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Food Characteristics of Protein Isolates Recovered from Olive Flounder
Paralichthys olivaceus Roe by Isoelectric Solubilization and Precipita-
tion Process
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Four roe protein isolates (RPIs) from olive flounder Paralichthys olivaceus roes (OFR) were recovered by isoelectric
solubilization (pH 11 and 12) and precipitation (pH 4.5 and 5.5) and investigated for their food characteristics. RPIs
contained 4.5-9.6% moisture, 64.1-69.5% protein, 16.1-19.8% lipid, and 1.0-3.9% ash. The protein yields of RPIs
ranged from 50.1 to 56.8%, which was significantly different depending on the recovery conditions. A difference was ob-
served in the SDS-PAGE protein band (25-100 kDa) between the alkaline solubilization at pH 11 (RPI-1 and 2) and
pH 12 (RPI-3 and 4). The major amino acids of RPIs were Leu, Lys, Asp, Glu and Ala and major mineral components
were sulfur, sodium, phosphorus, and magnesium, which were significantly different from OFR (P<0.05). Additionally,
the lead and cadmium content was below the chemical hazard standard of the Korean food standards code. The Hunter
color and whiteness of RPIs also showed significant differences according to the treatment conditions of the ISP process
(P<0.05). This suggests that protein isolates recovered from olive flounder roes have high potential as nutritional
supplements.
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HtH(Galla et al., 2012).

A &3l/2 A(isoelectric solubilization/precipitation, ISP)
9 A R S E] 7 Al Sk TR AR R
B chl o] 385 Y o e Agelth o] ISP ¥
AL 1999 o] mjo] /A &g o] F Y F(dark muscle fish 2
fatty fish)2} 1 F-AH=(fish cutoffs & fish frame 5)2F-F, 7]
B g)chal 2] (protein isolates) 2 7 A 2| o & AYAlsEAIAL 7))
7140 th(Hultin and Kelleher, 2001). =, t}oFst ¢2 =2
e Befj S Fol i e 7HEERE %, o)
A A3 3 Sl E e STt Havt He 5
A3 Foll A Tl S Blaeshi= W o] th(Lee et al., 2016b;
Alvarez et al., 2018). 0]2} 22 ISP 54 2] A2 7| A - o2
HE7h ol o wo 7 o] 2 T AR A B At
o= gofsto], vt Az thE ef=dS S gt o
AedE gl AAZ 7hsstaL, dde-Ar 7Hest S 5
3fl sarcoplasmic proteins, hemoglobin, myoglobin, proteolytic
enzymes 5 THE T AJE9] 347} P to.zA g
9] 355 =Y 4= Aok Folrk(Kinsella and Melachouris,
1976; Kim et al., 2003). 0] 2740l 4 53223} 5} x| 49] 7+
42 A7 44510] 918 4o FolSol, Buebg e AR
= B7F QAT o] Qfof e Az A2 7] el oF 108kl s
St 7H APl E AR Sh= =2 ] (surimi) AAE 373} H]
SfA, g, Aadrd B slekA] Ak g ko] ARl o s
A B A Y 4= Uck(Park et al., 2003).

of2]gh A 7HI ISP 345 -85 ¢19-50l+= Undeland
et al. (2002) herring Clupea harengus light muscle®] 7|5
/d S O] lof o)A 7HESE FS ol 85k e,
Palafox et al. (2009)2 pH-shift 342 ©]&3t jumbo squid
Dosidicus gigas®] S]] A o] tfj3fl, Chaijan et al. (2010)
2- short-bodied mackerel Rastrelliger brachysoma®] 2] T+
W] O] Fl=of ofal] ®argh B} Itk EgE ] (Chen and Jac-
zynski 2007; Tahergorabi et al., 2012a), ¥ (Tahergorabi et al.,
2012b), 2:(DeWitt et al,, 2002)] 7FE-HAFE 2 HE] 3]45 B
elgal ol 2| o) Pt AAsteon, S4E ejrh
A2 754 B4l opiRel fAH%ckn steict. of IS
3782 &l JeE EeeiA 7129 fejn] A2
53] glolx] 2:2julmrt Q8 2 @A) glol $4sichi 5t
& tH(Kristinsson et al., 2005; Chaijan et al., 2010). ©]2]o]| =
legumes (Horax et al., 2004), oilseeds (Horax et al., 2011), ce-
reals (Agboola et al., 2005; Paraman et al., 2007) ZL&] 31 05
hl A (Azadian et al., 2012)2 st opoFsl thalal 7] 0
e o o] geflteof 723t Ee|dul A o] s]4eof tiet
H7}h ek

whebh A7 RARE R R E =8 34 E e TS 9
FotalA} sk g AFY A o8- fIRh Au]g-o] T
A& AAFsh= Aol 7hs5t7] izl vl S5kt Heu et al.,
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2006; Kang et al., 2015; Lee et al., 2016b, 2017; Yoon et al.,
2017). o] A5tollAl= than] FAlojF o2 FAf A o = 287}
A7t SAPLE HAMES YA 42 o R AEad) &
= T ek 2 A4 0] B8-S 9l5to] ISP A4S Ff Bl

T =
o e o) AEsta S| dfato] 4n R ahsict.
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A A L(olive flounder Paralichthys olivaceus roe, OFR)+=
2020 49 FHA A AR ONA Aokgls HAIE
shol, APUR LU F, B AE3H] ol AHg 3l
AT OFRE 32 Fof| 7hhs] A5 &, uhe-2] 3 €l
(tea bag, polyethylene polyprophylene, 16 X 14.5 cm; Tea &
Chemical Electronics Co., Ltd., Gimpo, Korea)ol] 300 g& 1}
ol WAt Belghal o) Aol A§E w7 -55°Col
A Bakskgich
OFRZRE STE al/aH 38
pES

fujo

Set 2a|ciisol

OFR=HH ISP 345 &l 242t g A & ek A (roe
protein isolates, RPIs)2] A+ Lee et al. (2016b)<2] BHH o
wteh Alzshich, U4Fe] FAYEE BEe OFRS R
315(4°C, 12 hystaL, of7]of| 6ulige] Hol2E 7haf, 4
7](POLYTRON® PT 1200E; KINEMATICA AG, Luzern,
Switzerland)& 25,000 rpmoj| 4] 5 min 59 w23} 8}%ic}. o]
= w22 2 N sodium hydroxide 8-S AR50 Z+2F pH
11 (35-36 mL, HE%%E 49 mM) 2 12 (43 mL, JE5= 5.9
mM)Z 28ekgic}. Zkzke] B pHE 2skod, Saj7gol
FCO 1A E2F 0| 2| A 22 3 b8, olo] 4] WE A
2]7](Supra 22K; Hanil Science Industrial Co., Ltd., Incheon,
Korea)5 AFE-5Fo] 441482](12,000 g, 4°C, 30 min)3}3iTh. ©]
oj A AR ASA(pH 11 % 129] dze] 7R gl ) o=
HE] A W ATYS B9 RPIse] A2+ 2 N HCIE: 718t ©f
7 ok o] SAF BI(pH 4-6; Perez-Mateos et al., 2004;
Yongsawatdigul and Park, 2004; Chaijan et al., 2010)%] pH
459 552 A2 oFS, B pHE 248 Astols 24
22)(12,000 g 4°C, 30 min)3Fich o] S Y4B 2] A7} ISP
34 Aexs ol 33k RPIs=A odze] §of 2 4k
AATNALS Zaf BAE NaCle] AAE Qe 71431 424
& eYskelct. o|gA ARt RPIs= 5271 xst0] 2%
3}3t the, 7}2F RPL- (pH 11/4.5), RPL-2 (pH 11/5.5), RPL-3
(pH 12/4.5), 12|31 RPI-4 (pH 12/5.5)5 A5t} ISP 2
A2 %] 53t RPIs= a0 Attelo] §7]0] Ho}
(20°CysA EAAH) L8519 Fig. 12 OFR= 3]
43 RPIs®] AI254S thehdl 2ol).
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Fig. 1. Production process of roe protein isolates (RPIs) from olive flounder Paralichthys olivaceus by isoelectric solubilization and precipi-

tation process.

HHE EXE EX

OFRZ5E ISP 342 53l 3|53t RPIsO| Thaldl FAje
H3= Laemmli (1970)2] W of] w2} sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE)Z £45}%)
t}. WA, A|=Z(10 mg)E 1 mLe] 2% B-mercaptoethanol (v/v)
9 2% sodium dodecyl sulfate (w/v)E $H-5+= 8 M urea 8-
1} &3sto] gafstgict. o] Mol SDS-PAGE Al & 248 2+
(< 5 sample buffer, pH 6.8; Bio-Rad Lab., Inc., Hercules,
CA, USA)T} 41 (vAv) H1 &2 E315t 5, 100°ColA] 35 5
ot 7helsto] 17 4% ARS ZAIBHcE o] Fule A2
(20 pg®l T A) = 10% Mini-PROTEAN® TGX™ Precast
gelof] U3, Mini-PROTEAN® Tetra cell (Bio-Rad Lab.
Inc., Hercules, CA, USA)o| A2Fst o2, dA g A3(10 mA
per gel) = 55| 8ko] 7195 AAlskth A7 F5st A
2 0.125% (w/v) coomassie brilliant blue R-250 8-4o]] 155
7F AL A AT 2, 25% methanol 2 10% acetic acid £
SN0l uleto] Eulsl w7x) AL Al sgict. Tl
O] FA}ef #-32+= Precision plus protein™ standards (10-250
kDa; Bio-Rad Lab., Inc., Hercules, CA, USA)E A&-5}o] &
QI3kict,

=
Ut

OFRZHE ISP 745 &3 243 RPIso] U¥hHy
< AOAC (2005) "ol wet 4~2(No. 950.46), ]+(No.
920.153), ZTHaH 2 (No. 928.08) @ %25} FFH(No. 960.39)
< BA510] A= 100 gof| theh ¥E-8(%) = VFER it
]

OFR=ZHF-H ISP 574= 53l 2|52 RPIs2] =&(Yield, g}

Eha

100 g°] OFRZ}RE ¢lojd RPIsO| S0 & Yehglon,
o] 59] thl 2l £g(protein yield, g} $&(g)oll T2 3k

(%) Ftol e gict.

Tl 2] = ] owry et al. (1951)2] ¥l ol whe} F2Tha
Z 2 A bovine serum albuming AF8-3to] L3t AAL &

& oblleAt £42 AOAC (2005) ol wh2t S48k =,
ZF A 2(20 mg)=2mLe] 6 N 94kt &gt 9 w33k &, 110°C
o] AL7}97](HF21; Yamoto Science Co, Tokyo, Japan)of|
A 24Xt F3F ZhtellE AAISHAT ZF Alm O AR Tkt
=S glass filterS A2Fat 749Fod w42 (Aspirator A-3S;
EYELA, Tokyo, Japan)2 o{1}3t t}2, o5 LA ER
2FH(pH 2.2)F ©|-§3to] 50 mLz Z-&3H3Ach. o|FA A
23 A|&2+= 0.2 pm syringe filter (13HPO20AN, hydrophilic
type; AVANTEC, Tokyo, Japan)2 ¢]1}5}0] ofn] Al A7)
(model 6300, Biochrom 30; Biochrom Ltd., Cambridge, UK)
2 Fobu|eabe BAs oo, B4 ATHE 100 go) Tl o
ofet 718 obulietbe] 2u|(%)2 Lk s,

FI|842

RPIs] #7]8 2 543 $3e fEa% Sehxnt 247]
(inductively coupled plasma optical emission spectrophotom-
eter, Optima 4300 DV; Perkin Elmer, Shelton, CT, USA)Z &
Hobgirk. 2, B2 Bajg7]ol 1 gof AlRE ot 10 mLe)
S B T T0% () FALS 718 A7t eds] £
32 wj7h4] hot plateof| A 7FEsIATE 71D Z8feh Aol 5



mL2] 2% AR 7}51aL, o] 71%](Advantec No. 2; Toyo Roshi
Kaisha, Ltd., Tokyo, Japan)& AMg-31o o]i}3t T2, 2% 24k
© 2 2% 100 mL= -85}, o] B4 of| AHEsAT. F7]
A9 FF49] FheF2 ZFEmg/100 g sample 2 mg/kg sample
2 vehy gt
Hunter's color

OFRZHFE ISP 342 &l 3|3k RPIs] A= =
(lightness, L), 2= (redness, a), 21 = (brownness, b)o] T
3f| 2] A A ZA|(ZE-2000; Nippon Denshoku Indusries Co., To-
kyo, Japan)E AH8-5F0] S50, MAFE 574 Hof| A
& white plate (L=96.92, a=-0.38, b=0.64)Z o]-§-5}0] HA 5}
ik ok WAL TR A0 2 R Fagch

Whiteness = 100-v/ (100-L"y+a"+b"

SAXE

= AF2 X4 33 oA HhE AAEHgl ow, Hhatk kT
k2 YeR ek gl SPSS 12.0 K (SPSS Inc., Chicago,
IL, USA) SAZ 21318 o]-8-5to] ANOVA testE §3f 24t
415 A8k, Duncan®| th5-9] A4 0= 24702tk
4 (P<0.05)= AAI5H Tk

Zut "/ nF
AZNE

OFRZF-E ISP 57d& &3l 212 RPIs] 453 24 2
M= Table 13} et

OFRZHE 472 &4 (pH 11 % 12)0]] o]ojA A
I (pH 4.5 9 5.5) 258 2]4=3k Lejeh) a2 Z27F RPI-
1 (pH 11/4.5), RPI:2 (pH 11/5.5), RPI-3 (pH 12/4.5) 12|31
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RPI-4 (pH 12/5.5)2 HA|3}3L, 0] 52] AR 7] 4282 & 100
goll sl pH 4.59] 4 AF8& AX RPI-17F 30] 132 g©
= pH 5.59] 4 2 d54-& #7 RPI-2¢}H4 (12.6 9 12.9 g)°]l
Hsto] Ao &2 w2 482 Yehfiglon, ojuf o] Thid
582 8.1-9.2 g/100 g5 2 & OFR T2 o] 50.0-56.8%
7} 34 St

Yoon etal. (2018a) OFR Q] &7te] E-8A4S 2L Y=o ¢
3] 3.5-3.7 g/100 go] 2.0, o]ufj o] thul A 528027 0/100 g
© & OFR © 2 2] 16.0-16.7%7} -84 thalZo]a}ar 319
o} B3 riohero] o] gzre] E844 8RS 3]4=80] 7.1-9,5
/100 go]m, ojuf o] Tz 4282 5.6-6.8 /100 g2 =, 70%
ool AR A Tl st Aar R ] o|§7ksAdol Stk
I 3FGATt o] A2l ISP FollAl oF 50% b 3]4=51A] &
oF chal e obzke] gl ol A 7] E-8/9 % A HLee et al.,
2016b; Yoon et al., 2018a)2} AF H Ao A 7152 2|40
Sal=lo] Q= AL 7HY T A (Lee et al., 2017)
of2fal 2= = qich.

RPIs9] 4=535HH(%)2 4.5-9.6% H 9.0, Tl
64.1-69.5% H$1 = pH 1294 183t &z-e] 8-5f| 2H4 (RPI-3
A 4)0] Fefeta o] pH 110]|4] 9] 7-9- Ko} et 2] ghefo]
904 0 & =9k o w(P<0.05), RPI-3 (pH 12/4.5)0] RPIs ]|
A 7P 2 Tl SRS Yepgloh 229 k]
RPIsi= 16.1-19.8% H = A, dzhe] galatiel o]ojA] pH
5.59] Ak A3 o] pH 4.50 A Hok 229 ko] f-o& o
2 52 A 0F YR, o= YR 4o] ARl ¥ &
S 7g ol Al Bl=2H(saponification)2} AF F A3 ol A 24
Gali7h A ez W pH (4.5)014 Hol dofit ZAof| 7121
Sl A 07 Qe Egh 352 9, RPI-1 22394
3.6%)7} RPI-3 2 4 (1.0 2 1.5%)0] B|a}o] Foz o= o
TS UER 9l o, pH 129] & S8 oll A Bt g2
Fo| oS | FEAEEC] S W AR vhget

o] ISPE4 9] 7H A 22 o] |91 2% ©Ju| 3} OFRe]

Table 1. Yield and proximate composition (g/100 g sample) of roe protein isolates recovered from olive flounder Paralichthys olivaceus by

isoelectric solubilization and precipitation process

Sample Yield Proximate composition (%)

Yield' (g) Protein yield? (g) Moisture Protein Lipid Ash
OFR® 100.0 16.2 76.7+0.2° 16.2+0.0° 4.440.1° 1.210.1b¢
RPI-1 (pH 11/4.5) 13.2 8.7 9.6+0.0° 66.2+0.8° 16.242.1° 3.90.32
RPI-2 (pH 11/5.5) 12.6 8.1 7.7+0.8° 64.1+0.4¢ 19.6+0.42 3.610.52
RPI-3 (pH 12/4.5) 13.2 9.2 8.1+0.3° 69.5+0.42 16.1+0.2° 1.0£0.1b°
RPI-4 (pH 12/5.5) 12.9 8.9 4.5+1.3¢ 68.7+0.3° 19.840.12 1.5£0.3°

Yield is weight (g) of each samples obtained from 100 g of raw OFR. *Protein yield (g)=yieldxprotein (%). *Quoted from Kwon et al.
(2022). OFR, Olive flounder roe; RPI-1 and RPI-2, Roe protein isolate adjusted to pH 4.5 and 5.5, respectively, after alkaline solubilization
at pH 11; RPI-3 and RPI-4, Roe protein isolate adjusted to pH 4.5 and 5.5, respectively, after alkaline solubilization at pH 12. Data are given
as mean values+SD (n = 3). Means with different letters within the same column are significantly different at P<0.05 by Duncan's multiple

range test.
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Fig. 2. SDS-PAGE patterns of roe protein isolates recovered from
olive flounder Paralichthys olivaceus using isoelectric solubiliza-
tion and precipitation process. Lane 1, Protein maker; Lane 2, Ol-
ive flounder roe; Lane 3-4, RPI-1 and RPI-2, Roe protein isolate
adjusting at pH 4.5 and 5.5, respectively, after alkaline solubiliza-
tion at pH 11; Lane 5-6, RPI-3 and RPI-4 roe protein isolate adjust-
ing at pH 4.5 and 5.5, respectively, after alkaline solubilization at
pH 12.

A (4.4%)F 312(1.2%)°l| Wlsted, ZF RPIs] A &2
2.1-2.9%H ] 1831 3]E4890] 0.2-0.5% HY =2 e} 2+
ZF 50% W 2] 2] At 42-83%9] 3l& FeFo] Ao R A,
ISP 374 S0l 7F5- A 2l o] & Ao o] gt whE Aol
o, welgiaale] Ao glo] At )84 A7
o] £i}& 9] ol Z1 o & 81w QI th(Pires et al., 2012; Lee
etal., 2016b, 2017).

Lee etal. (2016b)2 Briao] o Hajchiao] 8.8 116-
14.1% H 9], Zehiz ghake 79.1-87.8% #$olm, ISP &
B200] wek B 80.7-111 gl A fol3el Aols
LrEbiel, pH 12/4.5 £719] ISP s4o] -=sttal stgict
(P<0.05). T3+ Cha et al. (2020)- 7}c}e}o] ol A 5]t £
gehEi o] 10.3-13.0%2] 2H7] &1} 7.8-9.2 g/100 g
Tl g e, ofuf o] vhil R 3]8-2 54.2-68.4%°]H, pH
12/4.59} 5.59] ISP &-7o] T 3]a=& Hofl A Spsirial
shof, o] A7 o] Aol FAkgt ko qlt. ok& e o] 419
RPIs+= ThoFst o 7 thull 2] Eluk arrowtooth flounder (Sathivel
etal., 2004), herring (Sathivel et al., 2004), salmon (Sathivel et
al., 2006) 12|31 Alaska pollock (Sathivel and Bechtel, 2006)
Hoh= &425191 01, 0]F 2 (Sathivel et al., 2009) E+= su-
rimi (Huda et al., 2001)2 A %3}t thal 2 Bokale chal 2] 5}
ol lolAl frAret 7 3ol lct.

o] Aol dd5tE o] H]F=of, OFRO|A ISP 34 &
3l 23t RPIs= T o] 3] SH oA pH 1204 9] &

7S 53f 343 RPIse| SDS-PAGE?] 2]
oF chl A Bixlek B Fig, 20f UER itk OFR (Lane 2)
2 100-75 kDaol| A 37, 75-50 kDao]l 4] 27}, Z12]1 50-25
KDaolA| S B 10749] Ghald wise] Ras shelet 4
91glch RPIs2] wHal A 232 (Lane 3-6)= 150-100 kDa ]
A 17H, 75-50 kDa ¥ 9] 171, 50-37 kDa oA 170¢] 3]
Rk Th =7 PRk 911, 37-25 kDa ®jolA 379t
25-20 % 15-10 kDa H9]ofl 4] Hr} A5t chu Hawv) p
E Ak ISP 34 9] A=A 7Hfl+= RPI-3 4 RPI-47} 50-37
91 37-25 kDa 9] 2] T E3z0f| 4 RPI-1 9 RPI-29}F &5
Zpo] 7} el = ik, 100-75 kDa 9ol A ke ch 2 wie
+ skipjack, tongol & bonito Y(Intarasirisawat et al., 2011),
salmon ¥ sturgeon roes (Al-Holy and Rasco, 2006), 12|31
egg yolk (DeMan, 1999)°]| 4] 2Q1% 97 kDa o] Thil &l Ao
2 Z}= vitellin like protein, 50-37 kDa ¥ $]9} 15 kDa H-*
o] T2l Wl == 77} actin, troponin-T 2 myosin light chain
(MLC)L. 2 4 = 3l th(Intarasirisawat et al., 2011).

5 ofn|i At

OFRZHE ISP 3745 53l 3]4=3F RPIs9| & ofm| it 2
A(g/100 g protein, %)= Table 20] YEFU it} OFR 2 RPIs
O AxFTFO & Fhakgh Tl A k2 69.4-78.1% 24, 97

oz ol o] Ba|ohal A 9] casein (89.1%)1} hemoglobin
(96.4%)°]| B]3}o] Wre- =0 tH(Lee et al., 2016b). OFRE
FE ISPEAS Bl 3l4=gh = ajehild RPIse] 725wkl of
3} thul 2] sheko RPI-3 (75.6%, pH 12/4.5)0] T} RPIsE T}
ol 0 & =& kS UE 9101 (P<0.05), o] 59 8.0t
1] ke AH(7% O]/d)2 H4=ofn| ieAbel A Leu & Lys ~12]|31 #] g
4= o]l Aol A= Asp, Glu @ Ala& A, OFR®] &zte]A &
843 S ETk= opn| Al 24T 28|l AT 2ol E 1t
EF AtH(Lee et al., 2017).

Sriero] YREE 343 Hejthil A2 ISP 342 Az
o] w2 Thal A $HE86.9-90.1%)0l = 52141 2to] 71 ¢l
TRl 513 O U(Lee et al., 2016b), 7Feleo] o] 74-9-of = o2z
374 =, pH 5.5 (79.3-80.4%)0l A 9] AF A w4 o] pH
4.5 (75.6-75.7%)H.ch 502 © & thulz] sleko] =)l 319
CHCha et al., 2020). °] 15-9] 7= &2 &g £ pH
4.50)41¢] AF Ao pH 55Kt £4:3F A o0& eht,
ISP 37 9] 271 Zpoli= ofFof w2 Tl al ol ofu| = Abo) 2
/g Zpol7t whed | Axfebar wtE| ik, o2 OFRo||A] ISP
24 £3) 3153 RPIs:= Val, Leu, Phe, Arg, Asp @ Pro &
o]F o Z7}5t uhdo] Lys, Met, Glu @ Tys= 743k c)
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Table 2. Amino acid composition (g/100 g protein) of roe protein
isolates recovered from olive flounder Paralichthys olivaceus us-
ing isoelectric solubilization and precipitation process

RP-1  RPI2 RPL3  RP4
(pH 11/4.5) (pH 11/5.5) (pH 12/4.5) (pH 12/5.5)

Amino acid OFR®

E;ﬁi‘;‘:t oy 781 732 64 756 719
Thr 515 5.2 4.9° 5.0 5.10
Val? 65  6.7° 6.4 6.7¢ 6.8°
Met? 200 250 2m 27 27
ILe? 56 560 53¢ 5.8° 5.7
Leu? 92 96 89  100° 95
Phe? 46° 48 479 522 49
His 26> 260 270 26" 270
Lys 84° 72 7.9 7.1 7.8°
Arg 60° 6.2 7.3 6.4c 6.5°
EAAs (%) 509 503 500 516 517
Asp 919 99 93 96 9.6°
Ser 61 58 50 55 49
Glu 1350 125 1260 1275 13.0°
Pro? 419 560 53 49 49
Gly? 45 52 65 45 45
Ala? 67 7.4 69 66 6.6°
Cys 120 119 120 13 150
Tyr 39 25 3.2 3.3 3.3

NEAAs (%) 49.1 497 50.0 48.4 48.3
Total (%) 100.0 100.0 100.0 100.0 100.0

EAAs/
NEAAs
HAAs (%) 441 4741 46.7 46.4 45.6
'Based on dry basis. *Hydrophobic amino acid. 3Quoted from
Kwon et al. (2022). OFR, Olive flounder roe; RPI-1 and RPI-2,
Roe protein isolate adjusted to pH 4.5 and 5.5, respectively, af-
ter alkaline solubilization at pH 11; RPI-3 and RPI-4, Roe protein
isolate adjusted to pH 4.5 and 5.5, respectively, after alkaline solu-
bilization at pH 12; EAAs, Essential amino acids; NEAAs, Non
essential amino acids; HAAs, Hydrophobic amino acids. Values
are mean of triplicate determinations. Means with different letters
within the same row are significantly different at P<0.05 by Dun-
can's multiple range test.

1.04 1.01 1.00 1.07 1.07

(P<0.05).

OFR % RPIs®| Fropu|icitof tfgh B]Zaotn]| e Ako] H]
(EAAS/NEAAs)= 1.00-1.07 9|24, pH 110]42] &z
o) 79€ 713 RPI-17} 27} OFR (1.04) H]3}o] At do2
o dbH, pH 120]4¢] RPI-3 ¥ 4= 1.07 522 OFR
H} S5190th 09 Bkl ol casein (0.92 EAAs/

| &2

1l 2] 0] A]LE A 167

12

b =T )

NEAAs)2] Qo] Ak2 Val, Leu, Lys, Asp, Glu, Pro©] %}
o, gljrAE ] hemoglobin (1.33 EAAS/NEAAs) Val,
Leu, Phe, Lys, Asp, Glu ¥ Alao] 8 on|liAbo 2 thulzl
71900l W 2A49] Zpol 7t Q1|90 ul(Lee et al., 2016b),
OFR} RPIs= G241 ¢l S0l A caseino] w8 -3t Wk
o], hemoglobin .th= & 4=Z=0| T},

Intarasirisawat et al. (2011)2 3%9] ©X] t}o]F 49| F
2 2ol rAto] Leu (8.28-8.64%)7} Lys (8.24-8.30%)0]
2ol 31410, 7ltkaro](Cha et al., 2020)2} SFctato](Lee et
al,, 2016b)9] & AL = ofl vs| s ofm| it
24J0] 27181901}, o] ¢1-e] RPIsi= OFR (9.2 2 8.4%)o]
H13] Leu (8.9-10.0%)> 57t ¥hde] Lys (7.1-7.8%)2>
oA 0.2 At (P<0.05). E3 Lysine:> 3157 A155-2] Al
A3k opu| e ARO &2 OFRLE 3% o] 2(8.2-8.6%; Heu et al.,
2006)2} -GABE AL B 931, RPI(7.1-7.8%)°| H|5}od = 1=
S 4220|910, Channa striatus (6.94%)%} Lates calcarifer
(6.86%) & THal Al s====(Galla et al., 2012) =t} =3}t

b, 44/d(hydrophobicity)> 4171574l 3ol 754
W $854S Aokt F R 43hS SeH(Chalamaiah et
al, 2013). o]o} elsto] oh, o, AEA W GolEAT 2
2 A7 FEFE T2 LA on|inAl 24JH|(HAA,
%)= 7+ 44.1% (OFR) Z12] T 45.6-47.1% (RPIs)2 A, 7o}
0(43.8-45.9%) L grieo] o w2 (45.2-46.5%) 3}
FAFSE 24 H] S Th(Lee et al., 2016b; Yoon et al., 2018b; Cha
et al., 2020).

ISP 3322 3|43t RPIs9| ofu]i=Al 2412 9172l OFR
3} §e]79] 2ol 7} Q1 E|9L 0 vl(P<0.05), 0|2zt zfol} 4]
F7158 R 0771580 FEE v A or FAE, &
T B A obfleAle 5 7241 F emulsion®] AHE
A=A A-g-5Fof emulsion®] QH/dol| 7]ofstA € Aoz
= ATHL et al., 2004; Mahmoodani et al., 2014; Lee et al.,
2016b; Yoon et al., 2018b; Cha et al., 2020).

FI|842

OFR¥} ISP 5742 Fdll 23t RPIs9| 7718 24 At
= Table 30 e qlct. B4 5749 38 7|52 24
&, ZRO|E AJ2F Y] {1 9l AR-¢]7] 75
=, 3 9 54 A9 223t Ao | th(Belitz et al.,
2001). EZF AR FAFA 0] 714 AJEo] Hsh= AlMA @
Ql, BESHA Zpo, o8] A, 7k W, ol % 2 2 22(H
2= g 29 B4 UidsHA Bl = o] ltk(Alasalvar et
al., 2002). OFRE] BK(S)¥} ¢1(P)L- 306.6 mg/100 go = 714
o 271 JBE AR|EHg o, oo 2 TERRK, 260.8
mg/100 g), 2E(Na, 148.0 mg/100g), Z<5(Ca, 32.9 mg/100
g) 712] 3 np1ud|4(Mg, 11.3 mg/100g) <=0] 2t

Heu et al. (2006)> 8, 7hchato] 9l ghrkgo] &9 8
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BEe ol ZekE, Zgoltty Bk on, Lee et al
(2016a)2 rfego] & 55E2(992 mg/100 )t egg white
(1,341 mg/100 g)oll+= & ghafo] 7 wWekal B a1gh v Qlct,
w3} Beklit et al. (2009)-2 %10 2Ho] 3} 3Hek(165-244 mg/100
2> = A AR} Bl A B pEolQlTh

SHE ISP 54 0| 2% Bk =M, 2| QI RPIs| -2
7)1 B BKS, 435.9-639.9 mg/100 g), A5 (Na, 154.0-
304.2 mg/100 g), (P, 24.5-124.5 mg/100 g) 712] 1 v}y
%(Mg, 38.3-65.6 mg/100 g) 220|301, OFRI} 8 7]
A4 8 ghegol glo] 4912 ol LERRIEHP<0.05).

ISP 34 9] 22|zl whel, RPI-13} 32 3K(Z}7F 582.1 W
639.9 mg/100 g)¥} ¢1(Z+2F 124.5 L 123.6 mg/100 g)o] T+
%ol RPI-2 % RPI-40] H|gto] 0120 & 2 5o glon
(P<0.05), &ZHe] gal-4(pH 11 2 12) Fof o]oA] pH 4.5
o] 4 Ao pH 5.5 4R} o5 RS wr} v £7
5 542312 Lrehii ik, vhelo] RPI-29} RPI40] A 45
(22} 304.2 9 278.4 mg/100 g), vF1u|4(ZH2F 65.6 2 51.1
mg/100 g), Z<(ZH2F 24.5 9 15.7 mg/100 g), oFA(ZH2F 9.0
9 6.4 mg/100 g) 72]7 BE(2}2H3.3 2 5.5 mg/100 )3t
o] RPI-13} RPI-39]| H]sto] f-02 02 Z2jo] g A o= 1}
ERg o 24, pH 5.500|1 4 2] Ak F 3} o] pH 4.5 H]3f <=
SISk, mbA 714 AR 243} k] o1 ISP BAE
Ee 1o Relanrt A4 ek 53] RPIsO) 28 T3
(154.0-304.2 mg/100 ) Y& 2(148.0 mg/100 g)ol| ]3|
ISP 574 ¢] Ae|ze] upe} 2u7FE £2o] ¥ A o= e}
u, ol= &ze] 88/ g ol AR-E= 2 N NaOH2} HCI
ol o g 93} NaCle] 29 7]2l3}th(Lee et al., 2016b;
Cha et al., 2020).

RPIs9] A&FSHFS crab (Gokoglu and Yerlikaya, 2003),

ﬂf
Jo
L

o)

2,
oY
2
¥
Qb
=
4>

rainbow trout (Gokoglu et al., 2004) ~12] 37 fish based dishes
(Martinez-Valverde et al., 2000)°]] H]3}], o1 $FFof| QlojA=
rainbow trout (Gokoglu et al., 2004) 1] 31 European perch
(Orban et al., 2007)0] ¥]3ko] W& S520]gf. whle] k1
4 EFE sea bream (Orban et al., 2000) 1] 12 Baltic herring
(Tahvonen et al., 2000)°f H] 3} 28| 7} =2 4==0| it}
Lee et al. (2016b)2 3jt}edo] &ho] bzhe] 5-8-4] S8y &
S S 8, A B, Qlo] =8 77 o, ISP 34 &
Foll, Y=l ol sl =t Ql @%94 3= A& RhHof| 32
Hr, 4, 262 FEOA e S w, AR 54
ate} tio] A2)z7l m}% BeavhE QIgE ot o
glout, 1= ol vls) A o 5714 Fere sl
3 1w glh
stctepol ko) ISP FRE Fal B4t el 24
(Yoon et al., 2018a)} &2 (Cha et al., 2020)2 <,
5, EE 1 Qlo] 28 57|44 AR ool va) 1 gy
AP 0.2 71 A3 Btk sgl o, 9] 45 9
A He] 270 w2 771 §oiHel o]z
23] 9 5 m3ph glglhn st
Ba|chzlol casein®] 2 77|28 3}, 7h<s, ZE}
'F_'F, ’\,]—E Eo](ﬂ o 1:[:1 6:1014 L,‘L/HD}—_|7<E]OL] hemogloblnt %]-’ Z]
B AR, ZEM 9 2 (Lee et al., 2016b), OFR ¥ RPIs2] F-
7123t Farell Al ]2 7l Aol S yEhio], Tl 7]
3} g AR e) Aolo] 7]elehs A7 =Y, o
olg|gt #7190 24 Ul ghekol thgt Afol= F71H o], A
s A=A Tl gl opu e ibe] 2/ Z1e|ar o] 9 Ak A
2]57gof w2 pH WSt b W whd 9l 7713 o] o]
ZHts| dofjut A= w5t th(Lee et al., 2016b; Cha et al.,
2020). o]AFe] As Aue} oI o] A ISP 34 S & OFRZ

)

FL rlo H A

4

Table 3. Mineral contents of roe protein isolates recovered from olive flounder Paralichthys olivaceus by isoelectric solubilization and pre-

cipitation process

Minerals (mg/100 g) OFR! RPI-1 (pH 11/4.5) RPI-2 (pH 11/5.5) RPI-3 (pH 12/4.5) RPI-4 (pH 12/5.5)
S 306.6+0.0° 582.1+41.0° 435.9+70.9° 639.9+64.6° 567.9+31.12
Na 148.0+0.6° 154.0+1.5¢ 304.2+5.22 160.8+1.9° 278.4+2.7°
P 306.6+1.32 124.5+2.5° 24.5+0.7¢ 123.6+1.9° 44.8+0.2°
K 260.8+0.92 6.6+0.1¢ 6.6+0.1¢ 7.6+0.2¢ 10.940.1°
Ca 32.9+2.4° 9.7+0.0° 24.5+0.9° 10.240.3¢ 15.7+0.4°
Mg 11.3%0.1¢ 38.314.1° 65.6+3.02 49.4+1.0° 51.1+2.1°
Zn trace 3.70.1¢ 9.0+0.12 3.440.0¢ 6.4+0.1°
Fe 0.0+0.0° 2.6+0.0° 3.310.2° 2.4+0.1¢ 5.5+0.12
Mn trace 0.0+0.0° 0.1£0.0° 0.0+0.0° 4.3+0.2°

'Quoted from Kwon et al. (2022). OFR, Olive flounder roe; RPI-1 and RPI-2, Roe protein isolate adjusting at pH 4.5 and 5.5, respectively,
after alkaline solubilization at pH 11; RPI-3 and RPI-4, Roe protein isolate adjusting at pH 4.5 and 5.5, respectively, after alkaline solubi-

lization at pH 12. Data are 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.
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TR ded Gl Fa3 IR 25 I 2
Eheo] AR et 2 £ A Ha FAlol YEhfo] 7
A FEe s ashy] ARt getol Aol g Ao s
S A
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OFRZ} ISP 345 Fall 2]4=5F RPIs9] AFAA 2 A b4
A& AESH] 913t 55 4 23h= Table 49} ). OFR
o] 7F=8(Cd), ZEF(Cr), 7-2|(Cu), H(Pb) H YA (Ni)2] 2
(mg/kg)> S % (trace)°] AT}

ISP 374& Soll 2FA o= 3|43k e =4 RPIs=
71E8 0.1-0.2 mg/kg, =2 0.0-0.1 mg/kg, 2] 0.4-2.0 mg/
kg, & 0.1-0.3 mg/kg 18|21 YZA0] 0.0-0.3 mg/kg TF=
Rl it} 53] 7h=, el B e A, ISP 34 9] Ae =
Aol w2 oA 2 2ol 7} QI . (P<0.05), RPI-12} RPI-3
o] 4 dgo] RPI-2 9 RPI-40] B|ate] g ol sl 1
o 2 AT o' gl i} o= de] ey
(pH 11 & 12) Fof 0]o] ] pH 4.50] 4 2] AF M 37g o] pH
5.59] A-Ht o5 Sa&9 S o] Wilth= 2 oulstal
t}. E3 7] 9 A2 RPI-3 (pH 12/4.5)°] 2.0 mg/kg 0. & 714
o S vEhl gle ], v 2 RPI-1 (1.1 mg/kg), RPI-4
(0.9 mg/kg) 12] 31 RPI-2 (0.4 mg/kg) 2 <=0 &2 7}7}ko] 22| %
ol w2 frej/do] A = ATHP<0.05). Wk Fa42] o
& oA 2 ax3kehe 270 pH 11/5.59] ISPO| ¢l

o, 7129 B4 34| 7152 30 mg/kg (FAO, 1983)0]H, 3f

Table 4. Heavy metal contents of roe protein isolates recovered
from olive flounder Paralichthys olivaceus by isoelectric solubili-
zation and precipitation process

Heavymetal o, RPH  RPL2  RPI3  RPI4
(mglkg) (pH 11/4.5) (pH 11/5.5)(pH 12/4.5)(pH 12/5.5)
Cu trace 1.130.0° 0.4+0.0° 2.0%0.0° 0.9+0.0°
Ni trace 0.0:0.0° 0.0:0.3° 0.0£0.3° 0.00.0°
Cr trace 0.130.1° 0.1:0.0° 0.0£0.0° 0.10.0°
cd trace 0.2:0.0° 0.1:0.0° 0.2#0.0° 0.10.0°

Pb trace 0.3x0.1® 0.1+0.0° 0.4+0.0° 0.240.3%®
'Quoted from Kwon et al. (2022). OFR, Olive flounder roe; RAI-
11 and RAI-12, Roe alkaline insolubles after alkaline solubiliza-
tion at pH 11 or 12 respectively; RPI-1 and RPI-2, Roe protein
isolate adjusting at pH 4.5 and 5.5, respectively, after alkaline solu-
bilization at pH 11; RPI-3 and RPI-4, Roe protein isolate adjusting
at pH 4.5 and 5.5, respectively, after alkaline solubilization at pH
12; Hb, Hemoglobin. Data are 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.
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FAEA Y] el d T AR ofl B2l v]wk Y 4(Tha-
nonkaew et al., 2006)2 4, A&, W7+ 9 o153 B 5o A
AR} g o] S akg- #at oy 2} pro-oxidant 232 L E
WHth(Thanonkaew et al., 2006). Kim et al. (2020)-2 o] 2H9]
A 521 550 7282 0.5-1.5 mgkg, & 0.0-0.2
mg/kg, 7=+ 0.1-0.5 mg/kg, & 0.0-0.5 mg/kg 181 Y
7 0.0-0.3 mg/kg® 2 0]% 2 Zg4ato] 12 $2]40]
F IR H AL sHYl o, AlEEd e Sas 7R ol niEet
thal ©ugh Bf qlek, 3t el o 7HE- A 2A Y sE5E
(Lee et al,, 2016a)9] S5 e o] A Aot FAS)H
itk obg el SARA ol QlofA] 1718 W B AR e
HSh= A, A=A Aol o EA], 7, flE S,
Il AASH (e, 2% B e e WHe #eo] Sk
(Alasalvar et al., 2002). 4]%-3-4(Korean food standards co-
dex; MFDS, 2017)0]] W=, AZAAYZA 24HE9] S5
o] QPHAIE o] % 0.5 mekgolst, 422 0.5 mykgolaf
81 7FEE-0] A9, 0.1 mg/kgo|FE A AISHL §loH, o 7
ol A= it 7tEE-S 2442 0.5 2 1.0 mg/kg S 2315}
A) ke AL oIk, webx ISP 342 £ 5145t RPIs
o FE4 BAATE BE o5 7130 nldshs 47009
o} o} 2] RPIs2 33t 3o 13 S 240 S0 = A 23e
24 92 o 7%0] HAFHo B ST 7|28 A
5] n]gat 45z0) 91,

Hunter's color

Table 5= OFR 22E] ISP 242 £3] 5]423} RPIs©] A}
gk 2kS vepd Zloloh. fe|ehi Al RPIs9] = Lk
70.4-76.7 HZ, ISP 54 2] A 2|z ul2} RPI-1 (76.7)°]
ro]4] © 2 t}2 RPIsol| H| 3l H3tt}. =231 RPI-137} 30| RPI-2
of 4o v FOJH O & FAE YEPY o RA S| &
szt $of o]oj A= pH 4.52] 4t A 77 o] pH 5.50f14] &
o o] IS F= Mo JFto| Dk Ao 2 A E ST

3hH A A (a, redness; -a, greenness)of| RU01A+= RPIs+=
RPI-13} 30] 242} 1.3 & 2.5 4 RPI-29H 4 (212 3.9 4 3.4)
of Hlgto] W& S UEH O R A AH o2 =2 e
& i) EAJhE heme THAe] A3fo] 7]2lske Aow
(Kristinsson et al., 2005), o] ol £3Z3H= heme T2 o]
o] Gy ot AF A O] pH 2o oft etz
X pH 5,504 3|33t Belehul o] pH 45614 s14gt Ao
|3l hemed} 7> AAxthal 2] o] ZJ2bo] =E x| H=(L)o|
T gEe & Ao =2 2R1E] I ck(Lee et al., 2016b; Yoon et al,
2018a; Cha et al., 2020). 3+ ZH &= (b, yellowness; -b, blueness)
9] AL RPIs= 22.0-25.5 o] 3ich ©]AF2] Hunter's color
ZHE AMESH RPIs®] WAl T (whiteness)+= 61.2-67.9 HH ¢
2 9L 7ol 7 o g Fholx|]]tt. Sathivel et al. (2009)2 |
| &9] 7184 Tl o] vr2 g (L*=T71.7; a*=3.9;

N
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Table 5. Hunter’s colour values and whiteness of roe protein iso-
lates recovered from olive flounder Paralichthys olivaceus by iso-
electric solubilization and precipitation process

Sample L* a* b* AE  Whiteness
RPI-1 . ] ) .
S 11/4.5) 767503 1.3£0.1°22.0402° 29.5:0.3 679203
RPI-2  709+0.1° 3.9+0.1225.5+0.1236.1£0.2 61.2+0.2
(oH 11/5.5 70-020.1° 3.90.1° 25.550.1° 36.10.2* 61.230.
RPI-3  726+0.1° 2.5+0.1° 23.6+0.4° 33.5:0.4° 63.8+0.3°
(pH 12/4.5) 12-6+0.1° 2.5£0.1°23.60.4> 33.520.4° 63.820.
RPI4 7044020 3.4+0.1022.2+0.2° 34.3+0.3° 62.9+0.2°
(pH 12/5.5) 0-4£0.2° 3.420.1°22.240.2° 34.320.3° 62.920.

RPI-1 and RPI-2, Roe protein isolate adjusting at pH 4.5 and 5.5,
respectively, after alkaline solubilization at pH 11; RPI-3 and RPI-
4, Roe protein isolate adjusting at pH 4.5 and 5.5, respectively,
after alkaline solubilization at pH 12. L*, Lightness; a*, Redness;
b*, Brownness. Data are given as mean values=SD (n=3). Means
with different letters within the same column are significantly dif-
ferent at P<0.05 by Duncan's multiple range test.

b*=28.8)5 W}l shof, o] A9 RPIset f-AFSHITE
ole] Autel AH 115 Ff ISP 34 9] dze] g 2H
oflA= FFHCE pH 1204 9] g3l1go] pH 110f|A] Hrh
ojfF & 5o Madie Bt §afisto] o] & Fafl et o
Ze] 84RO A o2 gAY @2 WS H= Al
2 &)%)l o (Lee et al., 2016b; Yoon et al., 2018a), 0] o] 4]
Y3t A+ AT o A<= pH 5.59014] 3|4=3t Eejehai o] pH
4.50] 4 2]4e3t Ao Blsf & S LERd o 24 o] 7 ol
Esh Aarhe] 2128 o wo] Qojdhe o 4 93]
(Lee et al., 2016b; Cha et al., 2020). whehA] o7 & 52l A4
il 21 0] 5 0] pH 5.5 £ Ao & A E| Q).

Lone et al. (2015): o 2| Tl 2 O] A= o} vl At = 2
A2 o] A o] whet Like S7HA71aL, A8 o] A= bkl
B2 1A, agloll FFE 5= heme T A 0] 22} =3
I ERIo] M Atete Qlsl 2FAlES] A2 gaao] |
TR 5holet. 3w Al of 7 o] Pk of fFof| Hlsf Ao}
HHA = of] Qlo] A L7} =2 A2 o] Fof A 5}= heme T
Zlof] Gk wro o5 MAAFO] Fzof| o5t o] Al
3} th(Kristinsson et al., 2005; Yoon et al., 2018a).

wjebA] OFR O] ISP 35745 &3l 2]+t RPIs 42| -84
3B (Yoon et al., 2018a) 12|11 7} 2] (Lee et al., 2017)
of Hmo] 7 37 Ao whE Tl fE g vrt Q1 E o], o]
= Zt7he] e AR o w2 A&7l A E Atrt
R Elojof g 2 0 2 yehE| .

iy

Al AL

O] =2 2020 S FpAlT AL o= sjfpattelr el

Y5 ATA(PIT201277, L AARSH

Zz 3 =)
ZA] g FEAE TS AR E .
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