482001 (28) 0482002 (28) 08562002 (29)
Lys 196:010° (100) 20240.10° (98) 199:004' (99:01) 1673004 (98) 168:010 (07) 188:003 (97)
Arg  1.2310. 05/‘B (6.3)  1.29+0.05° (6 3) 1.2620.04" 6.310.0) 1.03+0.02' (6.1) 1.0640.06' (6.1) 1.19£0.02" (6.1)
Sub-total  9.7510.38" (49.7) 10.13+0.38% (49.3) 9.944027' (49510.3) 8541024' (504) 8.68+046' (50.2) 9.82+0.23" (50.4)
Asp 212+007*® (108) 219:0.09° (10.7) 21640.05" (10.8£0.1)  1.78:+003 (10.5) 1841012 (106) 2.04:0.04" (10.5)
Ser 082:003 (42) 086:004 (42) 084003  (42:00) 06B:001 (40) 0712004 (41) 081:002' (42)
' (163) 320:0.14* (160) 325:006' (162:02) 257001 (152) 2681022 (155) 299:008' (163)
73003 (37) 076006 (37) 075002  (57:00) 06B:010 (40) 068:009 (39) 081018 (42)
EAN Oy 108002 (62 113002 (55 106007  (4:02) 089:004 (63 0894003 (52) 036002 (49
Aa 1231005 (62) 1201004 (63) 126:004  (63:01) 108:003 (64) 109:008 (63) 1232003 (63)
Cys 015:001° (08) 017:002 (08) 016:001 _ (08:00) O0.1:004 (07) 010:003 (08) 0102005 (05)
Tyr 0601006 (3.1) 0.710.01® (35)  0.66+0.08" 33#0.3) 0.60+0.06' (35) 0621004 (36) 0.7310.03" (3.7)
Sub-total ~ 9.88+0.39® (50.3) 10.40+0.32% (50.7) 10.1440.37" (50.5#0.3) 8.39+0.17' (49.6) 861+0.50' (49.8) 9.67+0.14" (49.6)
Total 19.63+0.77"8 (100.0) 20.53+0.69% (100.0) 20.08+0.64" (100.0+0.0) 16.93+0.37" (100.0) 17.29+0.95' (100.0) 19.49+0.36" (100.0)

ISample codes (OF-1, -2, RS-1.5, -2.5) are the same as explained in Table 1. ’EAA, Essential amino acid; Non-EAA, Non-essential amino
acid. *The different letters (capital letter in each olive flounders and red sea breams, and Roman alphabet in mean of olive flounder, red sea

bream and salmons) on the data in the row indicate significant differences at P<0.05.

017} 101 keal, %017} 107 keal, 4 ©{7} 107 keal, 54017} 135
keal, 7Fcketo]7} 127 keal, 787017} 170 kealo] Qithal 2 st
HE7} Qlek(Kim et al., 2018).

FotoicAt gte U x4

ChasH] 317+0] o] F( Ak o], U AF s, thAf k<o,
ol gl 10401);_,??*(*014 735 %
1.5 kg W 2.5 k) Zolu]eAko] $hafy) 2402 Table 33 2
o}, o} SIZF 5 100 g G0 Fobn] ieqk T2 0](19.22
g), FE(20.08 g) & 3-¢10](19.49 g) 1E0] 7} =9kl TS
O ThAFelo](16.93 g) I 2¢10](17.29 g) 13:'— soaz
Al 2to] 7L 1310 m(P<0.05), o5 22 15 W AA| 1t
4 7:1 [¢] 04;(40 ].0]7]. 311:}(})>() 05) Qﬂ- :L‘gr 100 g o}
_4 Taktﬂ Zo]—u]i/\]— Gl—ako .»1—019]. zl—EO (e}f¢) _4;(4 k=1 %ak
o] W2 Zlo] =2 7o vlsto] Wk oK (P<0.05), o141 9] &5
of w2 F-oJ# Q1 Zfo] 7} gIITHP>0.05). ol 313 =9
Foh|AlE G5k =2 ofr]leAik(8% o)) o7 F
5, sl BAgle] 2 leucine (3Fol, 35 BT 8.4-8.6%
H 9], A oFelo], Telo] B 8.3%, 29101 8.4%), lysine (F

0] 10.1-10.3% <], 2= 9.8-10.0% H <], thA ] 9.8%,
¢o], ZoJo] BT 9.7%), aspartic acid (3Fo] 10.7-10.9% =
, F510.7-10.8% W91, thA FA o] 10.5%, A 0] 10.6%,
24101 10.5%) ¥ glutamic acid (3301 16.5-16.6% H 9, 2=
16.0-16.3% <], thA o] 15.2%, &30 15.5%, Z<lof
15.3%) S-o]9it.

fﬂ% o ik Aol A A/ =] 2] FAU A= o=
Zoto] A FT 22 o F FHUS Foll & B5alof ok of
1i*P°lE} o}FE 33 5 100 g T2 Bpom| Al HrS
©olz] o & 30](9.52 g), TE5(9.94 g) L 59901(9.82 g) 1E
4 7;] o 0414 oz 7].;(]—_1,-_0P—y E]—S, oF EHHO]:oquS 54g)
o} -2A01(8.68 g) 152 =09 21 (P<0.05) L& Wi HA| 7+
¢ G-97 el Zpo]7} AATHP>0.05). 317 5 100 g o

g] %Eoktg_ ﬁelz[\_o}u]i/\]-%l—ako Jo{_,] 7ﬂ O o 740] ko
of ulste] F-oJ# 0% #OLH(P<0.05), =] - z—ﬂkoﬂ
w2 2ol 7k IR EA] SITHP>0.05). o]& thaH] 3172 of
Z3} Safoll BAIRle] Harotu|leAke] 2412 49.2-50.4%
Q1= A L] Ak S0l o] 4], FFA QL ou] 7} QI aL, AR
A} A& %A 9= tryptophan: A £]3tchd BE A 1A gto}]

o rlo



S cha] 17k] G B4 783

AR histidine (2.4-2.9% # <))o ¢}

thab] 317} 559 35 Agtotu]icAto]HA] ofglo] gt
7]o3}= lysine (Suminski et al., 1997) g2 o]Ea} F5fof
BAGLO] B 9.7-10.3% M= FfHof 3ot =l 8]
55 IR GR7E FA R st 54 A7l Al than] 81
T 5FEWAL Fol, A s, tiAgde], 2ol 9 &
o])9] 5 100 g& A FoH= ¢ Y WA A (balance) ZH

ol 2lu|7t 9)e et Tk s ATt

S~

Tha] 317ke] o F(FUIE Fol, 4914k AE, Ao,
o] & FA)H, STHCE19] B 1 kg B 2 kg 3591 74
S 1.5kg 9 2.5 kgl ohg 7714 (Z+, 91, Z2E 2 vk
)7} v]e} 7712804 9 Ael) T Table 49} 2k 24
2 XA A7), 282 5 L o)k, A o] SEI A=A
o, g99) 331 9 o7 74] A8 A W] of i (Yoshimura
etal., 1991)7} Z-2 7] 50 Tofat A o2 oA glt}. o] %
H 317F 5100 g 9] Z4s IS Fo)7k 229 mgo & b
A oy, TS0 @ F=(18.8 mg) 2 101(17.6 mg) L&
=, QAFA(10.9 mg) H 20](11.8 mg) IF2] <=0]%
©1(P<0.05), L5 W AA| 7] - -2 21 2o 7} gl olct
(P>0.03). 317+ 5100 g FO] 578 s T2 259 o1
(CFo1ef Rhm) ol A 1914 %1 Zpol 7} I eH(P>0.05). Kim
etal. 2018)2 oA G551 317F 100 g 5 24 o]
FEBe 31l 7hekere] T5:0] 49 15 mg, ol 152 4
16 mg, AXA o 79l mrhe] 59| - 22 mg, Z7HA7L
FHrEo] gl Mol 289] A4S 141 mg, Aol 252 29
81 mg, B740] 252 4935 mg, Fo] TH B¢ 42 mg,

e

-

2F £5-9] 7% 34 mgo|2al Hargh iz} Qlok. thaxH]
S17H9] of$ Zsg ohd o=l EAF 19-494]9) 1Y A%
1 800 mg (The Korean Nutrition Society, 2020)¢| H]
sto] olo] 4$-2.9%, FH52] 49 2.4%, hAleye1ole] 2
1.4%, 2%1019] 79~ 1.5%, &A1 9] - 2.2%0ll 3iesk3ict.
wheb, Fol, Fhas, iAo}, 2ol 2 S0l T&= 0%
of A glo] B 5 100 g&f A Foll &fet 2] 1747154
= 7Idsl7] o g Ao P E Qi
12 A A A7), AlAG] oA A £7, w417 A,
49719 BE & s SFatel gt A4 pH -4, o
AR A A7 | A2 AR o] F B QIAESE Hkg-ofl 2%t
o] 740 ZAJ3) 5(The Korean Nutrition Society, 2020)
of Hofsh= Ao defA Qe ofFH 3 5 100 g F
9] o] FFeke Z=(300.6 mg) T Z-2101(304.5 mg) 10| 714
=9k, TR0 2 2-¢10(257.9 mg)Q] $=0] %100, 3501(249.8
mg)e} A1 eR10](239.4 mg) TEO| o4 02 Fhg wiekeh
(P<0.05). %714, F52 S olet &¢lof, el 2ol =%
ofo} tiAlFlofel o] o= Zfol7l 9l ATHP>0.05). 317t
5100 g Fo] S 2 o2 259 oF(Folot )
Fo A §-2l2¢l Zpo] 7L FIATHP>0.05). Kim et al. (2018)S-
ol A SEEE 17 100 ¢ 5 219) ggol Zjrate] 2%
o] 74282 mg, "o +4:9] %3289 mg, Hlof 24| 4
311 mg, 29|52t 25:-9] 49 278 mg, of 5-9f 4% 311
mg, o] Z52] 7% 214 mg, Z=re] 52 749222 mg,
7ol &5 A9 221 mg, sol 52 B 217 mgol=kal
HIRE W7} QlTh thad] 31710 ofFd Q1 AR vl '
2} 19-49419] 1Y AR =] 700 mg (The Korean Nutri-
tion Society, 2020)0f| H|5}o] 301 o] H-9- 35.7%, HE2] %

Table 4. Mineral contents [macromineral (Ca, P, K and Mg) and micromineral (Fe and Se)] of commonly consumed fish species [olive
flounder (OF) Paralichthys olivaceus, red sea bream (RS] Pagrus major, Atlantic salmon (AS) Salmo salar, coho salmon (CS) Oncorhynchus
kisutch and sockeye salmon (SS) Oncorhynchus nerka) as sliced raw fishes

Sample code’ Macromineral (mg/100 g) Micromineral
Ca P Mg Fe (mg/100 g) Se (ug/1009g)
1 23.7+1.082 251.4+14.14 454.9+31.3/8 31.541.6% 0.48+0.02% 11424
OF -2 22.1+1.88 248.3x17.3* 433.8+30.0" 30.5+2.5% 0.48+0.01% 12414
Mean 22.9+1.5" 249.8+14.2' 444 .3+29.8"" 31.0£2.0" 0.48+0.02" 121"
15 18.910.34 291.9+24.6%8 487.2+15.98 34.642.178 0.5140.02%8 12414
RS -25 18.7+0.7A 309.31+44 .58 467.2+8.8%8 36.3+2.8° 0.52+0.018 12414
Mean 18.810.5" 300.6+£33.6"" 477.2+15.9" 35.412 4" 0.52+0.01" 121"
AS 10.940.8' 239.445.5' 378.3+29.5' 26.1+1.5' 0.48+0.01" 341!
CoS 11.8+1.3' 257.9+33.3" 380.3+4.6' 27.5+3.5' 0.53+0.02" 641"
SS 17.62.0" 304.5+19.4" 411.64£29.5" 31.3£3.4" 0.44+0.01' 641"

ISample codes (OF-1, -2, RS-1.5, -2.5) are the same as explained in Table 1. *The different letters (capital letter in each olive flounders and

red sea breams, and Roman alphabet in mean of olive flounder, red sea bream and salmons) on the data in the column indicate significant

differences at P<0.05.



784 25 - o3 - HAE -

42.9%, H A FA 01 2] 49 34.2%, &¢101 2] 7% 36.8%, T
019} 79 43.5%0] sistict. whetb, Fof, s, thASA
o], &¢lo] W Todo] 15 100 g9 A F&= ofFof TAglo] =
Q19 A7 71T o= S Ao ® wtEglon, 9l
HHA o7 = Aol 28] e o] Jlo] F F5EA|
F7]/8&olrt

QL ) pHO| 27, A7 T-%9] S84 44, b
5 0]-2-2] ulld(Yoshimura et al., 1991)7} Z-& 7|5

) Aoz dHA et ofFH 37 5 100 g T
5 TSRS ol(444.3 mg)oh FH5(477.2 mg) o] 014
B2 7MY =0k, the o 82 ZA0](411.6 mg)2] =olglom,
A ¥ 01(378.3 mg)¥t 2¢101(380.3 mg) TLFo] 24
& HUATHP<0.05). Lot st o] 7H) A9
O #pol7} IATHP>0.05). 34 % 100 g Fof T%F

B A 259 ofF(Fo1eh FE) oA o)Al b
o7} R ATHP>0.05). Thaxn] 31719 o] 8 Zg T b=
o] YA} 19-49A419] 1Y AAAIFH =2 3,500 mg (The Korean
Nutrition Society, 2020)]] H]3}o] ThA %A 7} 10.8% =A
017} 10.9%, Z- 017} 11.8%¢] g5t

S A, Q) A 2AS Ak, olvAl o
ol dagt aas A= B aar SAa%t
o2 gheh 1A, AAEAYE SR ot EE Y] BH|E
2A7)IL, BE FHAA AGS AL, L5
(Uwitonze and Razzaque, 2018)A]7|= 9 &S sl= Ao =2 &
H A Qlt o]FH 317 15 100 g Fo] vh 1| Sk o]
(31.0 mg), ¥=(35.4 mg)? 3AI(31.3 mg) Lo 7H =
20 2 T A F01(26.1 mg) Y 2%101(27.5 mg) 1F
of zo]glont, Fofe} Floft txjekslole} £glofe} §of
#<1 2po]7} QUHEIA] HEHP>0.05). 517} 25 100 g B
TTE vl S 239 ofF(Fol o ) BrolA 1+
O]Z1 Q1 2ol 7k HATHP>0.05). thaxn] S17Ho] ofF niiy|
T TS =l 9 30-49419) 1Y AR FH I 370 mg
(The Korean Nutrition Society, 2020)¢]| H|5}o] Fol2] -9
8.4%, F=2] 7% 9.6%, thAFA1e] - 7.1%, %1019
29 74%, F012] 29 8.5%0] sarsict. ujeA, ol
i, tiAjrelo], £10] W 1ol 14 100 go] A7 ol
ofl Tglo] % olul4e] 47715418 27 Zee 4 ¢
g Ao 2R RO, TAT EE o e,

HE HoA 2202 AAE Adsh= A Tl 9
nZzule] A4 LA H o] 31 (Wessling-Resnick, 2014), AF
4% FHE E O gee] Bale) e dmlel 14
Aol (Aggett, 2012), AL AlAS] A, A7) e,
A9 7)s, 283 322 F4d(Murray-Kolbe and Beard,
2010) 52} 750l Bolshe Aoz eiA Slek. ol Az
29100 g o) A S $-0)% 0 2 20,52 mg)7} 2]
©1(0.53 mg) Fo] 714 9L, THe-0.2 Holo} Lelol(m
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AL,

048 mg) 159 =olglon, 30|71 0.44 mgl & 71
SHATHP<0.05). 317 5 100 g T 538 A ohd2 239
o F (G0l 2 5 ol A 1191421 Zpe] 7} §lIEHP>0.05).
Kim et al. (2018)2 =it ol 4] f-5-=]= 317+ 100 g & A 9=
o| 7itlgto] 28-2] A9 1.8 mg, o] 252 4% 0.7mg, =
the] 259] 4% 1.1 mg, Hof 259 H9- 1.2 mg, Ao &
9] 74 2.1 mg, o] 59 %9 0.5 mg, 5o <52 4
- 1.0mg, 20E 15-9] 7-9-0.5 mgo|2har K argt vzt 9l
k. thaeH] 31%1e] o} A ke dh= el WA 19494191 1
o YA =kl 10 mg (The Korean Nutrition Society, 2020)
of| H]ato] 3Fo] ] - 4.8%, H52] H-F- 5.2%, Al FA ol
9 4.8%, 291019] A2 539, T0o] AL 4.4%0 Fg
Shelet. whebA, o, A, tiAgFAo], 2o 2 3ol &5
100 g&] A= oFoll TAIGIo] BF Ao 775 4d= 2A
7IHst7] ol A2 FAE O, e 3 20l H ¢
AR A= ofy sint.

Al a2 AAA e A A2 S A3 13 Q1A |
Aq7]%5 A8t 5 2 4 A =3} 9Al5o] 3leH(Yosumoto
and Yoshida, 1988). o] 317 85 100 g B3] Alell& &
oA oz Foleh (12 ug) T1E0] 7HE =L, v e
2 Zofot FA (BT 6 ug) 1w ol e, thAgFo]
7F3 ug e & 7P RSITH(P<0.05). 317 25 100 g B3] S
Al S 259 o (3ol 2k s HRollA 1944 A}
017} G1ATHP>0.05). Kim et al. (2018)2 Fijoll 4] GE 5=
S1ZF 100 g & AldlE ol 7ol 459 74921 ug, ¥
of 59 -39 ug, Erke] 259 A9 11 ug, Aol &5
O %71 ug, 29 &E 59] -9 83 pgolekal Hargt it
oAtk ThaH] 317+0) o Tl Ale|4s ok T}l TR 1949
A1) 19 B F el 60 pg (The Korean Nutrition Society,
2020)°] H]sto] Fofot 2H52] ¢ K 20.0%, =0 U F-
¢1019] 7 10.0%, thA ol ] - 5.0%¢] sligst3ict.

K|EbAr BH2F 2 &M

0o =X

Thas] 317k0] o] (AL o], 4=l4k g, T Aakalo],
2ol W Ao, TRl A 1 kg ¥ 2 kg, s
749 1.5 kg 2 2.5 kg)d AHHAre] ek ul 2408 Al A3}
= Table 59} 2} o} 5 o} F T4 100 g & A4 o2
thAl9F 017} 17,149.9 mgO & 7P =9k, T} o g 2o
(14,406.1 mg), & T1E(6,317.9 mg)2] <=0|3loH, F¢io]
(5,219.0 mg) B 3Fof 7155(4,922.0 mg)o] 7 wekont, gl

oje} o] & 7k A7 e A o2 Ao} YATHP>0.05).
oFE <5 100 g F APt o] F Ao A of uhE A4
SR 2L A Fol AR E A 2E, HASE A
Aap o] A- 9 T4, T2l Felo] XAt ol 3152
ZEFEHUS F, o158 25100 g F Adak e 242
ol A s A o] 74 B ZopAgAke] 242 1,761.9
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Table 5. Fatty acid content and composition of commonly consumed fish species [olive flounder (OF) Paralichthys olivaceus, red sea bream
(RS) Pagrus major, Atlantic salmon (AS) Salmo salar, coho salmon (CS) Oncorhynchus kisutch and sockeye salmon (SS) Oncorhynchus

nerka) as sliced raw fishes

Olive flounder (OF)' [mg/100 g (Area %)]

Fatty acid

-1 -2 Mean
20 29+0.5% (1) 7.0£514 (1) 5.0£29  (0.1x0.0)
0 1.0£0.3* (gt 1301 () 1202 (t)
140 2753+439° (6.2) 3245+59.6° (60) 299.9+34.8" (6.1:0.1)
% 22.8+¢3.00 (05 29.8¢1.5° (06 26.3t+4.9'  (0.5¢0.0)
0 1,020.9+146.04 (22.9) 1,257.2+¢133.08 (23.3) 1,139.12167.1' (23.120.3)
o 15.8+27 (04) 21.6:0.7® (©4) 18.7+4.1"  (0.4+0.0)
0 173.3¢21.7* (39 194.4+10.5* (36) 183.9+14.9°  (3.8#0.2)
20 11.5¢40* (©03) 13.1#38%® (02) 12.3+1.1'  (0.3t0.0)
20 1104 (tp 32+0.7¢ (1) 22+15% (.
20 6.1+33* (1) 9.2+30¢ (02 7.622"  (0.2¢0.0)
230 56.0+7.3* (13) 66.4+5.00 (12) 61.2¢7.4"  (1.3:0.0)
24:0 3.9+214  (0.1) 5.3£34*  (0.1) 46%1.0"  (0.1£0.0)
Saturated 1,590.7+220.7* (35.8) 1,933.0+204.58 (35.8) 1,761.91242.0' (35.8%0.1)
1415 3208 (1) 43+02¢ ©.1) 3.8+0.8"  (0.10.0)
1617 361.3+105.2*¢(8.0) 463.1+38.9° (86) 412.2472.0"
18mn9 1,076.1£184.6* (241) 1,191.3¢+114.74 (221) 1,133.7181.5'
209 120.3+41.9*% (28) 114.8¢6.0 (21) 117.613.9!
29 223+48 (05 22.6+10.00 (04 22.4+0.2'
24:1n-9 31.248.6% 35.4+11.3* (0.7) 33.3£3.0"  (0.7+0.0)
Monoenes 1,614.4+255.14 1,831.5+135.0"8 (34.0) 1,723.0+153.5" (35.1%1.6)
82n6 122.8+15.7 (28 146.5¢5.8* (27) 134.7¢16.7'  (2.7£0.0)
836 6.7+18* (02) 9.2+23* (02) 7.9+1.8  (0.2¢0.0)
833 39.3+3.8* (09 50.9+¢11.2% (09 451482'  (0.9+0.0)
20206 14.7+#474 (04) 18.7+26%*® (0.3 16.7+2.8'  (0.3t0.0)
2036 6.7+26* (0.1) 84+33* (02 7612 (0.2¢0.0)
2033 71814~ (01) 8.0+03 (02 76106  (0.2¢0.0)
2046 0.8+06* () 0.9+04* () 0.9+0.1" ()
2206 15.7+#42% (0.3 17.7¢31% (0.3 16.7+1.4'  (0.3t0.0)
20503 327.5£32.1* (4 410.5¢78.9* (76) 369.0£58.7' (7.5:0.1)
22:6n-3 700.9£49.1A 961.4+109.6* (17.8) 831.1£184.2" (16.9+1.3)
Polyenes 1,242.2+72.74 1,632.1£195.78 (30.2) 1,437.2+275.7" (29.2+1.5)
n6 167.4£10.5* 8 201.4+16.8* 37) 184.4+24.0' (3.8+0.0)
n-3 1,074.8173.2% (24.3) 1,430.7+178.9* (26.5) 1,252.8+251.7' (25.4%1.5)
TFA? 4,447 .32474.9* (100.1) 5,396.7+534.98 (100.0) 4,922.0+¢671.3" (100.1%0.0)

ISample codes (OF-1, -2, RS-1.5, -2.5) are the same as explained in Table 1. °TFA, Total fatty acid. *The different letters (capital letter in
each olive flounders and red sea breams, and Roman alphabet in mean of olive flounder, red sea bream and salmons) on the data in the row
indicate significant differences at P<0.05. *tr, Trace.
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Table 5. Continued
Fatty acid Red sea bream (RS)' [mg/100 g (Area %)] Salmon' [mg/100 g (Area %)]
15 25 Mean AS CoS ss
120 o 2301% ) 221020 (@) 2301 () 46:15 (r) 634 () 2508 (01)
130 07:02* (i) 09:03° (1) 08:01 (1) 10509 () 07:08 (1) 14101 ()
140 754218 (30)  2513:305°(37) 21341537 (34105) 7816460 (22)  2505:202' (17)  2866:192' (45)
FE TR
(@2 871612' (225:04)  1,7748:1185" 1. 2 212
: 04 2980 (04) 2621520 (04100) 284500 (02) ©1) 18109 (04
180 3842000 (58) 3010269 (57) ATHAT2 (58:0.1)  ATI7THI23 (28)  43THTTY (B1) 1985338 (38)
200 w@e7e 0 7402 03 15325 0201 %408 03 FT 09 1003 02)
21:0 8011 (01) 4008 (01)  35:07  (01:0.0) 4202 @) eI O1) 1240 (1)
220 7916 (01) 89104 (01)  84:07  (01:0.0) 07407 (02) 186104 (01) 36101 (1)
23:0 7011255 (12) 70686 (10) 70404 (11:0.) 480124 (03) 466165 (03) 275510 (05)
240 431020 (04)  41502° (04)  42:01 (01200 07477 ©01) 73400 (1) 09600 (1)
Saturated 1,0486:853 (335) 235424121 (345) 2,1517:2868" (34.1407) 28325617941 (166) 245441245 (170) 16337224 (313)
14106 22104 () 30103° () 26:06" (1) 19507 () 23:03' (1) 32:06" (0.1)
16:1n7  2768:206° (48) 36B1:07° (53) 375575 (50104) 4512607 (26)  40924338' (28) 31711569 (61)
18:1n-9  14819:3719°(255) 1,7086:2100°(250) 1592841568 (252:04)  7,687.1285.1" (448) 6337+1859'(440) 10780:234 (207)
20109 10B9:ILC (19)  1566:132° (23) 13395363 (1:03)  57724766' (34)  2423:1320 (17)  2309:510' (44)
o S T, P
(6 5145445 (08) 4416104 (07:0.14) 641198 (04) 02)  588:104" (11)
(331) 23023+1905°(338) 2113742671 (334£05) 88569:2167" (516) 7,0408:228.8 (489) 1,7589+158.1' (33.7)
18206 62841047° (108) 6114:1606°00)  6100+120' (98:13)  26718£14B0" (156) 20014135511201) 14632261 (28)
18:3n6 7306 (01) 82123 (01)  7:8:06  (01:0.0) 204:55' (0.1)  285848' (02) 3707 (01)
18303 BSSBE (15) 86965 (13) 862410  (14101) 105204799 (61)  8MIMY (68) 550410 (1)
260:81° (05) ~ 262:41° (04) 261201  (04:0)  1787£220" (10) 98218 (07)  233:24 (04)
(03 154131° (02) 153201 (0.3:01) 4540 (03)  439x124' (03)  93#12 (02)
20303 70200 (01)  e211% (01) 8116  (01:0.0) IO 05)  Be2A (02) 92415 (02)
204n6  12:01° (@) 145000 (@) 1300 () 25410° () 2007 () 0000 (1)
22006 254805 (04)  263#.1° (04)  250:06 (04100) 1793221 (10)  B5H8 (07) 234124 (04)
20503 3611953 (58  4155:016G1) 3758561 (60:02) 55043673 (32)  3508:566 (24) 61774866 (118)
226n-3  8MOL737A (139) 96114217.0°(141) 886110611 (140:0.1)  6823+1017" (40)  5295:603 (37) 9376:177.9'(18.0)
Polyenes 1943.1:119.3° (334) 2,1616+150.5°(317) 20525¢1545' (325£12)  54605+1475Y (318)  4,9109:4184"(34.1) 182641643 (35.0)
n-6 703512007 (12.1) G8BO163E°(10.1) 6962:103 (110:14)  30972:1433) (180) 31727:37331(220) 20601330 (39)
N3 1239643289 (213) 14727+313P(216) 13562416481 (215:02)  23633+117.3V (138) 1738284981 (12.1) 1,6204:048" (31.1)
TFA? 58163 £162.5° (100.0) 6818.14532° (100.0)6,317.947084" (10000.0) 17,1499¢57.9 (100.0) 14,406.1£2416"(100.0) 5219.0£1215' (100.0)

ISample codes (OF-1, -2, RS-1.5, -2.5) are the same as explained in Table 1. °TFA, Total fatty acid. 3The different letters (capital letter in
each olive flounders, red sea breams and salmons, and Roman alphabet in mean of olive flounder, red sea bream and salmons) on the data

in the row indicate significant differences at P<0.05. “tr, Trace.

o] ¢
mg (51.6%) 2 7,040.8 mg (48.9%)C. & 714 =9k, ok
2 oy 3kA a2k 5,460.5 mg (31.8%) 2 4,910.9 mg
(34.1%)], 223294 22 2,832.5 mg (16.6%) 2 2,454.4 mg

4 o9o]9] 9 BT A7MEEsA o] 242}t 8,856.9

e}

(17.0%)]9] =0 glom, o] 5 459 o 7 ob=ge] AdAt 54
olo] AL tpHEz sl A HAto] 1,826.4 mg (35.0%) 22 714
Lobw, TS o8 YrHE RS HAK(1,758.9 mg, 33.7%), &
SRIHFAK(1,633.7 mg, 31.3%)9] =o]gith dukzo g 12:0,



S ohaH] Sk ok 54 787

14:0, 16:0 9 18:0 5} 2 ZIA AR S 2t of 4] 113
shd o g QI3 o] B Fo] Ao, & FaS AAAA 1
7ol 9Jaf3r AR o7 #2351}, EPA (eicosapentaenoic acid,
20:5n-3)2} DHA (docosahexaenoic acid, 22:6n-3)5 34520
2 Sk t7RE 2SR B2 2ok Ao R {3
Elo] gafo] oo -85 RO R AESt= Ao R o
A Qi

o) 5% 5 100 g T =2 AHHEAIE] 10% o)
ole} F= 2 W 222 A0 16:0 [242F 1,139.1 mg (23.1%)
1l 14187 mg (22.5%)], 18:1n-9 [Z+2} 1,133.7 mg (23.0%)
11 1,592.8 mg (25.2%)], 22:6n-3 [2}2} 831.1 mg (16.9%) 2
886.1 mg (14.0%)}5:2 22 3%, tjAlckeiolel eciolo] 7
© 16:0 [2}2F 1,774.8 mg (10.3%) 2 1,595.4 mg (11.1%)],
18:1n-9 [2}2}H (7,687.1 mg (44.8%) 2! 6,335.7 mg (44.0%)] 2!
18:2n-6 [2}7}2,671.8 mg (15.6%) & 2,901.4 mg (20.1%)] 5
722 3%, 3019 A2 16:0 (1,108.4 mg, 21.2%), 18: In-
9 (1,078.9 mg, 20.7%), 20:5n-3 (617.7 mg, 11.8%), 22:6n-3
(937.6 mg, 18.0%) S} Zr& 40 2 5oio} BE 2|2 118,
oA ekedolel o] XA T1E, Le|al Fo] A 7ho]| Z}o]
7F A dRbA o g A bAE 5 n-3 A D n-6 A B AYA|
Woll Al Z¥z ok 2 At & Hehe|an, T YE 2 E prosta-
glandin®|L} leukotriene 5-2] icosanoid cascade= RH=-0 X[ Lt
A5 49| B ook, n-3 A2 W ne6 Alde] 471 22t n3
A G (EPA, DHA 5) % n-6 A &(18:2n-6, 18:3n-6, 20:4n-6 )
2 AHASCH(Park et al., 1995). Z18] 3, n-6 A|HARS Al Eo0]L;
S0l o EASEAL 21aL, =8 n-3 AAF 5 18:3-n-3= o
vhel, FHsehe, s @ sl )N 3 2 AEg
of, EPA %) DHAL: $:4H2 0]t} £413131 9z Ao o
2] ITWHO/FAO, 2002; Hamilton et al., 2005). ©}2}A], o
T 5 100 g & A4t o5 Ao A o] w2 A4 g
b 27, o) ar =8 A AR ek 24 O] A= o]F0 &
o] o] Qo] &= QFAJARI} A} A AL 2fo], FAAL 71| - At A
7Heo] T U 2/ Afo] wzol ek wetE gl

A, < n-6 A4 9 linoleic acid2] ¥} A %]+ arachidon-
ic acid 2} 2] icosanoid A/ o] F=8}A| 7141, o] A o]
Zetolut et 718 of ) 742] whdAghe] W aS =ol=
felo] Hryar A Q= 1HH, n-3 A9 9] EPAL DHA= ¢
of|A] Ak utel o] olefgt A& AAsk= 7]50] Qlrkal &
HA QItk o] 2 Qlslo] UwkA oz X2 9] of Ul 7|5 B4
=257 Rt 2 o' MBSk ARl A, &
217 k2 Ael7]52 7HAAL 9l n-6 A9 n-3 AlE o 1Y
AR A T BlE(n-6/m-3)2 = 25X F(MOHW,
2020)2] 7-%- 4-10/1 2015 0f| A|AISEBE7} QLo 2T 2}
7 R=Eo= Aekslar Qx| %31, WHO/FAO (2002)2] 79
4/1& A okalal et 18] 3l Simopoulos (2002)2 23t OF
O] n-6 AYARL vl =2 n-6/n-3 H]&-2 A EW A%, o, o

T % AP Ak 23R e Ao S FXIsk=
WA, B2 n-3 AAR 9FEE W2 n-6/n-3 WS- 2512 o]
= Ao WS AT Ento] ofzt, o] 59 HEo] 2-3/1
O] 7% FutEl A A5 A, 4/19] - A g A A 70% 2
&, 5/19] 9 AASA =32 = A o2 Bugtuprt ok
E2F, Chung et al. (2005)2 2| 507 ZH=9] A A= A+t
Aoz wslsto] ZIAWAF 9 n-6 AH4e) 4x8|7F F7ts)
AL AL, n-3 ARARS] AH|7F A sl s EE LrERof

n-6/n-3 ¥]E- 10-16/1 A== vepdcta 2 sk vz gl
whaba], b o] ZA7eh Al 1S flstol= oheFst B ol 9l
Aot n-6 AHARS] AB]RkS fE F0] 1L, n-3 ARHAE AH|
< HE ST 7= Ao] AAstE| el A Hr) Aol A n-3
[HHAE RS ST T8 AAES oY 77 S
Rl eabEo] S-AF 07 e d 4= Gtk S A o
5%-2] AL S 5 -6 AHAE EEFat n-3 ZAL gk
Sto] A B ok} o] F 15:-9] n-6 A4 St n-3 XA
b ol A8 o] 2+2F 184.4 mg B! 1,252.8 mg, k5 A& 0]
12+ 696.2 mg @ 1,356.2 mg, thA|2Flo] x| Qo| 72} 3,097.2
mg % 2,363.3 mg, ><1o] A &o] 247} 3,172.7 mg 9 1,738.2
mg, &-¢1o] 21F o] 274 206.0 mg % 1,620.4 mgo| 1L, o=
Ef2 5} 4hE3Hn-6/n-3-2 o] A H0] 0.15/12, T A
2(0.13/1) 2 AR AL, 2Hs 212(0.51/1), thA o o] 22
(1.13/1), &Ao] A2 (1.83/1)] H]sto] ket whehA, =
FEEIL Q= Fo], s 9 ol 31| HdF+= n-6/n-39)
H &S Wt 7o A0 R 7= 1, T FollA = Foe}
AAAE ol e] aulrt 2 A0 & 7=l

S, Sl o] A -3t s A Ao A AR B H S

T 5100 g F olF Ao Aol w2 Ak =
{8 AGARe] F5, n-6/n-39] H|E 52 A o]z} glol o,
g2 27172 Ao 22 Aol H]gte] o 2ol 7} 913tk

N

N

o o Hu

lo

ChasH] 31749] o (= UAF o], Ak 3, Al o elo], &
ol 2 T, SFCF19] A 1 kg 2 2 kg, J59] 4+
1.5kg ¥ 2.5kg)d B]EpY] D hFS A A= Fig. 13+ 2
th. HIERR D= Aot 7holl A Zhak Q19] 45 S415}1o]
=49 FI|ASE Qlsto] Bagt EF At o FEE &
ABHz 7]-s0] QAL TEA|Zo A 24 9] Aol gafiE o] v
Q= AE A5k, Aol A o] v == AS AN A
w ol Zhgro] JAE L FE 75S ot 2 o' g vt
(Cowbrough, 2015). o1 5 100 g & o]ZE v]elyl D g+
F2 2410](12.09 ug)et F%101(18.94 png) 1Fo] 7MY &%
AL, TR0 2 30(4.82 ug), 15(4.40 ug) A thAFeel(6.51
ug) LEoIF O, =AY - Fol, s E iAo 1
FE oAl o]zt JIUTHP>0.05). S17F 5 100 g &
O] Z=H HIEHRI D k2 259 ofF(3Foleh ) FollA
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Fig. 1. Vitamin D content of commonly consumed fish species
[olive flounder (OF) Paralichthys olivaceus, red sea bream (RS)
Pagrus major, Atlantic salmon (AS) Salmo salar, coho salmon
(CoS) Oncorhynchus kisutch, and sockeye salmon (SS) On-
corhynchus nerka) as sliced raw fishes. 'Sample codes (OF-1, -2,
RS-1.5, -2.5) are the same as explained in Table 1. ?The different
letters (capital letter in each olive flounders and red sea breams,
and Roman alphabet in mean of olive flounder, red sea bream and
salmons) on the data indicate significant differences at P<0.05.

o

59179l o7} Y ATHP>0.05). ?& , ©15 ©F4 HlEl D
Sheke ghao] WAl 19-49419) 19 WA F kel 10 ug (The
Korean Nutrition Society, 2020)°f| ]8}01 o] 9] 2 48.2%,
2] 7S 44.0%, A1 2] 79 65.1%, 2¢10] 2] 79
120.9%, 3-¢10] 2] -2 189.4%0l| sg3tc}.

FQ weE[otojAt H HE|E
Cha] S1gho] ofF (Uit 3o, a2, ti A g ele],

Ilo

Q0] U Felol)d, FCHIS] A9 1 ke D2 ke, BES] A
15kg % 2.5 k) 78 felofu vt 2 Hefo]= gy} 2
/4= Table 63 2t} o7 5 100 g & o5 E fr-2jopw| At
4 et =o] FAE = Fol7h 24-25%. ol 245, o
Hokelol7} 32&, £9o)7} 31E, B0z} 27802, o]E0]
w2 ol7F RHCEIE T4, o 25 1008 o1
$eloblat @ Hefol=o] £ glke foj o ol
037.1 mg©.= 714 3L, Th8-0.2 Fol(810.5 me) % 2o
2[E910(529.1 mg), 2101(495.5 mg) Y T4k ](480.2
mg)]2] 0] 7K (P<0.05), Fo15 7o) A% 2]l 7ol
7t §12eHP>005). 015 F.8 §elotuliedl 8 Heo]E
Fo17} taurine (613.5 mg, 75.7%), alanine (114.9 mg, 14.2%)
I -2 FEou|ieAlk 23, F-E0] taurine (638.8 mg, 68.1%),
glycme (86.9 mg, 9.3%) ¥ alanine (127.9 mg, 13. 7%) s
3%, AolF(tA o], &olef B-Ao1)2] - taurine
[7—}7—]' 36.7 mg (7.6%), 40.6 mg (8.2%) ¥ 44.1 mg (8.3%)],
anserine [2+Z} 276.5 mg (57.6%), 278.6 mg (56.2%) X 298.3
mg (56.4%)]1} 22 25 0=, oF 1tof] Zfo|7} 1= et
ok 26 Aoy ool o} k] 3119 oottt 4
HEjol=o) AUl Algo] FRo] ofet Farnrh ol
oJgk FaFeol § Zlvhal WetEiek o] 4] Axk= m|Fo| B
oF o1 kol 771 5540] 7|ThEl SelofaliAbe o,
2] 7% taurineo], thH2kelol, £10] W Flojo] Ag 1
I+ anserine©| T}, THH, SI3F 5 100 g T2 S f2fof
ulieAl Yl Fefo| 0] 2 peEe 250] o} B (Holel ) mE
o4 Faol $71& Ho] 7hule Ant feldor Forort
(P<0.05), =8 ofn|=Ake] o Bl F57-9] -9 212 Q1 2}o]
7} 1A THP>0.05). 3+, EF-H (taurine, B-aminoethan sulfo-

Table 6. Free amino acid (FAA) and peptide of commonly consumed fish species [olive flounder (OF) Paralichthys olivaceus, red sea bream
(RS) Pagrus major, Atlantic salmon (AS), Salmo salar, coho salmon (CoS) Oncorhynchus kisutch and sockeye salmon (SS) Oncorhynchus

nerka] distributing as sliced raw fishes

Sample FAA (mg/ 100 g) Dipeptide (mg/100 g) Other FAAs Total FAA
code' Taurine Glycine Alanine Anserine Carnosine  (mg/100g)  (mg/ 100 g)
T ebuewes 16750 @1 18943 (39 1803 02 2 - 5828 (5 052721002
OF 2 B217H70° (748) 167+64* (20) 1209:66" (145) 830.8£1.7% (100.1)
Mean 6135:116' (757) 167:00 (21) 114.9:85 (14.2) 810.5:28.7' (100.2)
15 BNe60 (76 WIHALE4 DSRP(39 679 @0 - - 542100 64) oA (10D
RS 904+125°(92) 1308149 (134)
869150 (93) 127.9+421 (137)
A il (9 t0s G B
Cos  wowt Gy w77 62 2207 69 oot -
ss 441150 (8.3) 138414 (26) 327100 (62) 2983487V (564) - 1402+146(266) 529141381 (100.1)

ISample codes (OF-1, -2, RS-1.5, -2.5) are the same as explained in Table 1. 2The different letters (capital letter in each olive flounder and red
sea breams, and Roman alphabet in total mean of olive flounder and red sea bream, and salmons) on the data in the row indicate significant

differences at P<0.05. *Not detected.
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Fig. 2. Digestibility of commonly consumed fish species [olive
flounder (OF) Paralichthys olivaceus, red sea bream (RS) Pagrus
major, Atlantic salmon (AS) Salmo salar, coho salmon (CoS) On-
corhynchus kisutch and sockeye salmon (SS) Oncorhynchus ner-
ka) as sliced raw fishes. 'Sample codes (OF-1, -2, RS-1.5, -2.5) are
the same as explained in Table 1. ?The different letters (capital let-
ter in each olive flounders and red sea breams, and Roman alphabet
in mean of olive flounder, red sea bream and salmons) on the data
indicate significant differences at P<0.05.

o

nate)& & T4 IHE obvlete] A0, AEolE 7o) &
oJ8IA] kot sEell= dhsolA Alsse7tA de| Exy
of Qlon] 53] AT} ZaERe] 2 47, olEHE A%
], 2kl ok e of qiek o5 Bl A 75

o] w7 ol thsl A 285 et o] st Al ¢F
3 9 HEF9 ool =gl HaL ARo] Az Aol Al
122e] $elo) Aok o 491 7712 ol
9 A eSS AaAA By ARl fasttt
o e 0 mes, A, oA B8 e

= Z] R 2l (low density lipoprotein) =8| 28| E2]
A& dAIsEL, G 220 AR o] Q= FElAHES &
3 o) 5= 2| Hbehel 2 (high density lipoprotein) 2| A H|
O] & S7HA | a3 2 Eat opuet 7t
S A AT ool a3kt Qlckal A Slck(Battault
et al., 2013). o]t 2 o] FAFAA AAQ= ] B
O] A7) 55 o835t AlF 2 A Y T 58 wok=
ufl-%- @t} Anserine (B-alanyl-n-methylhistidine)] o|v]thZ
(imidazole)3-g 7FA M A HojFo] t3#2] 2] dipeptide= &
714 sfigutsoll oJsko] pH 5218, At A, dits} 7]
S(EEol el E 7ls/reetdE aA), 7 24, 3
o EAL 7H B & A8 A UtH(Ogata and Murai, 1994).
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