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Abstract This study aims to investigate the production and characteristics of
protein hydrolysates derived from tuna byproducts (TP) using various proteolytic
enzymes and to compare the antioxidant activity of the resulting hydrolysates. The
TP were subjected to enzymatic hydrolysis using five different proteases: alcalase,
bromelain, flavourzyme, neutrase, and papain, and the antioxidant activities of
the hydrolysates were evaluated. Subsequent analysis of the available amino group
contents and sodium dodecyl sulfate-polyacrylamide gel electrophoresis patterns
indicated a high degree of hydrolysis in TP after treatment with all the enzymes,
except for papain. Based on the RCsy values obtained from four different
antioxidant analyses, all the hydrolysates exhibited similar antioxidant activity,
except for the flavourzyme hydrolysate, which showed significantly higher
scavenging activity against ABTS radicals and hydrogen peroxide than the other
hydrolysates. These findings suggest that protein hydrolysates derived from TP
hold promise as potential sources of natural antioxidants.
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o] FatEEo] WAkl 9t AR pANES] 7HE Igo A dAYshs AR ES
HAR 22 AFoR Qo) A5t whEA] FgPs|o] FA Ayt ou|7-3 A4k
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Ao ggF2 A AR R
guzte] 3¢ oF 375 Eol &
= AA olF, ofy, ofw, g, 10}7
A5 59 o] 7HA] FARESo] TS ol WA

A79] 30-35% F=E AAHKim &, 2015). E3 F
A 7F5ES Alzxggo] S7Ietol wet WA 7H557gol A A
e w719 & B3 SISk QloH, o] & =5] AR
”}O] A7F ZulaYy AE S 24 T1EI3 AARE o] &E

I B gREE wr]Eo] Attt SHEAE Zst

UrHKang 5, 2000). FA| 7FF F sl JAHLE A
(Katsuwonus pelamis)s W], 18], WA AlAstL A
AE TAAX & FE510] 7ReEH. F20] o £ 3
FARES oF 85%9] =& T g Ho|A|9k iR o

7|51y, HT XN 2 HAO] 2297} SuiA] BH A AF
T ot A FAREY] ke A&HoE 511 Qlrh

A 7FsFARE] gt =d AR A THeRARE
of 5o & EA(Kang 5, 2000), ] 7HFANER
e ol BEaag o83t Ve dAxvs A
(Kim} Cha, 19906), A A=A 0] gh4atst &0 Futd
ZAP} 2= G3KLee 5, 2008) € FYZ 4(Cheng
S, 2015) 5°| itk 3, A 7S RARE S o83t o

7o) AR} o]59 YAl et A= B
= H7E A9 gl Aol BivleEeiES HE 2-20
W9} ofu|iAto & o]Fojzl AEA HWelo|=E Aol
(Kim &, 2022), 959 op|ieAt 247 AF Zfolof wfet
ookt AEld 715 7HAA "Hok(Pihlanto-Leppala,
2000). E3] A&A} Hepo|E= o] Hls) EA}gFo]
of A W& 57t &l &5t of g} vkt B4
& UEHHH(Moh &, 2011), A7 A€ AF R
TH 7k -5—5]1% A AEA HEo| =9 "”ﬂ’@”‘éo—e-—h %
, FAE} 7t 715 WA 5 ohdsh
o2 gt Aegd A+t -4177}115 gastA ;qf’“ﬂ
, 2022; Yu & 2017)

Jj IRk A& 031 7l E2
M (Park 5, 2016), E7¥H(Park 5, 2019), A}x}wx]
(Suwanangul =, 2022), Yol EAME(Gonzalez-Serrano
T, 2022) GOE HYT AES AR T TEESEY
A} ﬂ?ﬂ Y= St
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wEka] B QoA 2] AA AR T HFAE= BA

22 8oto] H2H SRS B DHASEHEY
ApeEs 2Asgon, T2 iRz

LRoR SR EER L P ERRERE L ER S
A A2 A A St

2. Mz % diH

21. M=

Ao A AMESE FR|(Katsuwonus pelamis) 7Ha5
AR AR AFA FER)0IA AlBekon,
A T B 39 FxRuRE AR dE7] FHDOIA
it AL Aottty E3E, AMAAR {3 Tenebrio
molitor, mealworm)2 QYL (AE GAL)oIA 52 A
2 AT {55 TUst] ARSI BE Alme
-20C sZaof AAshy Addo] ARESkGiTh Alcalase,
bromelain, flavourzyme, neutrase @ papain T&
B3| 4% NovozymesAHBagsvaerd, Denmark) A&
= TSRl THeEeE S48 fIsl AR 2,4,6-
trinitrobenzene sulfonic acid(TNBS)= G-Bio-Sciences
AKSt. Louis, MO, USA)ZXE FUstHOH, sodium
dodecyl sulfate(SDS)= Wako Chemical*HOsaka, Japan)
ZHE A5, Tetramethylethylenediamine(TEMED),
30% acrylamide/bis solution 29:1-2 Bio-Rad(Hercules,
CA, USAZHFH sttt 1 "] Aol gle #4448
Ao 9 §7]- 8= 2% Sigma-AldrichAKSt. Louis, MO,
USA)ZHH st} A&sIGITh

2.2 EX| JIZEME 2ofE L FE5 HE
A 7R RS SRSl g6t 4%(w/v)Y 714
|AHo = AXI F, 90TOA 207 &% THAIA A7F &
A5 BEASAZT 11§ sty Blaay-S AlQRt U
HA EaT52 7]d ofH] Tl TR
bromelain, flavourzyme, neutrase, papain)g Z}Z
1%(w/w)e £47F HEZ H7ksto] 55T, 100 rpmOllA]
12417 &3t 72 sk, 90T oA zo-ﬁrﬂ 7t st
arE BT it & 7EESES 13,000
x g oAl 204 5t AilEEst] dedE d3loH, A5

CHIWE Fpp

2358 A (alcalase,
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He AEA} Heo|=0] £2]E 9ol cell strainer® oot
st & (0.22 pm membrane filter(Steritop Threaded
Bottle Top Filter 250 mL, EMD Millipore Corporation,
Billerica, MA, USA)E ©]-&3tof olifsto] chl7l-Rala
< it} SVt ESlES 724t 5% 2 XSS
™ -20C 9 F41o] EastaA Ao AREsIith 714
HES] &2 7REslE ARl AMSRE ] TR EANE
5A e] 2 A2 d7teREeEY FAE %lw/w)E
e A

HEAAANY §3) 2 24 U+ dW7eEsi=9
Alx= alcalase @A 7R assE o8t HPst
Hom, &2 hemp seed FH7IFEE A2} 53
WHos APty
FA7VSRARE G2 Y 5% 108w/ 5
5 A7Fsto] 80TAlA 3AIHA 23] HHE F&51910
L 30% 7 FEES T 5T 108(w/v)Y 30% 78
A7¥ste] 25T, 120 rpmOIA 18AIZHH 23] HIE: &5
At FEEL oIX](Whatman No. 3, Little Chalfont,
England)Z o3} & 55T $E8404 3144 AAs=7]
2 55 3 52 AXRsto -20C 9] 5210 oA A

Fol AHg3tsict

to &

2.3 HYE9 JIrEE &

oA A Az TE A 7HeRARE BEveE
&9 7R s 542 TNBS WS o8t tHChoi
S, 2013). ZF 7FRESIES 13,000 x g, 4C, 102 94
w25to] A5 HTt Fsto] o]g5k3it. 100 mM Sodium
bicarbonate(pH 8.5) 990 L2} 1% TNBS 10 xLE& &3¢
(v/v)stel 0.01% TNBSE Al&5FAT}. 0.01% TNBS 50
pLet BAA] A2 AZPE 9REEd 100 pLE 4lo] 37C
oA 2A17F HFSAIZ1 & 10% sodium dodecyl sulfate
(SDS)%} 1 N hydrogen chloride(1 N HCD)E #7}sto] Bt
32 FAANZAL. 1 & microplate spectrophotometer
(Bio Tek Instruments Inc., Winooski, VT, USA)E ©]&
stod 335 nmolA F-EE S735keIHh o|nff L-tyrosine
o2 HF FAS AT &, AR9] 7RSI EE tyrosine

3o 2 3kAKSY] available amino group concentration
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(ug/mL)y& 3t

ZF g4 7] 7R RARE SRSl T T
T S gUst] fsted, SDS-PAGEE ©]-8-5to
ZteidlEe] 9d HEs SASIiT. SDS-PAGE=
Yoon 5(2023)9] ¥l w2t =353}, 2 ZheElE
<2 13,000 x g, 4CollA 10827 Y& & 42 45
24 pIE 15% geloll loading?t ¥ 80 V& 2A17F #719%
3}t 0.1% Coomassie brilliant blueE ARg-dlo] g™
sl 10% acetic acid’F -F-E 30% methanolZ 244
Att. ol A3= Gel Logic 2200 PRO Imaging System
(Carestream Health Inc., Rochester, NY, USA)& o|-&
5o polyacrylamide gel& A71d3st & oju|X| &2 FAFS}

AT

2.4. 2 2-Azino-bis—(3-ethylbenzothiazoline-6-sulphonic
acid)(ABTS) radical 27 =& =&

ABTS radical &4 €4 A8 Yoon 5(2023)9] %4
of wt st on, &A B4 radicalZ 50% ASHA|
7l o A% 5EE RCso#t 2= YERHITH ofdff 2/
HIZE fJoto] FAAYPRTECZE troloxE AHESIRLoH,
trolox AH83to] 0-13 ug/mL WSINH EZE THE 2
qet 7 A5 kst B ALISHY trolox equivalent
(TE; g TE/mg)2& YEft

2.5, Hydrogen peroxide(H>05) A7 Z& =&

H,0; A7 84 &4 Yoon §(2023)9] ®H0] u}=f
ST 0, &7 /42 7FrEsiEe] 0.5 50%
HaA7)= H 83 555 RCo@t2&E YESIth o]
o &4 BlnE e FANERLLE troloxE ARE-SHO]
0-13 pg/mL H{olA EE JAE 2T & A8 P4t
3} &AL AXISHA] trolox equivalent(zg TE/mg)l=&
LR it

2.6. 2-Deoxy-D-ribose £fafef

2-Deoxy-D-ribose 48} 94| /442 Yoon 5(2023)
o] ¥ o ulg} 2435ttt 2-Deoxy-D-ribose(10 mM),
FeSOy4 - 7H,0(10 mM), ethylene-diamine-tetraacetic
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acid(EDTA; 10 mM) €4& 212+ 100 pL 713t whE- &4
of SFol 43 Y% H&(250, 500, 1,000 pg/mL)
AlZ &4 100 pL, 0.1 M potassium phosphate buffer
(pH 7.4) 500 xL, 10 mM H,O, 100 pLE 7ot 2E
gg-oo] 1 mL7} HEE St & 37ColA 4A1%F BHE-
AFHet. BEg &9 100 pLoll 10% trichloroacetic acid
(TCA, w/v) 50 plE 7Foto] BHE-Z AAAZ = 1%
thiobarbituric acid(TBA, w/v) 50 pLE 7Foto] 95T oA
1087 9RSAI] & Wzbsto] 100 pLe] A5 & microplate
spectrophotometers ©-&31 532 nmoA 45 &4
stoict. olnf 24 HlwE fote] FIHERECE butylated
hydroxyanisole(BHA)S AR5t

2.7. Linoleic aciddl tfst £ref oA 2 S&

Linoleic acidoll that 48} AA] /492 Yoon 5(2023)
o] Bio] wet 2451t Absolute alcohol 1 mL, 5%
linoleic acid 1 mL, 50 mM sodium phosphate buffer
(pH 7.0) 2 mLe} A& 1 mLE &8st F 40ToA 100
rpmO.2 A&l 5% 7HEHOF thiobarbituric acid
(TBAYE &45to] Z+ A|R9] linoleic acidef gt Atk A
A 8L EAsHAch 20% TCA(w/v) 100 pL, 0.8%
TBA(w/v) 100 L%} linoleic acid 3712 &9 50 uL
£ & &3koto] 95T olifollA 207t ¥kgstaint. §HE
|95 20T, 1,850 xgollA 1581t AAEesto] 180 L
9] AeHE L= 532 nmoA SAot. ol &4

St FANZRFOZA troloxE ARSI

2.8 &4 24

HE HolHe Ha 3¥ vHEcte] Hoy ®EHA
(meantSD)Z YEIJI o0, BA EXAofl= SPSS Statistics
26(Statistical
Version 26.0, SPSS Inc., Chicago, IL, USA)7} AREE
o E3h 55 7] 59148 Ale] HSole LEiA] BAREA
(one-way ANOVA)S ARE5FHCS™, Duncan's multiple
range test YHZ 53 A A5 AlPsilth FoSE
(p-value)o] 0.05 H|Tl F$ BAZHCE [ogt Aoz
ottt

Package for the Social Science,
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3. Zat Y

3.1. AL EHIZILBG20 HIX EA

% 5%(alcalase, flavourzyme, neutrase, bromelain
% papain)®] TAE ol§3lo] A HFRABERE o
WrleEsEe] AR S48 A fsf 4 TNBS
assay= °-&sto] A7 AZPEE available amino group?

RS S0 RK B AR THE THEEY] Aol

amino group =7t 75k, ole 7FEEE UE
W+ A®7F € 4= JoKChoi &, 2013). £4EZ A7t
w2 7RSI EE tyrosine $FOE FHAketo] LERA A
3}, 12417t B8 & available amino group? sE&
alcalasew* 3.44 mg/ml, flavourzymew* 3.26 mg/mlL,
neutrasex 2.99 mg/mL, bromelainit 2.88 mg/mlL,
papaint 1.64 mg/mL, B|&4 1.33 mg/mLE 27}
3HI=|QicHFig. 1). Alcalases®, bromelain, neutrase
T2 0-24A17F B9F available amino group &7t &5
A Z71519 01, flavourzymewte] -2 1247t o] S5 H
11 37t Eo| @A5| TAadchks FFE At T, papain
9] 3% 24417 Aol ELokal 7R =] ot
S7HE HolA] ¥otoH, &2 Ve EeleE e B4
59 AF 8AIZF E= 12417t0] AAgt AlH9] available

amino group FE7F 24A17t Bt 7HrEast Aute}

=0 No enzyme -0 -Alcalase - & -Bromelain

5000 r —a—Flavourzyme —&—Neutrase —e—Papain

Available amino group
concentration (pug/mL)

0 2 4 6 8 10 12 14 16 18 20 22 24
Hydrolysis period (h)

Fig. 1. Degree of hydrolysis of tuna byproducts by five different
proteases at 55C on TNBS assay. Each value is meantSD
(n>3) and different superscripts (a-e) are significantly different
at p¢0.05 by Duncan’s multiple range test.
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oA Ql Zpoj7} 44| gk A& Kol 8-12A7to] &3t

Ba AP AYE & 5 Atk

Je (2009} A 7FaFARER] A 1+ 8
AR 7IeEeelHS o], alcalase, ﬂavourzyme, neutrase
% flavourzyme©] 7} 2 7I4-EaE82 EQrtal Rl
4%4.E-ﬁ¥.EQEVH}%#ﬂﬁE-q,WMMMe
amino group¥ &%E7} flavourzymew 2.95 mg/mLZE
7teR et 7Y #koH, alcalased 2.91 mg/mlL,
neutrasex 2.75 mg/mL, bromelaini* 2.44 mg/mL,
papaini 1.62 mg/mL, H|&4F 1.33 mg/mL £02
UeRth 3] 7HgRARES] 8-12A1%F 7HEol e E H
592 W papaint¥} HlEATE AQEE YA B4
7Rt S71eE A0 R Hol 12417k A9 3a A
g Azt weetqich

12A17F &2t 7H28lE A a4 FA7RARE
TR 2R FEE ERloP] 5l SDS-PAGE
£ AR A3, H8adY l"ﬁ: } 32} v oS o
849 AL Adtdo=z 10 o]Ar9] Thanzlo. 7 o]
UEA] 231 10 kDa o5tz —rOH% Ag IR & 9\1‘:}
(Fig. 2). ©]= TNBS assay _1,}9} FARHA 12417 &
A2l & o] JipEeirt FESHA olFolFle ‘11
alcalase7t ThE B4 HIg] 202 71473 880

A S R

(kDa) Marker

1 [2] [3] [41 [ [6]

Fig. 2. SDS-PAGE profile of tuna byproduct hydrolysates.
SDS-PAGE gel (15%) was used. Lane [1]: no-enzyme; Lane
[2]: bromelain; Lane [3]: papain; Lane [4]: alcalase; Lane [5):
flavourzyme; Lane [6]: neutrase.
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S ERIT & AU

uteta] 2 A= TNBS assay ¥ SDS-PAGE Z2HE
HIEFO 2 7}Ba] A7 124702 AAst1, HA|7Fa
FAES A7) a4R 7HEeEsfetgitt. o 7 Tzl

Bz Az &2 54 Z¥e Table 13 2t
Alcalases °]&% THi7IE8E9] 80] 15.15%% 7t
& =9koH, bromelaint 14.48%, neutrasewt 12.13%,
flavourzymew= 8.87%, papaina- 4.70%, HlEAT
3.15% w2 = Y TNBS assay 232F FARE 43
o o 2 9ot} B2 1 /uuxé o) 9] tiorat chig
Y45E ddez eESES AR ARAF B
(Yoon &, 2023; Yu & 2017)01] a2y chElyREE
o] A% *rgo] ‘;’lﬂ]-* 20% ]"}01]/\1 E—E‘ﬂ]* 40% old=
2= A
}Eﬂﬂﬂi ‘5!'3 A< Q’?ﬁé T e, ol
%% HA] 7S FAREC] o AIRE &A1 B 7F
aff Sl do] I/ o(Song 5, 2011) 7H
sfof A FF= 7%

e we e PN
re
-
2

Aoz Az

3.2. Reactive oxygen species(ROS) A7 E4&
ABTS®} potassium persulfate®] ¥-g-of oJs A=
ABTS" free radical]l thgt 2 7} EofEo] A B4
=75ttt ABTS radicaloll tigF RCsogt flavourzymest
77.29 ng/mL, alcalased 83.70 pg/mL, bromelaind*
88.43 pg/ml, neutrasext 89.57 pg/ml, papaindt
155.96 pg/mlL, BlEAT 180.97 pg/mLE YERY papain

Table 1. The vyield of tuna byproducts with different proteases

Hydrolysates Yields of protein hydrolysates (%)"
No enzyme 3.15+0.00°?

Alcalase 15.15£0.01°

Bromelain 14.480.03%

Flavourzyme 8.870.00°

Neutrase 12.13£0.01°

Papain 4.70£0.00"

Wields (%) = [Total solid content of protein hydrolysate - total solid
content of blank (without substrate)] / total substrate content x 100.
2Each value is meanSD (n=3) and different superscripts (a-e) are
significantly different at p{0.05 by Duncan's multiple range test.
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= A9t BE GiofA HaAT ofH] 953k ABTS
radical &7 84S EHTable 2). 71 % flavourzyme
9] RCspfte] Bf Bawt=0l Hls| & Aol oY ARt #
9oz o Z+S Ho flavourzyme TR ES]
ABTS radical 27 &40 714 =2 AL & 4 9ot
H,0,= &/J4HF(reactive oxygen species, ROS)9]
‘8}1%?; Al 2ol A Hol] AJ4d=o] DNA &4, Alx W
ol WA, Alet Al 52 53l A 715 Ast w3},
S fiohs FHOE AHgst, webs H0, &
FAA9] 7155 B7Ie7] A% 783 B
shto]th(Lee 5, 2010; Yu &, 2017). aid g4 7}
THARE Tl7teReEL] H)0, 27652 RCsow o2 Y
Elll A3} flavourzymewt 65.96 /zg/mL, neutrasew
107.50 pg/mL, bromelaint* 109.89 uxg/mlL, alcalase
 116.38 pg/mL, papaina 159.67 pg/mlL, B]|EA
315.54 pg/mLE UEL} Bato] H AT tiH] ¥ o=
=2 H,0; 44 84S HAHTable 3). £3] flavourzyme

%)

l‘
F

__'
[e]

it

%

I

—

i

rlo o

_OJ-/Ré

O{Nio_u

dul7teEolE ¢ B Bao] Hls) 955 W2 RCso
S 2ol H,0, &7 o] 7 =2 Ao 7 FolEQich

TEACZE T3t flavourzymewto| 7 =9toH, vl aA
] flavourzyme WH7[5E51E9] RCso@tY TEACE:
5 SH o]4f ZolE HYT.

Table 2. ABTS" radical scavenging activity of tuna byproducts
with different proteases

Hydrolysates RCso (ug/mL)" TEAC (ug TE/mg)?
No enzyme 180.97+2.78% 31.13£0.43¢
Alcalase 83.70:0.77° 66.05+0.34°
Bromelain 88.43+1.01° 62.85+1.11°
Flavourzyme 77.29+0.40° 65.77+0.14°
Neutrase 89.57+1.30° 63.26+0.25°

Papain 156.9642.73° 33.91:0.02°

Trolox 6.3610.12

Concentration required for 50% reduction of ABTS™" at 1 min after
starting the reaction.

ITrolox equivalent antioxidant capacity.

9Each value is meantSD (n>3). Different superscripts (a-e) in the
same column are significantly different at p¢0.05 by Duncan’s multiple
range test.
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Table 3. Hydrogen peroxide radical scavenging activities of
tuna byproducts with different proteases

Hydrolysates RCso (ug/mL)? TEAC (ug TE/mg)?
No enzyme 315.5445,24%% 13.75£0.08°
Alcalase 116.381.81° 39.48:0.15°
Bromelain 109.89+2.09% 36.26+2.84°
Flavourzyme 65.96+0.99° 61.8140.62°
Neutrase 107.5045.30° 38.762.21%
Papain 159.6745.27¢ 28.81+1.96°

Trolox 5.06£0.03

Concentration required for 50% reduction of H,0, at 10 min after
starting the reaction.

ITrolox equivalent antioxidant capacity.

9Each value is meantSD (n>3). Different superscripts (a—e) in the same
column are significantly different at p¢{0.05 by Duncan’s multiple range
test.

3.3 2-Deoxy-D-ribose ts} K| E4

2-Deoxy-D-ribose AF8} A 24 &4 AH2 H,0;
9} Fe?*9] ukg-0 2 AHAH hydroxyl radicalo] 23] A4
%= 2-deoxy-D-ribose®] AFsHEQl malondialdehyde
9] &= SEFCEHN FASE BHS S4ok= oIt
(Lee 5, 2005; Mayank 5, 2014).

ZF g9 H=49 2-deoxy-D-ribose A8} JA LS &
o291 BHAGO pM)S] AA] E43} A vepbd Zxt
+ Fig. 33 2t B d7leEsEo] v a4 H]E‘H
A2l sL7t S71ge] wet foH0 R & AR} dAleS

At 9] flavourzymewte] A-$ 47| Adst = 7}11

-
=)

M BHA Noenzyme []Alcalase [ Bromelain

[ Flavourzyme [ Neutrase [l Papain
60
ab a
50 | e
§ a
@ 40 b b Mo
E c
c
2 30
3 b
€20
10
0
50uM 250 pg/mL 500 pg/mL 1000 pg/mL

Fig. 3. 2-Deoxy-D-ribose inhibitory effects of BHA and tuna
byproduct hydrolysates with different proteases. Each value is
meantSD (n>3) and different superscripts (a—d) at the same
concentration are significantly different at p¢0.05 by Duncan’s
multiple range test.
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ROS &7 A3 Axet o] & aio] B3] 250-500
pg/mL & FoA AFSE Al &o] 92 I &
AUtk 9 2YEEFE Ga4o] BB Aol B[] hydroxyl
radicalo] 93t ASFE B30 2 AogE & 4= 1o,
7R o= o] A l“—E7} Fobxlof whet 4t} AAlE
o] Yo g Frlote AZ & F Uitk A7 F A
ROS &7 A% 23} papaintto] & Bagto] HIs| 4t
3} E4do] Wtou 2 AdoflA= 250 pg/ml & 1o
A neutrasex, 500 pg/mL % F7Ho|A= bromelain®
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Fig. 4. Inhibitory effects of trolox and TPF on linoleic acid
peroxidation. Each value is meantSD (n>3) and different
superscripts (a-c) at the same day are significantly different
at p¢0.05 by Duncan’s multiple range test.
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Fig. 5. Comparison of antioxidant activities of TPF and other natural antioxidants. Each value is meantSD (n>3) and different
superscripts (a—e) at the same concentration are significantly different at p{0.05 by Duncan’s multiple range test.

Ao aAAE Adsigon, dWirteRaEe] H4ikst
A4S oI5t EAJAA = radical &4 4 Adal
ABTS radical &7 @43} vHlradical &4 &4 Ag9l

H,0, &4 A4 flavourzymewo| 7V 52 A4 &
A& Bt E3H DNA9 7|82 14 249 2-deoxy-D-
ribose hydroxyl radicalol 9|3t AstE THl7lE8&
o] QA5}=7A] gHels}7] Y5ted, 2-Deoxy-D-ribose AFs}
oA &4 B7HE AP 27} ROS &A 4 B71e} 2ol
02 479 BlWskE ), flavourzymewto] 250-500
pg/mL F= FNA T2 A AAleS T TPFe
Ad Ak} oA &4 A9 wHE SOWHOHH iRt
HW5HS o 24l A @4E BHylon, tE A&
24 f o devtEelEE AR 24 BlaolA &

RSP 953 PABE BHS AT UL L % A3

£ Q7oA B BAES BeT S A L
Fs A G Slof HAES o] 83 Bt

Az D S BYS BT 53 HaY

m{nje

892

A (alcalase, bromelain, flavourzyme, neutrase @
papain)g °-&% @7lrESE AX Al 12417t F4]
o] 7keEs AteR AASHod, 53] alcalase,
flavourzyme, neutrase?] 7FrEo|E7t =4 YERGTH
ol 7} 7 EdlEe] et Bl wole W FARE B
< EQlstatt. 4 AAAIE 12417 A ste] A3t ol
ZRsEe] A &4 vt 23, TPE7F BE 7t
SEYE vlg] FA o &2 ROS(ABTS radical ¥
H:0y) £7] @42 Hole A2z SRIFYT &3t TPF=
hydroxyl radicalo] 9]t 2-deoxy-D-ribose?] Aks} &
linoleic acid®] ¥H4tsto] tisiA e =3t oA E4S U
Bfiglon, 4| M RAEERE AR 58, T

SRR 9 o G lRs g ROS 44 &
A v Ao A T TPF7F AAjdo g 24351 A8 HY
ot 2 ATE B X SRR o 8% Pt 44
AL 7Fs8E BT 4 ARCH, B AT ArEe b

ey

—

HERAES ol AT BB 24 L
2

ARZ 82 5 e AR JdidEn

Acknowledgements
H e 1 S AR UAFY K-Cloud College?] A

%—E ‘T‘ooﬂ Mq‘

https://doi.org/10.11002/kijfp.2023.30.5.885



Korean J Food Preserv, 30(5) (2023)

Conflict of interests
The authors declare no potential conflicts of interest.

Author contributions
Conceptualization: Lee SO. Methodology: Park GH,

Lee JM, Lim NY. Formal analysis: Park GH, Lee JM,
Lim NY. Validation: Park GH, Lee JM, Lim NY, Lee
SO. Writing - original draft: Park GH, Lee JM, Lim
NY. Writing - review & editing: Lee SO.

Ethics approval
This article does not require IRB/IACUC approval

because there are no human and animal participants.

ORCID
Gyu-Hyeon Park (First author)

https://orcid.org/0009-0005-4116-8015
Jeong-Min Lee (First author)
https://orcid.org/0009-0009-6976-4432
Na-Young Lim
https://orcid.org/0009-0002-2284-969X
Syng-Ook Lee (Corresponding author)
https://orcid.org/0000-0002-8958-8634

References

Ahn S, Lee WK, Jang D, Kang DH. Current status
and evaluation of fisheries by-products: Major
options to marine bioindustrial application.
Ocean Polar Res, 43, 149-164 (2021)

Castro RJS de, Sato HH. Synergistic actions of
proteolytic enzymes for production of soy
protein hydrolysates with antioxidant activities:
An approach based on enzymes specificities.
Biocatal Agric Biotechnol, 4, 694-702 (2015)

Cheng ML, Wang HC, Hsu KC, Hwang JS. Anti-
inflammatory peptides from enzymatic hydrolysates
of tuna cooking juice. Food Agric Immunol, 26,
770-781 (2015)

Choi DW, Kim NH, Song KB. Isolation of iron-

https://www.ekosfop.or.kr

binding peptides from sunflower (Helianthus
annuus L.) seed protein hydrolysates. ] Korean
Soc Food Sci Nutr, 42, 1162-1166 (2013)

Chung SK, Osawa T, Kawakishi S. Hydroxyl radical-
scavenging effects of spices and scavengers
from brown mustard (Brassica nigra). Biosci
Biotech Bioch, 61, 118-123 (1997)

Gangwar M, Gautam MK, Sharma AK, Tripathi YB,
Goel RK, Nath G. Antioxidant capacity and
radical scavenging effect of polyphenol rich
Mallotus philippenensis fruit extract on human
erythrocytes: An in vitro study. Sci World ],
2014, 1-12 (2014)

Gonzalez-Serrano DJ, Hadidi M, Varcheh M, Zarei
Jelyani A, Moreno A, Lorenzo JM. Bioactive
peptide fractions from collagen hydrolysate of
common carp fish byproduct: Antioxidant and
functional properties. Antioxidants, 11, 509
(2022)

Jang JT, Seo WH, Baek HH. Enzymatic hydrolysis
optimization of a snow crab processing by-
product. Korean J Food Sci Technol, 41, 622-
627 (2009)

Je JY, Lee KH, Lee MH, Ahn CB. Antioxidant and
antihypertensive protein hydrolysates produced
from tuna liver by enzymatic hydrolysis. Food
Res Int, 42, 1266-1272 (2009)

Kang BK, Kim KBWR, Kim M]J, Bark SW, Pak WM,
Kim BR, Ahn NK, Choi YU, Bae NY, Park JH,
Ahn DH. Anti-atopic activity of tuna heart
ethanol extract. J Korean Soc Food Sci Nutr,
44, 1-6 (2015)

Kang CH, Jung HY, Lee DH, Park JK, Ha JU, Lee SC,
Hwang YI. Analysis of chemical compounds on
tuna processing by-products. ] Korean Soc
Food Sci Nutr, 29, 981-986 (2000)

Kim EB, Kim DW, Choi HS, Kim YH, Kim MK.
Preparation of A-aminoisobutyric acid and
branched chain amino acid-enhanced hydrolysates
from chicken breast: Effect of protease types
and hydrolysis conditions. Korean ] Food
Preserv, 29, 276-291 (2022)

893



Antioxidant activity of protein hydrolysates derived from tuna byproducts

Kim EJ, Cha YJ. Development of functional

seasoning agents from Skipjack processing

by-product with commercial proteases 2.

compounds in powdered Skipjack
hydrolysate. J Korean Soc Food Sci Nutr, 25,
617-626 (1996)

Kim HY, Lee GO, Shin J, Kim CE, Kang GH, Kim
SH, Kang HW, Lee HS, Kim JY. Validation of an

analytical method for the quantification of a

Flavor

marker compound and determination of its

biological activities in skate skin collagen

peptides. Korean ] Food Preserv, 29,
1174-1188 (2022)

Kim MJ, Bae NY, Kim KBWR, Park JH, Park SH, Cho
YJ, Ahn DH. Anti-inflammatory effect of water
extract from tuna heart on lipopolysaccharide-
induced inflammatory responses in RAW 264.7
cells. KSBB J, 30, 326-331 (2015)

Kim SH, Shin J, Kim HJ, Kim JH, Yang JY.
Purification and characterization of fish oil
obtained from hydrolysates of mackerel (Scomber
japonicus) by-products. ] Life Sci, 26, 1049-
1055 (2016)

Kim SW, Gal SW, Chi WJ, Bang WY, Park §J, Kim
TW, Bang KH. Antioxidant properties of
peptides extracted from Tenebrio molitor
Larvae. ] Life Sci, 33, 383-390 (2023)

Lee HS, Kim HJ, Choi JI, Kim JH, Kim JG, Chun BS,
Ahn DH, Chung Y], Kim Y]J, Byun MW, Lee JW.
Antioxidant activity of the ethanol extract from
cooking drips of Thunnus thynnus by gamma
irradiation. ] Korean Soc Food Sci Nutr, 37,
810-814 (2008)

Lee KH, Senevirathne M, Ahn CB, Je JY. Biological
compounds extracted from Codium fragile by
enzymatic hydrolysis and their biological
activities. J Korean Soc Food Sci Nutr, 39,
953-959 (2010)

Moh SH, Jung DH, Kim HS, Cho M], Seo HH, Kim
SJ. Characteristics and applications of bioactive
peptides in skin care. KSBB J, 26, 483-490
(2011)

894

Ozon B, Cotabarren J, Valicenti T, Parisi MG,
Obregon WD. Chia expeller: A promising
source of antioxidant, antihypertensive and
antithrombotic peptides produced by enzymatic
hydrolysis with alcalase and flavourzyme. Food
Chem, 380, 132185 (2022)

Park BY, Yoon KY. Biological activity of enzymatic
hydrolysates and the membrane ultrafiltration
fractions from perilla seed meal protein. Czech
J Food Sci, 37, 180-185 (2019)

Park SY, Je JY, Ahn CB. Protein hydrolysates and
ultrafiltration fractions obtained from krill
(Euphausia superba): Nutritional, functional,
antioxidant, and ACE-inhibitory characterization.
J Aquat Food Prod Technol, 25, 1266-1277
(2016)

Park YE, Gwak YJ, Kim J, Guan Y, Hong WH, Park
SJ, Yoon NY, Kim YK, Han SK, Chun J. Analysis
of A and E vitamer profiles in domestic raw and
processed seafood consumed in Korea. Korean
J Food Preserv, 28, 926-936 (2021)

Pihlanto-Leppala A. Bioactive peptides derived from
bovine whey proteins: Opioid and ace-inhibitory
peptides. Trends Food Sci Technol, 11, 347-
356 (2000)

Song R, Wei R, Zhang B, Yang Z, Wang D.
Antioxidant and antiproliferative activities of
heated sterilized pepsin hydrolysate derived
from half-fin anchovy (Setipinna taty). Mar
Drugs, 9, 1142-1156 (2011)

Suwanangul S, Aluko RE, Sangsawad P, Kreungngernd
D, Ruttarattanamongkol K. Antioxidant and
enzyme inhibitory properties of sacha inchi
(Plukenetia volubilis) protein hydrolysate and
its peptide fractions. ] Food Biochem, 46,
el4464 (2022)

Yoon HJ, Park GH, Lee YR, Lee JM, Ahn HL, Lee SO.
Enzymatic preparation and antioxidant activities
of protein hydrolysates from hemp (Cannabis
satival.) seeds. Korean ] Food Preserv, 30,
434-445 (2023)

Yu JS, Woo KS, Hwang IG, Lee YR, Kang TS, Jeong

https://doi.org/10.11002/kjfp.2023.30.5.885



Korean J Food Preserv, 30(5) (2023)

HS. ACE inhibitory and antioxidative activities
of silkworm larvae (Bombyx mor) hydrolysate.
J Korean Soc Food Sci Nutr, 37, 136-140 (2008)
Yu MH, Lee HS, Cho HR, Lee SO. Enzymatic

https://www.ekosfop.or.kr

preparation and antioxidant activities of
protein hydrolysates from 7enebrio molitor
Larvae (Mealworm). ] Korean Soc Food Sci

Nutr, 46, 435-441 (2017)

895



