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Food Functionalities of Enzymatic Hydrolysates Prepared from Protein
Isolate of Yellowfin Tuna Thunnus albacares Roe
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Roe protein hydrolysates were prepared from protein isolate recovered via isoelectric solubilization/precipitation of
yellowfin tuna Thunnus albacares roe using proteases. Their bioactivity and functional properties were investigated.
The hydrolysate with the highest free and releasable amino acid content, obtained via enzymatic hydrolysis, was
flavourzyme (4,395.1 mg/100 g-RPI), followed by pantidase NP-2 (3,592.8 mg/100 g-RPI), which was significantly
higher than the other enzymatic hydrolysates (285.8-739.3 mg/100 g-RPI). The foaming capacity (154-218%) and
foam stability of papain, chymotrypsin and bromelain hydrolysates were significantly better than those (100—135%)
of other hydrolysates. Similarly, the emulsifying activity index of papain (58.8 m%*/g) and bromelain (27.6 m?%g) hy-
drolysates were superior to other hydrolysates (3.7-10.3 m?/g). Only the ABTS" [2,2'-Azino-bis(3-ethylbenzothiazo-
line-6-sulfonic acid) diammouium salt] radical scavenging activity (IC50, pg/mL) of flavourzyme (82.4 pg/mL) was
superior to that of the control (82.9 pg/mL). However, the hydrolysate content (except trypsin hydrolysate) exhibited
superior ABTS" radical scavenging activity compared to the control. The hydrolysates that demonstrated superior ty-
rosinase inhibitory activity compared to that of the control (1.4%) were flavourzyme (21.8%), aroase AP-10 (21.8%),
and protamex (16.7%). Moreover, the angiotensin I-converting enzyme inhibitory activities of all enzyme hydroly-
sates (51.3—-84.1%) were stronger than those of the control (35.7%).
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AN 2 o] ojg x|, o] 52 FE YYPsE YFH(1574F) 4 &%
H(33.8HE) = 7 E AL JITHMOF, 2024). 4H=2] &g

s}rtetol(Thunnus albacares)= EjHOF, QIEOF, thi] ko] 4 715 A WSk SRARRANE-S 2], frame, H]E, WA, A
A A AlsHE thgolE o2 A AlA XLZM off QlojA] T34 Ao Fo = H7HA —‘:} AFEo| & o] 2 KJAEEe] ok 30-60%

QlojFor 2 A3 W TP o A|skal Qlrk(Heu et £ A& A= 2 ohek gAskar @lti(Klomklao and Benjakul,
al., 2006; Intarasirisawat et al., 2011). $-2]ue}e] thetol R 2016; Kang et al., 2023, 2024a). SAHRARE Zo]|A] o5 ¢t
HgFoldd, Aol ¢ afHFA ol PS Fal 7kl (201 (fish roe)2 &7} 0|2 St RS Zalst Aoz, o]Fo]
HE), Fohol(60HE), wthol(25%E), Hrhatol(1.4% ule} theFsl Ak A oA 0] 1.5-10%S XpA|8har, thad
), Gtel(1.24E) 12]aL 7]g ol 5, 2903 & (Heu et al., 2006; Park et al., 2016; Kwon et al., 2022; Yoon
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etal., 2023) 2 P24 Heu et al., 2006; Intarasirisawat et
al., 2011)0] F-73t AFaA) Aolth. of 7 &of JUdA] 714
= T FYUORA], o] F 3|potalA} Sl I Fof A
| =& S Ak Zlo] 7Hsl7] witoll AlE 4
A 210 2 A H BgE7} BT 3k 5 ITk(Lee et al,
2016a, 2016b; Kang et al., 2023, 2024a).

SARRALE o] A2 A A 0} 517] $1510], %52 R (Cha-
lamaiah et al., 2013a; Lee et al., 2016a; Yoon et al., 2018b), &
2] Tl 2 (Lee etal., 2016b; Yoon etal., 2019; Cha et al., 2020),
A4 7l Rl E(Intarasirisawat et al., 2012, 2013, 2014; Cha-
lamaiah et al., 2015; Kang et al., 2024b, 2025)2] A| = 2 4]
71573 (Chalamaiah et al., 2015; Park et al., 2016; Yoon et al.,
2018b), 3AFSIA 18|31 0]9] Al 2]|&A(Intarasirisawat et al.,
2012, 2013, 2014)e] dhste] A7 ol FolHick. o] efat AT
£ Flol Tuld Jodehe AEARsh ek, 5u o)y &
TVHAI7F 27kt Aok o AFSFATHLiu et al., 2015).

A did TR elEe] Aitols SE(trypsin, chymo-
trypsin 2 pepsin), 4]&(papain Y bromelain) 131 t]A}
= (proteinase K, alcalase, protamex, flavourzyme, neutrase,
aroase AP-10 Z12] 1! pantidase NP-2) 7] 9] proteases & ©|-&-
sto] 7l e A| 25kl Q) th(Intarasirisawat et al., 2012,
2013, 2014; Sampath Kumar et al., 2012; Kang et al., 2024b,
2025). o]t a2 7kl AY/d ¥ peptides H -2
ot Akt o] glom, ol F& AEAS}, apdd X7
9] I T2jaL o] 24 9] F7te] 7]Rlste], HaE, o=, =
A2, Asks, 73 2 AR IS TR AlET1E 8= N
Ash= 2102 A A QItk(Shahidi, 1994; Intarasirisawat et
al., 2012; Liu et al., 2015; Kang et al., 2024b). u}2}A] o=
S TR E S A ) AT ST B A
Sshn] kAl whelnl, AUFEA % A AR NS o
A QhoRA] A Thallo] 7] ]l S4E AL 4 gl
sFo]ti(Chalamaiah et al., 2013a, 2013b, 2015; Kang et al.,
2024b, 2025).

o] o] A+t w7 & F3l, o] Aol A= AlAIZ QL than] o
Tl Frgol 29 7hy ol HA st AR 3
tio] G2 HE SA% 830/ -5 (isoelectric solubiliza-
tion/precipitation, ISP)2 -3l 3]<=3t F&]thal A (roe protein
isolate, RPI; Lee et al., 2016b; Yoon et al., 2019)S thAlo =
AlFt proteases®] 7| AE 0o W2 7l=EalE(roe protein
hydrolysate)& A|£5}0] Al%7]5 542 714 4 Aejgdel
o af A a2} skGiTt.

Iz H U

¢}

il

M=

shr}eto(yellowfin tuna T. albacares) 42 AN ZHIA|

O
> nZ

27 Dongwon F&B Co. Ltd. 2 5-E] 5 ZAAE] o] &2 He
of AR Qut ¥, BEL Bo] B a5suA 1]
Alstal, ok-9-2]% E|Hl(tea bag, polyethylene polypropylene,
16x14.5 cm)°] 300 g&] AE3to] WFAFE = -55°ColA] K
Bt

sittato] YU(yellowfin tuna roe, YTR)S] RPIZHE 7[5
=] Aol ARSRE AAES F=7]9 9 trypsin (TR; por-
cine pancreas) ¥ o-chymotrypsin (CH; bovine pancreas), ]
=7]99] bromelain (BR; pineapple stem) “12] 11 papain (PA;
papaya latex)-= Sigma-Aldrich Chemical Co., LLC. (St. Lou-
is, MO, USA)Q| Al&S, nAE7]199] Alcalase® 2.5 L type
DX (AL; Bacillus licheniformis), Flavourzyme® 500 MG (FL;
Aspergillus oryzae), Neutrase® 0.8 L (NE; Bacillus amylolig-
uefaciens) Z12] 1 Protamex® (PR; Bacillus sp.)= Novozymes
(Bagsvaerd, Denmark)2] A&, Aroase AP-10 (AA; Bacil-
lus subtilis) Z12] 31 Pantidase NP-2 (PN; Aspergillus oryzae)
2 Yakult Pharmaceutical Co., Ltd. (Tokyo, Japan)2] A &2
2yzk shgom, o]ele] Aol AGE BEPAIkS HAE
E+}(guaranteed reagents)A] 2FS 191 3}o] ARSI T
YTREEE Eachzlol 54

YTRZHE ISPE 53 RPI9] 3|4+ Lee et al. (2016b)2]
o] whet Azttt Y] s AAHE Bt YTRE
FH5 llE(4°C, 12 hyshar, 6uEre] "ol24=E 7tel, w47
(POLYTRON® PT 1200E; Kinematica AG, Luzern, Switzer-
land)2 A 325,000 rpm, 5 min)a}$Itt. o1 7]f 2 N sodium
hydroxide &2 AM8-5to] pH 112 274ske] dze] sl
H@C, 1 by B3 Tl 318 Festeck. oloid
5 YE2]7](Supra 22K; Hanil Science Industrial Co., Ltd.,
Incheon, Korea) & 914]4-2](12,000 g, 4°C, 30 min)3}ith ¢
A 4o @e 18420l sl 2 N HOIE 7Hated
pH 4,57} E=2 AzAsto] 4k AATAHEC, 1 hyS A5}
ik, o]e7) B pHE 24T AetolS 412,000 g
4°C, 30 min)3t, o]u]o] ZAHRPIE ISP 332 55} 434
£ NaC19] AAZ Sla) ol egi 45 ke, 54 Axsh
o] 2% YTREZHE RPEZ 8431t ISP 342 53 9
$FRPL Q424 2:b5te] 87of Hol Hak-20C)telA
2 AR e Azo] Atk
RPI 24 7I4&E51E M=

ISP 34-& £3f 3431 YTRE] RPI= 4% (w/v) BARg-o o
2 A28t 220 +£2°C)of| A 2A17F Fet A TAREE-S A
AJ8kgiTk. o] o] A Kang et al. (2025)2] 4 of] w2}, serine pro-
teasesQ] TR¥} CHO| 37} B]-&-2> RPI #-4H8-H o] thal 2] 9hek
(4% wiv)ol T3] oS TA%EEI}0.8% (B/S, 1/125)0] HE2
H7Vsto] a4 7Hh-g-ol-S A 2314t T3t cysteine proteases?]
BR}PA, 18] 31 food-grade proteases?] AL, NE, PR, FL, AA
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123 PN HF A7Hs R 4% AR 0le] Tl ol
gjste] o] 59 HF TARET} 4% (wiw, E/S, 1/25)7} =2
R RGOS 22} A|Esh). Hh WSOl Ag et
(S0°C)oll A 150 min ¥H-§:(7H4=1- )AL, BHS A 4] 80°Cel
A 20 min A3HAE. ofF T4 GO UL (1,890 g

[¢)
4°C, 30 minj3fo] P& JFARS 2170] Fd TR BEA
20°CollA] BASFAA o) F A% 7154 W eI Ty2] 24

Slat A ALg 3ol
ChT] s

RPI & ©]9] 4 7hpiaflo] Thil g &%= (mg/mL) 2 o
T2 Lowry et al. (1951) ®iHof whe} 2okl 2l & A bovine
serum albumin A}§3o] T3 HeAE F) 245
IteEoliE

WA, YTRE] RPI:= A2 0.2 g+ 40 mL2] 1 N NaOH &4
& Apgsto] e Al AR E010] T 5 mgmL)
= Lowry etal. (1951) W] o2 273} t}S, 4% AREN =
o] Z thalAFFEKRPI protein, mg)S Lottt th o2, &
7 RAEES BIEEEY 3 H0)2 24sto] T4
3fl=2] & Th A Sk (hydrolysate protein, mg)2 4351t
TheRol-2 ofale] Folxl Alo] ueh, RPIS] 3 T sk
of thet 7hrEelEEe B Sl eA TesleS Al
A,

DH (%)=[hydrolysate protein (mg)-control protein (mg)]/
RPI protein (mg) X 100

oJufe] control & 54 A 2f3kA] ke $U 271 W3- Efl

chal A gk (control protein, mg)< ©]u|3}ict.
SDS-PAGE

RPI ¥ #4 7heialEe] Thild BAsF 2= Laemmli
(1970)2] Wl whel sodium dodecyl sulphate polyacryl-
amide gel electrophoresis (SDS-PAGE) & £-43}$it} WA, 1
mL9| & 7[R 85 (10 mg/mL)Z} 0.25 mL 2] SDS-PAGE
A7 Z2A& $Hol(x 5 sample buffer, pH 6.8)S =35}aL,
100°CollA] 3 min 53t 7FE st 7195 Almg 2A5k3Ach
o] A EHlgh A 220 ug® TA)= AnyKDa Mini-PRO-
TEAN® TGX™ Precast gel (Bio-Rad Lab. Inc., Hercules,
CA, USA)o| #3112, Mini-PROTEAN® Tetra cell (Bio-Rad
Lab. Inc.)o] A28t o2, 443+ HH7(10 mA per gel)E 53}
Al skl 7195 AAsHh A719E5S 2 AL 0.125%
(w/v) coomassie brilliant blue R-250 -8-240]| 15 min 52+ G4
2 A%, 25% methanol @ 10% acetic acid =g} -2-2H o]
A vheto] Sedall kA Shate: AN e,

chil 2l o] Bxlef B3z = Precision Plus Protein™ standards
(2-250 K; Bio-Rad Lab. Inc.)2 A-&3}o] sHelstair}.

RPI % &4 7hpiallEo] 2] ofr] e AbE A2 2.5 mL Y|
ZF a4 71 RallE AR89 0.25 mLe] 6% (w/v) 5-sulfo-
salicylic acid dihydrate S 71510 Thil21-& A7 5}17] 9l ¢4
£2](1,890 g, 20 min, 4°C)a}Ath. 4152 AF5H(1.5 mL)>
0.20 pum syringe filter (hydrophilic type)E AR5} o)<t

2, lithium form Z- o] A2 ofu| A £.4 7] (Biochrom
30; Biochrom Ltd., Cambridge, UK)Z EA3}on, a4
7hrEsfof] w2 G2 W W% ofu]i-Alk(free and released
amino acid, FRAA)®| £4Z3= 100 g2] RPI T2 ek
off T3t 7 ofw]=ite] 2A4u| (%)= YERH It ok of
o] A Tuk(sweetness), 225H(bitterness) 2 ZH2BH(umami)
o]l W-E(Chen et al., 2016) Z} 7|23 E2] BF Hirof| tfs}o]
= HESHE

HEdds

L

RPI &4 7FpislEE2] 71&4(foaming capacity, FC)Z}t
712914 A (foam stablity, FS)-2 Cha et al. (2020)°] w2l =74
39T}, 2, 25 mLe] Wl AAIRIE o] 10 mLe] T4 71ia|E
2 A @i, #47](POLYTRON® PT 1200E; Kinematica
AG)Z 12,500 pmel 4] 1 min5t F43} st5ich. AEo] o
AE A7 Fo]2 AI7K(15, 30, 60 min)5-2t A1-2(20+2°C)
oA HAISHAA, T Fulef AFo] Hul 5 Z7sto] offj o] 4]
of we} FCLF FSE 63l on, A4 2] 2]s1A] ¢k-2 control}
Aps o) Stk

) ) VT
Foaming capacity (%)= %100

V

0

F/V
Foam stability (%)= (LFTW%X 100

o) VT #4 F % ¥3], Ve 74 19 % 53], FTE 2
2 23 7o) 53, Fo} Vit 012 A|7H=15, 30, 60 min)
A3 3] AR 9 F B2 ofwshgint.

Q3 B4

a4 7eReEe 485 (emulsifying activity index, EAI)
I} 314 (emulsion stability index, ESI)< Cha et al.
(2020)2] o] weh 25Rck 2F 15 mLe] &4 7))
=°f| 5 mL2] 4]-8-f(soybean oil; Ottogi Co., Ltd., Seoul, Ko-
rea)= 3:1 (v/v)Q] HI-&=E 25 mLO| v AR of Jar, o+ 23}
(12,500 rpm, 1 min)3lo], #asko] €71 v|2AzIE 2] ol
Zo| A AA=H(50 uL)2] emulsion 33t thS, 5 mL2) 0.1%
sodium dodecyl sulfate (SDS) &4} &3}5}% T}, o] &35tol
& Basde A|(UV-2900; Hitachi, Kyoto, Japan)E AM&-5}0]
ah4f 500 nmell 4 skt 215-0) FHE(A,,, )2 10277



Fordol & el E =R Az

FO FYEA,,, ) Z5H0] olle] 410 2 22} EAT (milg

10min

protein) ¥ ESI (min)E -3}t

2x2.303xAxDF

EAI (/=270

ojuf, A= 4 500 nmef| A€} F3L=, DF= 8]414](100), 1
2 3lo] SHTh= cuvette?] F(1 em), o= T Fofl A&
7} A 8= B]810.25) 212] 31 C= thil A 0] - (g/mL) S 2}
ZF e A

A XAt

ESI (min)= XA

oI71M AA=A, ol tiEFA,, o] SBE0] o], At 10
minE &Jv[3}AT.
ABTS' 2tC|Z A7 &4

ABTS" [2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammouium salt] 2}tz 27 €44-& Cha et al. (2020)
of ol wheh & ekl 2 E 7R e E(1 mL)e] 3mL
O] ABTS' &1} Z3tsto], 4-2-9] 9F4xof| A 30 min F<F g
A7) %, 34 734 nmol K| BRES 248150k ABTS 2]
7F 2 ABA %) olgfe] Aoz el o, IC, value (ug/
mL):= 50%2] ABTS' 2}e]Z 4718H3 < Ui 715
=9 Fez Aottt

ABTS" radical scavenging activity (%) =
Control_, -Sample

734
Control73 . *100

o|uf &] control-> 73l thAl Hol =0 thafl S43t &
P2 ey,
Tyrosinase XMaigM

7} G 4 7t R el =2 tyrosinase A 31242 Cha et al. (2020)
O] Wi ol whel A5kt WA, 300 uLo] B4 7,
900 uL 2] mushroom tyrosinase (50 Unit/mL) 7223 1.5 mL
] 50 mM phosphate buffer (pH 6.8)& E3t3}0] A12-0] 4 30
min 59k 7 T 9H3-& A A5} e} 0]0] A 300 uL of 10 mM
3,4-dihydroxy-L-phenylalanine (L-DOPA) -£-28-2- 7}5}o, 1}
2 475 nmol| 4] 20 ming-<t 1 min 7H2 0 & A &= dopach-
rome?] SHEE DUEIYSIHA SH33AT). Tyrosinase A
SHEH(%)2 ofelo] 412 B3to] Ashich

Tyrosinase inhibitory activity (%)=

Control,-Sample 100

Control 7s

g ah ThEelEe AE7 s 54 15

61714 control s 74Hal 2t Hol £ Tletol =
A5 FH =S olulsholrh
ACE Msh&y

Angiotensin I-converting enzyme (ACE) A 3| €2 Cha et
al. (2020)9] {rol whet Z7gskeict. 100 uLo] Al=-8-H, 50
uLe] ACE €9 12|31 50 uL2] 0.05 M sodium borate 2+5-21
(pH 8.3)= =33k Wha-8-9H-2 A20f| A 30 min A THA| -3
AA|51g T o] 7]0f 7] A 24 50 uLe] 5 mM hippurly-his-leu
(HHL) acetate saltE 3H3-3F 0.05 M sodium borate 2+5-2(pH
8.3)2 7okl 37°Ce) 220l A 60 ming<t ¥H-3-2 %185}
olr}. o]o] A 250 uL of 1 N HCIE: 7}af] 8H8-& A A6}, Bk
o 2 0] 2.2] % hippuric acid®] &2 9]5}], 1.5 mL9] ethyl
acetateS 718t o2, YAE2(1,890 g 10 min, 4°C)3}c}.
1.0 mL9| AFZol-g A|33holl 27|32 100°C2] heating block
of| ] ethyl acetateS £+213] ZA|7] T}, | mLe] go] 24
2 g3A1A, 7AF 228 nm (UV-2900; Hitachi)o| A T4 =&
Z7g5tetch ACE A4 ofef ] Alof wet et

ACE inhibitory activity (%)=

(Sample,,.-Sample Blank,,)
- X
(Control,,-Control Blank, )

100

o] ©] sample blank:= A Zof| 1 N HCIZ: 7}sto] B2 shet
Al&o HHL= 718l 5783 52350, control blank= A|
2 gj4l go] 2429} | N HCIS 315t the, HHLS 7}ote]
A3t SFEE et ek
SAzE

= AT 2|4 33] o)A} vhE AA|61G] o, ot (mean) T}
H#HAK(standard deviation)® YEFITE ©|o]E+= SPSS
12.0 K (SPSS Inc., Chicago, IL, USA) A = 2 7 3-8 0]8-3}
o] ANOVA testS 3l EAHLA-S- A A5}, Duncan®] th
AR R 3 A (P<0.05)2 HAISHIT
Zm o o
te2sllg

ISP (pH 11/4.5)% E3l YTRZHE 3]43F RPIo|| that &
2 7R EE 9 iR skef(hydrolysate protein, HP) 2
718l 8(degree of hydrolysis, DH)- Table 13} 2t} H
A, RP19] 4% -4l o] Z- Thal 2] Sl (total protein)> 3,032
mg/100 mLo|gl.om, oof el a4 A2]skA] €2 control
o] 2] Thi A SHEH(HP)2 114.2 mg/100 mLo] it} Serine
protease 72351 TR¥} CHO| DH: 2+ 1.09} 1.1%=
A RPIO| i3t &4 7hpsliE SollA 7H 22 42 DH
£ YEol, o]= At o2 W& a7 x| 711513 S
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v, o2 2] o} 2] 714 Sol o] T AT} m
ol(pH 4.2-4.6F)0] a49] 4 pH (pH 8 F-)E T A=

oAl o] o R o] whE AutE whg et A o &2 ke §lth(Kang
et al., 2025).

ESF YTRZHE 3]4=3F RPIs9] oAl X (Lee et al.,
2016b) 2o A Lys (8.5-8.9%) 2 Arg (6.4-6.6%)2] o]
AF 23817} Tyr (3.1-3.4%) @ Phe (4.5-4.9%)°] ¥]8} o},
TR] 714 Sol4(Lys % Arge] C-2ret Hehyo] T2 744
317} CH (Phe, Trp ¥ Tyre] C-4et Aeh R} o 2 dojd A
O = iR, 71 Fol/do] viE Autefar wetE gl
th(Kang et al., 2025).

Cysteine proteases 7}2afl=¢l PA?F BR2 217} 5.0
5.9%2%] DHE e ‘1], food-grade proteases?! PN
(9.4%)°] RPI 7}&3ll= FolA 7Y =2 DHE UER?L
T, 1 ThS O AA (7.6%), PR (6.5%), NE (6.4%) &0]31.0.
w, 71 9] 7k i =2 DH= 3.8-5.4% W 9]0 T} cysteine
protease®} food-grade proteases®] DH”' serine protease©| H]
5]] AjA o2 =0 A0 g4 ul-g-ol 9] § 4/7]| 2|7} S

58 A7 0] 50| 71 SolAlo] A1 Aol 7 lstck. &
?'{P YA & RPI9) A4 7HpEslES(Kang et al., 2025)2] 2w}
9} 717 Sol4 ZolA f AT,

[e]
Ll

Table 1. Degree of hydrolysis of proteases hydrolysates prepared
from yellowfin tuna Thunnus albacares roe protein isolate by iso-
electric solubilization/precipitation

Roe protein isolate (pH 11/4.5)

Commersial oty YOI Demreedl

(mg100mL) (mgioomt) (%) PH
Control 3,032.0 114.2+0.9" 0.0 43
Trypsin (TR) - 143.2+1.89 1.0+0.0" 4.2
Chymotrypsin (CH) - 145.3+2.79  1.1+0.0" 4.2
Papain (PA) - 263.5+¢5.3° 5.0£0.1" 4.2
Bromelain (BR) - 291.3£10.7¢ 5.9+0.2¢ 4.4
Alcalase (AL) - 227.9+11.6" 3.8+0.29 4.4
Neutrase (NE) - 309.0£5.4° 6.4+0.1c 4.5
Flavourzyme (FL) - 280.5+£10.9¢ 5.410.2¢ 4.5
Protamex (PR) - 313.416.3° 6.5+0.1° 4.5
Aroase AP-10 (AA) - 34594155 7.640.3° 4.5
Pantidase NP-2 (PN) - 402.5+12.7¢ 9.4+0.3* 4.6

Degree of hydrolysis (%)=(each enzyme hydrolysate protein - con-
trol hydrolysate protein)/total proteinx 100. Control was the super-
natant of a 4% (w/v) roe protein isolate dispersion under the same
reaction conditions, without enzyme treatment. Values represent
the mean+SD of n=3. Values with different letters within the same
column are significantly different at P<0.05 by Duncan's multiple
range test.

o] Lo A= ZF a0 ZHoj|A] A9 ule 2 AL vl
ato], A4 7hpRalES Alxg Zlo] ofel, g ¢e] RPI

(Kang et al. 2025)9]- o] 712l YTRE] RPI AFY %] o]&-
& ZHollA 7o) 7]:2 4 0. & 71| AL Q= pH (pH 278 ]
= 7}*1'274£ 2|23}, = A& AR #|4x8}) 9 Rt
/\17\_} o= ALe{sto] FURL %857401]*1 a40] 714 5ol

2 o g pruslEe Akt shelslel AkE o
2 3o 7B eS el Ao 2 HotE itk Kang et al.,
2024b, 2025).

ShH o] 9] FE(trypsin Y chymotrypsin) = 41 E7]
A2 A4 (papain 2 bromelain)e} B2, =7 € a4
(food-grade proteases)= TFFst 712 Eo]Ad#ul o2} 33y
o3t pH @ 2% oFg A4S w3t of 2] o] glo], A o
2 gy o]83s}al Itk(Diniz and Martin, 1997). o]2]s &

ANA g2 & s=E(Kang et al., 2024b) 2 RPI (Kang et al.,
2025)°]| st 10*«] Al proteases 7l E 52 7]/’“ Eo]
Aol AtA oz YL food-grade proteases”} serine X
ine protease®]] H|3|| 7}=E-3l-&0| =t 5kt

Meriga 29| alcalase 7}<=%-3=0] papain®l| B]3 ¥-53]
=2 7leEReeS e ¢S ™ (Chalamaiah et al., 2010),
sardinella Sadinella aurita 71554zl T3t alcalase?} chy-
motrypsin 7 <Rl &) 7R el 8-S 7+ 8%2} 6.5% (Bou-
gatef et al ,2010)°]™, flying squid®] alcalase, papain ¥ tryp-
sin 7}EE8-2 13-17%H 9, 10% o|319] 7friale2 =

0] 7} B &2 pepsini} flavourzyme©]2h1l 5o o] ¢12]
A7)} .n_/\}tﬂ 7t 8-S R ¥ th(Fang et al., 2012). Ovis-
sipour et al. (2013)2 anchovy sprat®] alcalase, ﬂavourzyme
protamex, papaln bromelain Z18]31 Promo 7}E3ES
TP B -0 30.5-55.8% H 9], 1] T Liu et al. (2015) 7}u}
o] S-of tf| gt alcalase, flavourzyme, neutrase, protamex ~12]
I trypsin 7} OHg S 712 Eo|Aof ufe} 2.43-78.33% H
sle] thopel 14 a| 8- Urehich L st

ot} ZATie} TR NS Fo, Hlol T THHA R
A T 25, Fa7]Au], 71 Gu(Ar AR,
271 7123 7] ol el we thopsigom, ZHRaol
ARE-5E proteinaous materials (4, = TAA| &)of whE 7}
FEolE] Afol= 71 T A (FAI =)2F o] 59 ofn| At
ZAo]l o8] AAwckar 3} ch(Sathivel et al., 2003; Chala-
maiah et al., 2010; Kang et al., 2025).

S8 &al/AAISP, pH 11/4.5) 34& 53l YTRZHE
343t RPI9] Al proteases 7F2-3lE52] sodium dodecyl
sulphate polyacrylamide gel electrophoresis (SDS-PAGE)<]|
O]} whal 2 ¥ 372250 kDa)= Fig. 10 UFeh ¢lc}.

YTRE| A5 T A% 528} o| 25 E 33t RPIO| &

U cyste-

O| CHHE| B2 2
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Fig. 1. SDS-PAGE pattern of protease hydrolysates prepared from yellowfin tuna Thunnus albacares roe protein isolate by isoelectric solu-

bilization/precipitation. M, Protein maker; FDC, Freeze-dried concentrate; RPI, Roe protein isolate; RPW, Roe process water; TR, Trypsin;
CH, Chymotrypsin; PA, Papain; BR, Bromelain; AL, Alcalase; NE, Neutrase; FL, Flavourzyme; PR, Protamax; AA, Aroase AP-10; PN,

Pantidase NP-2; C, Control.

WA Wi =50 B = 75-100 kDaoj| 4] 271, 37-50 kDaoj 4] 2
7N, 20-37 kDaol| A 17]} Z12]a1 1020 kDaol| A 2719 W3kst
cha A s e 7E P QLo RPIS 7-9-= 37-50 kDaof A 2
N HE T iAo EARo] 2 e N7 =R o
Zpol7t A

EZHISP 4ol A RPIE 343t th, AR 724
(roe processed water)of|A] zHE TR Bz = 100 kDa F
<, 50-75 9 37-50 kDaol| 4] 22} 17]€] 3]u] gt i = 0] ¢l o.m,
15 kDaR<20 4 27} 71252 5-10 kDasl 4] 37} o] 4o] ey
W7} kel ek, Ea 2 2)sHA] ¢-2 contrololli= 5-15 kDa
B )] Thul g Rasto] SelE|glct,

YTRE] RPIZEE 105 A3 proteaseso] I3}, a4 7lp5
slege] phud Bas RPIO] TEA thifdo] mae) 7}
SBe| ola) ARAe] et =g AskE Ao gy
QIck(Fig. 1). Serine protease 7}l &&(TR ¥ CH)> ¢
3714 Bol ol w2 2jo|7} PHaFE]o], TRe] 4%, 25 kDaz}
20 kDa -20] Tl =) pake wheol, CHe) whi
£ 27 kDa % 15-5 kDa S2o4] gl 227} 3Hele]g)
t}. Cysteine protease 7=2dl==(PAL BR)2| Thill 2l vl
of wamt 719] fASHAOLE, PAS] 7., 25 kDa F220] e
7h 2230 15-5 kDaoll 4 FIFEEES} Sh15l Bhle], BRE:
25 kDa -] =t 5ju]al 7] Lheh, o) S ghulal. e BRO)
Hop & Zafgiths Zlo] gelE o], 7 & o] Anket 9|
St 430 A th(Table 1).

Food-grade proteases®| 4%, ©e b 7RpEsfES9]
5-10 kDa A &A1 peptides @] &3z 7to] 3= of 7] - 5ol 4
of whE thild Fazof JlojA Zpol7k A glon, ol aa
o AHA LR £ 7R elEd YAshe 2] R tH(Table

1). FL, AAS} PN-2 217|945 /ol ofw gk v Wi = o] &4]
T YRR A] Rl o)) At FARE ISP F6 2
45 AL RPIQ| AA7k=EafiEol g Thalal Faret 7
o] dx|gre i o Fd T 7|o] thgole skl
49| 7]d Bolido] v H Aute wtE| ¢lrk(Kang et al,
2025).

Rohu roe?] pepsin ¥ trypsin 7}42-3l&(Chalamaiah et al.,
2013b), meriga egg 753l =(Chalamaiah et al., 2010) ~1
2] 31 7FA}v| (sole) B @) o] o] Alute] 7h=HE5) = (Gimenez et
al., 2009) 740|714 Folof upg zfo]7} AL glglew,
10 kDa ©]3}9] #] #AF peptidevto] kg B, Thilz] Bap
FEEZ7tFARSIAL 81l o] = ARERE A 4] whE Tt
Sfl=0] A7) g5 el el A o 7] Zhofl= A 9] 2] 7} ¢l
o], A49| 714 Eol o wet Tl A Eal 7} 2Tl ot
ohe A7) 5 Ao BAE 3 ofsk® A&AS} Eof, 1719
& Aol TEEA k2 A dl#o] 2 th(Kang et al., 2025). 71
2L} oheFet proteases = A| 23t tht & 7HEalE 2] EAF
Bxl 714 Eo] 4o we} 1-100 kDa, 4-17 kDa, 4-208 kDa
9 4-53 kDaZ t}oFsiH, flavourzyme 7}=&3]&0] peptide
A0l vt BASATHL stof Q% 71 Sol4o] ko)
)itk 51 tH(Gilmartin and Jervis, 2002).

o] Fe] Autel HuE Fofj4], A0 7|4 Eol/do g, o
FY RPI 7} 8l = 0] Tl EAfeiar o] atol = gHg ¥l 7]
A Soldut diF o2 B 7htalleS UEhd serine 9
cysteine proteases 7R EE50] 7|4 EolAo] At F oz
B QIekaL 7ol w2 v|AE7199] food-grade pro-
teases 7Rl E S TR 17]%9% Ao A5 chal By
0] zpo| 7} 2Rl & A th(Kang et al., 2025).
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YTRO] ISP (pH 11/4.5)5 &3l 3]4=3F RPIZFE] 1052 A|
 proteasesE ©]-§-5F01 A 27t 7hEell =5 control o]
2] 9 ghof o) W& ofv|i=AKfree and released amino
acid, FRAA)2] 242 Table 29 YeF It} Controlo] tff3f
Ao ok 7} opn| it 24 O] F TS Yok Sl ©f
3ol Webd Z3H(g/100 g protein)= 2t oF]ieAbe] ¥ Z-51(%)
&2 UERglom, a4 7HeRellEe] il A ghef(hydrolysate
protein, HP)E AA| RS 2 4] 7} ofn| 1e4ke] 24 8] (%)E w5t
w9, 7} ol Al ke 4K 4 QLS Stk

WA, RPIO| gt B E 4 7hEalEE2 4 ofu|iAt
o W2 ofu| iAo 24 Val (6.6-15.4%), Leu (9.1-15.0%),
Phe (5.2-14.6%), Lys (6.2-11.9%), 712]1L Arg (4.1-10.0%)

A - ol - s

o]¢j o, H] "= o] =Ak O &2 A Ser (4.8-22.3%), Glu (7.1
11.0%) 2 Ala (5.5-8.9%)0.8, o] 7|4 Eo| o] ko]
of ofm|:=ARe] 2AJH|of| A Zfo]E H ko g}, o] 59| of
Akt GOl A o] ofgt Bl ARl R A H o2
F7hshelel.

Forobu)weAbe] 2A4L 74 Ae]8lA] 92 control (69.5%)
o 71 EStoL), fa 4RARES of Hr} e 454
68.9% W 919L0m, ] Haropu]ieate] 248 olo} o A
AE UERR let. v] B4 ofm| Ak Aol TRt Fas ofm| Al
ZAH|(EAA/NEAA)= RPI7} 1.08°|31 o4 o5 a4 A
5}A] g2 control®] 7-9-, 2.28 = 4], RPIZF-E| -2 o}
0] =ARe] §fo] A55] & oItk ol HAY wEEY
(Kang et al., 2024b)1} ©]¢] RPI (Kang et al., 2025)2] con-
trolofl B A& oF, 2ko]7t QUSATE BR 7h2d= 2] EAA/

Table 2. Free and released amino acid composition (g/100 g protein, %) of proteases hydrolysates prepared from yellowfin tuna Thunnus

albacares roe protein isolate by isoelectric solubilization/precipitation

Taste! RPP Contol TR CH PA BR AL NE FL PR AA PN
Thr S 51 29 26 20 22 21 24 48 58 38 34 37
Val? B 65 84 82 83 66 110 154 105 84 103 117 98
Met? B 29 - - 08 06 65 32 08 21 24 22 25
ILe? B 58 37 30 36 27 40 49 39 60 33 34 58
Leu? B 88 121 111 13 91 117 149 128 126 150 126 146
Phe? B 45 138 146 141 86 159 52 147 54 126 118 65
His B 32 85 74 96 43 44 73 56 38 63 77 46
Lys S 85 101 101 96 62 90 78 90 91 69 65 119
Arg B 66 101 100 95 51 86 68 61 79 41 53 95
EAA (%) 519 695 669 688 454 734 679 683 612 646 646 689
Asp U 93 20 30 15 25 17 24 45 64 39 36 6.1
Ser S 52 82 71 66 223 75 93 69 89 60 48 82
Glu U 127 55 110 106 69 78 96 104 73 103 109 7.1
Pro? S 57 20 - - - - - - 20 27 - -
Gly? S 45 30 31 30 147 26 26 27 23 24 36 18
Ala® S 67 95 89 88 82 71 82 72 61 55 72 56
Cys - 08 - - - - - - - 1.7 46 54 -
Tyr B 32 03 - 0.6 - - - - 42 - - 24
NEAA (%) 481 305 331 312 546 266 321 317 388 354 354 312
EAANEAA 108 228 203 220 079 275 212 215 158 183 182 221
FRAA (mg/100 g-RPI) - 2386 2858 3014 6240 5321 4046 6986 4,3951 739.3 7139 359238
HP (mg/100 g-RPI) - 2856 3580 3634 6588 7,284 5696 7,725 7,014 7,835 8647 10,064
FRAAHP (%) - 84 80 83 93 73 71 90 627 94 83 357
HAA (%) 454 525 489 499 505 558 544 526 449 540 525 466

ITaste were obtained by citing the taste classification of amino acids (Chen et al., 2016). 2Quoted from Lee et al. (2016b). *Hydrophobic
amino acid (HAA). Control, The supernatant of 4% (w/v) roe protein isolate (RPI) dispersion obtained under the same reaction conditions
without the enzyme treatment; TR, Trypsin; CH, Chymotrypsin; PA, Papain; BR, Bromelain; AL, Alcalase; NE, Neutrase; FL, Flavourzyme;
PR, Protamax; AA, Aroase AP-10; PN, Pantidase NP-2. EAA, Total essential amino acids; NEAA, Total non-essential amino acids; FRAA,
Total free and released amino acids; HP, Total hydrolysate protein content; -, Not detected under this analytical condition.
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NEAA= 2.752 A, controlof H]&} &=9kow, 1 2]9] 7l4E
=52 controlo] B8l W 4(0.79-2.20)= HEFH AT
PATo] B] Lol it 24 0 S7P7F FER Rl oM, T Fofl
K serine (22.3%)°] 2717 53] B4t WAL HHET
(Kang et al., 2024b)¥} RPI (Kang et al., 2025)2] papain 7}
EofEol e o] AAutel fARS], 340 7| H 5ol ¢
aFolet wetE Sieh

$h, 4 4] 2]8}4] 2 control®] FRAA (mg/100 g-RPI)=
238.6 mg/100 g-RPIo]Qlon, o] 74=Eas ola) 714
2> FRAA 3Hd-2 Uehdll 7h=slE-2 FL (4,395.1 mg/100
2)0]911, 7 ThS O PN (3,592.8 mg/100 g2, ThE &
2 7} R E5(285.8-739.3 mg/100 g-RPD)II= HA3] @
2 glaFo] it} Serine proteases@Z A TR CHS] FRAAS 2+
7} 285.8 2 301.4 mg/100 g-RPIo]%l e, cysteine Tl &l
H3fl a4l PA (624.0 mg/100 g-RPI) ¥ BR (532.1 mg/100
g-RPI) 18] 31 food-grade proteasesQ! AL, NE, PR ¥ AAE=
404.6-739.3 mg/100 g ¥ FRAASFS Yelo], 712
Eo|4o] Z3] A3t 23] serine protease?] 7l Eo] 714
W& 7O 2 Table 19] 7hpial &2t YA 5h+= Aol ek

Eat G4 7HEEESC HP (mg/100 g-RPI= PNO|
10,064 mg/100 g-RPIS.Z2 7} +=3kS™, control (2,856
mg/100 g RPI)o] lako] 7hRal2 <ls) of 3507t 2
74819} TRE 3,580 mg/100 g-RPI 12|31 CH7} 3,634
mg/100 g-RPIZA 7hpEdle Fofl 7MY W& ol e
L}, PA (6,588 mg/100 g-RPI), BR (7,248 mg/100 g-RPI) 1
2]37 PN-2 A 93t food-grade proteases 73l E52] 7%,
5,696-8,647 mg/100 g-RPI W o] qlct. uheba] a0 ot
B R 2 oL, HE B4 7)o 2 total W A
ohuliAt HFEE S7Hst ek

7heeEe] g 8o, AE 9 73 FAel FdE =
A4 ohu] At 24 (hydrophobic amino acid, HAA)S] ¥3}
(Kang et al., 2024b, 2025)= = G4 7HpE3lE59] con-
trol (52.5%)< Z3t5lo] 44.9-55.8% H$jo|glom, o] 5 Fof
L BR9| HAA (55.8%)7} 7} who| Z7}3t Bha, FL (44.9%)
o] 7M¢ @& S UEH It AU RPIY| 7H-idllE=
© control (38.2%)0] H|5Fo] 43.1-49.2% W 9]2 Z7}51l0.
m, 0|5 Folli= AA 732 9 HAAZ} 71 whol S71ste]
(Kang et al., 2025), a4 7}pE3fof whE A ofn| Al
S7tete A HYo 2 vt Sl T8|al 457l
T Qo] Y& Ao g A=

7R siEE ] ofnAte] 2/ glolA, TRE] 735, con-
trol]] H]3l Phe, Lys, Asp, Glua} GlyTto] £+5718-3 LEY
o, o= trypsin®] 7| &5/} hste] 7] ofnlie
4F1 Lys W Arg®] C-4ek 9]¢ o] 5 =57 Hel ofn| i
Abo] gttt A3 BhgskaL §lek. CHO| ¢, TRt vpztbrf
A 2 7 el 8-S Wk O W (Table 1), controlo]] H] 3l Phe, His,

g ah ThEelEe AE7 s 54 19

Glu, Gly 18] 22 Tyro] &e57H2 2 o). o] chymotrypsin
o] 7]AEo)/d 3t preisto] ®IeFE ofu] a4kl Tyr, Phe 9 Trp
O C-gtt F29]of| o] otv|icAbzo] A 0.2 ol Farst
31 Itk A& AJARSEL @ik TR 2 CH<= serine proteases 2
A T 71850 o] 42t 7148 R HRFE obulieAlEof 3HY
Eo] qlof, ARkA o2 Thpiafleo] W et ofye), fe
&)= opu| Ak ke Abtf 2] 0 2 Uolth(Kang et al., 2025).

PAQ] 739, +57H-S LERH ofu| e AbE-2 Leu, Asp, Ser,
Glu, 12]11 Glyo] %1 2.1, BR Val, Met, Ile, Phe, Ser, Glu 2
Glyo|3itt. 41=71919] cysteine protease?] papain ¥ brome-
lain> Phe % Arg®} 425>/ ofn| it b7 59 C-Eet ofv| e
4hE Aekehe vlaA {2 7|8 S04 dE 7HA] AL Sl whehA
TSRS Hel o5 o iAlEo] AEHE9|o] SR o Rz st
a9tk A whedeh Aol ekar A = Q)

u| A =791 9] food-grade protease 7R EE2] 35201
EXA2 Val, Met, Tle, Leu, Asp 18|31 Glue] 3771 F=8
Ao, 7hrEaE 2] FRAAO = 2] 7} Qlof 7+ & 40] 714
Solio] thEth= S o 4= SIGIH . E3t serine Y cysteine
proteases 7}E3Eof H|E| AR G 7| HEC|AS L}
el glch(Kang et al., 2025). AHF4 © & RPIO| tfgt @4 7}
T EIEE2S FRAA/HPE] B]|(%)o]l 912141, FL (62.7%)2} PN
(35.7%)& A3t A4 ThpRallEE2 7.1-9.4%2] HE=A,
o|= RPIZRE &4 7MeEsf o] 2a) 7184 9] oligopeptide
E+= polypeptide g2 571oh= BHAC], A2AHES] amino
acids T+= dipeptide 2 2] gto] Atfjd o2 o A& A|Aksh
11 Q)th(Kang et al., 2025).

ghd, A4 7SR ofn| Al 2402 SRR S 9l
of, ZA 2ol HJgka ¢l o 2 (Klompong et al., 2007), £3] Phe,
His ¥ Tyr< 3kt Wlgk= ofu| Ak, Val, Leu, Pro W Alav}
2o A ol Al 123 Met2 free 2ht]Z-S Al A &1}
7} Q1= 7o 2 H a1 ¥ vl Qlth(Rajapakse et al., 2005; Sarmadi
and Ismail, 2010). B2 A-tol| 4] 7F2igt ACE Aal&dS 2t
= peptidet= C-Zeto]| Trp, Phe, Tyr T ProS 3915117, N-
WOl Valg Zalel 24 9 4d] ofulieAbg Fhiel
= A0 2 B1% 3 QJrk(Ghassem et al., 2011). T3+ S}t
o](Lee et al., 2016b), 7}t}=o|(Cha et al., 2020) 2! x| <&
(Kang et al., 2023) RPIS] ek W AapA] ofu] iAol 2 AJH|
7145.4-46.4%R1 A2 A}t o Aol a4 VRl
9] 74-9(Table 2)%= A3 ofw| =AF 241(44.9-55.8%)S LHEL
Y], o] A2l peptide 2719] o] 8715 o] £ A0
2 At Qlnh whebA, 71d 5o ol e A 7hEelE
ot Ak 243 0] Zpo|7F AE 7154, FHANEH, A el 24 5ol
TRt FaE v Ao ® ol e Sieh

JtEolEel Stap 2Eet ofn|le o] B2

Table 29] FRAA 2B E| 7}pRa)&0) uf, 88| %, A3

B

HE

o
T

>,E|
e
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Z 1

o 9J3kS =1 HAAS Chen et al. (2016)0] A|A]
Fr] = Ako] Th(sweetness, S; bitterness, B; umami, U)
o -2 FRAAS] 24(%) ¥ &=F(mg/100 g-RPI)-2 Table 3
of LeRfoich. WA BE & 4 7lRaEe] HAA 24H](%)
+ control (52.5%)°] H]5}o] BR, AL, NE, PR 12|31l PN
52.5-55.8% WOl &5 7HE HEhd BHdo, o] & A
3t 7Rl TS 44.9-50.5%HY2A AdjAes 1 =
AB|7F 45kt 18y o] 529 HAA -2 control (125.3
mg/100 g-RPDo] H|3] HE 7hE3)E5(139.6-1,974.0
mg/100 g-RPI tHH)o] 1.11-15.88) 7F2F f2:0] 7}aaBa) =
GO 7 Z7Iekgon, o5 Foli= FL W AL7} 442/ o]l
4h Y] S FEY AT
3+H, Chen et al. (2016)0] EF3F ¢HEKS), £8K(B) 1811
AATU) obulieAb ghol) chat 2 u|v) Fao) 7] A0l
Aol wfe} S7} control (36.6%)0] Tial 23.5-53.6%% 9101}
31, B control (57.0%)°1 thal 37.0-62.2% HYF o, U
L control (7.4%)0l|A] 9.4-14.4%% 9|2 2713t A 02 e}
e}, 3k ofu Ao hel| whE FHek(mg/100 ¢-RPIS 24
H] 9] #3ko} Ahkglo] 7H=2al| = controle] B3 71 Hd2- 5
7Fstit. WAl 8o 73 o—r, PA (53.6%)Rt] controlo] B3l 57}
Silon, 1.8 - L Thsolol AA 3571 12
%&E ol B4 78-%-= control] H|8l &2 7hEefE
©BR (62 2%), CH (57.8%) 7123 AL (57.7%)01 oy, 11
Q| 7hpallEES Akl e, PA (37.0%)7F 7HE W
%o]gﬂ\r:]—. U] 2Adu]of| SlojAl= B 7heEalEo] control
of vl 8] Z7}519l.om, £3] PA (9.4%)9} BR (9.5%)2 A| 5t
ARIEEE oF 162,007k 25 ofuibso] 24

Hl7} 27181t

r°1' ﬂ

%
k7H

mE‘- ox
o 0o

#H FL (601 3 mg/100 g) 2 PN (474.1 mg/100 g) 7H=5-]
O T}E 74 a1 E(36.5-105.3 mg/100 g)of] 1] &
11.:»4 BE7}45-1650712F 2o 2 0 2 e}
1 T 7B Sa) 7hAure] 3Rk B )Sto) &
g o2 weEigict. o] AT dulA BavkEeE

=9 OPUli ghof| tiet ++ SHollA= TR, FL % PNo| ¢
et om, Apeia o2 ool 49t 714} & CH, BR 1
212 ALo| %1t} Kim et al. (2014)2 casein®]] )3} trypsin &=
20 7t RallE A2 12]3L Yoon et al. (2021)2 Hx]of o
3l trypsin, alcalase, neutrase 2 protamex 2] 7}E-sllE0] &
gro] Zksfeh W gk ul Qlk. whehA of ele] ghrieto] o
(YTR)®] Ze]ehs A(RPI)e] sk A2k protease 7Hr 254 5]
xﬂzo” Qlo] thuta} Z+-21uke 1 3thH 1 %A 8| gl Shefo|
© PA, NE, FL, 18] 1 PN| A8-& 123 4= 91 Ao|t}.

71%’3 H AHEUEE

YTRZHE ISP 3A4&
3t A| 2 proteases 71
49} 2tk

WA, G 2 25FA] &L control®] FCE= 126.1%0]81.0.1,

ojuf o] FS&= A& 34 A% 60#7}1] 29.9%7}F F-A1 = At
Controlo] 8|3} FC7} AME 7142 E5(135.1-218.1%)
2 PA, BR, CH 18]1 TR2) -@o]M o, AA, NE 2 PN
117.7-124.7% 99| FCEH control B TH= LRO- 20| 9i T},
oz 0] 9] T} 7 ESE=2] FC (100.0-108.1%)7F T2
=] 2] Tt

FC7]- t‘ﬂ:AI—EI 7]-/\ =] ;H L=
BR 7}-sle] A%

53f 3]st 22 T A2l RPIof| o
S &2] FC} FSof| t gt A= Table

ol FS7F A1 212 CH, PA 5L
2% 60 mino]| ] 27]714] 40.4-

Table 3. Distribution of amino acid composition (%) and content (mg/100 g-RPI) in protease hydrolysates related to the taste of amino acids

FRAA Composition (%) Content (mg/100 g RPI)
fydolysale  (mgri00gRP) T haa s B U HAA S B Ul
Control 238.6 52.5 36.6 57.0 74 125.3 85.0 135.9 17.7
TR 285.8 489 31.8 54.2 13.9 139.6 91.0 155.0 39.8
CH 301.4 499 30.1 57.8 121 150.5 90.7 174.2 36.5
PA 624.0 50.5 53.6 37.0 94 315.1 334.5 230.7 58.8
BR 532.1 55.8 28.3 62.2 9.5 313.0 150.7 330.9 50.5
AL 404.6 54.4 30.3 57.7 12.0 220.0 1224 233.5 48.7
NE 698.6 52.6 30.7 54.4 14.9 367.2 214.6 380.1 103.9
FL 4,395.1 449 34.2 50.4 13.7 1,974.0 1,303.9  2,215.1 601.3
PR 739.3 54.0 27.2 53.9 14.2 399.6 201.4 398.5 105.3
AA 713.9 52.5 235 54.6 14.4 3745 182.0 390.0 103.1
PN 3,592.8 46.6 31.2 55.6 13.2 1,672.8 1,122.0 1,996.7 4741

ITaste (S, B, and U) were obtained by citing the taste classification of amino acids (Chen et al., 2016). FRAA (free and released amino acids),
HAA (hydrophobic amino acids), S (sweetness), B (bitterness), and U (umami) were quoted from Table 2. TR, Trypsin; CH, Chymotrypsin;
PA, Papain; BR, Bromelain; AL, Alcalase; NE, Neutrase; FL, Flavourzyme; PR, Protamax; AA, Aroase AP-10; PN, Pantidase NP-2.
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57.3% W] AEol A= %L} Food-grade protease 7F=
B EE Zof| 4 NETto] FC7} 123.7% 18|11 FS7F A& A
2% 30 min7H4] 29.4%2] #<5o] A4 = At

Kang et al. (2025)2 9] & RPI2] PA, BR 123 NE 7}
Spalo] FC 8 FS7} 9aietan sjol, o] Q17 2o} &
AFSFL.

ol &ol AF Bl Ut IS FE, FriEo]
(Yoon et al., 2019), 7}t}&to](Cha et al., 2020) 121l ‘3]
(Kang et al., 2024a) & RPI2] & A2 115-147%HY,
ozhe] 58749 Fehl fAF Tl A Sl E(Yoon et al., 2018a)
< 121-160%H 915 HeEhi$lom, gzl egg white
127% (Park et al., 2016), hemoglobin 120.9% % casein
109.4%=Fa1 2 18} v} Qlch(Lee et al., 2016b). TetA] E4E
28R 7Rl A B/4d% S B A 2|5kA] ¢ con-
trolof| el 7] o] o] whet A axof A wk 7i A
7Fuehde & 4 A

Pacheco-Aguilar et al. (2008)-> Pacific whiting Merluccius

productus -5 0. 2 F-E] A 23} alcalase, trypsin ¥ pepsin 7}
a7k, &=l weh 47 FC7h oha A
ek Sh0m, o] 5 BBE F2 peptideS0] FASe]
71-Eo]Alof| WhE peptide?] 4, 7], <= A5Hnet charge)
#sk2 <lgt xjolo] 7|91aklr). Bt 7brRalgo] 22 o F
TP )R] PO/ She 28 Bl 7l Rae A5

Table 4. Foaming capacity (FC) and foam stability (FS) of prote-
ases hydrolysates prepared from yellowfin tuna Thunnus albacares
roe protein isolate by isoelectric solubilization/precipitation

g ah ThEelEe AE7 s 54 21

%d peptide®] 712k A 24| peptide= I3} 7|3 F=9]o]
QP o] AL & Wslel] wholm, 714 Rl 4w 9 pHOY
Z710) e} AR WS asls AR Uehit o9
TH(Souissi et al., 2007; Naqash and Nazeer, 2013). w2}4] &
Zrof) o] gt thil 2l 7ha=E= peptide] 2717} 2FoH -S4
5 M3t AZES fAIS=T AEE 2EAYS 2] K
7] tZoll FSE HAA2A7IA HaL, 2edt ks = A1 A
£A19] peptide= Al EH/ o] WolA FC 9 FSO| A= o]0
A A| Elth(Mutilangi et al., 1996).

o] ALY g4 VR SES a4 A T5HA] %2 controlof
H|3ll, CH, PA @ BRo] FC2} FS7} 9=t A 0 & Uepgont,
food-grade proteases 7} &2 A A 07 =2 7RG
£(Table 1)& 213 FC @ FS7} 22w %] ¢klet,

=] — =
7ats 2 F3eryd

YTR=HE ISP 378= 53l 23t & ©hul 2l RPIo
tfjgk AJ proteases 71<=E-3llE S EAIR} ESIO| st Avf=
Table 52} 72t}

a4 AP BHA] 22 control®] EAI= 10.0 m%/g protein® &2
o]¢] ESI= 20.9 min©]%lt}. Serine protease®! TR} CHJ
EAT= 242 9.0 9 10.3 m%g protein® & controlil}- -f-2] %} 2]
2ol 7} 419101 (P>0.05), o] o] ESI=27.2 @ 23.5 mino|§}
t}. Cysteine proteases®l PAS] EAI2} ESI= ZH2} 58.8 m?/g

Table 5. Emulsifying activity index (EAI) and emulsion stability
index (ESI) of proteases hydrolysates prepared from yellowfin
tuna Thunnus albacares roe isolate by isoelectric solubilization/
precipitation

Enzyme FC (%) 15 ngin FS 30 n:in FS 60 ngin FS .

hydrolysates (%) (%) (%) Enzyme hydrolysates EAI (m?%g) ESI (min)
Control 126.1£1.0¢ 60.0¢0.2 52.0+0.9 29.9+1.3 Control 10.041.1¢ 20.9+0.5
TR 135.1+0.0° - - - TR 9.0+0.3° 27.2+2.6
CH 154.0£0.3> 714404 65.5+1.5 40.4+0.4 CH 10.3£0.8° 23.5+1.8
PA 218.1£9.3* 66.5¢1.1 61.0+0.2 57.3+0.9 PA 58.8+2.72 22.0+0.5
BR 157.8+4.9> 65.3t3.3 60.5t1.1 46.0+0.5 BR 27.6+0.4° 10.910.1
AL 100.0+0.0¢ - - - AL 5.310.2% 16.0£0.5
NE 123.7+1.5¢ 46.6+2.5 29.4+0.1 - NE 5.1+0.5% 19.4+0.4
FL 108.1+1.0 - - - FL 5.8+0.9¢ 14.5+0.3
PR 100.0+0.09 - - - PR 4.240.2% 17.810.8
AA 124.7+0.0¢ - - - AA 4.110.1% 21.310.7
PN 117.74£3.5° - - - PN 3.7+0.2¢ 18.8+1.0

Control, The supernatant obtained under the same reaction condi-
tions without the enzyme; TR, Trypsin; CH, Chymotrypsin; PA,
Papain; BR, Bromelain; AL, Alcalase; NE, Neutrase; FL, Fla-
vourzyme; PR, Protamax; AA, Aroase AP-10; PN, Pantidase NP-
2; -, Not detected. Values represent the mean+SD of n=3. Values
with different letters within the same column are significantly dif-
ferent at P<0.05 by Duncan's multiple range test.

Control, The supernatant obtained under the same reaction condi-
tions without the enzyme; TR, Trypsin; CH, Chymotrypsin; PA,
Papain; BR, Bromelain; AL, Alcalase; NE, Neutrase; FL, Fla-
vourzyme; PR, Protamax; AA, Aroase AP-10; PN, Pantidase NP-
2; -, Not detected. Values represent the mean+SD of n=3. Values
with different letters within the same column are significantly dif-
ferent at P<0.05 by Duncan's multiple range test.
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protein & 22.0 min©.2 714 S35t 431 A5 LERL
o, 330 7 BR7KE|E0]8]c). $HH food-grade prote-
ases 7lridllE SolA= FL, AL 12|12 NE (5.1-5.8 m%/g
protein)7} AtfA o2 43t EAIS YERY o, o]59
ESIE= 14.5-19.4 min 4=520]¢]c}. w}2kA] cysteine 2! serine
proteases®] 7FE-3]l&=0] food-grade proteases 7ol &
o fo)5 0.2 9oat 98 A5G LERYUTHP<0.05)
Kang et al. (20252 9% & RPI2] CH, TR, PA ¥ BR 7}
TENEY 73 F45(9.5-30.9 m*/g protein)©] control 2
food-grade protease 7}E38E(2.0-8.6 m*/g protein)of Y|
3f S-esittal Baskel e, Kang et al. (2024b)2 @4 &
O] ZFA-HxA T sHETREE A3 serine W cysteine
proteases 7[5l =-2] EAI (9.0-34.3 m%g protein)©] food-
grade proteases (1.4-5.3 m%g protein)°]| H|3} F-2JZ o2 9

e EALE YER o], o] §17-9] firfedo] RPIO| Higt 54 7}
Rk e PSP BT P

Jol &9l pepsin, trypsin 9 alcalase 73l = (Chala-
maiah et al., 2015)2 0|5 A4 7|dE0|of| WE olu|iAt

3 peptide 249] Aol 7} 7145 thel 4 Hte] ol
L=5to] EAIS} ESIof = iPOIE 7HAE o QlokaL sheich. Rt
PR o] 8 B A 714 R o2 o EAZF A 5] 145t
L AR E 4= 9] o D:](Knstmsson and Rasco, 2000; Gbogouri et
al., 2004), o} 72 Thil g 7R Eo] e 9314 §42)
20 2 okl x] o] 43} JL%(Sathivel et al., 2003)2} U A|(steric)
A o] AFalo] 7] elgttkal e 3¢ chKlompong et al., 2007).
o2fgt 3} P45 7l peptide -5=of| whe} thF
Sl 2451, 9 A 4 Ral 2 0] i, obwl b 24 9
A& Aolof utel AHol| 4] ESIO| 2ol & Y= a.Qlojekal
3} tH(Intarasirisawat et al., 2012).

ool Aje} A E IR RE T 79, B4l a A
w2 ek AE s AeRA ekt A% L 8
B85S UEtlen, 53] a4 7tpiaEe] 49, a4
5o do] FH LI, 7hpidlee] serE AF 2 &
o 9% B0 Yok FE e o ol
A Freho] RPIO| ek a4 7hpitall =] 271578 7] E
Soldo] Azt o]ar, A A o &2 Tpapit OHE(Table 1)o] &

N

ases 7t
Wit
A, ABTS" radical 2~AZ4(IC, , Mg/mL)2 A AeshA
& control (82.9 ug/mL)o] H]3] &4 7liallE oA ¢
AATALS HOl aa VR ES food grade proteases

FL (82.4 ug/mL)to] 7ppBe 2 Q15 ghAkS} B4 o] 7

REE TRl S e et
7¥ek ZhellE o] Tl ek (Table 1) dLefgichd, TRE
A eJRt = B 7= o] controlol Bsl -S-=7F ABTS®
radical 22782 U S 24 7Hpafofl uh& 7| a kst
AH = A

3HH, Y| & RPIof| g)gt a4 7[5 =(Kang et al., 2025)
2] ABTS' radical 227€4d2 108-210 ug/mLZA], control®f|
H]8l PR, AA, AL, NE % FLo|| 2J3]] gHitstatido] 741 = ek
11 3}0q, o] Aol Auto] H|s| ABTS' radical 27242
S ol o Tt aflEe] thgh a4 0] 7] E 5ol FA
sholth |2 & H5E o] thekRl a4 7Rl E5(69-99
ug/mL, Kang et al., 2024b)2 a4 2] 2]8}4] -2 control (60
ug/mLyoll v - A S Bl ow, a4 7heidllE
GIAE FL 9 PN 715-ioh o] S5 ArATtAS ehich
39,

7heheto] 2103 pug/mL; Cha et al., 2020) = YTR (82 ug/
mL; Yoon et al., 2019)2] RPI, A]-&-7}F - HAE 0] & 4 7}4-5
E(160-170 pg/mL; Kim et al., 2016), o] 2] 712 %o
U= 74 2]192(33-160 ug/mL; Lee et al., 2017), 18]

il & FEE(28-45 pg/mL) 2 A<54(55-110 pg/mL; Yoon

et al,, 2017)2] ABTS" radical A&7 & o] w}2 3pALS} SHA2
015 & RPIO|Y AJ$- &4 7[R Eo] B]slol= o] A9

23| 2 ola 1.25-3.520) 5

Table 6. Anti-oxidative and anti-hypertensive activities of protease
hydrolysates prepared from yellowfin tuna Thunnus albacares roe
protein isolate by isoelectric solubilization/precipitation

Enzyme ABTS"IC,,  Tyrosinase ACE
hydrolysates (ug/mL) inhibition (%) inhibition (%)
Control 82.9+0.9° 1.4+0.0° 35.7+2.2f
TR 104.311.0° - 79.8+2.3°
CH 96.3+0.4¢ 2.3+1.9¢ 54.6+0.6°
PA 162.6+1.3" 10.241.8¢ 51.3+2.5°
BR 126.8+0.8¢ 10.741.8° 84.1+0.9?
AL 89.1+0.8° 0.4+2.0° 68.1+1.8«
NE 92.2+0.8¢ 6.0+1.9¢ 80.1+2.0°
FL 82.440.82 21.8+1.52 67.04£2.4¢
PR 86.5+1.0° 16.7+1.6° 69.6+2.6%
AA 93.440.8¢ 21.841.5° 80.6+3.1%
PN 187.9+0.7' - 71.443.0°
IC,, The half maximal inhibitory concentration; ACE, Angioten-

sin I-converting enzyme; Control, The supernatant obtained under
the same reaction conditions without the enzyme; TR, Trypsin;
CH, Chymotrypsin; PA, Papain; BR, Bromelain, AL, Alcalase;
NE, Neutrase; FL, Flavourzyme; PR, Protamax; AA, Aroase AP-
10; PN, Pantidase NP-2. Values represent the meantSD of n=3.
Values with different letters within the same column are signifi-
cantly different at P<0.05 by Duncan's multiple range test.
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RPI 7hiaflEo] =3t RHel, & 55 9 7FA g4l

H]5}ol = FrAFSA L thas B2 2AZA)S UERA QiTh

o] Q17 Ake} 1ol whEE AMgSHE Thakt Faot 71
of hul) 7|90 et 9] 7] Soldo] ukdElo] 7]
T} ABTS' 2htjzF 27242 YehfgloLt, 52 7Hers
7} ®5E ABTS' 2tz 2ASAE 7 Adsk= ARk of sith
Giménez et al. (2009)& ABTS" 2t]ZF 248 ol| 7] 23}01,
7V 743 27058 Bz ofulieAbe Cysold], 1 thgo®
Trp, Tyr U Hiso| 2} 3loq, 0] & ofu| AR §-5-51= peptide
7h o] 748 ABTS' 2}ti2 278408 eIt sigic. of
AG-2] FRAA Z4J(Table 3)o| A= o5 ofu|ieAl 24 W g+
o] =0 1B RS o] radical A7 EHA0] 028t 74,11 o]
25} E?_P, ABTS' radical 242 L g49 27 74
Holl&, g3l peptides 7 L 48] E= 2= O}U]iﬂ
2T e o7 Q.0lo tq-a} ez}l stof(Bougatef et al.,
2010; Chalamaiah et al., 2013b), o] 2|t 2}o]7} 7|45 OHE-/]
Frtebsol ks rhal = ot

YTRE—‘?—H ISP A& 53l 343+ RPIC] A3 proteases

7R =59 tyrosinase A3l 24d(Table 6) &4~ *| 2|5}
X] 0} © control (1.4%)Xc} -3t A &S Kol 7l

2 FL 9 AA (21.8%) 12]1L PR (16.7%)°] 2L, TR ¥

PN Al AolE o] glie 205 e, 549 7
ZAEo|A o] th2 Zpo]7} Q1A= ek P& & RPIQ] a4 7}
THE3EE=(Kang et al., 2025)2 control (29.3%)2 E35}o]
24.2-38.1% W2 A AA, FL ¥ PR 7}5=5-3l&-9] control &
oF 94 ASRAS e o, B4 7lRale] e )
Aa 7t A Hekar 59t $HH Kang et al. (2024b)2 {4
o FAAEA 5HELE AR glglont, o]9] 74
Bl FL (12.5%), PR (11.1%) 12|31 AA (18.6%)°] 2|
3lf tyrosinase A&/ el o™, ohE B4 7Hpitalle
SollAl= AsEdS HolA| ghgtrhal sk¢ich. Zhuang et al.
(2009)2 #j5}e] Zetzlol it trypsin 7HEAES] tyrosi
nase As 2> T A FE7F 5 mg/mLoflA 50%2] Asg
AL YR 73t ks ) Cuz*—chelating AL Holoh
stlom, di oAl 2, W, 94, A3 U gutele} 2
2 Al Ale] chil A 2 peptide”} Cu?'~chelating 2-8-0.2
135} tyrosinase 42 AT 4= UThal 3} THSchurink et
al., 2007).

wpets] o] A-tat H 1S 53 tyrosinase A S &> w5
YH(Kang et a., 2024b) ¥ RPI (Kang et al., 2025)¢} o] 7]
Ao W2 ZJol= Qo FEA 22 food-grade proteases?]
flavourzyme, protamex 12|31l aroase-AP100]| 2J3 oF &
9] tyrosinase A3f|&4Jo] A= L, in vitro A+S] vl E
37} 91 ek,

YTRZHE ISP 34& 3l 3]4=3F RPIO]| tht Al pro-
teases 7}iall 2] angiotensin converting enzyme (ACE)

A 8l}2Hd(Table 6)2 control (35.7%)°] H|3l RE &4 714
2olEre] 51.3-84.1%H 91 9] A2 S treto], aaxof 9
g 7hrtell = ACE A|sfj2/d 9 7H’\4 Fp7E 58k TR
(79.8%) T CH (54.6%)2 12 Lo 7p2=ta)o(zkzt 1.0 2
1.1%, Table 1)Joll %= E13}aL A2 o2 733k A sj&Ad-S
UEbol, o] Bax0] 7[AE(F7IAE A WS ofw|At
o C-EehE Eaf)ol w2 Oﬁkolﬂ}ﬂ T2 At (Kang et al,
2025). BR (84.1%)%= 71483815 Fol| A 714 AsiEdS o
Effiglon, kS0 2 AA (80.6%) U NE (80.1%) 7F=H-3i
=ol3lh

Iy Kang et al. (2025)2 @4 & RPIo] tfgt a4 71
H3ll= FoA PN, FL 12|31 PR 7}4&-3ll=(78.7-83.3%)
o] 73t Aal&Ade Holthal stgom, Y & =Ko
Ak 7R EEL serine proteaseso] 23t 714 Eo|Alx}
tl=0] food-grade proteaseso] &gt 7lprEHE0] &5
ACE Aafj&/do] ZsHA Ueh, AL, PR 123 AA 7h&-
31| ACE A/ si2Hd(87-89%) A axprt =2 Xk OP
S th(Kang et al., 2024b). 0]= o] 72| s=E I (Kang et al.,
2024b) 2 RPI (Kang et al., 2025)9] A %1} 9] 2}o]= ?_loH
2|F 552 L (pH 655) 9 RPI (pH 4.25-1)of| ek 5429
2hgof| FFE mHS Ao g HtE lrk(Kang et al., 2025).
HXx|(Kang et al., 2024a), &}=fo{(Yoon et al., 2019) E 7}
t}efo](Cha et al., 2020) & RPI2] ACE A& (%) Z+2¢
30.8%, 35.7% I 44.0%°] AF|EALS Lhehfo], o] o] &
4] ofgt 7HRA|2 918 ACE Aol Zakele aupt
o] = 7-] oz p:}o 1:,_] ohq.

olayo] oq;L ATE Ed YIRZEE ISP ZAHOR 3]5:5
RPIS] 7H-HlEEL PN 9 AAL 7H4-Rel&el A, FL o
PN2 JQ'_/\Z,]'%-‘%] 2 FRAA| A, TR, CH, PA ¥ BR& A&
/45 0llA4l, PA % BRE 73+ 450l 4, FL, PR, X AA+= 3}
25l invitro o[ A3 2 235 el st v
A, YTRS) 2] cha o] ot fids 7 paf 25 A2 3
Blo] 71574 et 2=, Ala/AM 2 111”47]’L ckedel 71543
B R $8 T A0 R TkE Y,
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