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Food Functionalities of Enzymatic Hydrolysates Prepared from Yellowfin
Tuna Thunnus albacares Roe Concentrate and Their Bioactivities
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Enzymatic hydrolysates were prepared from steam-dried yellowfin tuna Thunnus albacares roe concentrate using var-
ious proteases, after which their biological activities and functional properties were examined. Aroase AP-10 (AA),
protamex (PR), alcalase and neutrase showed the highest degree of hydrolysis (19.4-20.0%). Papain (PA) and bro-
melain (BR) hydrolysates exhibited excellent foaming activities (221% and 187%, respectively) and maintained 63%
foam stability for 60 min. In addition, PA showed the highest emulsifying activity index (52.7 m*/g), whereas those of
the other enzymatic hydrolysates ranged from 1.4 to 5.7 m?/g. The 2,2'-azino-bis-3-ethylbenzo-thiazoline-6-sulfonic
acid radical scavenging activities (IC,, values) were strongest in the control (64.6 ug/mL), followed by Flavorzyme
(FL, 89.2 pg/mL), Pantidase NP-2 (93.8 pg/mL) and chymotrypsin (CH, 101.9 pg/mL). Tyrosinase inhibition was
notable in AA (35.2%), FL (30.0%) and PR (27.3%). Angiotensin I converting enzyme inhibitory activity was high
in all hydrolysates (71.4-86.5%), with bromelain exhibiting the strongest effect (86.5%). Overall, the hydrolysates
produced using CH, BR and AA demonstrated superior bioactivity and functional properties. These results reveal
their potential as functional food ingredients in seafood and food processing industries.
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M E (MOF, 2024). &Ft}a}o]( Thunnus albacares)= El| 8 ¥, Q1 =¥,
thA ol A Al 4Bk Tl ol FC.2 A AlA] ZA] o1 ol /lofA

ogjubebo] 919Fo1$d(288.043E), Atao]¢l(1,720E) 2 el o] or g YX3| W BxYPog Aulslal 9}
g (@ 1E)E Foll 2903 E A= thdolfi= 7k (Intarasirisawat et al., 2011). AHZ2] 7h5-5 g ofl A A B 1=
POl QOIHE), Friol(C0AE), ErHol(2SHE), Wrh  /lgRAEe el AY, B2, v, W, & Soz vy 1
Fol(144E), G/ttgol(1.218E) 2L 78 ol & AHZo] & o) AAkake] oF 30-60%5 AHA|SHH(Galla, 2014;
B H(273.227E), thA H(1.72732) L2 AL Q1=9k(14.244 Klomklao and Benjakul, 2016; Kang et al., 2024). o|2|3t 4=

—

E)oll A 0|1l QITHMOF, 2024). $-2uete] thefolfe
T2 AF952 Ye=(1574E) 4 F2HGBI8HE) R 7}
THAL glon, 53] Fridols ol R(2903E)] 2%
9] 21%E AA|shaL, Al 8l B F 21 7R R F skt

Al TVREAME: Z0)| 4] o] Fe(fish roe) U} o] & S ¢
A& TRt AR, ofFof wpeh thefshARt A oA S
1.5-10%% A}A]3}4L, albumin (11%), ovoglobulin (75%) 2
collagen (13%) 53} vitellogenin ¥ vitellogenin derivatives2}
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28 7)%543 Tl A (Heu et al., 2006; Park et al., 2016; Kwon
etal., 2022; Yoon et al., 2023) & D24 Heu et al., 2006;
Intarasirisawat et al., 2011)0] 553+ 4] A4 2ot} o]
3F o)F U] YLA 7= A FYOoRA, o] F I4s)
WA} Sk s ol AHEY M= A ks A
o] 7Fs5l7] Wimoll AlEaA AHd S 2N A A EEET) =
chin g 4 glek

23 ol % AE2A A0 FE] Sl ATRE
7+ 9 Az A ] 3% (cook-dried process)S Foll T 5
RIS Alxgho 24 43 (digestibility)y} 7] 54 (palat-
ability) B4F, 123§l AlRolLt 714FE ApEstel 914
FAA 9 Hakebd e Fofskaat g d4-E0] aUth(Lee et
al., 2016; Yoon et al., 2018, 2023; Kwon et al., 2022; Kang
et al,, 2024). 3 ©hld ThpRalEe 4t 7R ARSI A
0§ o]F OB E 73l 54 55l A4 7 (Klomklao
and Benjakul, 2016; Kang et al., 2024), 53] £44] 7}4=53
= meel, 27, Al S, 5319 71 E WS E3k
3t A3 754 7R S (Intarasirisawat et al., 2012; Liu et
al, 2015). 3k A4S o] 83 o T 4Rl ES )
A AE 9 A7 s 542 2= peptidesE €71 9lsf vt
, oI5 oF @A 7t
o WAAR) Al T Yook Bldalint] AT
Z0] Wit o] 7| = 3lth(Souissi et al., 2007; Chalamaiah et al.,
2015). o|& 53l FAFSA|(Thiansilakul et al., 2007; Sarmadi
and Ismail, 2010; Galla et al., 2012) ¥ 3118 &A] (Park,
2009; Ghassem et al., 2011; Kim et al., 2016)3} 22 T}oFst
A& 7H peptidesE AY4bst= Zlo] 7hsdto] 75415
(nutraceuticals) & O|oFEZ 4R 2 7dk 7154 o] L=t}

o] dgtoflAl= Aol dS Sl b o] P HPFZE I
TXHY 7Hy Fol st ko] Y(yellowfin tuna roe,
YTR)ZHE Axgt SA-AxAE 55 (steam-dried
concentrates, SDC) (Lee et al., 2016; Park et al., 2016)°] T
3l Al proteases 7IrEEES ARk, B4 7]A Eo]
ol w2 45715 S4Y A E Aol dfsl A A

A} 39,

Iz H A

M=

attato](yellowfin tuna T, albacares) &> Dongwon F&B
Co. Ltd. (Changwon, Korea) 2] 5 AA e 2] &2 HoF gt
o AHAE 9l F, BBl ol RY shEslHA 71Ek]
Alstal, ok--2]4 E|Hl(tea bag, polyethylene polypropylene,
16X 14.5 cm)©]] 300 g¥ AEato] WFAFER -55CollA B
Wik YTRZRE 7hpg s o] Al zofl A8t A% pro-
teases+ Kang et al. (2024)3} Z-o] serine proteases®! trypsin
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(TR; porcine pancreas)¥} o-chymotrypsin (CH; bovine pan-
creas), 18] 1L cysteine proteases®l bromelain (BR; pineapple
stem)2} papain (PA; papaya latex)-= Sigma-Aldrich Chemical
Co., LLC. (St. Louis, MO, USA)9] A|&-& 4)5to] AFg-3}
&t} ESH food-grade proteases®l Alcalase® 2.5 L type DX
(AL; Bacillus licheniformis), Flavourzyme® 500 MG (FL;
Aspergillus oryzae), Neutrase® 0.8 L (NE; Bacillus amylolig-
uefaciens) Z12] 11 Protamex® (PR; Bacillus sp.)= Novozymes
(Bagsvaerd, Denmark)2] A|35-2-, Aroase AP-10 (AA; Bacillus
subtilis) Z12] 31 Pantidase NP-2 (PN; Aspergillus oryzae)<
Yakult Pharmaceutical Co., Ltd. (Tokyo, Japan)2] A& Z+
Zt st om, Aol ARE-EE 3lshA o EG(guaranteed
reagents)2 AE-515 Tt

SA-UZ2AE sE229| Mx

SDC+ Lee et al. (2016)2] Wl of w2} Alz=s}3ct &, dA
(300 2)°] YTRZ E|uo ol FH|5kaL, F2H8-7](3 L)ofl Al
29| oulfEe] "ol s Tl 57IR AR A=)
80°C7} &|i= AlRH-E] 20 min FA4A] 2] AAIs}aL, o]ol A HF
7A271(VS-1203P3V; Vision Scientific, Co., Ltd., Seoul, Ko-
rea)ol|l A} 42T (70 £ 1°C, 15 hyS A A8k} o2 A ZA}-
A% 28 YTR-E A)&54)7](SFM-555SP; Shinil Industrial
Co., Ltd., Seoul Korea)Z 245}, 180 mesh®] ASA= A
g 54 7tEsfe Al2E $13 SDCE A= 3l

SDC zA7t+=5lE2] ME

Kang et al. (2024)0] = 10%2] Al proteaseS ©|-&3t
SDC 7heallEe] Az 287154 9 A4 7h4d
S A0 7 YTRO SDCEEE 4% (W/v) BAHGHLS Ake
(20£2°C)ol| 4] 120 min 52t A TANHS-S A A8 o]0
A1 4% SDC 24Hg-H(w/v) 2] T2 S]] gt TR¥} CHE)
Hlg2 GAETT}0.8% (B/S, 1/125)7) He& Hvlste] &
ARkgohS A 2519l c) w3 BR, PA, AL, NE, PR, FL 2 AA
T12]3L PN 4% 2A4H-H(SDC) 2 Tl ghakof| tisto] of
L9 & Aa%ET} 4% (wiw, E/S, 125)7} H=2 H7}st
o] AaRhgNE Z17F Alzshleh. Aanke-2 A ez
(50°C)°llA] 150 min F<F X18¥5}5] 0.1, o]ojA] BRg- HA|=
80°CellA] 20 min7t X 2YaGict. o] 5 FAEal vHg-H-2 4]
22](1,890 g 30 min, 4°C)3}aL, Z}2He] f 4 7R B2 A
FTHL 20°CollA] HsHHA o] & AE 754 W A2
e I3 AR & ARSIt

=
Y

N\

o

YTRE] SDC Y f4: 7hrRsllEo] tfgh thl A 5 == Low-
ry et al. (1951)9] ®iof wtet EET A2 4 bovine serum
albuming A8t -8 AEkA-E S5l S48
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WA, SDC 0.2 g2 40 mL2| 1 N NaOH-& A[-g-5Fo] &4 &
3ot th2, o] & G- o] thill A == = [ owry etal. (1951) 3
OS2 451, 4% SDC 484 of| gt T o = ek
&lo] & vl 2 Sl (total protein, 2,984 mg/100 mL)S -5}
o} U7 2 4 7R Ee] Tl 2% Lowry etal.
(1951) oz S4sto] 2 a4 7ersias %ﬂﬂé‘a‘:
(hydrolysate protein, mg/100 mL)<& —#8}3it}. 7Hall&
ofefjo] Alof utz}, SDCO & T dso] gt a4 7} oH
o AR M e e A T
DH)<= 3131t

DH (%)=[(Hydrolysate protein)-(Control protein)]/
SDC total protein content X 100

2.3} 8(degree of hydrolysis,

ofuj 9] control> F 4 A 2|5HA] F2 & U2 BH-e-E 2 2]
chil A geS ojulskglth

o3| ol BHEE| ofn|iAt

A 7k ol AR A S 7L ATl Al wd
ol 2.5 mL %2 A A AE 3 0.25 mL2] 6% (w/v) 5-sul-
fosalicylic acid dihydrate-84-2 7}s}o] 452](1,890 g, 20
min, 4C) 31ic. SlAE AT QAlEe] AF0N(1S mL)
< TIHEE S5 (pH 2.2)8 °&3to] 50 mL2 A&
5L, 0.20 um syringe filter (13HP020AN, hydrophilic type;
AVANTEC, Tokyo, Japan)E ARE-3}o] o2}t o2, lithium
form Z o] AF2Hg oju| Al B4 7] (model 6300; Biochrom
Ltd., Cambridge, UK)= 241313 ch & 4 7eislof o)t &
2] 9 B2 o} =Ak(free and released amino acids, FRAA)
o] B4 ATH= 100 g] SDC TH 2ol that A ot
AFe] ZAJl(%)2 LRSI, T ob]Ate] thol(sweet-
ness), &9k(bitterness) ¥ 729 (umami)ol] -2 (Chen et al.,
2016) 2t 7H5Ra| ] ok Bz of thatol A ESHIL.

A a7 Ee vhil A BxeF B2 = Laemmli (1970)2]
" o] w2} sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE) 2 &3}t WA, 1 mLe] Z} 7}
B3| A 2(1 mg/mL)2t0.25 mLe] SDS-PAGE A| 22744

==l (pH 6.8)2 4:1 (v/v) B &2 Z33F 5 100°Col| 4] 3 min
&3 7tdstol A7]d58 AlRE 2ASHI o|F A FHIg
A 220 ug®] thl A= AnyKDa Mini-PROTEAN® TGX™
Precast gel (Bio-Rad Lab., Inc., Hercules, CA, USA)o] <]
3132, Mini-PROTEAN® Tetra cell (Bio-Rad Lab. Inc.)ol| %
219F th, AR A7(10 mA per ge) 5 =2 X735 AA
SHATE 271952 4R g AL 0.125% (w/v) coomassie bril-
liant blue R-250 -8-9%9]] 15 min GA5}1L, o] A 25% metha-

TEeEel o AE7 554 685

nol % 10% acetic acid =38 of| 4] upgro] Frg a2l w7}
AL T, vl Al o] Bzl ik = Precision Plus Protein™
standards (2-250 K; Bio-Rad Lab., Inc.)& AMH&-3}o E2ls14]

7} a7 Rl =] A%/ (foaming capacity, FC)at A&
% (foam stability, FS)< Park et al. (2016)0] whe} 243}
9tk &, 710 mLe] EA7}EEEES 25 mLe] WA
o &7 ©aL, #47](POLYTRON® PT 1200E; Kinematica
AG, Luzern, Switzerland)2 12,500 rpm®)| 4] 1 min «+23} 8F
gt} AZo] FAE AR ol AJ7K15, 30, 60 min)ELt
A2(20+£2°C)oll A AR BFHA], & Hulo} A %] Hulg =74
5lo] ofgfj o] Aloj wie} FCo} FSE 151512 ™, control} AF S

o] e,
FC (%):—“/,T X100
0
(F/V)
0/ V= ¥
FS (0= 100
ojluf VI=va $ & 59, V= v d 1o & 79, FT= +
A A% 7)Ee] 5, Fo} Vi 50170 AZKt=15, 30, 60 min)
73} 7o) %R W % 2312 oJulshgch
#als gds

7t &2 535 (emulsifying activity index, EAT)Z} &
31eH4 4 (emulsion stability index, ESI)2 Park et al. (2016)
o] vk of uhet Z7gstgict. Zkzt 15 mLe| EA7l=EelET
5 mL9] 4]-8-3(soybean oil; Ottogi Co., Ltd., Seoul, Korea)=
3:1 (viv)9] Bl & & 25 mLe| WA T o &4 EaL, oAt
(12,500 rpm, 1 min)3+ th5, w2 Ho] g7l v AH7IE 9 of
g Zof| A AATH50 pL)2] emulsion= |5t 5 mL2] 0.1%
sodium dodecyl sulfate 8-} S3}5}¢ic), o] Sgto)o. Bt
=7 (UV-2900; Hitachi Ltd., Kyoto, Japan)S A}g-3}o] wi}
%+ 500 nmof| A F A8kt 2 $-2] Fg = (A, min)2} 10 min 7
I 59 FHE(A,, min)E S45ko] ofefj 9] Ao g 747} EAI
(m?/g protein) ¥ ESI (min)E 5}%ch.

2%x2303xAXDF
IxXexC

EAI(%F

olnf, AL T4 500 nmol|4]9] T34%, DF: 3]41](100), 1

2 o] Falsli= cuvette] F(1 cm), = ST Fofl Al8-F

]'i]' ]0}"‘: H]E(O 25) _—lﬂ,]__’_ C= T“/_]-HH XEL/] %‘”—E(g/mL)% Z_]-
ZF e A
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ESI (min)-— 40
o1714] & AL A, min] B2 A, min®] SHE] o], At
10 min &Ju]3}ic}.
ABTS" 2tC|z A &4

7t ax JhpddiEe] kel @4y dEdt ABTST
[2,2'-Azino-bis(3- ethylbenzothiazoline-6-sulfonic acid) di-
ammonium salt] 2}t]Zt 27842 Cha et al. (2020)2] B
ol me} 274k9lek. 1 mLe] 7142827} 3 mLo] ABTS' &
Mg Tgshar, 420 bl A 30 min §HE-AIZ] 3, 9 734
nmoj A FFE=F Z45Hth ABTS” eht]zd 2A2/d(%)<
ofgfo] Ao =w AALbslglon, IC,, (ug/mL) 50%2] ABTS
Bhlz 27188 Uehhs AR o) SER Aolsst.

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

734

Control ,,

- 100

owf &] control->- Al &-& thAl Brol2of thall 43 &
F=E YEr itk
Tyrosinase AMai&A

7}y 4752 tyrosinase A 31242 Cha et al. (2020)
of Wl meh 75t %, 300 uLo| 7HsfE2 900
uL2] mushroom tyrosinase (50 Unit/mL) Z12] 32 1.5 mL2] 50
mM phosphate buffer (pH 6.8)2 =3&510] A-20)|4] 30 min
A TA BES-& AAJs}aL, o]o] 4] 300 uL of 10 mM 3,4-dihy-
droxy-L-phenylalanine (L-DOPA) £&-24-&- 7}-5}¢{, 1 min {14
© & 20 minZt 3} 475 nmol| 4 A A =+ dopachrome 2] &3
L5 HUEsHHA S35t Tyrosinase A1812d (%)
ol o AL Fsto] Atsaict.

Tyrosinase inhibitory activity (%)=
(Control,,-Sample,,) 100

Conl1rol475
7|4 control A& thAl Eol 245 7t 4%t T4

=2 ojujasit.
ACE Mol

Angiotensin I-converting enzyme (ACE) A 3| €2 Cha et
al. (2020)2] HHof whet A5Gt} &, 100 uLe] 7h=H-3j
=, 50 uLe] ACE &9 18]31 50 uL2] 0.05 M sodium borate
&S H(pH 8.3) &&stal A2ofA 30 min A A ¥h5-3
A5} o014l 50 uLe] 5 mM hippurly-his-leu (HHL)
acetate saltZ 3H3-3F 0.05 M sodium borate 2+5H(pH 8.3)

o
re
Lok
o
rlo
ot
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¥

< 78t 37°Co] 220l A 60 min BH5-2 X333
71¢] 250 uL of 1 N HCIZ: 7}s8te] EARR-S A4

mL2] ethyl acetateS 713l hippuric acidE % % A&
(1,890 g, 10 min, 4°C) 3F%ITh. 1.0 mLo] A}l
7 100°C2] heating block®l| 4] ethyl acetate S 9+ 5] ZHHA|
3, 1.0 mLe| & o] &= §afstof, 4 228 nm (UV-2900;
Hitachi Ltd.)o| A FF=5 S48t ACE As2/3(%)
oo Alof whe} L5} 3iTt.

ACE inhibitory activity (%)=

o
>
jud)
i)
2
N ogo

(Sample,,.-Sample Blank,,,) 100
*"(Control,,-Control Blank,,) !

228

o] 2] sample blank+= A| Z°J 1 N HCI-Z 7}5}o] E&-Al 5}t
A&l HHLZ 71l 543 F-3=0]™, control blank= A|
& Al gol24=9} I N HClE 313t th, HHLS 78] &
Ao FF=EE e ST
SAX

5 AIEL 24 38 o] A 4 41415} 0.0, 5 (mean) )
XZHAK(standard deviation)Z YEFIT}. H|o]E]+= SPSS
12.0 K (SPSS Inc., Chicago, IL, USA) EA| L2 122 0] -85

o] ANOVA testE &3l =AREAS A A8t Duncan®| th5
AR 24 {2t A (P<0.05)& AT

o s
2 9 D3

SDC EA7I4EsSe| T Bxfz B

YTRZHE Az SDCof| tgt Al proteases 73l =
9] sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) Zx}of wh2 thild Bxjef 2= Fig. 19
Tt AF sEAAR 55EUEA FDCE 75-100 kDa
HoY 271, 50-75 kDa ¢ 171, 37-50 kDa *H$] 17}, 25-37
kDa H 9] 17| Z12]31 25-37 kDa W fjofl A Thal wi== of
Ak ghal ) 237} 8hol 5] 9] o o, SDCOAH & FDCE} $-AF
gF chal ] iz 2kl Slet. Z1e{u SDC= FDCOof| A= s
%] ke 250 kDaoll 4] Thil Al BEE Seljof, o= 5772
2Ae] TAol A Thael g2 QIg Autela weiE gich
ob@e] E14- A% A 2] 5ol A HABHE 718 2]4x(steamed
processed drip)oll+= 37-50 kDaol| A 27Y, 25-37 kDaol| A 27,
5-15 kDaoll Al w3 2327} = gict. oF aa A=st
%) ok ) 2T (control)= SDCEEE 925l 7184 T
o] djs) olobx7] $18 AR 5-10 kDao) Gujd B
7} shol =] gict.

SDCEH-E| 105 Al¢ protease 7H=2al2 2] A 2=
SDCE TASHL Gl TEAF HAS AR Yefol=
= 2aflH Ao= FRIE it (Fig. 1). CH, PA ¥ BR 7}
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Fig. 1. SDS-PAGE pattern of commercial proteases hydrolysates prepared from yellowfin tuna Thunnus albacares roe concentrate by
steamed-dried process. M, Protein maker; FDC, Freeze-dried concentrate; SDC, Steam-dried concentrate; SPD, Steamed process drip; 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.

=2 5-10 kDa ¥ 9]0 Thii ] 7} Q5 SHRlE| §lS #o]
Ao, o5 A9t a4 7HpEolE-S SDCE T+ ot o
&0l A3 proteases©] 2]l 2 kDa ©|5}] A &AL HERo
£ 7l Hol BujRns) 7195 2 oA B
A ottt 92 & F5ETY 105 a4 7HEoiE(Kang
etal., 2024)°] o A o] A5-2] Aufel AR Zlo = o
215 %} 2™, rohu roe] pepsin W TR 7}<=-3l & (Chalamaiah
etal., 2013), mrigal egg T & 7}=13l=(Chalamaiah et al.,
2010), 7223 7HA0)(sole) 2 o] Akl Flra|E
(Giménez et al., 2009)2] SDS-PAGE patterns= <& 10 kDa
o]3}2] A AL peptiderto] U5 2 Holn, 7|2 £o]/d
ofl T2 Aol 17|35 AFo T )R ThL 39 o
e e) 7|k AR Fol T2 SpRaEe) 1719
5 o= 3ol 7} glow, ol Hae] 714 BolAo] the g
a2 5l 7F RSy Thal oo ek ARS-E 27 g F A L) EA
2 ool ) BAFIE peptidet 15 1745 Aol 4 2]
%] 2] oko Ao] 71415} th(Kang et al., 2024).

JtrEdllE

YTRO| FA-AxA 2] SDC= 714 Eol/ido] thafst 105
O] Al proteaseS ARE-Sto] Al 23 AT ES] Tl
A%H(mg/100 mL) @ 71531 &(DH, %)< Table 1] Lreh
ek WA, 4% (wiv) SDC £-4Hg-H 2] S ol Z 2k (total pro-
tein, mg/100 mL) 2,984 mg/100 mLO.&, &4 2] 512] &

Table 1. Degree of hydrolysis of commercial proteases hydroly-
sates prepared from yellowfin tuna Thunnus albacares roe concen-
trate by steamed-dried process

Steam-dried roe concentrate

Commercial
proteases (Trﬂga,ﬁg[)c’:ﬁ[”) Hys:c?tlg;ate fl?yeoglirgai;jscigc Ep';?
(mg/100 mL) (%)

Control 29840 162.7+1.7° 0.0 5.8
Trypsin (TR) - 528.9+14.8 12.3£0.3% 5.7
Chymotrypsin (CH) - 392.4+4.4¢  7.7£0.1° 5.7
Papain (PA) - 530.3+16.5% 12.3+0.4¢ 5.7
Bromelain (BR) - 535.2+12.1¢ 12.5+0.3° 5.6
Alcalase (AL) - 757.6+£39.4% 19.84£1.0° 5.6
Neutrase (NE) - 745.0£25.6 19.4+0.7¢ 5.5
Flavourzyme (FL) - 506.9+11.5¢ 11.4+0.3¢ 54
Protamex (PR) - 761.5+22.42 19.9+0.6° 5.4
Aroase AP-10 (AA) - 763.2+19.7¢ 20.0£0.5* 5.3
Pantidase NP-2 (PN) - 637.2£16.2° 15.7£0.4* 5.8

Degree of hydrolysis (%)=(each enzyme hydrolysate protein-
control hydrolysate protein)/total proteinx100. Control was the
supernatant of 4% (w/v) steam-dried concentrate dispersion under
the same reaction conditions without the 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.
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2 control®] 2] TS 162.7 mg/100mLo] 3]t} ©]
o el 7 fid 7HEaEe] thil Ak hydrolysate protein,
mg/100 mL)& CH (392.4 mg/100 mL)o] 714 Lre 2220 2
olu 9] DH+ 7.7%°| 2™, TR (528.9 mg/100 mL, 12.3%)
of mlste] oA or FE o QUTH(P<0.05). E3F PAS}
BRO| DHE 7+7F 12.3 9 12.5%0]1, 4% SDC HARg-oh o
BHE a0 ofsf fojE AR 7h7F 5303 2 5352
mg/100 mLEA] o] 5 7toll= 92 & 2jo]7} glglet
(P>0.05).

Food-grade protease?! AA 7}=E35(20.0%)2] DH7}
7 =2 Aoz YEgeH, o222 PR (19.9%), AL
(19.8%), L2]3L NE (19.4%)9] =0]8loH, o] 59| thil 2t
© 745.0-763.2 mg/100 mL #9]o]gloLt, 0] ko] 0]
A Aol G EA FATHP>0.05). 12, FL (11.4%)2 o
4] TR, PA 9L BReY ]3] §91402 v 52| 4tis)
£9 ehygic

Serine protease®] TRY} CHS 27+ 44714 oFr)ieAKLys 9
Arg)} HWaFE ofn] - AK(Tyr, Phe @ Trp)o] C-Ueh-e Agtst
= AlgHE om| Ak 2b7 o Bk 718 Bol4dS 7HA AL Qlk
Z|(Kwon et al., 2022), 7}t}&}o](Yoon et al., 2018) Z12]11 3}
tho](Lee et al., 2016) & Y o] S=2HE A %3 HHEH9
obu] Al 240 A Lys (8.0-8.5%)7 Arg (6.0-6.7%)2] 24
1] 7} Phe (4.1-4.6%) ~L2] T Tyr (2.5-4.0%)0]] H]3] =0}, o] =
714 Fol/do] HkdE|o] TRE| 7hiall&o] CHell Hlal A th
Ao w2 ARY Aoz A=}t £ Al food-grade
protease ] 7}<-3}-8-¢] serine ¥ cysteine protease®]] H| 3l =
2 A2 FY vkgx1oA o]l Hlal 714 Fol/do] A
o7 P efsly| i o= At i} o] A Aot HA| &
o] =ZHulo] 3l thekst G4 VMRS ThEa )
a2 gFo] o] F1te] Afol & Ajtste|ete 7| A 5ol /o] ¥y
wo] fARE 23S vel $ich(Kang et al., 2024).

Chalamaiah et al. (2010) meriga &= AL 71423
£(62%)°] PA (17.1%)°] vl D53] =00, ALo| A4 of
H A& A A 0 R T Eaols 7] Sold S YEhd
t}1 B a9 thKlompong et al., 2007). 7}ckgo] S0 that
AL, FL, NE, PR “12]3 TRO] 7F=258-2- 2 4378 33%
ojo]of, TRo| 7Fg ek, 71 Sol 4ol uke} chofst 7k
fl &S UERATHAL 8 th(Liu et al., 2015). Fang et al. (2012)
2 flying squid®] AL, PA ¥ TRE] 7}rEall8-2 22 16.98%,
15.61% 9 13.54%0°|2}a 519901, o]2} 2] 10% o|8}2] 7}
SRESS Bl 7B = pepsind} FLo|2k1 sRich.
3t Sardinella (Sardinella aurita) 7}3-F-AH=o] tfgt ALY CH
7rpRE] 7Rl E-2 ZH2F 8%2} 6.5% (Bougatef et al.,
2010)2faL sfof o] A-Ho] Axket FAlsE T

o] Ako] At HE| serine proteaseo] 2|¢t DHV} T2 G405
of Blgto] Be A2 HA A4(TR A CHYE AREsHEA a4

g4 a2 UEE Ot 2y

YTRO] =510] SDCo that 1052] AlF proteases 71>
gy A4 E 5FA| &2 control®] FRAA %732 Table 2
of et At of 3xof| A A 7E Z3H(g/100 g protein)= &4 7}
Tl et 2t opn|ieAke] MlEa (%)= UEhd Ao s,
o= Ja 7hprsllof oJet 7t ofu|Ate] 249 ST
oot 7] Sjg Ao|gic. ol ge] E 4 rhpRalEe] thjd 3
#H(hydrolysate protein, HP)®= 37| A|A|SFO. 24, Z} ofn|
4he] 2/3H)(%)E =5HH, ZF obr| At S Shibet o Qe
= 5koich

HA, SDCe} control®] F 8| opw|ieAto] gt H4= o}
) 1=ARe] HIS(EAA/NEAA)S ZH2F 1.01 2 1.070]913L, AL
(2.33), TR (2.03) 712] 31 NE (1.99) 7}4=H 20| 217} 1=
& fzo|9ir), Eal WE 7} EalE(1.15-2.03)2 controlo]
Hsll &4 7tz Qg B opn|iethS SV FEE A
=g

A4 A P5HA] L control2] FRAAE 1,108 mg/100 g SDC
ojlom, Faof ofgt T O] ThpRs = Qlel, e A
ZMRolEe] FRAA 9 71 ofulidt g5 Z7ksiode.
B hRAE ol 14 B FRAA B9RS A4KE 7)
SHa &2 FL (7,432 mg/100 g SDC)o|glL, 71 th&o g
PN (6,436 mg/100 g SDC)°| %o, T2 F4 7fpEallEE
(1,240-2,329 mg/100 g SDC)ol| H|5lo] FA|3] & 4230]
At

3H#, SDC2] 100 g 5] & T A FHg-e 74,600 mg O &, ©]
o] T4 7H B EE2] HP(mg/100 ¢ SDC)= AATHPRO| 7+
Z}+ 19,080 2! 19,038 mg/100 g SDCZ 714 #%F2.1, control
(4,067 mg/100 g SDC)o]| H]5}o] 2 714=Haljo] 2|5 oF 4.68
w7} 57151t} Serine protease$] TR CHS| HP+= 212}
13,223 12]31 9,809 mg/100 g SDCo| %11, cysteine protease
2 A PAS} BR2 Z}7} 13,257 212831 14,026 mg/100 g SDC
o]Qit}. E3t food-grade protease?] A9+ 12,673-19,080
mg/100 g SDC ¥ ¢]& Hefo] 73l = <15f controlo] H]
3 & £ o= HP7} 57kt

SDC= 5§ Al protease®] HPo]| theh 2] % =4 o]
1w AFgFERo] B|(FRAA/HP)S= FL (58.6)2F PN (40.4)0] control
(27.2)°] Bl&l =2 A S & e o 24, SDC T2 2 5
A 2RO & 7184 9] polypeptide = oligopeptide H4k of
U2} A2 A peptides I ofr| ARG F7HAIA, ALEA
o] Tl 5o AR peptidesZ HIHE A S-S AN}
shQlch. it 0]9]9] a4 7k EeE(10.8-13.7)52 con-
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trol 2T} Yo}, o]= § 4of o3t thill 2] o] peptides®H= control 4 Sero], BR Met, Phe 2 Asp©] it} A1&7] 9] cyste-
of HJ8l] 2 Yojif=uhHol|, o] 2 E §-2] W BlE T = o)l ine protease¢] PA 2 BR-S Val, Met, Ile, Leu, Phe, Pro, Gly %
AbghFo| At o2 AlgHA olek= A ofu|stint. whabA, Ala (Table 2)3} Z-2 42424 ofm] Al %17 &f C-ieho]] 7919

o] g|gh 2ol = o] AA-Fol] AHE-gH Al Tt proteases2] 7|2 5o]/d ol ARS Heksls H| WA Yo 713 Eo|AS 7FA] 1 QlT).
o whej el Zol2} TerEl . wabe 57188 19l o5 ofuliAbo] ek 29je] ol
Controlo]] thH]sf] <= F7H&= 21 TRE| ofv]|=AkS- Phe, w325kl vk A REgE A O]E} 2@5]31‘4'- o= 71
His 2 Aspe] 2™, CHS| 79+ Thr, Val, Met, Phe & Asp 9] food-grade protease 7FEHEE52 35240l EALS Thr,
o]gitt. o]= TR ¥ CHe| 7] Eo]Ao] z+zt 7|4 (Lys & Val Met, Leu, Phe, His, Asp J_EL]_ Pro®] &=Z7H&0] FE
Arg) W HIEFE o] A Tyr, Phe W Trp)2] C-Etho] 3HA & o1, serine Y cysteine protease 7+E-a] Eof| 1] &5}
11, o8 Sl 9] S EAEE B lasteld A B o ST A
& o & uko] Bxslal 9= 7S oln|sleitt. Ao 2 SDCEEE] 1052 A|H protease 7 i3l & =
PA7HE61 59 57 HS 1.9l ofv| a4k Met, Phe, Asp oA FEA R &57HES YER ofu| AR Met, Phe %!

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

Amino acids Taste' SDC? Control TR CH PA BR AL NE FL PR AA PN

Threonine S 5.2 34 27 35 - 29 27 3.2 6.6 3.5 3.2 5.1
Valine® B 6.4 6.8 5.0 6.9 6.3 58 125 8.7 0.7 1.9 1.6 9.5
Methionine® B 2.8 0.7 0.7 1.6 2.3 2.0 5.7 1.9 2.6 25 25 14
IsoLeucine® B 54 4.1 2.7 4.0 34 3.0 3.9 35 6.2 4.1 4.3 24
Leucine® B 8.5 8.3 53 7.8 6.7 59 7.0 87 131 1.9 107 6.3
Phenylalanine® B 46 57 289 16 158 257 159 192 74 159 189 105
Histidine B 3.2 57 7.0 51 57 55 9.7 8.0 4.3 72 105 55
Lysine S 8.5 9.5 8.7 8.5 7.9 8.5 8.3 8.3 7.4 7.0 8.3 8.8
Arginine B 6.5 7.7 6.1 6.8 53 6.8 4.3 5.1 8.6 53 4.8 8.8

EAA (%) - 511 517 670 557 535 661 700 666 568 594 64.8 583

Aspartic acid u 9.2 3.1 33 45 37 32 32 3.1 35 36 34 47
Serine S 5.4 8.0 47 6.8 127 5.3 6.0 43 106 5.2 44 112
Glutamic acid u 132 179 114 159 120 112 7.7 9.7 9.0 131 115 9.3
Proline® S 5.8 - - - - - 0.4 4.0 3.0 52 4.0 0.0
Glycine® S 5.1 4.0 28 3.8 6.4 29 24 29 3.5 3.5 3.3 3.2
Alanine® S 64 114 73 103 8.7 7.5 6.9 59 7.4 71 6.8 7.4
Cysteine - 0.8 - - - - - - 0.2 0.4 0.8 0.4 -
Tyrosine B 3.0 3.8 35 31 341 3.8 3.4 3.4 58 21 1.4 6.1
NEAA (%) - 489 483 330 443 465 339 300 334 432 406 352 417
EAA/NEAA - 1.04 107 203 126 115 195 233 199 132 146 184 140
FRAA (mg/100 g SDC) - - 1,108 1,735 1,240 1,818 1,922 2209 2,335 7,432 2,049 2329 6,436
HP (mg/100 g SDC) - - 4,067 13,223 9,809 13,257 14,026 18,939 18,624 12,673 19,038 19,080 15,930
FRAA/ HP (%) - - 272 131 126 137 137 M7 125 586 108 122 404
HAA (%) - 450 409 526 459 496 528 547 548 438 521 521 406

ITaste were obtained by citing the taste classification of amino acids (Chen et al., 2016). U, Umami; S, Sweetness; B, Bitterness. *Quoted
from Lee et al. (2016). *Hydrophobic amino acid (HAA). Control, The supernatant of 4% (w/v) steam-dried concentrate (SDC) 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 acid; HP, Total hydrolysate protein content; -, Not detected
under this analytical condition.
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Aspol 3o, FH 93t 714 Fo]/d& vhehd Al protease=
FL, PR % PNo|Rit}. Al protease A 2o w2 B4 ofn| i
4t gFgo] controlo] Hl F7Fsto] Thildl JFrHE Zslehe
Zog sl Qlct Kang et al. (2024)2 E2| & sFwZol
Hat Sk B EEe] TEAOE £E/HRS Bl ofn]
= Ak Thr, Phe, His & Pr00] 1o, PN, FL 12|31 NE 7}
Bzl 74 58 713 Sol4S ekt sjol, o] ¢
Ashet tha: o]} glgirh o) = 71421 YA THY TR ol
eib 2709 Atol 7k wked H AxtE {X| 4 YTRO| thgh Al
proteases®| 7| 5ol S M= ARSI
RAApRAEE AN 27) il 339, A8 &
4 W A G372 o= Qlsf, 71 Sol/do et 2] =
W54 peptide= A 2|2/l qlolA A& ok S UEh
7 "tk(Ishak and Sarbon, 2017). H]|=4 A= 15 2=
A A o= ARRl Val, Trp, Tyr, Leu, Ile, His 2 Pro 5
% =33} AAHPUFA) 2} HH5-51m], LA A Rh-f- Al &0l 4] 2t
oz &2AZA o G v 2™ (Zhang et al., 2012), Pro, Tyr,
Leu, Ala, Lys ¥ Met2 AL} peptide 2] 34K} & of o]zl
ool 237 u} QIth(Wiriyaphan et al., 2012). W &FE: ofu] At
Phe, Trp 9 Tyr& 2jt)z A of qlo] QHARt HhgAd Al &
(ROS)E A4Jst7] flall 9= AA-29 2hv|Z (electron-
deficient radicals)ol] AJ3-gtchal s} th(Sarmadi and Ismail,
2010).

ob& e B2 Atof| A 713t ACE AlE/d-S Z+= peptide
o= C- et Trp, Phe, Tyr = Pro o} Ak ;gaa—} ,

N- 2hcho]] Valg Eghoh 4] 9l 24 ofu] e ARS §he-5hs
ZAoZ W EI §) o (Ghassem et al., 2011), Mahmoodam
et al. (2014)2 peptide®] C- =] Tyr, Phe, Trp, Ala, Gly 2

o
re
Lok
=)
rlo
ot
o
re
¥

Pro®] )= ACE 14| 24l 71013k} sict. wzkA, 7]
7 Sol ol B2 Fa 7lHelEo] oAt 24 2] Msjel
;(]-o]‘— Al 3L 7] ‘—-/\-I ?ﬂ-A]—g]./H ol A E'JQ]—/H ‘:oﬂ 1‘4-0126]- oq-gl;_.
u)d Ao dAFE T,

Jiai2ol ot TS ofn|Ate] B

Table 2] FRAAZ S 7kl =2 O, &8, As 2 #
3} P50l FAFE = 254 ob]ie4t 24 (hydrophobic
amino acid, HAA)Z} Chen et al. (2016)°] AJA|3F 7HH o}
Aol (g, 295, 7 gholl w2 FRAA S| 24(%) H 3H
(mg/100g SDC)-Z Table 3 YEFHITH HA = G4 7h
Haj20] HAA 2A4H] (%)= PN (40.6%)< A €]3}31 control
(40.9%)°]l H]lo] 43.8-54.8% W= F7F6t o, ol &
o= AL (54.7%) 2 NE (54.8%)7} 4524 ofpu]ieAl 24 <]
Z7P} S AT EoF a4 A 2sHA] e controH HAA
FFS 453 mg/100 g SDCO|H, BE 71-Ea|2E0] HAA
(567-3,257 mg/100 g SDC)+= 1.25-7. 18HH7}Et 7reEE 2

Q15 Z7hakaict.

3+, Chen et al. (2016)0] 53k vl &0k 1231 7Haut
ot At ghofl gt 243H)(%)= Faxe] 7] Sol/dol| uheh
TS control (36.3%)0]l B8l 26.2-38.4%H 9]0] ¢l a1, 20t
© control (42.7%)0l|4] 46.7-62.5% 9|2 Z7}8}%. 0L}, 7+
Z9k2 control (21.0%)°114] 10.9-20.4%H = FAast o2
Upebgt}, E3F ofu|wAbe] gho] w2 $Hkmg/100 g SDC)S

2Au]e] wislol Aglo] H4Ealz s} 1 Feke 7k
AT} A ©@uke] -2, control (36.3%)2 3£E3HPA (35.7%),
FL (38.4%) 712] 3L PN (35.7%)2 714580l ol 4= thr
ofmlicAte] 2/4dHlE A, 23t9] 9= control

O

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

Hydrolysate FRAA Composition (%) Content (mg/100 g SDC)
(mg/100 g SDC) HAA S’ B U HAA S B' U’

Control 1,108.0 40.9 36.3 42.7 21.0 453.2 402.0 4729 2331
TR 1,735.1 52.6 26.2 59.1 14.7 911.8 4549 1,0249 2554
CH 1,239.9 459 329 46.7 204 568.6 407.8 579.5  252.6
PA 1,817.8 49.6 35.7 48.6 15.7 902.1 648.7 8842 2849
BR 1,922.0 52.8 27.0 58.6 14.4 1,015.6 5194 11255 2771
AL 2,208.7 54.7 26.6 62.5 10.9 1,208.7 587.6  1,380.7 2404
NE 2,3354 54.8 28.6 58.4 12.7 1,280.7 668.0 1,365.0 297.1
FL 74315 43.8 38.4 48.6 12.6 3,256.6 2,853.6 3,6142 934.2
PR 2,049.0 52.1 31.7 50.9 16.7 1,067.9 648.9 1,0423 3413
AA 2,3294 52.1 30.1 54.6 14.9 1,213.7 7011 1,2724  346.2
PN 6,435.7 40.6 35.7 50.4 13.9 26141 22948 32453  895.6

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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(42.7%)°] vlal] HE FA 714
Z7}5}ke], AL (62.5%), TR (59.1%), BR (58.6%), ~L2] 1L NE
(58.4%)7} 7HEell & QIgh 299 S7P7F FEeAlt) ghH
Fh 7RpEalEe] gl dFS FL (934 mg/100 g) 9 PN
(896 mg/100 g)o] th2 7H=H-all=(240-346 mg/100 g)Oﬂ &l
3 38) o]AF mko ZhAUk ofn| L AFS 0] I E0 23] R

=9 ATk el =ol d A Eﬂru}g] o=

o] A-ZA el A AT protease 7} Bl &S0 ofu] AR ub
9] 38 ZHol| A= At o0& CH, FL ¢ PNO] o2zl 0
o, 2:gto] 735k AL TR, BR, AL 12|31 NE 7}4=Eal&o]
¢lt}. Kim et al. (2014)2 casein®f] tjall Z12]1L Yoon et al.
(2021) H2]o] 3 TR, AL, NE ¥ PRO] 7}5=HEs&o] &
gro] Z¥strtar Bk vl Qlok. wheba 7h=ial=9] Az 9l
o] g-e 13t TR, BR, AL 712]3l NEQ] A& 5-2l3)
of & 71 o & whetE|Sict.

HE SHAs

HSEo] ZAH] 9 11 glefo)

YTRZEE A Z3F SDCo|| tfgt Al protease 7}l &
59 A% 7154 22 A FC % FSe| thsto] Table 4¢]| ‘)rEHH
ik HA, 2 A 25FA] &L control2] FCE 110.4%°] 31
], o] O] FS+= A& 215 Z4xsto] 15 min7}A] ©F 4. 5%
o] AFo| FAE Ut BE 7HrEalES] FC (109- 221%)#
control} SASFAY 4735F FCE R o] 7piafof w2

Table 4. Foaming capacity (FC) and foam stability (FS) of com-
mercial proteases hydrolysates prepared from yellowfin tuna
Thunnus albacares roe concentrate by steamed-dried process

Enzyme C (%) FS (%) 15 FS (%) 30 FS (%) 60
ydrolysates min min min
Control 110.4+1.0" 44,5123 - -

TR 176.7£0.0c 17.7£0.5 9.410.3 5.840.1
CH 165.4+1.3¢ 174417 13.3%1.2 3.4+0.3
PA 221.2+1.22 70.9+2.1 68.6+2.3 60.6+2.7
BR 187.1+0.0° 72.0+1.1 66.3+1.3 62.7%1.1
AL 127.2+1.9" 64.9+2.0 33.2+1.1 324104
NE 173.6%4.3° 60.3+1.1 41157 -

FL 118.545.99 67.844.3 524145 -

PR 109.8+1.5 - - -

AA 145.5+0.0¢ - - -

PN 124.7+0.0° 67.414.2 - -

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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A&7} AA E| AT serine proteases? TRI CHE| FC= Z)
7+ 176.7 % 165.5%°]%1 0.0, o] 59 FS= A& g4 A%, 15
min7HA] 17% A E=9] AETho] 42 It} cysteine protease

o] PA 2 BRY| A%, FC+= 2+2F221.2 W 187.1%% 714+ 743t
AE A5 e e n, FSoll A% 60 min7hA] 60% 74 %=
9] 7AEo| FA = ALt food-grade proteasesZ A NE] FC W
FS= 173%Q]— 41% (30 min)2] FSo| G-A] = ¢t} 3HH AL, 1
210 FL 7}=5a 22 FC (127 2 118%)2} 30 mino| 2] FS
(33 52%)7} TE|9 oL}, PR, AA 2 PNS AZHA 25
FS7F A o] whzhe] 2] gttt o] 4Fe] Atz e YIRS SDC
7brEdlE Sol4l PR 123 AAE A|QJ3t B 7l
O] FCF A% qHg/d o] A4 #2814 942 controlof] H]3H, 7}
AEI 9 31 4= S,

Wef], o] 2 7lkol(Yoon et al., 2020) 2 Stc}ato](Park
etal, 2016)Y 2R E A3t FEAX 5509 FCo| 128-
157% H9, stciefo](Park et al., 2016) 2 7}t}eto](Yoon et
al., 2018) 7td-AxA 2] S22 108-112% Helatar &t
of, o] 9] Al protease 7 lE=0] HaA Elof T
AZ JAP=S 7]-]/&40} Ao g golg|or} YA =
9] 7l E8ES FCo| TR, CH, BR ¥ NEZ} controlo] H]3f
gsielonl, BR 7H-balguto] 71% ohggo] BaES
W controlg Z§slo] thE 7RaEol A= A o] e %]
erthal 31 tH(Kang et al., 2024).

Intarasirisawat et al. (2012)-2 &A] 7}c}fo] 4o AL 78
-2 200%2] FCS YehdTthar 51921, Pacheco-Aguilar
et al. (2008)2 Pacific whiting Merluccius productus -2 2 5
B A Z3FAL, TR U pepsin 7281 &2 pH 4, 7 2 10014 9]
7hEalg, ool wet 2t7] FCo| thaw, aaxfe|z <l
3l FCo] 7iAleletar sttt ol= 7HiallE 5 peptides

o] A4F 0| 7|FEol Aol whE peptide®| 24, 7], <= s}
(net charge) HIS}R 213} 2}o]of| 7]015}7] wjito| Qi) E3t 7}
TEEo] w2 ofF T A 7l o FCol W A2 %
—‘?‘—Z]—ET:_O,] peptidei o] OH 7]:-5 _,__r] oﬂ oA 5t 7-] Z ulo] AJA] S
Wafalal, BHedt 7l R 2 254 peptide®] 71 1 o]
24, 7kl A= 9 pHE| F7tol| whet A e A
3= S YeEFHTH(Souissi et al., 2007).
g3 gus

Table 5+= YTRY] SDCZ ¥ A| x5t A proteases 75
=0 AE 715402 A EAI 21231 ESIo] thaf ebdl 2
ot} WA, & A 2]3}A] &2 control®] EAIE= 12.4 m%/g pro-
tein.®. & o] 2] ESIE= 16.7 min®] 3/ th. controlof v]5}o] S-AF
0}7~] U =3t EAIE 2.0l 7l E3ll =52 cysteine proteases

1 PA (52.7 m?/g protein) 12|31 BR (12.9 m*/g protein)©] %}
on, 7hpgafol ozt A A} ARG ATk L2 serine
proteases?] TR} CHE] EAI (5.7 & 5.6 m*/g protein)+= food-
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grade protease 7}E8lE5(1.4-2.7 m*/g protein)®fl |3}
ofsl7] <8151 ©.LHP<0.05), controle] ¥l Lo} HAA2)

o wh2 M T} 1) ke,

gHH, 359 2y F247% ofFfY FFE(Yoon et al,
2020)2] EAI+= 10.0-20.2 m?/g protein ¥ ¢, St}=o](Park
et al., 2016)2} 7lttEo](Yoon et al., 2018) & 71<E-A x4 2]
TEES2 373 7 m¥/g protein W ¢]2kl sto], o] ¢1Lo] At
proteases 7l E=ol Hlal FARIAY W2 53 F45
2 wol, ez Qo) RO R §3 RS 27K A
o= ZlE ek

Kang et al. (2024)2 YA Y s=Edof gt 105 7-&

FEE Zo| 4] TR, CH, PA 4 BR 7[5 E2] 93} 4%

o] controle] H]3) GAFBHALE 9-55t0] 7h4Raol ube F}
7t Qe sigon, JeRslgol £& siRelgol A
Aoz o 53} P45 kAl sheltt. Chalamaiah et
al. (2015)2 AL pepsin, TR & AL 7[E38lE2 &4
of 715 0| o] yhodElo], A the ohuliit 24E ek
oA, 0|2k peptide 249] Aol & Aste] HolE F=
sko] EAISL ESIO| F3 & 4= qlvkal shgle, 7hial&

o] Fom {3} P/dTol AHE = UrhaL sFI ek (Kristins-
son and Rasco, 2000; Gbogouri et al., 2004). =&+ Naqash and
Nazeer (2013) pink perch®] TR 7|83l 50| T2 a4 7}

Tl thufsf 2t 54 o] S-psithaL sk, o]= a4 7]

Table 5. Emulsifying activity index (EAI), emulsion stability index
(ESI) of commercial proteases hydrolysates prepared from yel-
lowfin tuna Thunnus albacares roe concentrate by steamed-dried
process

Enzyme hydrolysates EAI (m?/g) ESI (min)
Control 12.4+1.6° 16.70.9
TR 5.74£0.3° 23.6+2.3
CH 5.6+0.3° 29.6+3.4
PA 52.7+0.72 74.614.5
BR 12.910.7° 13.7+0.4
AL 1.8+0.24¢ 22.3+1.1
NE 2.5+0.1¢% 18.7+0.9
FL 2.740.4¢ 15.0+0.2
PR 1.4£0.2¢ 16.410.2
AA 1.7+0.2¢ 18.210.6
PN 2.0+0.2¢% 23.31+1.1

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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Table 62 YTRE] SDCZHE] A3t Al proteases 71>

BajEEo] 3Ast g4 o0& ABTS' radical 27424 9 ty-
rosinase #3124 :LEIL Faudeh e oz ACE Asied

o tigt AukE Lpeldl Aot} WA, ABTS radical 4724
(IC,,, pg/mL)2> 74 A 2|5}A] %2 control©] 64.6 ug/mLO|
Qlon] o|mjo] thil 2 2= = 162.7 mg/100 mL (Table 1)0] ]
o HE A 7Rl o] A4S 89.2-140.9 ug/mL H
T]E/\i controlo] H|&]| oA AR AATAHL A% A &
2o Aoz et} a8y Zhof o8t 7p4=Ea) & controlo]]
ﬂlﬂloH 2.4-4.74) 713t 71 R E] ThilF =12(392-763
mg/100 mL)E 1123t (Table 1), AA| L& 7[E )52
ABTS" radical 2AEAL 7}<=He| 2 ¢laf 7fA = Qe o

Table 6. Anti-oxidative and anti-hypertensive activities of com-
mercial proteases hydrolysates prepared from yellowfin tuna
Thunnus albacares roe concentrate by steamed-dried process

Enzyme ABTS* (IC,,;  Tyrosinase ACE
hydrolysates (ug/mL) inhibition (%) inhibition (%)
Control 64.6+0.52 0.941.7" 58.4+2.7¢
TR 125.1£0.5 8.5+2.0% 84.1+2.22
CH 101.940.2¢ 12.0£1.9%%  73.8+0.9°
PA 140.9+0.2 13.8+1.9 35.5+1.8°
BR 118.710.6" 14.6£1.8° 86.5+0.92
AL 108.310.5' 6.842.09 71.4+1.2°
NE 111.50.69 9.412 00 74.8+1.2°
FL 89.2+0.5° 30.0+1.5° 54.6+1.5¢
PR 102.0£0.4¢ 27.3+1.6° 76.51.0
AA 103.210.4¢ 35.2+1.42 82.3+1.9%
PN 93.840.6° 10.7£1.9%"  82.9+2 4%
IC,,, The half maximal inhibitory concentration; 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 rep-
resent the mean+tSD of n=3. Values with different letters within
the same column are significantly different at P<0.05 by Duncan's
multiple range test.



EpES

a4 7kpEEE FolA+= FLo] 89.2 ng/mLo2 7H 9=
shglom, EH:’._O.E~ PN (93.8 pg/mL)o|gic}. 11 ¢jo] tj2
f 7P EES 102-141 pg/mL W2 A, TR (125 pg/
L) PA (141 gL )o] 7152029 i ol 02
Lo ABTS' 2ht]2F A A4S ehysict

Yoon et al. (2023)2 gx| &9 7tE-AxA T sSEEe
ABTS' &}t)Z 27 ZA(IC, )2 60.4 pg/mLolekal 519 o m,
BEl, |, 7iedo] 9 YTR2HE Al 23 Ay 5402 &
Z500] ABTS' 2] 7 471 24(IC, )& 130-180 pg/mL ¥
Q=A, oFo W& F-2F %l 2ol & 21 2H(P<0.05), °l=
oAl WA eko] 113 FAAR o] /g 4 AL
S YERfAtkaL s th(Yoon et al., 2020). 3+ Kang et al
(2024)2 GA|Y s=EURHE A x5t a4 Vil Ess
ABTS" ettt 47 E/}‘J(ICSO)O] 68.1-91.6 ug/mL=ZA], ] A
79 Aol thu] s FAFSEAL thar & A HAl A
o= glEglet.

Choonpicharn et al. (20152 Eetmlol AR Tt a4 7}
SB35 50 ABTS® A4 42 FL 9 TR 7HEa &0 A 7}
A} 025193 2|4l PAS} Neutrase:= At 2 0. 22 A7 |&AJo] oF
Q¥al, Chalamaiah et al. (2013)-2 rohu roe®] TR ¥ pepsin 7}
FEllEe] 473 ABTS 2it)zd 2ASdS Yeto], A
2 OE 5% oA TR 7}238l&0] 32-91%, Z12] 1L pepsin=
37-80%2] Btz AAEASS veERATHAL 1S T) Aleman et
al. (2011a, 2011b)= A ojo} 2] 7 2o tjat 7}=ms)=o)
GAkSE 42 AL, collagenase, TR 2 pepsin®] 735 7145
Bl 8-2] Z7to] o} ABTST &AHEA o] 7HAsH= Heko|eta
;P Oow, ABTS" 2tt| & 2AF Y-S A9 S5, 73l

83} =, peptides & Ao ol Fo] B HEEHE
ofalteAte] 2413} 22 ofel elo] a2k HebIcka sl
(Phanturat et al., 2010).

YTR] SDCERE A %3t A% protease 7HE-315-2) ty-
rosinase #] 3} -4 (Table 6) HA] &4 22| 5FA] &2 control
(0.9%)= Al 23k HE 7HrEal =2 6.8-35.2%H 9] 9] Al
4 Lehol ml¥ 317} oL Selsigick ol ol 2%

o]AFo] @43t tyrosinase A 3jE/dS EOl 7rEIES AA
(35.2%), FL (30.0%) Z12] I PR (27.3%)8A] fi4 7}Ba)=

Bl 7hAdE Ao = A= Ik Yoon et al. (2023) HA] &
9] FEEToll= tyrosinase Al E/d o] UERA] ¢Fgtont, o]
9] a4 7R lE S AA, FL 2 PR 7B =0 A 11-18%
o ABTAS Lheho] i 7Rl Qlsh ol ujul a3
7} S Ao 2 Hslo(Kang et al., 2024), o] 12} U%|5}

A3E e ik kol (Yoon et al., 2019)  7hete
01 2 (Cha et al., 2020)2F-E 343t H2] T2 9] tyrosinase
A2 a2 212t 14.0% % 13.5%¢aL 5fof, thao] wjul g v}
7} 71 ¥l chal 3141 2., Zhuang et al. (2009)-2 afju}&] 2 g

ZEU ‘

TEeEel o AE7 554 693

3]t Zeplof] thet TR 7H3=2] tyrosinase A H%
s 7F 5 mg/mLo A 50%9] A2 dE vebl A
SFAFS1EHA) 1} Cu?*~chelating 84S H.QIThal Glof, o] o7t
Axto] vlaf i 2] o7 =3k 3hakst ZHdE e SiTt. fﬂr
ohA] Aketel TARE A 2|24 © 2 A] tyrosinase A S1E/] S
2 A9 A3 YTR 552 thste] FL, PR 2 AA9] 4]

3 RAS |8 TRl E S AL AR v)uEaE

710t 4 9L A0z Ber g

YTRE] SDCZFE] A3t Al# proteases 7Eall s
angiotensin converting enzyme (ACE) # 3l&H/d(Table 6)~
control (58.4%)S 3 §3lo] BE a4 7MrEsE2 ACE A
B2 35.5-86.5%H 91| A= ‘/PEHH o, con-
ol o AHLAE ekl 84 SiesfEEe PA
(35.5%) 2 FL (54.6%)°] 9100, Upr] 2] &2 SpmEE
70% ool 7t Asie/d-e Uer3let. £35] TR 9 CH“
7hE8lE(Table 1)0] W30l E--okaL 73t Alsie/d-& U
Effjo], o] a4x9] 7|4 EOW("“W 2 ek ofw| At
o] C-hekE ool whE FFFolztar =AU ok 7F
FEEE0] 20% WHele] AL, NE, PR :Lﬂ AA 7hpellE
£0°] ACE As24(71.1-82.3) A= &2 e UE
t}. wahkA SDCo) tist g4 T 7148 Hgt serine prote-
aseof| I3t 712 Eo| A1} tEo] food-grade proteaseso]| 2
ol 7]- OHEO] O_TEACE ;<1;H§:L/Ho] 71—; ;(]L 7:1%1&0]
9lo0, o) Fal 8 LALULAE 7o 4+ ek Yoon et
al. 2020y X sA71% 7Y 5552 ACE A2/
(IC,,, mg protein/mL)-> &t}5401(0.92 mg/mL)7} T2 ©]F
of vlsl -9 4 o= Zhet A5 vebd kAL 5H3l om, &
teo](Yoon et al., 2019) W 7jclego] o E2] thl2l(Cha et
al,, 2020)2] ACE A3l (%) & Z+2F 35.7% 2 44.0%9] A
2= LrERi o], o] ¢15-2] SDCE] control} t} A8l &/ o]
FARBHAL Th4s ekt 7l o2 29l %| Q). Kang et al. (2024)
2 ] oo] eZBmuto] st AT proteases 7B EES
PA (64.6%)2} FL (77.6%)2 A 2]8t t}2 7}=E3)20] con-
trol (80.9%)3} 1|3} CH, PR, AA @ AL®| ACE #8124
(80.4-90.7%)°] 7t = lsf ZiAd = ek shel e, o]
Aol Axkel fAket AakE yeto] a420] 7| FolAo]
W Aet wekE Sl

IES} =9 65 proteases 7[al =2 749, 1.49-16.31 mg/
mLYH Q|2 A], o] 5 0|4 PR, AL 18] 1L TR &0 & #3384

o] 7} £4=5}vtal 3191 3 (Chung et al. 2006) 2 o)A A<
“(Kang et al., 2007)¢] AL, PR ¥ NE 7}E-38]E52 60-66%
2|, 23] A<4:H(Oh et al.,, 2007) 4@57%?.4744 At
A2 reRole. Al ZhaRabEel dhet i Tsia el
ACE A3124(Heu et al., 2007; Kim et al., 2016)> AL 2
PR 7}iafEo] Atid o= 93t ACE A de Hel
TRl Fgiet 3 a4k 7R o) Tl 21Ql skate 7

J_ r°1' rlo
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A gelatin (Ngo et al., 2014), yellow sole Z&| 4 (Jung et al.,
2006), 18] 1 7}ctero] Y(Intarasirisawat et al., 2013)2] T4
7R 52 35-86%2] ACE As|&AS YepdTar B 15}
o, o] -9 A7t A o2 St Aoz SRelH .

ool 43S o YIReRE 42212 A0
SDC——] 10& 7]_ H _Q 5015]- as }2 Z7—]oﬂk] 7]__/'\_
Eal82 AL, NE, PR & AAO] AtjA o2 Q=314 11, A&
71642 TR, CH, PA ¥ BRo], 341342 CH, FL PR ¥
PNoj|A], Z12| 31 oF T E Y22 TR BR,AA 9! PNo| 93}
9t of&d FL, PR 9 AA 7}Ea|1E5-2 in vitro v &3}
(30% W27t A5 el o=, X}ﬂ Al protection S 4
A2 o} 8 4 gloelet 7|eE gl

ZMR* 07 A 754 W AR AL TR, BR, PN 2 PR 7}

Ramo] $4allrt.
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