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Fish Roe Concentrates2| M|Z1Pd F0f| WU 4St= Processed Waters
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Food Functionality and Biological Activity of Processed Waters
Produced during the Preparation of Fish Roe Concentrates by
Cook-dried Process

In Seong Yoon', Gyoon-Woo Lee'?, Sang In Kang??, Sun Young Park®?, 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

SResearch Center for Industrial Development of Seafood, Gyeongsang National University, Tongyeong 53064, Korea

This study evaluated the protein recovery and functional properties and biological activity of boiled and steamed
process water (BPW and SPW, respectively) generated from the preparation of concentrated roe of bastard halibut
(BH; Paralichthys olivaceus), skipjack tuna (ST; Katsuwonus pelamis), and yellowfin tuna (YT; Thunnus albacares)
using the cook-dry process. The protein loss from the water extracts (EXT) of 100 g of roe protein was 15.05-19.71%
and was significantly (P<0.05) higher than that of BPW (5.47-10.34%) and SPW (3.88-8.18%). The foam capacity
of BPW (166-203%) and SPW (15-194%) was better than that of EXT. The emulsifying activity index of the original
samples was lower than those (15.40-107.86 m?/g) of diluted protein samples. The 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging activity and the reducing power of BPW and SPW were stronger than those of EXT. The
2,2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS") radical scavenging activity of EXT (0.028-0.045mg/
mL) was significantly higher those of BPW and SPW. The angiotensin I-converting enzyme (ACE) inhibitory activ-
ity of SPW was the highest for BH (1.04 mg/mL), followed by YT and ST. The predominant amino acids in SPW
were Glu, Ala, Leu, and His. These results demonstrate that processing water containing diluted organic components,
including protein, can be consumed directly by humans as a functional reinforcing material after appropriate concen-
tration processes.

Key word: Fish roe concentrate, Processed water, Food functionality, Biological activity, Tunas

M B St AMAE 7R ol A Y 7 A 2] 4=(process waters)
7= Fob7k 7] witol 7o A1 F3E nA|A|

A}
lm m{ﬂ

1;

o, A2, M, QAT o2 9= eibE ) 7R Sl 2%l A2 glo] wilEshes A2 e el Hdlol

flo rin aﬁ )
s

= “process wastewaters” 2= A, 7HE A B (EE A t}. 28U o]gyst 7 Al Ao o8] =
), PR E—Cﬂ OHA}O] 7} HAME(100 tons 2] 44 Y F o)l 7|45 2 chil A A Eo| thek 3R9-E]o] gl
tfaf H-G< 1100 tons/he] 7134 2|5 ARg)o] ko= it 7R ARl Al (wash water)= surimi Al
oAy ?_PE}(Afonso and Borquez, 2002; Dumay et al., 2008). ©] Al oG 29 A JEI} 2284 BEA®ER Y A 4)} o
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w2l A (sarcoplasmic protein, amines, enzymes)2] tF&
o A7 B wrkA] sAj} Baatis Dol A Tk waletol
(Afonso and Borquez, 2002; Dumay et al., 2008), Watanabe et
al. (1982)2 surimi A| 4] o}5 F oF 10-208] 2] A7}
WAYBaL, o] Bl 2.5 g/Le] S84 Thifdo] 3fElo] 9)
on, 424 9 BTl A 5 ] 30% AEs} A
3L 5kSITt. o] & fillet 7h Alofl= A& Sl sl 10-308H 2]
A A %7} S, o] THAolA o g Tl o] 5:12%7)
SAE, 53] of 51} A7 &o| F fillet machinetf ol 4]
27| 7hs A e]a=o] Aol wrkal shith(Afonso and
Borquez, 2002). Lobster®] Als<=ofl= 0.119%2] Thalal A&
40.025%2] A &A4d5o] FHrE tkal X318k tH(Dumay et
al., 2008). A|$-7H5 Foll= 7 A7 S 508 9] 7Hs- 47}
AREE T, B]A ] o] Tl Al AdRo] 0.1-0.6 g/L fHrE o] 2l
o}, o|& 7}4 sF3to] Ae-aFu| A= o]gstarat gk Kl
(Dumay et al., 2008), = =A% (Kim and Heu, 2001b; Kim et
al,, 2001a) 2 Z}<:94(Kim and Heu 2001a; 2001b)S -2 1
U AAHE 2o A2 W FAME el tfsto] At
7} low, tfgte] 33} 24| 4=Z clam juice (Hood et al., 1976)
g clam flavour (Joh and Hood, 1979)& ©]-8-3}11A} &
T2, A U o] A400] AL AR B4 A7) B4
o] that ¥ 11(Oh et al., 2007) 12|31 B-& A Ap& @ 4
7ol ST A7 S0l tiek A+H(Kang et
al., 2007) 12|31 @A o] A<59l(Cho et al., 2000)2] B3 o
ol T3t A+t 5o] Qi o] o] At Lo mpEH 7hgA] g
FEEE §-8 29 34 {to] gt At} o, o
FEgstste] ghu| Ay IAHE 4232 0] M7= o|-§-5tal
Aotz Aot w5 7 A g 25 E AR as e
o] 1771550l gt A7} Qb= Bolet webs] A S &
AollAl 7hsA 2 AA9) AE7)1548 R A7l =3
= 9 B84 9 L 7kA]of) gt At AL glew, ool o
e A7t f T
T, $A7FBAINA SR 713 Fol o2, A, v
5, WA, 2o ok S ohlst g Ak o) T akEo] o
o= s, AAlEE] 30-60%E A4 gHeH(Narsing Rao
et al., 2014; Klomklao and Benjakul, 2016). ]t =47}
& FARES L dto] offi(fish oil), of(fish meal), 5=
AR, A2 HE SOR o] §57 918 Bo|ckDong and
Bechtel, 2010). o] 3t 7Fg-5ARE Foll 4] o] F L(Fish roe)>
U (skeins)oll SRR L& B, T (Sikorski, 1994)
9 H=2]9kAHMahmoud et al., 2008)0] 53+ 11 G 9FA] 2] 4]
= Aol ARt Aojut Aol &ef 7ju]of(caviar), et
T AHARL o] 82 vl g A o]k, R Al FAA R o]
E|A] S5tz of 7 Yofl gt A3 A-L(Heu et al., 2006)E BH
o8 Bty S48 AR 9 A F A 2 A o]
= flste], ol drHH EiE5E9 Alx(Lee et al., 2016)

NE7)54 2 ey 507

oF 71 AE7]5 5/ (Park et al., 2016)°] sl d-5 3 gt
H} QIARE, 0] O] A 2317 of| &2 237 - FAHE QL 7FE A 2] 7hs
7F A s

whehA] o] ¢15Lo] A= g 2|(BH, bastard halibut Paralichythys
olivaceus), 7}t}=0](ST, skipjack tuna Katsuwonus pelamis)
9 s}o}Eo|(YT, yellowfin tuna Thunnus albacare) &=
FUE5EY AR Al A= 7HEA 2] 7Hs4(boiled pro-
cess water 2 steamed process water)o] thalo] 7 4 53
Pl e AE7e5A ater 24 9 FudyEdd
of tfste] Al FORA, A FFARG A T A 242 5F
who] el A Al 9l A7 7152101 S 9 71 of thsl =1
aha4} ssict.

Mz H L

M=

YX|(BH, Paralichythys olivaceus) &2 S A] 4] $AHA]
Aol A L5k en, 7ieleto(ST, Katsuwonus pelamis) %
S}ctetol(YT, Thunnus albacares) 22 A 24 594
(Dongwon F&B Co., Ltd. Changwon, Korea) .2 5-E 52
FH| O] e FFS ok ARGt FAE Y- 4T oA 24
h-g- ¢t Fit dflsske] oF 1.5 em 7] 2 A& 3s}aL food grinder
(SFM-555SP, Shinil Industrial Co., Ltd., Seoul Korea)= v}
Aotk upafst &2 thA] 20°C o] BshHA Adof AR

=
A-AzFA(boiled Y steamed process)S Eaf A X315 L
™, o]uf HAS}= processed watersZA] boiled process wa-
ter (BPW)2} steamed process water (SPW)S & A9 9] 2|7
2 ARESHATE &, 100 g9 vhafeh o5 wH9-A] type tea bag
(polyethylene polyprophylene, 16 % 14.5 cm)o]| ©o} 5ulj=F2]
g o] &apof| ARt th, Al =2 FAIRE7F80T 7} Bl Al
¥ 20 ming<t 4771 (boiled process)E 3t o, T35 Y
SHA| =8]8 T2 Al &= 571 & A 7| (steamed process)E 5
A2 7F 80T 7} E= Al 20 mingt A AISFSIT o] 1}
e Bl e 7R REAHEQ] BPWoF SPWE 72} A9l
obe) ket & 100 gol 5 Wlepe] B o] 245 Thstel 24
3SHPOLYTRON® PT 1200E, KINEMATICA AG, Luzern,
Switzerland) t}-2-, ¥4]5-2](Supra 22K, Hanil Science Indus-
trial Co., Ltd., Incheon, Korea, 12,000 g, 4C, 20 min)3}o] &
2 A 2124 o F=EE(EXT, water extract)= A|

7t A e §7 Foll DAY= 7y (processed water) 2 A
BPW&} SPWo] thill 2l === Lowry et al. (1951)2] Wl
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a

3|

o} FZh A 2 A bovine serum albuming AFE-slo] L3k
SpAS B9 Z4akct. Ea Y A(BH), 7e}ol(ST) 1
a1 2heo](YT) €(Roe) 2] T A g=F-2 semi-micro Kjel-
dahlf1(AOAC, 1995)2 & =43}t

7183

£ fio

e}

oo

AEo] T Exlef B Laemmli (1970)9] ol u}
2} sodium dodecyl sulphate polyacrylamide gel electropho-
resis (SDS-PAGE)Z =73}t &, A|Rd-S SDS-PAGE
AR ZAE H5H[2% SDS (whv), 10% glycerol (v/v), 2%
B-mercaptoethanol (v/v) ¥ 0.002% bromophenol blue (w/v)
& 39-51= 62.5 mM Tris—HCl buffer pH (6.8)]2} 4:1 (v/v) ]
£2 33153 1007 ol 4] 3 min 52 7FE5to] 24513t o]
Z7 FHl_E A2 (20 ug®) T )= 10% Mini-PROTEAN®
TGX™ Precast gel (Bio-Rad Lab., Inc., California, USA)<f|
ZFYU3}taL, Mini-PROTEAN® Tetra cell (Bio-Rad Lab. Inc.,
California, USA)ol 213 th, 423 H57(10 mA per gel)
£ &5t sto] 17195 AAlISHITE Tl E o] EA B
Precision Plus Protein™ standards (10-250 K, Bio-Rad Lab.,
Inc., California, USA)E AR8-5}o] &2l5}4itt.

& of0| =t

7+ A7 9] & olu| AR A2 AOAC H(AOAC 1995)0] o
2} 24519k 2, 7 Olre] AR (2.5 mLy= A QAKI2 N
HCHY SeFo g Zekst 3 110°C 9 heating block (HF21;
Yamoto Science Co, Tokyo, Japan)ol| 4| 24 h'g9l 7} H3l &
AABHATE Al 29| 7hEdlle=-2 glass filterS A2FRE 7H9o
I (ASPIRATOR A-3S, EYELA, Tokyo, Japan) = o3} $+
t}2, sodium citrate buffers (pH 2.2)2 50 mLZ -8 3}
t}. o]Z A A| %3t A|Z& 0.2 um syringe filter (13HPO20AN,
Hydrophilic type, AVANTEC, Tokyo, Japan)& ¢]3}5}¢] ofu]
AR R4 7] (model 6300; Biochrom 30, Biochrom Ltd., Cam-
bridge, UK)E & o] eAlS B8 o, B4 A3k=100 g
chalzlof gt 7§ ofu| e Ake] mg FHF O = UER SiTh.
Had o HEHEH

A|&o] AEA(FC, forming capacity)} #HZHYA(FS,
form stability)= Thiansilakul et al. (2007)2] ®H S thi 4=
3l Park et al. (2016)°] w2 =435} c} =, 10 mL A| 2892
25 mLe] HAaAAG o A T, #+27](POLYTRON® PT
1200E, KINEMATICA AG, Luzern, Switzerland)= 12,500
pmo A 1 min'st w23} shelh AEe] F4H Aae 5
o]Z1 AIZK0, 15, 30 % 60 min)E<t A-2of|A FX|5HHA, F
Fulet AFe] RujE S5t ofgfo] Ao wle} FCeF FSE
T-F3ict.

o

lo

Mo
r o
o,
2
£l
o
o3
ox
r o

upiY - A4 - SEs
Foaming capacity (%) = “//T %100

Foam stability (%) =~V 100

o[ VT F4%F & 53, Ve 247 5 3, FTE

Fersit Reretdd

3H5(EAL emulsifying activity index)2} 312144 (ESI,
emulsion stability index)- Pearce and Kinsella (1978)2] ®W'H
< tha 243} Park et al. (2016)0] Wt 2A4sl%T) 2 A&
+= 2A]-8-# (soybean oil, Ottogi Co., Ltd., Seoul, Korea)2} 1:3
(viv)9] Hle=2 Egsto] wA31eH(12,500 rpm, 1 min) T2,
@Aloto] G471 nlader e clEo]d QRS0 uL)ol
emulsiong 3} 5 mL of 0.1% sodium dodecyl sulfate
(SDS) -0k3} E 35191}, o] el R A(UV-2900,
Hitachi, Kyoto, Japan)E AR&-5}¢ 500 nm ZH-of| A o2 25T
H50] THE(AOmInS} 10247 T2 FHE(AL0minS
Asto] ofg o] 4]0 2 Zk7E EAT (m2/g protein)2} ESI (min)
Ftet

Ly

2x2303 X AXDF
IxoxC

EAI (m%g protein) =

o, Ax= 500 nmel A 9] 3%, DF= 8]41](100), K= %
o] FIoh= cuvette©] % (1 cm), o= N Fofl 487712
A8k H8(0.25) 123 C= S O] 5= (g/mL)E 22 U
EpdiTt.

A XAt
ESI (min) = %

A7IA AA= A, o HIREA L O FEE=S) Akl A= 10

Omin 10min

minE oJv| et
DPPH 2tC|Z A2y

Zy A|&.9] 2,2-diphenyl-1-picrylhydrazyl (DPPH) 2}t]Z &
242 Blois (1958)9] ®R& 45k S48 - A=
ol(1.5 mL)°] o3} 52| 0.4 mM DPPH radical ethanolic
solution (1.5 mL)¥} &§}5}a1, A-2-9] 9F4~0f| A 30 ming-2t wF
SAIZ1 &, 3k 517 nm (UV-2900, Hitachi, Kyoto, Japan)o]|
A 5B =E 5751SIch DPPH 2|z &A 24(%) of2f
o] 2)o] ufet 819 0.1, IC, value (mg/mL)= 50%2] DPPH
AATAS e A R0 5 E(mgmD)E B elsc.
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DPPH radical scavenging activity (%) =

(Control, -Sample, ) % 100
Control, ,
oluf], Tz (control517)= Al &8 thAl Hol2E 7Ist
of, 47 F¥E=S HeEhdth

ABTS* gitlz 47 24

2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) di-
ammouium salt (ABTS") 2ttjZt £7&42 Binsan et al.
(2008)2] {5 thax p7g st S SHUTE WA 242F 7.4 mM
ABTS 89137} 2.6 mM potassium persulfate 8- #| 3} T}
2, 5% Elste] Aol giielA] 12 hEek WAl 8o
= AR o] A8 (2 mL)2 50 mL2| ethanol¥} &
1ot of2, 34+ 734 nm (UV-2900, Hitachi, Kyoto, Japan)©f|
9] &3 7} 1.00+0.02 units®] =% 5}o], ABTS" £
HFH 0z Axstgon, o gl AP Ao ulz A
zsto] ARgalgict. 2t A28 (1 mLye 3 mLe] ABTS' §
o} Egistel, A1£.0] el 30 min ok WA17] F, 5
A 734 el FYEE S5 ABTS' ehrlz 4742
(%) ot o] 4]0 & Absl o, IC, value (mg/mL)=
50%2) ABTS' 2htlgh 2712141 e A129] 5 (mg/
mL)= st

S

ﬂllO > ool

ABTS' radical scavenging activity (%) =
(Control,,
Control ,,

-Sample . ) % 100

ofuff &] tfj ZH(control ,,)i= Al &8 4l Hol 245 7}S
of, £43 SE =& Yehdich

Superoxide dismutase (SOD) {AIEHY

SOD A2 Marklund and Marklund (1974)2] W&
A5 pAske] SA5kGITh 500 uLe] 7+ AR89 500 uL
of 7.2 mM pyrogallol (10 mM HClo]| -€-3)3} 3 mL2] | mM
EDTAZ 3H3-5H= 50 mM Tris-HCl 9+ (pH 8.5)2 &35}
o1, 30 mins-3F WA 2T} ©]91A 100 uL of 1 N HCIE 713}
o B AR A|7] 1, w4 420 nm (UV-2900, Hitachi, Kyoto,
Japan)oll Al S3=5 St ofel 9] A& F3f SOD AR
(%) At

SOD-like activity (%) =
(Control,
(Contro.

-Sample Black,,
-Control Black

420 420)

20

1100

NE7)54 2 ey 509

oJuf o] sample blank+= A| &0l 1 N HCIE 7}l BE-5- A A] A
71 %, pyrogallol& 3 7}5te] 273t 533 = o]0, control blank
L AR Al Zo] @49} | N HCES: &35t th-S, pyrogallol S
A7hel 5745 FH=E HEbdTh

=k

riok

7k A 7849 3+l 2](RP, reducing power)> Oyaizu (1988)
WS A7 A5k SASHITE ZF Al=E9(1 mL)= 1
mL2] 0.2 M sodium phosphate 254 (pH 6.6)3} 1 mL2] 1%
(W/v) potassium ferricyanide-& 23+5}10] 50°C Q] 230
A 20 ming-oF WA Z T} o]oj A 1 mL2] 10% (w/v) trichlo-
roacetic acid (TCA)E 7}all W3- AokaL, ¢41+21(1,890 g,
10 min)3FIc}. 1.5 mLo} AFEHL 1.5 mLo| go] 229} 0.3
mL 2] 0.1% (w/v) ferric chloride §-28-& Z3}5}¢{, 10 ming-2t
WS- 3 1k} 700 nm (UV-2900, Hitachi, Kyoto, Japan)ol| 4]
B g 24590k 398 e] EC, HmgmL)S S 0.5
£ U=t 283 AR w2 o5ttt

Tyrosinase XMaiEty

1o

Z} A 284 9] Tyrosinase A3l &A]-2 Tida et al. (1995)2] v
W& b A ske] S46kGT 5, 300 pLe Al 28942900
uL2] mushroom tyrosinase (50 Unit/mL)%} 1.5 mL of 50 mM
phosphate buffer (pH 6.8)2 &3}51o] 4204 30 ming2t
A SHA| B3-S AA1EF 5, 300 uL of 10 mM 3,4-dihydroxy-L-
phenylalanine (L-DOPA)&-%4-2- 7}5}], 5b4 475 nmol| 4] 20
ming-2t 1 min 7+4 2 2 A A =+ dopachromed] SF=E &
UEEshuA S4ok3itt. Tyrosinase 4812 (%) o <]
412 Eafo] Axtaal.

Tyrosinase inhibitory activity (TIA, %) =
(Control,,
Control

475

-Sample,..) % 100

7] 4] tf&F-(control, )= A E T4l ol &4 7kl 24
S SHEE oulgitt

Angiotensin I-converting enzyme (ACE) XMl

3

ACE A 3|22 Cushman and Cheung (1971)¢] ®H-2- o}
& kol AT 100 uLe) AJ=-8-9, 50 uLe] ACE
extracts (rabbit lung acetone powder, Sigma-Aldrich Co.
LLC. St. Louis, MO) 18|31 50 uL 2] 0.05 M sodium borate
2H5-H(pH 8.3)2 T3t RE--H-& A-2-0f| 4 30 mins-3F 4 ¢
Al BF2-2 A A3 TS, 50 uL9] 5 mM hippurly-his-leu (HHL)
acetate saltE &-3-3F 0.05 M sodium borate &+%Y(pH 8.3)=
78to] 37°C 2] aFeszol A 60 minEet 93-S W5tk
F2uF] A= 250 UL of 1 N HCIS 73ho] AAJsHg0.

ftjo
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. 0|2« ZHAFol

o O v

Mo

1, o]0 4] 1.5 mL 2] ethyl acetate =S 7|3t Th2-, 9141 22](1890
& 10 min, 4C)3}tt. 1.0 mLO| AF54& Aol &7]3L
100°C 2] heating blockol 4] 1 h5-9t ethyl acetateS- $+413] &
2HA 71 ThS, 2] % hippuric acid= 1.0 mLe] & 0] 242 &
) A17] 5, 54 228 nm (UV-2900, Hitachi, Kyoto, Japan)©]]
A FE=E S5 ACE A2/ (%) ozl o] Ao wh
2} FHatglen, IC, #h(mg/mL)e ACE 242 50%= Al sfist
= AR FER Ao

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

228 228)

28

1x 100

oJuf 9] sample blank= A|Z¢] 1 N HCIE 7}ato] R-§AA]
A7l & HHLE A7}l 243t 553 0]u, control blank= A]
= o4l Hol 2422k 1 N HCIS: E316t th-2, HHLS 7}s5tke] &
A3t SEEE HEhdth

SAXe|

BE AFE 38 9 AAslel, Biaverage)?h EEH
ZH(standard deviation)Z UERY It HloJE+= SPSS 12.0
K (SPSS Inc., Chicago, IL, USA) BAZ &2 1S 0]-85}0]
ANOVA testS £3f HAHLAS A A]5}1, Duncan®] t}59]
AR O Z 28921 (P<0.05)S A A5kt

Zn 9 D3

Table 12 {|(BH), 7Ftto](ST) 1] a2 rtol(YT) &
555 (roe concentrate)©] A| 2117 Fofl WA sH= 7H A 24
(processed water) 2] THH 2 3]=E(A] 59| 7]Eol| A= Tl A
£AE)ol thste] Urebdll Aol A, A|=Ql o F ¢e] T
2 g}k BH7E 18.21, ST 20.42 712]31 YT= 18.27 g/100
go|qitt. 0|5 ol YRFE SuljeFe & o]24E 7tal dof
A & 22891 EXTsE 581-669 mLe] H¢] o]glon, 417
37 (boiled process)ol A ¢o] 7 BPWs2] 7 9-+= 83-105 mL
a2 1841 #7] 3% (steamed process)o| Al Ao X SPWs=
95-103 mL $==0| T}

100 g o}7F <ol st EXTs9] & e dsheko 712k 3.59
(BH), 3.1 (ST) 2] 1. 2.75 ¢/100 g (YT) 0] 3..14, o]uj, o+
21 O] Sl4=g = &A1-8(Protein loss, %)< ZH2 19.1(BH),
15.23(ST) 12|31 15.05% (YT)o| itk Mg o=
35 A o 7Rl thgol ol vlal T e] EAgo] =
= A0 2 UEyT

3h, 417 249 BPWs= 1.11-1.88 /100 go] thaldl §hef
w12 Lehglon, #)7] 34 ] SPWs (0.71-1.49 /100 g)

- vk o]

:_U]

s
: Z:!;l(_]. T

i)

.
A T

Table 1. Protein recovery (%, w/v) of processed waters obtained
from fish roe during cook-dried process

Sample Volume Protein'  Total protein  Protein
(mL/100 groe) (mg/mL) (g/100 groe) loss (%)

BHRoe 18.21 0.00
EXT 669.03 5.36 3.592 19.712
BPW 105.11 17.91 1.88° 10.34°
SPW 97.79 15.27 1.49° 8.18¢
ST Roe 20.42 0.00
EXT 646.44 4.81 3.112 15.232
BPW 95.29 13.52 1.28° 6.31°
SPW 103.32 8.10 0.84¢ 4.11°
YT Roe 18.27 0.00
EXT 581.64 472 2.75° 15.052
BPW 83.08 12.02 1.00° 5.47°
SPW 95.83 7.40 0.71¢ 3.88¢

'Based on Lowry at al. method (1951). BH, bastard halibut Parali-
chthys olivaceus; ST, skipjack tuna Katsuwonus pelamis; YT, yel-
lowfin tuna Thunnus albacares, EXT, water extract; BPW, boiled
process water; SPW, steamed process water. Values are mean of
triplicate determination. Means with different letters within the
same sample are significantly different at P<0.05 by Duncan’s mu-
tiple range test.

of wlate] o4 0 2 £kt (P<0.05). ©= 4171 54 (BPW)
o] #7] FH(SPW)ol Hsf A=} 7hsA 27t =5

oL

co
w0 ATh&0 2 Yol, §alElo] frelsi ofulwit ul b
A 59 £71420] Fapo] ozl Ao 7]elsk 202 Bk

= At

7He A Ea=0] o] 854 Tl AR BlpE (ol &
o SHoflA = Tl EAE)S EXTs (15.05-19.71%)°] H
stof 7hAA P F(BPWs 5 SPWs)o] Ao 22| o
wzlo] 7t WA 9 a2 QIS | AR g
o] Ao} £AE(3.88-10.43%)0] S Aoz Bl ]t o]
AP A7 ofF 9 7FEA e S wheh Tl AR
4 geFoll= Aol 7t QlSl oM, o] 7HsA Elgroll= oF 4% ©]
go] el Zo] ohf-Eof Qle Ao = 29l Hirh AR 9
Aol QlofA, of g TAof| A o] Theket oA B 7|57 ol| A
O] w2 MA P Y Al FollA A7 F S| = A,
7FE A FAg oA WA StE 7 & ThEE Ade] T
4Ha(liquid byprotucts)o] HAYZICE o] 5 7y AREoll= 5
2 sarcoplasmic protein, F4x, o 5-o] thif 2 A5 dl 2|2
ARS 33122 QItH(Dumay et al., 2008). Cho et al. (2000)
& Aol 2yl Aol A= o] T SRR Z12F 1.1%2
0.6%zkaL 843l om, @4 o] T A o] 5.5% 3 3.0%5 AHAIs)
At} Kim et al. (2001b)& AlZ A ZA] 2 5244 2 R4
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O TH RS 0.4% L 0.8%0] AL AH34=2] Thil 2 o]
0L B skt Zioare], ol W & Ao T A ghey
2 77} 3.64,1.48 9 1.36 g/100 mLo] $1.2.#(Oh et al., 2007),
52 giA Ase] e AgteRe 12.2%2ka Bk vl Qlok
(Kang et al., 2007).

FAFEARG A 9] 7FE A R B A, =, t a2
2 FXY YR A FE YEZES o|g5to] AHEHS
FHeE 2127 A7| S F3l 7HEA 7} o] Fo A
(Hood et al., 1976; Yeo et al., 1998; Kim and Heu, 2001a; Oh
et al.,, 2007), TZH72] - &S 0|83 7] 374 (Kang
et al,, 2007), Y7 Folet 2o 59 dAlF= d8E A
Z)8}o] 4F7] 34 (Cho et al., 2000; Oh et al., 2007)<, 78]
O] 7 Aol Al sl A AT 4l 38 B 7t
A€ (Ji et al,, 2002)E 3HA A} T3 A D 7HEA5H
= 5ol 9 ST T A &4 5-30% (Watanabe et al.,
1982; Afonso and Borquez, 2002)°]| o] 2t} o] FA oA ¢
B ST 10-50819] =Al4= 9 AR ] Zhgaert dAYskar
7heA TR A Bl 2] - A Bo] 2-5 g/L (2F 0.2-0.5 %)°] &
5o} QIth(Watanabe et al., 1982; Dumay et al., 2008). ©]4F
o] Mg Aute} AL mEH, o F o 7FEAE] 3ol A
RS 7152 2] 4=(BPWs et SPWs)ol| = thal 2] 4] 5.0 o] 8-
7Fs/do] w2 AL R HHEglon, o|F o]§stalAeh=
o] FAsir}. wetA] o] dAtolA= o] & 7 A =] A&
71567 D Aol 24 9k 11 o] 871 o] el At B
L2} 3hodet.

CreEl 2XHE 22 (SDS-PAGE)

HA|(BH), 7Fekol(ST) Le]ar ekegol(YT) &9 754
2]4=2] SDS-PAGE9|| &J3t thf gl Bajek Bzl Fig. lof U
ERH QAT HA] o (roe)] T A E 3 (Lane 1) 100-10 KH
QoA 97 o] T = o] Bt ERlE|9) 0w, z+7F 100-
75 Kol| A 3702] Wi =, 75-50 K AFolof| 4] 37H2] W=7}, 1)1
25-10 K H{]ol| A 37§ ] vl =7} =] Q). @ X] EXT] thl
Z1 B3 (Lane 2)2 100-75 K 9ol 3712] W=, 75-25 K Afo]
o] W efoll A 57§18 HEZE Z12]31 20-10 K f{oll A YiEE 3
A B}A] 9kotth. BH 9} EXT7HE] whalz] Bz 5025 Ko}
15-10 K #2904 thA z}o|7} 919t BHS] BPW (Lane 3)
2 SPW (Lane 4)2] Tl & 251 1= 250 Koj| A }Lpe] 7Hsa1
gt E7 1= 9 01, 3720 K H 9ol = 3]u|atA T
O] F327F A E AL, 20-10 K B 10 K o] stef| A 2I5}A] el
2 Bz 7} 2Rl E| it} Tat BPWSF SPW 7hofli= thun o] 1
3ofli= A9 2ol 7} glglom, o] 5] G A F & zfo]of wE
Tl 2 o] Hh A of| 4] Z}o] 7} Gl Ho T

7hekel(ST) &ro) T A fL3 (Lane 5)+=250-100 K 1 919
A el o] Bt ER1E gl o EE PAISHA] = Tt
100-75 K4 9] o]l rg =3t 271 ) W=, 37 K, 25 K 2 15 K7t

yellowfin tuna  —

r bastard halibut —— skipjack tuna

Fig. 1. SDS-PAGE pattern of processed waters obtained from fish
roe during cook-dried process. M, molecular weight maker; Lane
1, 5 and 9 for fish roes; Lane 2, 6 and 10 for water extract (EXT);
Lane 3, 7 and 11 for boiled process water (BPW); Lane 4, 8 and
12 for steamed process water (SPW).

A 242} ko] E7E /131, 15-10 K ol A5 274 ]
=7} 2Rl E|Qc). 7hchetol(ST) EXTE] vl 2l 5% (Lane 6)
= 100-75 K¥ lof] 2jnek 271] W=, 50 K] sjujget 2
Mol W7} 2Fel gl on, 50-37 K % 25 K ol A ehil
B27F FEE QAL 15 K W 9jofl A sjujgh 274e] ehid wie
7} 2R1= ik STS] BPW (Lane 7) 2 SPW (Lane 8)2] Thi
A WHEE 3720 K Heloll= SjujsiA e o] Z27) Q1]
52151, 20-10 K 3L 10 K ostofl A ZshA] ehafdl a7} 24l
E| AT}, 3t BPWF SPW 7holli= ehi o] R arof= 7 o] 2
o7} AT

Frigo(YT) &) ehaj 2 3 (Lane 9)%= 250-100 K 9]
A Tl e o A ) phehe] gl o v, ST (Lane 5)9F vt
Z7FA 2 100-75 KH 1ol et 270 o HE7F = 9l o,
50-37 K 9jell A 2711 g2kt sh=r 2Fel=|of ST (Lane 5)
O} tha 2polE B olrh 1eut ST (Lane 5)9F o] A £4}
%25 K 915 Ko A Zh2) el ther) b= 91, 15-
10 K floll A = 27) 9] 3jv]gh sH=rF 2l = STt YT EXT
(Lane 10)= YT ¢(Lane 9)7} F-AFRH b Al = o] RS &
Go0, 100-75 K H el A 27]9] =7 AdmdsiAl =9
c}. YTS BPW (Lane 11) ¥ SPW (Lane 12)9] thf Al ELyr =
50 Kol A el shute] =) 2el=glow, 3725 K
Heloll= slulsiA 370 e] S AW ET} Q1A= 9151, 25-20 K,
15 K 9 10 K 2ol 4] 3u]gt chid si=7} 2= it o
= BPWeF SPWxloll= Thij i E 9] L3z ofl= =2zl Aol
7} 9191} o)449] SDS-PAGE®] wh2 thil g o] Bajef i
o|F 7o) Apol7} HQIH Lo v, 01 F ¥ Thg A Elaitol e &
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gk &pol 7} k= it gk 250 KojAke] el A H = 7}
A 34 Foll doidt & T o] 37 (aggregation)o| 5
II(coagulation)of] &]gt A o]z} e it gHH 100-75 K Y
ol A kel Tha 2] vi= = skipjack, tongol @ bonito roes
18] 31 egg yolk (Intarasirisawat et al., 2011)o]| 4] 2-¢1% 97 K
o] thulz] Bajeko. 7k vitellin like protein©| 2} =74 = glct.
ok&d] 50-37K H 92}k 15 K F10] Tl & vl == 717} actin,
troponin-T & myosin light chain (MLC), =3 ¥ %12™, 10 K
o|5}o] Thill A FLar = of 7 oo 7k A ] 578 Soll 2l 7t
|4 Tl o] 7o 2 gt Q). Balaswamy et al. (2011)2
carp?] roe protein concentrates+= A 2R W S7F B9
ThilE RS UEbdrkal 5hglom, o] 50 =8 W= £
+=45-116 K Afolgfal B 15}¢iT). Sathivel et al. (2009)-2 £
L 7 23} catfish roe Tral 2l 210 40-100 K 2 9jof| E-Abek £
5 Ho|= thil g o] ZAetetar shqict. o) e] Autel H
2 5o o] 5 2] Thu A Wi o] 50] 7he] Aol AR,
100-37 K AR H9fof =9 whii o] L3231l 9ok A
= SIS 4= Uiek 2Pl 7 A el A4 15 K o5t
A A 7HA Tl o] Eazsh= o] yhEkE o], AR
A kst 28 Al 71E 0l 71t = Sl

- vk o]

A~ = s
R E T T

HE gds

HA(BH), 7Fekgol(ST) Z18]ar Fopdol(YT) & s5&2
A2 Foll WAste 7k A 2] a>(processed water)2] 4|3
71502 AE 9§53 g4l tigt A= Table 29
Uetoict. AEA(FC, foaming capacity)2] 7<%, ol 7 249
EXTs= 22+ 116.67% (BH), 152.36% (ST) 12|32 161.16%
(YT)o|9l.om, BPWs= 2-2} 166.32% (BH), 203.90% (ST)
2 181.20% (YT)o|2la, SPWs zHz} 158.74% (BH),
194.91% (ST) % 183.57% (YT)Z2A 54 A2 9] A2
of w2 241 2ol 7} 17 E|JITH(P<0.05). o] &gt Zpol=
7hg o] Thill A swof 71k AR, 7F AIRE FAlRs
T £E0 R FAste] A5 At N FARE S e
H O LHP<0.05), THala o] 3] A]of w2 A Y] At &
= Sict

BHO| EXT7} 7P W& ARAdS Webizl sFalAleE, &

A2 ekt o]t 2EBoA felE 4 ol vlmA
wA] §714 RS0l /HdAE BN G WHOR Istol

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

water obtained from fish roe during cook-dried process

Sample Protein' (mg/mL) FC (%) FS (%) 30 min FS (%) 60 min EAI (m?g) ESI (min)
BH EXT 5.36 116.67+3.29° 67.37+0.31 58.54+6.94 10.32+0.86¢ 12.21+0.23
EXT? 1.88 113.31£1.46° - - 45.26+0.00° 14.63+0.43
BPW 17.91 166.32+0.00° 56.52+1.29 44.57+0.27 7.14£0.31° 15.04+0.66
BPW?2 2.20 133.40+2.46° 59.49+2.57 49.20+4.83 32.13+2.41° 26.44+2.80
SPW 156.27 158.74+3.98° 88.74+0.48 61.54+0.09 4.72+0.51° 13.89+0.44
SPW? 2.36 137.70+£3.63° 67.71+2.95 52.07+1.24 15.40+0.68° 18.33+9.39
ST EXT 4.81 152.36+0.17¢ 74.36+0.20 69.25+0.15 51.56+1.78° 28.96+3.65
EXT? 1.93 141.51+£4.83¢ 65.71+0.65 62.43+0.01 107.86+2.15° 26.86+2.68
BPW 13.52 203.90+0.86° 56.28+0.51 51.71+0.48 3.94+0.19 19.64+2.50
BPW? 1.85 146.69+0.46° 42.89+3.61 34.16+3.00 47 47 £4.52° 16.28+0.77
SPW 8.10 194.91+£3.56° 71.83x1.72 65.35+0.19 13.76£0.74° 14.42+0.99
SPW? 2.16 157.47+0.81° 57.50+2.69 42.20+1.86 39.18+1.22¢ 15.06+0.53
YT EXT 4.72 161.16+£1.23¢ 70.86+3.42 62.41+0.23 38.45+0.89° 34.18+8.66
EXT? 2.09 153.09+0.34¢ 67.98+1.48 61.02+2.71 66.64+3.39° 30.37+4.32
BPW 12.02 181.20+0.57° 62.07+3.36 58.74+2.50 4.90+0.55' 13.19+0.35
BPW? 1.90 135.14+0.00° 63.95+1.19 55.59+0.82 30.79£1.99° 18.81£1.30
SPW 7.40 183.57+1.80° 73.54+0.94 59.17+0.12 16.03+0.51° 14.74+1.26
SPW? 2.08 152.06+ 1.34¢ 63.17+2.83 57.04+5.80 44.38+1.49° 13.99+0.57

'Based on Lowry at al. method (1951). 2Diluted sample with 2.00+0.20 mg/mL protein concentration. BH, bastard halibut Paralichthys
olivaceus; ST, skipjack tuna Katsuwonus pelamis; YT, yellowfin tuna Thunnus albacares; EXT, water extract, BPW, boiled process water;

SPW, steamed process water. Values represent the mean + SD of n=3. Means with different letters within the sample are significantly differ-

ent at P<0.05 by Duncan's multiple range test. -, not detected.
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710 Table 12] £l &A1 &(314-8)°0] w2 0|48 4]
%31 gIck. ANFE © 2 STY| A 20| th2 AR vlste] 1%
Kol 94 TS LiEhfgLon, BPWss} SPWs 7ol £
o2 zfol 7k QI E A ke,

[e]

Rom, o= AlmFo] Tl d FErt AR7 S oRA AR
ol lol Fagt QAR Ao ® 2klgk 4= 91}, Intarasiri-
sawat et al. (2012)2 &%] skipjack roe&] FA7 <=E3]|of 2|5k
b AR Asle Salwr) Z7teke] AEA4(200%)0] A
kAl 8142, Chalamaiah et al. (2015)< carp roe pro-
tein®] 7}4E a2 Q18] 4924 o] teARS FH5HE peptide]
Z7hm B-27] Adolx 343 F2Elo] A Aol ATt
51 B}tk webd Ao ch o] Bo] B A
© 2 2QIE BPWEF SPW & whilldl 7hpisfiEol] &l
AEE U= 2ol 1= it

FhH, AZ P A(FS, foam stability) S AYAIZE 5, F4
9 AF §A A=E vl A0 &, BHY 34 EXTE A
o3t B AlRe AFE ol A EH I WA BHE B,
&%/ 30 min ALpA = 56-89%2] AFo] A= AL, 60
min 73 2ol A &= 44-62%2] AFHE S e Sick ST 74
9, EXT2} SPW+= 60 min 7 7o) A 22 69%2} 65%2] 7+
oFg Aol FAE oL, BPWE 51% Ao eHgAo] 44|
H Ik YTE] 79, 60 min Aol A 2+ 62% (EXT), 59%
(BPW) Z18] 12 59% (SPW) 2] 735 ¢H/d o] Zhel = qict. xut
Hom AR B ER SAG AR 49, tuldse
O] a8} Hmo] AFAol Hashe Ak Uetislen, A
S 3ol Qloj A = At A 0 2 UE T EXTSF SPW
O] AZMY L AT FARRE ol 3o, BPWO| H]sto] £

Aol B E = F¢ M= A 57]-44 Al (interface)
oA T3] Sk e EH AL Aol A @ 9 unfolding
S e A 2R AR E ARA Fol, A% Fsel FH
th(Damodaran, 1997). wehA] 7 A2l 34 o2 old) whanzl
R7gol dofid 7hAEl=(BPW B SPWy7L e = F5=
(EXT)ol| B3l -2 o] unfolding 3! Thal 2 Z4kof Al 2] 7}
Gol5HA Lol o= AFEF o] St Aoz TekE Qi

o5l M=
wet dds

35124 (emulsifying activity)< oil-water A ™H o) A oil-& &
ZEA A emulsions FA o= T A O] 58-S WabH, -8 ¢k
“g/d(emulsion stability)> UHAIZE <t f2H(coalescence)
2 2 X (flocculation)S FA45}A] 1l emulsions QHATFA]
7]= 5802 ot Can Karaca et al., 2011). o]2{3t
SHI(EAD 3 G313 (ESDo] 3lof4l(Table 2), W14 EXTs
o] §3}A(EAL m¥g) Z+7}F 10.32 (BH), 51.56 (ST) Lg]aL
38.45 m¥/g (YT)o| o, fAF hiid s = 3l4lste] 574

NE7)54 2 ey 513

3+ A= 4526-107.86 mY/ge] 208 §314d0] FFAFE S
c}h. T BPWs©] - 3.94-7.14 m¥/g W9 @ SPWs2] 79

4.72-16.03 m*/g =20 F3Hd= UER Lo, o592 34
NBE-S 7k} 30.79-47.47 mg (BPWs)@} 15.40-44.39 m?/g
(SPWs) 2 F-3HJ(EADC| EXTs9| 799} nixt7iA| &= 3=
ATk TS 2RI (ESI, min)ofl QlojA = 3] A H A= 7}
AStAL B = AT UER LT o] 23k A= o] A¥
4 214 A A A 7o At Ao &
ofA], 1) of Thl o] @ 5|2 3k P Welshe o=
245

2, S8RV A(ESL minye 5148 Fa $2i4o] JAie
EXTs7} 22+ 14.63 (BH), 26.86 (ST) 12|12 30.37 min (YT)
o]lom, BPWs= 16.28-26.44 min®| ¢ 12|37 SPWs
L 13.99-1833 min®] WIS Uehhglch. Ao T
= FEa(EXTs)o] 79 A F4oA s 7HsA 24
(BPWs & SPWs)el vlafo] 1514 9 iAol loj]
St Ao SIEI) £, o5 8] T AR FoA
L ST/ 7 e2sstdon, -1 b0 & YT ~18] 3 BHO| &
o]t

& 2 HEpo| & s Hrh W 2] fepo| =9 o
o] =55 emulsion®] ¢HY/dol 7]of5h, emulsions 343
Sh= AU S-S s ol M= FAH oil 2] ¥
of| peptide”} -2 o1, il W7 2] &] A& HAoh= Hon)
2 FAJ3sto] o]Fo]ZH(Dickinson and Lorient, 1994). L3,
7 BA5F9] peptides= 214 (amphipathic)o] o EEte
& 18 54 vERd o= tH(Chobert et al., 1988). whehA]
EXTs, BPWs “12]11 SPWs ZFolli= FxInl/d o] whufal 9l of
1] 1=ARe] 8 (charge) ¥HAE Z15>/d (hydrophilic) X 44
AJ(hydrophobic) 27| 2] Zr-&-© 2 =5 4-23(oil in water)2)
emulsion A4 5k= 71 0.2 HehE Qi)

sAtsh B

HA(BH), 7iehgoi(ST) 12|t fehol(YT) & 5529
A 21} Z2of| WA= 714 2] 4>(processed water) 2] A A
o] & 7Hs /& Yot 7] fisto] A gHatatatd of| et At
+= Table 30f| L it 4 DPPH 2ht]Z 424 2HJ(DPPH,
mg/mL)2] 73, 7FEA 2] 7oA LAY 78 ~(BPWseb
SPW5s)2] ICSO%IO] 0.54-0.82 mg/mL2] ¥ Z A EXTs (0.88-
1.50 mg/mL)o] Hlsto] 471 8H40] <3 A o = Lepie). 3
A= (reducing power, mg/mL)°] QoA BPWs (0.21-0.41
mg/mL)2} SPWs (0.44-0.55 mg/mL)= EXTso| B|3}o] -9
2o] 94391t} 2L} DPPH 2htiz 47348 SPWs7}
i o & 7kgt vhHol| ghedEof] 9loj A= BPWs7} {24 &
2 7354 HP<0.05). 3HH, ABTS' ght]Z 24 Z4(ABTS,
mg/mL)ol| 2lo1A= EXTs (0.028-0.045 mg/mL)7} BPWs
(0.065-0.110 mg/mL)2} SPWs (0.055-0.082 mg/mL)°f H|3}
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Table 3. DPPH and ABTS radical scavenging, SOD-like activities and reducing power of processed water obtained from fish roe during

cook-dried process

Sample Protein' (mg/mL) DPPH (IC_, mg/mL) Reducing power (EC_, mg/mL) ABTS (IC,,, mg/mL) SOD (IC,_, mg/mL)
BH EXT 1.60 0.88° 0.74¢ 0.0452 1.712
BPW 2.61 0.792 0.212 0.065° 2.94¢
SPW 1.99 0.822 0.55° 0.0552 2.83°
ST EXT 1.89 1.35° 0.75° 0.0332 0.86°
BPW 1.45 0.81° 0.39° 0.110° 3.25¢
SPW 1.58 0.60° 0.49° 0.073° 3.15°
YT EXT 1.62 1.50¢ 0.71¢ 0.0282 0.822
BPW 1.48 0.61° 0.412 0.074° 3.05°
SPW 1.66 0.542 0.44° 0.082° 2.99°

'Based on Lowry at al. method (1951). BH, bastard halibut Paralichthys olivaceus; ST, skipjack tuna Katsuwonus pelamis; YT, yellowfin

tuna Thunnus albacares; EXT, water extract; BPW, boiled process water; SPW, steamed process water. DPPH, 2,2-diphenyl-1-picrylhydra-

zyl; ABTS, 2,2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid; SOD, Superoxide dismutase. Data with different letter within the same

sample are significantly different at P<0.05 by Duncan's multiple range test.

of o422 ABTS" eit) g 2712/ o] sk 3iet. =3 SOD
FAFE4d (SOD, mg/mL)2] 7, EXTs2] SOD AR o] 2t
7} 171 (BH), 0.86 (ST) 2] 3L 0.82 mg/mL (YT)] Q.
BPWs®} SPWsej| H|sto] €-5-5] 77t &4de e SlTt. o
Aol A19] 50%2] A/ oyt AsiE e Heh= T
e Yehd 754 2l (processed water) 2] F4te}
2742 ABTS' eitjzol| tisfl 71 tiddshA Hhgsohe= 2oz
Uelgron, 1O 5o 2 e, DPPH vz 12|12 SOD
AR ol e webA o) 7 &el 7HaA 2] 3 Fofl A
Sh= 7R A g TRt RS Ui ez A, A
A 387k 71 = e Al o2 I SlTh

F2 g Asae 2tk a474ESE(0.2 mg/mL)2)
DPPH &AZA-2 70.8%°] %1 2. (Kang et al., 2007), yellow
stripe trevally (Klompong et al., 2007) & sardinella (Bougatef
et al., 2010) byproducts, rohu roe (Chalamaiah et al., 2013)2]
chil 2 7}4=H8%(0.5-1.0 mg/mL)e] DPPH A7 3A4L o]
Ao Aot wlwste] fARHAY @3] WS AARAE S
UEof, 7ls#2]5=¢] DPPH &7 8/do] a2 7
3% W} 245190t} Li et al. (2012)2] B 110 A], grass carp
7FEdlEe] ABTS' 2278/ o] DPPHE| 27| 2/ Hlsf 7
Slttal 3112 ™, zein (Tang et al., 2010)2} rohu roe (Chala-
maiah et al., 2013)2] 7}E3)|E-20] Aufol A= npzlrbA] ]3]
o}, 2elz A7) E4o] Qlol A ofuliedl 24, A E 24
At #eo] 9l o, (Bougatef et al., 2010; Chalamaiah et al.,
2013), sFL ol Qlo] A= olm] Al W peptide2] 243, peptide
o] o], ohn|i=At A E 52 Apo| & Il el ol Fake =t
31 3} TH(Wu et al., 2003).

Tyrosinase AaigtA

ol/fel AvtE B ARV 9 dehdol A Ao m
et 202 ek |A(BH), 7Hehel(ST) 223t ke
OI(YT) &9 & FE=(EXT) A 7|54l A dofxl 7h54
2 (SPWs)E tAFS. 2 3}0] tyrosinase A &4 (%) &2 Ak
2 )@ g o] o3k A= Fig. 20f el Sich

A4S w] FLo] AR 2t Jofe = BIAFROS,
reactive oxygen species)S BHIAIZ 4= Qlom| g &
< keratinocytesol| 2Jgt Wehd A4 QIAke] W& f-E5k
Ip) Aa H2e Sk tyrosinase /S A=Al ok
(Chlapanidas et al., 2013). Z|<* tyrosinase inhibitors:= 2}
A157) 2k g elokg 9 sl EE Hofol T4lo] 275}
11 tK(Schurink et al., 2007). Z} ©12] EXTs 9] tyrosinase A
A (%)L 242 7.5 (BH), 14.2 (ST) 18] 1 8.7% (YT)°| %)
O}, 7FEA ] F8E Foll Aolxl SPWs2] 7-9-=0.41-2.5%
0] AsfE/Ad TS LR o] tyrosinase A8/ 53t 1l
W F = 7| 5h7] o2 Ao g ek gich 3 Choi et al.
(2011)2 FA] 715 A<z429] tyrosinase A &4 31.5%9]
900, ol 2A1E o) ASBAL 7kt wasigl
t}. o} Al4=(subcritical water)2 7}l 5 H 2| 7} Hall=
9] tyrosinase A siEH/d-2 14.7%z+L 310 (Choi et al., 2017),
peptide T+= o] i=Abo] 9ok T A AJE2] tyrosinase A]
shabol Aot 1 A AelA ok Ao o
1=t
ACE 32

B4 9 REo] Al om St AoR wet
g HA(BH), 7hekol(ST) 12]ar foksko|(YT) €9 &
SE(EXTs) #7]57g0llA Hojzl 7H5-A 2]4=(SPWs)ell o
3ol ACE ASj2H4(IC,, mg/mL) o2 A9 3 ghaalel fvh

507
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Fig. 2. Tyrosinase inhibitory activity of processed waters obtained
from fish roe during cook-dried process. BH, bastard halibut
Paralichthys olivaceus; ST, skipjack tuna Katsuwonus pelamis;;
YT, yellowfin tuna Thunnus albacares; EXT, water extract; SPW,
steamed process water. Values represent the mean + SD of n=3.

off et 23h= Fig. 3o Yetdilth & F5=(EXTs)2] ACE
A ZA (mg/mL)S 22} 1.63 (BH), 1.19 (ST) 28]l 1.14
mg/mL (YT)o| 211, STEH YT7F e 4 2.2 BHej H]sto
ACE Asfi&/do] 97t 2 o2 Lebt). Hhol| 7Fa A 2] &
= 53l Fo1xl SPWse| 4-9= BH (1.04 mg/mL)7} 717 A
serido] ZFatglon, the o & YT (1.22 mg/mL) L2|1 ST
(131 mgmL)2] 0|9ich. 2 A3}k PIsh 5A71E 2142
o] ACE AH&}Z4(IC,,, mg/mL)o] 3t 27104, 71}l
(14.1 mg/mL), £01(49.2 mg/mL), & Aol AS|TAL
Ho]x] okQITHOh et al., 2007). BHHo| 7itheto] o} Flclo]
Ap42(Yeo et al., 1998) W H ] R<=<=(Ji et al., 2002) = F-E]
chromatography & &3t active fraction®] ACE A|3ll-5(IC, )
2124 0.62 % | mghmLekan sfol, /g el4-0] 281 9 A2
48 %3 ACE Asjatio] Augieka steit,

A ACE A peptidee] et @A} A= w4HAEL]
7RI S ol B3] 247hE BARRR T A7)
7} sk = gich. o]k SA bR RARR O] Thul ) Fh4RalE
2l yellow sole frame (Jung et al., 2006), skipjack roe (Inta-
rasirisawat et al., 2013) Z12]1 Pacific cod skin (Himaya et
al., 2012)2 35-86%2] ACE Aa1&/dS Lef et E3t =
o] thoFet Fa lRaE] 4, 1.49-16.31 mg/mL (IC,)
w91o] AsjeAe L 9en, Protamex 714-EalEo] 7}
2 S-4raeal B Al th(Chung et al., 2006). S AR5 H-2
A A4=(Kang et al., 2007)2] ACE #|3ll-5(IC, )= 1.40-
174 mgmL WgIekn stele, AgAnet A7Hng S,
o1F & 7FBH RS ACE AHTAL APHIES] JoR
27} BEAA active fractionS T} et FALSH A4
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Fig. 3. ACE inhibitory activity of processed waters obtained from
fish roe during cook-dried process. BH, bastard halibut Paralich-
thys olivaceus; ST, skipjack tuna Katsuwonus pelamis; YT, yel-
lowfin tuna Thunnus albacares; EXT, water extract; SPW, steamed
process water. Values represent the mean = SD of n=3.

ofolle At EA

ol &2l A7]5 Aol A EAsh= 71 (SPWs)<] - ofv]
At 23] Hiell & F-E=(EXTs)2} vl aloto] Table 4] Lret
ATt o] 3telli= 5 Tl 9 (mg/100 g protein)¥} 2} o]
eqk 2/dH](g/100 g protein)E A Al5tGl o™, 5 Th A okef
ofl z} otu]iAbe] 2/4gulE 5P, 7 ofu| ekt Shit
Q=S ST WA ofF & EXTs9] 3 e Aok of 7
ok 100 gof] T3}od 2750.4-3594.4 mg 4230 2 SPWs (712.9-
1490.4 mg/100 g)°fl v]5te] 2.4-3.987}HeF L5-5] 32 420
StH(Table 1). F-2] oAkl Taud] RAJH|= 2.29-5.66%2]
o9l on, BHeF STS] SPWs (242} 2.29 4 3.30%)+= 1
2/38|7F EXTso] vjsto] sl o YTO| 44 23] &
7Fstgict. Lefut g u]of] B e ee ek Aol o
HF2 Al ofF BF FEmolA w94t

ol & EXTs9] 8 ofu|iik(6%o/ ) o Fol et 24
B] o] Zpo| = LyehU x| Wk, Asp (6.11-7.08%), Glu (9.37-12.6%),
Ala (8.71-10.77%), Val (6.97-9.53%), Leu (8.71-11.55%), =1
231 Lys (7.94-10.83%)°] 9101, SPWse] 7%, Glu (8.39-
14.47%), Ala (8.72-12.25%), Leu (7.67-11.89%) 1|1l His
(6.22-6.82%) 0.2 EXTs@h= tha ZFo|7} Q1 iTh. Taus A<
g ottt vgas ofu] i ARzte] H|(EAA/NEAA)O]
9114 EXTst= 1.01 (BH), 1.58 (ST) 12]31 1.50 (YT)=A
BH7} 7P W2 w]&-& B9l Rbof SPWso] 79 BH (1.35)
7FST (1.26)2H YT (1.03)°f| B|3te] p-=2k A 0 2 eyt o
2b4 BHe= 7HaA 2] 342 &3l A4 o2 daofu]eite]
frel7h B2 whdof STOF YT ] s ol ieite] Z7p7t =
=zl Zlof 2l Hlok
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Table 4. Amino acid compositions (%, g/100 g of protein) of processed waters produced from the preparation of fish roe concentrates by

cook-dried process

BH ST YT

EXT SPW EXT SPW EXT SPW
Protein (mg/100 g of roe) 3594 .42 1490.4¢ 3110.5° 847.6° 2750.4¢ 712.9°
Tau' 3.85° 2.29¢ 5.60° 3.30° 4.02° 5.66°
Thr 4.09° 6.64° 4.64° 6.43° 7.06° 5.44¢
Val? 6.97° 6.79¢ 9.532 5.01f 8.49° 5.78¢
Met? 2.83° 5.842 4.77° 279 4.90° 2.48°
ILe? 4.37° 7.17° 6.40° 6.05¢ 6.85° 3.68
Leu? 8.71¢ 11.89° 10.87° 10.14¢ 11.552 7.67¢
Phe? 3.40° 3.40° 5.70° 4130 5.742 3.30°
His 2.66° 6.50% 2.59° 6.82° 1.13¢ 6.22°
Lys 7.94° 3.91° 10.83° 5.52¢ 9.36° 6.82¢
Arg 7.27° 4.00¢ 2.45° 6.99° 2.43¢° 6.44°
EAA (%) 48.25 56.13 57.77 53.88 57.52 47.82
Asp 6.892 1.95¢ 7.08° 2.89° 6.11° 2.53°
Ser 6.89° 4.89° 2.80¢ 8.25° 3.27¢ 6.77°
Glu 12.60° 8.39 9.37¢ 11.47¢ 9.91¢ 14.022
Pro? 3.30° 1.21¢ 1.36¢ 1.58° 1.43% 212°
Gly? 3.44¢ 7.86° 3.66° 4.93° 4.18¢ 6.50°
Ala? 8.72¢ 12.25° 9.36¢ 8.72¢ 10.77° 9.84¢
Cys 0.73¢ 1.502 1.02° 1.09° 0.91¢ 1.30°
Tyr 5.33° 3.52° 1.99¢ 3.88° 1.88¢ 3.45°
NEAA (%) 47.90 41.58 36.63 42.81 38.46 46.52
Total (%) 100.00 100.00 100.00 100.00 100.00 100.00
EAA/NEAA 1.01 1.35 1.58 1.26 1.50 1.03
HAA (%) 41.75 56.40 51.63 43.37 53.92 41.37

Free amino acids. *Hydrophobic acids. BH, bastard halibut Paralichthys olivaceus; ST, skipjack tuna Katsuwonus pelamis; YT, yellowfin

tuna Thunnus albacares. EAA, essential amino acids; NEAA, non-essential amino acids; HAA, hydrophobic amino acid; EXT, water ex-

tract; SPW, steamed process. Values are mean of duplicate determination. Means with different letters within the same row are significantly

different at P<0.05 by Duncan’s mutiple range test.

Zhebgol, =3} o] A0 =8 ofu| AR A (6% ©14Y)
2 717} 7}efeto]= Asp, Glu, Pro, Gly, Ala, His, Lys 9 Arg ©]
H, =2 Asp, Glu, Pro, His, Lys 2 Arg® =2, F-oji= Asp, Glu,
Pro, Gly, Ala Y Argz}al 3191 2w (Oh et al., 2007), Cho et al.
(2000)= 23 o] &3] =A|4=of= Tau, Asp, Glu, Pro, Ala, Ile
9 Leuo], 7183l A}<=420)= Tau Pro, Ala, Ile @ Leu’} 5
£ fe] opn|ieitolefal skQiTh E3H FH-E thA| A= Asp,
Glu, Pro, Gly, Phe, Lys 2 Argo] & o}n|izAto]¢ltH(Kang
etal., 2007). Y=ol T ofn] Ak A] of Aol it opu] 2} 7}
AR Alg Y pGapTtol|  ofn| Ak of] 2fo] 7} 2}
A= Tk E3F o] & 7R A 2ol 354 &= Asp, Glu, Ala
4 Leuo| 352 02 2487 & A 0= Uepgth

oA, ot &l AR B f8ksel ¥ = o/ of

0] A2 AL EXTsls 242E 41.75% (BH), 51.63% (ST) ~Le]
T1.53.92% (YT)0] $LOL}, SPWse] 7 BH (56.40%)= 27}
1 uhl, ST (43.37%)9} YT (41.37%)2 Z7}skgict. o] 23t
Apo) 7} A7), FAEREA 18]l ACE AJs@ ol daF
& ujAelel 2T 294 W A4 ol Al S35
23 emulsion®] AHEAJ A 24| 28510 emulsion®] Q4]
of| 7]ofs}m, 244 ofm|t=Ato] 42521 % emulsion system
of|A] AFehA] A7} 21/ ofn| it ] BypA A 4= Q)
t}, 0|23k 4424 o] :=AKGly, Ala, Val, Leu, Ile, Pro, Phe,
Met)2 743t HAMeE 84S yepdthar B asklal(Li et al,
2004), Gomez-Ruiz et al. (2008) Cys, Trp, Tyr ¥ His &
of ofv]iAto] ABTS' 2tcjzite] wkgAlo] Hofurhi 5}%
o o]5 ofu|leAkS 5= peptides®= 73 ABTS 2]



1% o Ta A 7Hgse] 487

7 2AES e 4= QlekaL sH3I). peptide A F Wofl
59 oAl 27 ACE 8/ 9129 A Waligte s
W ACE {4 240] 4L % 4 9lTiE BB (Li etal,
2004), ot At A€ 9] C-2teto| Tyr, Phe, Trp, Ala, Gly %
Proz} ZH-2- ofu| = Ake] Efj= K} gt ACE Asiggdoll 7
&J8=(Mahmoodani et al., 2014) ¥H<|| Val, Pro, Tyr, Leu,
Ala, Lys @ Metd} 28 2:424] o] i AR hAlalakA] of) 735H
JeFS v 2kl 519 tH(Wiriyaphan et al., 2012). 0]4+2] A&
7157 9 kel B4 1231 ACE A& /dof oigh Aol a vt
OF At H arof| W=, ofF &of 7hAA e FAg ol A 'AERE 7t
5 5(BPW U SPW)= A% H 71 755 ake 0] 7=
2 wot AL 9o AEV15A 3 AT S veh
S 2A T AEA W 77 I E T whebA] ARE 7199
PFE AR HRA R Qo) 714 2 T Aol 3
A5 A2 AR, o] & 5] ol B 24t
L okg vlRIRch, A1B 714, A 0 AR S
ot A 2 A o] 7Hs/d o] mif- wrkaL sl

Al AL

o] =82 20149 AR (AT &1) o) PO o=t
ATAEE] 2| U ol £ 7] 2ATAFY €] UK (NRF-
2014R1A1A4A01008620).

o] =2 20161 sfofgAte Ao R gt Ygatslr) e Al
ZY9| X 9L o} 4= 7
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