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Functionality and Biological Activity of Isolate Processed Water
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Gyoon-Woo Lee!?, In Seong Yoon'?, Sang In Kang??, Su Gwang Lee??, Jae-I1 Kim*, Jin-Soo Kim??

and Min Soo Heu'**

"Department of Food and Nutrition/Institute of Marine Industry, Gyeongsang National University, Jinju 52828, Korea
“Department of Seafood and Aquaculture Science/Institute of Marine Industry, Gyeongsang National University, Tongyeong

53064, Korea

3Research Center for Industrial Development of Seafood, Gyeongsang National University, Tongyeong 53064, Korea
‘Department of Food Science and Nutrition, Pukyong National University, Busan 48315, Korea

This study evaluated the protein recovery, functional properties and biological activity of isolate processed water
(IPW) generated in the preparation of protein isolates from fish roes (BH, bastard halibut Paralichthys olivaceus; ST,
skipjack tuna Katsuwonus pelamis; YT, yellowfin tuna Thunnus albacares) by an isoelectric solubilization and pre-
cipitation process. The IPWs contained 2.7-5.4 mg/mL of protein, and the protein losses were 8-21% (P<0.05). The
form capacity of IPW-3 for BH and ST, and IPW-4 for YT was 155, 194, and 164%, respectively. The emulsifying
activity index (27-43 m*/g) of the YT-IPWs was the strongest, followed by ST (7-29 m?/g) and BH (10-19 m?%/g). The
2,2-diphenyl-1-picrylhydrazyl scavenging activities of IPW-1 and -3 were higher than those of IPW-2 and -4. The

2,2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid scavenging activity (IC

mg/mL) of IPW-2 and -4 was 0.03

50°

mg/mL for BH, 0.04-0.08 mg/mL for ST, and 0.04-0.07 mg/mL for YT. BH IPW-3 had the strongest reducing power
(0.41 mg/mL) and superoxide dismutase-like activity (1.68 mg/mL). The angiotensin-I converting enzyme inhibitory
activity of IPW-3 was the highest for ST (1.52 mg/mL), followed by BH and YT. The common predominant amino
acids in the [IPWs were the essential amino acids Val, Leu, Lys, and Arg and the non-essential amino acids Ser, Glu,

and Ala.
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%54 B2 A (protein isolates)S 73 A 4] 0. &2 Ay AFSFIA;
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el S )t ok, A A 2]l sl 5-1081 2] 7154
2]=(IPW, isolate processed water)=. = ©-AY5}1A] HtH(Chen
and Jaczynski, 2007a; Tahergorabi and Jaczynski, 2012a; Lee
etal,, 2016b). 3t o] 7, 127, AR 59 Y& A 7}
F Foll= “7Fg T 4x(process wastewaters)” 2H= A, 7HE
e (B A44), S 5, oAke] 7Hg 4100 tons
o] ks = ol el AIXF 1082 7 A 245 ARE)o]
e 2 2l sttt (Afonso and Borquez, 2002; Dumay et al.,
2008). o] gt A 7Hss Aol A WA Sk T A B
715 Fob7t 7] dlitoll &g A& kA ¢k = W
£ M| = 27 2 ¢ o) glo] k. 1 o] 5 WA} 7R
AHE9Ql 7Ha- A 2l4rofl+= sarcoplasmic protein, 24, EY 59
A O o] 77} & 7146 D ©alE AEo] ok
15 o1 I tH(Dumay et al., 2008; Yoon et al., 2017). o]&} &
A3t A7 A 2]l e A E 2=, surimi A| 2 A] A 2F
g ol A o] & S OF 10-2081 2] oAl =7} i Ag s,
o] I& B4 of 5 T2 2] 30%7} 4241 =] 3 (Watanabe et
al., 1982), o5 fillet 7} Alofl= 10-308] 2] A 4=7} A8
3fo] o] & thA 9] 5-12%7} £~A ¥tk Afonso and Borquez,
2002). S S4B AR AR e Sl AT lob-
ster 2 shrimp (Dumay et al., 2008), =(Kim and Heu, 2001a;
2001b), thH(Joh and Hood, 1979) 5-9] 2} 7pmaje) e =
T 30-50u o] WAL, o] 5 A Folle T AR
0] 0.10.6 g/L FH-5l0] o], o & &ate] Hak QAT A
Z 4 g A 2 A 0]-8-8} 312} 51 THOh et al., 2007). 3+,
TAREO] 7hs ol mE, B, vls, W, 1A g 22
hefRt 7R A o] thg o = W AgskalL, M AFTS] 30-60%
£ AA|gtc(Klomklao and Benjakul, 2016; Narsing Rao et
al., 2014). o]2J3t 7}g-FAHE ol Al o] Yi(fish roe)> &3
(skeins)ol| Ee{#Ql &S wob, Thal A (Sikorski, 1994) 9 2
A HW4HMahmoud et al., 2008)0] 55131 115 OFA] 9] 4] A
Alo| Ak, Qlofu} Bzkato] ere] Ao (caviar), et 5 4
AH3] 0] g2t T ok, YR AZ2AR o] 857
51 o] 3 o] tigk A8l (Heu et al, 2006)2 ko2
k89 8 BN 5 AFAYRA 0] 82 915
o], o7 A2 HE Buke259] Al 2(Lee et al., 2016a) 2! £
2kl (Lee et al., 2016b) 18|32 1 A1EZ7|5-EA](Park et
al., 2016)° 3l 155 38 2k B} YA, o] &f A| 2 2o A
= Z}7F WAL ZFEEARE ] 2} 71 2] 45(Yoon et al., 2017)
2} isolate processed water (IPW)7} AT wfeka] o] <
ol A= A X|(BH, bastard halibut Paralichythys olivaceus),
7}cko(ST, skipjack tuna Katsuwonus pelamis) 2 S3tie
Y(YT, yellowfin tuna Thunnus albacare) = 5€ 547 &
/3 34 3 et o sl oA WS 7
A2 (IPW)oll thste] AE/d X 73t A0 22 A%
71554, AEE E4 9 el tistel A 5o ®

il

A, 4AR7F g o] glolA] WAl that b Alel4e) 8
2l 0] 742 o] ol 27

el mel A 4% U 474715
sAf ket

Mz H L
M=

Y 2| (BH, bastard halibut Paralichythys olivaceus)= &% A
A Aol A AolSls 2 Q) sto], A= 2Rkt
T, A5 AEsto] Aol ANkl e, Zhrkeoi(ST, skip-
jack tuna Katsuwonus pelamis) ¥ ctedol(YT, yellowfin
tuna Thunnus albacares) &2 FUA| 24 LA (Dong-
won F&B Co., Ltd. Changwon, Korea) 2 2K -E] 52 A E] 9
OFS HORS ol ALESIYILE. o UE-L AFo] ALE] A
7HA] polyethylene bagsol] WEAFE] 2 -70°C oA B35S Lt

o] F & E el A (roe protein isolate)> Lee et al. (2016b)
O Wi of| whet Al 25FATE £, 2t 0159 2 H el 100 goll
et 6l ekwiv)) g o] &2~ 2 7}s) 4 3HPOLY TRON®
PT 1200E, KINEMATICA AG, Luzern, Switzerland)3}1, 2
N NaOH= ARg-sto] 2+2f pH 113} 122 24sto], eze] 7}
S3HAT for | b) TS AT TR, olol4 P4IRIE AAjs}
S tH(Supra 22K, Hanil Science Industrial Co., Ltd., Incheon,
Korea, 12,000 g, 4°C, 30 min). ¥4122] &, pH 113} 129] &
2r2] 7188 A 39lo] tfto] 2N HCHS AL§alo] of 7 whal
o] A 22Ql pH 45 W 552 77 247 T4, 42
(12,000 g 4, 30 min) 31ick. o]ufe] QabEe] LAHe ol
o pejghul Az Sj4ola, PAlite] AEoe SHH 4o/
A S Fol HAT 7B A 2 4HIPWS)Z A 42} IPW-1 (pH
11/4.5), IPW-2 (pH 11/5.5), IPW-3 (pH 12/4.5) 12| 3 IPW-4
(pH 12/5.5)2 A5}

S SWAA BHL Fa AT PWse] Sl
+ Lowry et al. (1951)9] ¥ o] whe} shH 2 = 4] bovine
serum albuming ARE-5}0] L5t HakAl S 53l S5t

7183

A2 gl Aok BEE Laemmli (1970)] 4o o}
2} sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE)Z =A435}3it}. &, A|222 SDS-PAGE Al &%
Ag 2T} 41 (viv) Bl &2 Z3H3E 2, 100T oA 3 min 5
ot 7t sto] A8+ T} 10% Mini-PROTEAN® TGX™ Pre-
cast gel (Bio-Rad Lab., Inc., California, USA)ol] 8|3 A| &
(20 pg 2 E 22918131, Mini-PROTEAN® Tetra cell (Bio-
Rad Lab. Inc., California, USA)o|| A2Fet o}, dAe A7
(10 mA per gel)& 5517 ho] 217] %% A BHF. T )
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F2}eF K= Precision Plus Protein™ standards (10-250 K,
Bio-Rad Lab., Inc., California, USA)E A8-5}0] &¢l15}9ict.

ool .=t

Zy A =9] opu] e AHRA 2.2 5 mL 2] IPWs©]l 0.25 mL of 6%
(w/v) 5-sulfosalicylic acid dihydrate S 7}5}0] A Thal 2l A1A]
3haL, 41=22(1,890 g, 20 min, 4°C) 3FAT. Al S
(1.5 mL)2 0.20 wm syringe filter (hydrophilic type)E A&-5}
of of st Tk, lithium form Zgo] 424l obu|ieil £47)
(model 6300; Biochrom 30, Biochrom Ltd., Cambridge, UK)
E taurine % opv] it HRFES RASEA o, A A= 100 g
cha o] i3t 7 opm|i=ihe] 2AdH] (%)= LER T
HE2d { HEUNIY

Al & .2] #ZA4)(FC, foaming capacity)2} #ESHY A (FS, foam
stability)= Park et al. (2016)2] ®§of utet A%} &,
25 mL9] w24 2IElo] 10 mLo] Al=Gole §7 B, 24
7I(POLYTRON® PT 1200E, KINEMATICA AG, Luzermn,
Switzerland)2 12,500 rpmof|A4] 1 mins-3t w23} 5}t A
Fol YAH A E=F017 AI7K0, 15,30 2 60 min)5-QF A2
ol A X HHA, & Fu]9F AF2] HulE S7gsto] off o] 4]
of wha} FC} FSE 731 9itt-

Foaming capacity (%) = VT/V <100
Foam stability (%) = (Ft/Vt)/(FT/VT)x100

ol VIe wd A% & 79, Ve 2 A9 & 79, FT=
A A% AE] B, Fre} Vil 320171 X715, 30 and 60
min) 7 $-0] AF79] 9 F 295 ofu]siic.

Fatsit FaretEy

3H5(EAL emulsifying activity index)2} 31214 4 (ESI,
emulsion stability index)- Park et al. (2016)2] ¥4 of| uf2} =
Astct. 28 Al=2(10 mL)= 4]-8-f-(soybean oil, Ottogi Co.,
Ltd., Seoul, Korea)?} 1:3 (v/v)2] H[-& &2 &35lo] #2318t
(12,500 rpm, 1 min) Th, w23} o] TH7] wAAI T ] of
2ol A AA K50 pL)2) emulsionS 5ke] 5 mLo) 0.1%
sodium dodecyl sulfate (SDS) &N} &E513t cfL-, B
A(UV-2900, Hitachi, Kyoto, Japan)E A-&-5}4] 500 nm -4
oA Bt 2159 TFE(A,, ) 102737 $9] 3%
(A, )& =78510] ol o] Al 0= 77} EAI (m?/g protein)@t

10min

ESI (min)E 7-3}%c}.

2 %2303 xA XDF
IxdxC

EAI (m%g protein) =

olu, A 500 nmef| A 2] F3==, DF= 3]414[(100), K 4

1% - AR - A

)

2
e

o] Tk cuvette®] % (1 cm), o= 9 Fofl 487712
A5 We(0.25) 7121l C= Sl o] 5= (g/mLyE 247

Bt Sl

) A, XAt
ESI (min) ZT

oA7IA AA=A Ol HHREA o] S8 =0 Ato], Ati= 10
minE 1] sk3ich
DPPH 2tCizt 47184

Zy A&9] 2,2-diphenyl-1-picrylhydrazyl (DPPH) =}t]Zt
27842 Blois (1958)2] ML tha 4243t Yoon et al.
(2017)°] whet A58tk zH A|2 (1.5 mL)o] thate] Sk
2] 0.4 mM DPPH radical ethanolic solution (1.5 mL)¥} =&}
ghar, A2-9] efaxofl A 30 ming<t HES-A1Z] $-, 37 517 nm
(UV-2900, Hitachi, Kyoto, Japan)ol|A] &3 =5 =43}
DPPH 2tz 427 Z4(%)2 oFafi o] Aol ute} F-ok3le
IC, value (mg/mL)= 50%2] DPPH 47844 Lehf= A
=29] 5 =(mg/mL) = %25kt

DPPH radical scavenging activity (%)=
(Control, .-Sample,,.) % 100
Control, ,

ojuf, Tz (controly, )= A 28 thAl & o] 245 7}sted,

249 FHEE et
ABTS' izt A7 &4

2,2'-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diam-
mouium salt (ABTS") 2}t]Zt &7 ZA-2 Binsan et al. (2008)
o] S T4 42431 Yoon et al. (2017)0]] whe} =43k}
2} AJE49(1 mL)E 3 mLe| ABTS' §-24at Eqste], 4.22]
Qo] 4 30 min ST HHSA1Z] 5, 51 734 nmel H FHEE
sttt ABTS® etz 242 (%) oFf9] A o= A
chstalem, IC value (mg/mL)+= 50%2] ABTS™ eft|Z 427
L LR AR 5 (mgmL)2 g elskit

N\

S~

ABTS' radical scavenging activity (%)=
(Control,,,-Sample., ) % 100
Control ,,

o] 9] th T (control )= Al ZGH 4l B o] 242 7}5}
o], 243t T4 2 Vel 9ok

SOD RAMEY

Superoxide dismutase (SOD) F-A24d2 Marklond and
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Marklund (1974)2] ®H-2 U5 =43} Yoon et al. (2017)°]]
e} 248191} 500 o) 7k A| 28 500 uLe] 7.2 mM
pyrogallol (10 mM HCloj| €3l)7} 3 mL2] 1 mM EDTAE g}
F8h= 50 mM Tris-HCl €459} (pH 8.5)& &35}, 30 min
ol "S- A| A} o]o]A] 100 pL of IN HCIE 7}5}o] Hke-4
A Al713, 54 420 nm (UV-2900, Hitachi, Kyoto, Japan)of|
FHEE 245)0] of2]o) 412 Fa) SOD FARI%)S

SOD-like activity (%)=
i (Sample,, -Sample Blank,,

i (Control,, -Control Blank,, )

420 420

1x100

o] 9] sample blank+= A| &2 1 N HCIZ 7}afl HE-5- A Z] A|
71 %, pyrogallol& 3 7}sto] &3t &g o], control blank
L A& Al g o] 24=0} | NHCIS: £33t the, pyrogallol S
W7hl 24 SHES Uehgick

o] W& U5 A3k Yoon et al. (2017)0]] whe £ 5H3Ic
ZF A Z-8-9(1 mL)+= 1 mL2] 0.2 M sodium phosphate $+%4
(pH 6.6)Z+ 1 mL2] 1% (w/v) potassium ferricyanide2 515}
01 50°C 9] &2l A 20 ming e HEEAIZATE o]o] A 1 mL
2] 10% (w/v) trichloroacetic acid= 7}3l ¥4 |5}, ¥4
22](1,890 g, 10 min)3}3ith. 1.5 mL o] 4542 52 & o]
£2:01 0.3 mL2] 0.1% (whv) ferric chloride 8912 E3a}0],
10 ming-2F ¥~ &, 142 700 nm (UV-2900, Hitachi, Kyoto,
Japan)ol| A S =5 S5kt 29 9] EC, gk (mg/mL)
© AR 055 Uehlzd] Bagh A2 S Holalsi,
Tyrosinase XMai&A

Z} A 5289 9] tyrosinase A3l ZA]-2 Tida et al. (1995)2] ®F
W= o sk S745H3HE 5, 300 pLo] Al =-8-4-2 900
uL 2] mushroom tyrosinase (50 Unit/mL)$} 1.5 mL2] 50 mM
phosphate buffer (pH 6.8)& &5 ato] 42014 30 ming<t
A B8-S AAJ5F 5, 300 L of 10 mM 3,4-Dihydroxy-L-
phenylalanine (L-DOPA) -89 7}5}], 5174} 475 nmol| A 20
ming2t 1 min 7+4 2 2 YA =+= dopachromed] SZ=E 2
UE " shHA £743H3AT Tyrosinase A312/d(%)2 oFefi €]
A& Foto] ALtskeich

Tyrosinase inhibitory activity (%)=
(Control,,

Contro]475

-Sample,,.) % 100

7] 4] 27 (control, )= A& ThAl & 0] 24 78] 24

il

&
o

=g ofulsieinh
ACE Msh&y

Angiotensin I-converting enzyme (ACE) A 3|2-4J-2 Cush-
man and Cheung (1971)2] #S thd 443t Yoon et al.
(2017)0l| u}e} ZA3}3Ict 100 pLe] A| 2890, 50 uLo] ACE
712]3 50 pul9] 0.05 M sodium borate $+%(pH 8.3)& =
kot HE-g-oll. o A2 o) 4| 30 ming-Qt AthA| HF-3-2- AA|SF o}
<, 50 pL2] 5 mM hippurly-his-leu (HHL) acetate saltS -3
3+ 0.05 M sodium borate $+5-(pH 8.3) 75t 37CY &
2204 60 ming et W5 XI3skqlet. Aank-3-2f A
250 pL of 1 N HCEE 7ksto] A1, ofojA B3
N 5] 2] % hippuric acid®] 3355 915to] 1.5 mL 2] ethyl
acetateS 719t T2, Y4E2](1890 g, 10 min, 4°C)3}5 Lt 1.0
mL 9| AFZ-oHE Al o] 7131 100T 9] heating block] 4]
ethyl acetateE ¢H43] SHA7] T2, 'FoF2l= hippuric acid
= 1.0mLE| & o] &2 G- AIX1 5, 217228 nm (UV-2900,
Hitachi, Kyoto, Japan)ol| A 3 =5 =455t} ACE A&
K% 2 olef 2] 4ol ufe -5+ 0 v, IC, gHmg/mL)S ACE
Y 50%E Aslish=s A= F== Ao 5h3lth

ACE inhibitory activity (%)=
(Sample,,.-Sample Blank )
" (Control, -Control Blank,,,)

1x100

o|uf 9] sample blank= A7) 1 N HCIS 7}lo] BES-A %]
AlZ1 %, HHLS 718l 273t 385 0], control blank<= A|
& Al & o] 2422} 1 N HCIE: 2313t th5, HHL-S 7}sto] &
Ao FH=EE e ST
SAXzZ

B AFE 38] o4 ¥k AlAslel, Bk (average) T 7
HA(standard deviation)Z LEFY 1Tt o] +&= SPSS 12.0
K (SPSS Inc., Chicago, IL, USA) A ZZ213Y-& 0]-8-5}o]
ANOVA testE E3f EAMHEAS A A5}, Duncan?] o4
AAH o & 24802174 (P<0.05)S AAlEHSIT

uy
H
g
K
M

HA(BH), 7Fehgoi(ST) 22|31 Fohdol(YT) $=27H 5
Z74-8-3l)/Z # (ISP, isoelectric solubilization/precipitation) -
A2 531 roe protein isolates (RPIs)2| 3]=}A4 Sof WAYS}
= 713 2]4>(IPWs, isolate processed waters)2] THl 2] 3]4=
S5 7|00 A= T A Ealg)ol iste] Table 1] W}
WRAEE WAL, Al 8l of 7 o] Tl gkt BH7F 15.98, ST
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L 18.16 12|31 YT 18.27 g/100 go| it 0|5 o] <ol of
8l] 6uljske] & o] 2= E 74l #A3) gk ok, ISP 542 5
HEAEE [PWs 2] RS- o] = oF 100 g %] 2] A] BHE 590-613 mL,
ST 548-675 mL 12|11 YT 535-548 mL $=220] 9t} |
2] 2H(BH) tHel 2 of thslo], IPWs 2] thil 2 3]4=g(o] 7 & 7]
FOoRL 221999 1844-20.68% He]o]9loH, IPW-1 (pH
11/4.5)9] 3]4=g0] 7P =2 AIE vt o, A efg ol u}
E 2%l 2ol 7L AATHP<0.05). ST 7-9- IPWso| Thaf
A 3482 10.94-15.73% H2lo] 9l o™, IPW-2 (pH 11/5.5)
9] 3lpgo] oA 0= = O LH(P<0.05), ©]£] o] IPWs 71
= Apol7F glSle. 7H, YT 4-9- 7.97-10.73% W 91 2] T
A oleaS vehliglen, IPW-4 (pH 12/5.5)¢] T 3]
o] FolH o7 Fokt}. of4ke] AuE ISP 374 ¢] pH 24 ¢l
w2 o] 7 & Fafthil A o] 3]k Fof| A S IPWs o] T
A B g(EAE)S o] %, 4] S8l WA 3y

Table 1. Protein recovery (%, w/v) of isolate processed waters
(IPW) obtained from fish roe during isoelectric solubilization and
precipitation (ISP) process

Volume Protein’ Total Protein

Sample (ml;geo)Og (mg/mL) (g/%?)tglrr]oe) loss (%)
Roe 15.98 -

IPW-1 613.10 5.39 3.30° 20.682

BH IPW-2 549.34 5.36 2.942 18.43°

IPW-3 602.38 4.98 3.00° 18.77°

IPW-4 590.63 5.27 3.112 19.48%®
Roe 18.16 -

IPW-1 557.92 3.59 2.00° 11.03°

ST IPW-2 557.99 5.12 2.86° 15.732

IPW-3 547.51 3.63 1.99° 10.94°

IPW-4 674.75 3.15 2.13° 11.70°
Roe 18.27 -

IPW-1 547.55 2.66 1.46° 7.97°

YT IPW-2 547.40 2.83 1.55° 8.48°

IPW-3 546.54 292 1.60° 8.74°

IPW-4 535.09 3.54 1.892 10.372

'Based on Lowry method (1951). Values represent the mean + SD
of n=3. Means with different small letters within same column in
each sample are significantly different at P<0.05 by Duncan's mul-
tiple range test. BH, bastard halibut Paralichythys olivaceus; ST,
skipjack tuna Katsuwonus pelamis; YT, yellowfin tuna Thunnus
albacares; IPW-1 and IPW-2, isolate processed waters adjusting
pH 4.5 and 5.5, respectively, after alkaline solubilization at pH 11;
[PW-3 and IPW-4, isolate process waters adjusting pH 4.5 and 5.5,
respectively, after alkaline soulbilization at pH 12.

2 o120l Zjol7h gl Aol Sl HrHP<0.05). E3t 1)
A% ol5el WA} 3194 B olRl thaolso] Hls) w
w0 o] £A1go] & AR ettt

Yoon etal. 2017)2] 015 o 532 AlzTgol A Aol 2}
= 7R AP YA tEolR & Ho o slea(d-
10%)°] 2120 2 Frhar 3fod, o] AR2| Aot fARE 2
S HE e, ol= |3 &o] thfol R ol Blsto] 71
39 7173 kol w2 Aol 7]Qlsk= Aolet AetE gt

Cho et al. (2000)> 274o] Hu] Aol Asaroll= 2t
7} 1.1%2} 0.6%9] Tl A o] ZAfsle], 2.of chal o)
5.5% 9 3.0%E XA 2™, Kim et al. (2001b)2> = 7}5-A
2]me] T ATRE 0.4%-0.8%| 2k SR E A}
T REA Jhrieol, £ol U 2 A% 7HEA ol 14-
3.6% Y] TS g3-5ka1(Oh et al., 2007), #-= th Al =}
% 7hgA] 24| v A geFol 12.2%ekaL 3HAth(Kang et al.,
2007). A 9 7HE A 2] 37 ol Y& S Tl E o) &4
2 5-30% (Watanabe et al., 1982; Afonso and Borquez, 2002)
of oj=i1, & FFE 10-50u] 9] 7}g-A] 2|7} EAysh, 7}
B4 T AR 9 X YA Ro] 25 g/L (5 0.20.5 %)o] T
o] Qlrpal K 15)¢I th(Watanabe et al., 1982; Dumay et al
2008). ool R Al wp2H, AbE 7o 7 flst
of ARG-El= Al A 5 YR A s o w7k
Aelgoli chopst 5= o] o] ghgwlo] 9, A wh
AERE AP E4o] FEEH Fol A Aol Tl
=9I} ISP 3ol T o}5 o Hejchi o] Az u sl
o] Fof k= o] 5 IPWsoll = o]42] A7-HIL9 Ao s Al
Sl v, Gl ghao] 8 A AT 4 GIglon, off
2100 g A 2] A] 1.5-3.3 g0 Tl A A 2ol fhE o] glof T
A e 71202 o 821% 7 £ URE A0, o] AETAL

58 BRI ol webA] o) 5 IPWse] A1E7)54 W Ael 2y
of chak B2 Bl ISP 33l W 13 A el pe] AF LA R

A1 8] o]-§- Hfetoll thaf At B a1z} shgict
CHEl 2XEF 22 (SDS-PAGE)

WA (BH), 7kl (ST) L2t Sekdol(YT) &o] ISP &+
Ao Z3l WA 3H= IPWs2] SDS-PAGE®] 231 thu 2] Bxj ek
32+ Fig. 1of] e glet. H2(BH) &2 th 2l iz (Lane
1) 75-50 K ¥ 9]0l 4] 370, 50-25 K ol 4] 37§ 18] 15-
10 K H9jollA] 27 9] ehul 2w =7} 2= Qi et ISP 345 &
3l WHAYEE [PWs 20| 4] IPW-1 (Lane 2)2} IPW-2 (Lane 4)=
Z¥ZF pH 113} 12014 2] 7488 3H8& A% 5, pH 4.5¢]]
A A AT S AA e d W AS 345k o d e 7y
AR A, o] 5 IPW Zholl = thif 4 vl = o] By ofi= # o] &}
ol7h gl Ao g gl Hglen, 37 K FEof 3ju|gt vl
WMEQL 15 K Ftol A shute] whal ] she 7 ke it gk
IPW-3 (Lane 3)7} IPW-4 (Lane 5)2] -, pH 5.5 4] AF 24
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& AA B 7R A g2 A, 37-25 K #9], 15 K F2o]
Al shute] WHE Z12]a1 15 K o] stol|A] %1 ehel 2] a2zt 3t
ZHe| ¢l o, o] 5 IPW 7ol = Tl £ 3of QlojA] 2o] 7 2
ol =] 2] okt

7Febol(ST) Y(Lane 6)2] -, 250-100 Kt 9{ofl A T
Aol Fart elEYlov HES FA5HA = ke, 75 K
R0 A gk 2709 I, 37K, 25 K 2 15 KR4 2
2130 15-10 KA E s}upe] w7} 2habe] 9ick, 7}ofaol(ST)
o] IPWs %04 Lane 7 (pH 11/4.5)= 15-10 KA}o] 2] &hute]
HHEQF 10 K w|qhe] Thul 2] v Exto] b2k #o ¢l O, Lane
9 (pH 12/4.5)9] 7, 50-37 K 9]0 4] 2]n|gt shite] Wi,
3725 K9, 25 K 52, 15K 52, 15-10 K Alo]of| Zvz) 51t
O WiE T12)a1 10 K v|Rhe] EAp g5 7HA] = thal 2l o] Far )
2ol %] @it} 18] Al Lane 8 (pH 11/5.5)2} Lane 10 (pH 12/5.5)
& T E o] fi= A AR oW, Lane 89] 15-10
K Afo]of F3zs}= chalf il = of Zo] 7} wH2he| Qlet. $hH, 3
tFol(YT) Y(Lane 11) 7iekgdo] d(Lane 6)7F frARE
Wizl T o] Bz r) SholElg) ok 37 K Ftof| A 27019] whel
AMe7t #kE Ao 2ko] 7} 1Tk pH 4.590 4] AF 271178
<2 AR IPW-1 (Lane 12, pH 11/4.5) 2! IPW-3 (Lane 14, pH
12/4.5) 12|31 pH 5.50f| A4 4F A 17g-& 7% IPW-2 (Lane
13, pH 11/5.5) 2 IPW-4 (Lane 15, pH 12/5.5)= 415 A}3t
il B2 Wl o Lane 133} 157} Lane 129} 140 H]
stof 15-10 K #1191 9] Thal Al =7} Z161A] Kol 0 =4 o] A}
9] ] el o] oheF E kAl Qlo] B4l E| it o)
SDS-PAGE®] w2 o] &o] Thil 2 o] EAjeFiar= o] 7t
9 2ol 7} Al ok, TAF B8/ 7ol &l sl A7 IPWs
o= FFA LR 15K o]sho] A EAFFe| hald o] o
SESEAL QS SRl 4= U sieh whebA] ThalE o) 1 £4
o]-§3HISP ¥ 4& 5ol o] F Y= FE el 2l o] 347}
PR alon, obg 2l IPWse] ehila BES Hsho 2 o
wlle] Bajepo] uh 12l aThe SIF Y. WAl Lane 1),
7tekegol(Lane 6) % &tedoi(Lane 11) &) 100-75 K H ¢]o]|
A Tbe okl v == skipjack, tongol 2 bonito roes “1E]
11 egg yolkol| A 1% 97 K o] Tl 2] FAekS 2= vitellin
like protein, 50-37K H¢]2} 15 K F-9] TR vi= = 77}
actin, troponin-T ¥ myosin light chain (MLC)2.2 4 =[]

tlo Mz

ISP842] /g A el felE /g4 BE e o= w
wgick. ateb 15K ol ko] AR Ao] 744 T o] K
SH= Aol TaE PWsoll= AEA 9 3857} 28 457

s/30] 71 = A

Table 2= H2|(BH), 7F4a01(ST) 1213l Frigol(YT) &
e o sjpapy ol AR IPWsO A7 s R

o
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— Bastard halibut —
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Skipjack tuna ——  Yellowfintuna —
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i
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Fig. 1. SDS-PAGE pattern of isolate processed waters obtained
from fish roe during isoelectric solubilization and precipitation
(ISP) process. M, molecular weight maker; Lane 1, 6 and 11 for
fish roes; Lane 2, 7 and 12 for IPW-1; Lane 3, 8 and 13 for IPW-2;
Lane 4, 9 and 14 for IPW-3; Lane 5, 10 and 15 for IPW-4. IPW-1
and IPW-2, isolate processed water adjusting pH 4.5 and 5.5, re-
spectively, after alkaline solubilization at pH 11; IPW-3 and IPW-
4, isolate processed water adjusting pH 4.5 and 5.5, respectively,
after alkaline solubilization at pH 12.

A AE 9 73t FA5el tigt AuE vehd ZAojoh A&
(FC, foaming capacity)®] “3-¢-, BH2} STE] IPW-3 (22} 155
0 194%) 1231 YTO] IPW-4 (164%)2A4] 2+ A| 21 IPWo
A 7P w2 AEREES vEdislen, 59 ARl A
o] whE 21291 2ol 7t Q1 E AUTH(P<0.05). o]t
Zpol= IPWO| T Freof 7|91 ShAIE, & A Ax} ol
A skl oEA R AF BTl A F7HE UE
A= F3kcH(Yoon et al., 2017). H¥E- 0.2 STS] IPWs (119-
194%)7} BH (125-155%)2} YT2] IPWs (107-163%)°] B]3}
o] AFAdo] St Ak UEh It B3 ol f YRR H
pH 120]|4 &} &) 718315 A% IPW-3 2 IPW-47} 4t 4]
o7 AF el Tt BEE BYlen, ojoA eYsh=
o]F & EefehilAS 3]sl AF MM I of| A= BHR} ST
+ pH 4.594, Z12]3L YT+= pH 5.50014 A& o] frol& e
2 9t A9E YEhfof, of F7He] Afo = AR Q1A Qi

S, AFRAE T, 6042714 AE M/ (FS, foam stability)
of qloj A= WA BHE IPW-13} 47} 212} 4599} 24%°] 7%
of A =] 101, YT IPW-29} 47} 242} 38% B 67%2] 7%
QHg/g 2l QI E REA | STE| 7 -9-, IPW-40]| Ak 30471+2] A
Zo] §A =L Wolgirh. Yoon et al. (2017)2 of5F & A<
R A ElAEETE 5255 AEAd0] s, Al
B oA Fet AR LR A AR Qlol Tast
QIAFeaL B arsheit, Z1eu o] AR o] Axke] IPWsof A=t
B Fof uhE AFA Y 7o ARl Atol= AF A eFske
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], ol T2 5} (chargo)e] U2 714 W SolE B4
o] g3t s 7B F8S Fol IS
2HE o] W o= A 7R A gk tE ofu| Al
o chal 2] ZAof 7| ¢l5h= A © 2 HetE]iT). Intarasirisawat
etal. (2012)2 &3] skipjack roe?] T A 7}pE 3 E0] 4
Agow qlgt thilde] R4 §olErt S7slel AS
Ao JHA E] Qi ctar 519 2., Chalamaiah et al. (2015)2 carp
roe protein®] a4 7R E-S 444 (hydrophobic) ofu]
Ak 7R QI8 E-57] AlHolA T45] SAtE o] AR
of ATk Bt Slek. weba] AdAlerel Ty w
peptides”} Bo] #3Lsh= A o2 1 IPWsol= o] 2] ¢
TR AFE ofF & Tl TRl &tk AER
3e= U= Zlo] ERIE ek Aol B/ s 5ok A=
AR 371014 AW nterface)ol 41475 F2he oA
= Al ol A Tl o] &2 (unfolding) %! T
A& ARA =of, AEF 5ol e thDamodaran, 1997).
upeba] o] ¢159] pH 2Hof| ofet 534 8o & AHFHe
2 Qo 4 A 9] ko MskF dojut Tl A o] w|EE
W gk o] A A7} oL Hlof, Ak o] sl
312 IPWsolli= AH212] peptide 50| Th g5 o] 9lo]
AE71 SR mA AEF ATl Sttt A o= whE Sl

r
% e
=
e
>
u

“5(emulsifying activity)< water-oil ] of| 4] Tl
Aol oilZ F&F5to] emulsions F4dsh= s2o|H, {3 ¢

# A - A - 3l

i

<l

fua

734 (emulsion stability) FAJEl emulsiono] YAAIZF St
emulsion FAA 7= 5822 A oJH i (Can Karaca et al.,
2011). o3t 334 (EAL emulsifying activity index) %
3o A(ESI, emulsion stbility index)©]l ¢1o14](Table 2), H
Z BHO] A%, IPWs 2] G314 (EAL m¥g)< pH 5.50) 4 At &
AP A= IPW-22F IPW-47}F Z2+2F 19.13 9 174424 A
Sl YARL Aol 7F SIS LH(P>0.05), pH 4.5¢] 4] A
AT AZ IPW-1 D IPW-31}= 5912l 2ol & Let

QITHP<0.05). STS] 72, IPW-33} [PW-4] $3}4e 7}
7} 26.05 2 28.64 m*Y/g= A IPW-13} IPW-29] v]5}o] 3314
o] B0z 07 94519 0 LK(P<0.05), YT 7%= IPW-13}
IPW-29] -3}/ o] IPW-33} 40 H]slo] {-0]4 0 & =2 {73}
3& et o], o] F1t] Atol 7t QI = It A © & TPWs
o] 93HIL YT (26.84-43.00 m¥/g)7} 714 0-2=a}9. 0., ST
Z12]3L BT =0l itk o)/de] A= ofF & F55(45-107
m?/g)a} A<z 7] 2]42(15-47 m¥/g)ol v]sto] IPW 2] 4314
o] FAFSHAL Thar W2 =293 21 & 4= 913 tH(Yoon et
al., 2017).

ghH, /%l emulsiono] A== AZFO2 Ve F-31<9F
AA(ESI, min)2 YTS] IPWs7} 12-18 min, ST7} 12-15 min
Z12]3L BH7} 12-14 minC 2 o}F7He] G331 A oll= A 9
Ztol7h GGt EAfeo] A A o2 F peptide”t EA5HA
U 4524 peptide?] THgo] &2 emulsion?] 2ol 7]
of st wm, A3} Bgol A M= FAE oil =9 EH
peptide”} S2HE O 2 A, oil W&7]2] 9] A WAIGH= BT

Table 2. Foam capacity (FC), foam stability (FS), emulsifying activity index (EAI) and emulsion stability index (ESI) of isolate process

water (IPW) obtained from fish roe by ISP process (Sample)

Sample Protein' (mg/mL) FC (%) FS (%) 30 min  FS (%) 60 min EAI (m?%g) ESI (min)
IPW-1 5.39 133.70+2.03° 73.29+1.81 45.08+5.08 9.71+1.00° 12.21£0.15
BH IPW-2 5.36 124.84+4.89° 25.65+6.69 - 19.13+1.20° 13.58+0.19
IPW-3 4.98 155.28+13.79° - - 9.64+1.35° 11.90+0.46
IPW-4 5.27 124.74+0.00° 43.44+6.47 24.40+3.84 17.44+1.65° 14.00+0.72
IPW-1 3.59 121.59+4.46° - - 6.76+0.68° 15.05+0.23
IPW-2 5.12 145.53+0.00° - - 15.82+0.85° 11.97+0.27
ST IPW-3 3.63 194.19+0.86° - - 26.05+1.182 14.02+1.06
IPW-4 3.15 119.06+0.31° 91.02+6.11 - 28.64+1.61° 12.28+0.58
IPW-1 2.66 106.98+0.80° - - 31.36+1.74° 18.15+0.90
- IPW-2 2.83 122.2743.49° 56.21+0.06 37.96+6.14 43.09+1.79° 13.52+1.14
IPW-3 2,92 120.2943.15° - - 28.34+0.84° 12.24+0.21
IPW-4 3.54 163.85+3.49° 74.10£2.63 66.68+2.92 26.84+0.68° 15.65+0.51

'Based on Lowry method (1951). Values represent the mean+SD of n=3. Means with different small letters within same column in each
sample are significantly different at P<0.05 by Duncan's multiple range test. BH, bastard halibut Paralichythys olivaceus; ST, skipjack tuna
Katsuwonus pelamis; YT, yellowfin tuna Thunnus albacares; IPW-1 and IPW-2, isolate processed water adjusting pH 4.5 and 5.5, respec-
tively, after alkaline solubilization at pH 11; IPW-3 and IPW-4, isolate processed water adjusting pH 4.5 and 5.5, respectively, after alkaline

b}

soulbilization at pH 12. *-’, not detected.



0]5& & Isolate Processed Water?] A1Z7]54 42 Al

50| WHEo] A WA emulsion?] FA4Jo] o]Fo] X thDickin-
son and Lorient 1994). 3}, # E2}5F2] peptides= 2104
(amphipathic)o] ofH B 2te £& 3 5742 HEhd 4= qlof
(Chobert et al., 1988), o] 21-0] PWs o]l A1} g2,
peptide & obn] =4kl 517 (charge)¥} THAE 24 H 4
g9 2871 ol % +21% 9] emulsion©] A== Ao
2 Z4s9lh

Shhist 2

Table 3-2 | %|(BH), 7Fcheol(ST) 28] Sehaol(YT) &
EeldE o] Az Fol WAYsh= IPWso] AFY 4] o] 7}
5/9% o] §iste] A DPPH % ABTS' 2he]zh 427
2ol izt 23S vERd Zlofth

A DPPH =}tiZ 471 2J(DPPH, mg/mL)<| 73--, [PWs
9] 1C,, #> HA BHE 0.22-1.18 mg/mL2] ¥ gom, ST
L 0.13-0.44 mg/mLe] ¢, 283 YT 0.10-1.43 mg/mL
HARA, ST IPWs7} T2 o2 ot AA8YE HE
th. o] ¥ 7} $-4=%F DPPH 2tz 2482 Lelhdl IPW

Table 3. DPPH and ABTS radical scavenging activities of isolate
processed waters (IPWs) obtained from fish roe by ISP process
(Sample)

Sample Protein’ DPPH ABTS
(mg/mL)  (IC,, mg/mL) (IC,,, mg/mL)
IPW-1 1.97 0.34° 0.0969°
BH IPW-2 217 1.544 0.03412
IPW-3 1.86 0.222 0.1655°
IPW-4 1.97 1.18° 0.03342
IPW-1 1.56 0.13? 0.1479°
ST IPW-2 2.01 0.28° 0.0789°
IPW-3 1.68 0.16° 0.1679¢
IPW-4 3.15 0.44¢ 0.04122
IPW-1 2.66 0.59° 0.0662°
vT IPW-2 2.83 1.43¢ 0.04352
IPW-3 2.92 0.102 0.1135¢
IPW-4 1.40 0.37° 0.0734¢

'Based on Lowry method (1951). Values represent the means of
n=3. Means with different small letters within same column in
each sample are significantly different at P<0.05 by Duncan's
multiple range test. DPPH, 2,2-diphenyl-1-picrylhydrazyl; ABTS,
2,2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid. BH, bastard
halibut Paralichythys olivaceus; ST, skipjack tuna Katsuwonus pe-
lamis; YT, yellowfin tuna Thunnus albacares; IPW-1 and IPW-2,
isolate processed water adjusting pH 4.5 and 5.5, respectively, af-
ter alkaline solubilization at pH11; IPW-3 and IPW-4, isolate pro-
cessed water adjusting pH 4.5 and 5.5, respectively, after alkaline
soulbilization at pH 12.
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+ BH7} IPW-3 (0.22 mg/mL), ST+= IPW-1 (0.13 mg/mL)
18]35 YT IPW-3 (0.10 mg/mL) ©|Qic}. 12]a1 A 0]%9]
IPWs 15 [PW-13} 30] DPPH ttjZh 47 2H4do] f-24 2
2 52 02 AUHUHP<0.05). 2 HA A<(Kang
etal., 2007), yellow stripe trevally (Klompong et al., 2007) 2
sardinella (Bougatef et al., 2010) byproducts Y rohu roe (Cha-
lamaiah et al., 2013)2] ©hal 2l 7}4=Eal&2] DPPH 422
(IC, 2 0.5-1.0 mg/mL 0.2 o] Alge] Avpet ulmstol
FARBIAL 0512 e £ARAS Lehfel, PWse| DPPH
aAZA o] BAHE H4RalE et S5t

5Hl, ABTS' k]2 £7|3H4(ABTS', mg/mL)e] 9o}
DPPH et]Z 427 S Th= g Al o5 IPWs 5= IPW-2
S 47} IPW-1 9 3o] ul3fe] goldloz Jeisr AATe
LFEP 2LEk(P<0.05). BH4Es) 840l Q101 A] IC, 7k 2 Al
[PWs= ABTS" gft]Zo] DPPH gjt]Zof H|sto] A2l oz
HgsHA REg-ohe A& 21 E ek Lietal. (2012)9] Ha1
of| W2, grass carp 7282 ABTS &27€/d o] DPPH
9] &7 g Hl3| Zsittal 31910, zein (Tang et al., 2010)
¢} rohu roe (Chalamaiah et al., 2013)2] 7|23l &2 ZA1}o]|
A A ATE e ik, ool Aste} el ol A
gt 27 84S aa 7 slEolu 7 A Bl gl EA st
= ohieAt 2, 248 W A G WA R ko) Qlokar et
%)% tH(Bougatef et al., 2010; Chalamaiah et al., 2013).

Table 4= Y|(BH), 7Fcigol(ST) 123 Sekefol(YT)
9] IPWsej tjgt DPPH 2 ABTS' 2tt]Z A7 (Table 3)
Alo] v]Zo] IPW-1 (pH 11/4.5)7} IPW-3 (pH 12/4.5)& o
AFo 2 3 (Reducing power)T} SOD f-ARHd o digt 2
= vEpd Zlooh WA SHAE(EC,, mg/mL)ol 3leiA]
+ BHOJ IPW-3 (041 mg/mL)°| 71 7 et ghedee wet

131 ST2] IPW-3 (0.51 mg/mL) 2|3 IPW-1 (0.60 mg/
mL) <=o|¢lem, YT7} BH W STof| H|s}o] ofgh 2kl e & |
%TH(P<0.05). SOD $AFEH(IC, , mg/mL)e] 9101 4= BHE]
IPW-3 (1.15 mg/mL)o] 7} 74at A& B a1, o]oJA YT
] TIPW-1 (1.68 mg/mL) 12| 3L STL] IPW-1 (1.94 mg/mL)2]
O]k o4 IPWs ] 3k} 4] ABTS' eht]Zo] hsf
7V WIZsHA Hkgsklen, the-. 2 DPPH, 2H9 12|t
SOD F-ARZHA <=0]21th. Yoon et al. (2017)2 o5& & A} 7}
SA 240 kst 8 e Atoll A ABTS' ghe]Z, 2l e,
DPPH 2t} 212|131 SOD AR o= o|RlshA| Hh-g-gt
ok B gt ap glo], ol & ke A e WHEHEA ] H Al
Zrejxje])gtell Zpel 7t A, o5 7hs A Bl o= AR 3t
Sh2/d o] 73S vt k. webA] of 7 d=RE S 7t
SR 378E Tl weTilES 3aeshe ol WSt
= 7Fe A g g theRt Ak 2 UEhd e 2, ARG A
& 7FsAe 7IdE 5 S Ao = wHE I

¢
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Table 4. Reducing power and SOD-like activities of isolate pro-
cessed waters (IPWs) obtained from fish roe by ISP process (Total)

— .
Sample (T#S}?A'b Rféjé‘;',”%é’/‘r’,ﬁﬁr (|050,Sgg/m|_)
IPW-1 197 0.79° 2 88¢
B pws 186 0.41° 1150
IPW-1 156 0.60° 1.94°
ST pws 168 0.51° 2,959
o PWT 266 0.72¢ 168°
PW3 292 0.85/ 2.91¢

"Based on Lowry method (1951). Values represent the means of
n=3. Means with different small letters within the same column are
significantly different at P<0.05 by Duncan's multiple range test.
SOD, superoxide dismutase. BH, bastard halibut Paralichythys
olivaceus; ST, skipjack tuna Katsuwonus pelamis; YT, yellowfin
tuna Thunnus albacares; IPW-1 and IPW-3, isolate process waters
adjusting pH 4.5 after alkaline solubilization at pH 11 and 12, re-
spectively

Tyrosinase % ACE Maigty

AlE7154 E Aol tigE ool AnE BErlE gA
(BH), 7}l (ST) 18] a2 Fepol(YT) &ef IPW-3¢] o}
o] tyrosinase 4|32 (%) &= A 2 w|w 5 7tet ACE A 3]
F(IC,, mgmL)e & A & Fu ) avto] tigt Aak=
Fig. 20] Yehliglc}. efofd =22 keratinocytesol] 2Jat
ehd A A WEE freske] 1) M 2k fdst
+ tyrosinase T3-S AF=-517) & ©](Chlapanidas et al., 2013),
goFago] el oz Qlsf EAdAAE(ROS, reactive oxygen
specics) S Al A7) 0.2 5320] M 2o gk 37 B
TH(Masaki, 2010). Z* tyrosinase inhibitors+= Al A2 2F2] A]
of 9 Az} TeAgt ofoF 9 St Fofoll Tilo] FriskaL
21th(Schurink et al., 2007). IPW-39] tyrosinase A 3244 (%)
© 717} 14.58 (BH), 15.28 (ST) 12|11 20.83% (YT)&A] YT
7} 714 733t AsiEAl S UE QItk(Fig. 2 top). Yoon et al.
(2017)& o} & =59 tyrosinase A4S 7.5-14.2%
FEolflet, 7haA Y] 34 Tl dolxl Ak T A e
o] 9 042.5% F20] AL Uehhel 72 A e
of ofak Thatal 4 Eo] §31 W v o ol AsfEAlo] 2
aFglrkaL . 3kgiTh Choi etal. (20112 23] 2k 7123 2]
5] tyrosinase A3 &AL 31.5% FEol v, Aol 24 5
3l Asfe/go] F7IRtkaL sH3iet. 3t ol IAl = Z=ial
3k W27 4B 59 tyrosinase A SIS 14.7%2HAL o]
(Choi et al., 2017), o] A3 2] IPW-39] tyrosinase ]3| &/d-=

o FEE DA 7R A e AL ofd Al B A Tk
Balgo] Hlalolis $A1 420l ALt 47wl 4] 4}
Sollof| H|stol= WE 0] AR S Bl o] Axt

40
g 30+
5 20.83
2
€
£ 20t 14.58
p 15.28
[2]
®
c
B
o
S 10t
|_
0 . .
BH ST YT
Sample
3.0
2.00
g 20t 1.83
= 1.52
E
5
= 10f
0.0 L L
BH ST YT
Sample

Fig. 2. Tyrosinase (top) and ACE inhibitory activity (bottom) of
isolate process water (IPW-3) obtained from fish roe by ISP pro-
cess. IPW-3 of isolate processed waters adjusting pH 4.5 after al-
kaline solubilization at pH 12. BH, bastard halibut Paralichythys
olivaceus; ST, skipjack tuna Katsuwonus pelamis; YT, yellowfin
tuna Thunnus albacares. Values represent the means of n=3. Means
with different small letters within the sample are significantly dif-
ferent at P<(0.05 by Duncan's multiple range test.

AFEIE Tl A A T, peptide = oF] e
ARS FHpete 7he Al El4e] ThalE A E o] tyrosinase A al1E
< Yepdlth= 22 1= 9o 1 AsEAd2 ZekA] oF
2 70 & 311(30% 1¥hE o] tyrosinase A3 S E3t n|HE
= 7|57 o] e Ao g weby gl
3, IPW-32] ACE A1 24(IC,,, mg/mL) .2 At = &
189 a7KFig. 2 bottom):= Z12+ 1.83 (BH), 1.52 (ST) L
23 2.00 mg/mL (YT)]$l.2H, ST7} BH 2 YTo H]a}o]
FHiA o2 943t ACE Asi2d2 Letlisict. Yoon et al.
(2017)0] W=, o7 & FEFE] ACE A&/ IC, gt
o] 1.14-1.63 mg/mLS=Zo|e}al atgom, o5 <& 74
24 1.04-1.31 mgmLEA 719 Ao w2 ACE Aaljg
elliz Zol7t AQ] gloltkar B ustglct. =3t o] Adat
B3t $A | A1<43429] ACE AsfgAo] w3t Bato)A], 7}
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thgol, ol 2 = Aol A Asid S UehliA] ¢
©(Oh et al., 2007) vHo], 7hrieols) ghriato] AH4n(Yeo
etal., 1998) 2 x| AF&<=(Ji et al., 2002)2] chromatography
active fraction®fl+= 0.62-1.00 mg/mL 2] A1 &/d-S LHEfL| o],
7R AP o] 28 B A S Bl ACE Alsfa/do] 7iA
ot skict. ACE Alojet gt Z1919] peptided] ofgh &
] Ae FAMAES 7R R Ao A A AR
U 9102 1 AT} S gl ol et 24bkE
FLAME- o] thal 2] 219121 yellow sole frame (Jung et al., 2006),
Pacific cod skin (Himaya et al., 2012) 18] 3% skipjack roe (In-
tarasirisawat et al., 2013)2] a4 7R ESLS 35-86%2)
ACE Asf8/dS e gleh. Tk thofet A 4E o] 81t = 7
FEEL 1.5-16.3 mgmL (IC, ) 72| ALAL HYo
1], £3] Protamex 7FeE3ll =0 71 S-4=8ft} il H a1s}kglch
(Chung et al., 2006). F-2 A A<5=(Kang et al., 2007)°f| T
gt a4 7kEaE 2] ACE Ass(IC, )2 1.4-1.7 mg/mL
Folgirh o] AT AT} AFHIE B, ol & TEA el
(IPW)2] ACE A a2/ AR 1150 7hpitall =3 24 2
A AR S e sl

of0| LAt =M

[e) L=
u] At 22 Agof] e gt B4 A k= Table 501 UERH STt o] 320
= °1F & 100 goil thste] IPW-39] 5 thalal $Hel(mg/100
g protein)¥} Z} ofu|l=AF ZAJH](g/100 g protein)S A|A|5}
of, T ©hd gho] 7} ofu|iAbe] 2AH|E 5HH, 2429
ofulieAbplrE ik 8 4 QLES Ureholc). WA ol o
[PW-39] F chall A 3Hk2- 100 g€ o} &of| thsto] 22 BH
7} 3,058.3 mg, ST7} 1,987.6 mg “12]1L 1,587.2 mgl & o%
of whe 30142 Ao] 5 HTHP<0.05). o] ol 50] 22
(2750.4-3594.4 mg)o]| H5Fo] i Thas Lo, 22Z0] QO U, 214
7HE-A 2]42(712.9-1490.4 mg/100 gl H]5lo] = 2 ofu]ie
Ak FFS YR Itk Yoon et al., 2017). 4-2]ofv] =4l Tau
o] 24Ju]= BH (5.85%)} YT (5.79%)7 ol = 4-2] 4 01 A}o]
7F 1A LHP>0.05), ST (5.34%)2h= 228l 2kol& HA
THP<0.05). Z1efu} 22} ofuficAl 2Adu]of & Thal A gharS
Tk A Hel Tk Al o} w9119 20| 2 ekl
cH(P<0.05).

o7 & IPW-32] =2 o]l Ah(6%01/d) ] 745, BH= d
obm|ieAto A Val, Leu Lys B! Arg, Z12] 31 H| 24> o] 4l
A= Asp, Ser Glu @ Ala o]gl o1}, ST9} YT G40 At
of| 4] Val, Leu, His, Lys ¥ Arg, Z12]37 0] &= ofu] i Abof A=
Ser, Glu %! Ala© = A5 o] 291 HX|(BH)2F E g of7<l
7hekeol (ST) 9 &etadol (YT) 1holle 58 obn|eato =2 A
His 9 Aspe] 2410l 9ol 4 FE214 3jol7} 912o] Skl Hjg)
th Taus A|€J7F B4} v| 4= ofn| /o] H(EAA/NEAA)

3 703

ot

Table 5. Amino acid compositions (%) of isolate processed waters
(IPW-3) produced from the protein isolates preparation of fish roes
by ISP process

Protein BH ST YT

(mg/100 g of roe) 3058.3 1987.6° 1587.2°

Tau' 5.85° 5.34p 5.79°
Thr 3.89° 4,03 4.03°
Val? 6.64° 6.23 6.13°
Met? 1.83¢ 2.56° 2.33°
ILe? 4.00° 4712 3.48°
Leu? 7.61° 9.00° 747
Phe? 3.61° 3.918 3.62°
His 2.81° 9.36° 7.80°
Lys 10.322 7.66° 8.54P
Arg 7.33° 6.47° 7.59°
EAA (%) 48.03° 53.93¢ 50.69°
Asp 6.29° 5.16° 4.24°
Ser 11.79° 9.56° 7.44¢
Glu 7.78° 8.73 11.46°
Pro? 1.13° 1.26° 1.66°
Gly? 439 3.7 429
Ala? 9.17° 8.32¢ 9.70°
Cys 0.96° 0.83° 0.96°
Tyr 4.60° 3.69° 3.78°
NEAA (%) 46.12° 40.73° 4352
Total (%) 100.00 100.00 100.00
EAANEAA 1.04° 1.322 1.160
HAA (%) 38.37° 39.172 38.38°

"Free amino acid. Hydrophobic acids. BH, bastard halibut Para-
lichythys olivaceus; ST, skipjack tuna Katsuwonus pelamis; YT,
yellowfin tuna Thunnus albacares. EAA, essential amino acids;
NEAA, non-essential amino acids; HAA, hydrophobic amino
acid. Values are means of duplicate determination. Means with
different letters within the same row are significantly different at
P<0.05 by Duncan’s multiple range test.

of glojA], IPW-3si= ZF2} 1.04 (BH), 1.32 (ST) 12]1 1.16
(YDEA ST7} 7H 22 vl &S Bolrh 94 & +&E9 2
=0} v g4 o 1Ake] H](1.01)% o] AF Au}e} fAREE Nk
of] 7he}edo](1.58) W Shr}etol(1.50)9k= 2to| 7} 12Tk Yoon
etal, 2017). o3t 54K Gal/Ad A4S B WAge 7t
A2 IPW-39] A gl v]he opn]iedl W] 9] Zhaves A
ofu]ieito] Afth 2 0 & u|@ 4= ofn|Ate] gl wo] o]F &
He AR ofgiste] 34K S-S onlat¢ltt. Cho et al.
(2000)= @A of &1 <=4 Ile, Leu, Tau, Asp, Glu, Pro &
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Alao] 1831 Az40 = 1le, Leu, Tau, Pro 2 Alao] 8 &
glopu]iettolekar k¢l om, Oh et al. (2007):> 7tthaol, =
I} Eo] Apszapo] 9 opu| e AR (6% o) 7ol
His, Lys, Arg, Asp, Glu, Pro, Gly, Ala®|™, 22 His, Lys, Arg,
Asp, Glu, ¥ Pro, 0]+ Arg, Asp, Glu, Pro, Gly & Alac|z}
I SFieh =3 H2 A A5 Phe, Lys, Arg, Asp, Glu,
Pro U Glyo] 58 ofn]izAto]gkal 5t th(Kang et al., 2007).
oo} Autel AR oA Y& 9 FhgA g ofr]
ibz/d o atol7t ERlE|Gl o, o] 7HEA gl 55
290 2 Leu, Asp, Glu & Ala®] 2447} =2 7102 Vet
(Yoon et al., 2017).
eHH, gt &ol =, ASA B ekt 22 AR50 9
S =L [pPW.39] 2de] ofulAlzA S 717F 38.37% (BH),
39.17% (ST) ~12] 1 38.38% (YT)Z 2}4]5to], ST} BH 2
YT 7telli= 91381 ZFo] 7k I EHP<0.05). o= o7+ & 5
ZE(41.75-53.92%) T AL 745 2]42(41.73-56.40%)0] 1
3}od(Yoon et al., 2017) = W2 502 544 S8l/AHd &
AE S A o) ieAto] Eejati A ® o] Y| QALY %]
54 ofnlicito] IPW= o] %3155 ofw|skqich. Tl 2t
Hog o]t oAl Ao A 9 Aol 7t AlF7]E A, AT
§]— E/H _’j_ﬂ_]_ ACE Xﬂ’éﬂ_ A—IoﬂE Oﬂ‘&hg- U]i]t!:] /\/\/H El]
A o) Ake =5 FA4E emulsion?] AHEAIA| 2 A
&%o}oﬁ emulsion®] 240 7]ofa}] Bt E8) A5 of
1] =AKGly, Ala, Val, Leu, Ile, Pro, Phe Y Met)2 73t &4H3}
Ao 7] o 3l= ofu| i AbEo| tH(Li et al., 2004). Gomez-Ruiz
et al. (2008)2 ABTS" 2ft]|Za}o] Hk-g-4J o] Fojidt ofn|ileAl
=< Cys, Trp, Tyr 3 His Fo[H, o5 o]tk ook
peptides'= 733 ABTS" 2ft|z 2AZ/dS vehdchal 519l
o} 31 Li et al. (2004)+= peptide A Q o] 2-A oAb
%1717} ACE &/ F-91 2] 5 Waiisto] ACE Ao &/l
FFE = 4 olon, ofn Ak A H o] C-Teto]| Tyr, Phe, Trp,
Ala, Gly ¥ Pro¥} -2 ofu|iAko] 2247} 736t ACE Asi&
Aol 7]0%0]—~(Mahmoodan1 etal., 2014) ¥ Val, Pro, Tyr,
Leu, Ala, Lys, @ Meta} Z-& 4424 o}u|1=ARS GHAKS} pep-
tideof| 73t S m| Rl 31 cti(Wiriyaphan et al., 2012).
]Al—_,] AlZ 7= 9l 5RASE EA 9 ACE A] 3124 of) i3t 4
Azjo} Qo] T2, o} oko] S0 SelAAEH
D A AR SIS 2 5 B 1) 1
ol Hoh FAREAY et AR5 9 AR S U
Ehol 7 84T 7FAI 7 91go0] BrelE|gick. weh AJEsH
22 98 AR EIE B e, B5] 2418 7] 910] 7hEAe)
G A2l Q1o 714 W T Aito] 3141H e
T HAYSHAIL, o] & A ] FE5H AU S Fotol £ &
Aoh= HekE vhgteb, AlE7]54, sl 24 9 Ade
S A3 A=A ol 7hsAd o] mlf- wrhar = Sl

od
o
2
e
o
™
4
ol
=
3

A A
o] 5—5%2016L:] |oFALE AP o2 st oku)Els) 4Rl
S| AR WOl £HR AR PRUGAATI IS
A o] Sheld EAS 1T AESATIEAE A g

AFE3]). o] AT 2015 % (A)ekrale T3] wael4dl
] 2 YAFY (C-D-2016-0006)0] 23l 43y =gl o, ALy
A Qo] A= U T,
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