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In the present study, protein hydrolysates were prepared from olive flounder Paralichthys olivaceus roe concentrate
using different commercial proteases, and their functional properties and bioactivities were examined. Protamex (PR;
21.6%) showed the highest degree of hydrolysis, followed by alcalase (AL; 21.1%) and aroase AP-10 (AA; 20.2%).
With regard to foaming activity, trypsin, chymotrypsin (CH), and bromelain (BR) had values ranging 181-188%,
followed by neutrase (152%) and AA (141%). CH (36%) and BR (70%) maintained foam stability for up to 15 min.
The oil-in-water emulsifying activity index of CH (10.6 m?g) was the highest among all the hydrolysates. Notably,
the 2,2'-azino-bis-3-ethylbenzo-thiazoline-6-sulfonic acid (ABTS+) radical scavenging activities (IC, ) were signifi-
cantly higher in pantidase NP-2 (68.1 pg/mL) and flavourzyme (FL, 69.8 pg/mL) than in other hydrolysates. The
tyrosinase inhibitory activities of FL, PR, and AA were inhibited by 12.5-19.8%. Aangiotensin I converting enzyme
inhibitory activity of the control was 80.9%, and that of the hydrolysates of CH, AA, PR, and AL, which exhibited
higher inhibitory activity, ranged 87.6-90.7%. CH, BR, and AA AP-10 hydrolysates exhibited superior bioactivity
and functional properties. Therefore, these hydrolysates can be used as food ingredients in novel types of functional
food-enhancing seafood and food processing industries.
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AN E 2010; Galla et al., 2012a, 2012b). 4k 7FE- AR o)l A] o]
7 H(fish roe)> Lt U5 L A 0=, ofFof whe} ek
SHAIRE A oA 57F2] 1.5-10%5 A3k, LHel(11%), 2
BI2EU(75%) 2 Z=2HA(13%) 52 vitellogenin ¥ vitel-

22 1047), Seluetel 3 olRPUAES B 330THE
F(MOF, 2023)© 2, 0|5 of I AHE ] 715 3 A% A% A

MPASHE w2, A, frame, ], W, o 0] w7HA b
AHE O] F o] 7 AARFS] F 30-60%5 XA eHtH(Galla, 2014;
Klomklao and Benjakul, 2016). ©|5 <~AF 715 A 2] & oF
) 71A) = ke G0 24 .8 2] QlAluh 25| Uy
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£ 507 ujQ sk o Z o]8-E Wo|ti(Dong and Bechtel,

logenin derivatives®} 22 7]%5-4) Tl 2] (Sikorski, 1994; Heu
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= 0] 715517] el AIH ool 9lo] ul¢ Zasict
(Leeetal.,2016,2017; Yoon etal., 2017, 2018, 2023; Kwon et
al., 2022). ZA}steaming) e} 22 718 4 AZ A4 2] 374 (cook-
dried process)?] A-8-2 A3} (digestibility)?} 7] 34 (palat-
ability)e A 7|3 -3l Alatolut 714852 Abdsto] obdl
3t AH]E A|5-8tcH(Lee et al., 2016; Yoon et al., 2018, 2023;
Kwon et al., 2022). E3} chefst 71HE- A% A2
O] F22Q1 ¥sk7h thefstAl doft(Mariod et al., 2010), 9
% L 7153 SAL AASHE K37} S 4 ArHAdebiyi
etal.,, 2009).

a2l B (protein modification)= T 7] £44, E2]4], 9
seta] Aele) Aake A 127, B2 Sk, 715 H 240
371 dojubA| =™ (Gehring et al., 2011; Foh et al., 2012), &
o] A T A 2 BE o] a2 7hpislle Bad, 223, A
35, 8ol 18t 9@ A% A5 T AE 758N
A1gtth(Shahidi, 1994; Intarasirisawat et al., 2012; Liu et al.,
2015). T3t A chal 2] o] § 42 Balj = ALK Thiansilakul
et al., 2007; Galla et al., 2012b; Sarmadi and Ismail, 2010)
a3 1 E QA (L et al., 2004; Park, 2009; Ghassem et al.,
2011; Kim et al., 2011; Zhou et al., 2012)} Z+&- c}okat A4
2J2H4S 7170 peptides® A ol TRselo] 7] A%
(nutraceuticals) 2 2J2FE AR WY 7H54d 0] ETHADn et
al., 2012). T3F A 4E o83t o] 7 A VpEdlEE2 A
4 WS At AE AE 2 A7 A4S de
peptidesE A2 4= glom, o]F ol f Tl A 7R EE
S AN A2 B P FaE St Al W
o] 7] = 3}th(Souissi et al., 2007; Chalamaiah et al., 2015).

o] Aol A= thasH] FAlojF o hRE H7]E= 4t
THEFAREQ A FA- 24 2] HS5E U (Kwon et al.,
2022; Yoon et al., 2023)2 5| A|Z proteases?] 7] Eo0]A4
of e Ja W 7t ES Alxsto] AE7s 549 Al

M=

Y X|(olive flounder Paralichythys olivaceus)+= &3 A
Ao A ol iR st AR AR SRk,
A &s}o] A3 o ARE-s1 Tt {2 Y(olive flounder roe, OFR)
2 3 2= ol 1hes] SeAlleaL, 51-9-2]3 tea bag (polyethyl-
ene polypropylene, 16 X 14.5 cm)o]] 300 g¥] A~E-5}o] HF-A)
B = -55°Cofl A Hatstqict.

OFRZHE 7hiol=o] A|lxo| ARE3H Al protease+=
Table 13 7211, 2552 AA a4 852 food-grade A4E
AHEBF 0., 0] ] o] AFof] ARE-3F A 9F-2 4] (analytical
grade) AME-53ITE.

2X & SA-UZxXE sE2Z| M=

ne g
2

-0
=

=
OFRZHE SA-AzxAP FEEY(steam-dried concen-
trates, SDC)-2 Lee et al. (2016)2] ¥ th4 4243 Kwon
et al. (2022)2] Wyl whel A 23T} =, tea bago] 300 g
A 283 OFRE Al 29 6ulj5Fe] & o] 2= FA| 870 A
SAAEE SA2E 7 80°CT} Bl AJRF-E] 20 min A A]SE
L, 0]F ZAR(70+ 1°C, 15 hystich. o] FA] SAp- x4 2] gt
OFR-& #]3ZX.27](SFM-555SP; Shinil Industrial Co., Ltd.,
Seoul Korea)= 245131, 180 mesh?] ASA = A8 a4 7}

Tl A28 SDCE Al 253t

SDCe| g4 7tEaliE ME

A3 protease (Table 1)E ©]-&3+ SDC7rEdlla Al A
F 715499 A 2 AejEdS B EX o R OFREH
E] A %3 SDCY| 4% (w/v) HARE-H-2 AR2(20+2°C)ol| A

Table 1. Details of commercial proteases used to prepare enzyme hydrolysates

pH range Temperature range (°C)

Origin

Enzyme EC" number
Trypsin (type 1I-S, 1,000-2,000 units/mg dry solid) 3.4.21.4
a-Chymotrypsin (type Il, 240 units/mg protein) 34.211
Bromelain (23 units/mg protein) 3.4.22.32
Papain 3.4.222
Alcalase® 2.5 L type DX 3.4.21.62
Neutrase® 0.8 L 3.4.24.28
Flavourzyme® 500 MG 34.111
Protames’ 342420

Aroase AP-10
Pantidase NP-2

7.0-9.0 30-60 Porcine pancreas
7.8 30-60 Bovine pancreas
7.0-9.0 35-45 Pineapple stem
6.0-7.0 60-70 Papaya latex
7.0-10.0 30-65 Bacillus licheniformis
7.0 40-50 Bacillus amyloliiensquefaciens
5.5-7.0 50-70 Aspergillus oryzae
5.5-75 35-60 Bacillus sp.
7.0-8.0 50-55 Bacillus subtilis
7.0 45-50 Aspergillus oryzae

'EC, Enzyme commission.



2 h ¢ A GARESE AASHIT: WA, SDCEAHE o &
WAl F1EF(4% wiv)oll gt serine protease$! trypsin (TR)Z-
chymotrypsin (CH)¢] H]&2 a45%7} 0.8% (E/S, 1/125)

o] H=F Hrlste] aAHMENS A 231 ESE cysteine
protease®] bromelain (BR) %! papain (PA) Z12] 1L food-grade
protease?! alcalase® (AL), neutrase® (NE), protamex® (PR),
flavourzyme® (FL), aroase AP-10 (AA) Z12]il pantidase
NP-2 (PN)2] 2|5 A 75 == 4% SDC2] vhil 2 $akof o3}
o o] 59 2F AAEE71H4% (wiw, E/S, 125)71 H| s a4
U208 747} A 2519 r). HANRS-2 2E §-2-422(50°C)0]|
A] 150 min 7FEEa)51 1, 9H-8- A %)= 80°Coll 4] 20 min 213Y

SFRALE. o] 5 vk AT §/\HP° N2 (1,890 g 30
min, 4°C)S}aL, A5 Z42k0] A 4 7hp &R A -20°Ce
A st A o] F A 754 B *ﬁﬂl%“é = St A=
2 AN

ChE s

SDC 3 il 714l e o
of ol wjet B29
shol 73 AL 5 6H

2 SRS Lowry et al. (1951)
2] bovine serum albumin A
Ashgict.

_IlN' WN

|
T
g
o

WA, SDCE Al 0.2 g& 40 mL2] 1 N NaOHE AM-5}o]
A gafAA o5 §ole] Tt 5= Lowry's (1951) '
O 2 337 v, 4% SDC g4 of thgt chi A ghgo s o
& S FE T8kl ololA, R = Tk
T F S Lowry's W08 SAdsto] 7 A vk
dlEse] SR g ot TRl &S ok o] o
Al Aof wet, SDCe| 2 DHHXE] ol digt 7hshael
A gl RA Tkl ARtk

DH (%)=
[ (Hydrolysate protein, mg)-(Control protein, mg)
SDC total protein content, mg

1%100

olu}] control® f I3 ¢S FAR HEEF ]
Eh SRS julsteic
SEE ofn| At

SEILT

il MR Ee] ofulAHALS 7} 7 Rol 2 A28
2.5 mLoj wrelE A AS ¢J8) 0.25 mLe] 6% (w/v) S-sulfo-
salicylic acid dihydrate8-24-& 7}sko] €AEE](1,890 g, 20
min, 4°C)3F3iet. Y42 45-2(1.5 mL)2 0.20 um syringe
filter (hydrophilic type)E ARg-51] o 1}3t T}, lithium form
Zrelo| A2ty ofu|iAl A7) (model 6300; Biochrom 30,
Biochrom Ltd., Cambridge, UK)Z A43}¢1 0w, G4 7l
Haflof o3t 2] W W ofv]i=AKfree and released amino

23 as 7eEsfad] AE715 54 517

acids, FRAA)9] 54 A=
27 ofn)iabe] %

oeE EXE 2X

100 g2] SDC T4 ko] of
g BI(%)= HER ATt

SDC7}riaEe] Tl EAeki= Laemmli (1970)
9] B of| w2} sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE)Z2 =4 3}4tt. WA, | mLe] 2}
74eEaE Al E(1 mg/mL)2}F 0.25 mLe] SDS-PAGE A &%
A& &h=H(x 5 sample buffer, pH 6.8) 4:1 (v/v) H| &2 &
gt &, 100°CellA 3 min F<F 7HEsto] A7 958 AlRE
ZABFAT. o] FA =87 AlR(20 pgel ©d)= AnyKDa
Mini-PROTEAN® TGX™ Precast gel (Bio-Rad Lab., Inc.,
California, USA)l =35}, Mini-PROTEAN® Tetra cell
(Bio-Rad Lab. Inc., California, USA)°f| A-2Fet tf-2, 443
510 mA per gel)S 22 A7 A5t 47|45 S o
3t A8 0.125% (W/v) coomassie brilliant blue R-250 -§-H o]
15 min A 5}aL, 0]o] A 25% methanol 2 10% acetic acid &
8ol o] Eeel ubA) ealsielck. Thale) &
AleFE-3E = Precision Plus Protein™ standards (2-250 K; Bio-
Rad Lab., Inc., California, USA)E AMg-5lo] 291514t

4 7R3 EE2] A& A (foaming capacity, FC)1} 7
A4 (foam stablhty, FS)L Park et al. (2016)°] w2t =4
S1ch 2, 71 10 mLe) 71 ahE-S 25 mLe] v 2 Azl cle|
A g, o 17](POLYTRON® PT 1200E, KINEMATICA
AG, Luzern, Switzerland)Z 12,500 rpmo{| 4] 1 min w2 3}5}
ek Aol A4 Alme 012l AZK(15, 30, 60 min)yE<t
220+ 2Coll A BATEA, F aje} AR Bl 27
sto off 2] Alof whet FCY} FSE 46131214, controld} 4%
H] 3L sk3ich

Foaming capacity (%) = “;t %100

0

Foam stability (%)—%% 100

ojwf VI od & 3 51,V =4 A9 & §u], FT= o
Z A& AZ o Hul Fte} V= -roi A AI7Ht =15, 30, 60 min)
37t 30} AE RS 2 F 2o oujsigict.

Q3 B4

7t EallE 2] -85 (emulsifying activity index, EAT)Z} f-
Sl Al(emulsion stability index, ESI) Park et al. (2016)
of wptlell wWet 24Tt 242} 15 mLo| T4RE S
mL2] 4]-8-(soybean oil; Ottogi Co., Ltd., Seoul, Korea)=
3:1 (viv)Q] B]E-2 25 mLo] w A Ao A @il w238t
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(12,500 rpm, 1 min)a+ t}-S, F2olo] gh7l WA A= o] of
&) A AHTHS50 ul)2] emulsionS $3Fo] 5 mL2] 0.1%
sodium dodecyl sulfate (SDS) &3} &3t8} 5t} o] S3tel 2>
E33 3= A (UV-2900; Hitachi, Kyoto, Japan)E ARS-5}o] 32k
%+ 500 nmof| 4] 23} gt 2 30] F3F = (A min)2t 10 min 7
1 29 FF (A, min)E S45ke] ol o] Al o= ZF7} EAI
(m?/g protein) ¥ ESI (min)E 5}t
m2 ., 2x2303xXAXD
EALCC =X o xC

ofu}, A= 514 500 nmellA19] E3w, D= ]41(100), 1
< Blo] FH5h= cuvette®] F(1 cm), o= Y Fol A8+

7} A8z HIE(0.25) 123l C= T O] w2 (g/mL)E 2t
7 Uep o,

E . AXA
SI (min)= AA

o714 A AE A, mino] BFEA, min®] FEHE] 7o), At
10 min &Ju]35}% T},

ABTS+ 2it|Z AXgd

7b G4 7leBs)Eo] Akl AT #Elst ABTS+
[(2,2'-Azino-bis(3- ethylbenzothiazoline-6-sulfonic acid) di-
ammonium salt)] 2}t]Z 27242 Cha et al. (2020)2] ®H
of w2k 54391k 1 mLo| 7437 3 mLo] ABTS+ 4
N EostaL, 29| ¢Faol A 30 min ¥HS-A1 X1 %, 217 734
nmol A FYES ZHekgich. ABTS+ 2rizh 2784 (%)
2 ofgfj 9] Al o2 AXksl o, IC50 value (ug/mL)= 50%
o] ABTS+ 2ht]7F 2784 ekl AlRo| SE2 Hol
st

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

122 %100

o]wj ] control:> Al 2§ T4l & o] 2of tisl ST F
FES e Ak

Tyrosinase AMai&A

Zy a4 7leRelEY] tyrosinase ASEAS Cha et al.
(2020)9] well weh SA48keict. 5, 300 uLe] 7hEatE
2 900 uL2] mushroom tyrosinase (50 Unit/mL) 12]1L 1.5
mL2] 50 mM phosphate buffer (pH 6.8)2 =3}5}o] 4120
A1 30 min A THA ¥-5-& A A|5EAL, ©]0]4] 300 uL of 10 mM
3,4-dihydroxy-L-phenylalanine (L-DOPA) 8-21-& 7}5}¢, |
min 74 2.2 20 mins-F 31 475 nmeof| A A A =+ dopach-

rome?] S E HUYE A =43 T] Tyrosinase #]
2/ (%) ol 2] A= Fshe] Antst
Tyrosinase inhibitory activity (%) =

(Control ,-Sample
Control,,

25 %100

7] 4] control
= ojulaheict.
ACE XM

Angiotensin I-converting enzyme (ACE) A 3|22 Cha et
al. (2020)2] ®Hof| whet 75kt 5, 100 uLef 7h=&-sf
=, 50 uLe] ACE &< 18|31 50 uL9] 0 05 M sodium borate

9k2l(pH 83)S E35FT A-Lo] A 30 min A T BHSL
AATslE}. o]o]A 50 uLe] 5 mM hippuryl-his-leu (HHL)
acetate saltE $H-3F 0.05 M sodium borate 2H52H(pH 8.3)
< 7Fsto] 37°CY| 3220l Al 60 min BH-2 13 513iTt. o]
719] 250 uL of 1 N HCIZ- 7}3}0 & ARM-S AR A7), 1.5
mL2] ethyl acetateS 713l hippuric acidE 5 4 ¢41E2]
(1,890 g, 10 min, 4°C) 3} T} 1.0 mL2] AF5H-3 Al ol
7] 100°C2] heating block®]| 4] ethyl acetate S 2H4135] ZHA]7]
17, 1.0 mLe] & 0|22 g-3fi5)0], 34k 228 nm (UV-2900;
Hitachi, Kyoto, Japan)ol| A &3 =5 =43} th ACE A3
(%) ot o] Alof what 51Tt

ACE inhibitory activity (%)=

-Sample Blank

)
(228)
-Control Blank . .) 1<100

(228) (228)

AR YA g oles Astel 24T T

(Sample
" (Control

(228)

o]} 9] sample blank+= A&
gt Al 2ol HHLE 71l 3743 8=
A& oAl o] 2422} 1 NHCIS 2
S48 F = E e

SAXE

of 1 N HCI& 7}3to] E8-43}H
o], control blank+=
S ohS, HHLS 7}81o]

BE S H438] oAy UAIS}L 0 M, B (mean)h
#ZHaKstandard deviation)® LRSI} Tlo]El= SPSS
12.0 K (SPSS Inc., Chicago, IL, USA) S-A| L & 738 0|83}
o] ANOVA testZ Ed] EAHEAS A A|5}aL, Duncan®] o3
AP o7 HA[AHA(P<0.05)S HAISH T

7hrE e E(degree of hydrolysis)> & 4x0f 2J3) peptide 2
sto] B3| = Huby WEg e A o|x|u(Aderler-Nissen,

1979), A 7t Eo] 7154 S4de A4sket 4Rk
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o] R|3£o|tk(Zhou et al., 2012).

Table 2= OFRZHE] A %235t 2A}-A%2 % 2] SDCEEE 7|
A Soldol et 1059] AT protease S ARS8, A4S
o] HAuhg2 = Aglol(Table 1) 549t ¥H-3-221(pH
5.8, 45°C, 150 min)ol|A] A|Z3t SDC7}-EEE52] thaiz
H(me/100 mL) 2 7Rl &%) S Lrehi Aol

HA, 4% (w/v) SDCEARE-N o] Z= ol 2] Sek(total protein,
mg/100 mL)2 2,432.0 mg/100 mLo| g1, o]of Tl a4
2] 3FA] %2 control2] 2] ThA TS 244.7 mg/100
mLol it} B3t 7} Fd 7iebahEe] il she(hydroly-
sate protein, mg/100 mL)> CH (438.1 mg/100 mL)7} 714 &
& sez0]g o0, o]uf o] 71425} &2 8.0%] %1t o] ¥t
7V g2 Tl oS ek PR (773.7 mg/100 mL)&| 7}
Tl e 21.6%0] 3Tt

Serine proteases®] 73-%, TR (9.6%)<] DH= CH (8.0%)°]
H|3lo] FolA o2 =2 4220]0TH(P<0.05). Cysteine pro-
tease?l PA2] DHE= 13.8%2A] 4% SDCHEAMG-H 0 2 HE
Ao o7 o TuA g2 578.9 mg/100 mLo| 3o
™, BR2] 10.9% (506.9 mg/100 mL)of| H|3l f-o]A o2 =2
DHE YERATHP<0.05). A3 food-grade protease 50| Al
L PR (21.6%)°] DH7} 714 =9rom], tho & AL (21.1%),
AA(20.2%) 12|31 NE (17.4%) 9] <=0 31Tt o] 52 T gt
T 663.6-765.4 mg/100 mL Y o] it 18y Al food-
grade protease %4 FL (11.9%)x} PN (13.1%)+= cysteine
protease?l PA°] |34 = {02 0 & W2 DHE Uehf $ict

Serine protease?! TR-> #1714 ob]i=AiKLys ¥ Arg)9| C-
TS Adsl= 714 Sol4do] §lom, CH:
4KTyr, Phe ¥ Trp)2] C-Teh-Z A= 53] 2H4
S0l 7HAAL Itk weba] SDCO| of] =4t 24 (Kwon
et al., 2022) of| A Lys (8.3%)1} Arg (6.5%)2] Z/J©] Phe
(4.6%)F Tyr (3.9%)°ll Hl8| Fo& o= =of, o]z|qt TR}
CHO| 714 5ol/do] vt Eo] iz & TR 7H-=al&
o] CHell HJsfl 2] o2 &2 glo] A Zojat =4 =it
%3 A3 food-grade protease?] 730 serine 4 cys-
teine protease®| 7Hdfl &0l sl w2 A Y vk
oll4] ]Sl ul3) 7] Sol4lo] Atk 0w B elst] v
© 2 o= it

£8 X 42790 fhe) ulwsiol, nl4Er|de] B4
L Tlest S Sol4)ah mek FH9Ie pH 2 2
T QPSR R 7kx 9] A o] Sie(Diniz and Martin,
1997). Chalamaiah et al. (2010)-2 meriga & AL7 =531 &=2]
7FE3lE1(62.%)°1 PA (17.1%)°]l B3l 7l=28f&o] €53
EHL sl o n], ALLS 4] ofn| Ak 2 5 A4 o2 7L
Fdfishs 714 Sol/de vehdrkar 2 1skgithKlompong
etal., 2007). 7}tkgo] |9 ofgt AL, FL, NE, PR, Z1&]1Z TR
o] 7ML 8- 2.43-78.33% W 9loln, TRo| 74 Wkal,
71 Sol ol ufz} chaket 7l-al &S eRieka sjei)
(Liu et al., 2015). Sardinella Sardinella aurita 7}-5-5-AF=0])
gt AL9F CH7 el =2 7heaales 242 8%%) 6.5%
(Bougatef et al., 2010)2}ar s} o] A& o] Avfel J-AlSl4 Tt

Table 2. Degree of hydrolysis of commercial proteases hydrolysates prepared from olive flounder Paralichythys olivaceus roe concentrate

by steam-dried process

Steam-dried roe concentrate

Commercial proteases

Total protein (mg/100 mL)  Hydrolysat protein (mg/100 mL)  Degree of hydrolysis (%) End pH
Control 2,432.0 244.7+4.2 0.0 5.8
Trypsin (TR) - 477.1+£9.3 9.640.2 57
Chymotrypsin (CH) - 438.1+16.4' 8.0£0.3 57
Papain (PA) - 578.9+4.2¢ 13.840.1¢ 57
Bromelain (BR) - 506.914.79 10.9+0.1" 5.6
Alcalase (AL) - 765.413.62 21.140.1° 5.6
Neutrase (NE) - 663.6+19.1° 17.4+0.5¢ 55
Flavourzyme (FL) - 536.614.5' 11.940.1¢ 54
Protamex (PR) - 773.7+3.62 21.640.12 54
Aroase AP-10 (AA) - 738.9£3.7° 20.240.1° 53
Pantidase NP-2 (PN) - 563.2+4.3¢ 13.1+0.1° 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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Fang et al. (2012)2 flying squid®] AL, PA ¥ TR 7}Eaf&
2 77} 16.98%, 15.61%3} 13.54%°]e}aL 5%l o, o]e} &
2] 10% o|3}2] 7hal&-2 22l 7hellE-2 pepsin} FL
SEEEEE

o|AFo] A} 2 K ¥ serine protease©]] 2|5t DH7| t}& 4
of] Blsto] W2 A2 2AG Aok FA| 4(TR Y CH)E A
BoPHA B8} 7| HHE A o' WA g At o] dte]
A 7t 40 W HAZAS dslel ApRaRe A%
gk Aol ofg}, 7]H(SDC) 4 o= FYUsh vhe-2 1S A8
shof 0] 714 Bol e vigo® o el Rg Alxst
13} spLlol A0 2 v TR eleS el Ao
= Qi) o] =AM A o] 8- AR ST, A 7|Eo =
F2AE AR Hrks 71AGEA o8 S Ve R

ofi

P

o] 710] 7|4 0 2 741 Q1= pH (pH 24 o] th2 713
e 240, LE(EAUAL AHE-L H20h W A S
meiste] o] A8 k] wiolgict.

20 Qs LEE ofo|edt 2

o by ot

OFR=ZHH FA- x4 2] SDCe| thaf] 1052 Al Tl 2]
2ol ol oJgt 7heRelEEat AR g SHA] %52 control
9] FRAA 24352 Table 33} 2t} o] 3o Urebd AK(g/100
g protein)= Z} of| ke 4ho] WlE-S(%) = UER GO W, o]=
ZhrEaliEe 2t ofu| At kg Tt Baof| OJjE Zf ofw|e
Aol 249 &57RS dokR] fiske] AASHI ok=2
a4 7kpEefEe] Tl A $f(hydrolysate protein, HP):= A|
A GO R M, 7} otu]ieAke] 24| (%) S F3HH, 2t ofn| At

Table 3. Free and released amino acid composition (g/100 g protein, %) of commercial proteases hydrolysates prepared from olive flounder

Paralichythys olivaceus roe concentrate by steam-dried process

Amino acids SDC? Control TR CH PA BR
1 Thr 5.1 3.6 3.9 4.0 3.5
2 Val' 6.4 7.7 7.2 7.6 6.6
3 Met' 2.8 34 33 34 34
4 ILe! 5.3 52 4.8 5.1 4.2
5 Leu' 9.2 10.1 9.3 9.9 8.4
6 Phe! 46 53 10.9 7.8 10.3
7 His 26 23 3.1 23 29
8 Lys 8.0 9.2 9.0 8.8 7.8
9 Arg 6.6 6.7 6.8 6.8 59
EAA (%) 50.7 53.5 58.5 55.8 52.9 54.9
1 Asp 9.2 6.7 6.2 6.5 53
2 Ser 5.6 1.7 10.2 11.1 9.9
3 Glu 12.9 1.4 9.6 10.3 6.0
4 Pro’ 5.0 - - - 1.4
5 Gly! 4.8 2.8 2.7 2.8 3.2
6 Ala' 6.5 8.6 7.5 8.1 6.6
7 Cys 14 - - - -

8 Tyr 3.9 53 54 54 4.6
NEAA (%) 49.3 46.5 415 44.2 47 1 45.1
EAA/NEAA 1.15 1.41 1.26 1.12 1.22
FRAA (mg/100 g SDC) 4,385 5,230 4,957 6,464 6,274
HP (mg/100 g SDC) 6,118 11,927 10,952 14,474 12,673
FRAA/HP (%) 7.7 43.9 453 447 495
HAA (%) 446 43.1 457 448 54 .1 54.3

'Hydrophobic amino acid (HAA). 2Quoted from Kwon et al. (2022). Control, the supernatant of 4% (w/v) steam-dried concentrate (SDC)
dispersion was 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 essen-
tial 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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=< PRoJ 19,344 mg/100 g SDCL.Z 7} %3F2.1, control
(6,118 mg/100 g SDC)o]| 1|5t T4 7l4=E5)o] 2]3) F3.16
w715 Z71519 ). Serine protease®] HPE-2 ZHZF 11,926
mg/100 g (TR) 28] 10,952 mg/100 g (CH)©] 1L, cysteine
protease =24 PAQ} BR2 Z+2} 14,474 18] 41 12,628 mg/100
g SDCo|it}. 3t food-grade proteasel] 39+ 13,416
19,344 mg/100 g SDC ¥ 915 UEh o] 7kl = Qs 2 &
o2 bl sago] 2715191,

HH, a4 A2|5HA] -2 control®] FRAA (mg/100 g SDC)
24,385 mg/100 g SDCo|Ql o 12]3 @ 4o ot vhunz]
o] Eafj & Qlafl, = ma 7hpEaE S FRAA 9 7 ofw| e
Al e 7k

s §4-9] Zhapital 28-S whof 7H W FRAA gHF
S UEhd 7H R 22 FL (12,258 mg/100 g SDC)o] 9L, 71

20 & PN (9,970 mg/100 g SDC)o| ¢} o.1, T2 F 4 7}
Eofl=oll Blste] A 8] =2 Fol it TRY} CHE FRAA
© 7}7} 5230 9 4,957 mg/100 g SDC, 2|3 PA 2 BRE
ZY7k 6,464 X 6.274 mg/100 g SDCo| At} ES food-grade
proteases?] AL, NE, PR 2! AAL= 6.435.6-7,299.6 mg/100 g
SDC #9]9] FRAAGHS S LE 3l

Z H]Z ofu|iAtel dfgh o= ofn|icAle] HIE(EAA/
NEAA)Z PA (1.12)E A £l5}aL, control (1.15)9] H]3)| &7}5}
of 7kpEa & QI3 s opn| Ak ST FEH O, &
5] NE2}PNo| 1.52% SDCO| i & £al & 53l 71 wol 5
7l oH, 1 o322 PR (1.46)°] it}

7hrEsEll U S, AF 9 43 Al TS =
= 444 oA 24 (hydrophobic amino acid, HAA)9]
Hol=, BE a4 7heRdlEoe] aaA e 3] ¢ control
(43.1%)°] H5to] 44.8-54.3% RI9IE F71813l o5 S
L BR (54.3%)0] HAA7} © 21817 Z7}81ct.

TR % CH| ofn| =it 24] F-ol| A controlo]] thH] sl <= 57}
25 19l olu]i A2 Thr, Phe, His, Arg ¥ Tyro| %t &
5] Phe} Tyr9] S7F7H F=2| 5 21, o]i= TR % CH7} serine
protease2A] 7] Eo]/4do] 2z} 7]/ (Lys B Arg) B *3F
< oW 2=AK(Tyr, Phe ¥ Trp) 2] C-Eto] gHg E|o] glo], o] &
ofr| =it 5=910] Phe B Tyr} -2 o] ieito] At A o=
o FASFIL Q= A& ou|ak et T3t R 7] Folid o
2 Qlsf ARt o g 7hpRafgo] Ws #F ofu 2l(Table 2),
FRAAE 4t} 0 2 sk,

PA 9! BR control 2t} &= F7He& UEhd opv|ieibE2
Phe, His, Pro @ Glyo|3lon, 4157|912 cysteine protease
2] PA 2 BRL Phe, Pro ¥ Glyd} 2-& 4424 ofu| ekl 2t
719] C-dete]] 919 opn|ieAbs Aehst= Hlw A b2 714
Sol4 e 1 glek. webd ¢ 57heS Bl ol ofuli

Ao gk 29lo] o] BESITL ek 2 wkda Aol
A& 7] 9] food-grade protease 7l E =

o] FE A9l EAL Val, Leu, Phe, His, Pro 18] 1 Gly?] <
72 37 FEHA T A, 28|30 serine ¥ cysteine
protease 7F-all=ol] vl FASHA B 7" Solds
B Yl Zlolth ok=#] NE 9 PNO| Z oAl 24
(EAA, %)2 60.4%2A], control (53.5%)%} T 7} Ea =
=(52.9-59.3%)°] H]|5}0] =2 FFo| o, AT protease
Aelo] w2 Ha ofn| Al gHefol Srsto] @A GPTE
Aot Aoz gelE ik

ARk 0 8 74=FellE 5] oA FHRKHP; mg/100 g pro-
tein)ol] th& FRAA Q] H](FRAA/HP, %)°]l 910141, FL (91.4%)
o] 7M=& HlE5 UEh 3l e, 1 th3 2 & PN (70.8%)°]
et 1 2J9] A TR EES 34.8-49.5%9] WSt
ojggt Aik= 49| 7kl 280 = 7H8-/d 2] oligopep-
tide <= polypeptidedHeg #7F oft] 2t #| EAFFo] ofm| =ik
E+= peptides S S7HAIA, 1L EAFO] Tl d AR50
A EAF peptides 2 H2HE| 9155 AJAFSHITE

e ARt bpReiES 2] Wil S, AREE B
A A 83t 7g o2 Q8,714 Hol o wheh f2| B
<5 peptide= Y 2|2/l lolA A= T2 P HEHA
Fth(Ishak and Sarbon, 2017). Val, Trp, Tyr, Leu, Ile, His ¥
Pro®} -2 |54 A= J158 2he o/ op|ieAlRe &
T3 U 23} AAHPUFA) Y vhg-sh, x| 2 gk A%
ofl A Bl Aol ARt FaFS vIA|A =W (Zhang et al.,
2012), WaE A7) 2= ofu]iAk(Phe, Trp ¥ Tyr) 2}t
Zr Ao Qo] QH gk vk 4Abas F(ROS)E B /d5t7] 28
SRS HA-A Y 2ht]Z (electron-deficient radicals)o] A&
gte}ar 319l th(Sarmadi and Ismail, 2010). EF H-2 o] Lof| A]
7JEgt ACE As|E2/d-& 25+= peptide= C- 'Zto]| Trp, Phe,
Tyr T+ Pro opv|i=AbS 3236101, N- Yol Valg 2355}
= T4 2 & op|ieAls Sete Ao B gl
(Ghassem et al., 2011).

A F7HA] Bale oAk 2o 4] Gly, Pro, Val, Tyr 2 Glu
= 71BRAREOA e i) Thal 7 Ral Bol 4 ¢
o] UkA %] 9] © 1(Himaya et al., 2012), peptide2] C- &eto]]
Tyr, Phe, Trp, Ala, Gly % Pro2] 4= ACE 2}4| Z4J¢] 7]
(Mahmoodani et al., 2014)3}12, WhH| A4 ofu] At Pro,
Tyr, Leu, Ala, Lys ¥ Met-2 a4k} peptideof] FaF o] 2thar
1 713} v} 9lth(Wiriyaphan et al., 2012). w}2}4], 7124 Eo]4
of W Ja 7Rl =Y obn| Al 240 9 oo Mt A
= 71678, A E A Soll thefet ek vl A
O = Al ek

SDCII4Eal2el Csl Exizt Ba
=
[6)

OFREZHE A3t SA-AxA 2] SDCof| th3h Al prote-
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Fig. 1. SDS-PAGE pattern of commercial proteases hydrolysates prepared from olive flounder Paralichythys olivaceus roe concentrate by

steam-dried process. M, Protein maker; FDC, Freeze-dried concentrate; SDC, Steam-dried concentrate; SPW, Steamed 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.

ase 739l E52] sodium dodecyl sulphate polyacrylamide
gel electrophoresis (SDS-PAGE)o]| u}-2 thal| 2l BExlaf Bz =
Fig. 19]] Ureb it

AF SAAR H2EUZ A FDC= 250 kDaolAl 171,
10075 kDaof| 4] 17}, 75-50 kDaof| 4] 27}, 50-37 kDao||A] 1
7} Z12)aL 37-10 kDa R 91l 4] Thld s == oy A qt Tl
A Bzt eolE o, SA-A24]8] SDC= 250 kDaoll Al
17}, 150100 kDaol| A 17}, 100-50 kDa 5 ol 4] 374, 50-37
kDaol| A 17}, 37-10 kDaol|A] FDCE.t} Zgt chulzl Hizr}
SRIE| ATk ok&e] SA-ARA 2| B of| A WAk 7 A]
2]4(steamed processed water, SPW)oll+= 50-37 kDaol|A] 1
7R, 37-25 kDaol|A] 17H, 20—15 kDaol| 4] 17]2] o} <13k wi=
7} BEEGLE Wolglom, o] Tl A EE2 TR Y o
] Aog FAEU g, a4 A PskA] 2 control
SDCEHH F2|¥ 7H8/d T Farof thsf] doli 7] 3t
20 = SPWeoF AR g gl o] ¢l o m, 20-5 kDa o] Thil 2l
7} SPWo| vl sl Z15HA T2 i

SDCZ5E 105 Al protease®]| 23t A4 7[4-H3lE52
TAE 3= SDCE M4 5HL Sl i EAE S E S A
7pe] Feto]= 2 BaEl 210 2 shels|9ick(Fig 1). TR % FL
& A Hk TRl ES LR 10-5 kDa ofsho} i
E7F AR FRAE S ol glom, Al proteasese] 2t 7}
T = <l thF-E AwA Helo| B A7 YE A Al
A TEEA] 9kt TR 9 FLE 382422 ofw gk Tz
A R R] Aok, ol o5 A4 ZhEalEe] vt
ool At o= Wal, 2 kDa ©]5}2] |24} peptideRt
o] gAtE]o] 7|5 A2 gHA| EAF o|stE Qlal] ¥ = A|
o2 Aolet 4= ek

rohu roe®] pepsin 2! TR 7}&-3]= 2] SDS-PAGE patterns
2 & 10 kDa ©|s}o] A #A}5F peptideto] ¥k o]
u], 712 Sol o] U2 Hfol= A7|GE A0 TaLEA) o
Q¥thal 51% 2 v (Chalamaiah et al., 2013), Chalamaiah et al.
(2010)2} 18] 31 Gimenez et al. (2009)+= Z}2} mrigal egg 7}
Bl 712 sole) B 04 ofe] Aekl 74Ealo] 4
7190 siglell QloiA] GAkEH AL BTk shol, hile]
7|3 ARERE Bl whE TheEeiEe] A7 9E HEodle
Zpo) 7} glom, o] B 40| 7|4 ol uhE T Eaf 7}
Y har shef et ARgR A7) FE Ao EA gHA ols)
& AAre} H peptide® Q18| 7] 45 /ol A 1] A] ob2
Aol 7]1Q18}3i

ulakx] SDCof| gk A3 proteases 7ol E52] A
AR AEARES] peptidesito] &-afE o] THEalE
of a23tE| 217 wiZoll A9 7 Soldof| upE T B}
Fatoll= A2 Aol 7t fliet.
HE BYs

OFR=3E] A|2:8 Z4-7127]2] SDCo| T AJ prote-
ase 7} BH RS0 A% 7|4 02 A FC, FS, EAI 121
ESI¢]| tha}o] Table 4] ey gl
WA, a4 H2sHA] &2 control2] FC= 119.5%0]92

ojuf o] FS&= AER/d 2|5 AAI5] 7r2xs8ke] 15 min o]of
HAB] Aol Alebzl A o= Uk, 3RRkE|R] oIl serine
protease?] TR} CHS] FC= 22+ 181.5 ¥ 187.3%0]%12H,
A% 93 A%, TR 15 min o yfo]] AFo] Alp5 o1, CHEJ
785 15 min7HA] 35.8% A = 0] AFol FA = o A&
o] gol%]Rltt. cysteine protease?] BRE] 7, FC= 187.6%



HA & F52 YRR AR ad R gl AE715 54 523
2 7P LR A 995 S WEglen, FS= 30 min7hA] oH 713 F9)el QS AE vho] A4S Waliatal, Thest 7t
64.8%2] 7ol A= ATk Wil PAS] FC 9l FS&= 25| ol = Aad peptide®] S7HE 7L o2 A, 7kl H e
7| 9ITh EFNE WAAQ FC7F 242 1515 9 1413% S 1H W pHO| Z710] et A% P45-& sk S bt
R o, AE PR LD, AEo] A A S| AlebA FS= Haty] (Souissi et al., 2007).
A| 34Tt 71 9] 9] PA, AL, FL, PR 712|131 PN7F2 8= ol el A} AR RY T 7], 7F1i131 o
A4z controlch She: FCo} FS/FLE kel Sboteh ol 5L 221l el gt 715 935 et sl onl, ol 53]
o] Z¥2 5 ¥ CHOF BRO| FC WL FS7F- 93l o, 7k Al Es ot e Ao FCe Hapg Y HE ek
3fl-&(Table 2)7} FC B 75591/ 1he] A= Q‘Lﬂxl Tl o] et Y we AR #9l H‘” . 53] 7k

E

olobr}, TEL} EA xqa]o}x] &2 control°] H|3}o], TR, CH, mngOl Eo 5 FC 8 735M8A0] 38422 s

BR,NE % AA7FE8E59] FC= 84 282 &8l 714l e LR Rt oyl AESo] AIEA] ghot ESIZE

Q129 Blo|5) 2= o]gir,} ng] oroitt. whba] AlE 7| 548 1183k a4 7R eE
°1v &) 75 FAdsol et A EIE S, FHE, Bl % o] Alzo] 9ol A THEdH 7HRR a7t YojuhA] Qe she

7}eketol(Yoon et al., 2020) 2 S}c}ato](Park et al,, 2016) 2 Zlo] aejsjof & A o & et gih

T SAAR 252 128-157% ¥, Srietol(Park et al.,

2016) ¥ 7lttgro](Yoon et al., 2018) 7}E-AxXA 2] 552

oﬂ.

w3t gMs(emulsifying properties)

108-112% ®9]ata 3hod, o] A7-2] Al protease 71453 SHH Al protease 7FrEsllE52] EAIY ESIo| dist 2
EEo| A e WE AZFP AL AAs= shol g i) IKTable 4)= WA, 7 ;ﬂﬂlo}l] -2 control®] EAI= 9.7
Intarasirisawat et al. (2012)& Bz 7lt}eto] otz A) m?/g protein©. 2 o] 2] ES[:> 34.9 min®|$1t}. controlof| H]

23 AL 7HR88-2 200%9] FCE vehdnta spggon],  Std fAtsh L =t BALS Bl 7h2olas 2 PA (343
Pacheco-Aguilar et al. (2008)-2 Pacific whiting Mer]uccius m?/g protein), CH (10.6 m*/g protein), BR (9.4 mz/ g protein)
productus £ 25€] 4|23+ AL, TR 2 pepsin” |28 % 7123 TR (9.0 m¥g protein)°]1oH, o] & A|€Jgt food-
pH 4,7 2 109] ;\1 o] 7}=BE S, =0 ukaf 2] FC7} E} grade proteases 7trEalE(1.4-5.3 mz/g protein)<- control 2.
20, o) 7H=EaE 5O peptide50] HAEO) 714 Bolg T W2 BAIS UEio], Ae] Ziad= Qlsh EALS]

of w2 pepnde_4 A, A7), %= A5}(net charge) H3}2 915t A EJ%% AR EA] At whebA] serine Y cysteine 72

2ol 7|015}7] wjito| Qi) Ed 7l Ego] o o= ok =52 EAI (9.0-34.3 m%g protein)7} food-grade protease
W2 7p BB o] FC7F Whe AL 2o 5719] peptide® Q1 7t dfEel Bleto] oA o il o, o] 52 ESl=

Table 4. Foaming capacity (FC), foam stability (FS), emulsifying activity index (EAI), emulsion stability index (ESI) of commercial prote-
ases hydrolysates prepared from olive flounder Paralichythys olivaceus roe concentrate by steam-dried process

Commercial proteases FC (%) X FS (0@ X EAI (m?%g) ESI (min)
15 min 30 min 60 min
Control 110.546.8¢ - - - 9.7£0.3° 34.6%9.8
TR 181.5+1.6° - - - 9.0+0.3¢ 35.1+5.7
CH 187.3+12.32 35.8+9.6 - - 10.6+0.5° 22714
PA 103.7£3.0° - - - 34.3+1.32 51.5+3.0
BR 187.6x1.0° 70.2+1.6 64.8+2.1 - 9.4+0.2% 25.7+1.6
AL 100.0£0.0° - - - 4.310.1° 110.5¢13.0
NE 151.5+6.2° - - - 5.310.2° 21.3+11
FL 100.0£0.0° - - - 2.1£0.19" 50.5+5.2
PR 100.0+0.0° - - - 1.4£0.1 33.1£1.7
AA 141.3+4.9° - - - 2.6£0.3¢ 22.6x2.9
PN 100.0£0.0° - - - 5.1%0.1¢ 99.1+6.1

Control, the supernatant was 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 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. -, Not detected.



524 73ROl « 8014 - 7]

22.7-51.5 min ¥ 92 7}4=58)&(Table 2)1}= S AFA 0] 9
=g

food-grade protease 7FrEE oA, AtFoz =&
EAIE Yehd 22 NE (5.3 m%/g protein)@} PN (5.1 m*/g pro-
tein)©]| L o] =2 ESI+= 227 21.3 mini} 99.1 min &2 A] H]
R 8PS ehiglnt.

T, o} Rare] 3 WAbsol Tk ATolA, 352 1T 5
AAZ o]F o m=E(Yoon et al., 2020)2] EAI&= 10.0-20.2
m?/g protein W, SchHol(Park et al., 2016)2} 7lrtEo]
(Yoon et al,, 2018) & 71E9-AxA T =52 2.3-3.7 mY/g
protein H] 92kl 5to], o] A5LL] AJ3 proteases 7ol ==
of v} FAFSHAY R 73 A 5= o, 7htsll = <l
ARk o 7 73} P45 it Ao w 2RlE ik

Chalamaiah et al. (2015)2 o] &< pepsin, TR 2! AL7}
TEES 714 Soldoll WE A2 thE o)Al 24 U
eFdomA, ol 2t peptide 249] Aol < Hste] HolZ
Smslo] §143 ESIO] 9aRE % 4 oo sieon, 7}
TEoiEo] oW f3tE sl AdAE ok vkl shlck
(Kristinsson and Rasco, 2000; Gbogouri et al., 2004). o]={3t
ESIZ 7hp28l&3} peptide 5=of whet thefstA| S5,
oF Tl d TheEellE o] w e, BAEA, 2 ARS dolof| whet
Ao A A= T2 ESIo] AAH Al 519 th(Intarasirisawat
et al., 2012). 3+ Nagash and Nazeer (2013)2 pink perch®]
TRA Rl go] T2 R 71Ral2o] ula) f31540] &
SITHAL 1o, o] B4 7|7 Bol Ao uh2 gkl 7]0gt
o stk

o|e] Aupet A E IS Fl, ofF, 7He A i 9 24
of whet cheket 73 B/ 5= UEt sl en, 53] aaA ] 7}

P ju

28k AE UEh o], A% 71548

T3k 7kl 7F dojuA] G Ao] §3t A5 A4l 1
gaflof & Ao TtE|Qlrt. o] Ao A= controlS A| 2]t
TR, CH, PA, BR Y NE 7}E8|B50] 313 A 50] A4
o2 45t

£
o
ok

I ol
b
_)&
o

-

i)

x

SAISH U ST B
OFRZHE A|zst SA-AxA 2] SDCE A]# proteases
ZhrteEEe] At @A o2 ABTS+ 2o 4424
(IC50, ug/mL) 9 tyrosinase A 14 (%) 18] 1L Fr & &
4]0 2 ACE A 8|84 Table 50| LUeRygict.
ABTS+ 2to|zh AHe
WA ABTS+ 2tt]Z- 27 8H4(IC50, pghml)ye s #ejsh
A 22 control (60.4 ug/mL)o| O, &4 7hrHalE 5o
A= PNoJ 69.8 ug/mLo2 7H eakglon, o e
FL (69.8 ug/mL)o|qlt}. 1 9] thE f4 7HRaflasa
82.7-98.9 ug/mL ®9]o] ABTS+ 2}t]z 27842 Lhehy)

ok 18y BE 84 7Rl EE2 controlol] B3 2] 4]
O 2 G2 =20 tH(P<0.05). 34, serine protease CH7} TR
o vjsf| $-<=3l% .21, cysteine protease] 73-9- BRO| AT A
© 2 PARTE 9519 0}, food-grade protease 7[E3ll 5=
of H|glo] = ZHHA © 2 w2 a0l QiT)

Yoon et al. (2020)2 o] FEZHE A =3 Ay 524X
259 ABTS+ ez 27&4(IC50)2 130-180 pg/mL
9] 2AZIS Uetl gl om, ofFof w2 7oAl Aol
Hol, o]5 FollA YA & ¥ 541X w5=0] 7P gt
2AGIE YEFH ST S1eH(P<0.05). 3 A9 7
AHEO] A 7B (160170 ug/mL; Kim et al., 2016),
Fthdo1(82 ug/mL; Yoon et al., 2019) B 7ehrold 22t
B8 21(103 pg/mL; Cha et al., 2020), o] F22] 715 Zof 2y
Sl 75 A 2l43(33-160 pg/mL; Lee et al., 2017), 12|31 =
FEE(28-45 ug/mL) 2 A<43(55-110 pg/mL; Yoon et al.,
2017)2] ABTS+ 2tt]Zt AAS ol the FAkes-2 ol 7Y
FEEoIU et Ao H|gtol= o] A9 Rl E o] £

o off

O

et bRl 228 W FBA |5 vistol fARHAL
4 VR B2 Lehgiet,

Alemén et al. (2011a, 2011b)= 2 oj9} 22| 7Aoo T3t
7hrE el e gHAksl 8442 AL, collagenase, TR U pepsin®]
785 7kt o] S7tol et ABTS+ 42 g0l faxsl=

Table 5. Anti-oxidative and anti-hypertensive activities of com-
mercial proteases hydrolysates prepared from olive flounder Para-
lichythys olivaceus roe concentrate by steam-dried process

Commercial ABTS, IC,, Tyrosinase inhibitory ACE inhibitory

proteases (ug/mL) activity (%) activity (%)
Control 60.4+0.52 - 80.9+1.8°
TR 91.6+0.5¢ 82.2+2 5¢¢
CH 82.2+0.7¢ 90.7+3.72
PA 98.9+0.3" 1.9+2.1¢ 64.6+7.2¢
BR 85.2+0.6 80.442.6°
AL 83.6+0.5¢ 87.643.3%
NE 84.7+0.5° 80.4+2.9°
FL 69.8+0.8¢ 12.5+1.9° 77.613.4¢
PR 83.110.6% 11.1£1.9° 89.043.8°
AA 82.740.7¢% 18.611.82 89.2+1.6°
PN 68.1+0.9° 82.3+1.4¢t¢
IC,, The half maximal inhibitory concentration. Control, The su-

pernatant was 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.
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FolEkal 314 2.1, Choonpicham et al. (2015)= €&tujo}

7@ Oﬂ st 34 7]— 2359 ABTS+ AAZAS FL 2 TR
ZhrEsfiEolA 7HE =AINE PAS}E Neuraser= A4l o=
2AZA] o] Wekrkal ® 314 t) Chalamaiah et al. (2013)
rohu roe25-E12] TR Y pepsin7 23 &0] 45+ ABTS+
gitld 27428 S et slew, A& tE 5o TR7F
=] 32-91%, 18] 37 pepsin 37-80%2] 2r]Z iﬂﬁ
A2 LEPAITET B9k ABTS+ 2he] 2h2 473k 72k
=9 58E a0 T, 7k, 8-l e, peptides ?% 4
Aaof o fef = ‘ﬂc}%ﬂ = O}fﬂié}«l 231 22 oy
Q.9lo] whg ekl 5F¢th(Phanturat et al., 2010).
Tyrosinase XsietA

OFRE228) A2 57-22712] 55 E(SDOS) A pro-
tease 73l =52 tyrosinase A 3f|€H4d(Table 5> WA &
A A OFZ] ok control, serine (CH 2 TR) cysteine (PA 2
BR) protease 728l ol A= A8 e A] ghoke
4, food-grade proteases 723l S|4 FL (12.5%), PR
(11.1%) 127 AA (18.6%)7F0] AahE-42 LR in vitro
4] va 37} Q1R 9w gl

sittatoi(Yoon et al., 2019) 2 7}ttgto](Cha et al., 2020)
ARRE ook 2] T tyrosinase A 42
14.0% 2 13.5%zct1L sFeH, o] =2 7la-A 2l4(Lee et al.,
2017)°] thsfiAl= 14.6-20.8% 91| AsiEAde Heh o,
thao] n|e F 7} 7| e o B 18k} BhH ol Yoon et al.
(2017)& ol & F==7 o] 9] 7FA 2] A<59] tyrosinase
Al 242 7.5-14.2% L 0.4-2.5% =22, tyrosinase
A o g A A2 = v a s 7 s)r] o kil
s}9dch. Z12]u Zhuang et al. (2009)S 3fjule] ZebAlo] gt
TR7}E3l=2] tyrosinase A4S G A5=7} 5 mg/
mLoJA] 50%2] AeeA-S Leh) Za skt Cut-
chelating 2/d& R QItkaL 5oq, o] ¢15-2] Arfof| H]sf 2]
O 7 93 A A4S UER QI whebA ditetel
SF A2/ S 2 A tyrosinase A&/ 0. &= A A3, SDC
of tfalo] FL, PR X Aroase-AP102] A&+ G 45 0|85t 7}
TEES AlxRgthd R na s 7tid ¢ s Al
= wetE gioh

L3} AR peptides 2] o) 22 5-16712] =4 (Asp, Glu 2
Lys) ¥ 444 o}n|=AK(Gly, Ala, Leu, His, Pro, Tyr Y Phe)
< 3ok vl A 2 ARE9 peptidesehal 51310, pep-
tides®] gH4¥5} 24lol gk A oful ik 27 0) Sol 2 7)o}
= T4 AFRF(ROS) E= -8 22 9 8RS medium<]
A& of| uhe} 24 deplehal 549 ch(Ishak and Sarbon, 2017).
ACE Mgy

OFRE—‘:}Ei A zat 2 24 8] 52 2SDC)] A pro-
teases 7}<2-3llm=2] angiotensin converting enzyme (ACE)

A 8l}2H4 (Table 5y controlS- E£5}5to] BE G4 7l &
O] ACE Al2d2 64.6-90.7% W 919] 723t Asidde o
E}LH S, control (80 9%) =l Aoz oFsl #|ajEtAg
S U §4 7B EEL PA (64.6%), NE (80.4%) 2
FL (77.6%)0] 90, e P controli
= A XiOH%“éé UeErH itk 53] TR B CHE 723l
£(Table 2)0] @30l E--6kaL 73t Asied-& ‘%EMM

o5 A9 7| 5ol (9718 9 WS obnfieAke] C- e
= 2of)oll w2 FFoletal 4= EP o] 7hpEsfeol
20% o] 4l AL, PR 712] 11 AA 7}4-BaE50] ACE 78|
73(87~ 89%)01]/‘15i° R UrEPLH‘”E} u}2kx] SDCO| tff
St AR 7hrEllE-2 serine protease®] &gt 7|2 Eo] A
3} &= food-grade proteaseso]] 2|8t 7Rl &0 #2345
ACE Asf@/do] 7eliAl= Aol e, o] 5 &l FLdet
AL 7| a4 9lgie}

Yoon et al. (2020)& A EAAZ o]F & =52 ACE
A& (IC50, mg protem/mL) 2t}e01(0.92 mg/mL)7}+
£ ofel i 1212102 740 A Lishic

o, 3lt}etof(Yoon et al., 2019) @ 7joldo| et Ha] ol

(Cha et al,, 2020)2] ACE A3&4 (%) 242 35.7% 2
44.0%2] As&/d2 o], o] A9 SDCE| 7kl
Suck Afa|go] fARIAL tha okst Ao 2 selsgiet.

0] thoFst J 4 THpEEEE0] 42 1.49-16.31 mg/mL H
HZA, PR7FESE0] 71 $<=sittal 31913 (Chung et
al., 2006), EAES B2 oA Ad(Kang et al, 2007)9]
ACE A3ll5-2 1.40-1.74 mg/mL¥ ¢J2txL 3}t Kim et al.
(2016)> Af§- 7}&-Fabzol Tt 4 7HeEsfl=2] ACE A

S PR7FES =] 7MY S475191aL, Lt o R FL
AL, PA 12]31 TR o]} 1l B 118t v} Qo Ak 7p A
o] chul 2] 219191 skate 712! gelatin (Ngo et al., 2014), yellow
sole ZH Y(Jung et al., 2006), 7}t}=o] Y (Intarasirisawat et
al., 2013) J.E] e HoF o4 74 (Himaya et al., 2012)] &
A7 ES|EL 35-86%2] ACE A &S vepditta 21
3fod, o] A | ATk S4at 20 2 Bels|giet.

o139l 2k ) OFRZRE FA-ARAelR AT
SDCY] 728552 FL, PR, AA 2 PNoJ| &akst &40
A, CH, AL, PR, AAOHH 735k SFuEdTALS B, TR,
CH, PA 9 BR9] A& 7] ‘—/\40] L3519}

o2 FL, PR W AA7}ES1 552 in vitro 1| & 3}7F o
3kl o 24, 2] A protection TR A Q] YR-ZA] o]
£ 2 gloale} 7| EIRich. T 02 A1 7154 U Al

o =H TR BR, FL 2 PR7F B Eo] 925l th. wh
2hA, o5 7hrE e 716 AEaAEA A2 FH 2
7157 et &=, T*J7Fs 3 S AE 7t ol 28 7t
& Aol
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