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Comparison of Proximate, Amino Acid, n-3 Fatty Acid and Mineral
Compositions of Fish Roes of Eight Species
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This study was conducted to identify the food components and nutrition value of major fish roes on the market in
Korea. The proximate compositions of the roes were 60.02-82.85% moisture, 14.61-29.21% protein, 1.24-14.59%
lipid and 0.88-1.78% ash. The major total amino acids in the roes were glutamic acid, leucine, aspartic acid, lysine,
and alanine. The major fatty acids were 22:6n-3 (docosahexenoic acid, 9.37-32.68%), 16:0 (5.96-21.39%), 18:1n-9
(12.64-25.30%), and 20:5n-3 (eicosapentaenoic acid, 3.79-16.99%). The mean major-mineral levels were phospho-
rus (291.63 mg/100 g edible portion), potassium (271.00 mg), sodium (175.86 mg), calcium (24.02 mg), and mag-
nesium (22.15 mg). The mean trace-mineral levels were zinc (7.75 mg), iron (3.68 mg), and copper (0.81 mg). The
results suggest that these fish roes are good sources of proteins, amino acids, n-3 fatty acids and minerals.
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WAL 2, ofghe Al Bpata o
SeobieAtol e
20:5n-3 (eicosapentaenoic acid, EPA), 22:6n-3 (docosahexae-
noic acid, DHA) & n-3 LZ=&3Z3}A]"WAKpolyunsaturated
fatty acid, PUFA)'E. 7] $-6-5]0 9lo] 73543} 7}
A7t w2 AHAEe 2 2 A4 A QltK(Tocher and Sargent,
1984; Iwasaki and Harada, 1985; Simopoulos, 1991; Heu et
al., 2006; Kim et al., 2020). $-&| Lo A= ok AA & Z1]
7hegt Rt Al A Axdsold®E AFsA, 7t
e, B85, SA), v AR T3 22 o f= of ke A3t gt
= SAloll 27171 ffsll oAl A= o), 21, AN, Bk 2
oheFet RS of-g-oto] AdIstaL et o] gt ofghE &
Uehs ulssto] AAZIAol A 943t A B YO 2 o &
=) a1 QIth(Shirai et al., 2006; Suhendan and Sabahat, 2008).
Aol A TR AR AR 2018 (NIFS,

o
—

ZAo b B

o

2018)°] olghe] AlEAE &
o 9] 2F (17 252F9] oF 1.2%), ofv|=AkR/d
oF 9] 135217 13652 °F 10.3%), AAtAd
7157 9] 35, E4olQl gaold €] 3%
oF 4.4%)0| sttt T3k =g oFsts]of A
oF4SHEA R Z(KNS, 2009)0]= AutAEe
015 227%2] 9F 3.5%), obu| Atz Ao WekS
1129 oF 2.7%), AAat/de etk 9 Ho|d 2380l
76359] °F 2.6%) Wto] === o] Qltth.

N

ojgto] tigt A A& A

= 5o (Johetal., 1988; Joe et al., 1989)0f| tjat A7} 3
ot ojFo] ZHA3( Aol That A B Ao ]3] ofho]
tfst o1 oS- Ak olc). 9]5e] A9 of2he A2 @t
Foto] 4183131 glo] Aojetel ok A7 7o) gl Ay

U&7 A2l gk Alulof, AoldS 7hagt e of, J%
ol Soll thet URMIE, opv|ieatzd A A4k g ol of
3} &151(Suhendan and Sabahat, 2008)7} & A Qlc}. E3F &
A Aol Het, FA Y W A ool et A1 class R A
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o] g+ ® 317} 9Jth(Shirai et al., 2006).

Lgh= o /o] Foll et Fol 7|71 HEsA g = o]
|9k oA 7o whet of gk 7H oA {77t S8 Aol el
AUt} o= HE THAR(AEH S oF 40-55%)% &
U AR of A A2 Al TR, W, X =gn], A4,
it AlAE AL ik 53] o AA AR F o
Al ol S A (OF 1.5-30%)5HL Aol = &
10 % o] §E|X] il i #H|7| =L e A
1o 2 Aojel WaolAlEe Al el 48Rk
ol 1tHsHA allset & vkE 227t 7Fe ke S W) ofgh
= W AAR e 2 27, e e A Qlok B3 2 1Q17E
O] F7h= 1t A 2.9 F7HE o]ojA 44k HMR (home
meal replacement, 7Hg7FH 441 b 2 2] A A o] Al -
Al v 9] An] A gFol| 223k 7HH sk Zhgikar gl o
™ o] e} A AlEE vhF YAk = L Qlet. Tefut Ak
HMRA|ZEE o] Ao 245 Wt -2 Fef 2 o
a1 §lom ofghd Wkul §A A e mbrg ol A i #H)7
E|3L §lo] thE Aol vlsf o] 7] A&H|7]&0] & Holth

22 A A e UERE Ao A oSl A A
of = f-gol 7hsdll A=t ot ALt AlARE Al o] A
TAe ¢ Qleh & Aol A= xnfAREo] A Ao 771
oA &4 9] 7FeEt 852 Al o] 79 ozt Al
2 318t 0|5 o7 =l At EH ok Ak &
dvtsliHoly 5 7hvke] o] ARFS 13,196 M/T (metric ton)
o 5,507 M/T, =55 5,114 M/T, 22e+e 7|elE e &
501 2,062 M/T, 2123l SA 7= 71| 2 2575
0] 16,353 M/To] gl oL}, 0|5 o] wx](216,748 M/T), 1L
5°1(77,401 M/T) % ZE2](65,719 M/T)ol| 1] AJAbek-2: 22
Ho AT {38 B3l Al uhE 4= Sl gRbal
TEolth T3t HafjfAlo o] Ak A0l Sfshd HAl=
43,800 M/T, 5-0]%= 843 M/T 12|11 40} 9278 M/TO.&
YA= FAPARF 19], Fol= 391924 Fol= AAkgo] 4
2 HO|THKOSIS, 2021). & A-tof] ARE-H ofgh-2 A|dof| ok
& o =1L A Fo §-55 = o FE A sk Aol W
I A H7 5= A O R o5 o /o] AL SAARER
2FA Q1 AAFEE & = AANE ok e A | 7Hgsto] v
2|5k FEj7E ob B2 A A Q] FA| A== gl
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FAUA L BAslo] An|REolA S8 ABHRE AT
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Ao AREEl 72l (Ammodytes personatus, 2019.12,
AN, 99 Gadus microcephalus, 2020.12, &4 Hro] AAF),
LEZF 5 (Arctoscopus japonicus, 2019.12, F3l|¢tAl), 52
(Sebastes thompsoni, 2020.3, A|FAE) W Z7] 2] 71*}u](Pleu-
ronectes punctatissimus, 2020.3, &AF o] AAF Q] ok 2}
AAES 2 A5 @ Hukzl(Jinju, Korea)o| A o]ghE- 714 o
A& st o WA AR AdAR 2Rkt 3 oA
HA o2 AlHstL 2715 AAT & 555 d7skle
o Aol A el gk ofehE A Fske] Al m= ARE-SFGITE 7
2loke] oAkl thelh BlE&2 17.92%, 742 39.03%,
EREEUE 2685%, EEHUS 5.51%, SAYTHAMGE
14.93%9] Gol¥tt. @& L(Paralichthys olivaceus), 51
(Lateolabrax japonicus) 2 %1% (Mugil cephalus)2 A4
O & 2019119 AP o Aol A SO = ARGE| AL 57|
Tz ofghE Ayl WAE AH = AFARE 2R AR
2 ARgslRh ZF s 8F ek speed cutter (NFM-8860;
NUC Co. Ltd., Daegu, Korea)Z taf|slo] dH = ZA] 4
of] AR, U 7= -70°C2] WE(WUF-500; DAIHAN
Scientific Co. Ltd., Wonju, Korea)ol] #4-a} 11 E-A]of A-g-
sholct. GuHds, F71E 2442 A=Y 33 245k o 7
HAR ZF A m 43] B4 Aas g Ao aEHAE U
R QAL Fohm| Ak FS 23] A1 O Tt A = e Rl
H

&

T2 ATtEAR o R, AL semimicro Kjeldhal

Hoz 3lH2 A4 3|sh o 7k7F 2433t FX] A (total

lipid, TL)< Bligh and Dyer (1959)#.0.2 &3] SafH0
_]

Sollizit 1 24

o

FoieAb: 2 nhafE AR 100 mg test tubeof 42l
A3+ %, 6 N HCI 3 mLE 715}0] 242 $44]7] & heating
blockS AH8-8101 110°Cofl A 2441 7F FF 7 s A ATk 7F
) F 8L olass filter2 o] 75112 215-58H7|(SB-1000;
EYELA, Tokyo, Japan)o| 4] HCI-S- &+43] A 7|3t 3 citrate
bufferg o]§-s}o] 25 mL=2 &5}t H-845 A=+ Bio-
chrom 30+ amino acid analyzer (Biochrom Ltd., Cambridge,
UKol eJ3to] Fotul il & B4tk

RISAEY B4

[ |

ARPrbzd 2 AR Fe] TLS ARg-ste] AOCS (1998)H o=
HZNAH 2 FEAE THE T2 GC-2010 Plus (Shimadzu
Seisakusho Co. Ltd., Kyoto, Japan )2 4J3}%c}. =, TLY
AgAL v Ao 2~H 23 14% BF,-Methanol -§-24-& 0]-§-5¢]
ZABFATE TLE AWAF 242 Omegawax 320 fused silica
capillary column (30 m X 0.32 mm X 0.25 pm film thickness,
Supelco Inc., Bellefonte, PA, USA)S %23t gas chromato-
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graph (GC-2010 Plus; Shimadzu Seisakusho Co. Ltd.)Z &4
sttt A7 FUH(injector) 2 FI (flame ionization) H<7]
(detector) 2=+ 250°C2 3190, A 2 E(column oven)
22 180°ColA] 8E-7F A3 & 3°C/min©. = 230°C7HA] %
£ A7 TR 1587 §-A)5F4 ). Carrier gas= He (54.0 mL/
min)< ARE-5]AL, split ratio= 1:50 2.2 5} T}, 4 H A RFAE
& A7) 799 U 2ol A EAISE EE(Supelco 37
Component FAME Mix.; Sigma-Aldrich Korea, Seoul, Ko-
rea)?] ™S-5A7Hretention time)} H| W 5}o] A1, TF
ol gl AgAFY] 9= =34 (Ackman, 1986; Moon et
al., 2005)2] ECL (equivalent chain length)¥}- H| w3} 574
SHATE YH 50 2= methyl tricosanoate (99%; Sigma-
Aldrich Korea)E A5 Th.

®71d By 24

71 oS AR oF 1 g2 Aste] 500 mLg AEE
30| 3}l HNO, 10 mL& 71st & 7Fggitt. A Zoll=
Ao A 7hgstthrt A REE oA Zhdskar e
of| wet HNO,E H7bshiA] Axguj7ix] A& 7hdeitt
2hs] Az Al=zel 50% HNO, 5-10 mL2} 70% HCIO, 10
mL H7}sto] o] F wfj71x] 7hEEsl ATk b skA| &
3= 50% HCI 10 mL 7Fstal §30] S5H2 &oiAlX]
$ 100 mLZ 83 of3- 4= ICP spectro-photometer
(OPTIMA 4300DV; Perkin Elmer Co., Shelton, CT, USA)=
Bl
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tlo
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lo

of variance)Z 3101 P<0.052] -f-2]<=5=0]| 4] Duncan's multiple
|

range tests&E A

Ao 8 60.02-82.85%, THlE 14.61-29.21%, A& 1.24-
14.59% 9 3|5 0.88-1.78%2] HY& v|d Zyo Hys
Urelch AL 5% ofghe] ESEES =REY0] 80.04%
2 7P Eekom 7ive gl 60.87%= 7H Wkar o443
% ojgho] HFERS | 2o] 82.85%2 71 ko o
%ol 60.02%= 7H Wkth 53] 2 Aol A sEghel &=
2 = REOK(80.04%)7} 1 X] 2(82.85%)-S EA] 2(83.25%) L
1] A 2| 2H(81.53%) ¢ 799} AFeFS C.H(Kim et al., 2020),
AFo122H(50.0%), $1012H(53.0%) E %01 2(23.0%)<] B]3}o]
oF 30-60% o]/ ot W Afo| & KA, Eglkedo] vl
=0 U2 U(75.6%), HT-2(69.6%), HEHL(73.5%) L * o]
2(76.0%) e =oHKNS, 2009) T ofto]| H|sl} $-E5t
o] =2 Holqlek. Leuh &2 Aol A] 5019(60.02%), 71t
212H(60.87%), A 2]7H40]2H(63.53%) 2 50| 2H(63.53%)
& o] W ol it
ojgte] whARlEe FAY A Yol 29.21%= 7MY
i theo® 7htE|ek(25.01%), thTEU(23.54%), %
(20.83%) 2 %0]2(20.61%) o8 Foron wIEot
(14.61%), E5212(14.69%) H GAU(14.73%)2 ¢ @2
e UEt eIt A571A] S-efuetollA] &A1 ojzthe] o
B AFHKNS, 2009)> 5019(40.0%), BEHL(22.4%), =
9FAF012H(25.0%), AH012H(25.0%), H012(19.6%) E IR
(102%)% 0|5 F 7P =2 T AghES 7H 5:01(40.0%)
£ AlQfstars & A SA TR L(29.21%)°] 7Y =
2 oh SRS YRt 252 o) 7FAR9] H thil
Agko] 19.10+3.94% (NIFS, 2018)& = Lol A 272
7R, 7hde], it sold B Sol Y2 20% o)/
S et o] o]zt o o f o = JiThil ARAER 0
B O8It E& Ao ® 7|thHTh

ofghe] AR ofFol wet HAF Asto] wojdo]
14.59%% ofgt FollA 71 =31 JAU(1.24%)0] 7P =&
A Aekegs vehffo] FARzte] oF 12812 2ol & HEpf Sl

AUEA 0 2 Aeh7] o] ofghe of R g Tk X Adtgo] S 4

e i

= = S LieFHTH(Jeong et al., 2000, 2002; Kim et al., 2020). o]
oIS XA o @Ake ol5te] 28 A Yol Ay|7h s AAjde] wrere
e e 98 AmElo] QWL 7HAE| T o]ehs Wi R 25| 4
ofte] PubeE 27> Table 13+ 2. ofste] AWM= 2 nggape Zps1 A5kS 1 oltk(Jeong et al, 1998, 1999%).
Table 1. Proximate compositions of fish roes of eight species (%)
Sand lance  Pacific cod Sailfin sandfish Goldgye Sand flounder Bastart hailbut ~ Sea perch Gray mullet
(Gga-na-ri) (Dae-gu) (Do-ru-mug) rockfish (Cheung-goe (Neob-chi) (Nong-eo) (Sung-eo)
(Bul-bol-nag)  -ri-ga-ja-mi)
Moisture 60.87+0.04*> 70.43+0.07¢ 80.04+£0.30® 75.93+0.15¢ 63.53+0.09> 82.85+0.02° 63.53+0.11%> 60.02+0.19?
Protein ~ 25.01£0.25¢ 23.54+0.59° 14.61+0.20° 14.69+0.27¢ 29.21+0.55° 14.73%0.18% 20.83+0.31*  20.61+0.56°
Lipid 8.30+0.42¢  3.56+0.21°  3.5210.15° 8.21+0.15¢  5.32+0.01° 1.24+0.16° 12.41+0.29¢  14.59+0.63'
Ash 1.53+0.03¢ 1.37£0.01°  0.88+0.012 1.32£0.01*  1.62+0.01 1.78£0.02"  1.67+0.02¢ 1.57+0.02°

Means with different superscripts in the same column in each fish roe are significantly different at P<0.05 Duncan's multiple range test.
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E3F ofgho] 2| Zghre] gt HAL(KNS, 2009)°] oJshH 2
0] 79K(22.7-23.5%), 401 21(26.0%) L ¢10]2H(25.0%)-S- 1] L
A =2 A AR Holal §laL, FA2(2.2%), 8 o1 (2.4%)
2 e U(1.5%) A AgteFo] vjwA W2 ofgto 2 Hilk
o] Qltt. 18] A v AR L(1.97%; Kim et al., 2020) 2! Ga17]
2(1.6%; NIFS, 2018)%= 2| &gtgfo] B2 ofgho 2 2 79
Y X 2H(1.24%) 7} 5-AgE 2] gHkS 1 oAtk Heu etal. (2006)
O] A+toll WrEw 3% ol (W, 7itkold d kol
O] A HFFFE 1.6-2.0%2 thA| A o &2 chalZof vlsf 2|25
o] W& S UEPY It} EEARE/Ad = 3E 2018 (NIFS,
2018)0l| 4] o] 25259 ot A AT 2.45£3.10%% 21t
2 Aol A HAU(1.24%)E ALl 7F ofeh2 A &gl
3.52-14.59%2] W= o} o] 79| A Ay} v HA| = ofgt
T 5 A AT YO 2 A9 o] go] 7HeE Ao m A7)
Fr}. 3 ofghe] 3RS B REU0] 0.88%% 71 Wk
ow EREUS A Qe 752 Wt I 1.55+0.15%
<= HEh Ao

Zoto| o AketE

o] 7o) Zolu] = ARSHES Table 29F 2T}, 0f7he] Folu] Ak
k2 11.13-25.01 g/100 g2] 9= Yebton, SA 71k
1] 2H(28.11 g/100 g)o] 7P =9kar, {2 2o] 11.13 g/100 g&

[ .El
%

2 71A Wkt ESAREAEIE 2018 (NIFS, 2018)04] 14
Z o]The] Zolu| 1A HoF FEF2-19.97 +£4.38 /100 g & 7}
= S e Zhokol e 25.0 /100 gH o 2 A
o] SA 7AYol 3% AL o] Edth EFF Fohw]Atet
oo 7P W WA 1113 /100 g EA2H(11.30 /100 g)
g 0] A 21 2(13.81 g/100 )7+ ] 5=3t =2 $h=FS UE 9)
THKim et al., 2020).

ojghe] F£Q olm|lAkR2 glutamic acid, leucine, aspartic
acid, lysine & alanine©. & 0]& 5% ou|iAto] A ofn]i=
AFe] 39.89-63.04%°] WIS AAHYl o, BHatzdH=
47.92+6.69%AL}. °]F 5F2 F8 ofn|lAlRAH|E =2
T0K(39.89%)0] 74 SHQFTL 40]2H(63.04%)0] 7F =gkt
AR E R 2018 (NIFS, 2018)0]] ©]81H glutamic acid,
leucine, aspartic acid, lysine 4! alanine 5 5%¢| 8 o}
ALo 7o) o R ofgol FEACE Fo] £ & AL
o 4= glch. ek, Fhcheolet @ grieiate) A9k F0 of
n]lzAko] FEA O 7 glutamic acid, aspartic acid 2 lysine 2
2 Ao ™ 11 9] leucine, alanine®] §Fefo] =2 Ho|¢]
ChHeu et al., 2006). =3 7jH] o], o] W Fojde] A9
ZF9 o} 1=AR lysine, glutamic acid & aspartic acid &2 -
E2A 0 g 3leFo] =2 ofu| Ao @l o 11 9] valnine X me-

Table 2. Total amino acid compositions of fish roes of eight species (g/100 g)
- Sailfin sand-  Goldeye  Sand flounder Bastart

(Caanat) (Bo000) (oo o) el CTOIESES i (G0 Sung o)
Isoleucine 1.36+0.01 1.20£0.10 0.71+£0.00  0.83+0.04 1.62+0.04 0.48+0.01 1.02+0.04 0.95+0.02
Leucine 2.0740.00 2.06+0.13 1.18+0.01 1.2940.09 2.9140.07 0.88+0.01 1.6840.08 1.62+0.01
Lysine 2.10+0.03 1.75#0.09 0.63£0.06  1.08+0.05 2.20+0.05 1.01+0.01 1.51£0.06 1.41+0.01
Methionine 0.77+0.01 0.51£0.07 0.23%0.01 0.27+0.11 0.60+0.01  0.25+0.02 0.41+0.04 0.48+0.01

Essential Phenylalanine  1.47+0.03 1.09£0.03 0.75£0.06  0.73+0.04 1.18+0.04 0.55+0.03 0.93+0.03 0.89+0.02
Threonine 1.40£0.00 1.10+0.05 0.75+0.01 0.77+0.04 1.44+0.03 0.57+0.05 0.95+0.04 0.88+0.00
Valine 1.45£0.03 1.28+0.08 0.76+0.02  0.80+0.03 1.64+0.04 0.61+0.02 1.07+0.03 1.07+0.01
Histidine 0.68+0.00 0.55+0.05 0.41£0.04  0.36+0.02 0.60+0.01  0.35+0.00 0.52+0.03 0.25+0.28
Arginine 1.441£0.01 1.13+0.09 0.84+0.02  0.81+0.05 1.37£0.02  0.84+0.00 1.13%0.04 1.23+0.01
Sub-total 12.74 10.68 6.27 6.94 13.56 5.55 9.20 8.79
Tyrosine 1.02£0.01 0.95+0.05 0.66+0.02  0.54+0.02 1.20£0.04 0.36+0.02 0.75+0.02 0.70£0.01
Glycine 0.79£0.00 0.74+0.04 1.14+0.08  0.45%0.03 1.01£0.02 0.73+0.01 0.67+0.01 0.67%0.01
Proline 1.68+0.06 1.96+0.04 0.7840.11 0.5840.05 1.86+0.02 0.74+0.12 1.34+0.08 1.24+0.11

Non Alanine 1.75+0.02 1.6840.08 0.93+0.03  1.11+0.06 2.24+0.04 0.35+0.45 1.37+0.06 1.4810.03

essential Asparticacid  2.04+0.01 1.84+0.10 1.15+0.00  1.06+0.06 2.3240.05 1.10+0.05 1.52+0.07 1.43+0.00
Glutamic acid  3.32+0.02 3.23+0.14 1.55+0.02  1.76+0.10 4.16£0.09 1.69+0.03 2.54+0.12 2.44+0.00
Serine 1.67+0.02 1.3840.05 1.16+£0.04  0.86+0.05 1.75£0.04 0.61+0.06 1.14+0.07 1.0910.01
Sub-total 12.27 11.78 7.35 6.37 14.55 5.58 9.32 9.05

Total 25.00 2247 13.62 13.31 28.11 11.13 18.52 17.84
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thionine©] =8 ofu|=AlF 29| 5}L}9d th(Suhendan and Saba-
hat, 2008). 224t 1] A L(Kim et al., 2020)2] 8 o}
AFE- glutamic acid, aspartic acid, leucine, serine 2! arginine .
2 707 oful1eAk] 44.50% 2 A A5} 00 2 A0 ofeh %
Qotm)ie Al 2A] 5 lysine 2 alanine T4 serine ¥ arginine©]
A3 Hlgo] o & Aol Aot tha Aol 91g]
Hek(Park et al,, 2019)2] T2oju| 1AL Zolu]1-Ak9] 36.3-
42.7%= & A2 ofgho] Blg| kot FAU(50.5%) 2
U AR L (47.7%) 2] 7--(Kim et al., 2020)& & A2 of=t
g Asieih

AT S gpoln|iciho] F7e} o] FESHA -
of = T AE Wb AFThM AL ofn|le4he] S o] wh
gh o= EREed Al GYAEeR 5248 S+ A
A, 2, S 9 FAIE 5ol 2 Baotu|ieite] S5
Qb Tl A58 Q1A o] AgAA %l A dFA, AR A 7
A& H+=rhRand et al., 2003). Kweon and Oh (2019)°]] w}
20 92fuel i) AE 2 Bl A3 8-S 857 20.7%,
ofls 13.6% T84 AFe A7 B FelA &
2 u1&S ARSI Stk 2 Aol ofzhe] Fofuliett %
olu|leAl H]8(46.0-52.13%)0] H]H 4ol =AK47.87-
54.0%)7 A o] 2 2/dulE Herdilch. eh(Park et al,
2019)] robu] ke Folu]iAko] 36.3-42,7%5 2 AT
o] ofgte] Bl ko, HAIU(50.5%) 9 1A A H(47.7%)
9] Z-%(Kim et al., 2020)= & 17-2] o2zt FAFSHGIC 9
ejupe} o] Warofulidl FRFY AR 2L 19] wu], 2
91 ¥ 7], 3] SH7, 491 41371, 591 92 9 69] 9971
AAISHATHNIAS, 2019). o] 63 415] B-poln] it 31
2 Aol Al ofghe] Aot At HeES vl sl K ofgh
of eotulicil Bt o (mg/100 g)o] 65 A1552] Hofn|
ko] etk B ¥ =30Th 5 leucine & $15-2]
ofgto] 1711.3+637.5 mg/100 g, 6% 4]30] 1128.5+517.6
mg/100 g, lysine 2 19| o]zho] 1462.1 +544.9 mg/100
g, 65 2]E0] 1080.5+704.8 mg/100 gO.2 X 7] ojeto]
A B QKL o] & 0] 99] = Fgropu| At A ke 2 9
8% ofto] 6% 1ol Hlsl o Y e et Slct. 122
2 ofgh2 Farotu|lAke] 943 F Y AE O R o] 8755
ofghe] FFA 712 7F ket =Rl o] Ppofu| At a5
Al 65T} B o] HrtEojoR e A o2 A7t

SIS

=
7} =2 ZHHARS. DHA (9.37-32.68%), 16:0 (5.96-21.39%),
18:1n-9 (12.64-25.30%) 2 EPA (3.79-16.99%)°] %121, ©]
= 4% At 2/du] 9 o] 44.41-75.05%2] WHEE HER

k. ofgt 5 Aat 298] o] Aolgt ol U Al Qg7
Z o|gh9] FQ AL HF 2AJH]= DHA (25.60 +4.64%),
16:0 (18.28 +2.58%), 18:1n-9 (14.10+2.14%) 123 EPA
(11.23 £4.28%) % th. AHA4t 55 ot F o5 459 8 A
HhAE 24081 9] §Re R Lto] 75.05%% 7Y =3kl ok
o2 SAYTAMY 73.61%, Y 72.65% =0l ATt &F
AAF 3% ofghE Apdatel vl 8 A4 2/3H| 7} 44.41-
62.39% RI912 A= F2 AFS Ueh it getdeos
o} 9] A AT W AHAE 2442 o]Fte] Aoz 7 A
o oherst e, S0k, ekl a8l whet thant
(Stansby, 1986; Tasbozan and Gokce, 2017). £3] A3 Ak}
FAAE o 7] ARtk A HAE 240 9] Afol= o] Fe] Ho|
7b A aFE vzIthal g A glrk(Kayama et al., 1989;
Jeong et al., 1999a, 1999b, 2000). %+ AA}=°] 1 (Kim
et al.,, 2020)3F E=x] 2] 2|HpAL 2AJH| = DHA, 18:1n-9, EPA
g 16:00] AA| AHFA] 72.36%2 22|81 0, u] A x| ek
EPA, DHA, 16:0 2 18:1n-90] 38 Z|HALO R 0]5 429
o] 72.99%5 ApAsto], 2 AFe] FoldS ALsh 7F o
o] 29 At 453} TR FUsHou 2= e
Zpo] 7k QL giet. o3t Ah= FEpAREAJE3E 2018 (NIFS,
2018)0]|A] sfjito] 9l H=of ofghe] =8 HH4te] 16:0, 18:1,
EPA % DHASItH= A1kt 5 Ustleh 2 dA-tol| A 8% ofzh
O] 8 A4 F 7 =2 24815 HER A AR DHA
2 SAZA0 Y 32.68% L o7 30.16%= HA| A4
279019 30% ol AAIsEl o, EREUQ27.42%), =
£2eel(23.84%), 7Hte]2(23.59%), 501 2(21.38%) 2
A 2(20.12%) o2 FoUE ALstis AFE BE F
O] ofghollA] 20% olde] 2/duE Het ek g sfat
o]¢] gk DHA ZAJH|= 20.5%, F ol 20.1%, 271
18.3% 2 ti-+ 18.0%=, Tr<=o1?l Hg-o1¢(10.2%), 5-¢1
2A(16.1%), SR 2 U(12.4%) D J012(10.6%)] B]3 DHA
O] 2/H7F A 2 =& S HAUTHNIFS, 2018). 53] ©]
£ @201 9] DHA 28] = 2 ko) A 42333t sfjato] o]
o DHA Z4JH](25.60£4.46%, 5012 A|2))<] 1/29] S35}
ek g 2 Atoll A tEA ] 715X E AR n-3 A
AFEPA+DHA®] 2/gH]= B2 5 0] 44.41%2 78 :=9k0
o 0202 S| 7Y 42.11%, Y 41.87% 0| A
o}, EESAFEA B 2018 (NIFS, 2018)04] l4koiel tf
-2 42.0%, HoY 32.1% L I 31.6%<19| Histo] g4

= 5o1Y 23.0%, EFAY 21.2%, YolY 15.9% 2 ©5-o]
o 15.4%% sfjitolo] v]al] JA] @S EPA+DHA 2AJH| & L}
R leh 2 ¢159] EPA+DHA 2/dH|(5old A2 e @
ofof| |3} 28) o]AF =tth Kim et al. (2020)0] 2113 Ex]
£ n-3 PUFA% EPA+DHA®] 24817} 37.87%, u|AA L]
44.92% % 53] n|AX Lol dA7HA] A H eyt ofghs
of| 74 == EPA+DHAX/JH| & WEFY It} T3t 2 Ao
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Table 3. Fatty acid compositions of fish roes of eight species (Wt%)
- Sailfin Goldeye  Sand flounder  Bastart
Fatty acid (Ségg_lr?;_(;ie) P(%C;f(';:’gcf)d sandfish rockfigh (Cheung-goe-ri  hailbut (Sﬁgn%?g%f; ?éi%lg]_:!st
(Do-ru-mug) (Bul-bol-nag)  -ga-ja-mi) (Neob-chi)
14:0 2.63+0.07¢  1.21£0.05° 1.03+0.00  2.87+0.04° 1.87+0.05° 1.80+£0.04°  4.08x0.14¢  1.26+0.03°
15:0 0.43+0.01 0.3510.01 0.37£0.00  0.56+0.00 0.3110.01 0.45+0.01 0.28+0.01 -
16:0 DMA® - - - - - 2.25+0.08 - 0.10+0.06
16:0 19.96+0.23" 17.10+0.32° 16.22+0.12° 18.49+0.01¢ 20.5940.309 21.391+0.54" 14.22+0.38"° 5.96+0.05°
17:0 0.40£0.06  0.39+0.02  0.56+0.00  0.57+0.00 0.41£0.01 0.57+0.01 0.32+0.01 0.02+0.05
17:0 iso 0.32£0.00  0.30+0.01 0.33+0.01 0.32+0.00 0.30£0.01 0.40£0.03  0.17+0.01 0.05£0.06
18:0 DMA Ar - - - - 0.40£0.02 - -
18:0 1.9310.01°  1.980.02° 2.57+0.01¢  3.63+0.02f 3.02£40.03¢  5.30£0.05¢  2.96+0.08¢  1.71+0.032
20:00 - - - - - - - 0.03£0.07
22:00 - - - - - - - 0.5340.63
> Saturates 25.66 21.33 21.08 26.43 26.51 32.55 22.04 9.66
14:1n-5 0.16£0.00 tr 0.09£0.00  0.15+0.00 - - 0.13£0.00  0.12+0.00
16:1n-9 tr 1.1920.03 - tr 0.90£0.23 tr - -
16:1n-7 7.46+0.11¢  3.89+0.112  3.79+0.03° 5.79+0.04°  3.33+0.05°  4.85+0.55° 9.76+0.27¢ 18.56+0.87°
16:1n-5 0.25£0.00"  0.17+£0.01¢  0.13+0.00®  0.21+£0.00°  0.15+0.00>  0.19+0.01¢  0.20+0.01¢  0.18%0.00¢
17:1n-7 0.53+001"  0.53+0.02"  0.44+0.00° 0.60+0.03°  0.41+0.01°  0.47+0.00° 0.28+0.01®  0.36%0.01°
18:1 DMA tr - - - - 1.22+0.06 - -
18:1n-9 13.441£0.10° 13.67+0.16° 14.42+0.07¢ 16.73+0.13° 10.90+0.13* 16.86+0.14° 12.64+0.28> 25.30%1.23
18:1n-7 3.10+0.04> 4.73£0.06" 4.85+0.029 3.24+0.03°  2.47+0.04®  3.430.04¢ 3.62+0.08° 5.53x0.21"
18:1n-5 0.37£0.00  0.26+0.01 0.33:0.00  0.20+0.01 0.16+0.00 tr 0.14£0.00  0.14+0.00
20:1n-11 0.474£0.02¢  0.26+0.00° 0.28+0.00°  0.50+0.02 0.184£0.008  0.32£0.01¢  0.194£0.012  0.54+0.04¢
20:1n-9 1.35¢0.02°  1.71£0.029  0.79£0.00°  1.89+0.04" 1.4840.01° 1.24+0.03¢  1.034£0.03°  0.60+0.052
20:1n-7 0.11£0.00  0.13+0.01 0.14£0.00  0.14+0.01 tr tr 0.12£¢0.03  0.21+0.02
22:1n-11 0.74+0.02® 0.19£0.01°  0.12+0.00®  0.791+0.08®®  0.20+0.012  0.40+0.02* 0.79£0.36%° 0.94+1.10°
22:1n-9 0.16£0.00 tr - 0.21£0.02 tr 0.17£0.01 - 1.29:0.85
>Monoenes  28.16 26.73 25.36 30.44 20.19 29.15 28.92 53.77
16:2n-4 0.70£0.12¢  0.88+0.06 0.51+0.02® 0.48+0.00>  0.69+0.02° 1.10£0.06°  0.69+0.22°¢  0.14+0.012
17:2n-8 0.24£0.00  0.15+0.01 0.24£0.00  0.38+0.00 0.1940.03 0.29+0.02  0.13+0.01 -
16:4n-1 0.12£¢0.00  0.26+0.02 - - 0.5740.03 - 0.21£0.01 -
18:2n-4 0.10£0.00 - - - tr - 0.25£0.01 0.21£0.01
18:2n-6 1.5620.01 0.54£0.01 0.84+0.01 1.80£0.01 0.52+0.02 217£0.23  1.50£0.04 14.83+0.56
18:3n-6 0.12+0.03 tr 0.09+0.01 tr - 0.15£0.00  0.20+0.01 0.1240.14
18:3n-4 0.20+0.01 0.2740.02  0.22+0.00  0.18+0.00 0.2340.01 0.38+0.01 0.26£0.09  0.38+0.33
18:3n-3 1.12+0.01¢  0.25£0.01%> 0.48+0.02° 0.9440.02¢  0.194£0.032  0.26+0.03* 0.82+0.10°  1.78+0.42°
18:4n-3 0.70+0.01 0.2040.01 0.29+0.01 1.37£0.01 tr 0.22+0.01 1.60+0.06  0.18+0.09
18:4n-1 - - - - - - 0.17£0.01 -
20:2n-6 0.16£0.00  0.21#0.00  0.18+0.01 0.18£0.00 0.15£0.00 0.23+0.00 - 0.28+0.01
20:3n-6 tr - - - - - 0.18+0.01 0.1610.01
20:4n-6 1.4620.01° 4.50+0.04¢ 4.02£0.01¢° 1.394£0.02°  3.74+0.06°  4.78+0.04" 1.04+0.02*>  1.07+0.17°
20:3n-3 0.20£0.00  0.19+0.00  0.16+0.00  0.13%0.00 0.26+0.00 - 0.18£0.04  0.61+0.41
20:4n-3 0.904£0.01¢  0.33+0.00® 0.42+0.00° 0.88+0.07¢  0.33+0.01®*>  0.25+0.12®  1.26%0.09°  0.53%0.07°
EPA 12.77£0.08° 11.72+0.08° 16.9910.04° 8.86+0.28°  9.4310.04>  4.02+0.012 14.83%1.75¢  3.79+1.76°
22:2n-6 - - - - - - - 0.341£0.43
21:5n-3 0.40+0.00  0.15#0.00  0.18+0.00  0.25%0.00 0.1540.00 - 0.38£0.04  0.26+0.17
22:4n-6 0.174£0.012  0.37+£0.01°  0.24+0.01®  0.24+0.01®  0.54+0.01¢  0.85+0.04°  0.19+0.022  0.1940.042
22:5n-6 0.23£0.00@  0.40+0.01¢  0.49+0.00° 0.45+0.01°  0.53+0.00°¢  0.97+0.02" 0.28+0.00*  0.32+0.01°
22:5n-3 1.44+0.03° 1.37+0.04* 0.82+0.012  1.73£0.02¢  3.11+0.04¢ 2.50+0.04"  3.50+0.04" 2.03+0.09°
DHA 23.59+0.36° 30.16%0.73" 27.42+0.17¢ 23.84+0.06¢ 32.68+0.25¢ 20.12+0.33° 21.38+0.30° 9.37%0.252
> Polyenes 46.18 51.94 53.56 43.12 53.30 38.29 49.04 36.57

I, not detected. ’tr, trace. SDMA, dimethyl acetal. Data are expressed as mean+SD of triplicate determinations. Different superscripts letters
in each row are significantly different at P<0.05 by Duncan's multiple range test.
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] EPA+DHA 9] Z/dH]%= Shirai et al. (2006)0] £-43} o]},
= EE AoIL(31.0%), TETH41.0%), ‘FHH(34.9%) & 7
oU(37.6%)°l BIShA = =A| LERdTh E3F & Ao =7
5U(44.41%), A7 (42.11%) D h(41.87%)
9] EPA+DHAZ/JH|7} 7}ehedo]d(34.6%) 9 Frigold
(40.6%; Heu et al., 2006)°]] H]S|AE 2 ZAH|E Hof, O]
AR 2H(44.92%) 3} 37 $-=3F n-3 PUFAGH 0.2 Azt
31 %ro]eho] 2 AL 2AJH| L 18:1n-9 (25.30%), 16:1n-
7 (18.56%), 18:2n-6 (14.83%) 2 DHA (9.37%) 528 7% o]
Tk Aol A et 2to] & Vbt E5] £ e o
AJAF Zeoforo] 2 Q A HPAL 2 18:2n-62] 2AIH] 7} 14.83% 2
5% AFAAF o]gk9] 0.52-1.80%, 2] FAAF ofg (AL B
5012)9] 1.50-2.17%¢] H]3f| oF 12-14%Lt ©f =94th. o]2h=
Hi 2 EPAZRAJH|= 5% AFA4L ofghof A= 8.86-16.99%, 2
T AL ofgkoll A 4.02-14.83%%1 3L, DHAZJH] = Z Ao
A 23.59-32.68%, SAol| A 20.12-21.38%SiTh. whaba] oFAl
Ab 40]eko] EPA 2AJH|(3.79%)= 5% Ap¢late] vlafe] of
5-13%, 2% FAJ4kof| H|gke] oF 0.2-11.0%L} W3kal, DHA =
3H1(9.37%)= FAFol| H|Gke] oF 14-23%, FAJof| H|Gto] oF
11-12%} 2}7F 2 =25 Vrepulch, B3k 2 2] A4
SOl Aukatz/do] FAAE ofgk 2352] Ao A E
18:2n-6 ZAJH|= 37 =2 ¥ EPA ¥ DHA ZAH|+= =
A k=t ole|gt Aik= w0l FEol T AR Gl

27 247 A2 Rl BE Aol 714
o1& SFafslEIA] AJAJSHz 002 Haole] S48 o 7}
A|AL glo] FA solut HA|oks the AHEH 54 7HA
7 917) vz melt), Eak the QA4 HolRel 2o
(Jeong et al., 2000; Jeong et al., 2002)2} <:¢{(Kaya and Er-
dem, 2009) SOl A= FA ol o] F-A ™ 18:2n-627dH]
7} 31 EPA 9 DHAZ/JH|7} W= A7} Harg]o] Qlct. gt
H olgh 7} P A UL plasmalogen 52| ©] dimethyl acetal
(DMA)°] 57 =] o] 16:0DMA (2.25%), 18:0DMA (0.40%) 2
18:1DMA (1.22%)2] 34 3.87%=E =2 H|-&- o} A|qt AF
o}ero] DMA 7} 725 9lt}. Shirai et al. (2006)2] ¥.110] o]}
H Ao d-S A3 Kazunokoo| A= 18:1n-9DMA7} 574 &
Itk B 13k tk. DMA<= plasmalogene: 3E6HsH Q1 x| 25
& phosphatidylethanolamine)S 1| 2 o| A8 2 3}s}= 34 o]
A ofH| 24 go] At o] B]'d7]7} dimethyl acetals % /J 5}
Al =3z, o] uf A/ A Ak A ol 2| 20} 3HA GCofl 23]
A Ak 5Al o) B4 FH ), whebA] plasmalogen 52 DMA
Z/du|2A F4E 5 ek 53] d2sto|m Y Al kAt
| 1] 231} sfjute]| A plasmalogen o] A HAsh= A 0=
o&# A QtH(Weisser et al., 1997; Han et al., 2001). o] 2|3t &
& TSR A of A plasmalogen®] M 7]50] AH o 5
7tol| wheh 7H4s5}7] wistol] =91 Y45 plasmalogen©] S-5-5t
AlEE 5okl ke Alo] dzstolm g A ufjof o] &3}

)
2
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Table 4. Mineral contents of fish roes of eight species (mg/100 g)
Mineral Sand Iancg Pacific cod Sailfin sandfish Goldeye rockfish
(Gga-na-ri) (Dae-gu) (Do-ru-mug) (Bul-bol-nag)
K 232.8319.2220 195.09+6.712 222.01+34.822 214.11+40.632
Ca 20.25%1.32% 19.45+1.012° 23.0614.20 25.6812.76b*
Mg 16.17+0.902° 13.61+0.502 11.14+1.872 20.78+1.47b°
Na 123.07+11.222 196.74+11.27 245.76+45.71¢ 234.93+29.13¢%
Fe 4.48+0.60° 3.28+0.61% 3.25+0.62% 3.66+1.33a°
Cu 0.43+0.11% 0.72+0.06° 0.95+0.22¢ 0.62+0.20%¢
Zn 4.05+0.642 3.86+0.082 2.63+0.572 3.03+0.362
P 256.45+45.16° 243.38+41.84° 72.52+11.472 267.55+83.32°
Mineral Sand rou.nder. ‘ Bastart hailbut Sea perch Gray mullet
(Cheung-goe-ri-ga-ja-mi) (Neob-chi) (Nong-e0) (Sung-eo)
K 223.35+23.05° 544.32+75.65° 237.57+35.35% 298.70+22.51°
Ca 27.1043.22 29.6345.37% 32.58+4.80° 14.41+1.90°
Mg 23.152.22° 42.14+5.92¢ 25.84+3.37°¢ 24.37+2.01°
Na 129.41+10.242 149.24+18.37% 185.38+22.74%¢ 142.37+13.522
Fe 4.5340.98° 3.03+£0.132 3.64+0.51% 3.53+0.24%
Cu 0.37+0.052 0.59+0.06%* 2.0240.29° 0.76+0.15%
Zn 14.9310.66° 17.93+1.71¢ 8.02+0.94° 7.58+0.59°
P 375.22+39.50° 379.64+36.15° 379.90+69.99° 358.39+13.90°

Means with different superscripts in the same column in each fish roe are significantly different at P<0.05 Duncan's multiple range test.
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QItH(Andre et al., 2005).
FoldS ARt 75 ozt AL TUEEANY
P g Ve of A 4ke] Hok 24l 25.09£4.07%,
26.99+3.43% 2 47.92+5.73%%2 ESIR|HMAM} GhAESL
SHAARS] HlE-2 A9 ZE fFEo|lon A EEESIANY
Ab 2H7F 7 =0Tk sijatoldl i, S, JR7Y
2 AOU(NIFS, 2018)9] Zapx|b4h, TUEZ kA4 9
AEE ISR AR 20H] & LS 2 A9 7% ol
o] Adulo} FARRE TRl S H Yl ou UM A] 3% o (YUY,
271 9 Aol Zpol7t Wikt et ol By
o, Bold, EF4Y 9 Jojd2 ZapAL dYExD}
A4t 9 1S SRR AL &0 Aot A o) ARk
717} ©F 30%2] 2A4J81E U it 58] AL ahA A
z/3u)7} sfjatol o A= =2 Bl "ol A2 Wot
Z/8|7ke] Zpo| 7} AAJBFAITE 2 Aol 4] Folehe] A
AR 9.66%, T U2 SHA AR 53.77%, AL B3O
AR 36.57%2] ZAJB|E T2 ofghe] AAE 2/dulek= 2t
7 gttt & Z3pR|H4to] thE 78l Blsf 7 WA o
UE SR Abo] w9 fzo} g2 Afo]E Hlrh & A9
ALAAL 5% ofghe] AL it 2AR|7E LS A A
49.62+4.70% >TAE SR HAE 26.18 +3.84%> EZ SR
AF24.20+2.76% 5O 2 LERGTE N-3X[RPAFo] 3281E] 11
ALY 28] = R RE(53.56%), SA 7k
(53.30%) B tH-2(51.94%) 9] =0l M, w|A A 2(55.38%;
Kim et al., 2020) ¥ 3}c}=do]2(55.1%; Heu et al., 2006) 5.t}
= WA o ofghol H]sfA = =9kth whebA ofghen-3
PUFA 5l S 24 of 1T H 9503k AR A 0]
R EE EEREEE

1o

<]
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Table 4+= ojete] 77 &2 Yehligich ofgte] 7712
= TR 71 4 9] HAEd -2 21(P) 291.63 mg, Z-&(K) 271.00
mg, YHEF(Na) 175.86 mg, Z4(Ca) 24.02 mg, ¥ v} 14|
(Mg) 22.15 mg®] =o|glewn, u|gr7]He] %9+ H(Fe)
3.68 mg, 7-2|(Cu) 0.81 mg, °}¥(Zn) 7.75 mgl 2 el
oh 713 7 % chekny|del 2wl 1Y B ol
2 J%|2(544.32 mg), Q12 50{2(379.90 mg), HEFL &
F5U(245.76 mg), A+ 504 (32.58 mg), PFIHlE
2| 2H(42.14 mg)o|flom, w|FRr]H ] He FA A Y
(4.53 mg), 7-2]x= 501 ¥(2.02 mg) obl2 FA|2(17.93 mg)
oA =A UetEith 7ithgold 9 ool o] QIS 7}
7 386.1 mg/100 g 2 371.5 mg/100 g, Z-5-2 381.1 mg/100
¢ 3254 mg/100 g, 42 66.4mg/100 g 2 61.9 mg/100 g
© 2 2% ofghe] Fr|Ago| Qlat AEol w2 e YE
o] o]t F5H o g Qi ZEe] gl =52 ¢ = 3
o 9eluet ofgh /B EO R chav] 24kIE Wk
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W3t A (Park et al., 2019)°4 S5 F718AF &
392.0-314.4 mg/100 g, Z-5-2 125.1-157.7 mg/100 g, Z-
13.0-20.0 mg/100 g & A2 1.7-2.2 mg/100 g2 | = 8
2o ot 714 Frgat fArt A g e et 2eu
ETARE/dE3E 2018 (NIFS, 2018)0ll= ©aL7| <, w3l
g gojdo] Z4, ol 9 A 5 3% F1 - Tho] 5 E o] 9L,
Aok Rt R Z(KNS, 2009)0] = G2 &8 u]25}o] 7
& ofghe] Fr]do] Aol Elo] glovt R71H Y] FHE AL
ko] wAp7t Alel] v wEA w2 o]gat7|oll= gA 7} 9l
o}, wpeba] Al FG st 0 & ZEA| 7} 2 thepgl ofjhe] 7]
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