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Preliminary Biological Activity Evaluation of Enzymatic Hydrolysates
from Fertilized Eggs of Olive Flounder Paralichthys olivaceus as a
Functional Bioactive Resource

Byeong-Hoon Kim, Su-Hyeon Oh', Chan Seong Shin' and Sung-Pyo Hur**

Kidang Marine Science Institute, Jeju National University, Jeju 63333, Republic of Korea
'R&D Center, VS Shinbi Co. Ltd., Jeju 63243, Republic of Korea
“Department of Marine Life Science, Jeju National University, Jeju 63243, Republic of Korea

This study investigated the potential industrial use of fertilized eggs of olive flounder Paralichthys olivaceus, an
aquaculture by-product, as a functional bioactive ingredient. High-performance liquid chromatography confirmed
that proteins isolated from fertilized eggs were identical when analyzed in two solvents [100% dimethyl sulfoxide
and methanol:water (2:3, v/v)]. Enzymatic hydrolysates of egg protein showed no inhibitory effects on elastase or
tyrosinase activity. However, ABTS" radical scavenging assays revealed concentration-dependent antioxidant activ-
ity. In addition, evaluation of nitric oxide (NO) inhibition and cytotoxicity using the MTT assay demonstrated that the
protein suppressed NO production in a dose-dependent manner, with negligible cytotoxicity. These findings highlight
the antioxidant and anti-inflammatory potential of enzymatic hydrolysates derived from fertilized olive flounder
eggs. As a sustainable fish by-product, these hydrolysates may serve as promising functional materials for industrial
applications.
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3 12 A 91271 o] ] W1 Ik, $-ofutet oA 2
SR} oF 419 o] W o we sof uho] kel 0 mo] 8
o] 855l glom, 53] o} FAMEO| ARTI7IA] g0l &
Q3 I 2 B7hE| 3 QIeh(Kim et al,, 2012). o159] 7V, &
3, ol T ol A WA = FARE2 v ], A, W, W vl
Sip -2 Bapzle]l ROES x5l (Coppola et al., 2021).
A o]t FAEES A A o2 SEEA] kil 77]F
A, o1F B BRG] AR, BlE A% 5 ARge] SAL
AR, FE Fabsol W gk T, 2w, v, S
A5 TR LRI -8 AAES A Eksto] =8 vt
ol 9 2R 2§ 517] Sl 20| o of 2|1 glr}. ofF
AR B e RehE, Fehl, ety 58 2Estol
71678 2 d o2 &83t A= Edhs] Bkl Iek(Kim
and Mendis, 2006; Ngo and Kim, 2013; Guedes et al., 2022;
Canovas et al., 2024).

of o] (e, ege) FAH(sperm)= ERBHL =
oA o] AR o] TFHL). Tl o 8 oF HANEo] 49
23 oA W FAbE 2 R, A s A-tol| R of
AR SRS AR HAREO] oF 5-15% AHAah AoR

>

34)

dn = b

O TT =
X ¥ cH(Islam and Pefiarubia, 2021). =] A7} o} F FAHE
TGS OF 4OUHE o FHET, o5 7|Eer & F
A HALEO o7} ok 245 7350HES] o2 Ao =
th. 53] 433 (fertilized egg)el= 7] vot uhek 2 1
27] Aol(larva)®) AR B WSS 913 A FHUL
o] F= Hyolk) & kel 3 9Lonl, A7 A kel 2
ol v]gl 2 A (vitellogenin)g 3FsF &1l (albumin), =&t
Zl(collagen), 2] X 2] & (lipovitellin), 2=~ H] €l (phosvitin) 5
of b} A ARIAE, F4 A1), Hlek, g Fol
gHElo] ool A% W WS 913 Yoo R o] §HItk(Kim
et al.,, 2021). #A]€l(lecithin)> AlHe] W3} Wf F53t <14
Zl(phospholipid)?] §+ £F & Zu}E]d = (phosphatidyl-
choline)& b H-5taL Qlof 7+=i3t 3hitsl avks 53ff Al
E RS, e A, N e A B da 17 S 5o 2t
7F B s, 53] {8HA|(emulsifier) 24 ] £/ o] ot 4]
&, 9ok, 3R 59 vio| e A Y 0 & o] S th(Zhang et
al,, 2021).
o}F= A7) $of(rainbow trout Oncorhynchus mykiss)
(Topuz et al., 2021)%} % o|(sea cucumber Holothuria forskali)
(Pascual-Silva et al., 2025) &4 gA|go] &elx]lom,
o] Q]| boal Wallago attu 24 (Molla et al., 2015), 1151
(chub mackerel Scomber japonicus) +53(Asaduzzaman and
Chun, 2015), $1¢](atlantic salmon Salmo salar) ™ 2|(Mala-
plate et al., 2019)0)| 4 == AElof| gt FAts; a7t 2
T o] W o]Fe] ke 1712, 973 AHHAKeicos-
apentaenoic acid, docosahexaenoic acid) 5= ¥-alal Q1o
™ ¢ f2f Heto] =of o3t 3haksl 9l W] 24 S Har
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EltKLiu et al., 2018).

A *](olive flounder Paralichthys olivaceus)+= 9-2|Lf2}of A
71 a3k A o F T s E et FAEARES] 50%
o[ & ApA|ok= AA A 7HA| 7} FA of otk =] E A A
AhE T RE Aol ofsf o] Fof x|, AZF oF 4FkE o] 42] A
AFE FAISRAL Q). o] 2k A Al FHA oA AAkE
FAThS 7|REO R o] RojA|w, P2 AT AF AL 7|&

P

= A AT S S A o] 857 e g2 Akl A o
2 2hgEA] B3k A AR #|71E AL gl A olH, o] & 7154
A2 Eg3517] 3t A oA v ESt
£ o3 dolA ElE 8RS 1
A TRt -84 QIAbEol 2§ o] 9= A
o= YA A Rho] theFst 754 AR A o] 8d = A= A
A 2= Ao R 24 4= ik

uheba] 2 A-ts YR AT f Tl rhaeEeiEe] A
gjggol gigt 7|2 AR S Rl 7154 vlo] QA 2 A
o] &8 7sdS "As| §13h 712 ©A AR 9= 9L
t}. o] 5 ffall Ak g1t A sk o A o 4wt
Al A=A A E =2 E-85|= elastase X tyrosinase 24|
A& wrretgon, A5 e 24 73S ERlak] flste]
Nitric oxide (NO) A/ 14| A1+ EA5H3ITH E35h, A2 g
3 B7} Ao A 1t ke 715 AR 2 TS A
E3}7] $lal] A2 54 B7HE S=3steitt.

Agol) ALFE PR e AR SRR E AEA] ol z
G2l sdol A A AbgkE 52T 500 g& UL
= £ Y= 11(-80°C)ol]

=

i heEslE g5S flote] Rk E4fskelen
phosphate buffered saline (pH 7.4)o] &

rpm, 4°C, 30 min)3} &t E2] % SN2 ethanol#} A & 4:1
H]& & gefsto] 1A]7F wHK55°C, 100 rpm)sto] JAEL 3
Saigich. HARRNY /rRES B skl A
=2 50 ¥E £ alcalase (Sigma-Aldrich Co., St. Louis,
MO, USA)el| 1:1009] vl&= 37kste] 4A17HE<t WRKS5C,
100 rpm)3}3ith. 7HiaEo] a4 E2ASHE 9ls) 95°Coll
A 208 H2) 3 L4152](7,000 rpm, 30 min)slo] A4S
s=shglon], Lels 5oL EAAR(S0C, 054 104
mbar, 48 hyo}ol 21 7] 4% Sl Tl BB e
=59t



GIx| 252 Q2 TRl HPLC 24

A AT o B TR AR B SAS R
A3sl7] Y3l HPLC (high performance liquid chromatogra-
phy) 2418 4=33}%chTable 1, Table 2 ). HPLC £4]L o]
7 o 20 T F1RelE W ol RAME $ol T 7}
SRslE AR B4 Blel 288 ANATES Fuskiict
(Chalamaiah et al., 2010; Naghdi et al., 2023). HPLC &4
Waters €2695 Separations Module} Waters 2998 PDA De-
tector (Waters Corporation, Milford, MA, USA)S AR5}
A4 BASIAT 2% $o Bl araEe 271 &
wli[dimethyl sulfoxide 100% (Dacjung Chemicals & Metals
Co. Ltd., Siheung, Korea), methanol (Samchun Pure Chemi-
cal Co. Ltd., Pyeongtack, Korea):H,0=2:3]] =¢1 ¥, 0.45
um PTFE syringe filter (Cytiva, Amersham, UK)2 o 3}5}f
Lhe: ojotg A sialch. BAels 2] 3 5 UL, AdeE
40°C, °] AR 0.1% trifluoroacetic acid (Sigma-Aldrich Co.)
7} e S5 (8) A)2} acetonitrile (Avantor Performance
Materials Inc., Radnor, PA, USA) (1 B)= AM&-3}¢] aceto-
nitrile®] H]-8-2 2-100%= =015 HA] 70 2402 GujE
Azl FAIZAT
Elastase inhibition assay

Elastase inhibition 42 Tl 2l 7}4=Ea)l&0] 7] -5} 7
A A EAS Hrlsket S85= W o= SjoF el o

Table 1. HPLC chromatographic conditions of the control factors

Control factor Conditions
Injection volume 5uL

Kromasil 100-5C.,, (250x4.6 mm)
Column (AkzoNobel, Bohus, Sweden)

. A: 0.1% Trifluoroacetic in H.O, B:
Mobile phase Acetonitrile ’
Flow rate 1.0 mL/min
Column tempera- 40°C
ture
Wavelength 275.0 nm

Waters 2998PDA
Detector

(Waters Corporation, Milford, MA, USA)

Separation module Waters 2695 (Waters Corporation)
HPLC, High performance liquid chromatography.

Table 2. Gradient elution condition for HPLC analysis

Time (min) Flow (mL/min) A (%) B (%)
0 1 98 2
60 1 0 100
70 1 0 100

HPLC, High performance liquid chromatography.
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A 7= elastase oA & H7IeE A9 A4ES FL
3} tHKim and Wijesekara., 2010; Oh et al., 2020). Elastase
inhibition=4-2 $3}] 0.1 M tris-HCI buffer (pH 8.0) (Bios-
esang Co. Ltd., Seongnam, Korea)2} 7] A2 6.25 mM SANA
[N-succ(Ala)3-p-nitroanilide] (Sigma-Aldrich Co.)& A8-3}
qom, Ao AR maAE A Fgol A AFHE elastase
(porcine pancreatic elastase) (Sigma-Aldrich Co.) 0.1 mg/mL
£ ARSI 96 well plate (Greiner Bio-One, Kremsmiin-
ster, Austria)®] 5%=H(25, 50, 100 ug/mL) sample 20 uLE
H3 5 SANA 13 uL¢} buffer 117 uL =34, elastase 10 pL
©} buffer 40 pLo| Etol-s F510] 25°Coll A 1587t ¥k
3ol 410 nm TPl A FHES 25 Bk Ao
che w22 Alo] J3) %= AkE g o, o]u) AHgE th
© 2+= oleanolic acid (1 mg/mL, stock) (Sigma-Aldrich Co.)
= ARSIt

Elastase inhibition activity (%)
=[1- (A sample-A blank)/(A control -Ac-blank)] < 100

ol A sample> 410 nm TH4Fof| 4] sample} BE--8-o4 2] &
4=, Ablanks 410 nm 34 of| A sample ] 33, A control
o} Ac-blanki= 717} 410 nm T4 H-gohe] FHwo}
sample U elastaseE 3715H4] o2 WH5-8H4 2 FFEE 9

=g
Tyrosinase inhibition activities

ol

i)

Tyrosinase inhibition F4-2 o5& & f-2f Tzl 2 oy
Zhrll =] v e 754 Brtkel 8 AR AFE
3 TH(Lee et al., 2017; Kang et al., 2025). Elastase inhibi-
tion &41& $]3fl 0.1 M potassium phosphate buffer (pH 6.8)
(Biosesang Co. Ltd.), mushroom tyrosinase (2,500 units/mL,
enzyme) (Sigma-Aldrich Co.)24E AMSIEC™, 2 mM &
L9 L-tyrosine [L-3(Hydroxyphenyl)alanine] (Sigma-Al-
drich Co.)¥} 0.1 M potassium phosphate buffer (pH 6.8) (Bi-
osesang Co. Ltd.)& 47 7|A 3} Lol 2 AME-313ATE 96 well
plated]] F=(25, 50, 100 ug/mL) sample 20 uLE £F &
L-tyrosine (70 uL)¥} buffer (60 uL)2] &gt} mushroom
tyrosinase (5 uL)3} buffer (45 uL) &3-S 247F B335 &
37°CollA] 3041t HHG-A1A 492 nm sbgol| A S8 E 545t
ek B Aef 58 thaa 2= Ao ol %= AAFE Lo
™, ]2+ 2 2+ arbutin (Sigma-Aldrich Co.)2 A3}t

of
LTI

Tyrosinase inhibition activity (%)
=[1-(A sample-A blank)/(A control -Ac-blank)] X 100

ol A sample-> 492 nm THgof| A samplet W3-8 2] &
=, A blank: 492 nm THof| A sample?] 4=, A con-
trolZ} Ac-blank+= ZF7} 492 nm THgof| 4] Hhg-8-H 0] S
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9} sample} tyrosinaseS H715HA] o2 W849 T F =S
ofm|gict.
ABTS' 2iC|Zd A7 &4

ABTS [2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)]
cation radical 227] B4 AL Al 54 7ol dubae
2 S EE WO ol o U o] FAHE fo) Tld 7
Spajze) kst 54 W] ofgt A% AT-E Anaine
(Lee et al., 2017; Hwang et al., 2024), Re et al. (1999)2]
WS 5-85to] 45 askoich ABTS' radical 27| &
AL 24< 913 7.0 mM ABTS (Sigma-Aldrich Co.) 84
I} 2.5 mM potassium persulfate (Sigma-Aldrich Co.)E 1:1
= Etoto] A2 9 baoflA] 16A1F 59k BH-AlA ABTS”
radicalZ % /g A1 Zith. ABTS" -89 700 nm 2ol A S35
7}0.78 £0.027} B == ethanol 2 3|4 3 A1 of] ARE-3}%c}.
e=1(25, 50, 100, 200, 400 ug/mL)E 3413k A 22 96 well
plateo] Z-Z+ 20 uLo} 348 ABTS® €9 180 uL& &35
o AhLo A 3027k HH-3- & microplate reader (Molecular De-
vices, San Jose, CA, USA)E Al8-519] 700 nm IHAo| A &3
EE ZAst. FAY 22 butyl hydroxy toluene (BHT;
Sigma-Aldrich Co.)& AR5} 2.1, radical 27| AL e
O] A2 o]-g-sto %= AL

Radical scavenging activity (%)
=[1- Abs sample-Abs blank)/Abs control] x 100

o] Abs control-2 700 nm 3o 4] ABTS ] S33%, Abs
sample= 700 nm TPl A A| 29} ABTS® ¥H-g-oH 0] Sttt
Abs blank= 700 nm Yol A Al AHA|S] FFE=E ov|et
o},

NZ =M "IKMTT assay) L nitric oxide (NO)
M Xslls

A 7wt el Tl ZhEeiE o) Al 22 =40 H7FE NO

A3 =7 F7to] A

B Aok BrH 7199 FGF B LA
NPH O 2 AMGEIL WO SoF RANE R el AR

3= d5 24 gt tigh A8 A4E Farskei i Hwang
etal., 2024). A3 54 H7H= MTT [3-(4,5-dimethyl-thiazol-
2-yl-2,5-diphenyl)-tetrazolium bromide] assayS ©|-8-5}%itt.
24 Well plateo]] RAW 264.7 cell2 2.0 X 10° cells/well 2 35
&to] 37°C, 5% CO, Z715}ol| A 18417k ZufoFst iy, Huljok
% cell 100 ng/mL2] lipopolysaccharide (LPS; Sigma-Aldrich
Co.)7} 2§s mix =2 w3t & ZM7F sampleS 5 =H(12.5,
25, 50, 100 pg/mL)= A 2] ske] 24417t 59k vj 5l o
%500 ug/mLe] =2 MTT (Tokyo Chemical Industry CO.
Ltd., Tokyo, Japan)A|2F& H7}ste] 37°C, 5% CO, Z710f|A]
34753 BEEAIZ] 3 A1 S A A ST o17] o] DMSO

rx,
2
ox,
ol
oXx
=]

(dimethyl sulfoxide)E 7}510] AolQli= A EZo} HH-g-3lo] A
71 formazan HES &3A1Z] £ 570 nm s A FF=
£ Zsl9nh A &L o3 T2 4 o]

= Abek .
Cell viability (%)=Abs sample/Abs control X 100

NO A Al 7S ¢J8 murine macrophage cell line
RAW 264.7 cell (ATCC, Manassas, VA, USA)S AR8-5}%
SO, A3+ 100 U/mL penicillin, 100 pug/mL streptomycin
T} 10% fetal bovine serum (Thermo Fisher Scientific Inc.,
Waltham, MA, USA)°| 345 Dulbecco’s Modified Eagle
Medium (Life Technologies Limited, Plymouth, UK) v} 2| &
ARg-8] 37°C, 5% CO, 3-27|(Thermo Fisher Scientific Inc.)
ol A ufjekste], 29 THA o= At vjFslth. NO 4478 sl
= =42 93] vlF=El RAW 264.7 cell2 2.0 X 10° cells/well
2 24 well plate (SPL Life Sciences, Pocheon, Korea)ol %%
51 37°C, 5% CO, 270l 4] 18A]17F 53 uf st ct. A ul
k=l cell-S 100 ng/mL 2] LPS7} 32 HE] vl x| & wakgl & Z+z)
sample2 5= (12.5, 25, 50, 100 pg/mL)E #|2|5}0] 244]
2ot wopstetch, Wy 3 AE N2 9 243171 Sis)
96 well plateo]] A2E A5 100 uLe} griess A2k (1% sulfa-
nilamide, 0.1% naphthylethylenediamine in 2.5% phosphoric
acid) (Sigma-Aldrich Co.) 100 uLE &3Fsto] 105871 §H3-A|
71 3 540 nmol 4 FHES 24390k A4E N0 e A
1§ ol EAF5H= NO 2] Fel2 245107 sodium
nitrite (NaNO,; Sigma-Aldrich Co.)& F&=4=E AR5l
Apge 2 A4 A B9l Jshelon], 2 AR NO A
4 Afskgol 5% ulel AR BE(IC,)E Fact
242 2-amino-4-picoline (5 uM) (Sigma-Aldrich Co.)=
AR,

SAXzZ

B ATolA et mE AL 3ukE AAsigon] £
42 Excel software (version 2019; Microsoft Corp., Red-
mond, WA, USA)E 418519 student's t-testS A A|3}o] 7}
sholek. ozt ARE Atolo] £414 74 P gte] 0.05 |
shl 492 BA 402 o] 9e-S Beahct.

Zn 2 D3
GR| LR Qal HHA JiaEaZ0l HPLC 24

YA ek G o 7Rl =9 HPLC 4 23t 7}
S 535 10 mg/mL (DMSO)ol| A 10.5353} 16.73E-cf o) 4]
=27} 2RI= 1AL, 7HeEalE 10 mg/mL (MeOH:H,0=2:3)
o A= 105653 16.77c ol A ] A7} 21 =] ) ch(Fig. 1). Al
2 o2 £ g 2ol BAE g7 Sl g TheE
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Minutes

Fig. 1. HPLC chromatogram of enzymatic hydrolysates from fertilized eggs of olive flounder Paralichthys olivaceus. A, Protein 10 mg/mL
(DMSO); B, Protein 10 mg/mL (MeOH:H,0=2:3); HPLC, High performance liquid chromatography; DMSO, Dimethyl sulfoxide.

AFSE 1] 3 9l 9 retention timeS& UEF| SIS H o]
wo] gof Z7o] RS WA o AgH o
olnlaloi, 4o 270] T T T e E 55
21 7o)z} gz 0.2 AZHEITE ST 2 Aol A
o] 3 =Lo] ok Tl JlsEol RS WS e
onl, g5 M pelRe] 74 2 FRE P Slot
Matrix-Assisted Laser Desorption/lonization Time-of-Flight
Mass Spectrometry (MALDI-TOF MS) E+= o}u] 1Ak 2.4 9]
33 77k Basi,

Elastase inhibition activity2t Tyrosinase inhibition
activities

A2 AW S8 hilE 7BE)E 9] elastase inhibition
activity 23 A7} 2 Zo A= 25 ng/mL TEol|A] 8.9%, 50
ug/mL 153 100 ug/mL IFoA+= 24 26.3%2} 38.4%
o] a4 oA ZAo] yeptot, 7heEstiEe] AeE A+
oflA= HE FEoA A oA B/do] AL yehtA] 2kt
(Fig. 2A).

Tyrosinase inhibition activitieso| A=tz A= 25 ug/
mL, 50 pg/mL, 1831 100 pg/mL 504 2+ 20.3%,
25.4% 12|71 43.5%9] B4 oA BAjo] Lheht oL}, shan
sfl=o] A HAFolAs BE FrollA B A Z4o]
719 YehdA] oFtTh(Fig. 2B). of23t ke Al W B4
A0 sk, BARF 23, B a0 7 Ao 9k

2 o
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Fig. 2. Elastase inhibition activities (A) and tyrosinase inhibition
activities (B) of enzymatic hydrolysates from fertilized eggs of
olive flounder Paralichthys olivaceus. The data are expressed as
a percentage of control and represent the mean+SD of triplicate
experiments.
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H A= 2221 221 Fofl gt Ao Yz dutdo s
elastase®} tyrosinase #3f &AL #l=A 3lgHE0|H proline,
leucine, histidinex} 2+ E4 ofu|ieAl 27|15 L33 7\1 o
A} ol & = EopH o] ERA Aot Ueh=
2 dHAH(Melzig et al., 2001; Schurink et al., 2007; L1ya-
naarachchi et al., 2018). SFA|9F & Lo ARRSE E %] =42
$2) bl )Rt 2] olg Aol ELEA] Qe Ae A
&0 2 thal Al 7l Bl Eo] Bxjgko] 37| fjio g =A%
o e m e YA 42 fe Tl Fe el B A
7] g E AREAF HEto| = 29 S E 53 37} elastase
tyrosinase 24 Alglo] Hadk Aow Apme. E3 YA
e §o) wh 7Rl o] AHel e Asrrt B
ol wl e} Ale} pelE ok Aol A B4 75 Ao] 9
o0z ofo] gt 9177} B asi,

Kang et al. (2025)2] Aol A= PA] Lol A Thild] 7hR
Sl 215319101 tyrosinase A E/E Ao W, 2
Aol Blaskele o) A o2 w2 A B EE Eth

ol= 7} HollEa E5shr] St AR | Afo|= AZbE
o} 2 Aol M ool ogt 8 JH F &
= ’5H Si] AT e T vheEelES @

JH-8 chul A of tfj 3k A ElA]-S Al Al o &2 Lo FAH o]
0kl Al & Ao Aof Ae|e g TS 913t Tl Tk
3= ghi o] 213)s}et. HhH, Kang et al. (2025) pH 2 2-&
Ho 2 3 =4 .QLOH/xIxi ZAL EOH chl 2o Helz] o

[ 7hEEE sl en, o] ol A Bl
FriaEe Aaaes {%8 EE=E HERo] 7]
A o S5 kS Hol Ao g wekerh webA
A R e Tk ng«l 7157 B =
= 7kl 5782 2 A sl gt 271 A7 2
FE T

ABTS* 2iC|Z A

A =47 el T E o] ABTS etr]zh AAZH] A2
T} oAt x 7 BHT L&A1 25 pg/mL 1E 59.2 %, 50
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Fig. 3. ABTS" radical scavenging activities of enzymatic hydroly-
sates from fertilized eggs of olive flounder Paralichthys olivaceus.
The data are expressed as a percentage and represent the mean+SD
of triplicate experiments. ABTS", 2,2'-azino-bis (3-ethylbenzothi-
azoline-6-sulfonic acid).
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Fig. 4. Effects of enzymatic hydrolysates from fertilized eggs of
olive flounder Paralichthys olivaceus on cell viability (A) and NO
production (B) in LPS-stimulated RAW 264.7 cells. The cells were
stimulated with 100 ng/mL of LPS only, or with LPS plus enzy-
matic hydrolysates from fertilized eggs of olive flounder for 24 h.
For the positive control, 2-amino-4-picoline (5 tM) was used. The
data represents the mean+SD of triplicate experiments (*P<0.05,
**P<0.01). NO, Nitric oxide; LPS, Lipopolysaccharide.
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