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Fish roe is among the most valuable food resources produced by fisheries. Raw fish roe requires processing for
conversion into hygienic, marketable, and consumer-acceptable forms. In this study, to investigate the food compo-
sitional characteristics of various types of fish roe, we applied vacuum freeze-drying to prepare fish roe concentrates
(FRCs) from roe of Alaska pollack Theragra chlcogramma, bastard halibut Paralichythys olivaceus, and skipjack tuna
Katsuwonus pelamis. The FRC yield ranged from 22.7 to 26.7 g/100 g roe. The major constituents of FRCs were
protein (65.4-79.6%), moisture (2.8-6.2%), lipids (8.5-18.3%), and ash (4.8-7.2%). Potassium, sulfur, sodium, and
phosphorus were the major mineral elements of FRCs, and the major amino acids were aspartic acid (9.0-10.4 g/100
g protein), glutamic acid (13.2-14.5 g/100 g protein), lysine (8.4-8.6 g/100 g protein), and leucine (8.3-9.7 g/100 g
protein). Vacuum freeze-dried FRCs differed among fish species in terms of amino acid composition and electropho-
resis protein band distribution. Therefore, FRCs are an excellent source of protein nutrition and an appropriate protein
fortification material in human foods or animal feed.
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gl TRE A 5, ThSEE ol U W Al=E it
B3 o) F o] faAJ ] B AR 7ol Y(Jung et
al., 2003) & ¢do] 2(Shina et al., 2002)2] lectin]] T3t AL,
Aof(Oda et al., 1998), % ©{(Tsai et al., 1996), $1¢](Yamashita
and Konagaya, 1991) ¥ Hel|(Ustadi et al., 2005) &-2] prote-
ase inhibitorso]] T3+ <1171 91 2™, Anetal. (1996) =AY
SAE A E0] AmfA], 2217 784 9 surimi 4F ] protease
inhibitorE 583t A7} Stk oR& &2 A2 et al,
2011)2 8%9] ojF & LL%of|A] protease inhibitor®] 25
Spelgh uh gl on, chri A AR R o] § 57 Fohs olF &
off tek A A+ (Heu et al., 2006)5 HIgC.2 Kt a4l
T8 AL B A F A 2 A Y] o] -5 fI5to], ol F L=
HE Bae250] A % (Lee et al., 2016)2} 71 A&7 5EA4
(Park et al., 2016)°] 2] A5 <=3t v} it
AEY| A xoll= A2, 25, AT B A o] £ of 7
&t 7o) wolstar glom ol 27 AF A, A
& HSEA I E ol e, Aol HrE g &
= JS u)E 4= Qlti(Kurozawa et al., 2014).
W 5 27% o] AF A%
Za B s |
3 = 27 o] Qlck(Ezhilarasi et
). T3 ke o) A2g A& v 2o} W Fgo] 5 ]
O] Aol st E& AlAske] Fulet Figs TA9
2A|A B HAE =olaL, 7kl =
got7] wiizoll AlEo] FHI FHA &S Hasiivhar &
4] 2ItH(Duan et al., 2011).
upepa] o] Atoll = Sejubetol|lA] 7| Tt al, AHlEF
o] WAL thgF FAlo] o] FolA| = o]F Lo ®, T ALAES
e (AP, Alaska pollack Theragra chicogramma) &, 2 4§
A3izre 2 A H3sl= J&|(BH, bastard halibut Paralichythys
olivaceus)®] & 12|11 2 7y FARE R tig EAY o= 7}
o}&oi(ST, skipjack tuna, Katsuwonus pelamis) -2 tAFS
& 5fof, Hyt P 2 7 A S St s AR HE
sto] 4 5 Qo £AL AAshet 55 RS Az, o

=
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WE(AP, Theragra chalcogramma) & FAMA| 44 €3}
3EE(F) (Busan, Korea)ol| A, @ x|(BH, Paralichythys oliva-
ceus) U2 FYA| A FAAF Ol A, 71ehEoi(ST, Katsu-
wonus pelamis) 42 ZAAA] 27 Y4k (Dongwon F&B
Co., Ltd. Changwon, Korea) 0. 2 55| S ZAME] 9] -5 Kok
Hhol ARg-5LeTE T2 o F 452 = d15(4°C, 12 h)st
o] oF 1.5 cm A7| 2 A|-A3}AL, A1E-247](SFM-555SP, Shinil

. 7}A}O

. 31

A~
. 7E1;d T
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Industrial Co., Ltd., Seoul, Korea)E Ag-5}o] npaf|s}¢ict. nf
Hgh U2 -55°Col] BystH A AF o] AR5

FAARHE 5T oF ¢ 529 Ax= 300 gof v
S &2 19| 4 E]ull(tea bag, polyethylene polyprophylene,
16 x14.5 cm)o| B2 o2, TAAZ7](FDU-8612, Operon
Co., Ltd., Gimpo, Korea)o|| ‘o] AxAIZ] £, £4f5t0] £
FHE AlEE Al ARgskelT

=
Uty

359 o7 Y= HE FAAZR =5(fish roe concentrates,
FRCs)9] dHE2 AOAC (2005 kel <=E(No.
950.46), 23] (No. 920.153), 242 (No. 928.08) E 4]
% (No. 960.39)= 2A15ko] A= 100 gof] t e W-E(%)
= Ueh gl
T8

3% o]F g2 HE A =3 FRCsY =&(yield, gy 100 g2
ARZFE FojZl FRCsS| S22 el on, FRCsE
a2l =& (protein yield, g)> &(g)oll A F=H%)yS
o] e AT
271

3% o F & FRCs9| 7714 8 R = AR Bet 20t Ay
(inductively coupled plasma optical emission spectrophotom-
eter, ICP; Optima 4300 DV, Perkin Elmer, Shelton, CT, USA)
2 Bt 5, HZE B389 1 g9 ARE Fol 10
mLe) T4 BAG T T0% (vv) LARS 7)) A7} ek
3] walid w714 hot plateo] A 7k s3I}, 7+ &afigh Al
29 5mL2] 2% (v/v) AAHS 718tal, o] 342 (Advantec No. 2,
Toyo Roshi Kaisha, Ltd., Tokyo, Japan)E A8-5}o] o] 2}t T}
9, 2% AAToR A% 100 mLE H8alo], o2 Rl ALE-
sheich 27129 S 100 g0) AlRo et mgo.2, F24
of tatol= mgkg o= LRSI
Z Ofo| L=t

3% o] & FRCs9] % o] AHEAl2 AOAC (1995)4
uket S5k =, 24 Al2(20 mg)= 2 mLe| 6 N HCH &
ket &, 110°C2] heating block (HF21; Yamoto Science Co,
Tokyo, Japan)oll ] 24A|7FE0k 71i 52 AX|3kelTt A2
9] 7} E3llE-2 glass filter S %213 7t 714 (ASPIRA-
TOR A-3S, EYELA, Tokyo, Japan)2 o]3}gt t}3, sodium
citrate buffers (pH 2.2)2 50 mLZ 8313t} oA A=
3+ A|&+= 0.2 um syringe filter (13HP020AN, Hydrophilic
type, AVANTEC, Tokyo, Japan)2 o]3}5}0] oAl EA 7]
(model 6300; Biochrom 30, Biochrom Ltd., Cambridge, UK)
2 % ofuliAbg BASIgom, BA ATks 100 g T o]

tigh 7 ofu]icike] g o & LER et
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3% o] ¢ FRCs?| whalal Hxjef £32= Laemmli (1970)
o] vr o) whzt sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE)Z =43}t WA, A|&(10
mg)= 1 mLe] 2 % B-mercaptoethanol (v/v) 2 2 % sodium
dodecyl sulfate (w/v)E &F5l+= 8 M urea -84} =35}
gafetoict. o] folo] SDS-PAGE AlRZAE 25o[2%
SDS (w/v), 10% glycerol (v/v), 2% B-mercaptoethanol (v/v)
2 0.002% bromophenol blue (w/v)= $--5l= 62.5 mM Tris-
HCI buffer pH 6.8]17} 4:1 (v/v) H] &2 &3 5, 100°Col|A]
3 min 5%t 7}Esto] A7) A &S A ofFA| &
)3k A| (20 pg?] T 2= 10% Mini-PROTEAN® TGX™
Precast gel (Bio-Rad Lab., Inc., California, USA)]| =3},
Mini-PROTEAN® Tetra cell (Bio-Rad Lab. Inc., California,
USA)ol| 2kt ok, Y43 457(10 mA per gel)E &5H
sto] 271 9E AASEAT. DA o] FANS 3E+= Precision
Plus Protein™ standards (10-250 K, Bio-Rad Lab., Inc., Cali-
fornia, USA)E A-8-5lo] &<lsl3itt.

SAz]

RE A9 39 Wk AAJste], Hat(average)dt EEH
AH(standard deviation)= UEFY AT} dlo]E+= SPSS 12.0
K (SPSS Inc., Chicago, IL, USA) BAZZ 1H-E 0|85}
ANOVA testE E3f 2AHEAS A A]5}3, Duncan®] t}59]
AR O & HA[-22H A (P<0.05)S A IS

01— s
2t oFE

22 Y g

HEN(AP), HX|(BH) 9 7ttt o|(ST) Y2 5E 524125
Sl A3t o] F & 5= (fish roe concentrates. FRCs)2] 4=
4l YU E-2 Table 10 UER It ofF & A= 100 g

2 o of

3 FRCs9] $=&(yield, g)2 AP+=22.7 go|¢lo.n, BHS}
ST 717} 24.4 9 26.7 g0 & AR Y| 582 7c}etol 7} 714

sHEY AEE 167

HEA

945ttt o)z 359 ol eho] AukR 2] Ajolo]
& At TeEleh FRCsO| 23H32 212} 2.8% (AP),
6.0% (BH) 12|31 6.2% (ST)o| 3101, thal Al Fheke Ap7}
79.6%% 714 =9kom, ST+= 68.1% 12|31 BH7} 65.4% &
otk A oS BH7F 18.3%= 71 Wol AFA[813lal,

202 ST (15.2%) 121 AP (8.5%) 2:0]¢it}. ST| %3]
H(7.2%)2 BH (5.1%)%} AP (4.8%)0] H]ale] gojdoz 1
ol =3TH(P<0.05). E3F o} 7 o] FAUE S ThE
ol 2] S=E(protein yield, g)> AP (18.6 g)2} ST (18.2 )il H]
3101 BH (16.0 g7} 5H& 10,2 15|91 O], o= o] 2 oFe]
Z2AH ghgoll whE Atolof| 7191sh= Aoz FAE it T
2T 24 EW (egg white)= 3.4% 45 1837 81.2% ©
i 2 A AP} S-AFSE BHH BH, ST 9 YTO| Hlste] 2 4=
& UEFHSItH(Table 1). 527 % Fbdol(YT) & 5=
O AFd 10.6%0]9, ojuf o] o0& 5l ehfd g0 242}
25.3 g 4 18.3 go|=}al 3lo{(Table 1, Lee et al., 2016), AP2}
STo} A3k whel, 244 glefo] M 402 714 & BHYL
7P S oA paS YR, AR AR FollA = A g
2fo] SANZ FRCsS] 48 9 Bl 58 v 2|z 20 9
1= 2ich. 3H Bledsoe et al. (2003)& 15 ¢lo] <o) x| 4%}
e AT Ay, Fa S%olstoll Al Z i 20%7H4] &f 2 Ha}
2 welea stol, A % 4kk]o) X% o] Ao}
ULkt 319tk BHE| Ahelago] 8 e T4l olR(AP)
2 377 ofF(ST B YT)ol Hlsl] A4 FAlofF oz Alma

H
s

o
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ool of3k x4 Z2jepo] ATHH 0.2 & Aol 7|2I5He Ao
2 YU B3 ofF 719] S8, T 48 W ANLAE

of] J1VAIE )22l Ao](P<0.05)8 BT o] A
E| FRCsS] QAR Fol4 el ae] gepol 714 ok 5

A

[¢]
S0l =5 Ao g wetE it T2t FRCsS] Awstako]
8.5-18.3% HZA 2B Al 7] 5o w22 3| Al
7k dofd 7Hs/g o] Qlol, o] & Alofstarl Btk e AE =0]7]
AalA= T 2UxE F, BXshe 340l BaT 20 R AlRE
2Act. Sathivel et al.(2009)2 o5 o] BEAx 7184 il

Table 1. Proximate composition of fish roe concentrates prepared by vacuum freeze-dried process

Sample AP BH ST YT EW!
Yield?(g) 227 244 26.7 253

Protein yield®(g) 18.6 16.0 18.2 18.3

Moisture (%) 2.8+0.4° 6.0+0.12 6.2+0.92 4.3+0.2 3.1+£0.6
Protein (%) 79.6+0.72 65.4+0.5° 68.1+0.7° 72.310.4 81.410.5
Lipid (%) 8.5+0.5° 18.3+2.22 15.2+1.3° 10.6+0.1

Ash (%) 4.8+0.4° 5.1+0.4° 7.20.12 5.7+0.5

'Quoted from Lee etal., 2016. 2Yield is weight (g) of fish roe concentrates obtained from 100 g of raw sample. *Protein yield (g)=yieldxprotein

(%). Data is given as mean values+SD (n=3). Means with different letters within the same row are significantly different at P<0.05 by Dun-

can's multiple range test. AP, Alaska pollack; BH, bastard halibut; ST, skipjack tuna; YT, yellowfin tuna; EW, egg white.
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AT i, T, 2 A 9 2 3)579] HRE 247 4.5%,
67.1%, 18.3% 1231 10.0%=A] AZHo| b 2ol & A
95}, o] A Aute} F-AFSHITE. Yoon et al. (2018)2 7t
o] &9 A (boil-dried) E FA}(steam-dried) # 2|3t 5=
Hubo] Tl 2 5] 4= oF A 2(20.4 g protein/100 g sample)
o i8] 22+ 16.4 2 18.5 g2 717+ 80.4% H 90.7%2] 3|4
&2 Uehfio] =27t Sk 2ol vlsf T 2 7h8-A]
o] EAo| FrjA o= Akl sk, 3 Frieto] o 7k
e 5L Aol 7HEA ] 3ol W Apol= A
A ghgkov), Tl o8- o Almo] sl 95%7 34
E) Tt 3kt Lee et al., 2016). $HH Heu et al. (2006) 3
F9] o] & BT 71.1-75.6% H oo, thil 4] $heko
HE] oFo] 19.3%, 7friefo] &2 21.4% 12| frlefo] o2
21.5%0]131, A2 1.6-2.1% 9, 2352 1.4-1.9% H
12kl 3F3AT Lee et al. (2016)2 o] 4rof dukgdiol
77.3% 8, 18.2% T A, 2.6% 2 A 2 1.5% 23|z}
I B3}, Yoon etal. (2018)-2 71efago] &o] UuidRo|
75.3% 8, 20.4% A 1.9% 2 A 2830 1.1%ek B
skt glet,

Intarasirisawat et al. (2011)2 3%2] t}a}o]R A(skipjack,
tongol ¥ bonito)2- 72.2-73.0% <=4, 18.2-20.2% tHif 2l 3 4-
5.7% ZAH 18]31 1.8-2.1% 23|70 2 AR o it &
115} 2™, Iwasaki and Harada (1985) 18%2] -AMs=9]
oFo] ofgk/dof Tt Aol A ThAgkEFe] 11.5-30.2% Y
912 olol ufeh choret $EE LrehittaL 8191, Narsing
Rao et al. (2012)-& Channa 2 Lates &o]) T3t ol 4 =25
O] 0] 242} 20.7% and 22.5%0°|H, oJuf o] T 3]4-&
2 7171 90.2%2} 82.5%2FaL B 113k vf Q). o]AFe] H 19} &
TFAToA =& E PR A YERE 2o T sk
oflxl o] pol7t HA| AlE AR ol S mA=
o7 girten], o]jof ofF 9 kg A4 9] Zol7t 7

ot
oL 2 off
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L uj2|= A o g sl x| ¢l tiMahmoud et al., 2008; Yoon et
al, 2018).

A FAALE B3] AET o5 & SHE(FRC)2] 5]
19] 2/J-2 Table 20| YEhH$ich FRCse] 8 71452
FEF(K, 903.0-1097.4 mg/100 g), 2K(S, 613.2-974.3 mg/100
g), 2~5(Na, 344.0-615.2 mg/100 g) 12| 1L QI(P, 210.8-247.9
mg/100 )] 0|91t YT2] 78 57|72 242 35| FRCs
o} AVt A3 Lrehi whrol, EW= 813413 mg/100 g),
£5(1015.8 mg/100 g) 2|3 ZEH(787.0 mg/100g) 2=0]
Qlth(Lee et al., 2016). A= WAL 0]F9] AP} BHO| &
ehs, 3, A8, <, vhu4 W ofele] dhago] WS olRl
STe} YTol ul8] $o] 402 e szo|glort, 24| 4
L= STo} YT7H AP % BHO| v]a) 201712 & 558 pehy
UTH(P<0.05). THA 7FE X 2|7 7hetatol(Yoon et al., 2018) 2
ghrjato] o SR AET EW (Lee et al., 2016)= 3 3o
ek ool Hlsl ki skglon, o] 5 7FE A 2] FE5E
747} 5714 kel QlojA = %y 547 % FRCsEth Wk
o} o= ZF $47% FRCseb= 2], 7FE9A g 33(9%
A FAhel ARgRE 7R 771 AdEE0] ol 3R] el
2} T e i ck(Lee et al., 2016; Yoon et al., 2018). Bekhit et al.
(2009)2 o] <ol 3 glgko] 1,647-2,443 mg/kg (wet basis)
et seom, olgel Avel Bag $o) o HE egg
whiteolli= vheko] 55 S1HES 35131 Qlo] A B
Fol ol 5§ sl Ro] BalHOoRA ol §1u 8 4 9
Aoz AR o ol 4B JFEHE 2
St 1 o] w21, 71t}eto](Heu et al., 2006; Yoon et al., 2018)
2} 3lt}eto(Heu et al., 2006; Lee et al., 2016) 2! el (Heu et
al., 2006) 2] %77 Frgke EElEo] 325.4-459.0 mg/100
g H9]2, 01(371.5-437.4 mg/100 g) 12] 1 25(167.0-191.0

i

- o

Table 2. Mineral content of fish roe concentrates prepared by vacuum freeze-dried process

Sample AP BH ST YT EW!
K 916.4£10.1° 903.0£10.0° 1,097.4+9.0° 1179.9+8.3 787.0413.2
s 622.3+71.9° 613.2470.8° 974.3+57.7° 992.392.6 13413£1.2
Na 349.1+3.80 344.0+3.8° 615.241.40 676.242.1 1015.848.8

. P 213.9+1.90 210.841.9° 247941 50 257.742.8 92.5+0.4

mﬂg’g o Ca 105.941.72 104.441.72 36.3+0.2° 335+0.3 65.2+0.6
Mg 50.3+0.9° 58.5+0.9° 66.9+0.12 66.8+0.4 -
Zn 16.4+0.20 16.2+0.20 39.3+0.3¢ 45.0+0.3 -
Fe 9.2+0.8° 9.1£0.7° 9.2+0.22 9.8+0.1 0.6+0.0
Mn 0.30.0° 0.3+0.0° 0.0£0.0° 0.1£0.0 0.0£0.0

'Quoted from Lee et al., 2016. Data is given as mean values+SD (n=3). Means with different letters within the same row are significantly
different at P<0.05 by Duncan's multiple range test. AP, Alaska pollack; BH, bastard halibut; ST, skipjack tuna; YT, yellowfin tuna; EW,

egg white.
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mg/100 )3t T 1 B RS AR, T hgom
7r42(11.0-66.4 mg/100 )7+ 1} 11 4(22.0-27.8 mg/100 g)°]
wolefal Buskeitt, wheba ofF dET= o] ¢5-2] FRCs
b EAAE 3AE Tl ek, viadle R oY AS- of
2-4uf 7] B E SR A E e, ofF Tt
T F714 kel Qloj A= thas Zpo| 7t ik, e it
o] 101 A1 o} 7 oFo] FRCsol 1]} AT &0 2 -2 ke
UpEPo] 352 B3k Q9|7 kst

3, Sk Fs}3](The Korean Nutrition Society, 2000)]|
A ol 4] Z 1 ol ol tistol, e &2 271 24.0
mg/100 g & 378.0 mg/100 g, tj+- <o Z+2} 23.0 mg/100 g
1l 385.0 mg/l00 g, 0] oS Zk2} 56.0 mg/100 g = 380.0
mg/100 g, o] o] 38.0 mg/100 g 2 127.0 mg/100 go]2
o, Eun et al. (1994)& 5H|7] &2] 49 717+ 3.6 mg/100 g
2 470 mg/100 go]2hal Harste], of 7 oFo] b+ hae- ¢l g
o] Hlgte] FA8] F32 & 4= AUk o]of vls} EWe] 7
ol At Q19 Hlsolqlek o kg AllZute]
AR R JAAA Y gyt et o] el WAeh A
AJo] ¢lth(Mahmoud et al., 2008). 3 7}t}=o(Yoon et al.,
2018)2F etaro] U(Leeetal, 2016)0] HE 2 v
S 72 s o, s AUX F5=Q FRCs| A& o
6]9.1-9.2 mg/100 g W9IZ LFEh}, 8 7o h2 -5 E 1}
7t Sl Ao® Sluigch By, 72l W ol 4T 2e 2
ol 22 sl A& A efsha] thiat B S5 TiAF o e
ot 4 v|FlA R EF 5w (Thanonkaew et al., 2006), <A
=7h YR o 78R Wstell= AE A o], a4
atol, o8] 2|9, 7l W, YEsad W AAX(EE, 2%
4 o A} WSt o] Qlth(Alasalvar et al., 2002). whet
HEAAZ 52 S AZoN B SRS RO 2A
o8& 2] HAS AAst] A% 5 A HEkE XAk Wt
obie}, AEE0) RS SHTO A, dee AEL

= — SEAS
Az] o] § 7F5 AT Bk Qb Alo] Seobal Alolet greeict.
Ee
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Sha

259

S HES] floto] Ta4 H413F A= Table
33} ek FRCs 9| Sa43Ho] /9= 7+2(Cu) 0.5-1.5 mg/
kg, wH(Pb) 0.0-0.2 mg/ke, 7F=E(Cd) 0.1-0.5 mg/kg, Z2(Cr)
0.0-0.5 mg/kg 2 UJZ(Ni) 0.0-0.3 mg/kgdl 202 eyttt
APS} BHE 12]9] 95(1.5 mgkg)] 5o STS YTk &
oA o7 =2 sl B¢l on(P<0.05), ST YT 0.5 mg/
kg 4201 I}, T3k EW-S 417 5045 o] 2.5 0.1 mg/
kgol s3It AP= 2] 9l 7hEg, BHE 2 9 A5 Tl
A o] A 2 = LH(P<0.05), ' R ofF hol| 7214
o] z}o]7} Y ATHP>0.05). E3F ST YT (Lee et al., 2016)2}
SARR B4 RS Ehglon, oA chetol s o)
Bjet H4] &o] SasdEel FoHom HE Ao w el
QITHP<0.05). 31, codex code (2004) T4 o] T2, A]E 2
AR A F4e] QHAA L o] 79 02-04 mykg, T2 7
- 0.2-1.0 mg/kgo|™, =23} 7FEF2] 739 AEH o= ¢t
ek 31 A AL glou, ol f ool thaAl 3t FEge 7
Z+0.5 2 0.1 mg/kgs 275HA] F== FA451L Qltk Heu et
al. (2006)> 88, 7Fokedo] B Srhgo] oFo] i gkl 747}
0.08 mg/kg, 0.03 mg/kg ¥ 0.04 mg/kg o 2 & A| 2|3t 7t=
', T B AFY B o Fo Tl BAglel AEHA
QokThaL Hu5lof, o] AL Auto] H|Slo] W o]l o
ol sAX g FHANE et ZitE A FRCs9
BEXANE &A1ZeKwet basis) 7|20 & SHABITHH codex
code (2004) 7+ 2] 7] 2] of| v|Edl= A o= et whet
A FA41 2 FRCs= 5o SHoA QP A=A A
&7+ A o= wE| Q)

ofo|tt &

FA7% FRCs9| % oAt 24(g/100 g, %)ol it &
A ATH= Table 49t 2}, AZZE5H(%, dry basis) 0.2 LEPH
FRCso| thilal 312k AP7} 81.9%0& 714 =9kom ST
72.6% 123 BH 69.6% <=0]2lt}. Schto|(YT) & U egg
white®] 73--, 242k 75.5 U 84.0%% R 113 v 9l o1 (Lee et
al,, 2016), E 47123 4E ol AXT FRCs> 712 5F0 =
70% o)o] T e vhebfo] Tl sk 2 412

Table 3. Heavy metal content of fish roe concentrates prepared by vacuum freeze-dried process

Sample AP BH ST YT EW!
Cu 15:0.0° 15£0.0° 0.5+0.0° 0.5£0.0 0.1£0.0
Pb 0.240.22 0.240.2° 0.0£0.2° 0.240.1 0.0£0.0

z"rﬁg,‘l’é;“eta' cd 0.5+0.0° 0.10.0° 0.1£0.0° 0.140.0 0.0£0.0
Cr 0.040.0° 0.5+0.0° 0.240.0° 0.140.0 0.1£0.0
Ni 0.3£0.0° 0.3+0.0° 0.040.00 0.040.0 0.0£0.0

'Quoted from Lee et al., 2016. Data is given as mean values+SD (n=3). Means with different letters within the same row are significantly
different at P<0.05 by Duncan's multiple range test. AP, Alaska pollack; BH, bastard halibut; ST, skipjack tuna; YT, yellowfin tuna; EW,

egg white.
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o|& 7+ Ao & WetE|Qlrh AP9| 7% o) =8 F4rofu]
=AHEAAs) H H]Z 4 ov| e AHNEAAs)2- 717} Val (7.0%),
Leu (9.7%) 2 Lys (8.6%) Z12] 1L Asp (10.4%), Glu (14.5%)
9 Ala (7.3%)°] %21y, BH @ STS] 79, Leu ¥ Lys 18] a1
Asp A GluS. = opn| Al 2/d 7} gheFof| glof f-9]41 21 2fo] 7t
AIATHP<0.05). EW+= Val, Leu, Lys Asp, 2 Glu 5¢] 8.0}
u)teAbol] QLo A o Yt A fARH S| E UER Sl
(Lee et al., 2016). 3+H, AP2] Met, Arg, Pro, Cys & Tyr2] 3}
ol 2lo14= BHS} STo H|gte] oo ve Zow o
Q1= %Az, BHE}F STZRO] 0291 g 2fol& Holi= ofn| i

Table 4. Total amino acid content of fish roe concentrates prepared
by vacuum freeze-dried process

Amino acid' AP BH ST YT' EW
1 0,
ﬁ!;’éee'é‘gﬁrl}fyni,éﬁi) 819 696 726 755 840
Thr 56° 51 50° 50 47
Val® 70° 61 61 63 82
Met? 160 250 270 29 20
ILe? 59 49 52 54 62
Leu? 97° 87 85 85 9.2
Phe? 48" 41 43 44 64
His 26° 26° 31 34 27
Lys 86° 84° 80° 85 82
Arg 61° 66° 66° 66 48
TEAA (%) 518 490 495 510 524
Asp 104 910 90> 87 118
Ser 61° 622 58° 56 57
Glu 1450 134> 130% 131 149
Pro® 177 58 63 61 37
Gly? 47% 50> 512 49 40
Ala? 73 64 70® 65 66
Cys 05 122 112 07 07
Tyr 30° 39 32 34 02
TNEAA (%) 482 510 505 490 476
Total (%) 100.0 1000 1000 1000 100.0
TEAATTNEAA 107 096 098 104 1.0
THAA(%) 427 434 438 450 463

'Amino acid (g/100 g protein) expressed a ratio of a kind of amino
acid amount vs. total amino acid. 2Quoted from Lee et al., 2016.
*Hydrophobic amino acid, TEAA, total essential amino acids;
TNEAA, total nonessential amino acids; THAA, total hydropho-
bic amino acids. Means with different letters within the same row
are significantly different at P<0.05 by Duncan's multiple range
test. AP, Alaska pollack; BH, bastard halibut; ST, skipjack tuna;
YT, yellowfin tuna; EW, egg white.
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AR His, Pro, Gly, Ala 2] 1 Tyro] Ith(P<0.05). =3k o] A
9] BHO}F ST ofm|ieil 2/3H]= YT 2/ 7} AR 38k
o[ o, EWO| A IH= F=Q o ik A| 97 thE o] i
429 2/du] ol loj A= AT Et Akl & e it g, 7t
thdo] 9 gristo] 4] 8 4 ofnficite 2= HOl SR
of TAIGlo] 5 Asp, Glu Leu W Lyso|w, HA| ofn]=AlS]
38,4-41.2%% 22| 3Hchal 310 (Heu et al., 2006), 015 2t} o]
A9 9] 547 % FRCs 9 ofm| Al 2/dH] Qloj A= Zpo] 7} Gl
Utk /| ofu| 4ke] Bl &(TEAAS/TNEAAs)®] 310
A+ AP (1.07), BH (0.96) 2] 3L ST (0.98) 2.2 4] APS] B4~
ofu| it ohifo] w2 A o= UE oL, EW (1.10) b= 4
o2 Ql Thel 2 o] FFA QI SH A T F2 A o= B0l x|
ATh(Lee et al., 2016). Lysine> 2-7-2]322] A1 A3} ofw| At
© 24, FRCs?] lysine 35(8.0-8.6%)< EW (8.2%):.T} &
ABAL tha 2 2220] 2l th(Yoon et al., 2018). Intarasiri-
sawat et al. (2011)2 3%9] t}=fofF(skipjack, tongol 12|11
bonito)2] ©A] &9 leucine (8.3-8.6%) X lysine (8.2-8.3%)
o] =8 o leqtoletal Hsto], 752 2] {9 Zjo]
7F 5olle Eekal off il 2AgH|of QlojAl= fAFSESL
t}. gk, 2424 (hydrophobicity) 4171573 ol 2lo] A&/
4 §3EAS 245kt Fa3H 98-S FHf(Chalamaiah et
al., 2013). o]o} #elsto] v, 8ol e, AFA 2 2541 2
S A7 S T A oAl 2/dBI(THAA,
%)= 2k} 42.7% (AP), 43.4% (BH) 12] 1L 43.8% (ST)EA],
YT 2 EWol B]3f| tha B =0] i th(Lee et al., 2016). &=
g 7ieteo] oF 9 7FE A g ST A ofn|ARe 2
QU= 43.8-45.2% 5250 2 o] A AT} GAVSE 228 1}
El A th(Yoon et al., 2018).

ol Ampe} Hiato]| W2, o] F & % 547 % FRCs=
Pepotu]leal o 2 A 79| Agtorn| At lysineo] oFf oF
Gx]o] 918 Wl ol eK(Kim et al., 2005b), Zg=o}u] -ALS]
Hl&of QlojAE 4572] Hot HlEQl 30% Kok A =9kar
(Joe et al., 1989), A7 &(27%) (Shimada and Ogura, 1990)
2 501 2(40%) (Nam, 1986) HTH= 320} o] 5 of ¢ A& Al
22 o]-g-sto] AFEslRirt Tl A of o oF A ¢l HollA
3ds] ofn|7t Qlogf et wetE gl

CHE EXE 22(SDS-PAGE)

2
Ju
]

= A2 BE] A| 23 52 AZ FRCse] SDS-PAGE
of ofet thulE el BEL Fig. 1] Uehliick. APY] &
R BT (Lane 2)+= 250 kDao Aol 4] 17, 150-100 kDaoj| A
17}, 100-75 kDaol| A 27K, 75-50 kDaol| 4| 271, Z18]1137-25
kDaoll A 17} = 5= 7719 Thalz] si=7) 2kl e ¢l o, BH
(Lane 3)+= 100-75 kDaol|A4] 37}, 75-50 kDaol| 4] 27}, 18|11
50-25 kDaol| 4] 57H& 25 10709] Tl e o] £ 5 gl
4= AT STE| 7-2(Lane 4)= AP % BHH= 2] 100-75
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Fig. 1. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
patterns of fish roe concentrates prepared by vacuum freeze-dried
process. M, molecular marker protein; AP, Alaska pollack; BH,
bastard halibut; ST, skipjack tuna; YT, yellowfin tuna. 'Quoted
from Lee et al., 2016.

kDaol| Al &ket 2709] W=, 50-37 kDacflA] 17}, 37-25 kDa
oA} 17§ 18]a1 20-10 kDaol|A] 2742 2% 67]2] thalzl ul
== gholst 4= glgl o), YT (Lee et al., 2016)2] 749, 5711¢]
SR WIE(50-10 kDa)ol Al 2412 REoAle] Zhol7} 2
Akt wheba] o dro] Tl BEapek farof| §lojAf of
F710)] Ajol7} Shels] FHEGIT. AikHom A e
o] 2h& A7) Afele] SlolAE Ao| S 1o, o) o) 7t
O thalz] /4] zfolof| 7]Q1gt AL =, o} o= albumins
3} ovoglobulino] & AaegFe] 22} 11%2} 75%%5 2HA|8}iL,
collagen®| 3F-2- & Tl A O] 13% 4 =5 AR gHrhar sHGiet
(Sikorski, 1994). 97 K H-2o] thil g wi=1= 35£.0] thafo] =
(Intarasirisawat et al., 2011)1} H3HLosso et al., 1993)°] 4]
HbA = chal 21 9] vitelline-like protein®] Z1 22 4%l o
o, 7kekeo] &9 vitelline-like protein HHE= egg white2] 71
ARt F5HA = QI tkal sF3ich(Lee et al., 2016). Yoon
etal. (2018)2 7FA A 2|3t 7Itharo] & s=5-229] 250 kDaoj
A Bl == Zhohro] dofl A= EEEA] oot e B S
O 22 7FE A 2ol oJa & A 0] S = -g-arof &Rk A
olg}il 3}¢l o, 25-15 kDaol| A T2 Ex7} ka4t 2

1o
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7ha A 21y Fofl UH kiR o] B3, sarcoplasmic proteins
3} 22 ARAfe) 84 A o] LA R frel
o] Uepd Aztetar B sttt gHH, 50-37,37-20 123 15
kDaoj| A #zhe Thild si=5-2 77} actin, troponin-T and
myosin light chain (MLC)Z 5% ¥ ™. £3| 32.5 U 29 kDa
w22 tieto] 7 U(Intarasirisawat et al., 2011)o| 4] T2
o, o] & A 5L gvomucoid (Al-Holy and Rasco, 2006)
IE= phosvitin (Losso et al., 1993)0]2fxl B11gt Hf Qlt}, E
gl sturgeon caviar®] 7Hg-/d &2l =27 kDa F-12] T Al
27-29 kDa2] E-A}gF8 7H= ookl 21 2 A ovomucoid Z10]
2}al B 735} tH(Al-Holy and Rasco, 2006).

ool Huel HPANE Fdf s281x oF & 5=
(FRCs)2 EHx|(Intarasirisawat et al., 2011) 2 7}& 4 2](Lee
et al., 2016; Yoon et al., 2018)of H]3}| JAFZ ol L&A 9l ol
A WA 55 AeHHA o) & AA| 9 AEAES F55
= aaHEgtofu et B P AdE ol AE 7 e 4= 9l
ALt o] & Bl AeA FAAES W, AlA, 1 4
Ao RA QAR 5 e} TR REAIRA,
£ A2e gl At Thg e S TRy
Ko] 91& Ao ZEIc. AR 4G aAE ] A
A2 o] 8- el M= 52 A =X FRSCsY] &3l14, B4, 7=
B8 2 FoFeat 22 AE71s ol HEt A+ 2 d A
o2 AlmEch

Al AL

o] A= 20199 FAIHSL ATUA A4 ATAY
o] ojstol +E e
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